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How long does it take to administer oral medicines to
children?
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Background: Many children require
liquid medicines, however many drugs
are not available in a licensed liquid
formulation. Nurses therefore need
to manipulate solid dose forms to
produce a preparation that the child
can take. This study aimed to quantify
and describe the number of episodes,
time taken and drugs involved when
nurses need to manipulate medicines
in order to administer them to
a child.

Method: Drug administrations were
observed on paediatric wards in
Queens Medical Centre, Nottingham
and the Derbyshire Children’s Hospital,
Derby, UK. The time taken and any
manipulations made to the drugs
before administration were recorded.

Results: One hundred and ninety
eight drug administrations to 100
children were observed. Nineteen
(9.6%) of drugs administered required
manipulation and ten (10%) children
received a manipulated drug. The
administration of a manipulated
drug took twice as long as a non-

manipulated drug, median time 4
and 2 minutes respectively (Mann-
Whitney test, P<0.001). The most
frequent manipulation was crushing
and dissolving tablets in water prior
to administration. Manipulations of
medicines were required across all
age groups. Liquid medicines were
required by two-thirds of children and
took significantly longer to administer
than tablet forms, median time 2.3
and 1.5 minutes respectively (Mann-
Whitney test, P<0.001). Children with
a feeding tube required manipulated
medicines four times more often than
those without.

Conclusion: The need to manipulate
drugs in order to be able to administer
them to children is common on
paediatric wards. It increases the time
taken to administer drugs with a likely
significant impact on nursing staff
resources. Such manipulations can lead
to inaccurate dosing and little is known
on the impact of such manipulations
on the drug’s effects.
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Introduction contrast, children are commonly prescribed drugs

that are either not licensed at all (unlicensed) or
Licensing of drugs is important to ensure that used outside the terms of the license (off label)?.
they are safe, effective and of high quality'!.  Examples of unlicensed drugs include modifica-
Most drugs prescribed for adults are licensed. In  tions to a licensed medicine, use of chemicals as
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medicines, medicines used prior to granting of a
license and imported medicines®. Off label drugs
may include use in a different indication, dose, age,
route or contraindication to that recommended by
the manufacturer’s license. Such use is common
and has been extensively documented>*.

There are many consequences of the need to treat
children with unlicensed and off label medicines.
These include the possibility that they miss out on
potential drug benefits; concerns about safety due
to lack of testing in appropriate populations; lack
of suitable formulations to provide the child’s dose
in a product that they are able and willing to take
and variation in the quality and bioavailability of
unlicensed products. If an appropriate formulation
is unavailable, manipulations of drugs by paediatric
nursing staff may be needed, e.g. cutting tablets or
dissolving soluble tablets in a measured quantity of
water and taking an appropriate portion to obtain
the desired dosage®. Such manipulations may
be time consuming and can also be inaccurate,
potentially leading to the administration of toxic
or sub-therapeutic doses. It is also not always clear
what the effects of such manipulations are on the
bioavailability and effects of the drug. The issue
has not been studied in detail and the aim of this
study was to quantify and describe the number and
nature of episodes, time taken and drugs involved
when nurses need to manipulate medicines in
order to administer them to a child.

Methods

The study was conducted on the paediatric wards
in the Queen’s Medical Centre, Nottingham and
the Derbyshire Children’s Hospital, Derby, UK.
Surgical, medical, oncology and neurology wards
and an ambulatory day case unit were studied.
On the morning of each study day the researcher
(a third year medical student) asked each ward
sister how many patients were receiving drugs
and at what times. She subsequently spent most
of the day on the wards where most drugs were
prescribed in order to observe the maximum
number of administrations in the time available.

The researcher asked for nurses’ verbal consent
to observe them when administering drugs to
children. Posters were displayed in all study areas
to inform carers, patients and nurses of the study
and to enable them to opt out of being observed
during drug administration rounds if they so
desired. The poster included a summary of the
study aims and methods and contact details for
the researcher and supervisor.

The patient’s ward, age and sex and the names
and formulation of all drugs administered were
recorded. Any manipulations of medicines, e.g.

Table 1 Time taken to administer drugs requiring, and not requiring
manipulation

n Time (min)
Median (range) IQR
No manipulations 179 2 (1-29) 1.5, 2.5
With manipulations 19 4 (3-6.5) 3.0, 4.5

crushing or cutting tablets, opening capsules etc
were also recorded. Drug administration was
timed and recorded for every drug given. No
personal data from either nurses or children was
collected. Timings were recorded from when the
nurse started to prepare the drug until when the
child swallowed it. In cases where it was necessary
to use a mnasogastric (NG) tube, the time was
recorded until the nurse could leave the patient.

Data entry and analysis were done using SPSS
version 14. The Mann-Whitney test was used
for statistical analysis. Ethical approval for the
study was obtained from the Derbyshire Research
Ethics Committee with site specific approval in
Nottingham.

Results

One hundred and ninety eight drug administra-
tions to 100 children were observed over a 6 week
period. Of the 198 administrations, 19 (10%)
medicines in ten patients required manipulation
by nurses before they were in a suitable form for
the child to take. Drugs took significantly longer
to administer when manipulation was needed,
median time 4 minutes, than when manipulation
was not required, median time 2 minutes (Mann—
Whitney test, P<0.001) (Table 1).

The time taken to administer different drug
formulations not needing manipulation was also
compared, as was the frequency of administration
of each formulation. Drugs that were manipulated
were excluded from this analysis. The results can
be seen in Table 2. The most common form of
medicine required was liquid preparations with
129 administrations (72%), compared to 47 (26 %)
for tablets. Liquids took significantly longer to
administer than tablets, median times 2.3 and
1.5 minutes respectively (Mann-Whitney test,
P <0.001). Liquid medicines were administered
on almost as many occasions to children of six
years and over as to children less than six years.
Tablets were mainly administered to children of
six years and over (Table 2).

Table 2 Time taken to administer different formulations
(manipulated drugs excluded)

Formulation # in children
1-5 years old

n in children Time (min)
6-17 years old Median (range)

Tablet 1 46 1.5 (1.0-2.7)
Liquid 68 61 2.3 (1.0-6.5)
Capsule 0 1 1.0
Powder 1 1 16.5 (4.0-29.0)
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Table 3 Drugs that underwent manipulations

Manipulation Drug name and preparation

Crushed, dissolved,
whole amount given

Baclofen, dexamethasone, diazepam,
fludrocortisone, furosemide,
hydrocortisone and topiramate tablets;
prednisolone soluble tablets, sodium
valproate crushable tablets

Halved and crushed
Halved

Crushed, dissolved,
portion given

Captopril and dexamethasone tablets
Mesalazine sustained release tablets

Omeprazole — MUPS tablets

Capsule opened,
dissolved, portion given

Secobarbital capsules

Most manipulations were observed on general
medical wards with 14 manipulations out of 101
drugs administered (14%) and oncology wards
with four out of 26 (15%). This probably reflects
the complex nature of the treatments needed, as
although 55 drug administrations were observed
on surgical wards no manipulations were needed.

The most frequent manipulation observed was
for tablets to be crushed, dissolved in water
and the whole resulting solution/suspension
administered, accounting for 13 of the 19 (68%)
manipulations (Figure 1). The time taken to
administer medicines and a comparison of the time
taken for different manipulations is also shown in
Figure 1. The most time consuming manipulation
was tablets needing to be crushed, dissolved and
a portion of the resulting liquid given. This took
a median of 6.5 minutes, 2 minutes longer than
any other manipulation. The 13 different drugs
requiring manipulation are shown in Table 3.

The age of patients receiving each formulation was
analysed excluding all administrations involving
manipulations. As expected, the children who

Table 4 Age of children requiring manipulated and non-manipulated
drugs

Manipulation n Median (range) (years)
No 179 8.2 (0.1-17.0)
Yes 19 12.0 (0.1-14.2)

received liquids (median age 4.7 years, range
0.1-16 years) were younger than the children who
received tablets (median age 14.2 years, range
5.9-17 years). The wide range from 1 month to
16 years for children requiring liquids demonstrates,
however, that they are needed across all age ranges.

The age range was similar for children requiring
manipulated drugs (1 month to 14 years) and
non-manipulated drugs (1 month to 17 years).
The need to manipulate medicines spans the
whole of childhood. Table 4 shows the ages
of children requiring manipulated and non-
manipulated drugs. The results show that the
median was 8.2 years for non-manipulated and
12 years for manipulated drugs, the opposite to
what may have been predicted. This was explained
by the fact that there were several older children
requiring liquids for administration through a
percutaneous endoscopic gastrostomy tube (PEG)
which is likely to have affected the age.

In 48 cases, oral medicines needed to be given by
NG or PEG tubes. Of these, 11 (23%) required
manipulation. Of the 150 drug administrations
when no PEG or NG tube was required, only 8
drugs (5%) were manipulated. This suggests that
the use of a NG or PEG tube increases the need
for drugs to be manipulated due to the lack of
availability of suitable liquid medicines for admin-
istration by this route.
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Figure 1 Median time taken to administer medicines: comparison of different manipulations
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Discussion

This study found that one in 10 drug administra-
tions require the manipulation of the medicine
before administration to children in hospital, and
one in ten children receive manipulated drugs
whilst in hospital. Although a small study, it is
the first time that this important consequence of
the lack of availability of suitable formulations
for children has been examined. Drugs requiring
manipulation took twice as long to administer as
those not requiring manipulation. Most hospitals
require two trained paediatric nurses to check all
children’s medicines. Therefore this must represent
a major impact on nursing staff resources.

The main manipulation required was the manip-
ulation of tablets, including combinations of
cutting, crushing and dissolving the resulting
powder. For six of the drugs involved (captopril,
fludrocortisone, hydrocortisone, omeprazole,
prednisolone and topiramate) the main reason
was because they are not available in a licensed
liquid formulation. Other studies have shown the
lack of availability of appropriate formulations for
children’. Liquid preparations of such drugs may
be prepared or obtained as unlicensed products
by the pharmacy. Alternatively the tablets are left
to be manipulated by nurses on the wards.

When manipulations are necessary, there are
potential problems of inaccuracy of the dose the
child receives. One example observed was an
omeprazole tablet being crushed in a syringe,
shaken with 10 ml of water until it seemed to
have dissolved and 1 ml given to the patient.
The tablet was very difficult to dissolve and the
actual dose the child received is unlikely to have
been accurate. This method of administration is
unreliable as many tablets disperse rather than
dissolve, increasing the inaccuracy of the dose®.
More research is needed in this area but early
studies suggest that there may be an increase
in adverse drug reactions when off label or
unlicensed medication is prescribed?® °.

Another drug seen to cause problems was secobar-
bital which is only licensed in a capsule form.
Administration involved opening the capsule,
dissolving the contents, and giving the child a
portion of the liquid solution produced. This is
very time consuming, holds potential for error
and the resulting solution is unpleasant to take,
therefore patient refusal and subsequent failure
of sedation for scans is common.

Prednisolone is available as a soluble tablet which
would be anticipated to be a useful formulation
for children without the need for manipula-
tions. However, our observations showed that
this preparation was crushed by nurses before

attempting to dissolve as the tablets took so long
to dissolve when whole.

The other drugs which were manipulated are
all available in a licensed liquid form. It was
therefore surprising that these were given as
manipulated tablets. Reasons include cost — the
liquid formulation of dexamethasone is very
expensive compared to the tablets!?; availability
on the ward and the volume of the liquid to
provide the required dose of sodium valproate
for one patient was 25 ml. Despite liquid prepa-
rations being available they are not always of a
useful strength, particularly for older children
and those needing administration through a PEG.
A study in the Netherlands found that even in
12-16 year olds 50% of unlicensed drugs were
liquid preparations. This was thought to be
because the available licensed oral solutions are
not concentrated enough so the pharmacy had
to prepare them’. Other reasons for using solid
rather than liquid formulations are short shelf
lives of some liquids and difficulties in carrying
and storing large volumes of liquid. A three
months supply of one medicine equates to a small
box of capsules or 18 containers of liquid'.

Nurses need to spend significantly more time
administering liquids rather than tablets even
when manipulations are not required. This is
because liquid preparations involve calculating
the volume needed to provide the required dose
and drawing up the dose accurately in a syringe.
Tablets are generally simply taken straight out of
a bottle or packet and administered. More than
two thirds of our patients required liquid formu-
lations with significant time implications for
paediatric nursing staff. Another factor affecting
the time taken to administer drugs was the child’s
cooperation. On many occasions they did not
want to take the drug and had to be persuaded
to take it very slowly in small amounts or using
a dummy to encourage a very young child to
swallow.

“Children may refuse anything that, to them does not
smell or taste good, therefore palatability is one of the most
important factors in determining compliance in young
children "2,

On these occasions the time taken to administer the
medicine could be twice as long as usual. The need
for drug formulations acceptable to children can
be seen to be very important. In a study regarding
compliance of oral antibiotic therapy it found
that the type of antibiotic had a highly significant
association with compliance!®>. A suggested reason
for this was the palatability of different antibiotics!>.

The median age of children taking medicines in
tablet form was 14 years and for liquids almost
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5 years. This would be expected as most younger
children struggle to take medicines in solid form.
Research with antiretroviral medicines in chronic
patients showed that 7 years was the age when
most children transferred to solid formulations!!.
Our own study showed that although liquids
are needed across all age ranges, conversely,
tablets were taken by a child of under 6 years.
Assumptions, therefore, should not be made of
the age when children should take solid dose
forms and who should have liquids. Ideally,
children should be given a choice.

Manipulation of medicines was needed in all age
groups but the median age for children needing
manipulated drugs was higher than those that did
not. This is unexpected but can be explained as
there were many older children using a PEG tube
which increased the overall median age.

The main limitation to the study was the time
available. Therefore, numbers are relatively small
and not all administrations in the study period
could be observed. The researcher, therefore, had
to target wards which had the highest numbers
of patients with prescribed drugs. This may have
affected the types of drugs being administered.
Despite this, a range of ward types including
surgical, medical, oncology and neurology wards
and an ambulatory day case unit were studied
giving a wide range of patients. The total number
of drugs administered in these areas over the
study period is not known.

Conclusion

The manipulation of drugs by nursing staff to
produce a suitable formulation for children was
needed in 10% of drug administrations and
for 10% of children receiving drugs in hospital.
These manipulations may result in an inaccurate
dose being given to the child with the danger of
toxic or sub-therapeutic doses. Drugs requiring
manipulation took significantly longer to prepare
and administer, on average twice as long. This
has implications for nursing staff resources as two
trained paediatric nurses are needed to administer
each medicine to children. More than two thirds
of drug administrations involved liquids, which
take significantly longer than solid formula-
tions to administer. The main reasons for drugs
needing to be manipulated were because they
were unavailable in a licensed liquid form; liquid
forms being too low strength and the unavaila-
bility of the liquid product when needed on the

wards. Patients using a NG tube or PEG were four
times more likely to require a manipulated drug.

Further research is required to look at this issue
in higher patient numbers and in different areas.
The aim would be to provide information to the
pharmaceutical industry for drugs to target for
the development of suitable licensed preparations
for children.
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