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ARTICLE INFO ABSTRACT

Keywords: A cross sectional pan-India study about use of administration devices for paediatric oral and inhalation medicines
Administration devices was conducted with a diverse pool of participants of various age groups. Via 634 respondents from more than 15
Dosage form states in India, this study has identified the administration devices commonly used by parents/caregivers for
PDZ(:?:IZmCS children O to 18 years and by children over 10 years. It has provided insights on device ease of use, challenges
India faced and recommendations to facilitate the correct use of administration devices for paediatric oral and inha-
User lation medicines. Ethics approval (DPSRU-BREC/2020/A/008)) was obtained from the Biomedical Research

Medicines Ethics Committee of Delhi Pharmaceutical Sciences and Research University.

The survey was completed by parents only (n = 514) and jointly by both parents and children (n = 120). The
mean age of the child was 7.2 + 4.96 years. 72% of the respondents reported that an oral medicine had been
taken recently, 6.3% reported that an inhaled medicine had been taken and the remaining 21.9% reported that
both an oral and inhaled medicine had been taken. The use of measuring cup was most prevalent followed by
household spoons. The mean of the score for ease of use was found to be highest 4.6 & 0.50 for oral syringe and
lowest (3.8 £ 0.76) for measuring cups. The majority of them found the oral device easy to use. Difficulties were
reported mostly for measuring cups and household spoons and were related to a lack of user instructions and
measuring difficulties. The respondents who found the device easy to use had mostly received clear instructions
from healthcare professionals.

Compared to oral devices, there were very limited responses for inhalation devices (n = 175/634). Nebulisers
with facemasks were most frequently used followed by manually actuated Metered dose inhalers with and
without spacer. The mean of the ease-of-use score for dry powder inhalers was found to be highest (4.2 + 0.37)
followed by mist inhalers (4.0 £+ 0) and manually actuated pressurised metered dose inhalers (4.0 £ 0.71). The
nebulisers with facemask were reported to be difficult to use by most of the respondents despite receiving clear
instructions from healthcare professionals.

The study findings add evidence to the understudied area of user experiences and perspectives on adminis-
tration devices for oral and inhalation medicines in India. It highlights a need for initiatives to improve the
usability, availability, and affordability of administration devices for children in India. Awareness on the
importance of proper use of devices needs to be raised and sustained about the existence of affordable admin-
istration devices.

1. Introduction especially when measuring and delivering the correct dosage. The
administration of the required dose of oral liquid medications is crucial
Administering medications to children can be a challenging task, to achieving therapeutic goals and ensuring the safe and effective
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delivery of medicines. However, concerns have been raised about the
safety and accuracy of administration devices, and their ease of use for
both parents and children [1-3]. Ensuring that these devices are easy to
use is essential for parents to administer medications correctly and
safely, as well as for children to be able to participate in their own
treatment, which can help improve treatment outcomes and adherence.
Parental dosing errors can arise from a multitude of factors: not un-
derstanding that paediatric dosing is based on the child’s weight, being
rushed or hurried, using the incorrect formulation or concentration,
using an inaccurate measuring device such as a household spoon or
using a measuring device incorrectly (for example, thinking that the
entire medicine dosing cup should be full) [4-6]. In this context, it is
important to understand the need for appropriate administration de-
vices, the concerns with their use, and the significance of ease of use for
parents and children. Moreover, there are concerns about the variability
in practices and preferences regarding the use of different types of
administration devices. It is noteworthy that the availability of both
medicinal products and administration devices may vary across the
globe and from one country to another and this may affect the way in
which medicines are administered and overall use of administration
devices. Cultural and regional differences can influence the acceptability
and usability of different types of devices [7-12]. A lack of under-
standing of these differences can result in inappropriate or ineffective
use of administration devices, which can compromise the safety and
efficacy of medication delivery. India has one of the largest populations
of children in the world, and the administration of medication to this
population is a critical public health issue. Despite the widespread use of
administration devices, there is a lack of research on their use and the
perspectives and practices of caregivers and children in India. The pri-
mary objective of this exploratory study, conducted in collaboration
with EuPFI (European Paediatric Formulation Initiative), was to gather
information from children and their parents or caregivers in India
regarding the use and challenges of different administration devices, and
to obtain suggestions for future improvements.

2. Methods
2.1. Study design and setting

This descriptive cross-sectional study was conducted in India from
November 2020 to May 2021, using an internet-based survey designed
using Qualtrics software (Qualtrics, Provo, UT, USA) [13]. The study
was aimed at parents or caregivers of children aged less than 18 years,
and children over 10 years old in India. Participation in the survey was
voluntary.

2.2. Questionnaire

A validated questionnaire created by the EuPFI and was modified for
the Indian context in collaboration with Delhi Pharmaceutical Sciences
and Research University (DPSRU) and the Society for Paediatric Medi-
cines and Healthcare Initiative (PMHI) [7]. The survey questionnaire
was structured into three parts, with the first part containing questions
pertaining to demographic information and was presented to all re-
spondents. The second part was directed at parents/caregivers, while
the third part was aimed at children aged between 10 and 18 years.
Parents of children aged 0 to 9 years only received the first two parts of
the questionnaire. The questions and structure of the second (parent/
caregiver) and third (child) parts of the survey were similar. Each part
consisted of two sections, one focused on oral devices and the other on
inhalational devices. Questions included recent medication usage, type
of administration device employed, frequency and duration of medica-
tion, ease of device use, and suggestions for administration device
manufacturers. In terms of type of questions included, closed (single-
response, multi-response, ranking, and Likert-scale questions) and open-
text questions (extension, expansion, and general open questions) were
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included. Open-ended questions were used for the section of the ques-
tionnaire pertaining to challenges and suggestions for the usage of the
device. To ensure independent answers, the child and parent completed
the survey independently. Parents were asked to complete the survey
first and then were instructed to handover the survey to their child (aged
more than 10 years) on their consent. The child was asked to complete
the assent forms before completing the survey.

2.3. Pilot study

A pilot test was conducted with a small sample of parents or carers (n
= 60) on an online platform for validity of the questionnaire. The pilot
test assessed the respondents’ understanding of the questions and ac-
curacy in reporting answers. Participants were also asked to provide
feedback on the clarity and applicability of each item and the survey as a
whole. Following the pilot test, modifications were made to the ques-
tionnaire, including shortening the consent and assent forms for
simplicity, the rewriting of questions with simpler wording, the addition
or removal of certain responses, and modification of the survey’s
introduction. The EuPFI questionnaire was pretested by the Young
Persons Advisory Groups [8]. The group highlighted the necessity of
using simple terms for very young people and improving the readability
of the survey.

2.4. Study population and recruitment

The study employed purposive sampling, with participants selected
based on the inclusion criteria of parents/caregivers aged above 19
years, with at least one child aged between 0 and 18 years, and who
agreed to participate in the study. Children between the ages of 10 and
18 years and their accompanying parent or caregiver were included.
Subjects were excluded based on the absence of a parent/caregiver, lack
of consent from parents to complete the survey or the inability to
comprehend/ complete the survey instrument. A multimodal recruit-
ment strategy was used to maximise reach and potential responses,
including distribution of an email invitation through professional and
representative organisation mailing lists, newsletters, social and colle-
gial networks, study advertisements on organisation websites, social
media, and word of mouth. Consent from each respondent was obtained
through electronic agreement with a consent statement before pro-
ceeding to the survey.

2.5. Sample size

Assuming a confidence level of 95% and a margin of error of 5%,
with a population size of 327 million children in India aged 0-18 years,
the recommended sample size for this survey was least 384 parents of
children aged 0-18 years in India.

2.6. Ethical considerations

The ethics approval was obtained from the Biomedical Research
Ethics Committee of Delhi Pharmaceutical Sciences and Research Uni-
versity (DPSRU-BREC/2020/A/008).

2.7. Data analysis

The survey responses were collected using Qualtrics software and
compiled in an Excel sheet for further analysis. The data was analyzed
using descriptive statistics, and the mean and standard deviation (SD)
were calculated. The means were compared using appropriate para-
metric and non-parametric tests (Chi-square test, Paired T test) to
identify any statistically significant differences. The qualitative data
were analysed using thematic analysis. Data were inductively coded and
initial themes were generated by identifying broader patterns among the
codes and data were collated under headings.
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3. Results

A total of 974 people accessed the web link that directed them to the
survey and 634 (parents of children aged 0 to 18 years and children over
10 years) completed the survey giving a response rate of 65%.

Participant Characteristics:

The characteristics of the respondents are presented in Table 1. Out
of 634 responses, 514 responses were received from parents/caregivers
only on behalf of children aged 0 to 18 years and 120 responses were
received from parent-child pairs (60 from parents and 60 from children)
for children aged between 10 and 18 years. Parents constituted the
majority of the respondents (78.4%), 8.2% were guardians and 2.1%
were grandparents. The respondents who selected “Others” (6.8%) had a
different relationship such as relatives or siblings of the child. The ma-
jority of respondents were parents/caregivers of children and children
aged 10 to 18 years (33.4%) followed parents/caregivers of children
aged 2-5 years (26.8%), 6-9 years (25.5%), 12-23 months (9.4%) and
less than 12 months (4.9%). In total, 72% of the respondents reported
that an oral medicine had been taken recently, 6.3% reported that an
inhaled medicine had been taken and the remaining 21.9% % reported
that both an oral and inhaled medicine had been taken. The responses
were received from 15 states namely, Delhi, Maharashtra, Madhya
Pradesh, Uttar Pradesh, Haryana, Telangana, Karnataka, Kerala,
Gujarat, Punjab, Rajasthan, Tamil Nadu, Odisha, Uttarakhand and Goa.
The majority of respondents were from Maharashtra (n = 288 [50.2%]),
Delhi (n = 161 [28.0%]) and Telangana (n = 26 [4.5%]).

3.1. Oral medicine administration

3.1.1. Type of oral medicine recently used

66% of the respondents reported the use of a liquid dosage form and
34% reported the use of a solid dosage form. The liquid dosage forms
included syrups (37.9%), suspensions (19.4%) and drops (8.8%). The
solid dosage forms included tablets (31.5%), capsules (1%) and granules
(1.5%) (Fig. 1).

Parents/caregivers and children used various dosage forms and no
trend was observed with respect to age group and dosage form. Parents/
caregivers with children aged greater than 2 years mostly used syrups,
suspension or drops, for children aged between 2 and 9 years, syrups
were mostly used followed by tablets or suspension and for children over
10 years, tablets were mostly used followed by syrups or suspension
(Fig. 2). No statistically significant difference (p = 0.9) was observed
between the responses by parent—child pair for the selection of dosage
form recently taken. The majority (57.1%) of the respondents reported

Table 1

Participant Characteristics.
Participant Characteristics n (%)
Parents of children aged less than 10 years 420 (66.2)
Parent for children aged 10 — 18 years 154 (24.2)
Children responses for aged over 10 years 60 (9.5)
Relationship with the child
Parents 450 (78.4)
Grandparents 12 (2.1)
Guardian 47 (8.2)
Other 39 (6.8)
No response 26 (4.5)
Age of the child
Less than 12 months 31 (4.9)
12-23 months 59 (9.3)
2-5 years 169 (26.6)
6-9 years 162 (25.5)
10-18 years 213 (33.7)
Mean + SD 7.70 £ 6.16
Type of medicine used recently
Oral 453 (71.5)
Inhaled 40 (6.3)

Both 141 (22.2)
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Fig. 1. Type of oral dosage form recently used by the respondents.

use of oral dosage forms for short periods of time, such as less than a
week or for 1 to 2 weeks. The frequency of taking medicines varied from
once a day up to twice a day.

3.1.2. Type of device used for oral administration

Out of 593 respondents, 545 (91.9%) reported use of an oral device
and 48 (8.1%) did not use any device for the administration of the oral
dosage forms. Out of 545 respondents that used devices, a total of 387
(71%) respondents used a device for administration of liquid dosage
forms and 158 (29%) used devices for solid dosage forms. 54.9% used
measuring cups, 22.4% used household spoons, 13.8% used droppers,
6.4% used measuring spoons and 1.7% used an oral syringe. 0.9% of
respondents reported using other types of devices (such as household
cup, paladai). No statistically significant difference (P = 2.3) was
observed between the responses of parent—child pair for the selection of
oral administration device.

Type of oral administration device used according to age is presented
in Fig. 3. The parents/caregivers of children aged less than 2 years were
reported to be frequently using droppers for administering an oral
medicine. Measuring cups were mostly used for children aged 6-9 years
followed by 2-5 years and 10-18 years. Household spoons were
commonly used for children aged 10-18 years followed by 2-5 years and
6-9 years. Oral syringes were found to be mostly used for children aged
less than 5 years. Finally, measuring spoons were mostly used for chil-
dren aged 2-5 years and 10-18 years followed by 6-9 years.

3.1.3. Ease of use of device

A 5-point Likert scale was used to appraise the ease of use of the oral
devices which was coded as “1-very difficult”, “2-difficult”, “3-Neither
easy nor difficult”, “4-Easy” and “5-Very Easy”. Out of 545, total of 544
parents/caregivers and children responded to the question on ease of use
of the device. 55.8% found it easy to use, 20.0% found it very easy to
use, 19.4% reported it to be neither easy nor difficult, 0.6% found the
device very difficult to use and 4.0% found it difficult to use. The mean
and the standard deviation for the ease of use of each device were
calculated and evaluated to assess any statistically significant difference
between the ease of use of different devices (Fig. 4). The mean (SD) of
the ease of use was found to be highest (4.6 + 0.50) for oral syringe and
lowest (3.8 £ 0.76) for measuring cup. The mean of ease-of-use score for
household spoon was found to be (4.0 + 0.84) followed by measuring
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Fig. 2. Type of oral dosage form used according to age groups of the children.

spoons (3.9 + 0.76) and dropper (3.9 + 0.67). In addition to these ob-
servations, the mean difference in ease of use of oral syringes was found
to be statistically significant when compared to measuring spoons (p
value = 0.03), measuring cups (p value = 0.005) and droppers (p value
=0.01).

3.1.4. Instructions on use of oral device

The participants were asked if and who had given them the in-
structions on the proper usage of the device and 544 responded to this
question. As presented in Fig. 5, more than half of the respondents
(73.7%) reported that they had received instructions on device use,
whilst 24.3% respondents reported that they had not received in-
structions on how to use the device. Amongst the respondents who
received instructions, 40.4% received them from their doctor, 20.7%
from the patient information leaflet, 14.7% from a pharmacist, 5.5%
from a nurse and 5.5% from parents. No statistically significant differ-
ence was observed between the responses of parents and children about
receiving of the device instructions (p = 0.8).

3.1.5. Clarity of the instructions

Parents/caregivers and children were asked to rate the clarity of the
instructions received on a scale of 1-5 where 1 was “very clear” and 5
was “Not clear”. A total of 377 parents and children responded on the
clarity of the instructions received (Fig. 5). 58.9% respondents reported
that the instructions were clear and 17.5% reported the instructions to
be very clear. Only 1.9% of the parents responded that the instructions
were not clear and 4.5% selected neither clear nor not clear. No statis-
tically significant difference (p = 0.62) was observed between parents
and children about the clarity of the instructions.
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3.2. Challenges in and suggested improvements for the usability of oral
devices

Content analysis of the open-ended questions regarding challenges
associated with device use or suggestions for improvement showed
consistent underlying three key themes with both parents and children.
Challenges associated with the device design were the most common
theme followed by user instructions and accessibility. These challenges
were prioritized on basis of the frequency of a problem reported by the
respondents as presented in Fig. 6. The unique challenges reported for
each device is summarised in Table 2.

3.3. Device design

Practical medication problems related to device design included:
difficulty in measuring the medicine due to the poor visibility of the
graduation on a dosing device (e.g., measuring cup), liquid spillage
while pouring the liquid from bottle onto the spoon or while adminis-
tering the medicine to children with measuring cup or spoon, difficulty
with cleaning the device (eg. measuring cup) as the medicine usually
adhered to the inside of the cup, difficulty with holding the device (eg.
measuring spoon with small handles, measuring cup with no grip) and
quality of the plastic or material of construction of the device. One
parent reported limited usefulness of droppers because the total liquid
capacity of the dropper did not match the prescribed dose and it was
difficult to measure viscous liquids with droppers.

3.3.1 User instructions

Respondents expressed concerns regarding a lack of appropriate user
instructions since most medicines appeared to be supplied without
leaflet and so user instructions were not available. Respondents
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recommended that companies create user instructions that are clear,
informative, and easy-to-use. Cleaning and maintenance instructions
should be provided, especially how to clean and maintain the dosing
device, including any recommended cleaning solutions or procedures.
The other recommendations include,

e providing clear, step-by-step instructions on how to use the dosing
device, including any measurements or markings on the device;

e using visual aids such as diagrams or pictures to help illustrate the
instructions and
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e provide important safety information, such as how to store the
dosing device safely out of reach of children and what to do if the
device is damaged or broken;

o provide clear instructions on how to measure the correct dosage of
medication using the dosing device.

3.4. Inhalation devices

A total of 175 (out of 634) responses from parents/caregivers and
children were received for inhalation devices. Out of 175 responses, 12
responses were received from parent-child pairs, whereas 151 responses
were received from parents only.

3.5. Type of inhalation devices used

A nebulizer with facemask was found to be the most commonly used
administration device for respiratory medicines (54.6%), followed by
manually actuated pressurized metered-dose inhalers (17.8%). 9.8%
respondents reported that breath-actuated inhalers were used and 9.2%
reported the use of dry powder inhalers. Mist inhalers and spacers were
used by 3.7% and 4.3% respectively. 4.9% selected pressurised metered
dose inhalers. In addition to this, 3.1% reported to be using a combi-
nation of different devices. No statistically significant difference (p =
0.9) was observed between the selection of the inhalation device by
parents/caregivers and children.

As presented in Fig. 7, the use of nebulizer with facemask was



S. Abidi et al.

Instructions on use of
device of received

Pharmacists

Instructions on use of
device provided by

European Journal of Pharmaceutics and Biopharmaceutics 191 (2023) 247-258

Clarity of Instructions on
use of device received

Very clear
17.5%

Doctor
40.4%

Fig. 5. Responses (%) on instructions received and clarity of instructions for oral devices.

Problem
Priority

Priority 1

Priority 2

Priority 3

Priority 4

Design of the product

1. Graduation Markings

2. Cleaning issues, sterilization

3. Blockage of the device, sticking of medicine
to the device

4. Quality of the material

Ease of use/User aspects

S. Lack of information on use of device; user
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8. Availability of device
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% OF PARTICIPANTS AFFECTED
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Problem severity and priority ranking of the issues for oral devices

Problem
Frequency

Fig. 6. Problem severity and priority ranking of the issues for oral devices.

observed to be highest in the 2-5 years age group, followed by 6-9 years.
Pressurised metered dose inhalers were found to be commonly used by
children aged 6-9 years. Dry Powder Inhalers were also found to be
commonly used in 6-9-year-olds, whereas mist inhalers were frequently
used in 10-18 years age group. Spacers were reported to be mostly used
by children of 6-9 years.

The inhalation devices were found to be mostly used for one week or
less (41.7%) followed by 1-2 weeks (25.2%), as reported by parents/
caregivers and children. The frequency of the device used was majorly
twice a day followed by once a day.

3.6. Ease of use

Respondents rated the ease of device use on a Likert scale from 1
(very difficult) to 5 (very easy). A total of 173 participants responded to
this question. The responses were mixed; however, most (42.8%) of the
respondents found it easy to use. The mean of the ease of use of dry
powder inhalers, pressurised metered dose inhalers and mist inhalers
was observed to be same (4.0 & 0.00). The use of nebuliser and facemask
was reported to be less easy than others with a mean value of 3.2 £+ 0.92.
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The mean of breath actuated metered dose inhalers was found to be 3.9
+ 0.92 and that of spacers was observed as 3.7 + 0.45. (Fig. 8) A sta-
tistically significant difference in mean ease of use was observed be-
tween nebuliser and manually actuated pressurised metered-dose
inhalers (p = 0.00) and nebuliser and dry powder inhalers (p = 0.00).

Instructions received for the usage of the device.

172/175 responded to the questions on device instructions, 7.6% of
the respondents did not receive any instructions, whilst 79.7% re-
spondents reported being instructed on the use of the device and 12.8%
of the respondents selected ‘don’t know”. When further asked about the
source of instructions, 58.1% received them from a doctor, 22.1%
selected nurses and 13.2% of respondents were instructed by a phar-
macist, 3.7% received them from a patient information leaflet and 2.9%
received them from parents. (Fig. 9) No statistically significant differ-
ence was observed between the responses by parents and children (p =
0.4).

Clarity of the instructions.

A total of 118 responses were obtained for the question on clarity of
the instructions, out of which, the majority of the respondents (65.3%)
reported that the instructions were clear and 25.4% reported the
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Table 2
Device-specific challenges reported by parents and children.

Administration Challenges reported by parents and children
Device
Dropper Make metered dosing easier for droppers; provide visual

illustration; Marking are not clear; Dropper with colored
marking will be good; need clear instructions on how to use;
need information on type of material used for droppers,
need graduation scale on dropper as well; need ml and drops
instructions; medicine sticks to dropper tip; Viscous
solutions adhere to the walls of the dropper so a residual
volume remains in the dropper unable to be expelled;
droppers were difficult for measuring viscous liquids;
modification needed to avoid leaks during administration
with droppers; difficulty in cleaning the device;. design of
dropper should be more attractive; inbuilt dropper fixed
with bottle could be of more benefit to deliver one time
accurate dose;

Correct dose measurement is not possible using household
spoon; The size of household spoons may vary so dose
measurement is not done properly; spoon is easy to use but
the size of spoons should be same because the chances of
dose variability is more with them; household spoons are not
graduated; dose accuracy is the main problem with
household spoons.

user friendly and fit of purpose, however, should have clear
markings and clear instructions e.g. pictures. Also, the
material should be environment friendly; measuring cups
for oral administration cause loss as it sticks to cup and
difficulty to child below 8 years age; need handle or proper
grip as it is difficult to hold the device and administer
medicine. add more readings to the cup to make it more
accurate say intervals 0.5 mL;

not available in India, purchased from abroad; make it
attractive so children are not scared of syringe; the writing
should be more permanent. It fades away after few washes,
make reusable syringe with easy cleaning / sterilization
protocol;

It can be a non-spill system and also attract a kid to hold on
and have medication by himself or herself because most kids
after 7 years do not allow elders to administer medicine to
them; there are more chances of drug spillage because of the
design of spoon; need clear instructions on measurement
and use of device; need environmental friendly material and
avoid plastic.

Household spoon

Measuring cup

Oral syringe

Measuring spoon

instructions to be very clear. However, 3.4% respondents said that they
did not know about the clarity of the instructions. Only 1.7% reported
the instructions to be not clear (Fig. 9). Most of the children responded

Less than 12 months @12-23 months [ 2-5 years @69
Devices used

Mebuliser and facemask

Manually-actuated pressurised
metered-dose inhalers

Breath-actuated pressurised
metered-dose inhalers

Dry powder inhalers

Fressurised metered dose inhalers &

Spacer
Spacers

Mist Inhalers

Others (combination of different

devices)

years
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that the instructions were clear. However, 4.2% parents responded they
were neither clear nor not clear. A statistically significant difference was
observed in the responses to the question related to the clarity of the
instructions between parents/caregivers and children (p = 0.02).

Challenges in and suggested improvements for the usability of
inhalation devices.

The responses to the question regarding ways in which the inhalation
device could be improved were as per the oral devices, predominantly
around device design and user instructions for nebulizer and facemask.

Device design: Parents suggestions on improvement of device design
of nebulizers included modification of the size of the facemask to make it
comfortable for children of different age groups, portable so that it is
easy to carry, reduction in the noise/sound produced by the nebulizers
as it is frightening for children which makes which makes it challenging
for parents to use the device effectively. Additionally, identifying ways
to reduce the treatment time was noted. Finally, respondents suggested
considering a reduction in cost.

User Instructions: The proposition to improve user instructions for
nebulizers included the use of clear and simple language and including
visual aids such as diagrams or videos to demonstrate how to use a
nebulizer effectively. In addition, the provision of hands-on training to
ensure that parents and caregivers understand how to use a nebulizer
properly was suggested. Other suggestions included to provide in-
structions in multiple languages to ensure that parents and caregivers
who speak different languages are able to use nebulizers effectively and
provide follow-up support through phone calls or visits to healthcare
professionals, to ensure that nebulizers are used correctly over time or
assess the need for further training. The respondents expressed concerns
on a lack of detailed of instructions provided on cleaning and main-
taining the nebulisers. For pressurised metered dose inhalers, the coor-
dinated effort between the child’s inhalation and the activation of the
device was reported to be challenging, especially for young children.
Parents/caregivers reported difficulties in determining if the child is
receiving the full dose of medication or if the device is being used
correctly.

4. Discussion

A cross sectional pan-India study about use of administration devices
for paediatric oral and inhalation medicines was conducted with a
diverse pool of participants of various age groups. Via 634 respondents
from more than 15 states in India, this study has identified the admin-
istration devices commonly used by parents/caregivers for children 0 to

10-18 years
£ & & D & o
Number of respondents

Fig. 7. Type of inhalation device used according to age group.
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Fig. 9. Responses (%) on instructions received and clarity of instructions for inhalation devices.

18 years and by children over 10 years. It has provided insights on de-
vice ease of use, challenges faced and recommendations to facilitate the
correct use of administration devices for paediatric oral and inhalation
medicines.

4.1. Oral medicine administration

As reported in other studies [14,15], the findings of this survey found
that oral liquids were predominantly used by the youngest children
(60.3 % age groups O to 8 years). Conversely, tablets and capsules were
commonly used for the 12 to 18 years age group. The variations in use of
different dosage form could be related to age of the child, market
availability, prescriptions, and acceptability by children [13].

The findings on the use of oral devices are supported to some extent
by previous studies in India and other Low Middle-Income Countries
(LMICs) that evaluated the most-preferred drug administration device
[12,16-20]. Medicine cups were the most frequently reported
measuring device used by participants in these studies [18,21], which is
consistent with our findings, especially for 2- to 5-year-olds. In Europe,
oral syringes are the most commonly supplied administration device by
healthcare professionals to paediatric patients and caregivers for the
administration of oral liquids, and the predominant use of oral syringes
in the UK and Europe has been previously reported by children and their
caregivers [2,7]. In Japan, powders are frequently prescribed to children
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less than 10 years old and are commonly administered using a dropper
in patients less than 12 months old and using a household spoon in those
aged 12 months to less than 6 years [10]. Thus, the prevalent use of
measuring cups in our study could be influenced by dosage form and the
availability of device with the medicine.

The second most often used device to administer liquid medications
in this study was a household spoon, probably as it is the most accessible
device at home. This indicates a trend toward low awareness of the
potential for error when using a household spoon or unfamiliarity with
other available devices [20]. Indeed, household spoons have been
shown to be inaccurate, and their use as a medicine administration/
measuring device has been referred to as obsolete and should no longer
be recommended [22]. Unlike other countries, for example the USA,
where warnings about the use of household spoons for liquid medicines
have been documented [23], no such efforts have been made in India or
other LMICs to raise the awareness on the importance of appropriate use
of proper administration devices.

Although oral syringes are recommended when oral liquid dosage
forms are prescribed, this is not regularly practised in India as seen from
this study, compelling parents to use measuring cups or spoons. Previous
studies have demonstrated the superior accuracy of syringes compared
to cups, and spoons. Hence it can be difficult to measure and dose small
volumes correctly with these devices [9,20]. The use of oral syringes
may be critical for medications with narrow therapeutic index where



S. Abidi et al.

small inaccuracy in doses could lead to toxicity or therapeutic failure of
for example antibacterial agents which should be in a consistent steady
state concentration at the site of infection [16,24-26]. The US Food and
Drug Administration (FDA) and the European Medicines Agency (EMA)
have provided guidance regarding the supply and appropriateness of
measuring devices for oral liquids [27,28]. However, no national
guidelines exist on dosing devices in India. Regulatory authorities in
India should demand that an appropriate administration device is pro-
vided with liquid dosage forms of medicines, according to required dose
volumes. Manufacturers should ensure that dosing devices that accom-
pany oral liquid medicines have all the relevant volume markings that
correspond to indicated doses on their products, and pharmacies should
stock appropriate liquid medication measuring devices to facilitate
optimal dosing [29,30]. It is recognised that dosing accuracy is also
dependent upon handling and usage of the measuring instrument and
not just device type and design. Hence, the provision of appropriate
instructions and training on use of devices is equally as important as the
availability of appropriate devices with medicines.

The respondents’ opinions on ease of use of the devices were broadly
similar. The majority of them found the oral device easy to use. Diffi-
culties were reported mostly for measuring cups and household spoons
and were related to a lack of user instructions and measuring difficulties;
18 out of 27 respondents that reported difficulty in using the device had
not received instructions on using the device. The respondents who
found the device easy to use had mostly received clear instructions from
healthcare professionals. This further affirms that providing instructions
on use of administration devices is essential to ensure appropriate use
and mitigate any potential health risks of under or overdosing in chil-
dren, as shown in previous studies [31,32]. Peacock et al. found that
pharmacist’s advice about the use of dosing instrument decrease the
incidences of dosing error [31]. In addition, it is important that parents
understand and use instructions provided with the medication. Specific
to paediatric liquid medications, strategies such as using pictogram-
based instructions [33-37] and color-coded instructions [38], have
been shown to decrease the likelihood of caregiver dosing errors. Studies
have shown that the correct use of dosing devices was not linked to age,
or ethnicity [32]. Awareness and training sessions are suggested to be
essential factors in developing skills required for proper dosing and use
of administration devices for children.

4.2. Use of inhalation devices

Compared to oral devices, there were very limited responses for
inhalation devices (n = 175/634). Nebulisers with facemasks were most
frequently used followed by manually actuated Metered dose inhalers
with and without spacer. Studies of prescription patterns in Europe have
found large differences among countries in choice of inhalation device.
For example, a study published in 2011 concluded that approximately
90% of inhaled corticosteroid devices used in Sweden were Dry powder
inhalers, whereas in the UK and Italy, approximately 80% were Metered
dose inhalers and liquids for nebulisation, respectively [39]. A European
study on the usability of inhaler devices found that manually actuated
Metered dose inhalers with and without spacer were the most used,
followed by the breath-actuated Metered dose inhalers [7]. The pre-
dominant use of Nebulisers with facemask in India may be because in-
halers are not commonly prescribed in LMICs due to the absence of
medication availability [11]. However, recommending the use of a
nebulizer is a difficult proposition for a developing country like India
because of economic constraints. Nebulizers are cumbersome, expensive
and require a power supply. In a developing country like India, unin-
terrupted power supply and cost concerns, both reparative and main-
tenance related, preclude the widespread use of nebulizers.
Interestingly, studies in other countries have shown a significant
reduction in hospital costs following the substitution of metered dose
inhalers with spacer for nebulizer. While inhalers are generally more
affordable than nebulisers, the cost of the medicine used in inhalers can
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be expensive. On the other hand, nebulisers may have a higher upfront
cost, but they can use cheaper generic medicines. Additionally, nebu-
lisers can deliver higher doses of medication than inhalers, making them
more effective for children with severe respiratory problems. Mist in-
halers were least commonly used by the respondents in this study.

The use of different types of inhalation devices according to the
different age groups of children was broadly similar with other studies
conducted in different part of the world [3,7]. The use of Nebulizer with
facemask was observed to be highest in the age group of 2-5 years,
followed by 12-23 months. Dry powder inhalers were used in 6-8 year-
olds and Metered dose inhalers were often used by older children aged
12-18 years. Age is an important patient factor for selection of inhala-
tion device by doctors, as children aged less than 3 years are generally
unable to adopt the required inhalation techniques and are therefore
treated with either nebulizers with a facemask or pressured metered
dose inhalers with a spacer and a facemask. For children aged 3-6 years,
pressurised metered dose inhalers with a spacer and a facemask is the
most appropriate device for use. After that age (greater than6 years),
children are gradually more capable of effectively using Dry powder
inhalers and breath-actuated pressurised metered dose inhalers. All the
metered dose inhaler systems require coordination of activation and
inhalation and may be difficult to use, particularly for younger children,
resulting in incorrect device use. For this reason, it is recommended a
pressurised metered dose inhalers should be combined with a spacer
device in young children [40,41]. However, our study showed that only
one fifth of respondents used spacer with Metered dose inhalers. This
could be due to additional cost associated with commercial spacers,
which are categorised as add-on devices, extension devices, or holding
chambers. Studies estimate that more than half of children who use
Metered dose inhalers without devices, such as spacers and valved
holding chambers (VHCs) with mouthpieces or masks, gain little to no
clinical benefit from their medication because of incorrect inhaler
technique [42]. Hence, the long-term cost-benefit of using a metered
dose inhaler and spacer should be explained to parents in India. Use of
improvised spacer devices (such as toilet paper roll, paper towel roll,
rolled paper, plastic bottle spacer, bottle-holding chamber) can alleviate
the cost of a spacer device without loss of efficacy of inhaled medicines
in children. However, they are only recommended in case of an emer-
gency or the absolute non-availability of a spacer as it has been shown
that such improvised devices may affect the therapeutic benefits of the
pressurised metered dose inhalers selected. At present there is insuffi-
cient evidence regarding the most clinically and cost-effective spacer (e.
g., small or large volume), which is reflected in the current lack of
standardisation and variations in the usage of these devices.

The mean of the ease-of-use score for dry powder inhalers was found
to be highest (4.2 + 0.37) followed by mist inhalers (4.0 + 0) and
manually actuated pressurised metered dose inhalers (4.0 & 0.71). The
nebulisers with facemask were reported to be difficult to use by most of
the respondents despite receiving clear instructions from healthcare
professionals. User suggestions for nebulisers and facemask included
improving the ease of cleaning and assembly/disassembly, device size,
shape and weight, ease of operation and overall desirability. Apart from
the user instructions from the manufacturers, it was suggested that
educational leaflets and/or a short audio-visual aid, e.g., video,
demonstrating the appropriate and effective use of nebulizers, including
the setting up and operating, cleaning, and disinfecting, and mainte-
nance would greatly help caregivers. Manually actuated pressurised
metered dose inhalers users frequently reported difficulties with coor-
dination of inhaler actuation and inspiration whereas the breath-
actuated pressurised metered dose inhalers users found them easy to
use and free from coordination problems. Our study is not the first study
to highlight the challenges faced by inhalation device users. Ravikiran
et al. demonstrated the significance of patient education and face-to-face
training in decreasing the percentage of errors on using an inhalation
device [17]. Kelling and colleagues reported that physicians were
generally unable to use Metered dose inhalers properly despite their
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frequent prescription of such devices to patients [43]. A systemic review
by Lavorini et al. showed that up to 25% of patients never receive verbal
instructions on how to use their devices [39]. Our study confirms and
extends these findings, showing that priority must be given to devel-
oping easy to use inhalers with structured and detailed inhaler technique
training. The appropriate selection and use of the inhaler device appears
as important as the choice of treatment.

4.3. Challenges and recommendations on improvement of devices

The common challenges and recommendations reported for all the
devices were grouped into three categories (1) device design (2) user
aspects (3) accessibility.

Device design: Many of the challenges/recommendations reported
for device design were consistent with findings from previous studies
including for example, improvements in the markings on the oral device,
particularly making them clearer, and adding graduations to be able to
measure medicines in 0.5 mL. In addition, respondents reported diffi-
culty in measuring and administering viscous liquids with droppers due
to blockage of the tip or leaking, and difficulties in measuring and
administering exact doses when using cups due to the medicine sticking
to the measuring cup walls. These issues were consistent with those
reported by Monk etal in 1997 [44]. In 2023, these issues remain the
same for users in India. For inhaler devices, as previously reported by
others, problems were noted with assembling nebuliser equipment,
duration of nebulisation, noise, weight, and non-portability of equip-
ment. Suggestions for improving the design of oral devices included
adding handles to cups for easier administration, longer handles for
spoons, and beaks on spoons or cups to avoid spillage. For inhaler de-
vices, respondents suggested modification of the size of the facemask to
fit different paediatric age groups. In addition, it was suggested that the
design of devices should enable easy cleaning and a dose detector or
auto stopper should be added to medicine bottles.

User aspects: The lack of appropriate user instructions and training/
education for users were the most commonly reported user related issues
with administration devices. Providing instructions in different formats
such as pictures, you tube video with QR codes, and clear leaflets were
common suggestions for improvement of user instructions. Specific to
paediatric liquid medications, strategies such as using pictogram-based
instructions [37,38,39,40,41] and color-coded instructions [42] have
been shown to decrease the likelihood of caregiver dosing errors
[32,44]. However, the level of health literacy among caregivers is a
significant factor that impacts the comprehension of medications’ in-
structions [37,45,46]. Pictograms are used to enhance understanding of
written instructions [45]. However, scientific evidence remains limited
with a lack of research investigating parental comprehension of patient
information leaflets and the impact of using pictorial aids at the national
and regional levels in India.

Accessibility: The Indian healthcare system continues to be impacted
by aspects of availability, affordability, and quality of health services
and this was seen for the administration devices as well. The challenges
reported by the respondents indicate that the lack of access to admin-
istration devices is due to a number of factors including high costs,
limited availability, and lack of governance, as well as a widespread lack
of awareness. Despite acknowledgement of the importance of adminis-
tration devices that are affordable and accessible, within the existing
literature there appears to be little focus on the ways to improve the
accessibility of appropriate administration devices in India. New and
innovative administration devices may reach western and high-income
countries populations in a matter of months or years; they rarely
reach LMICs at the same pace and quality. Most of the respondents
suggested providing the devices with the product. Currently most of the
products in India come with measuring cups. The market potential is
huge for developing and producing the right administration devices at
an affordable cost. There are some efforts by the Indian pharmaceutical
industry in developing innovative devices that can be provided with the
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medicine. Abbott’s Innovation and Development Center in Mumbai has
pioneered LiDoCon, (Liquid Dosing Concept), a first of its kind device for
liquid medicines that provides accurate, hygienic, and convenient
dosing. LiDoCon was born of a practical need felt by a parent so that
monitoring of dosage and hygiene could be made easy [47]. This novel
technology is currently being used for a cough syrup and will be
extended to different types of liquid formulations in the near future. In
the meantime, parallel efforts are needed to include oral dosing syringes
with products. All major multinational administration devices manu-
facturers are based in developed countries, although much of their
manufacturing is done in the developing world, in countries such as
China and India. They are primarily focused on devices that can be
marketed in high-income countries at a premium price. Lack of gover-
nance including legislation, policies and national programmes is a key
barrier to the availability of administration devices. Many Indian states
have not put in place the relevant legislation or policies relating to the
provision of administration devices. This creates a bottleneck in the
availability of devices. In addition, there is a lack of adequate regulation
on proper dosing and use of appropriate devices, as well as a need for
India to adopt regulatory mechanisms to ensure that administration
devices on the market meet the relevant standards and are safe, effec-
tive, and appropriate. Poor quality devices can lead to secondary health
complications and abandonment of the device. For instance, the parents
reported that the droppers either did not function properly or leaked
badly and could not be used, indicating the need to ensure appropriate
quality. The respondents expressed a concern with plastic used for
spoons and suggested using environment friendly material for devices.
The cost of the administration devices was another challenge reported
by parents. Cost analysis is an important factor when it comes to
choosing between inhalers and nebulisers for children in India. The cost
can be prohibitive in low-income contexts and lack of economic means
could be identified as a primary barrier to access devices. Most of the
respondents were not aware of the range of available administration
devices and their benefits. Limited awareness or purchasing capacity
leads to a limited demand, which results in few incentives to engage in
production. Hence, awareness needs to be raised and sustained about the
existence of affordable administration devices. Public health policy
makers should implement educational programs from district to na-
tional level in India for health professionals and patients.

4.4. Limitations and future areas of research

A small number of children and parents participated in the study as
compared to the population of India, due to the high attrition rate from
eligible participants. This high attrition rate may have been due to the
requirement for parents to handover the survey to children for
completion once they had completed the survey, and children preferring
to complete the survey in their own time. Therefore, the results of the
present study are not representative of the general population, and these
demographic trends may have affected our data. Although the majority
of children and parents may share similar opinions on use of adminis-
tration devices, a moderate proportion viewed ease of use differently.
This finding confirms that it may be beneficial to obtain both parent and
child perspectives on use of administration devices. The open comments
on some occasions were difficult to interpret and had limitations. The
study highlighted the need of further research on a larger scale with
more diverse participants from different LMICs with different socio-
economic status to examine the perceptions of children and their parents
of usability of administration devices. Hence, a pan India study was
conducted through workshops to engage a broader cross-section of so-
ciety and assess the need for innovative administration devices for liquid
orals in India and understand factors (e.g., socioeconomic, environ-
mental, design, and technical) [12]. Additionally future studies are
needed to identify user instructions strategies (e.g., pictograms, videos,
training) and to test these strategies in real-world settings. The PMHI
(non-profit orginisation) in Mumbai, India has now adopted this as an
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area of work they will take forward. They are developing a roadmap to
help raise awareness of the issues among healthcare professionals and
parents, and they are developing a series of leaflets and activities to
support this.

5. Conclusion

The study findings add evidence to the understudied area of user
experiences and perspectives on administration devices for oral and
inhalation medicines in India. Key considerations for device selection
and use include healthcare professional knowledge of all the devices;
patient’s knowledge and ability to use their device correctly (factors
such as age, availability, affordability, awareness or training play an
important role) and their personal preferences. There is clearly a need
for initiatives to improve the usability, availability, and affordability of
administration devices for children in India. Local pharmaceutical
companies in developing countries should be encouraged to develop
administration devices. Public health policy makers should implement
educational programs for health professionals and patients for raising
awareness and training sessions for improving skills required for proper
dosing and use of administration devices for children in India.
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