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Abstract

Medication errors are common and can cause significant mortality and morbidity.
Electronic prescribing (EP), with or without clinical decision support systems (CDSS),
is a complex intervention that has been proposed as a solution. US studies indicate that
there may be a reduction in medication errors as well as adverse events, but equally new
errors may be introduced. There is a paucity of studies assessing the use and impact of

EP in the UK hospital setting, especially those involving paediatric patients.

The aim of this thesis was to investigate and evaluate the implementation of an EP
system at a children’s hospital in the UK. The objectives were to assess the effect on
prescribing errors, to explore the level of CDSS available and in use within the system,
to identify any changes in practice and workflow patterns of healthcare professionals,
and to determine the views of patients and users. Mixed qualitative and quantitative

methods were used within an evaluation framework (the Cornford framework).

The results show an overall reduction in prescribing errors directly as a result of more
complete and legible prescriptions after EP. Outpatient errors decreased from
1219/1574 (77.4%) to 33/648 (5.1%), a 72.3% reduction [95% confidence interval (CI)
-74.6% to -69.3%)]. The number of outpatient visits that were error free increased from
185/883 (21%) to 225/250 (90%), 95% CI of difference in proportions, 64% to 73.4%.
Inpatient errors decreased from 85/1267 (6.7%) to 96/ 2079 (4.6%), 95% CI of
difference in proportions, -3.4% to -0.5% There was an increase in discharge
prescription errors from 839/1098 (76.4%) to 1777/2057 (86.4%), 95% CI of difference
in proportions, 7.88% to 12.94%. The dosing error rate in all types of prescriptions was
lower after EP: 88/3939 (2.2%) vs. 57/4784 (1.2%), 95% CI of difference in
proportions, -1.6% to -0.5%, but there was no statistically significant change in severity
ratings of dosing errors. New types of errors, such as selection errors, were seen due to
EP. Although principles of the medicines use process remained the same, the practical
approach to tasks was altered. The system was accepted by users and patients, but there
was a desire for further improvements, especially in the level of clinical decision

support available to the end user.

In conclusion, the EP system was implemented successfully. The benefits in medication
safety appear to be the results of effective interaction between system functionality and

usability, user acceptance and organisational infrastructure.
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Glossary

Cisco card

Crystal reports

Fat server

Hardware

Local area network

Server

Software

Thin client server

a specialized network interface card that allows devices to

connect to a wide area network.

an application used to design and generate reports from data

sources

a computing client-server model in which most of the processing
is implemented in the client (at user level) and the server does

very little.

the equipment and devices that make up a computer system i.e.

personal computers, laptops, display screens.

a group of computers and associated devices that share a common

communications line or wireless link.

a computer in a network that stores application programs and data

files accessed by other computers.
programs and applications that can be run on a computer system.

a computing client-server model in which most of the processing
is implemented in the server and the client does very little. An
example of this is web transactions (e.g. Amazon, eBay) in which
the client (user) only runs a browser and the bulk of the

transaction is processed at the server.
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Preface

Patient harm due to errors in healthcare settings is now a well-recognised and publicised
phenomenon. When children are involved, the matter appears to be not only emotive,
but more media worthy as well, often because of the consequential tragic outcomes.
Worldwide strategies propose that information technology solutions have a role to play
in improving patient safety. Electronic prescribing is one example of an information
technology solution, and is anticipated to improve patient safety through improvements

in the medicine use process.

The National Program for Information Technology (NPfIT) in the UK is an indication
of commitment by the government to improve and modernise healthcare delivery in the
National Health Service (NHS) with the use of computers. However, delays in the
implementation of electronic prescribing in hospital settings, has forced organisations to
consider interim solutions.

The aim of this thesis was evaluate the introduction of one such ‘interim solution’
electronic prescribing system at a children’s hospital. The thesis comprises eight
chapters. The first two chapters set the background: Chapter 1 begins with a general
overview of medication errors in healthcare, and focuses on the extent of the problem in
children, especially in the UK. Solutions and prevention strategies that have been
proposed and trialled are discussed. Chapter 2 concentrates on one possible solution,
electronic prescribing. The chapter is divided into two parts: the first half is a review of
the literature on the use of electronic prescribing in children; the second section
emphasises the need for evaluation by exploring barriers to adoption and highlighting
some unintended consequences of the technology. The aims and objectives of the
thesis are stated at the end of Chapter 2. Chapter 3 provides background information
about the study site, a description of the medicines use process and details of the EP
system that was used. In Chapter 4, the overall methodology that was employed is
presented together with the rationale for this choice. Chapters 5, 6 and 7 detail the work
undertaken and report the results. The final chapter sums up the key outcomes of the
evaluation, considers the strengths and limitations of the research, states the

contribution of this thesis and identifies areas for future study.
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Chapter 1 Introduction

“No adverse event should ever occur anywhere in the world if the knowledge exists to

prevent it from happening.”

World Health Organisation (WHO) Collaborating Centre for Patient Safety Solutions
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Chapter 1 Introduction

1.1 Patient safety in healthcare

In the last decade patient safety and medical errors have received considerable attention
following key publications in the United Kingdom (UK) and the United States (US).
These reports estimated 850,000 adverse events in UK NHS hospitals and 44,000-
98,000 deaths in US hospitals each year as a result of medical errors (Department of
Health 2000; Institute of Medicine 1999). A medical error is a broad term and may be
defined as any error that occurs during the healthcare process. The term includes all
types of clinical errors, including surgery, diagnosis, documentation and medication.
When considering medication related harm three main terms, adverse drug events,
adverse drug reactions and medication errors, are used in the literature (Dean et al.

2005). A definition of each of these is given below.

e Adverse drug event (ADE): any adverse event that occurs during or following
medication use. This may be due to an adverse drug reaction, poisoning or an error.

e Adverse drug reaction: this has been defined by the WHO as "a response to a drug
that is noxious and unintended and occurs at doses normally used in man for the
prophylaxis, diagnosis or therapy of disease, or for modification of physiological
function."

e Medication error (ME): any error that occurs in the medicines use process at any
stage of prescribing (or ordering), dispensing, administration and monitoring.
Medication errors are considered preventable and may or may not have the potential

to cause harm.

Generally, adverse drug reactions are considered unpreventable ADEs, whereas

medication errors are thought to be potential and/or preventable ADEs.

1.1.1 Medication errors

Medication errors are the most common type of medical error, and may occur at any
stage of the medicines use process i.e. prescribing (or ordering), dispensing,
administration and monitoring. The implications of medication errors are considerable,
both in terms of patient harm as well as financial cost. It is estimated that at least 1.5
million preventable ADEs occur in the US each year, and there is an extra $3.5 billion
in hospital costs per year (Institute of Medicine 2007). The extent of the problem is
similar in the UK. A study of drug related hospital admissions in England reported that

247,000 (6.5%) hospital admissions each year were due to harm from medicines, of
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which 9% were preventable and 63% were possibly preventable (Pirmohamed et al.
2004). Reports to the National Reporting and Learning System in England and Wales
for the year 2007 indicate that medication accounted for 9% (72,481/811,746) of all
patient safety incidents reported (National Patient Safety Agency 2008a). The estimated
cost of medication errors to the NHS in England is more than £750 million each year

(National Patient Safety Agency 2007).

The exact magnitude of the problem remains unknown despite research dating back to
the 1960s, probably because the error rate is dependent on a number of factors including
the study setting, definition of medication error used, the stage of medicines use process
studied and the detection method employed. For example, an early definition of a
medication error was “a deviation from the physician’s medication order as written on
the patient’s chart” (Allan & Barker 1990). Therefore studies using this definition
would exclude errors in prescribing or monitoring. A broader definition of medication
errors (“any error that occurs in the medicines use process at any stage of prescribing,
dispensing, administration and monitoring™) is now used by most researchers, although
the focus of the study and detailed definitions may vary depending on which stage of
the medicines use process is being investigated. Likewise, the types of events included
as an error may also differ. For instance, Bates et al (1995) only included errors that
had the potential to harm, whereas others incorporate errors that do not result in harm or
are potentially less likely to do so e.g. wrong time of administration (Tisdale 1986).
Similarly, different detection methods yield different results as illustrated by a UK study
in which three different methods (incident reporting, medical record review and
pharmacist identification) were used to detect adverse drug events in an NHS district
general hospital. The authors reported that there was little overlap in the nature of
events detected by the three methods generally, but especially in the detection of
medication errors, with no errors reported using incident reporting, whereas 14
medication errors were detected by record review and 30 by pharmacist identification

during routine ward visits (Olsen et al. 2007).

All these factors result in a heterogeneous literature, making it difficult to consolidate or
generalise the findings. Some themes have emerged from the existing literature despite
the heterogeneity. Factors most likely to predispose to errors include patients with
allergies, and seriously ill patients in critical and acute care settings who may be
prescribed a greater number of drugs (Department of Health 2004). Medications

disproportionately involved in harmful errors include anticoagulants, antiplatelet agents,
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cytotoxic agents, diuretics, injectable drugs, insulin, non-steroidal anti-inflammatory
drugs, opioid analgesics and drugs with a narrow therapeutic window (Howard et al.
2007; Institute for Safe Medication Practices 2005b). Quality of prescribing,
particularly legibility and the use of certain abbreviations, has also been implicated
(Department of Health 2004; Institute for Safe Medication Practices 2005a). Children
are considered to be more at risk than adults (Department of Health 2004; Kaushal et al.
2001).

1.2 Medication errors in paediatrics

Medicine use in paediatrics is a complex process and poses specific challenges (Ghaleb
et al. 2006). Dosing is usually based on body weight or body surface area, which is
often changing rapidly. The age of the child (such as corrected gestational age for
premature neonates) also has an impact. In chronic conditions, growth of children
needs to be monitored to ensure appropriate drug dosage modifications are made. Many
medicinal products are not licensed for use in children and therefore the formulations
may not be appropriate for doses needed in children, resulting in the need for complex
manipulation at the point of administration. Children may not be able to communicate
information about any medication errors or adverse events experienced. When errors do
occur, they are likely to have a greater impact on outcome than the same error in adults,
as the therapeutic dose margin is considerably narrower and there may be altered, often
reduced, pharmacokinetic capacity to deal with dose excesses (Department of Health
2004; Ghaleb et al. 2006).

1.2.1 Incidence, types and severity

The incidence of medication errors and preventable adverse drug events in paediatrics
varies considerably in the literature. A number of recent systematic reviews of
medication errors in children provide a comprehensive bibliography of the research in
this field (Conroy et al. 2007; Ghaleb et al. 2006; Miller et al. 2007; Wong et al. 2004).
The following sections give an overview of the incidence, types and harm/severity of
paediatric medication errors in outpatient and inpatient settings based on published
literature from the last 5 years (January 2003 to June 2008). For the purpose of this
review, studies conducted in the ambulatory care setting, outpatient clinics and the
emergency department are included in the outpatient setting as these patients are not

considered hospital inpatients.
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1.2.1.1 Outpatient settings

The vast majority of children are treated and cared for in the outpatient setting.
Medication prescribed in this setting is usually either self-administered or given by the
parents, except in the emergency department where healthcare professionals may be
responsible for drug administration. Therefore, it is likely that the nature and incidence

of medication errors in this setting may differ to that in the inpatient setting.

Most research on errors in the outpatient setting is from the US, and set mainly in
emergency departments (Alves et al. 2007; Goldman & Scolnik 2004; Kozer et al. 2004;
Losek 2004; Marcin et al. 2007; Rinke et al. 2008; Taylor, Selbst, & Shah 2005), with
very few studies in outpatient clinics (Gandhi et al. 2005; Taylor et al. 2006) or in
primary care (Al Khaja et al. 2007; Kaushal et al. 2007; McPhillips, Stille, & Smith
2005).

Based on these recent publications, the overall incidence of all types of medication
errors ranges from 3% to 9.9% of medications prescribed (Gandhi et al. 2005; Taylor et
al. 2006) and in 3% of patients (Kaushal et al. 2007), with most errors occurring at
either the administration or ordering stage. In a primary care study which used
prescription review, telephone survey and chart review to detect ADEs in children from
6 office practices, the authors reported preventable ADEs in 57 of the 1788 patients
(3%). Of these administration errors were the most common type accounting for 70%
of the errors, followed by errors in ordering (26%) (Kaushal et al. 2007). Similarly, an
analysis of spontaneous reports involving chemotherapy medications showed that
administration errors accounted for approximately 42% of the reports (Rinke et al.
2007). Gandhi et al (2005) used prescription review to detect errors in outpatient
chemotherapy infusion units and found that most errors were at the ordering stage
(47/57 errors in 2104 orders).

A higher error rate is seen in studies which focus on one stage of the medicines use
process such as prescribing or administration. For example, studies of drug
administration by parents show that half to three quarters of the patients received the
wrong dose of antipyretics, with occurrence of underdosing as well as overdosing. In
one study of 213 parents, 26 (12%) had given an overdose, and 87 (41%) an underdose
of acetaminophen (Goldman & Scolnik 2004). In another study involving 200 patients,
105/117 (90%) were given an incorrect dose of dipyrone (16 received too little, and 89
received too much) and 45/83 (54%) were given an incorrect dose of acetaminophen (38

received too little and 7 received too much) (Alves et al. 2007).
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The definition used also appears to have an influence. A study involving 20 primary
health care centres reported prescribing errors in 75% of medications prescribed,
corresponding to over 90% of prescriptions. However, the definition used in this study
included errors in prescription writing such as absence of the date of prescription,
patient’s personal identifiers and incomplete or illegible body of the prescription, as
well as knowledge based errors in prescribing (Al Khaja et al. 2007). In contrast, a
study which defined an erroneous prescription or order as one which contained an
incorrect dose or was written incorrectly, but excluded illegibility and omission of
details such as date of prescription and patient’s personal identifiers, reported

prescribing errors in a fifth of the prescription orders (Taylor, Selbst, & Shah 2005).

Information in UK outpatients is lacking; to date no research appears to have been done
on paediatric medication errors in the UK outpatient setting. Table 1 summarises recent

studies of outpatient medication errors.
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Table 1: Studies of paediatric medication errors in outpatient settings

First Country | Setting Medication error definition Study design | Time frame Method used | Results
author/
year
All types of errors
Gandhi uUsS Outpatient Any error in the medication Prospective Between March Prescription Errors = 57/ 2104 orders (3%)
(2005) chemotherapy process, including ordering, cohort study | and December review potential ADEs = 34/2104 orders (1.6%
infusion units dispensing, transcribing, 2000 of all orders or 60% of ME)
administering, and monitoring, Ordering =42
even if the error was intercepted Dispensing =13
and corrected prior to reaching the Administering = 5
patient.
Kaushal uUsS 6 office practices | Errors in drug ordering, Prospective Consecutive 2 Prescription Preventable ADEs = 57/1788 patients
(2007) transcribing, dispensing, cohort study | month block at review, (3%)
administering or monitoring. each practice telephone Administering = 70%
from July 2002 to | survey and Ordering = 26%
April 2003 chart review Dispensing = 3%
Transmitting = 2%
Rinke uUs All settings MedMARX (‘and as defined by Analysis of January 1 1999 Spontaneous 310 error reports in total including
(2007) where our institution’ - but not specified) | reports to through reporting inpatients; 1.6% resulted in harm.
chemotherapy MedMARX December 21 Outpatient rates:
medications are 2004 Administering = 41.9%
used Dispensing = 32.3%
Prescribing = 22.6%
Transcribing/ documenting = 3.2%
Monitoring =0
Improper dose/ quantity most reported
type = 26.5%
Taylor Us Haematology/ Errors were classified as occurring | Prospective Mid-April to mid- | Chartreview | All=17/172 medications (9.9%)
(2006) oncology clinic during the prescribing, dispensing, | case series June 2005. and parent Prescribing = 5 (2.9%)
at a children’s and/or administration phase. study interview Administration = 12 (7%)
hospital

ADE = Adverse drug event; ME = medication error
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Table 1 - continued

First author/ | Country | Setting Medication error definition Study design | Time frame Method used | Results
year
Prescribing errors
Al Khaja Bahrain | 20 primary Absence of prescription components such as date of Retrospective | Between 9 Prescription | Errors = 2066/ 2088
(2007) care health prescription, any parameter of patient’s personal identifiers, study May and 23 review prescriptions (90.5%)
centres physician’s stamp, and/or direction for use are deemed as May, 2004 and 4282/ 5745
minor errors of omission. Absence, vague, incomplete and/or medications (74.5%)
illegibility of any component of body of the prescription is
considered as major errors of omission. Incorrectly written
component(s) of body of the prescription is considered as an
error of commission. Errors of integration or knowledge-based
errors in prescribing include potential drug-drug interactions
or drug allergies which may reflect a failure of the prescriber
to integrate information about the patient or drug history.
Skill-based errors of prescribing such as illegible handwriting
and/or prescriptions with non-official or unconventional
abbreviations, were excluded
Rinke UsS Paediatric An order or a prescription was classified as containing an error | Retrospective | 17 non- Chart review | 47/377 (12.5%) in-
(2008) emergency if it contained an incorrect dose or was written incorrectly. An | review consecutive house orders and
department at | order or a prescription was classified as containing an days in 37/191 (19.4%)
an urban incorrect dose if it was contraindicated based on a patient’s August, individual charts
academic drug allergies or did not fall within 10% of appropriate September, contained at least 1
tertiary care weight-based dosing ranges as dictated by common paediatric October 2004 error; 30/696 (4.3%)
hospital medication guidelines. An order was classified as written and April to ambulatory
incorrectly if it did not indicate a route, a weight-based target September prescriptions had at
dose, and/or a prescriber’s signature. A prescription was 2005 least one error
classified as written incorrectly if it did not indicate a route, a
medication concentration, a frequency, and/or a prescriber’s
signature.
Taylor us Emergency Not specified, but table provides clear explanations of what to | Descriptive Between Chart and 311 errors in 212
(2005) department at | include in each error type prospective January 1 prescription | prescriptions of a
an academic, cohort study | 1998 and review total of 358 (59%)
tertiary care June 30 1998 prescriptions written
children’s
hospital
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Table 1 - continued

First Country | Setting Medication error definition Study design | Time Method Results
author/ frame used
year
Prescribing and administration
Kozer Canada | Emergency A medication that was ordered but not given (unless the order | Prospective September | Observation | Errors in 7 out of 8 mock
(2004) department at a | was cancelled), a medication that was given but not ordered, a | observational | 2001 to and syringe | resuscitations when 125
tertiary drug given in a dose different by at least 20% from the study May 2002 | content drugs were initiated.
paediatric recommended dose, administration of a drug by an incorrect analysis 9 dose prescribing errors
hospital route, and a drug ordered that is not indicated for the patient’s and 1 dose administration
condition. error
Marcin UsS 4 rural Included medication given but not ordered; medication Retrospective | Between Chart Errors = 84 in 69 patients,
(2007) emergency ordered but not given; wrong drug given from what was review January 1 | review 62.2% of those that had
departments ordered; wrong dose; wrong or inappropriate drug for 2000 and any medication prescribed
condition; wrong administration technique, wrong route; June 30 (135) and 47.5% of all
wrong dosage form; wrong time; and error related to patient 2003 patients (177)

information. Wrong dose was determined by preset criteria,
with doses above or below 10% to 25% of correct dose
considered errors, depending on class of medication.

Administration = 58/84
Physician related = 24/84
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Table 1 - continued

First Country | Setting Medication error definition Study design | Time Method used Results
author/ frame
car
Dosing errors
Alves Brazil Paediatric Dose deviation from acetaminophen 10-15 mg/kg per dose Cross September | Questionnaires | 150 out of 200 patients
(2007) emergency and dipyrone 15-20 mg/kg per dose sectional 2004 to administered (75%) received the
department at a study February | to parents wrong dose
teaching 2005
hospital
Goldman | Canada | Emergency Acetaminophen dosage based on the recommended dosage Cross September | Parent 113/213 (53%) gave the
(2004) department at 10-15 mg/kg per dose sectional 2000 to interview wrong dose
children’s study February
hospital 2001
Losek uUs Emergency Acetaminophen dose > 16mg/kg Retrospective | February | Chart review 34/156 (22%) patients
(2004) department at Cross 3-9 1998 had wrong dose (15,
an urban sectional <10mg/kg and 19,
children’s study >16mg/kg)
hospital
McPhillips | US 3 health A medication dispensed at a dose meeting any of the Retrospective | Between | Prescription Error = 280/1933 (15%)
(2005) maintenance following criteria: (1) total mg/kg/d dispensed at 110% or review June 1999 | review
organizations more of the maximum RDD (potential overdose); (2) total and June
mg/d dispensed at more than the maximum recommended 2001
adult dose (potential overdose); (3) total mg/kg/d dispensed
below 90% of the minimum RDD and below the adult
minimum recommended dose in total mg/d (potential
underdose)

RDD = recommended daily dose
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1.2.1.2 Inpatient settings

Research into paediatric medication errors is predominantly from the hospital inpatient
setting with the majority of studies being conducted in the US and Canada. Recent
studies report the overall medication error rate as 1% of admissions (Sangtawesin et al.
2003), 1.2% of all orders (Fahrenkopf et al. 2008), 1.8%-5.4% of spontaneous error
reports (Hicks et al. 2007; Hicks et al. 2008; Hicks, Becker, & Cousins 2006) and 5.2 to
11.8 per 100 orders (Buckley et al. 2007; Wang et al. 2007). Studies which focus on
one stage of the medicines use process report higher incidence rates than those which
include all types of medication errors. For example, in a study of prescribing errors in
surgical patients, Engum & Breckler (2008) reported 308 medication variances in 180
patients. Similarly for administration errors, Prot et al (2004) found an overall error rate

of 31.3%.

Analogous to the outpatient setting, the wide variation in the medication error rates is
because of differences in definitions of medication errors, the detection methods
employed, the study setting and the denominators used to calculate the error rate. Asa
result comparisons between studies is difficult. For example, the medication error rate
was reported as 11.8 per 100 medication orders in one study which used observation to
identify the rate of preventable actual and potential adverse drug events in a medical and
surgical intensive care unit (ICU) (Buckley et al. 2007). In contrast, another study in
general paediatric units used three methods (daily chart review, voluntary reports and
solicited information about errors) to detect errors and reported a lower rate of 5.2
per100 orders (Wang et al. 2007). Aside from the difference in methods used, the study
settings were different (ICU vs. general) and the definition used also varied. Wang et al
(2007) included any errors in the process of medication delivery, unlike Buckley et al
(2007) whose definition included only medication errors that were likely to cause
adverse events. A lower error rate in the general unit despite using a wider definition of
medication errors suggests that error rates may be higher in intensive care areas
compared to general units, and/or that observation is a more efficient method for error

detection.

Despite this disparity in incident rates, the literature indicates that errors are most likely
to occur at the stages of prescribing and administration. Administration errors account
for nearly half to two thirds of errors in studies which used spontaneous reporting
(Hicks et al. 2007; Miller, Clark, & Lehmann 2006; Rinke et al. 2007), whereas
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prescribing (including transcribing) errors were higher, ranging 40%-86% of errors, in
studies which used other error detection methods (Buckley et al. 2007; Kunac & Reith
2008; Wang et al. 2007).

Dose errors are the commonest type of error across all stages of the medicines use
process, ranging from 20% to 72% of errors (Buckley et al. 2007; Engum & Breckler
2008; Hicks et al. 2007; Hicks et al. 2008; Kunac & Reith 2008; Rinke et al. 2007,
Sangtawesin et al. 2003). Drug administration errors involving infusions are also prone
to a high error rate. In one study of infusions in a surgical ICU, 16 dosing errors were
detected in 206 infusions (error rate 105.9 per 1000 patient days) (Herout & Erstad
2004). Another study which used high-performance liquid chromatography (HPLC) to
compare ordered and measured concentrations of morphine infusions found there was a
difference in concentrations of more than ten per cent in 65% of the samples (Parshuram

et al. 2003).

There has been one UK study of medication error incidence over the past five years,
which investigated prescribing errors (Keady et al. 2005). This audit focussed on
analgesic prescribing on two paediatric wards and revealed 33 errors in 159
prescriptions, of which three were considered to be major. Table 2 summarises studies

of inpatient medication errors.
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Table 2: Studies of inpatient medication errors

First Country | Setting Medication error definition Study design | Time frame Method Results
author/ used
year
All types of errors
Buckley uUsS Paediatric Definitions of medication errors and | Prospective Four Observation | 52errors/ 58 ADE; 42 clinically important.
(2007) medical/ ADEs, and classification of observational | observational Prescribing = 13/42
surgical ICU medication errors according to study study Transcription = 5/42
at a major preventability and severity, were periods between Dispensing = 9/42
teaching based on the work of Bates et al. February and Administering = 15/42
medical centre June 2004 Dosing = 11/42 (26.2%) most common
Medication error rates: per 100 orders
actual preventable ADE rate =2
potential ADE rate = 9.8
Chuo uUs Neonatal ICU | MedMARX Analysis of 2000 to 2005 Spontaneous | 266/7329 reports (3.6%);
(2007) reports to reporting 10/266 (3.8%) harmful
MedMARX Improper dose/ quantity 69.3% (192)
database
Fahrenkopf | US 3 free standing | Any error in the ordering, Prospective mid-May Prescription | 125 errors in 10 277 orders
(2008) urban transcription, or administration of a | cohort study | through to the review Error rate 1.2%
children’s medication, whether harmful or end of June No breakdown by type or stage
hospitals trivial 2003
Hicks uUs All (any Any preventable event that may Analysis of | between January | Spontaneous | 3.3% (19,350 of 580,761) of all records; 4.2%
(2006) provider in cause, or lead to, inappropriate reports to 11999 and reporting (816/19350) harmful
any setting) medication use or patient harm MedMARX | December 31 No breakdown by stage
while the medication is in the 2003 Improper dose/ quantity most commonly
control of the health care reported (88/208)
professional, patient, or consumer.
Hicks Us Post Not stated, but same database as Analysis of Between Spontaneous | 1.8% (59/3260) of all records; 20.3% harmful
(2007) anaesthesia above reports to September 1 reporting Prescribing = 18/78 (23.1%)
care unit MedMARX 1998 and Transcription = 4/78 (5.1%)

August 31 2005

Dispensing = 6/78 (7.7%)
Administering = 49/78 (62.8%)
Monitoring = 1/78 (1.3%)

No breakdown by type

ADE = Adverse drug event; ICU = intensive care unit
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Table 2 - continued

First author/ | Country | Setting Medication error definition Study design | Time Method used Results
year frame
All types of errors
Hicks UsS All areas Not stated, but same database as above | Analysis of July 1 Spontaneous 241/ 5404 (4.5%) records; 28 (12%) harmful.
(2008) using patient reports to 2000 to reporting No breakdown by stage or type for paediatric
controlled MedMARX | Junel patients. Overall improper dose or quantity
analgesia 2005 reported most commonly (38% of all reports)
Holdsworth | US A general An event resulting in an injury froma | Prospective September | Chart review and | ADE = 6/100 admissions, 7.5/1000 patient-
(2003) paediatric medication or lack of an intended review 152000 to | staff interviews days; 18 (24%) life threatening;
unit and a medication. A potential ADE was May 10 Medication errors:
paediatric defined as an error that had the 2001 Preventable actual ADEs = 46/76 (61%)
ICUina potential to result in a significant All potential ADEs = 8/100 admissions,
metropolitan | injury. Potential ADEs included errors 9.3/1000 patient-days
medical detected before drug administration as Preventable ADE rates/ 1000 patient days =
centre well as errors that did not produce 1.99 (PICU); 2.1 (general unit)
significant adverse consequences. No breakdown of errors by stage or type
Kunac New Paediatric Medication related events were Prospective 18 March | Chart review, 368/696 medication related events were
(2008) Zealand | wards ata classified as non-preventable, observational | to 9 June attendance at preventable and could be attributed to more
university preventable and potential ADEs, cohort study | 2002 multi-disciplinary | than one stage: n (/100 medication orders)
affiliated harmless medication errors, trivial rule meetings, parents/ | Prescribing =224 (7.1)
urban violations and other events (adapted carers/children Dispensing = 34 (1.1)
general from the work of Kaushal et al 2001) interview and Administration = 164 (5.2)
hospital voluntary/ Monitoring = 55 (1.7)
solicited reports Improper dose = most common error type
Miller us Large ‘‘an act or omission (involving Retrospective | 1 July Spontaneous 1010 error reports/ 581 reported events
(2006) academic medications) with potential or actual cohort study | 2001 to 31 | reporting Prescribing = 298 (30%)
children’s negative consequences for a patient January Dispensing = 245 (24%)
institution that, based on standard of care, is 2003 Administering = 410 (41%)
considered to be an incorrect course of Documentation = 57 (6%)
action’’; encompassed any error along After expert review = 899 errors
the continuum of medication Prescribing = 262 (29%)
administration from prescribing, Dispensing = 223 (25%)
dispensing, recording to administration Administering = 345 (38%)
records, and administration. Documentation = 69 (8%)
No breakdown by type

ADE = Adverse drug event; ICU = intensive care unit; PICU = paediatric intensive care unit






















































































































































































































































































































































































































































































































































































































































































































