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ABSTRACT

Objectives: To determine the incidence and nature

of prescribing and medication administration errors in
paediatric inpatients.

Design: Prospective review of drug charts to identify
prescribing errors and prospective observation of nurses
preparing and administering drugs to identify medication
administration errors. In addition, incident reports were
collected for each ward studied.

Participants: Paediatric patients admitted to hospitals
and nurses administering medications to these patients.
Setting: 11 wards (prescribing errors) and 10 wards
(medication administration errors) across five hospitals
(one specialist children’s teaching hospital, one non-
teaching hospital and three teaching hospitals) in the
London area (UK).

Main outcome measures: Number, types and
incidence of prescribing and medication administration
errors, using practitioner-based definitions.

Results: 391 prescribing errors were identified,

giving an overall prescribing error rate of 13.2% of
medication orders (95% Cl 12.0 to 14.5). There was
great variation in prescribing error rates between wards.
Incomplete prescriptions were the most common type
of prescribing error, and dosing errors the third most
common. 429 medication administration errors were
identified; giving an averall incidence of 19.1% (95% Cl
17.5% to 20.7%) erroneous administrations. Errors in
drug preparation were the most common, followed by
incorrect rates of intravenous administration.
Conclusions: Prescribing and medication administration
errors are not uncommon in paediatrics, partly as

a result of the extra challenges in prescribing and
administering medication to this patient group. The
causes and extent of these errors need to be explored
locally and improvement strategies pursued.

INTRODUCTION

Medical errors are a major issue in healthcare.
Medication errors are probably one of the most
common types of medical error, and include pre-
scribing, dispensing and medication administra-
tion errors.®” In adults, it has been estimated that
medication errors cause harm in 1-2% of patients
admitted to UK and US hospitals.®?

Limited evidence suggests that the prevalence of
medication errors and corresponding harm could
be higher in children than in adults.!” This may be
because most drug doses in paediatric medication
are calculated individually, based on the patient’s
age, weight, body surface area and/or their clini-
cal condition. Furthermore, the majority of drugs
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What is already known about this topic

» Medication use in paediatrics is particularly
prone to error.

» Limited evidence from the US suggests that
medication errors and corresponding harm
could be higher in children than in adults.

» There have been no large-scale studies to
investigate the incidence of prescribing and
medication administration errors in the UK;
hence, the epidemiology of medication errors
in the paediatric inpatient setting in the UK is
unclear.

What this study adds

»  Prescribing errors are common in paediatric
inpatients in the UK; around 13.2% of medica-
tion orders written contain an error.

» Medication administration errors are also
common in paediatric inpatients in the UK;
these occurred in around 19.1% opportunities
for errors.

» The nature and the types of prescribing errors
and medication administration errors in paedi-
atrics are similar to those reported in previous
research.

» Although most errors detected were unlikely to
cause serious harm, a small number of cases
are potentially fatal; therefore, it is important
to develop strategies in the UK to minimise
paediatric medication errors.

used in children are unlicensed or off-label.}! 12

This may increase the potential for medication
errors and risks associated with extemporaneous
dispensing as adult dosage forms are used for pae-
diatrics.18 14

In children, prescribing and medication
administration error rates vary between stud-
ies depending on the definitions used and set-
ting investigated.!* There have been two studies
investigating paediatric prescribing errors in the
UK, one showing an error rate of 5.3% and the

113

1/19/2010 4:59:40 PM



Original article

other not reporting a rate.!® 1 However, no large-scale study
has investigated the current incidence of paediatric prescribing
errors in the UK. Furthermore, we do not know the incidence
of medication administration errors in paediatrics in the UK,
as there have been only two small observation-based stud-
ies carried out. Each investigated medication administration
errors in one hospital; the incidence varied between 1.2% and
5.1% of administrations.!® 16 Other UK studies have collected
incident reports to investigate the types and nature of paedi-
atric medication errors in general;!’-2Y however, these studies
will significantly underestimate their incidence.?! 22

The aim of this study was to investigate the incidence and
nature of both prescribing and medication administration
errors in paediatric inpatients across several different London
hospitals in the UK.

PARTICIPANTS AND METHODS
Ethical approval was obtained from a Multicentre Research
Ethics Committee.

The study was conducted in the London area. At the time
of this study, there were 23 hospitals in London that cared for
paediatric inpatients. Of these, five were non-teaching, and 18
were teaching hospitals. It was decided to purposively select
five hospitals based on the 4:1 ratio of teaching to non-teach-
ing hospitals. The five hospitals selected were one specialist
children’s teaching hospital (hospital A), three general teach-
ing hospitals (hospitals B to D) and one non-teaching general
hospital (hospital E). Wards within each hospital were chosen
to obtain a wide range of settings representing surgical, medi-
cal and intensive care paediatric inpatients.

All five hospitals operated a typical British ward pharmacy
service, in which doctors wrote prescriptions on formatted
inpatient drug charts, which the nurses used to determine
the drugs and doses due and record their administration. One
hospital (hospital A) had a Centralised Intravenous Additive
Service (CIVAS). At the time of the study, none of the hospi-
tals employed any electronic prescribing or electronic decision
support. Ward pharmacists reviewed drug charts on weekdays
to check whether medication orders were clinically appropri-
ate, clear and legal, and to initiate the supply of medications
not stocked on the ward.

IDENTIFICATION OF ERRORS
Identification of prescribing errors
A practitioner-led definition was used:?3

A clinically meaningful prescribing error occurs when, as a result of a pre-
scribing decision or prescription writing process, there is an unintentional
significant:
(1) Reduction in the probability of treatment being timely and
effective or
(2) Increase in the risk of harm when compared with generally
accepted practice.

This definition is accompanied by lists of scenarios that should
be included and excluded as errors, was specifically adapted for
use in paediatrics?® and has been used by the Department of
Health.? It has the advantage of referencing error to usual prac-
tice, and of not artificially inflating the error rate by including
trivial incidents or breaches of inappropriate guidance.

We chose a prospective review of drug charts to collect data.
The ward pharmacists for the study wards identified prescrib-
ing errors during their ward visits according to their normal
clinical practice. Data collectors accompanied the pharmacists
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and documented any errors identified. To aid the reliability of
data collection, pharmacists were given a 1 h training session
on the prescribing error definition and events which should
be included or excluded as errors; we focused on prescribing
errors rather than pharmacists’ interventions.

Data were collected every week day for two consecutive
weeks in each of the 11 wards at the five hospitals during
2004/2005.

There were five data collectors (including the principal
investigator), and they shadowed a total of 10 pharmacists. All
pharmacists were experienced in paediatrics. The data collec-
tors were given training and advice from the principal inves-
tigator on the methods used and what information to collect.
Each of the data collectors conducted a 3-day pilot study on
each of the wards before the study’s start; this was to famil-
iarise themselves with the method, ward and data-collection
forms. These data were not included in the analysis.

Identification of administration errors
The following medication administration error definition was
developed using the same approach used for the prescribing

error definition:?*

A medication administration error is the administration of a dose of medica-
tion that deviates from the prescription, as written on the patient medica-
tion chart, or from standard hospital policy and procedures. This includes
errors in the preparation, and administration of intravenous medicines on
the ward.

The clinical appropriateness of prescriptions was not assessed
in this part of the study. Deviations from hospital procedure
such as not checking patients’ identity bands or not labelling
intravenous infusions were not in themselves considered as
errors. Multiple errors could occur in each case of preparation
and administration.

We chose a prospective undisguised observation-based
method to collect data. This method has been shown to be
valid.?1 2% Each nurse gave written consent for observation.

The preparationand administration ofregular, whenrequired
and once-only medications were included in the observation,
in addition to intravenous medications. Parenteral and enteral
nutrition was excluded.

An experienced observer (MG) accompanied nurses during
drug administration. She recorded the preparation and admin-
istration of each drug on a standard form and intervened in a
discreet and non-judgemental manner when she became aware
of a potentially serious error; these incidents were included in
the analysis.

Data were collected over 2 weeks on each of 10 wards at
the five hospitals during 2004/2005. To be representative, the
study included weekends and 8-12 h each day were selected
for observation. A 3-day pilot study was conducted on each
ward immediately prior to the actual data-collection period
to reduce any potential behavioural changes among observed
nurses. These data were excluded from analysis.

Incident reports

Incidents reports submitted to the risk-management depart-
ment with each hospital were collected for each ward for the
relevant study periods.

ANALYSIS OF DATA
Data were analysed using SPSS version 13.0 (SPSS, Chicago).
Prescribing errors were classified according to type of
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Table 1 Number and percentages of prescribing errors across all

= -
o = SCH - hospital A ;
5 40+ = TDGH 1 - hospital B 11 wards studied
9 == TDGH 2 - hospital C Type of No of errors
g 35 mm= TDGH 3 - hospital D prescribing (percentage of
S 304 mm NTDGH - hospital E error all errors) Examples
g 25 | Incomplete 161 (41.2) Missing essential information in the
g L o o
=2 prescriptions prescription, such as missing the route of
% 20 A administration, the dose intended by the
g prescriber or prescriber’s signature
5 157 Use of 94 (24.0) 15 mmol of NaPO, written instead of sodium
2 404 abbreviations phosphate
% Incorrect dose 44 (11.3) A 6-month-old patient in NICU was
2 51 prescribed morphine sulfate 5 mg instead of
€ 9 : : : : : : : the correct dose of 96 p.g
A B C D E F G H | J K Incorrect 26 (6.6) A doctor prescribed metronidazole 45 mg
Type of ward frequency intravenous twice daily instead of the correct
frequency of three times a day
Figure 1 Prescribing error rates across the 11 wards in Illegible 14(3.6) The prescriber wrote ‘i" on the frequency
the five hospitals. A, surgical 1; B, medical 1; C, PICU 1; D, prescriptions section of the prescription; when contacted,
medical 2; E, NICU 1; F, PICU 2; G, general-medical ward 1; H, NICU 2; :i‘ehgf“c"befsa'd it means to be given at
I, general-medical ward 2; J, Adolescent unit; K, general-medical 9 ] ) )
ward 3. NTDGH, non-teaching district general hospital; SCH, specialist "}C.O;re?t rate 14 (3.6) -D?Ct('" p;?oc”bedtmldatzmirg Intr/alzze/no_us.;th
children’s hospital; TDGH, teaching district general hospital.* Error otintusion infusion £o4) Mg at a rate ot b mg/kg/min; the
bars represent 95% C| rate should be 6 p.g/kg/min
' Incorrect 5(1.3) A doctor prescribed haloperidol to be given
route via the intravenous route instead of orally
prescribing error,?® and their incidence expressed as a percent- Miscellaneous 33 (8.4) A doctor prescribed oral clonazepam
age of medication orders screened by the ward pharmacists. (210 mgtv;ncl;e daily instead of the intended
Each medication order was counted only once, regardless of Arug—c.otlazan: diclofenac f ont
how many times it was seen by a pharmacist; each medication prescripion of diclatenac fora patient on
. . warfarin (drug interaction)
could be associated with more than one error. Total 391
Medication administration errors were classified according
to type,?4 and their incidence calculated. Previous medication
administration error research uses the term ‘opportunity for . 207 .
error’ as a denominator; this is defined as ‘the sum of any doses g == SCH - hospital A
. T ) 12126 1. ; @ 35+ —— TDGH 1 - hospital B
given plus any doses prescribed but omitted. This conven- 52 == TDGH 2 - hospital C
tional approach has been used in numerous studies; however, 55 307 == TDGH 3 - hospital D
in these studies, the main focus was oral medications (which 5 :,"’-, 25 mm NTDGH - hospital E
do not generally involve any preparation). This is not always £ *§ 20
the case for intravenous medications; furthermore, in paedi- :g £
atric practice, many oral doses are also prepared extempora- T g 15
neously before administration. Therefore, it was decided that §8 104
there were two opportunities for error in each drug (intrave- 8%
nous or oral) that was prepared and administered. However, é s 57
if one of the processes was missing (ie, no drug preparation 0 . . . . . . . .
A B (¢} D F G H | J K

required as the drug was supplied ready-for-administration)
then there was only one opportunity of error. For example,
if a nurse prepared 20 mg of prednisolone by dissolving four
5 mg tablets in 5 ml of water (preparation), then the drug was
administered orally (administration), there were two oppor-
tunities for error. However, if a nurse withdrew 0.04 ml from
2 mg/ml of morphine elixir and administered the drug orally
without any additional dilution, there was only one opportu-
nity for error. One opportunity per error could have more than
one error.

RESULTS

Incidence and nature of prescribing errors

A total of 444 paediatric patients and 2955 medication orders
were studied over 22 weeks. There were 391 prescribing
errors, giving an overall prescribing error rate of 13.2% (95%
CI12.0% to 14.5%)). Prescribing error rates varied between 5%
(95% CI2.2% to 7.8%) in one ward and 31.5 (95% CI 24.3 to
38.6) in another (figure 1). Incomplete prescriptions were the
most common type of prescribing error, and dosing errors the
third most common (table 1).
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Type of Ward

Figure 2 Medication administration error rates and 95% Cl across
the 10 wards in the five hospitals. A, surgical 1; B, medical 1;

C, PICU 1; D, NICU 1; F, PICU 2; G, general-medical ward 1; H, NICU 2;
I, general-medical ward 2; J, Adolescent unit; K, general-medical
ward 3. NTDGH, non-teaching district general hospital; SCH, specialist
children’s hospital; TDGH, teaching district general hospital. *Error
bars represent 95% Cl.

Incidence and nature of medication administration errors

A total of 161 nurses of different grades were observed prepar-
ing and administering 1554 doses to 265 paediatric patients
during 20 weeks of observation across the five UK hospitals.
In total, 429 medication administration errors were identified
in 2249 opportunities for error, giving an overall medication
administration error rate of 19.1% of opportunities for error
(95% CI 17.5% to 20.7%). Figure 2 shows the medication
administration error rates across the different wards; these
varied from 9.0% (95% CI5.5% to 12.5%) on one general med-
ical ward to 31.3% (95% CI 25.4% to 37.1%) on another.
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Table 2 Number and percentage of various types of medication administration errors identified across all wards/hospitals

Type of medication
administration error

No of errors (percentage of
all errors)

Examples

Not shaking suspension bottle before withdrawing medication
Not preparing intravenous medications aseptically

Metronidazole (5 ml=25 mg) administered intravenously through a peripheral line over 10 min

(30 ml/h) instead of the recommended 30 min

Metronidazole 260 mg administered intravenously three times a day; one dose was given at

17:45 instead of the prescribed time 14:00

Nurse prepared the following without labelling them and left them by the patient’s bedside for
the mother, who was asleep, to administer; when the mother woke up, she found by her child:
seven capsules of 500 mg sodium benzoate, and two 20 ml syringes of water to dissolve the
content of the capsules before administration, and to flush the nasogastric tube before and after

Seventeen millilitres in syringe of 250 mg/ml sodium phenyl butyrate (which looked very similar

to the 20 ml syringes of water)
7 mlin a syringe of L-arginine
10 mlin syringe of domperidone

8_ADC-158485.indd 116

The mother dissolved the seven capsules in a syringe of liquid and administered it, but it was
unclear whether water or sodium phenyl butyrate had been used; the mother then asked the
nurse for help; the pharmacist intervened, and the medications were not given for 1 day to
prevent overdose due to the uncertainty over whether patient had the medications

Tenfold error involving heparin (patient given 5 ml instead of prescribed 0.5 ml)
Not flushing nasogastric tube or intravenous access before administrations to check they were

Omitting drugs; this was either because the drug was not available on ward or because the

nurse did not realise the drug was due for the patient

Giving cefuroxime to the patient when there was no prescription for it
Nurses did not sign the drug charts following drug administrations

Giving an extra dose of flucloxacillin; this was mostly due to the nurses who gave the previous

doses not signing the drug chart to indicate that dose already given

Calcium chloride (SandoCal) was prepared instead of prescribed drug potassium chloride

Giving the drug via the incorrect route (giving paracetamol rectally where the oral route

Incorrect preparation errors 89(20.7) .
Incorrect rate of intravenous 85(19.8) .
administrations
Incorrect time 80 (18.7) .
Left drug by patient’s bed- 43(10.0) .
side without checking drug
administration

administration
Incorrect dose 40(9.3) .
Incorrect administration 23(5.4) .
technique not blocked
Omission error 22 (5.1) .
Unordered drug error 16 (3.7) .
Omission of nurses’ signature 12 (2.8) .
following administration
Administration of extra dose 5(1.2) .
Incorrect drug 3(0.7) .

(Sando-K)
Miscellaneous medication 11(2.6) .
administration errors prescribed)
Total 429

Incorrect preparation errors means that the drug was prepared incorrectly, not according to the hospital drug preparation policy or the manufacturer’s instructions.

Various types of medication administration error were
identified (table 2); errors in drug preparation were the most
common, accounting for 20.7% of the total. Wrong rates of
intravenous administration were the second most common
(19.8% of total). Dosing errors were also common (9.3% of all
errors); some of these included doses which were inappropri-
ate for administration—for example, a tenth of a suppository:.

On five occasions, the researcher intervened to prevent the
error reaching the patient. These were: preparing 300 mg clin-
damycin instead of 150 mg, administering 10 ml of sodium
chloride 0.9% instead of 300 mg of benzyl penicillin in 10 ml
sodium chloride, preparing diclofenac 75 mg in 40 ml sodium
bicarbonate 8.4% instead of correct diluent 0.9% sodium chlo-
ride, administering 0.6 ml of diluent instead of oral drug cipro-
floxacin and administering intravenous fluid (sodium chloride
0.9% plus dextrose 10% and 20 mmol potassium chloride) at
130 ml/h instead of prescribed rate 100 ml/h.

In some other cases, potentially serious errors occurred but
were not identified until after administration.

Of the 391 prescribing errors identified, only one was
reported to the risk-management department within the hos-
pital. None of the 429 medication administration errors were
reported, even those where the researcher intervened.

DISCUSSION
We studied the incidence and nature of prescribing and medi-
cation administration errors across five different London
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hospitals. A prescribing error was identified in 13.2% of all
medication orders written. The most common type of error
was incomplete prescription (41.2% of all errors), and the third
most common was dosing errors (11.3%). Medication adminis-
tration errors occurred in 19.1% opportunities for error; errors
in drug preparation and wrong rate of intravenous administra-
tion were the most common.

As far as we are aware, this is the only multicentre study
in the UK that has studied both prescribing and administra-
tion errors in children. The study included different types of
hospitals and wards, and the results are therefore likely to be
generalisable to other UK clinical environments. Five of the
11 wards studied for prescribing errors and four of the 10 wards
studied for medication administration errors were in a special-
ist children’s hospital.

The UK healthcare system is very different from the US sys-
tem, and our research is not necessarily generalisable to other
countries; nevertheless, previous studies published in the USA
also show high rates of medication errors in children.” 12-17

Our study identified a higher prescribing error rate than
that of 5.3% reported in a small-scale single-ward study in the
UK."> However, in the previous study, the prescribing error
definition was not clear, and so it is impossible to compare
the results directly. Furthermore, the prescribing error rate
identified in our study is higher than that reported in simi-
lar work using similar error definitions in adults in the UK; in
these studies the prescribing error incidence varied between
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1.5% and 9.2%.%7-30 This therefore supports the limited liter-
ature in the USA, which suggests that medication errors could
be higher in children than adults.!” It may also be that our
methods, which involved a separate data collector recording
details of the errors identified, resulted in more comprehensive
recording than in previous studies where ward pharmacists
were asked to self-record the errors identified.

We also identified medication administration errors in 19.1%
opportunities for error. However, in order to compare our results
with previous research, we need to standardise the denominator.
Using the conventional approach for calculating the incidence,?!
the error rate in our study is 27.6% This is higher than a pre-
vious paediatric study on a single ward in the UK.!® The med-
ication administration error rate we report is also higher than
that reported in similar work in adults in the UK; these studies
have reported medication administration error rates of 3.0-8.0%
administrations for non-intravenous doses, and 49% for intrave-
nous doses.3!-3% The high medication administration error rate
identified in our study could be because we included Intravenous
medication, whereas most adult studies did not. Also, we
included incorrect preparation errors such as not shaking a bot-
tle of suspension, whereas some other studies did not.

Finally, in our study, comprehensive definitions of prescrib-
ing and medication administration errors were developed and
used; this could have contributed to the high error rates.

There was great variation in the incidence of prescribing and
medication administration errors between wards/hospitals,
and it is not clear from the data as to why. It could be because
of the differences in settings and hospitals. The variation
in prescribing errors could also be related to the differential
detection of errors by pharmacists or different actual error
rates. Therefore, there is a need to explore the incidence and
causes of errors on a local basis so that improvement strategies
can be implemented.

We selected the most accurate methods to collect data; by
doing this, we have minimised the risk of underestimation of
medication errors. Consequently, our errors rates tend to be
higher than those reported in the UK literature,!” 18 but they are
probably still an underestimation of the true incidence.?! 22

Limitations
The study did not formally assess the clinical significance of
errors; some errors such as dosing errors cited in table 1 are poten-
tially fatal and more serious than the incomplete prescriptions.

We relied on clinical pharmacists in the identification of
potential prescribing errors, and we cannot exclude the possi-
bility of undetected medication errors, hence underestimating
the incidence of medication errors. However, we also collected
data from incidents reported to the hospitals and did not detect
any further errors; this suggests that serious prescribing errors
are unlikely to be under-reported by our method. This also
highlights how few medication errors are reported to hospital
incident reporting systems.?! 34

The study relating to administration errors was conducted
in 10 wards compared with the prescribing error part which
was carried out in 11 wards across the five different hospitals.
This was because of time constraints.

Furthermore, there was no test of interobserver reliability
between pharmacists. However, all pharmacists were experi-
enced in paediatrics.

Interpretation of the study
As paediatric medication errors were common in a range
of hospitals and wards, it is essential for policymakers to
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develop strategies to minimise them. Electronic prescribing
systems will be able to reduce errors of missing information
and potentially reduce dosing errors.?°36 The UK government
has committed to developing the electronic patient record
and electronic prescribing systems; however, due to technical
challenges, it is still ongoing, and paediatric electronic pre-
scribing systems are unlikely to be available in the near future.
Electronic systems can also introduce new errors. Clinicians
should be vigilant in writing prescriptions; nurses and phar-
macists should be vigilant in checking prescription before dis-
pensing and administrating medications to children.!

Unanswered questions and future research

This study confirmed that medication errors in children are
common; and the incidence could be higher than that in adults.
However, the severity of these medication errors remains to be
explored. Future research should concentrate on interventions
to reduce medication errors in children.

CONCLUSION

Prescribing and medication administration errors are not
uncommon in paediatrics, and there was great variation in
the error rates across the five hospitals studied. The overall
incidence of prescribing errors was 13.2% (95% CI 12.0% to
14.5%) of medication orders. This figure is higher than that
reported in similar work in adults in the UK.?8-2° The overall
incidence of medication administration errors was 19.1% (95%
CI 17.5% to 20.7%), which is higher than that reported in pre-
vious medication administration error research in paediatrics
and adults in the UK 15163132
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