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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




14

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
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Table 2 - continued

First author/ Country | Setting Medication error definition Study design | Time frame Method used Results
year
All types of errors
Rinke us All settings MedMARX (‘and as defined by our | Analysis of January 1 1999 | Spontaneous 310 error reports including
(2007) where institution’ - but not specified) reports to through reporting outpatients; 1.6% resulted in harm.
chemotherapy MedMARX December 21 Inpatient rates:
medications 2004 Administering = 50.3%
are used Dispensing = 23.4%
Prescribing = 11.7%
Transcribing/ documenting = 7.6%
Monitoring = 0.6%
Improper dose/ quantity most
reported type = 18.9%
Sangtawesin | Thailand | Paediatric Not specified Retrospective | September Spontaneous 322/32105 admissions (1%); 2
(2003) hospital review 2001 to reporting harmful (0.62%)
November Prescribing = 114 (35.4%)
2002 Dispensing = 112 (34.78%)
Administration = 49 (15.22%)
Dosing = 83 (25.78%)
Takata uUs 12 An injury, large or small, cause by Cross- Between Chart review and | MEs = 22% of 107 ADEs. No further
(2008) freestanding the use (including non-use) of a drug | sectional March 18 2002 | application of breakdown of MEs.
children’s study and May 28 trigger tool ADE rate = 11.1 per 100 patients,
hospitals 2002 15.7 per 1000 patient days and 1.23
per 1000 medication doses.
Wang uUs Paediatric An error in the process of Prospective February Daily review of 865 errors (5.2 /100 medication
(2007) units of a large | medication delivery, including those | review through April | documentation, orders)
academic occurring during prescribing, 2002 voluntary near-miss rate = 0.96% and
community transcribing, dispensing, reporting, and preventable ADE rate = 0.09%
hospital. administering, or subsequent solicitation Ordering = 464 (54%)
monitoring Transcribing = 278 (32%)
Dispensing =2 (0.2%)
Administration = 101 (12%)
Monitoring = 11 (1.3%)
No breakdown by type

ADE = adverse drug event; ME = medication error
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Table 2 - continued

First Country | Setting Medication error definition Study design Time frame Method used | Results
author/ year
Prescribing errors
Engum Us Free-standing Any preventable event that may cause Analysis of January 2004 | Spontaneous | 1340 medication variances in 757
(2008) tertiary referral or lead to inappropriate medication use | spontaneous to June 2006 | reporting patients, of which 308 were in 180
centre including | or patient harm while the medication is | reports via a patients treated by a surgical
paediatric ICU in the control of the health care computerized subspecialty team. 5% resulted in
and neonatal ICU | professional, patient or consumer online temporary harm, but 71% had potential
database to cause harm.
Wrong dose = 30/180 instances
Keady UK 2 paediatric Minor errors were classed as an Prospective 3 weeks Prescription | 33 errors in 159 prescriptions for
(2005) wards inappropriate formulation was audit Teview analgesia
prescribed, a minor change of dose was 3 major errors
required to aid administration, or No breakdown of type
cautionary information was missing.
Major errors were drug doses that would
have had a major impact on mortality or
morbidity.
Administration errors
Parshuram | Canada | University- Difference of >10% between ordered Prospective Random HPLC 150/232 samples (65%) >10%
(2003) affiliated tertiary | and measured concentrations of observational | samples difference; two-fold or greater errors =
paediatric centre. | morphine infusions. study during 7 13/232 (6%)
months
Parshuram | Canada | University- Errors in the measured methotrexate Prospective 8 months HPLC 23% of all infusions; 24/78 bags (31%)
(2006) affiliated tertiary | concentration of each bag of 10% or observational
paediatric centre | more study
Prot France | 4 clinical units in | Any discrepancy between printed or Prospective April 2002 to | Direct- 467 drugs with at least one error /1719
(2004) a paediatric handwritten physicians’ orders and drug | study March 2003 | observation opportunities for error (27.2%);
teaching hospital | delivery to patient, in keeping with the 538 errors overall (31.3%);

classification developed by the
American Society of Hospital
Pharmacy.

302 (17.6%) excluding timing.
Timing errors most frequent, followed
by route (19%) then dosage (15%)

ICU = intensive care unit; HPLC = high-performance liquid chromatography
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Table 2 - continued

First Country | Setting Medication error definition Study design Time frame Method used | Results
author/ year
Dosing errors
Herout Us Surgical ICU at | For non weight-based infusions, any Observational | January 2 Observation | 16 dosing errors in 206 infusions;
(2004) a tertiary care difference in dose recorded or study to February 1 | and Overall rate 105.9 per 1,000 patient days
teaching prescribed vs. the dose infusing; for 2001 document
institution weight-based infusions, a 5% difference review
between dose infusing and the dose
prescribed or recorded. Charting
inconsistency = any variation (including
omissions) between the recorded
information on the flow sheet and what
was actually infusing into the patient.
Kozer Canada | Tertiary Tenfold errors were defined as a dose between 1 Spontaneous | Spontaneous = 20 reports (1/22500
(2006a) paediatric that was ten times higher or lower than April and 1 reporting; doses)
hospital the recommended dose. November chart review | Chart review = 2/1678 orders (0.12%)
2000; 12 and Observation = 4/125 orders (3.2%)
randomly observation
selected days
in summer
2000

ICU = intensive care unit
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1.2.1.3 Harm due to errors

Medication errors provide a measure of the quality and accuracy of the medicines use

process, but not necessarily the actual outcomes in terms of patient harm. In fact not all
medication errors result in adverse events, but as some errors do cause harm or have the
potential to do so if they are not intercepted, they are considered a useful proxy measure

of outcome (Dean et al. 2005).

Studies in children which assessed preventable ADEs show that the rate of harmful or
potentially harmful medication errors is 1.6%-2% of orders, 3%-11.1% of patients or
4.1 to 15.7 per 1000 patient days (Buckley et al. 2007; Gandhi et al. 2005; Holdsworth
et al. 2003; Kaushal et al. 2007; Kunac & Reith 2008; Takata et al. 2008; Wang et al.
2007). Spontaneous reports to local and national databases indicate that up to 20% of
medication errors may have resulted in actual patient harm (Chuo, Lambert, & Hicks
2007; Hicks et al. 2007; Hicks et al. 2008; Hicks, Becker, & Cousins 2006; Rinke et al.
2008).

The findings of these paediatric studies should be interpreted with caution and take into
account some of the methodological limitations. Medication errors are often
intercepted and rectified once detected and so a large proportion do not result in actual
harm. In addition, studies of medication errors are not designed to examine the resultant
effects and often end before any outcomes become apparent. Thus an assessment of
potential harm has to be used to consider the effects on patient outcome. In contrast,
ADE studies are designed to capture any medication related harm. An assessment of

preventability is then made to identify those that are secondary to medication errors.

Assessments of both potential harm due to errors as well as preventability of ADEs are
subjective and reliant on the reviewers’ knowledge and expertise. The reliability of
reviewers’ assessments is therefore an important factor when interpreting studies
reporting medication error related harm. Most studies use the kappa (k) statistic to
assess the reliability of judgements. The k statistic provides an indication of the level of
agreement between two judges, taking into account agreement by chance. It is
calculated by the equation (O - E)/(1 - E), where O=observed agreement and
E=expected agreement by chance; a value of 0 indicates poor agreement and 1 indicates

total agreement.

Although studies in adults which have used x suggest good reliability of trained

reviewers classifying medication errors and ADE according to preventability,

32



Chapter 1 Introduction

ameliorability, disability and severity (Morimoto et al. 2004), assessments of
preventability and seriousness may be more difficult in children (Kunac et al. 2006). In
a study investigating the reliability of reviewer judgements for classification of
paediatric inpatient medication related events, the authors reported substantial
agreement (k = 0.73, 95% CI 0.69 to 0.77) for the presence of an ADE, but only slight
agreement for potential ADEs (k = 0.20, 95% CI 0.00 to 0.40). Of note, agreement for
seriousness classifications as serious versus not serious was moderate (k = 0.50, 95% CI
0.46 to 0.54), and for preventability decision was fair (k = 0.37, 95% CI 0.33 to 0.41)
(Kunac et al. 2006). Other paediatric studies in which k has been used to assess
reliability of reviewers’ judgements imply that determining seriousness may be more
difficult than preventability. For example, Buckley et al (2007) reported a k value of
0.14 for error seriousness, which denotes slight agreement, but the k value for error
preventability was 0.93, which is considered to be almost perfect agreement. Similarly,
Walsh et al (2006, 2008) reported a x of 0.4 for seriousness, but 0.8 for preventability,

indicating moderate and substantial agreement between reviewers respectively.

Despite the limitations in reliability of reviewers’ judgements, these studies, all from the
US, do provide an estimate of the detrimental effects of medication errors on patient

safety.

1.2.2 Why do errors occur?

James Reason describes two main models of error theory: the individual model and the
system model (Reason 1990). In the first, the individual is considered responsible for
the error, and is isolated from any other external factors. The system model considers
the individual to be part of a system, the whole of which contributes to the successful
conclusion of an action. This model comprises four components: latent conditions,
error producing conditions, active failures and defences designed to prevent or mitigate
consequences of failure. Accidents or errors happen when the first three factors are
aligned and if defences fail; figure 1 provides a schematic of the model. This is now
accepted as the main model for errors in the healthcare setting. Inherent in this model is
the acceptance that humans will err, and therefore the system must be robust enough to

prevent or minimise this.

33



B ' , @ J +
0 1 2 $%%3

1 B E 3 ! 1 & #
17 1
=1 B =1 %
1/ E 1 #
(G 2
0
7
) 6
0
( )
6 6 1
1
( )
( )
6 ( $% %3
( $
6 1 &7;%) .8< )
6 6 1
$> &</,.<
$%%39 0 6 $% % &

73

$%%&9 5

4
5
.88,
$% % $
)
)
1
.> 3< ) 1
1
@ ! 6 $%%39
B

(



Chapter 1 Introduction

nonetheless, and is therefore analogous to skill based slips and memory lapses (active

failures) in Reason’s model.

Contributory factors comprise the drug itself, route of administration and prescriber
characteristics. The medications most often involved in paediatric errors include
analgesics, antimicrobials, sedative agents and cardiovascular drugs (Hicks, Becker, &
Cousins 2006; Kunac & Reith 2008; Miller et al. 2007; Prot et al. 2005; Takata et al.
2008; Wang et al. 2007); non oral routes, especially the intravenous (IV) route, are more
likely to be implicated in errors than the oral route (Kunac & Reith 2008; Losek 2004;
Prot et al. 2005). Prescriber characteristics, such as training and seniority of prescribers
have also been shown to influence prescribing error rates, with higher rates in non-
paediatricians and junior doctors (Kirk et al. 2005; Taylor, Selbst, & Shah 2005).
Fahrenkopf et al (2007) reported that depressed residents made 6.2 times as many errors

as residents who were not depressed.

1.2.3 Error prevention strategies

One of the key steps in prevention of errors is identifying the cause and then removing
or minimising it. This has been done in a couple of ways for paediatric medication
errors. Some have used formal prospective hazard analysis techniques, such as failure
modes and effects analysis, and identified ordering and administration as failure modes
of high severity within the medicines use process (Apkon et al. 2004; Kunac & Reith
2005; Robinson, Heigham, & Clark 2006). This is borne out by the high incidence of
medication errors seen for both these types as discussed in the previous section. Others
have assessed the possible effects of common sense prevention strategies and suggest
that a large proportion of adverse drug events may be averted with the advent of clinical
pharmacists (28% outpatient errors; over 80% inpatient errors), computerised physician
order entry (74% outpatient errors; 72.7% inpatient errors) and changes in
communication between healthcare professionals and/or parent (72% outpatient errors;

75.5% inpatient errors) (Fortescue et al. 2003; Gandhi et al. 2005; Kaushal et al. 2007).

1.2.4 Interventions used to reduce medication errors

Information technology (IT) based solutions such as ‘smart’ infusion pumps and
computerised physician order entry (CPOE), are increasingly being used in an attempt
to reduce medication errors in children (table 3). Other interventions include ward

based clinical pharmacists, guidelines, educational interventions and non-IT solutions,
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such as pre-printed order sheets or the Broselow tape (a colour-coded paper system to
aid with medication dosage and equipment sizing for paediatric emergencies). On the
whole, the choice of interventions has been using common sense rather than an evidence
based approach. A majority of the interventions, such as CPOE, pre-printed order
sheets, educational interventions and guidelines have been targeted to reduce
prescribing errors. With the exception of guidelines, most have been successful to some
degree. In a UK study, a junior doctor tutorial resulted in a statistically significant
reduction in prescribing errors on the ward from 1 in 3.3 orders to 1 in 6.1 orders
(Davey, Britland, & Naylor 2008). However, the same study reported no change in
error rate following guideline implementation. Interventions aimed at reducing
administration errors include ‘smart’ syringe pumps, standardised drug concentrations,

unit dose dispensing system and colour coded dosing methods and devices.

Most interventions are often used in combination, thus making it difficult to ascertain
which intervention is the most effective. For example, Larsen et al (2005) reported an
overall error reduction in administration errors from 3.1/1000 doses to 0.8/1000 doses
(p<0.001) and in 10 fold dosing errors from 0.41/1000 doses to 0.08/ 1000 doses
following a three pronged approach using standard drug concentrations, ‘smart’ syringe
pumps and human-engineered medication labels. There was only one comparative
study of two different interventions: the Broselow tape and a standardised volume/
weight based dose reformulation of resuscitation and critical care medications
(reformulated to 0.1mL/kg) (Fineberg & Arendts 2008). In this randomised crossover
trial involving 16 volunteers using 3 simulated patients, the proportion of dosing errors
with the Broselow tape was higher than the standardised volume/ weight based dose

reformulation (8 errors vs. 1 error, not statistically significant).

On the whole, CPOE appears to be the most effective for reducing all types of
medication errors, with certain errors being eliminated altogether. Reduction in
prescribing errors ranges 37.5% to 77.3% (Fontan et al. 2003; Potts et al. 2004);
administration errors 6.8% to 8.2% (Fontan et al. 2003; Taylor et al. 2008) and dosing
errors 15.6%-100% (Cordero et al. 2004; Farrar et al. 2003; Kirk et al. 2005).
Improvements in documentation (Kim et al. 2006) and monitoring (Abboud et al. 2006)
have also been demonstrated. Conversely, two studies of computer related errors
showed that prescribing errors continued to occur but were different in nature compared
to non computer errors. Examples of computer related errors are selection errors from

drop-down menus or keypad entry errors (Chuo & Hicks 2008; Walsh et al. 2006).
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Table 3: Studies of interventions used to reduce medication errors

First Country | Setting Intervention Study design Error type Method used Time frame Results
author/ year
Information technology based solutions
Abboud us Tertiary care | Corollary Before and Monitoring Electronic query of September Appropriate monitoring
(2006) children’s order screen after the CPOE system 2003 to Pre = 128/159 courses (80.5%)
hospital within CPOE November Post = 146/177 (82.5%)
2003 and Therapeutic levels
January 2004 Pre = 94/111 (84.7%)
to March 2004 | Post = 100/125 (80%) p = 0.44
Toxic levels
Pre =9 (8.1%) Post =15 (12%) p = 0.44
Sub therapeutic
Pre = 8 (7.2%) Post = 7 (5.6%) p = 0.81
Both
Pre =0 Post =3 (2.4%) p=0.29
Brown usS NICU in Interactive Retrospective | Prescribing Prescription review 2 weeks in Errors
(2007) women’s and | computerised cross-sectional July 2003 and | Pre =44/303 (14.5%)
children’s parenteral study 3 weeks in Post =12/177 (6.8%)
hospital nutrition January 2004 Post errors due to data entry or
worksheet transcription
Chuo UsS NICU Computer Retrospective | All errors Electronic query of since 1991 Computer entry = 298 errors;
(2008) entry and review MedMARX database CPOE = 45 errors. 71% CPOE errors at
CPOE prescribing stage.
Cordero usS NICU in a CPOE Retrospective | Dose Pre-CPOE from Not specified | On admission
(2004) university review prescribing medical Pre = 14/105 (13%) Post = 0/89
medical records; post-CPOE Late onset
centre data from the Pre = 2/31 (6%) Post = 0/28
computerized lifetime
patient record

CPOE = computerised physician order entry; NICU = neonatal intensive care unit
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Table 3 - continued

First author/ | Country | Setting Intervention Study Error type Method used | Time frame Results
year design
Information technology based solutions
Farrar UK District Structured paediatric | Before and | Dose Prescription Not specified Non-paediatricians — errors (%)
(2003) general prescribing screens after audit prescribing review Main system = 29/38 (76%)
hospital within electronic Revised system = 4/33 (12%)
prescribing Paediatricians — errors (%)
Main system = 17/65 (26%)
Revised system = 3/80 (4%)
Fontan France Nephrology Handwritten Cross Prescribing Prescription 1 February to 31 Prescription error rates
(2003) unitat a prescriptions plus sectional and and chart March 1999 Computerised prescribing =
paediatric and | ward stock study administration | review 419/3943 - 10.6% (2.9% clinically
maternity distribution system significant)
hospital compared to Handwritten = 87.9% 518/589
computerised (4.8% clinically significant)
prescribing plus unit Administration errors
dose drug dispensing Computerised = 22.5% (888/3943)
system Handwritten = 29.3% (189/646)
Holdsworth us PICU and CPOE with Prospective | All types Chart review September 2000 to | Total ADEs (preventable)
(2007) general substantial decision review May 2001 per 100 admissions
paediatric unit | support (previous study) Pre =6.3 (3.8) Post=3.1 (2.2)
at a children’s and between April | per 1000 patient days
medical center 12004, and Pre =7.5 (4.5) Post =4.8 (3.5)
October 5 2004 Potential ADEs

per 100 admissions
Pre=7.9 Post=2.9
per 1000 patient days
Pre=9.3 Post=24

ADE = adverse drug event; CPOE = computerised physician order entry; PICU = paediatric intensive care unit
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Table 3 - continued

First author/ | Country Setting Intervention Study design Error type Method used | Time frame Results
year
Information technology based solutions
Kim Us Paediatric Implementation of | Before and after | Prescribing | Prescription July 31-August 1 | Correct order format (treatment plan)
(2006) oncology in a CPOE system study and dosing | and chart 2001 and August | Pre = 50/1255 (4.0)
an academic guided by multi- review 14 Post =28/1063 (2.6) RR = 0.66
medical disciplinary 2001 - August Correct order format (order)
centre failure modes and 22 2002; Pre =26/1153 (2.3)
effects analysis February 3 2003 | Post=6/1028 (0.06) RR = 0.26
- February 12 Order and treatment plan match
2004 Pre = 14/1253 (1.1)
Post=67/1112 (6.0) RR=5.4
Cumulative dose on treatment plan
Pre =5/28 (18)
Post =29/512 (5.7) RR =0.32
Correct calculation
Pre =3/52 (5.8)
Post = 6/1102 (0.54) RR = 0.09
Nursing checklist present
Pre = 59/1237 (4.8)
Post =27/1101 (2.5) RR =0.51
King Canada Tertiary care | CPOE Retrospective All types Spontaneous | April 1 1993 to 804 MEs 18 ADEs;
(2003) paediatric cohort study reporting March 31 1996 ME rate per 1000 patient days
teaching using a control and January 1 Overall =4.49
hospital group 1997 to Control group:
December 31 Pre =4.80 Post=5.19
1999 Intervention group:
Pre =4.48 Post = 3.13
Kirk Singapore | Paediatric Computer Prospective Dose Prescription Between March | Overall = 19.5% (833/4274)
(2005) unit in a calculated dosing | cohort study prescribing | review using | 2003 and August | Computer calculated = 12.6% (299/2381)
university within CPOE computer 2003 Handwritten = 28.2% (534/1893)
teaching database
hospital query

ADE = adverse drug event; CPOE = computerised physician order entry; ME = medication error; RR = relative risk
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Table 3 - continued

First author/ | Country Setting Intervention Study design | Error type Method used | Time frame Results
ear
Information technology based solutions
Larsen Us University | Standard drug Before and Administration | Spontaneous | 2002-2003 Overall per 1000 doses
(2005) affiliated concentrations, after reporting Pre=3.1 Post =0.8
tertiary “smart” syringe Pharmacy preparation errors
paediatric pumps, and Pre = 0.66 Post 0.16
hospital human- Tenfold dose errors
engineered Pre =0.41 Post = 0.08
medication
labels.
Lehmann Us NICU ata | Online TPN Before and Prescribing Prescription | October 2 2000 to Control = 60 (10.8/100 orders)
(2004) university calculator after review November 14 2000; Phase 1 =20 (4.2/100 orders)
hospital (initial and November 15 2000 to | Phase 2 = 8 (1.2/ 100 orders)
revised versions) December 31 2000
and August 27 2002
to October 13 2002
Lehmann uUs Children’s | Web-based Before and Prescribing Prescription | February to March Orders with at least one error
(2006) hospital at | calculator and after review 2003 and February to | All handwritten orders = 55% (27%
an decision support April 2004 before and 70% after)
academic system for Calculator orders = 6%
medical paediatric Error rate per 100 orders
centre infusions Handwritten = 45 before; 120 after
Calculator orders = 6
Potts us Multi- CPOE Prospective Prescribing Prescription | October 4 2001 to Overall errors per 100 orders
(2004) disciplinary before and review December 4 2001 and | Pre = 2662/6803 (39.1)
PCCU after cohort January 4 2002 to Post = 110/7025 (1.6)
at an study March 4 2002 potential ADEs per 100 orders
academic Pre=2.2; Post=1.3
institution Medication prescribing errors
Pre =30.1; Post=0.2/ 100 orders
Rule violations per 100 orders
Pre = 6.8; Post = 0.1

ADE = adverse drug event; CPOE = computerised physician order entry; NICU = neonatal intensive care unit; PCCU = paediatric critical care unit; TPN = total parental nutrition
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Table 3 - continued

First author/ | Country Setting Intervention Study design | Error type Method used | Time frame Results
year
Information technology based solutions
Taylor us NICUinan | CPOE Prospective Administration | Direct Between August 2004 | Variance rate
(2008) army before/ after observation and June 2005, and Pre = 19.8% Post = 11.6% (rate ratio
medical observational August 2005 to April | 0.53)
centre study 2006
Upperman uUs Tertiary CPOE Retrospective | All types Spontaneous | January 2002 to All ADEs per 1000 doses
(2005) care review reporting October 2002 and Pre = 0.3 +0.04 Post =0.37 + 0.05
paediatric from November 2003 | Harmful ADEs
hospital for 9 months Pre=0.05 +0.017
Post =0.03 +0.003
Vardi Israel Paediatric CPOE Prospective All types Spontaneous | 2002 to 2003 and Before = 3/131214 orders
(2007) critical care cohort study reports and 2003 to 2005 After = 0/46970
department chart review statistical significance not assessed due
ata to small numbers
children’s
hospital.
Walsh Us Paediatric CPOE with Retrospective | All types; Chart and September 2002 to Overall = 104 (53.9 per 1000 patient
(2006) wards inan | CDSS review computer prescription | May 2003 days; 29.5 per 100 admission; 15 per
urban related errors review and 1000 medication orders)
general spontaneous CREs = 20 (10 per 1000 patient days)
hospital reporting
Walsh UsS NICU, CPOE with Interrupted All types Chart and Between September Rate/ 1000 patient days
(2008) PICU and CDSS time-series prescription 2001 and March Errors
inpatient regression review and 2002, and September | Pre =44.7 Post = 50.9
paediatric analysis spontaneous | 2002 and March 2003 | Serious medication errors
wards at an reporting Pre =31.7 Post =33
urban Non-intercepted serious ME
hospital Pre =23.1 Post =20.6

Preventable ADE
Pre =7.9 Post=6.5

ADE = adverse drug event; CDSS = clinical decision support system; CPOE = computerised physician order entry; ME = medication error; NICU = neonatal intensive care unit;
PICU = paediatric intensive care unit
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Table 3 - continued

First author/ | Country | Setting Intervention Study design | Error type Method used | Time frame Results
year
Non information technology based solutions
Fineberg Australia | Emergency Broselow paediatric tape and a | Randomised | Dosage error | Simulation November 20 | Broselow tape: 8 errors (8%, 0%,
(2008) department at standardised volume/ weight crossover and 8%) vs. 1 error (0%, 0% and 2%)
an urban based dose reformulation of trial December 10 | with comparator (not statistically
teaching resuscitation and critical care 2006 significant)
hospital medications to yield 0.1mL/kg
Frush US Paediatric Colour coded dosing method Randomized | Dosing Questionnaire | December 15 | Average (median) deviation
(2004) emergency using colour coded measuring | controlled administration 2002, and Dose determination -
centre at a device clinical trial. March Standard = 25.8% (1%)
tertiary care 12003 Colour coded = 1.7% (0)
medical centre Dose measuring -
Standard = 29% (17.2%)
Colour coded = 0.5% (0)
Kaji Us Large, urban Mandated use of the Broselow | Observational | Dosing Chart review | 1994 to 1997 | Number of subjects
(2006) emergency tape and pre-calculated drug before/after administration and 2003 to Incorrect dose
medical service | dosing charts to determine evaluation of 2004 Pre =29/ 104 Post =21/ 37
patient’s weight according to a natural Dose within 20% of correct dose
colour zone experiment Pre =46/ 104 Post =24/ 37
Kozer Canada | Emergency Pre-printed structured order Randomized, | Prescribing Chart review | 18 days Number of orders (%)
(2005) department at a | sheet controlled during July Overall = 105/787 (13.3%)
tertiary care study 2001 Control = 68/411 (16.6%)
paediatric Intervention = 37/ 376 (9.8%)
hospital odds ratio: 0.55
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Table 3 - continued

First Country | Setting Intervention Study design | Error type | Method used Time frame Results
author/ year
Multiple interventions including education and guidelines based solutions
Cimino Us PICUs in nine Dosing assists, Pre-test, Prescribing | Pharmacy order | 2 weeks before and 2 | Overall baseline error rate
(2004) freestanding, communication/ post-test entry, PICU weeks after (3 months | Pre =11.1% Post = 7.6%
collaborating educational and floor | without a nurse order interventions in Prescribing errors
tertiary care stock control transcription between) Pre = 0.22 per order Post = 0.17
children’s group. and team based per order
hospitals overview
Costello uUs Paediatric critical | Paediatrics Before and All types Analysis of Between September Medication-error rate: twofold,
(2007) care centre at a medication safety after medication- and December 2004, threefold, and six fold increase
children's hospital | team; new €ITOr reports February between phases 1 and 2, phases 2
medication error and May 2005, and and 3, and phases 1 and 3.
reporting form and June and September Error severity (category D or E)
education. 2005 Phase 1 =46%, 2 = 8%, 3= 0%
Near-miss errors:
Phase 1 =9%, 2 = 38%, 3=51%
Davey UK Children’s unit of | Junior doctor Before and Prescribing | Prescription Before = historical Tutorial
(2008) a district general prescribing tutorial after errors chart review control; after = 1week | Pre = 76/249 (30.5%)
hospital and bedside after introduction of Post = 44/266 (16.5%)
prescribing guideline intervention (February | Guideline
2004 and June 2004) | Pre =59/320(18.4%)
Post = 56/330 (17%)
Frush uUs Paediatric Web-based Randomized | Dosing Simulation Not specified Use of tape (correct use)
(2006) emergency education program controlled errors Pre = 40.9% (19.2%)
providers from on proper use of the | clinical trial Post = 97.7% (97.6%)
three study sites Broselow Paediatric Average dosing deviation
Resuscitation Tape Pre = 24.9%, post = 12.6%
Kozer Canada | Emergency Short educational Prospective | Prescribing | Chart review 18 days during July Overall = 112/899 orders
(2006b) department at a intervention (30 cohort study | errors 2001 Control = 46/363 (12.7%)
tertiary care minute tutorial) Intervention = 66/533 (12.4%)
paediatric hospital adjusted odds ratio: 1.07

PICU = paediatric intensive care unit
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Table 3 - continued

First author/ | Country | Setting Intervention Study design | Error type Method used | Time frame Results
year
Multiple interventions including education and guidelines based solutions
Leonard us Paediatric educational web site with Retrospective | Prescribing | Prescription 1 week June 2003 | Potential ADE rate (change)
(2006) tertiary care | competency examination (A), study: review using | and July 2003, 2 per 100 orders
academic PDA-based standardized dosing Baseline and computer weeks October, Baseline = 78.3
facility reference (B), a zero-tolerance post each program November/ Al =280.5(+2.2)
policy for incomplete or incorrect | intervention December 2003 B=734(7.1)
medication orders (C), prescriber and February C=35.7(37.7)
performance feedback (D), and 2004, 1 week April | D=36.8 (+1.1)
presentation of outcome data at 2004 and June E=35.3(-1.5)
citywide grand rounds (E) 2004 A2=40.2(+4.9)
Pallas Spain NNU in an 3 informative talks about good Before and Prescribing | Prescription July 2003 Pre = 2498/6320
(2008) urban prescribing practice and the after review to March 2004 and | prescriptions (39.5%)
teaching implementation of a pocket evaluation May to September | Post=171/1435
hospital personal computer based study 2005 prescriptions (11.9%)
automatic calculation system Adjusted prevalence ratio =
0.29 (95% CI1 0.25-0.34)
Robinson us Haemato- Multiple changes including annual | Failure mode | All types Chart review | 2001 and 2003 Prescribing errors
(2006) oncology educational program and use of and effect and Pre=1Post=0
unit at an pre-printed order sheets analysis spontaneous Administration errors
urban based before reporting Pre =4 Post=3
university and after Dispensing errors
hospital study Pre=3 Post=1
Potential prescribing errors
Pre =23%
Post 14%
Simpson UK Tertiary Pharmacist led educational Prospective All types Spontaneous | January 2002 to Per 1000 neonatal activity
(2004) referral program and dose calculation review reporting January 2003 days
NICU ata assessment (interventions end | Baseline = 24.1
maternity April 02) Post intervention = 5.1
hospital New doctors = 12.2

ADE = adverse drug event; CI = confidence interval, NICU = neonatal intensive care unit; NNU = neonatal unit; PDA = personal digital assistant
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1.2.5 Limitations of the current literature

Whilst research in the field of paediatric medication errors continues to emerge and
expand, there are some limitations which prevent data consolidation and generalisation.
Firstly, there is no standardised definition of what constitutes a medication error; studies
reporting medication errors may include one or all of prescribing, transcribing,
administration and dispensing errors. This results in different types of errors being

included in the overall error rates reported and contributes to the variation seen.

Several methods have been used to detect medication errors, including prescription
chart review, medical notes review, pharmacist identification, trigger tools, direct
observation, computer surveillance, voluntary/ spontaneous reports and simulation
studies. The detection methods used vary depending on the type of medication error
being studied. Some methods are more valid for particular types of errors, and may not
identify other types. Prescription chart review and pharmacist identification show a
high detection of intercepted prescribing errors (Kaushal 2002), whereas use of trigger
tools and medication notes review are better for detecting errors that reached the patient
(Ferranti et al. 2008; Takata et al. 2008). Similarly, direct observation is considered the
optimal method to detect administration errors, whilst voluntary spontaneous reporting
is most likely to underestimate the incidence of all types of errors (Kozer et al. 2006a;
Taylor et al. 2004). Another problem with spontaneous reports is the reliability.
Reporting may be influenced by various factors, such as reporter beliefs and attitudes,
and the reports may not be accurately classified. In one study, ten per cent of
spontaneous error reports did not in fact involve a medication error (Miller, Clark, &
Lehmann 2006) and in another, reporting rate was increased following the introduction
of a paediatrics medication safety team, a new medication error reporting form and
education (Costello, Torowicz, & Yeh 2007). Simulation studies, though useful, may
overlook the effect of error producing conditions such as environmental and team

factors that exist in a real life clinical setting.

The effect of detection methods on medication error rates is illustrated by Kozer et al.
(2006a), who compared the incidence of tenfold dose errors between studies using
different error detection approaches. They reported that incidence of tenfold errors was
highest (3.2% of orders) in a study of mock resuscitations which involved observation
and syringe content analysis, followed by a study using chart auditing (0.12% of orders)
and the lowest in the analysis of voluntary incident reports (1 in 22,500 doses).
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Finally, results from studies conducted in specialist areas may not be generalisable due
to differences in the nature and complexity of patients’ clinical condition and the drugs
used. Similarly findings from single sites or settings in a particular country, may not be
transferable to others because of dissimilarities in work processes, training and delivery

of healthcare.

1.3 Overview of paediatric medication errors in the UK

Most paediatric medication errors studies have been conducted in the US and Canada,
where healthcare delivery is different from the UK. Stages and personnel involved in
the medicine use process also vary (Brock & Franklin 2007) and therefore outcomes

from these countries cannot be generalised to UK settings.

However, UK studies of medication error incidence in children are lacking, with only
eight publications at the time of writing this thesis (table 4). In one study which used
disguised observation on two paediatric wards (Nixon & Dhillon 1996), the prescribing
error rate was 5.3% and administration error rates were 5.6% and 4.5% for a medical
and surgical ward respectively. Higher rates ranging 20% to 76% were reported in three
studies which used prescription review to detect prescribing errors in general paediatric
inpatients (Davey, Britland, & Naylor 2008; Farrar et al. 2003; Keady et al. 2005).
Prescribing errors were most frequently reported, accounting for approximately 70% of
reports, in two of the four studies that used spontaneous reports to examine all types of
errors (Simpson et al. 2004; Wilson et al. 1998). This differs from other literature
where spontaneous reports of administration errors are more frequent. The difference
may be because the UK studies involved specialist and intensive care units, where
complex prescribing occurs and therefore more errors may happen and/ or be reported at
the prescribing stage. Indeed, a higher error reporting rate was seen in the paediatric
and neonatal ICUs (0.7% and 0.98% of admissions respectively vs. 0.15% overall
reporting rate) in another hospital-wide study of spontaneous reports (Ross, Wallace, &
Paton 2000). In the final study of spontancous reports at a paediatric hospital,
administration errors were the commonest and accounted for over 75% of the error

reports (Paton & Wallace 1997).

Unfortunately, due to the small numbers of studies and methodological limitations, the
findings cannot be generalised. Half of the studies used spontaneous reports, which is
considered one of the weakest methods for detecting errors (Flynn et al. 2002; Jha et al.

1998); of those only two reported error rates, one using admissions and the other
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activity days as denominators (Ross, Wallace, & Paton 2000; Simpson et al. 2004).
Two of the three prescribing error studies focused on a limited number of drugs: one
involved 16 drugs, but these were not detailed (Farrar et al. 2003) and another involved
analgesics (Keady et al. 2005). As some drugs are more likely to be involved in
medication errors than others, error rates from studies which focus on a limited number
of medications may not be representative of the overall prescribing error rate. All
studies involved paediatric inpatients; there appears to be no data on the incidence of

paediatric medication errors in the outpatient setting.

The most comprehensive research to date into UK paediatric medication errors is from a
recent multicentre study of prescribing and administration errors on 11 wards (including
ICUs) across five different hospitals (Ghaleb 2006). This study used prescription chart
review by pharmacists to detect prescribing errors and found 297 errors in 2955
medication orders during a 22 week study period, providing an error rate of 10.1 per
100 medication orders. Incomplete prescriptions accounted for over half of the errors,
and dosing errors were the second most common type, occurring in nearly 15% of the
prescribing errors. The incidence of administration errors, which included preparation
errors but excluded wrong time errors, was investigated using undisguised observations
of 161 nurses over a 20 week period. The error rate was 15.5% in 1554 preparations
and administrations, with preparation errors and wrong rates of infusion equally
accounting for over half of all the administration errors. One limitation of the study is

that it did not assess actual or potential harm due to these errors.

The best estimate of medication related harm in UK children comes from the National
Reporting and Learning System. Recent figures show that 19% of all incidents reported
by hospitals in England and Wales for patients aged 0-17 years involved medication
(National Patient Safety Agency 2007). However, as with any data involving
spontaneous reports, these figures are likely to underestimate the actual problem due to
the level of underreporting. Furthermore, the figures incorporate all incidents that are
medication related, even those not involving errors, such as adverse drug reactions.
Therefore it is very difficult to assess the extent of harm attributable to medication

CITOrS.
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Table 4: Published studies of paediatric medication errors in the UK

First author Setting (ICU = Medication error definition Study type & | Error type and Duration | Errors/ error rate (only pre-
(year) intensive care unit) design Method used of study | intervention results are stated)
Davey Children’s unit of | Any preventable event, which may lead to inappropriate | Intervention; | Prescribing; 9 days 76 prescribing errors in 249 orders
(2008) a district general | medication use or patient harm, while the medication is | Before and prescription chart (30.5%)
hospital in the control of the healthcare professional or patient. after study review
Criteria identified as good prescribing practice was used
to identify prescribing errors
Farrar District general Not stated Intervention; | Prescribing; Not 29/38 incorrect prescriptions by
(2003) hospital Before and prescription chart | specified | non-paediatricians (76%)
after audit review 17/65 incorrect prescriptions by
paediatricians (26%)
Keady Two paediatric Minor errors: an inappropriate formulation was Incidence; Prescribing; 3 weeks | 33 errors in 159 prescriptions for
(2005) wards prescribed, a minor change of dose was required to aid | Prospective prescription chart analgesia
administration, or cautionary information was missing. | audit review
Major errors: drug doses that would have had a major
impact on mortality or morbidity.
Nixon Two paediatric Not stated Incidence; Administration & | 2 weeks | Administration errors = 5.6% and
(1996) wards at a district Observational | prescribing; 4.5% for respective wards
general hospital study disguised Prescribing errors = 5.3%
observation
Paton Paediatric Not stated Incidence; All types; 2 years 92 error reports
(1997) hospital Retrospective | spontaneous Administration = 70;
review reporting Dispensing = 20; Prescribing = 2
Ross Paediatric Any preventable event that may cause or lead to an Incidence; All types; 5 years 195 error reports (overall 0.15% of
(2000) hospital and inappropriate medication use or patient harm while the | Retrospective | spontaneous admissions; neonatal ICU 0.98%
neonatal ICU ata | medication is in the control of the healthcare review reporting and paediatric ICU 0.7%)
maternity hospital | professional, patient or consumer
Simpson Tertiary referral Not stated Intervention; | All types; 1 year 105 error reports (24.1 per 1000
(2004) neonatal ICU ata Prospective spontaneous neonatal activity days)
maternity hospital review reporting Prescribing = 71%
Administration = 29%
Wilson Paediatric cardiac | A mistake made at any stage in the provision of a Incidence; All types; 2 years 441 error reports.
(1998) ward and pharmaceutical product to a patient Prospective spontaneous Prescribing = 68%
paediatric ICU cohort study | reporting Administration = 25%;

Supply = 7%
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1.4 Summary

Paediatric medication errors are a global problem. The extent of the problem in the UK
has not been fully elucidated as there are very few studies of paediatric medication

errors in hospital inpatients and none in the outpatient setting.

Various error prevention strategies have been utilised worldwide, of which information
technology, in particular CPOE or electronic prescribing, shows the most promise. This
will be explored further in the next chapter which investigates the evidence base for the

use of electronic prescribing in children.
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"I think there is a world market for maybe five computers."
Attributed to Thomas Watson, chairman of IBM, 1943,

(http://en.wikipedia.org/wiki/Thomas J. Watson)
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2.1 Introduction

We have come a long way in the past 60 years since the basic technology used in digital
computers, as we know them, came into being. Information technology (IT) has since
become a part of everyday life, both in the home and in the workplace. However, the
uptake in healthcare settings has been more gradual, beginning with limited use for
administrative purposes and by individual departments, such as pharmacy and
pathology. It is only in the last decade, that we have seen global promotion of
electronic patient records and other technological solutions in healthcare to improve
patient and medication safety. National policy in the UK and incentives in the US are
key drivers for this. In June 2002, the Department of Health (UK) published
“Delivering 21st century IT, Support for the NHS” outlining the 10 year plan for the
national IT programme (Department of Health 2002). At the time, the program
involved contracts of over £6 billion for modernisation of NHS computer systems in
England and was deliverable by the agency now known as Connecting for Health. One
of the four main aims was to improve the patient experience with the use of computers
and included electronic prescribing (EP) and electronic transfer of prescriptions.
Similarly in the US, since the publication of the Institute of Medicine report in 1999,
computerised physician order entry (CPOE) systems are being promoted as one of the
main approaches to minimising harm due to medicines (The Leapfrog Group 2008); a
recent Medicare bill provides financial incentives to doctors who use EP systems
(GovTrack.us.H.R.6331--110th Congress 2008).

The focus of this chapter is the adoption, use and impact of EP systems in acute
healthcare settings. The chapter begins with a definition of electronic prescribing, and
its role in patient and medication safety. This is followed by a review of the evidence
base for using EP in paediatric patients. Finally, the literature on barriers to adoption

and unintended consequences of EP is described.

2.2 Electronic prescribing systems

Electronic prescribing has been defined as “the utilisation of electronic systems to
facilitate and enhance the communication of a prescription or medicine order, aiding the
choice, administration and supply of a medicine through knowledge and decision
support and providing a robust audit trail for the entire medicines use process”

(Connecting for Health 2007). The term is often used interchangeably with CPOE,
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which involves the use of clinical applications by clinicians (e.g., physicians, nurses,
therapists, pharmacists) to enter orders (for tests, medications, services, or other clinical
processes) for further processing (storage in a database for record-keeping,
routing/communicating to someone or a system performing the test or procedure, for
further service delivery) (Agency for Healthcare Research and Quality). Although EP
is a broader term encompassing the entire medicines use process as defined above, the
terms are often used interchangeably. In this thesis EP will be used, except when

referring to literature which focuses on CPOE, when CPOE will be used.
EP systems are complex innovations comprising three main components:

1) The technology itself i.e. the hardware and software
2) The users i.e. the healthcare professionals that use it, the IT staff that maintain it and
the patients that ‘experience’ it.

3) The environment i.e. the organisation within which the system is used.

The key role of EP is the potential to improve medication safety by reducing prescribing
errors and facilitating safe administration of medicines with the use of electronic
medication administration records in all patient groups (Department of Health 2004;
eHealth Initiative 2004). In UK, the National Service Framework for children
recommends the use of information technology, including electronic prescribing and
decision support systems suitable for paediatrics, to promote evidence based practice
and to deliver and support clinical audit and decision-making (Department of Health
2003).

2.2.1 Potential benefits of EP in children

Several studies have assessed the potential preventability of medication errors in
children using CPOE and report theoretical reductions ranging 73-93% (Fortescue et al.
2003; Gandhi et al. 2005; Kaushal et al. 2001; Wang et al. 2007). In a study of
medication errors in paediatric inpatients, Kaushal et al. (2001) reviewed possible
prevention strategies for 616 medication errors out of 10778 medication orders. The
authors concluded that CPOE with integrated clinical decision support systems (CDSS)
and ward-based clinical pharmacists were two of the most effective prevention
strategies, with the potential to reduce potential adverse drug events (ADEs) by 93%
and 94% respectively. There were 26 actual ADEs in the study, of which five were
considered preventable; four of these were judged as being preventable by CPOE
(Kaushal et al. 2001). In 2003, the group analysed the data further by considering ten
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prevention strategies for their potential efficiency in reducing overall and potentially
harmful error rates (Fortescue et al. 2003). They concluded that basic CPOE can reduce
certain types of errors by ensuring completeness and legibility, whilst the addition of
CDSS would mean physicians were less likely to make errors with further direction and
information. Of the ten strategies considered, computerised medication administration
records could also have prevented 27% of all errors reviewed. In another study, Gandhi
et al studied adverse drug events in paediatric patients in an ambulatory chemotherapy
setting and reported the possibility of preventing 74% of potential adverse drug events
using CPOE (Gandhi et al. 2005). More recently, Wang et al. (2007) assessed the
preventability of 178 potentially harmful medication errors intercepted by paediatric
pharmacists, and judged that CPOE could potentially increase the rate of interception of

near misses and preventable ADEs from 54% to 73% (p<0.001).

These studies support the notion that EP has great potential in reducing medication

errors in children, but is it actually realised?

2.2.2 EP in paediatrics — current evidence

A literature review was carried out to identify and appraise studies that assessed the
impact of using an electronic prescribing system with or without clinical decision
support in paediatrics using the following databases: Medline (1950 to June 2008),
British Nursing Index (BNID, 1994 to June 2008), Cumulative Index to Nursing and
Allied Health Literature (CINAHL, 1982 to June 2008), Embase (1974 to June 2008)
and International Pharmaceutical Abstracts (IPA, 1970 to June 2008).

2.2.21 Search strategy
The keywords used in the search were:

Electronic prescribing OR computerised prescribing OR computerised order entry OR
computerised order entry system OR computer order entry system OR CPOE OR
computerised physician order entry OR computerised provider order entry OR
computerised prescriber order entry OR electronic medication record OR computerised
medication record OR electronic medication administration record OR computerised
medication administration record OR computerised medical record system OR hospital
medication system OR computerised medication system OR pharmacy information
system combined with paediatric OR pediatric OR child OR children OR infant OR
neonate OR neonatal OR baby OR babies OR newborn.
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The search term ‘hospital information system’ was initially included, but a review of the
first 200 citations yielded no relevant papers and therefore it was excluded. Reviews,
commentaries, letters and narrative articles; studies that used electronic prescribing or
an electronic medical record to identify other parameters being studied e.g. prescribing
patterns for asthma medication; studies of clinical decision support in the absence of
electronic prescribing; studies that evaluated utilisation rather than impact of electronic
prescribing and studies reporting the use of computers or computer programs for
ordering parenteral nutrition were also excluded. Original research papers in the
English language, which reported the actual impact of an electronic prescribing system

with or without clinical decision support in paediatrics were included.

Retrieved citations were screened by title and abstract for relevance, and bibliographies
of review articles were also checked for additional articles. Twenty eight papers met
the inclusion criteria and are discussed below according to the study setting, EP system

used, study design and outcomes measured.

2.2.2.2 Country and setting

Healthcare delivery and practices are likely to vary by country as well as the care

setting; research on the use of EP needs to be interpreted in context.

Majority of the studies were conducted in inpatient settings in the US, with two studies
from Canada (King et al. 2003; King et al. 2007), and one each in the UK (Farrar et al.
2003), France (Fontan et al. 2003) and Singapore (Kirk et al. 2005); only five studies
involved outpatient, discharge, emergency or ambulatory care settings (Bizovi et al.
2002; Christakis et al. 2001; Davis et al. 2007; Kirk et al. 2005; McPhillips, Stille, &
Smith 2005), none of which were from the UK.

Ten studies were set in specialist areas: seven in critical/ intensive care units (Cordero et
al. 2004; Del Beccaro et al. 2006; Han et al. 2005; Keene et al. 2007; Potts et al. 2004;
Taylor et al. 2008; Vardi et al. 2007), one in nephrology (Fontan et al. 2003), one in
oncology (Kim et al. 2006) and one in the emergency department (Bizovi et al. 2002).
Thirteen studies were hospital wide, with three involving all drugs (Kaplan et al. 2006;
Killelea et al. 2007; Upperman et al. 2005) and ten only a limited number of drugs
(Abboud et al. 2006; Bogucki, Jacobs, & Hingle 2004; Chisolm et al. 2006; Christakis
et al. 2001; Farrar et al. 2003; King et al. 2007; Kirk et al. 2005; Lehmann et al. 2006;
McPhillips, Stille, & Smith 2005; Wrona et al. 2007). The remaining studies involved

more than one area: four studies included a mixture of intensive care and general wards
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(Holdsworth et al. 2007; King et al. 2003; Walsh et al. 2008; Walsh et al. 2006) whereas
the study by Davis et al. 2007 involved three outpatient settings, an outpatient teaching

clinic, a clinical practice site and a primary care paediatric clinic.

The diversity in country, settings and medications studied limit the generalisability of

the findings.

2.2.2.3 EP systems and level of CDSS

The current EP systems can broadly be divided into two: 1) commercial systems,
usually as part of a hospital wide information system, and 2) ‘home grown’ systems
developed at a specific site to provide EP. Inherent differences in the structure,

functionality and usability of different systems may influence the outcomes seen.

Most of the studies involved commercial systems, with six commercially available
prescribing systems accounting for 17 of the studies (Abboud et al. 2006; Bizovi et al.
2002; Bogucki, Jacobs, & Hingle 2004; Chisolm et al. 2006; Cordero et al. 2004; Del
Beccaro et al. 2006; Han et al. 2005; Holdsworth et al. 2007; Kaplan et al. 2006; Keene
et al. 2007; King et al. 2003; King et al. 2007; Taylor et al. 2008; Upperman et al. 2005;
Walsh et al. 2008; Walsh et al. 2006; Wrona et al. 2007). Eight citations involved
systems that were ‘homegrown’ or had been modified for local use (Christakis et al.
2001; Davis et al. 2007; Farrar et al. 2003; Fontan et al. 2003; Kim et al. 2006;
Lehmann et al. 2006; Potts et al. 2004; Vardi et al. 2007), and three papers did not
specify which system was in use (Killelea et al. 2007; Kirk et al. 2005; McPhillips,
Stille, & Smith 2005).

An important component of EP systems is the nature of the CDSS functions. Although
CDSS functionality varied between the EP systems used in children, over half of the
studies reported the presence of dose related features, such as dose checking, auto
calculations, dosage schedules and age or weight dependent dosing guidelines. One
study reported the absence of any CDSS and two did not specify the level of CDSS.
Table 5 summarises the levels of CDSS present in all 28 studies, defined as either basic

or advanced, based on an adaptation of categories by Kuperman et al (2007).
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Table 5: Levels of clinical decision support within EP systems used in paediatric patients

First author (year) Basic clinical decision support Advanced clinical decision support Other’
Drug-allergy | Basic dosing | Formulary Duplicate Drug-drug Dosing support Dosing support | Guidance for Drug-disease | Order sets and/ or
checking guidance decision therapy interaction for paediatric for renal medication related contraindicatio | sentences, corollary
support checking checking patients insufficiency laboratory testing n checking orders and rules

Abboud (2006) v v v

Bizovi (2002) v

Bogucki (2004) v v v v v

Chisolm (2006) v

Christakis (2001) v

Cordero (2004) v v v v v

Davis (2007) v

Del Beccaro (2006) v v v

Farrar (2003) v

Fontan (2003) v v v

Han (2005) v v v

Holdsworth (2007) v v

Kaplan (2006) v v

Keene (2007) v

Killelea (2007) v v

Kim (2006) v v v

King (2003) x *x x x * 2 x x x x 2

King (2007) v

Kirk (2005) v v

Lehmann (2006) v v

McPhillips (2005) v
| Potts (2004) v v v v

Taylor (2008) v v v

Upperman (2005) v

Vardi (2008) v v v

Walsh (2006) v v v v v

Walsh (2008) v v v v v

Wrona (2007) v v

* Other includes alerts e.g. weight-age alerts, no specific details of clinical decision support characteristics and clinical evidence modules.
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2.2.2.4 Study design

Randomised controlled trials are considered the most robust study design with the least
risk of bias in the results, whereas other study designs are thought to provide a lower
grade of evidence. However, there have been only two studies of EP in children which
used randomised controlled trials (Christakis et al. 2001; Davis et al. 2007). In both
these studies, the prescriber was randomised to either receive evidence based prompts at
the point of prescribing or not. Of the remainder, quasi-experimental designs were used
most often, with eighteen studies involving a comparison of outcomes before and after
implementation and six non-controlled comparative trials (Chisolm et al. 2006; Fontan
et al. 2003; King et al. 2003; Kirk et al. 2005; McPhillips, Stille, & Smith 2005; Wrona
et al. 2007). Two of the publications used observational studies to assess outcomes post
intervention (Killelea et al. 2007; Walsh et al. 2006).

2.2.2.5 Outcome measures

Several different outcome measures have been studied to assess the effect of EP
including one or more of: patient safety related outcomes i.e. mortality and medication
errors (table 6), adherence to guidelines and policies (table 7), time spent by healthcare
professionals, users’ views, financial impact and length of stay (table 8). These are

described in detail in the following sections.

2.2.2.5.1 Patient safety related outcomes

A majority of the studies (19/28) assessed patient safety related outcomes. Three
studies measured mortality rates (Del Beccaro et al. 2006; Han et al. 2005; Keene et al.
2007), whilst sixteen used a process based approach and studied the effects on
medication errors. A third (10/16) of the medication error studies focussed specifically
on prescribing errors, with three of these involving dosing errors (Cordero et al. 2004;
Kirk et al. 2005; McPhillips, Stille, & Smith 2005). Of the remainder, one assessed the
effect of EP on administration variances (Taylor et al. 2008), one both prescribing and
documentation errors (Kim et al. 2006), one both prescribing and administration errors
(Fontan et al. 2003), three included all types (prescribing, dispensing, administration or
monitoring) of errors (Holdsworth et al. 2007; King et al. 2003; Upperman et al. 2005)
and one studied the frequency and types of computer related errors (Walsh et al. 2006).

Six studies considered actual or potential adverse drug events secondary to medication
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errors (Holdsworth et al. 2007; King et al. 2003; Potts et al. 2004; Upperman et al.
2005; Walsh et al. 2008; Walsh et al. 2006).

It is important to consider the detection method when interpreting results of medication
error studies, as the error type and rates will be influenced by the choice of method.
Chart review was used most often to detect medication errors (Cordero et al. 2004;
Fontan et al. 2003; Holdsworth et al. 2007; Kim et al. 2006; McPhillips, Stille, & Smith
2005; Walsh et al. 2008; Walsh et al. 2006). This method is particularly useful for
detecting prescribing errors, especially those that have not been intercepted, though it
will also detect other types of medication errors (Kaushal 2002). Non-intercepted
prescribing errors are more likely to be detected by pharmacist identification using
prescription review. Farrar et al. (2003) and Potts et al. (2004) used pharmacist review
of prescriptions to detect errors at the ordering stage. One study of dosing errors used a
method analogous to prescription review: Kirk et al. (2005) queried the database of a
computerised prescribing system to assess the effect of computer calculated dosing on
dose prescribing errors. There was one study of medication administration variances
using observation (Taylor et al. 2008), a method which is considered to be most suitable
for studying administration errors. Two studies used analysis voluntary reports (King et
al. 2003; Upperman et al. 2005). This method is considered least successful in detecting
medication errors and ADEs, as demonstrated by the low numbers reported in these two
studies. King et al. (2003) detected merely 18 ADEs and 804 medication errors over a
six year period; Upperman et al. (2005) reported ADEs rates of 0.3 + 0.04 and 0.37 +
0.05 per 1000 doses, pre and post CPOE respectively.

The results indicate that on the whole, there was a positive effect on medication errors
across all stages of the medicines use process following the implementation of EP with
or without CDSS. In one study there was a 6% fall in the prescribing error rate (Bizovi
et al. 2002). Another study reported a much larger reduction of 95.9% in the overall
medication prescribing error rate as well as a 40% reduction in potential ADEs on a
paediatric critical care unit (Potts et al. 2004). A recent study by Walsh et al. (2008)
showed a 7% fall in the level of non-intercepted serious medication error rates, but

found no change in the rate of harm secondary to errors after CPOE.

Others have demonstrated the benefits of EP on dosing errors, which are considered the
commonest type of error in this patient group. For instance, Cordero et al. (2004)

reported that gentamicin dosing errors were eliminated after the introduction of CPOE.
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Similarly, Kirk et al. (2004) found that dosing errors were lower (28.2% vs. 12.6%) in

prescriptions generated using a computerised calculator for medication dosing.

A reduction in administration and transcription errors was also seen. Taylor et al.
(2008) showed a statistically significant reduction in medication administration
variances from 19.8% to 11.6% of all administrations. Upperman et al. (2005) reported

that transcription errors were eliminated after CPOE.

Conversely, two studies (Han et al. 2005; Walsh et al. 2006) showed a negative
outcome as a consequence of CPOE implementation. Walsh et al. (2006) assessed the
number of preventable adverse drug events and serious medication errors that were
either directly caused by or not prevented by the computer system. They found four
new types of errors with the computer system that would not normally be seen with
handwritten prescriptions: duplication medication orders, drop-down menu selection
errors, keypad entry errors and order set errors. Errors not prevented by the computer
system included failure to change therapy in view of laboratory results. Han et al.
(2005) reported an unexpected increase in mortality rates in paediatric ICU patients who
were transferred in for special care and suggested that this may in part be attributed to
program implementation and systems integration issues rather than the CPOE system
itself . However, two subsequent studies involving similar methods and patient
populations found no association between implementation of CPOE and increase in

mortality (Del Beccaro et al. 2006; Keene et al. 2007).
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Table 6: Studies of EP in children reporting patient safety outcomes (mortality and medication errors)

First author | Country Intervention Study Design Study population | Outcome measure Findings
(year)
Del Beccaro | US CPOE with clinical Retrospective data Paediatric ICU Mortality rate No clinically significant change in mortality
(2006) decision support abstraction pre (13months) following implementation
and post (13 months)
Han uUs CPOE with decision | Retrospective data extraction | ICU — children Mortality rate Mortality rate increase from 2.8% (39/1394)
(2005) support pre (13 months) and post (5 admitted via pre to
months) interfacility 6.57% (36/548) post implementation; odds
transport ratio 3.28, 95% Confidence Interval: 1.94-5.55
Keene uUs CPOE Retrospective pre (two 6 Paediatric ICU Mortality rate No clinically significant change in mortality
(2007) month periods) and post (6 and neonatal following implementation
months) ICU
Bizovi uUs Computer assisted Retrospective pre-post (2 Emergency Prescribing error and Fall in prescribing error rate from 8.2%
(2002) prescription writer months each, 1 year apart) department pharmacist clarification | (20/244) to 2.4% (2/84); clarification rate from
rate 11.1% (27/244) pre to 2.4% (2/84) post
Cordero UsS CPOE with decision | Retrospective review of Neonatal ICU Medication (gentamicin | No medication dosing errors post
(2004) support charts and notes pre Very low birth dosing) error rates implementation.
(6émonths) and post (6 infants
months)
Farrar UK Re-design of Before and after audit (not All children Prescribing error (no Prescribing error rate reduced from 76% to
(2003) electronic prescribing | clear but appears to be prescribed drugs | definition provided) 12% for non-paediatricians and from 26% to
screens for 16 drugs | prospective chart review by involved in 4% for paediatricians
pharmacist; time of study change
also unclear, number in study
not explicit)
Fontan France Computerised Prospective 8 week review of | Nephrology unit: | Prescribing and Prescription errors lower: 10.6% in
(2003) prescribing plus ward | prescription and medication children administration errors computerised compared to 87.9% in
stock distribution administration record. admitted to 12 handwritten prescriptions; clinically significant
system randomly chosen errors also lower 2.9% vs. 4.8%

wards during the
study period

Administration errors overall rate of 23.5%,
lower at 22.5% for computerised compared to
29.3% for handwritten

CPOE = computerised physician order entry; ICU = intensive care unit
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Table 6 - continued

First author Country Intervention Study Design Study population | Outcome measure Findings
(year)
Holdsworth | US CPOE with Prospective pre (9 months) Paediatric ICU Preventable and Total ADEs (preventable)
(2007) substantive clinical and post (7 months) and general potential adverse drug per 100 admissions
decision support paediatric care events Pre = 6.3 (3.8) Post=3.1(2.2)
system unit per 1000 patient days
Pre =7.5 (4.5) Post=4.8 (3.5)
Potential ADEs
per 100 admissions
Pre =7.9 Post=2.9
per 1000 patient days
Pre =9.3 Post=2.4
Kim Us CPOE designed to Before and after study, 2 Paediatric Impact of CPOE on Post (RR=relative risk)
(2006) address failure modes | phase daily audit for 241 days | oncology, all process errors using e improper dosing less likely RR 0.26 95% CI
previously identified | before and 296 days after orders during successful correct 0.11-0.61
through failure mode | CPOE deployment study periods completion rates of o incorrect dose calculations RR 0.09 95% CI
and effect analysis specific steps of high 0.03-0.34
importance e missing cumulative dose RR 0.32 95% CI
0.14-0.77
o incomplete nursing checklist RR 0.51 95%
CI0.33-0.80
e no difference in improper dosing on
treatment plan
o higher likelihood of not matching orders to
treatment plans
King uUs CPOE Retrospective cohort study (2 | Paediatric Medication error (all 804 MEs and 18 ADEs overall ME rate of
(2003) medical with CPOE vs. 1 inpatients on 3 types) and adverse drug | 4.49/1000 patient days.

medical + 2 surgical without)
3 years before and 3 years
after using spontaneous
incident reports

medical and 2
surgical wards

event rates.

ME rate/1000 patient days increased from 4.80
to 5.19 in control group compared to a 40%
fall 4.48 to 3.13 in intervention group

ADE = adverse drug event; CI = confidence interval; CPOE = computerised physician order entry; ME = medication error; ICU = intensive care unit
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Table 6 - continued

First author | Country Intervention Study Design Study population | Outcome measure Findings

(year)

Kirk Singapore | Computer calculated | Prospective cohort study over | Outpatient clinic, | Medication dosing Overall medication error rate 19.5%

(2004) dose as part of EP + 6 months emergency errors (underdose, (833/4274), with lower rates (12.6% vs.
clinical decision department and | overdose, no frequency, | 28.2%) for computer calculated doses.
support system discharge; two no dose, excessive total | Computer calculated dose errors all due to

drugs daily dose) changing or overriding computer
(paracetamol and recommendation.
promethazine)

Lehmann us Web-based calculator | Pre (5 weeks) and post (6 Paediatric Prescribing errors and 55% errors in all handwritten orders vs. 6%

(2006) + clinical decision weeks and 3 days) inpatients pharmacy dispensing/ calculator generated orders.
support system receiving preparation errors

continuous
intravenous
infusions

McPhillips uUsS CPOE not paediatric | Population based Ambulatory Prevalence of potential 1933 children, 15% (280) potential medication

(2005) clinical decision retrospective survey (2 year paediatrics (22 medication dosing errors | errors (147 overdose, 133 underdose)
support system period) drugs of interest) | (+ 10% or out of adult ¢ No difference in site with CPOE except

dose ranges = error) better weight documentation
e Dosing error in 1 in 5 under 4yrs, 1 in 5 on
prn, 1 in 6 on analgesics
e 22 drugs accounted for 1/3 of all drugs, no
effort to ascertain if deviation in dose
intentional

Potts Us CPOE + advanced Prospective cohort study Paediatric Errors that occur during | 13828 orders, 514 patients, 268 pre and 246

(2004) clinical decision pre and post (2 months each) | critical care unit | ordering process post.
support system ¢ Potential ADEs 2.2/100 orders vs. 1.3/100

orders
e ME (prescribing) 30.1 vs. 0.2/100 orders
¢ Rule violations 6.8 vs. 0.1/100 orders
All statistically significant.
Taylor uUsS CPOE Prospective pre (11 months) | Neonatal ICU Administration Variance rate decreased from 19.8% to 11.6%,
(2008) and post (9 months) variances risk ratio 0.53, after CPOE. Initially higher
observational study rate in “rollout” period (26.5%)

ADE = adverse drug event; CPOE = computerised physician order entry; EP = electronic prescribing; ICU = intensive care unit; ME = medication error
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Table 6 - continued

First author Country Intervention Study Design Study population Outcome measure Findings
(year)
Upperman UsS CPOE Retrospective evaluation and | Children’s hospital | Any error in prescribing, | e Transcription errors eliminated (no figures
(2005) prospective analysis pre and dispensing, stated)
post (9 month study period). administering and e All ADEs pre 0.3 + 0.004 per 1000 doses vs.
monitoring medication post 0.37 + 0.05 (p=0.3)
regardless of outcome. | ¢ Harmful ADEs pre 0.05 + 0.017 per 1000
doses vs. post 0.03 +0.003 (p=0.05)
e NNT = CPOE would have prevented 1 ADE
every 64 pt days (95% CI 25-100)
Vardi uUs CPOE + clinical Prospective cohort study pre | Children’s Prescribing errors 3 errors before and non afterwards
(2007) decision support (1 year) and post (2 years) hospital, paediatric
system critical care
department
Walsh uUs CPOE with Retrospective review using an | Urban teaching Frequency and types of | 24 handwritten orders during study periods,
(2006) decision support active surveillance method hospital computer related errors | none which contained errors.
(3 to 12 months after General and (CREs) 26 ADEs of which 12 = errors
implementation) surgical inpatients, Total 104 errors; 71 serious MEs of which 46
PICU and NICU reached patient. 71% of these were in ordering
stage — 4 of these resulted in patient in injury
(not caused or prevented by computer) and 33
had little potential for harm
20 CREs, 7 of which serious
4 categories: duplicate orders 2, drop down
menu selection errors 9, keypad entry error 1
and order set errors 8
Walsh uUsS CPOE with Time interrupted series Urban hospital, Non intercepted serious | 7% drop in the level of rates of non-intercepted
(2008) decision support regression analysis pre (7 PICU,NICU and | mediation errors serious medication errors (p=0.0495); no

months) and post (9 months)

surgical and
medical paediatric
ward beds

change in the rate of injuries as a result of error
after CPOE.

ADE = adverse drug event; CPOE = computerised physician order entry; ME = medication error; NICU = neonatal intensive care unit; NNT = number needed to treat; PICU =

paediatric intensive care unit
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2.2.2.5.2 Adherence to guidelines and policy

Ten out of the 28 studies investigated the effect of EP on adherence to drug use

guidelines, clinical recommendations and medication policies.

The use of EP systems with computerised reminders (Bogucki, Jacobs, & Hingle 2004),
real time messages to prescribers displaying evidence based recommendations for the
treatment of specific conditions (Christakis et al. 2001; Davis et al. 2007; King et al.
2007) and condition specific order sets (Abboud et al. 2006; Chisolm et al. 2006; Wrona
et al. 2007) resulted in optimised drug use. Bogucki et al. (2004) studied the effected of
a computerised reminder within the CPOE system on methylprednisolone usage during
a national shortage and reported a 55% relative reduction in the drug’s use. A change in
prescriber behaviour was seen following the presentation of real time messages
displaying evidence based recommendations for the treatment of specific conditions
(Christakis et al. 2001; Davis et al. 2007; King et al. 2007). In a randomised controlled
trial, Christakis et al. (2001) reported a 34% greater reduction in the number of
antibiotic prescriptions for less than ten days by prescribers randomised to receive real
time messages displaying evidence based recommendations for the treatment of otitis
media. Similarly Davis et al. (2007) found that prescribers randomised to receive real
time messages displaying evidence based recommendations for a number of conditions
showed a 8% improvement in prescribing practices compared to controls. The authors
reported that the intervention effectiveness did not decrease with time. Likewise King
et al. (2007) reported a 13% fall in antibiotic use after the implementation of a clinical

evidence module integrated in CPOE.

Documentation of clinical monitoring parameters was better as a result of using order
sets within EP system (Abboud et al. 2006; Wrona et al. 2007), but the effect on actual
monitoring was variable, with one study showing no difference in aminoglycoside
monitoring (Abboud et al. 2006) and another reporting improved monitoring of

respiratory rate in children using patient controlled analgesia (Wrona et al. 2007).

There was one study of physician acceptance of dosing and frequency decision support
elements; only one third of the suggestions were accepted exactly, with the remainder

being altered by the physicians at the time of prescribing (Killelea et al. 2007).

Compliance to verbal order policies improved by 12% to 15%, with fewer verbal orders

following the implementation of EP (Kaplan et al. 2006; Upperman et al. 2005).
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Table 7: Studies measuring effect on adherence to guidelines and policy

First author Country | Intervention Study Design Study population | Outcome measure Findings
ear)
Abboud US Aminoglycoside Before and after study Tertiary care Rate of compliance with No difference between study periods.
(2006) corollary order (3 months each) children’s laboratory monitoring of Overall 86.9% compliance with
screen in CPOE with hospital aminoglycoside levels and the recommendations; no change with the
decision support effect of computerised corollary | introduction of computerised corollary
orders orders. 31 each with no monitoring, reasons
similar for both except more without
explanation pre compared to post (p=0.06)
Bogucki uUs Computerised Sequential before and Children’s Impact on methylprednisolone 55% relative reduction in
(2004) reminder on CPOE after case study (1 hospital use during a national shortage methylprednisolone use from 209(65%*) to
system month each) 112( 35%*) *% of all corticosteroid orders
(n=2124)
Chisolm Us CPOE Quantitative pre and Children’s Evaluate relationship between 261 pre-set (pre-implementation), 63 no-set
(2006) post order set hospital asthma order set use and (post but not used) and 466 order set (post
implementation. processes of care using 1)use of | and used) patients
Qualitative focus group systemic corticosteroids 2)use of
study pulse oximetry and 3) use of Significant improvement in all three
(2 year period) metered dose inhalers. outcomes in order set patients even when
adjusted for age, admit type, co-morbidities
and length of stay. No differences in cost or
length of stay.
Christakis uUs Point of care Randomised controlled | Primary care Proportion of prescriptions for 34% greater reduction in antibiotics for < 10
(2001) evidence based trial (8 months) paediatric otitis media that were for <10 days in intervention group and less likely to
message system outpatient clinic | days and frequency with which prescribe antibiotics than control.
integrated in an on- affiliated with antibiotics were prescribed
line prescription university
writer training program
Davis us Point of care Cluster randomised Outpatient Changed physician behaviour in | Prescriptions dispensed in accordance with
(2007) evidence based controlled trial (50 teaching clinic accordance with the intervention | evidence improved in intervention group

message system
integrated in an on-
line prescription
writer

months at one site and
18 months at another)

and a clinical
practice site; and
primary care
paediatric clinic

message: combined and separate
for each condition

(adjusted difference 8%, 95% confidence
interval 1%-15%). Intervention effectiveness
did not decrease with time.

CPOE = computerised physician order entry




99

Table 7 - continued

First Author | Country | Intervention Study Design Study population | Outcome measure Findings
Kaplan Us Electronic Retrospective review Tertiary care Rate of verbal orders (signed and | 2094+65 (10%) verbal orders post compared
(2006) prescribing as part of | pre, during and post children’s unsigned). to 22% pre (unsigned dropped from 43% to
a larger integrating intervention (1 week hospital 9% p=0.0001)
clinical information | each month: 9 months All areas except
system handwritten and 18 haematology-
months electronic) oncology
Killelea UsS CPOE with dosing Retrospective analysis | Paediatric Acceptance of CPOE generated 8822/27313 orders with suggestions (32.3%
(2007) clinical decision (8 and "2 months) inpatients at a dose and frequency suggestions acceptance). Of the remaining, 47.1%
support large urban changed for dose, 13.3% for frequency and
teaching hospital 39.6% for both.
King Canada | Clinical evidence Pre and post (4 months | Tertiary care Frequency of ordering of Antibiotic use fell from 35% to 22% (p =
(2007) module integrated in | each, one year apart) paediatric antibiotics, bronchodilators and 0.016); no change in steroid use; less
CPOE hospital corticosteroids variation in bronchodilator prescribing.
Upperman UsS Electronic Pre and post Children’s Verbal order compliance Verbal order compliance 80% pre vs. 95%
(2005) prescribing retrospective evaluation | Hospital post
and prospective
analysis (9 months)
Wrona UsS Computerised order | Retrospective analysis Children’s Frequency of order set use, Surgical unit and PICU more likely to use
(2007) sets within CPOE comparing no order set, | hospital relationship between order set anaesthesia order sets compared to

patient controlled
analgesia order set with
(anaesthesia) or without
(general) acute pain
service input (15
months)

type and documentation
compliance and negative
occurrence

pulmonary and haematology/oncology units
who preferred no order sets (p< 0.0001).
Appropriate monitoring and documentation
of respiratory rate and oxygen saturation
more likely with anaesthesia order set use.

CPOE = computerised physician order entry
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2.2.2.5.3 Time

Two studies assessed the effect of EP on time taken for activities within the medicines
use process. Cordero et al. assessed the effect of EP on the time interval between
initiation and completion of pharmacy orders in a neonatal intensive care unit. They
reported a reduction in medication turnaround time for caffeine, and an increase in the
proportion of doses administered within 2 and 3 hours of prescribing in a neonatal
intensive care unit (Cordero et al. 2004). Vardi et al. ( 2007) reported a statistically
significant reduction in the time required to prepare a resuscitation drug order form in a
paediatric critical care department, following the implementation of CPOE with CDSS,

from nearly 15 minutes to 2 minutes 14 seconds for a single user.

2.2.2.5.4 Users’ views

Few studies of EP in children have assessed users’ views. Chisolm et al. (2006) used
focus groups to explore physicians’ perspectives about CPOE and computerised order
set use, but only reported on utility of order sets rather than perspectives about CPOE .
King et al. (2007) carried out a survey of students and residents to address utilisation,
usefulness, potential improvements and general applicability of a clinical evidence
module integrated in CPOE on the management and clinical outcome of children with
bronchiolitis. All respondents in this study agreed that the module had been educational

and point of care evidence had merit if expanded to other clinical conditions.

2.2.2.5.5 Financial Impact

The financial impact of EP systems in paediatric patients has not been evaluated
formally, but two studies reported this as a secondary outcome. One study found a co-
incidental annual cost reduction of $36,552 following the implementation of a
computerised reminder system within CPOE during a national methylprednisolone
shortage (Bogucki, Jacobs, & Hingle 2004). The second study considered financial
impact of order set use within CPOE on the basis of length of stay, pharmacy costs and
inpatient charges, but found no differences (Chisolm et al. 2006).

2.2.2.5.6 Length of stay

Only one study (King et al. 2007) compared length of hospitalisation following
introduction of a clinical evidence module but found no differences (2.8 days before, 2.9
days after; p = 0.125).
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Table 8: Studies of EP in children using non-clinical outcome measures

First author | Country Intervention Study Design Study population Outcome measure Findings
(year)
Studies measuring effect on time
Cordero us CPOE with decision Retrospective pre Neonatal ICU Time interval between Medication turnaround time reduced from
(2004) support (6months) and post (6 Very low birth initiation and completion | 10.5+9.8hrs pre to 2.8+3.3hrs post
months) infants of pharmacy and implementation. Caffeine administered within
radiology orders 2 hours increased from 10 to 35%, within 3
hours increased from 12 to 63%
Vardi uUs CPOE + clinical decision | Prospective cohort study | Children’s hospital, | Time required for Mean time to completion of the simulated drug
(2007) support system pre (1 year) and post (2 paediatric critical preparation of order form (vs. printing computerised one) was

years)

care department

resuscitation drug order
form

reduced from 14minutes 42 seconds to 2
minutes 14 seconds for a single user (p<0.000)

Studies incorporating user surveys

Chisolm us CPOE Quantitative pre and post | Children’s hospital | Attitudes and 2 main themes from focus groups — social
(2006) order set implementation. determinants of asthma determinants and quality determinants.
Qualitative focus group order set use
study (2 year period)
King Canada | Clinical evidence module | Pre and post (4 months Tertiary care Trainee use of perception | 55% unaware of availability; more medical
(2007) integrated in CPOE each, one year apart) paediatric hospital | of the system students found the review clinically helpful
than paediatric residents (all vs. 29%); all
agreed that it was educational.
Studies assessing financial impact and length of stay
Bogucki Us Computerised reminder | Sequential before and Children’s hospital | Impact on 55% relative reduction in methylprednisolone
(2004) on CPOE system after case study (1 month methylprednisolone use use from 209(65%*) to 112(35%*) *% of all
each) during a national corticosteroid orders (n=2124)
shortage
Co-incidental cost saving
Chisolm uUsS CPOE Quantitative pre and post | Children’s hospital | Financial outcomes on No differences in total cost, pharmacy cost or
(2006) order set implementation. the basis of lengths of length of stay
Qualitative focus group stay and inpatient
study (2 year period) charges.
King Canada | Clinical evidence module | Pre and post (4 months Tertiary care Hospital length of stay No change
(2007) integrated in CPOE each, one year apart) paediatric hospital (pre = 2.8 days, post = 2.9 days; p =0.125)

CPOE = computerised physician order entry; ICU = intensive care unit
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2.3 Discussion of the literature on EP in children

The papers reviewed here suggest benefits in reduction of medication errors (up to
96%), and potential ADEs (up to 40%), though there is insufficient research to draw
conclusions about the effects on actual patient outcomes. This positive effect on
medication error rates is consistent with that seen in adult patients. A recent systematic
review on the effect of EP on medication errors and ADEs (27 studies included of
which 7 involved paediatric patients) reported relative risk reductions of 13%-99% in
medication error rates, 35%-95% in potential ADEs and 30%-84% in ADEs
(Ammenwerth et al. 2008).

Other benefits of EP in adult inpatients have on occasion been shown to include
improvements in the quality of prescribing, medication turnaround times, physician
time, nurse drug administration time, and financial gain (Bates et al. 1998; Bates, Boyle,
& Teich 1994; Franklin et al. 2007; Kaushal et al. 2006; Mekhjian et al. 2002).
However, there is limited evidence to assume similar benefits in the outpatient setting
(Eslami, Abu-Hanna, & de Keizer 2007). There are only isolated studies which have
assessed these outcomes in paediatrics (Bogucki, Jacobs, & Hingle 2004; Chisolm et al.
2006; Cordero et al. 2004).

Research into the effects of EP in children is predominantly from the US hospital
inpatient setting and has assessed the impact of EP either in specialist inpatient areas or
using a limited number of drugs. The only UK study involving prescribing errors in
hospitalised children is weak in design (Farrar et al. 2003). Of the few studies that have
assessed the impact of EP in the paediatric outpatient setting, none have been from the
UK. Due to differences in delivery of healthcare across countries, different settings and
the EP systems used (including level of CDSS), it is not possible to generalise the
findings.

The majority of the publications in this review involved before and after studies, with
only two randomised controlled trials. The latter is considered the gold standard of
study design, but is near impossible to achieve, and indeed of questionable value, in this
field due to the complicated nature of the technology as well as local differences e.g.
patient groups involved and level of clinical decision support systems installed.
Iterative evaluations, specific to the organisation, may be more appropriate in providing

insights into human factors such as usability, workflow integration and clinician time, as
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well as outcomes of patient safety and financial benefit (Barber 2004; Classen, Avery,

& Bates 2007).

2.4 Barriers to EP adoption and utiiisation

Despite global policies and incentives to promote the use of EP or CPOE for improving
patient safety, uptake and utilisation has been slow, probably due to the limited
supporting evidence. US figures indicate adoption rates in the hospital setting as low as
5-10% for CPOE (Pedersen, Schneider, & Scheckelhoff 2008; The Leapfrog Group
2008) and about 7% of 560,400 for office-based physicians, with 73% of 57,500
pharmacies actively receiving electronic prescriptions (Steinbrook 2008). In the UK,
the NPAIT has faced delays and the original deadline for EP implementation in acute
Trusts, which was due in 2005, has lapsed. General practitioners in the UK have been
using computers to prescribe for over a decade, but the electronic transmission of
prescriptions service is a recent development, with the electronic prescription service
being used for over 24% of daily prescription messages (NHS Connecting for Health
2008).

The literature on barriers to EP adoption and utilisation is limited. A study involving
senior management from 26 hospitals in the US identified physician and organisational
resistance, high CPOE cost and lack of capital and product/ vendor immaturity as the
top three barriers to implementation (Poon et al. 2004). Similarly, in the outpatient
setting, cost, time to install the system and change office procedures, and uncertainty
about acceptance of electronic prescriptions by local pharmacies were the three main
barriers as perceived by physicians (Pizzi et al. 2005). Another collaborative study
identified ten key barriers based on focus group input from clinicians and office staff:
(1) previous negative technology experiences, (2) initial and long-term cost, (3) lost
productivity, (4) competing priorities, (5) change management issues, (6)
interoperability limitations, (7) IT requirements, (8) standards limitations, (9) waiting
for an “all-in-one solution,” and (10) confusion about competing product offerings
(Halamka et al. 2006). A more recent US survey shows similar findings for the use of
electronic health records in general, with capital costs, not finding a system to meet
responders needs, uncertainty about return of investment and concern that the system
would become obsolete as the commonest barriers to adoption in ambulatory care

(DesRoches et al. 2008).
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The diffusion of innovations theory by Rogers may be used to explain the perceived
barriers which have been identified in these studies and understand the reasons for the
sluggish uptake of EP. EP in the healthcare setting is a complex innovation being used
in an equally complex organisation. Rogers (2003) describes an innovation as ‘an idea,
practice or object that EP is perceived as new by an individual or other unit of
adoption.” The diffusion of an innovation is the process by which the innovation is
communicated through certain channels over time among the members of a social
system. Hence there are four key elements to the diffusion process: 1) the innovation
itself, 2) communication channels to share ideas, 3) time at the individual as well as
diffusion process level and 4) the social system, which may be individuals or
organisation, through which the innovation diffuses. Five attributes of the innovation,
as perceived by the potential adopters, influence the rate of adoption: relative advantage
over the idea it supersedes, compatibility with existing values and practices, simplicity
and ease of use, trialability and finally observable results (Rogers 2003). In the studies
described earlier, a number of the barriers to EP adoption may be matched to these five
attributes. For example, all the studies identified cost as one of the barriers (DesRoches
et al. 2008; Halamka et al. 2006; Pizzi et al. 2005; Poon et al. 2004). This is a relative
disadvantage compared to the previous system. Similarly product immaturity (Poon et
al. 2004), systems that do not meet users needs (DesRoches et al. 2008), need to change
office procedures (Pizzi et al. 2005) and other change management issues (Halamka et

al. 2006) suggest incompatibility with existing values and practices.

Some of the perceived barriers, such as lost productivity (Halamka et al. 2006) may be
considered undesirable consequences of technology adoption. Rogers defines
undesirable consequences as ‘the dysfunctional effects of an innovation to an individual

or to a social system’ (Rogers 2003).

2.5 Undesirable and unintended consequences of EP

Emergent literature suggests that whilst electronic prescribing may have a role in
reducing or minimising certain types of errors, others will remain unchanged and some
new types may be introduced (Koppel et al. 2005; Nebeker et al. 2005; Walsh et al.

2006; Zhan et al. 2006). These errors may directly result in adverse patient outcomes.

Alternatively, new risks may be introduced due to unanticipated consequences resulting
in changes to health professionals’ practice and care delivery, as seen by the increase in

mortality in a study involving children (Han et al. 2005). Another example comes from
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a Danish study in which use of a CPOE system unintentionally transformed three parts
of the medication process (prescribing/ ordering, dispensing and continuing medication
at discharge/ admission) (Wentzer, Bottger, & Boye 2007). In this study, users found
workarounds to make the system fit into their workflow, there were changes in doctors
and nurses collaboration and co-operation, and additional work for prescribers and
nurses at discharge and readmission. For instance, prescribers would memorise details
of three or four patients during a ward round and then go to the stationary personal
computers on the ward, which were away from the patients, to enter orders and other
information in the medical record. Previously nurses and doctors worked
collaboratively to agree on the best treatment for the patient. With EP, nurses and
doctors access were different, thus nurses could not make amendments to doctors orders
without approval from the doctors. To get around this, doctors would log on and allow
nurses to make the required changes. A UK evaluation reports similar issues with work
restructuring causing changes in communication between health care professionals,
which may not necessarily be desirable, and the potential of error and more/new work

due to the introduction of forcing functions (Barber, Cornford, & Klecun 2007).

Ash’s group in the US has done the most comprehensive work in this area of
undesirable or unintended consequences, based on an expanded version of Roger’s
diffusion of innovations framework. In one study involving five hospitals in three
organisations, they found nine major types of unintended consequences: more/ new
work for clinicians, workflow issues, never ending system demands, paper persistence,
changes in communication patterns and practices, emotions, new kinds of errors,
changes in the power structure and overdependence on technology (Campbell et al.
2006). Another study of CPOE in use at four large outpatient clinics at one
organisation focussed on unanticipated consequences, which were desirable and/or
undesirable. Positive changes to patient-physician interchange were found to be a
desirable unintended consequence of having a computer in the room. Undesirable direct
consequences were error concerns and potential security concerns, whereas undesirable
indirect consequences related to issues with alerts, workflow and ergonomic issues. An
interesting finding was that some unintended consequences could be viewed as
desirable or undesirable depending on the participant group e.g. nurse or physician,
whereby what one group considered desirable was undesirable to the other. These
included workflow issues, interpersonal issues and reimplementation concerns (for
system upgrades or replacement) (Ash et al. 2007a). In a further survey to
representatives from 176 US hospitals, the group established that these unintended
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consequences appear to be widespread, with respondents ranking those related to new
work/ more work, workflow, system demands, communication, emotions and

dependence on technology as most severe (Ash et al. 2007b).

Unintended consequences are not limited to EP systems, but are a wider health
informatics issue. In a viewpoint paper, authors from three different countries highlight
two main categories of latent errors fostered by patient care information systems. The
first is errors in the process of entering and retrieving information because of difficulties
in the human-computer interface, and cognitive overload by overemphasising structure
and completeness of information. The second category is errors in communication and
coordination processes due to misrepresentation of collective, interactive work as linear,
clear cut and predictable, and misrepresenting communication as information transfer.
The authors conclude with various ways to address these two categories of silent errors
including education, systems design, implementation and research. They emphasise the
need to use qualitative research techniques to gain deep insight, identify problems and

answer the how and why questions (Ash, Berg, & Coiera 2004).

2.6 Summary

Medication errors in children are a concern, but the magnitude of the problem is not
known, especially in the UK where research on paediatric medication errors is sparse.
Health information technologies such as EP are increasingly being advocated as one of
the solutions for improving patient safety by experts in the field as well as policy
makers. However claims that these can improve medication safety have not been
clearly demonstrated. Literature on the use of EP is predominantly from the US, and
indicates that EP has promise in reducing medication errors and possibly preventable
adverse drug events. The evidence base for use in children is weak, especially in the
UK. In addition, there is growing evidence of errors and unintended outcomes
secondary to EP in all patient groups. Moreover, social factors and organisational
policies may influence adoption, utilisation and ultimately, effectiveness of these
systems. Any evaluation must therefore include social factors and be alert to
unintended consequences. Outcomes demonstrated in one setting using a particular
system cannot be assumed or transferred to other organisations, countries or EP

systems.
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2.7 Aims and objectives

The aim of this thesis was to investigate and evaluate the implementation of EP, a
relatively new technology to the UK hospital environment, at a children’s hospital. The

research questions were:

e What is the effect of an electronic prescribing system on prescribing errors?

o How does it affect patient safety?

o Are there any changes in practice and workflow patterns of healthcare professionals
following implementation of the electronic prescribing system?

o What are the stakeholders, users, patient and parent/carer’s views of the EP system?

The evaluation method used to address these research questions will be presented in

Chapter 4. The next chapter sets the context, provides a narrative of the study setting

and a description of the EP system.
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'‘Cancer drug mistake killed my child'

(BBC News Online - Health 2001)
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3.1 Context

Patient safety was placed on the UK political agenda following publication of ‘An
organisation with a memory’ in 2000. The report promoted the patient safety agenda in
the NHS, with an emphasis on the need to analyse and learn from experience through
improved reporting. Additionally, four specific risks were targeted for action including
the aim to reduce by 40% the number of serious errors in the use of prescribed drugs
(Department of Health 2000). A subsequent report set out the governments plans for
patient safety. This report identified other additional areas where action could provide
some early gains in risk reduction. One of these areas was to examine across the board
the potential for computers to reduce the occurrence and impact of error (Department of
Health 2001). Further to this the National Program for Information Technology
(NPSIT) was established in October 2002. NPfIT has been described as "the world's
biggest civil information technology programme" (Brennan 2005) and is deliverable by
the NHS agency Connecting for Health. The vision statement of the program was “fo

deliver a 21st century health service through the efficient use of information technology
by:
» Improving the quality and convenience of care by ensuring that those who give and

receive care have the right information, at the right time; and

» Implementing projects vital to the NHS modernisation programme using IT to directly

improve the patient experience and clinical care." (Department of Health 2002)

The program is estimated to have a projected cost of over £12.5 billion and has
experienced several delays. Reasons include lack of suitable solutions in terms of
functionality, transfer from or compatibility with the different IT systems already in use,
and the inability to engage clinicians. Some elements such as picture archiving and
communications systems (PACS) have been deployed successfully, and others like the
electronic prescriptions service in primary care are now underway. However,
implementation of EP in the hospital setting has continued to face delays, forcing local

organisations to consider alternative interim solutions.

The present study was conducted at one such organisation. The aim of this chapter is to
provide a brief narrative of the study site, implementation areas and the reasons for
introducing EP. The second part of the chapter outlines the medicines use process at the

hospital and describes the EP system that was implemented.
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3.2 Study site

Great Ormond Street Hospital for Children (GOSH) became the first paediatric hospital
in the UK to implement a commercially available electronic prescribing and medicines

administration (EPMA) system in October 2005.

The hospital opened on 14 February 1852, as the first children’s hospital in the English
speaking world. It is an acute tertiary care hospital in central London, offering the
widest range of paediatric specialties in the UK, including 21 medical, 11 surgical and
eight diagnostic specialties, plus eight paramedical and other clinical support services
including pharmacy, physiotherapy, psychology, dietetics and speech and language
therapy. GOSH has 314 beds on 31 wards (Great Ormond Street Hospital for Children
NHS Trust website) and recorded 71,890 occupied bed days, 28,349 finished consultant
episodes, 22,813 operations and 107,412 outpatient attendances in the financial year
2006/2007 (Great Ormond Street Hospital for Children NHS Trust, Annual report
2007).

In July 1997, a 12 year old boy died at the hospital following a series of events which
culminated in a fatal medication error (BBC News Online - Health 2001). Following
the findings of an internal inquiry in 1998, the then Clinical Services Manager decided
to allocate funding for an EPMA system to improve patient safety and the quality of
care. It was perceived that the system would enable drug prescribing and administration
to occur at the patient’s bedside and clinicians would be presented with up-to-date,
accurate, complete drug information with basic decision support providing clinical
checking for correct dosage, route, drug interactions and allergies. Easy access to on-
line standard texts, hospital formularies and treatment guidelines would further facilitate
informed prescribing and, consequently, an improved quality of care provided to the

patient (Conner 2003).

However, very little progress was made until the appointment of a new Chief
Pharmacist in 2000. The project was initiated in 2002 after a project lead was recruited,
and the system was implemented in 2005. Implementation was independent of NPfIT,

but intended to inform national development of a paediatric EP system.

3.2.1 Implementation areas

A phased roll out approach was used for implementation, beginning with the nephro-

urology unit, which consists of a renal ward, a urology ward and the respective
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outpatient clinics, and then continuing with the rest of the hospital. As patients from the
urology ward attended a specific theatre, this too was included in the first phase of
implementation. This unit was chosen as the clinicians were keen to be involved and it
would allow the system to be used in diverse areas: on a medical ward, a surgical ward

and in theatres.

3.2.1.1 Renal ward and renal outpatients

The renal unit comprises a 16-bedded ward, the Renal Transplant Unit and the
Haemodialysis unit. The renal ward had 24 regular nurses and employed regular bank
and/or agency staff almost on a daily basis. The clinician team consisted of eight
consultants, one nurse consultant, three registrars and two senior house officers (SHOs).
Surgical care of end-stage renal failure patients was provided by a team of four

transplant surgeons.

3.2.1.2 Urology ward and one theatre

The urology ward had 16 beds, of which four were for day cases. Children were
admitted from birth (if over 1.82kg) to 16 years (if seen from birth). The range of
dependency was from day case to 3 months stay and there was cross cover with the

renal ward as many of the children had co-existing renal problems.

The nursing team, led by a sister comprised twelve band 5 and nine band 6 nurses. The

ward was staffed with five nurses during the day and 3 or 4 at night.

Surgery was performed four days a week, Monday to Thursday by four consultant
teams, consisting of one registrar each with one additional registrar to cover study or
other leave, and two SHOs, although it was rare that both senior house officers were

working at the same time due to rotation on nights, and leave.

3.21.3 Ward 3

After the nephro-urology unit, this was the third ward to implement the EPMA system.
Ward 3 was a mixed rheumatology and dermatology ward with ten inpatient beds and
an ambulatory day care service, which could see approximately fifteen to twenty

patients per week.

The rheumatology team consisted of seven consultants, two registrars and 5 nurse
specialists. The dermatology team comprised 4 consultants, 2 registrars and 2 nurse

specialists. There were no SHOs on ward 3.
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3.3 Medicines use process

In this section, the medicines use process using the previous paper system is described
first and then changes as result of the EP system are highlighted. Illustrations of both
paper and electronic prescription charts have been used to complement the text; patient

details have been anonymised or a test patient has been used.
3.3.1 Previous medication system

3.3.1.1 Prescribing

Prior to EP, all medicines were handwritten onto approved designated stationary for
prescribing which had sections for essential patient and drug information i.e. patient
name, date of birth, hospital number, weight, allergy details, dose/route, frequency and
duration. These were then used for drug administration charting and dispensing. For
inpatients, this was primarily a pre-printed yellow prescription chart for drugs intended

for once only (stat), regular use and on an as required basis (figure 2).

Separate charts were used for intravenous infusions, chemotherapy prescriptions (via
the computerised Chemocare system), total parenteral nutrition (TPN), patient/ nurse
controlled analgesia, specialist/ complex medication regimens e.g. infliximab and in
theatres where often, the anaesthetic chart was used as a prescription chart. Medicines
to take away/ out (TTA/ TTO) at discharge were written on a pre-printed form which
had four colour coded carbonless copies, one of which was sent to the general
practitioner, one kept in pharmacy, one in the medical notes and one was given to the
patient. The TTA fulfilled dual functions of a discharge prescription and discharge
summary letter. Outpatient prescriptions were handwritten on a pre-printed prescription

sheet (figure 3).
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Chapter 3 Study setting & EP system description

who performed the clinical review, and supply details were documented on the

prescription.

The Ascribe pharmacy software system was used for stock control, general dispensing,

CIVAS and TPN (Ascribe plc.).

3.3.1.3 Administration

Administration of medicines was only possible against a prescription written by the
prescriber or using a patient group direction (PGD), with the exception of clinical
emergencies e.g. a cardiac arrest, when drugs were administered against verbal orders

and a record was made after the event.

Drug administration on wards was primarily done by qualified nursing staff and
occasionally, student nurses under supervision; patient or parent administration was
permitted for certain drug formulations e.g. inhalers and creams. In acute areas such as
theatres, doctors often prescribed and administered medication themselves. In all cases,
a record of administration was made against the prescription by signing or documenting
a reason for non-administration. Selected drugs e.g. IV chemotherapy, required a
second check by another ‘administrator’ and this too was documented on the

prescription chart.

3.3.2 Electronic prescribing and medicines administration

system

The JAC electronic prescribing system is an integrated electronic prescribing,
medication administration and pharmacy system (JAC Computer Services Ltd) linked to
the hospital patient information management system (PIMS) and was intended to
replicate the paper process. In order to access the EP system, the user had to log on to
the Trust’s network which hosted the program on a server. Access was through
personal computers (PCs) that had been set up for EP or dedicated laptops on mobile
carts/ notes trolleys (figure 4). To perform an action on the EP system, including view
the medication chart, the user had to select the relevant program e.g. prescribing for
inpatients or outpatients (these are two distinct programs within the EP system), nurse
administration or dispensing and then select the patient. The patient list was populated
automatically via PIMS. Patients were selected using a hospital number, by name or by
location in the inpatient setting; for outpatients, the clinic code had to be selected first,

before searching by patient name or hospital number. The same patient could not be
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Chapter 4 Evaluation method

“A common mistake that people make when trying to design something completely

Joolproof is to underestimate the ingenuity of complete fools.”
Douglas Adams, English author

(http://www.memorable-quotes.com/douglas+adams,a98.html)
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4.1 Introduction

In the previous chapters, I have argued that paediatric drug errors are a significant
problem and that EP has promise as a solution. I have also discussed the system
introduced at GOSH. In this chapter, I explain the philosophy underlying the evaluation

presented in the following chapters.

EP is a new, multi-faceted IT system being introduced in the UK hospital environment.
Evaluation is an integral component of EP systems implementation in healthcare.
However the evaluation should not be of the technology alone. It is important to gain
an understanding of how people and technologies interact, because “technical systems
have social consequences” and “social systems have technical consequences” (Coiera
2004). The gold standard approach of randomised controlled trials was not deemed
appropriate or possible for the present study as implementation was within a specialist
hospital and a suitable control could not be found. Additionally, a controlled trial would
not provide understanding of ‘how’ and ‘why’ questions regarding EP implementation
and effectiveness . Therefore a theoretical approach was used to find a suitable method

for evaluation.

4.2 Evaluation of health information technology

The approach to evaluation of health IT systems has changed over time, with focus
shifting from studying the technical and functional aspects to a wider study of the
system in use (Ammenwerth & de Keizer 2005). The phases at which a health IT
system is evaluated depends on the circumstances, but may be any one or more of the
following: need for the resource, the development process, the resource’s intrinsic
structure and functions through to actual impact on users, patients and the organisation

(Friedman & Wyatt 1997).

Research at each of these stages is important and necessary, to build on the emerging
picture which highlights the complexities of healthcare as well as the technologies used
within. Whilst accepting that ongoing system development is likely to occur, the latter
two stages (resource structure and functions, and actual impact) are of greater interest
and relevance for this thesis as the focus is evaluation of implementation. Though the
JAC EP system is one that has been used in adult hospitals for many years, the system
structure and functions are of interest and need to be studied as this is the first

implementation of the system in a children’s hospital. It is important to evaluate the
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impact on users and the organisation as well as patients, as the effects on work practices
and usability are likely to influence acceptability to individual users. Organisation
structure and the process of implementation may influence overall project management

and outcomes, and how the system is perceived locally and beyond.

4.2.1 A theory based approach

Research into the implementation and use of EP systems has mainly involved outcome
based studies, with very few investigators, such as Ash’s group, employing a theory
based approach. Hardly any researchers have used a combination of methods to
evaluate both quantitative outcomes as well as the human and organisational effects.
One of the first groups to use a combination of qualitative and quantitative methods has
been from the UK (Barber et al. 2007; Franklin et al. 2007), though others are underway
(Westbrook et al. 2007).

In the broader field of health information systems research a variety of theories, models
and frameworks have been used to explain IT usage and to evaluate IT systems. These
include the diffusion of innovation theory, technology acceptance model, actor network
theory and sociotechnical theory (Kaplan & Shaw 2004). A common thread amongst all

of these is the interaction between human users and the technology in an organisation.

4.2.1.1 Sociotechnical approach

The sociotechnical approach provided the basis of the framework used in this thesis.
This approach aligns itself to the study of information systems as it focuses on the fit
between the social and technical systems which together make up an organisation. The
social system consists of the employees and their knowledge, skills, attitudes, values
and needs in the work environment as well as the reward system and authority structures
that exist in the organisation. The technical system comprises the devices, tools and
techniques required to convert inputs into outcomes. Key to this approach is that any
changes introduced to the organisation need to be harmonious and result in joint
optimisation of both technical and social systems for maximum benefit to the
organisation. Therefore the interdependency of each component must be studied and

understood.

Applying these principles to the health care setting, a framework for evaluating
information and communications technology (ICT) systems has been proposed by

Cornford, Doukidis, & Forster (1994); it has been used successfully to evaluate two
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different electronic prescribing systems in adult inpatient settings in the UK (Barber et
al. 2006). A framework approach is one where the objectives of the investigation are
typically set in advance and data collection is targeted towards the issue under scrutiny.
Although data collection primarily involves qualitative methods, analysis is often linked

with quantitative findings (Bowling & Shah 2005; Pope, Ziebland, & Mays 2000).

4.2.2 The Cornford framework

The Cornford framework is based on Donabedian’s (1966) structure, process and
outcome model for assessment of quality outcomes and is applied at three main levels:
the systems functions, human perspectives and organisational context (Cornford,
Doukidis, & Forster 1994). A similar framework was subsequently proposed by the
Department of Health in the UK for evaluating information systems projects
(Department of Health 1996).

By applying Cornford’s framework (table 9), an evaluation of the three key components
of an EP system, the system itself, human users and the organisation (figure 13) can be
performed. The framework encompasses technical details and EP system processing;
work conditions and requirements; human participation and social interactions, and
considers sustainability in the wider setting. Additionally, it has parallels with Reason’s
human error theory (errors are considered a consequence of failures in the whole
system: organisational process, work conditions, technology, team or individual), which
is particularly relevant for this thesis, where the focus is patient safety. Another
advantage of the framework is that enables the use of qualitative and quantitative
methods to collect all the relevant data needed for analysis. Quantitative methods allow
the objective measurement of outcomes. A comparison between pre and post
implementation groups can be used to demonstrate statistically significant effects of the
intervention. Qualitative methods provide information on the experiences of the

individuals or groups involved.

Table 9: Cornford’s framework

Systems functions Human perspectives Organisational context
Structure Technical detail Work conditions and Sustainability, opportunity
implied requirements costs, management needs,
skills requirements
Process Information processing; Human participation in Altered delivery and
correct and valid tasks; social interaction practice
Outcome Relevant, applicable, Quality of service and Effect in the world
reliable outcomes
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