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Background: Most liquid medications are packaged with administration devices, which may
be used inappropriately or inaccurately, and sometimes are not used at all. Because of the
importance of their proper use for children’s health, this study was designed to assess Saudi
mothers’ experiences with measuring cups, syringes, and droppers for oral liquid medications;
to compare accuracy of dosing across these devices; and to determine the effects of mothers’
education statuses and pharmacist counseling on dosing accuracy.

Methods: This was a cross-sectional study in which mothers were observed as they used a set
of commonly available dosing devices which are a dosing cup, syringe, and dropper. Interviews
were conducted in the outpatient pharmacy waiting area in several tertiary hospitals and primary
clinics in Riyadh, Saudi Arabia between March and April 2013. Saudi women who were mothers
of children aged 12 years old or younger and who gave their consent were eligible. Caregivers
other than mothers and subjects with vision problems or cognitive/physical disabilities were
excluded. We gathered demographic information such as age, number of children, and education
status. Subjects were asked if they had had counseling on how to use measuring devices and
which device they preferred. Then, the mothers were required to demonstrate how to measure
5 mL of paracetamol (acetaminophen) syrup using a cup and a syringe and 1 mL of paracetamol
syrup using a dropper. Dosing errors were evaluated visually as overdosing, underdosing, or no
error (if the dose was accurate). The data were entered into Microsoft Excel and evaluated using
Stata 11.1. Logistic regression was employed to determine relationships.

Results: The results revealed that 58% of participants measured an accurate dose of paracetamol
using the oral dosing syringe versus 50% of participants using the dropper and 51% using the
dosing cup. In general, participants measured more than the intended dose with the dosing cup
and less than the intended dose with the dropper. Furthermore, we found that dosing accuracy
for each type of instrument was significantly influenced by the mothers’ education status. Among
the study participants, 77% had not had previous counseling on the use of liquid medication
measuring devices. However, dosing errors were not affected by previous counseling.
Conclusion: Among mothers using measuring devices, the most accurate doses were found to
be measured with the use of the oral syringe, whereas the most errors were made with the use of
the dropper. Moreover, education status had a significant effect on dosing errors. The use of a pic-
tographic diagram could improve the mothers’ dosing abilities and, thus, reduce dosing errors.
Keywords: paracetamol, syringe, cup, dropper, accurate, education, counselling

Introduction

Medication errors are any errors that occurs in the medication use process.! Examples
of these errors include the wrong dosage prescribed and the wrong dosage admin-
istered for a prescribed medication. Many prescription and over-the-counter (OTC)
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medications are available in liquid formulations. More
than 50% of 3-year-old children have received at least one
OTC product.? Most liquid medications are packaged with
devices for administration. The dosing devices may be used
inappropriately or inaccurately or, at times, not be used at
all. Recent reviews identified several factors associated
with acetaminophen hepatotoxicity in children, includ-
ing; age less than 10 years associated with inappropriate
dosing, delays in onset of symptoms after a potentially
toxic ingestion and ingestion of acetaminophen along with
another hepatotoxic drug.® Also, a significant portion of
the population underdoses when giving acetaminophen,
reflecting lack of knowledge or misuse. Based on parental
reports, the majority of visits to the Emergency depart-
ment for fever might have been prevented if parents had
been successful in their effort to reduce their child’s tem-
perature to below what they considered to be fever.* These
reports are of special concern because OTC liquid drug
products are frequently intended for young children, for
whom dosing errors can be especially serious.> Mothers
play a key role in child therapy, as they are considered to
be intermediaries between prescribers and the child. Due
to lack of communication between children and mothers,
socioeconomic status, educational challenges, and cultural
attitudes, medication errors might arise. One study showed
that 6% of parents believed that acetaminophen was safe to
administer in unlimited amounts and that nearly one-third
of parents administered more than the recommended dose
of acetaminophen to their children.?

In summary, dosing errors might negatively affect the opti-
mization of pediatric health, safety and well-being. Therefore,
factors that may affect the dosing ability of caregivers should
be determined to propose a practical solution to this issue.

To our knowledge, no previous studies have been
conducted in Saudi Arabia and the Middle East countries
to assess mothers’ dosing abilities in measuring liquid
medication. Therefore, this study was designed to assess
Saudi mothers’ experiences with measuring cups, syringes,
and droppers for oral liquid medications; to compare the
accuracy of dosing across these devices; and to determine
the effects of mothers’ education statuses and pharmacist
counseling on dosing accuracy.

Methodology

This was a cross-sectional study in which mothers were
observed as they used a set of commonly available dosing
devices which are a dosing cup, syringe, and dropper.

Interviews were conducted in the outpatient pharmacy
waiting area in several tertiary hospitals and primary
care clinics in Riyadh, Saudi Arabia between March and
April 2013. A letter was sent to the director of pharmacy
in each setting to explain the objective of the study and
request permission to conduct the study in the hospital/
clinic. In the study settings, an institutional review board
is not required to conduct interviews and noninterventional
studies. Therefore, pharmacy directors were consulted
and they suggested obtaining verbal consent from each
participant.

The interviews were performed by third- and fourth-
year pharmacy students. A meeting was scheduled with the
researchers to explain the study and to familiarize the students
with the devices and the data collection tool.

A convenience sample of 575 Saudi mothers of chil-
dren who were 12 years old or younger were eligible and
gave their verbal consent. The rationale for choosing this
age group was according to the Fevadol® (paracetamol
[acetaminophen]) package insert statement regarding
oral liquid paracetamol use in children 12 years and
younger.® Subjects with vision problems, cognitive/physi-
cal disabilities, and caregivers other than mothers were
excluded.

The students approached participants while they were in
the outpatient pharmacy waiting area. The students explained
the aim of the study and informed each participant that their
demographic information would be used for research pur-
poses and that their participation is entirely voluntary. No
incentives were offered to increase response rate.

Demographic information such as age, number of chil-
dren, and education status were gathered. Subjects were
also asked if they had received counseling on how to use
measuring devices and which device they prefer. Then, the
mothers were required to demonstrate how to measure 5 mL
of paracetamol syrup using a cup and a syringe and 1 mL
of paracetamol syrup using a dropper. Dosing errors were
evaluated visually as overdosing, underdosing, or no error
(if the dose was accurate).

The data were entered into Microsoft Excel, and the results
of the survey were evaluated using Stata 11.1. Descriptive
statistics (frequencies and percentages) were used to depict
the sociodemographic characteristics of study participants.
Multinomial logistic regression was used to determine the
effects of participant demographics on dosing error for each
device. For all analyses, two-tailed P<<0.05 was considered
statistically significant.
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Results

Of'the 575 mothers studied, 46% were in the age category of
26-35 years. Furthermore, 29% of the mothers had secondary
education and 36% had completed university or postgraduate
education. Of the participants, 82% had two or more children
aged 12 years old or younger. Participants’ characteristics are
outlined in Table 1.

A total 0f 334 of 575 (58%) participants measured an accu-
rate dose of paracetamol using an oral dosing syringe versus 286
(50%) participants using the dropper and 292 (51%) using the
dosing cup. Participants most often measured an excessive dose
with the dosing cup (249 participants [43%]) compared with
the syringe (73 participants [ 13%]) and dropper (37 participants
[6%]). An underdose was measured most often with the drop-
per (252 participants [44%]) and least often with the dosing
cup (34 participants [6%]). In general, participants measured
more than the intended dose with the dosing cup and less than
the intended dose with the dropper (Figure 1).

We found that age and pharmacist counseling did not affect
dosing errors. In contrast, education status did have an effect;
dosing accuracy for each type of instrument was significantly
influenced by Saudi mothers’ education statuses. Overdosing
with dosing cup and syringe was much more prevalent in mothers
who were in the illiterate and elementary education categories

Table | Characteristics of the study population (n=575)

Characteristic Number of %
mothers
Age (years)
17-25 73 13
26-35 265 46
3645 190 33
46 and above 47 8
Education status
llliterate 29 5
Elementary school 84 15
Middle school 86 15
High school 169 29
College and higher 207 36
Number of children
One 102 18
Two or more 473 82
Preferred measuring device
Dosing cup 240 30
Syringe 447 56
Dropper 63
Household spoon 36 5
Measuring spoon 6 |
Previous counseling
Yes 133 23
No 442 77

compared with high school and college graduates (P<<0.001),
whereas underdosing using a dropper was more common in
the latter population (P<<0.05). The effects of participants’
demographic factors on dosing error using cup, syringe, and
dropper are illustrated in Tables 2—4, respectively.

Discussion

The results of the present study show that over 50% measured
an accurate dose with the syringe more often than with the
cup or dropper (n=334 [58%]) and that most inaccuracies
were made with the dropper (n=289 [50%]) and cup (n=282
[49%]). Our findings are consistent with those of previous
studies in terms of the observed accuracy among different
instruments.>” A study which compared the accuracy of a
dosing cup and an oral dosing syringe showed that 23 of
96 (24%) participants measured the accurate dose with the
syringe and four of 96 (4.2%) measured an accurate dose
with the dosing cup (P<<0.001).?

Yin et al also found that the proportion of participants
dosing accurately was only 50% using an etched marking
cup and 30% using a cup with printed marking. The study
reported that dosing errors were much more prevalent with
the use of cups compared with other instruments.’

Results from comparable studies indicated that parental
education status is a strong predictor of dosing errors using mea-
suring instruments.®® Wallace et al reported that participants with
a high school degree and beyond were 4.5 times more likely to
measure the intended dose (95% confidence interval [CI]: 1.56,
13.25).%8 Ravikiran and Shivarajashankara also found that lower
education level was strongly linked with dosing error for three
devices used to administer liquid medication: a dosing cup with
etched markings, a 1 ml medicine dropper and 5 ml syringe.’

In the current study, 42 of the participants (6%) selected the
household or measuring spoon as their preferred liquid medi-
cation measuring device. Although this is a small percentage,
this finding has serious consequences related to medication
dosing errors. Yin et al reported that participants who used
a household spoon had twice the odds of measuring an inac-
curate dose (adjusted odds ratio =2.3, 95% CI: 1.2, 4.4).1°
Similar findings were reported by Ryu and Lee: dosing
spoons and cups were associated with relatively high rates
of dosing errors that exceeded 10% of the intended dose.!!

One substantial finding in the present study was that
442 (77%) mothers had not had previous counseling on the
use of liquid medication measuring devices; nonetheless, a
high percentage of mothers measured an accurate dose with
the cup (228 [51.7%]), syringe (254 [57.6%]), and dropper

Drug, Healthcare and Patient Safety 2015:7

submit your manuscript 3

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Almazrou et al

Dove

70

60

50 -

40
30 -

% of error

® No error

20+
10

Overdosing

B Underdosing

0. |

Cup Syringe

Dropper

Dosing instrument

Figure | Observed dosing accuracy by dosing instrument type.

(217 [49.2%]), which was contrary to our expectations.
However, this result does not diminish the importance of
pharmacist counseling on the proper use of liquid medication
measuring devices. In a study that evaluated the accuracy of
liquid medication administration before and after patient edu-
cation, Peacock et al found that 88% and 85.6% of 125 patients
measured nystatin with an error of greater than or equal to 20%
before and after counseling, respectively. For digoxin, the totals
were 24.8% before counseling and 4% after counseling.'?

Table 2 Multinomial logistic regression to determine the effect
of participants’ demographic factors on dosing error using a cup

The most common practical issues encountered with
syringe during the study were air bubbles and placement
of the base of the rubber on the mark rather than the top of
rubber. As a result, the actual amount of paracetamol in the
syringe was less than intended. The same problem was found
with the dropper. Most participants did not know how to use
the dropper; therefore, 50% of participants made errors.

Consideration must be given to ensuring that all care-
givers, including mothers, receive sufficient information

Table 3 Multinomial logistic regression to determine the effect of
participants’ demographic factors on dosing error using a syringe

Predictor factors Relative 95% confidence P Predictor factors Relative 95% confidence P
risk ratio interval risk ratio interval
Overdosing® Overdosing®
Age (years)® Age (years)®
26-35 1.26 0.70-2.28 0.42 26-35 0.98 0.43-2.20 0.96
3645 0.68 0.35-1.31 0.25 3645 0.63 0.24-1.62 0.34
46 and above 0.8l 0.34-1.91 0.64 46 and above 1.08 0.31-3.7 0.90
Education® Education®
Elementary school 0.46 0.17-1.24 0.12 Elementary school 0.29 0.09-0.88 0.02
Middle school 0.34 0.12-0.93 0.03 Middle school 0.19 0.05-0.61 0.005
High school 0.17 0.06-0.45 0.00 High school 0.08 0.02-0.26 0.00
College and higher 0.15 0.06-0.41 0.00 College and higher 0.08 0.02-0.26 0.00
Number of children? 5.2 1.8-14.6 0.001 Number of children? 3.77 1.14-12.4 0.02
Pharmacist counseling® .11 0.73-1.69 0.61 Pharmacist counseling® 1.09 0.60-1.99 0.76
Underdosing® Underdosing®
Age (years)® Age (years)®
26-35 0.40 0.13-1.19 0.10 26-35 1.18 0.61-2.28 0.6l
3645 0.39 0.12-1.22 0.0l 3645 1.55 0.76-3.16 0.227
46 and above 0.14 0.01-1.37 0.09 46 and above 3.37 1.35-8.38 0.009
Education® Education®
Elementary school 0.19 0.01-3.6 0.27 Elementary school 0.66 0.22-1.92 0.44
Middle school 0.80 0.07-8.2 0.85 Middle school 0.58 0.19-1.73 0.33
High school 0.90 0.09-8.3 0.92 High school 0.52 0.18-1.47 0.22
College and higher 0.699 0.07-6.4 0.75 College and higher 0.52 0.18-1.44 0.21
Number of children? 4.00 0.33-47.2 0.27 Number of children? 0.80 0.26-2.44 0.70
Pharmacist counseling® 1.62 0.72-3.6 0.23 Pharmacist counseling® 0.70 0.44-1.12 0.14

Notes: *No error was used as the base outcome; the age category |7-25 was used
as reference; Cilliterate was used as reference; Yone child was used as reference; *no
counseling was used as reference.

Notes: *No error was used as the base outcome; *the age category 17-25 was used
as reference; Cilliterate was used as reference; Yone child was used as reference; °no
counseling was used as reference.
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Table 4 Multinomial logistic regression to determine the effect of
participants’ demographic factors on dosing error using a dropper

Predictor factors Relative 95% confidence P
risk ratio interval
Overdosing®
Age (years)®
26-35 0.65 0.16-2.62 0.55
3645 0.85 0.20-3.48 0.82
46 and above 0.56 0.07-4.06 0.56
Education®
Elementary school 2.23 0.23-21.7 0.48
Middle school 1.24 0.12-11.9 0.85
High school 0.54 0.05-5.39 0.60
College and higher 1.68 0.19-14.75 0.63
Number of children? 3.58 0.26-48.9 0.33
Pharmacist counseling® 1.24 0.56-2.74 0.58
Underdosing®
Age (years)®
26-35 0.51 0.29-0.92 0.027
3645 0.54 0.28-1.03 0.063
46 and above 0.97 0.41-2.30 0.95
Education®
Elementary school 0.96 0.36-2.56 0.944
Middle school 0.34 0.13-0.90 0.03
High school 0.28 0.11-0.72 0.008
College and higher 0.29 0.11-0.74 0.009
Number of children? 3.18 1.18-8.54 0.022
Pharmacist counseling® 0.82 0.54-1.25 0.374

Notes: *No error was used as the base outcome; *the age category 17-25 was used
as reference; “illiterate was used as reference; one child was used as reference; °no
counseling was used as reference.

from the pharmacist on the proper use of liquid medication
measuring devices and on how to read the calibration mark-
ings correctly to measure doses accurately. Several practi-
cal modalities have been proposed in practice and in the
literature to reduce liquid medication dosing errors. Beyond
Traditional Borders students at Rice University (Houston,
TX, USA) designed a plastic syringe clip that fits into the
barrel of a standard oral syringe to ensure that caregivers
deliver the accurate dosage of liquid medication, regardless
of literacy level, visual acuity, or manual dexterity. This
clip locks into the syringe and stops the plunger when the
desired amount of medication has been drawn. The clips
are color-coded by dose and can be preset by a physician
or pharmacist.'3 This device could be provided to caregiv-
ers/mothers to ensure dosing accuracy. Moreover, a picto-
graphic diagram could improve caregivers’ dosing abilities
and, thus, reduce dosing errors. In a study that assessed the
use of a pictographic diagram to decrease parental dosing
errors, Yin et al found that text-plus-pictogram recipients
were less likely to make an error compared to text-only
recipients (43.9% versus 50.0%; P=0.01)."* Furthermore,
pharmacists could place a mark or sticker on the prescribed

dose mark on the measuring device to facilitate dosing and
ensure that no more/less than the required dose is measured.
In addition, public campaigns which aim to address the
proper use of liquid medication measuring devices could
be useful.

Although data from the current study suggest that dose
administration with the oral syringe was more accurate than
with the dosing cup and dropper, these results should be inter-
preted with caution, as the study population predominantly
consisted of highly educated Saudi mothers (36%). Therefore,
the present findings may not be generalizable to the average
Saudi consumer. In some cases while doing the study we noted
that lack of eye-level dose verification may be associated with
dosing cup errors. Finally, the response rate was not measured
and no sample size calculation was performed.

Conclusion

The current study found that mothers are at a high risk of
making dosing errors when using a dropper and that educa-
tion status plays an important role in dosing accuracy. Liquid
dosing errors can be clinically significant; underdosing can
result in lack of therapeutic response and overdosing can
result in adverse drug events.!' In order to avoid dosing
errors, pamphlets explaining how to use different kinds
of measuring devices could be provided in the pharmacy.
Furthermore, medication companies could add a diagram
to their leaflets to demonstrate proper measuring with the
provided device.

Further study using an accurate instrument, eg, a digital
balance, to measure dosing errors is indicated. In addition,
studies should be conducted to measure the percentage of dos-
ing errors before and after patient counseling. Furthermore,
studies that address how to improve the liquid medication
dosing ability of Saudi mothers are needed.
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