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______________________________________________________________Abstract

Abstract
Little is known about intravenous (IV) medication errors in hospitals, even though 
reports indicate error rates between 13 and over 100%. Therefore, this study 
investigated the incidence, severity and causes of IV drug preparation and 
administration errors in hospitals in the UK and Germany.

The nature of errors was explored by interviews and textual analysis. Qualitative 
interviews with a convenience sample of 15 health care professionals were carried 
out to explore nurses and pharmacists roles in IV therapy and their views about IV 
medication errors. A framework of human error theory was used to identify 
causes of IV medication errors by analysing documents about IV drug errors from 
three different data sources. Incidence, severity and causes of IV medication 
errors were also investigated by observing actual practice of IV drug preparation 
and administration in two hospitals in the UK and one in Germany. An existing 
valid and reliable method to assess the severity of medication errors was validated 
for use in Germany.

Observations on ten wards in two UK hospitals identified that 49% out of 430 
observed preparations and administration were erroneous, including 0.7% 
potentially severe cases. Frequent errors were the fast administration of bolus 
doses, found to be due to deliberate violations of guidelines. This was due to lack 
of practical training, complex design of technology and other organisational 
issues. Observations in one German hospital identified 48% erroneous cases out 
of 122 observed, including 3% of potentially severe cases. The administration of 
potentially incompatible medication occurred frequently. This was due to lack of 
training and guidelines, possibly due to an ambiguous legal framework and a lack 
of pharmaceutical involvement on the wards.

Intravenous therapy is a complex health care technology associated with a high 
drug preparation and administration error rate, potentially harming patients 
unnecessarily. Suggested changes include improved training of nurses and 
increased involvement of pharmacists in IV therapy. More complex health care 
interventions should also be considered and their implementation carefully 
assessed.
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______________________________________________________  Preface

Preface

This thesis about IV medication errors has been written at an exciting time when 

there is increasingly lively and open debate about errors in medicine. Indicators 

for such a change in attitude towards errors in medicine include a leading medical 

journal devoting a whole issue and a conference to the topic (Leape and Berwick 

2000) and the US and the UK governments both publishing reports dealing with 

medical errors and how to improve safety for patients in health care (Department 

of Health 2000a; Department of Health 2001; Institute of Medicine Committee on 

the Quality of Health Care in America 2000). These efforts demonstrate that it is 

recognised that medical errors are a serious problem causing considerable and 

avoidable harm to patients, affecting health care professionals and using financial 

resources. Different studies in the US, UK and Australia reported that between 4% 

and 17% of patients suffer harm due to medical treatment during their stay in 

hospital and 1 to 2% of patients suffer harm related to a medication error 

(Brennan et al. 1991; Vincent et al. 2001; Wilson et al. 1995). Being involved in a 

medical error can have a long lasting difficult emotional impact on the health care 

professional as has been shown in a study with nurses (Arndt 1994a; Arndt 

1994b). The cost of adverse drug events to hospitals have been estimated to range 

between 700 and 5000 Dollars (Bates et al. 1997; Schneider et al. 1995).

Research into medication administration errors, i.e. a discrepancy between the 

medication prescribed for the patient and that administered was started in the 

1960s in the US and the UK by pharmacists. High medication error rates were 

identified and changes suggested to the way drugs are distributed in hospitals. 

Within these new systems in the US and the UK, the pharmacists took on new 

clinical roles ensuring safe medication use for patients. Over the past ten years 

there have been several research projects and publications about medication 

administration errors, mainly related to the administration of oral medication in 

UK hospitals, but little is known about IV medication errors and their causes. This 

thesis therefore investigates the incidence, severity and causes of IV drug

17



______________________________________________________________ Preface

preparation and administration errors in the UK and in Germany. The researcher 

thinks that a knowledge of how often IV medication errors occur, how severe they 

are and why these incidents happen is a prerequisite to develop measures to make 

IV therapy safer for patients. The last parts of the thesis were written at a time 

when the Department of Health (2001) has published its plans how to reduce 

errors in medicine; four areas have been specified as selected targets involving 

high risk procedures and two of these are also concerned with IV medication 

errors, namely to reduce to zero the number of patients dying or being paralysed 

by maladministered spinal injections (for example, intended for IV 

administration) and to reduce the number of serious errors in the use of prescribed 

drugs by 40% (Department of Health 2001). Some of the findings of this thesis 

may contribute to reach these aims.

The whole project is reported in nine chapters. Chapter One is an introduction to 

the research area, giving an overview of the literature explaining why the 

incidence, severity and causes of IV medication errors in UK and German 

hospitals were selected as a research topic for this thesis.

Chapter Two includes the results of an interview study with health care 

professionals working in hospitals about their experience of IV drug preparation 

and their views about IV medication errors. Chapter Three outlines the results of a 

content analysis of documents about IV medication errors taken from different 

data sources. The types of IV preparation and administration errors are described 

and the likely causes are analysed applying human error theory.

The next part of the thesis was observation of actual practice of IV drug 

preparation and administration in different hospitals in the UK and Germany. 

Chapter Four discusses methodological issues in observation-based research. 

Chapter Five then describes the actual research methods used to collect the data 

and presents data on the incidence and severity of IV medication errors observed 

in two UK hospitals. Chapter Six describes the analysis of the causes of the IV

18



____________Preface

drug preparation and administration errors using the same human error theory 

approach as analysing the documents.

The next two chapters describe the work that was carried out in Germany. Chapter 

Seven presents the validation of an existing valid and reliable method to assess the 

severity of medication administration errors for the use in Germany. Chapter 

Eight then describes the data on incidence, severity and causes of IV drug 

preparation and administration errors in a German hospital. This chapter also 

includes a discussion of the differences in incidence, types and causes of IV 

medication errors found in the UK and the German parts of the project.

Chapter Nine as the final chapter discusses suggestions for reducing IV 

medication error rates, based on the study results that were presented in the 

preceding chapters. It also addresses the study’s limitations and identifies areas of 

further work. The thesis ends with the main conclusions of the project.

19



Chapter 1: Introduction

Chapter One: Introduction

1.1 Development of IV therapy

Records of infusions go back to the century when Italian physicians attempted 

to infuse blood into the dying pope by carrying out a vein-to-vein anastomosis 

with three young healthy volunteers. Unfortunately, all of them died including the 

pope (Millam 1996). Two centuries later Sir Christopher Wren experimented with 

injecting opium intravenously into dogs through quills (Millam 1996). The 

principles of fluid replacement therapy were discovered by O’Shaughnessy during 

a pandemic of cholera in the 1830s. He recommended treating cholera patients 

with infusions of fluids and salts (Cosnett 1989). Around the same time a syringe 

with a metal barrel, screwed piston and a leather plunger was developed by Pravaz 

in France. This device allowed the injection of more accurate doses (Arnold et al. 

1998). However, in the early 1900s patients had to be extremely ill to receive 

intravenous (IV) fluids. Infusions only became safer for patients after pyrogens 

and ways to eliminate those were discovered (Arnold et al. 1998). The widespread 

administration of fluids expanded after the second world war when better infusion 

equipment such as needles became available. Reusable rubber tubing was used to 

administer IV fluids from glass bottles at that time. Plastic IV tubing became 

available in the 1950s and plastic infusion bags were introduced in the 1970s 

reducing the risk of air embolism from air venting of bottles. Central catheters 

with several lumina also made it possible to administer more irritating drugs and 

made long-term treatment easier (Millam 1996).

After this brief outline of historical origins of IV therapy this chapter will cover a 

range of topics which are relevant to the present project. This includes an 

introduction to IV therapy and a description of the practices of IV drug
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preparation and administration in hospitals. Risk and safety of medicine in general 

are discussed before focussing on risks associated with IV therapy, particularly 

reviewing relevant studies on IV medication errors. To provide an understanding 

of types of IV medication errors the chapter also includes background information 

on pharmaceutical aspects of IV medication. This is followed by a review of 

studies about causes of adverse drug events in medicine to identify common 

causes of IV medication errors. This leads to describe the theoretical basis that 

was used in parts of the project - human error theory. The chapter ends with a 

discussion identifying the gaps in the literature which forms the background to the 

research questions that are addressed in this thesis.

1.2 Background to IV therapy

Medication has to be administered intravenously if the drug cannot be absorbed 

by other routes, for example, drugs with a large molecular size, irritating 

properties or drugs that are unstable in gastric acid. In other cases the intravenous 

route is chosen because it facilitates a quick drug action. Another advantage is 

that it allows good control of the administration rate and the amount of drug 

infused. IV administration is also an alternative for patients who cannot tolerate or 

are not able to take medication by any other route.

In general the superficial veins of the upper extremities are used for intravenous 

administration. For long term therapy, and in cases where no peripheral veins are 

accessible, central veins may be used. Catheters are inserted into the veins to gain 

access; these vary in size, length, material and form. Simple catheters are inserted 

into peripheral veins intended to be used for a few days. Access to the larger 

central veins can be gained either through inserting peripheral central catheters or 

accessing the veins centrally. Central catheters can either have an external section 

used to attach the infusion to or they can be implanted reservoir type catheters 

(Weinstein 1993).
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There are three administration methods: IV bolus, intermittent infusion and 

continuous infusion. The type of administration technique chosen depends on the 

individual drug, its mechanism of action and the intended effect. Bolus doses are 

administrations of small volumes (usually not more than 20ml) using a syringe 

over a few minutes. Intermittent infusions are used for regular dosing where a 

slower administration of a more dilute solution is required (usually to avoid 

toxicity). Continuous infusions are usually given over 24 hours to achieve a 

controlled therapeutic response (Pickstone 1999).

There are numerous infusion devices available for intermittent or continuous drug 

administration. Broadly these can be categorised into gravity driven infusion 

devices and infusion pumps. The former are simple mechanic devices and the 

infusion rate is regulated with a roller clamp attached to the infusion tubing. The 

administration rate cannot be regulated precisely and therefore electrical infusion 

equipment is used when infusion rates have to be controlled. Infusion pumps can 

also include various safety features such as occlusion alarms and air detectors. 

There are other infusion devices available for special applications such as 

clockwork or spring driven syringe drivers, computer controlled anaesthesia 

infusion pumps, patient controlled analgesia pumps and devices where the 

infusion rate is controlled by the pressure of elastomeric membranes (Medical 

Devices Agency 1995).

1.3 Practice of IV drug preparation and administration in 

hospital

IV medication is frequently supplied in a form requiring preparation before 

administration; such preparation tasks range from simple drawing up of a solution 

presented in a glass ampoule to multiple step reconstitution procedures, 

dissolving, diluting and filtering a drug (Riley 1997). In the 1970s, reports 

suggested that patients were at risk of receiving incompatible, unstable and
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microbiologically contaminated admixtures (Baker 1971; Barrett 1971; 

Hetherington 1971; Jacobs 1970; Whyte 1972) in the UK. An investigation by the 

then Department of Health and Social Security into problems of IV drug 

preparation and administration resulted in the publication of the Breckenridge 

Report in 1976 (Department of Health and Social Security 1976) which gave the 

following recommendations:

Current local practice should be reviewed and guidelines outlining an IV 

policy should be designed.

• IV medication should only be prescribed if positively indicated and no 

other administration route was available.

If patients required potassium this should be prescribed making use of 

commercially available fluids containing potassium chloride. This should 

then make it unnecessary to keep strong potassium solutions on the wards. 

This was because vials containing concentrated solutions of potassium 

chloride had been mixed up with vials containing water for injection or 

0.9% sodium chloride solutions and patients had died as a result of bolus 

administrations of potassium chloride.

Nurses needed to receive adequate training and support as they played an 

important role in the preparation and administration of IV therapy. 

Pharmacists should give advice on all pharmaceutical aspects of 

intravenous therapy and be involved in training other staff.

• To investigate to what extent it was possible that IV drugs be provided 

ready for administration by the pharmacy department to the wards.

Hospitals in the United Stated started to provide IV therapy in a ready-to-use form 

from pharmacy departments operating a central intravenous additive (CIVA) 

service in the 1960s (Holysco and Ravin 1965). Following the Breckenridge 

report (Department of Health and Social Security 1976) there seemed to be few 

hospitals introducing a complete CIVA service in the UK. A small survey in Kent 

revealed that only 5 out of 30 hospital pharmacies used a laminar air flow cabinet
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to provide a regular IV additive service in 1982 (Jenkinson and Aggarwal 1983). 

Parenteral nutrition and cytotoxic medicines were the first pharmaceutical 

preparations which were prepared by a considerable number of pharmacies 

(Jenkinson and Aggarwal 1983). A further survey of UK hospital pharmacies in 

the 1990s showed that out of 173 respondents 71 (41%) pharmacies operated a 

partial or total CIVA service. Thirteen percent of hospitals offered a seven day 

service, the remainder offered only limited out of hour services to the wards 

(Needle 1995). The author of the survey recognised that there may have been a 

bias of responses towards hospitals which operated a service or were interested in 

the area. A similar result was obtained by a recent survey of European hospitals 

(Surugue and Cousins 2001). Eighty UK hospitals responded to the survey; the 

majority of those hospitals (82%) provided a cytotoxic service, but less than 40% 

provided a total or partial CIVA service for other IV medication. The response 

rate in both studies was below 20%, limiting the generalisability of the findings. 

However the surveys indicate that IV drug preparation is still carried out on the 

wards in most hospitals in the UK.

Only a small number of studies have assessed the impact of a CIVA service on the 

quality and cost of IV drug preparation and administration in the UK. Two studies 

suggested an improvement in the number of IV medications administered at the 

correct time (Chan et al. 1993; Cousins et al. 1989). However the study design of 

Cousins et al. (1989) was weak; the data obtained in the hospital with the CIVA 

service was compared with data from a different study carried out in another 

hospital (Clark et al. 1986) without providing data about the comparability of the 

hospitals and wards studied. Three UK studies have been identified comparing the 

costs of ward-based and pharmacy-based IV drug preparation (Armour et al.

1997; Cousins et al. 1989; Wilson 1990). Wilson (1990) found the CIVA service 

more expensive than the ward-based service. Cousins et al. (1989) only found a 

marginal difference between the two services and Armour et al. (1997) found 

considerable cost reductions with the CIVA service. The differences in the results
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could be due to different types of medication observed and the different types of 

wards studied. Overall the numbers of preparations that were observed on the 

wards were quite small.

The administration of IV medication used to be carried out by doctors, mainly 

junior doctors (Leslie et al. 1990). However the extended role of nurses and cuts 

in the working hours of junior doctors changed this and IV medication is now 

regularly administered by nursing staff (Campbell and Lunn 1997; Grundy 1996). 

This role of nurses was first outlined in the document ‘Standards for the 

administration of medicines’ by the United Kingdom Central Council for Nursing, 

Midwifery and Health Visiting (UKCC) and emphasised in the recently published 

document ‘Guidelines for the administration of medicines’ which replaces the 

first document (UKCC 1992a; UKCC 2000).

1.4 Risk and safety of medicines

Compared to other human activities it has been suggested that taking medicine is 

relatively safe (Asscher et al. 1995). This may be due to the development of 

scientific testing methods for medicines and the legal regulation of the marketing 

of drugs. Such control of medicines has been developed out of concerns about the 

potential harmful adverse effects of medicines. Safety as well as efficacy and 

effectiveness of medicines are assessed during clinical trials which are an example 

of a health technology assessment (Jonsson and Banta 1999). Formal health 

technology assessment aims to understand the complex fi-amework that connects 

science, technology, economic, social and political processes to adequately assess 

risk of technologies (Medina 1996). In UK practice the National Coordinating 

Centre for Health Technology Assessment understands that a complete health 

technology assessment systematically analyses medical, social, ethical and 

economic implications of development, diffusion and use of health technologies 

(The National Coordinating Centre for Health Technology Assessment 1998).
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These attempts to systematically assess risk and safety of medicines using a health 

technology assessment approach are part of a wider societal development of 

trying to assess risks of technological developments (Medina 1996). These have 

been bom out of widespread concern about the impact of new technologies on 

humans, the environment and the economy. It has been even argued that 

technological development has lead to a risk society in which the greatest risk 

arise from human-made technologies (Beck 1986). This view has been influenced 

by the theory of social constmction of technology which recognises that 

technology is not a value free object (Medina 1996). Bijker (1995) has argued that 

technology develops in a socio-technical framework which includes influences by 

the society, technology, science and politics and does not follow an orderly 

rational path assuming linearity (technological determinism). Latour (1992) has 

described such interactions between humans and technology using the example of 

how the introduction of new technologies to overcome problems causes more 

problems requiring more refined technology’. Similarly, Tenner (1996) has called 

such problems the ‘revenge effect’ of technology.

IV therapy is a complex health care technology, but no studies could be identified 

attempting to carry out a complete health technology assessment of IV therapy. 

The following is a review of studies which have assessed different risks 

associated with medicine and the use of medicine. This also includes a small 

number of studies which have assessed risks related to IV therapy, such as IV 

medication errors.

1.5 Risks associated with IV therapy

The risk of experiencing preventable adverse events including adverse drug

'Latour (1992) has described the development of automatically closing 

doors to explain his theory.
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events have been assessed in several studies. The Harvard Medical Practice Study 

has been influential in this respect; a sample of 30 195 randomly selected medical 

records from 51 hospitals in the state of New York were reviewed to identify the 

incidence of adverse events related to medical treatment. Adverse events were 

identified in 3.7% of all admissions; 2.6% of adverse events caused permanent 

disability and 13.6% caused the patient’s death. Overall, 69% of the adverse 

events were judged to be preventable. Drug complications were found to be the 

most common single type of adverse event accounting for 19% of the adverse 

events. The drug related adverse events included adverse drug reactions as well as 

other adverse events such as medication errors (Brennan et al. 1991; Leape et al. 

1991).

A similar study (Wilson et al. 1995) found adverse events in 16.6% of 14 000 

admissions to 28 hospitals in Australia. About half of the events (51%) were 

judged to be preventable; 13.7% of the adverse events resulted in permanent 

disability and 4.9% in death. Of all adverse events, 10.8% were related to drugs, 

this included errors and inadequate monitoring of drug therapy, but no further 

description was given in about half of the cases.

A pilot study using similar methods has been carried out in two UK hospitals, the 

results suggest that about 10% of patients admitted during the study period 

experienced an adverse event and a third of these events led to moderate or 

greater impairment. The study also estimated that the cost to the National Health 

Service (NHS) due to increased length of stay of patients who experienced an 

adverse event would be around 1 billion pounds in one year (Vincent et al. 2001).

An observational study (Andrews et al. 1997) has identified a higher rate of 

adverse events defined as a situation in which an inappropriate decision was made 

when, at the time, an appropriate alternative could have been chosen. This was an 

ethnographic study carried out in three units in a large teaching hospital in the US
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over 9 months. Observers identified that 45.8% of patients experienced an adverse 

event. These were a total of 2183 adverse events in 1047 patients and of those 

9.3% of adverse events were related to medication errors. This higher frequency 

of adverse events identified in this study than, for example, in the Harvard study 

(Brennan et al. 1991 ; Leape et al. 1991) may be due to this more intense method 

of data collection and a different definition of an adverse event (Andrews et al. 

1997).

All of the above studies found that adverse drug events were common types of 

adverse events and this was confirmed by studies investigating the frequency of 

such events. Bates et al. (1993; 1995) estimated that 6.5% of hospitalised patients 

experienced an adverse drug event; about a third of those were judged to be errors 

and the majority of those errors occurred at the prescribing or administration 

stage. About 43% of all adverse events were found to be fatal, life-threatening or 

serious. Classen et al. (1997) estimated the rate of adverse drug events to be 2.4% 

of all hospitalised patients. Almost half of those events were judged to be 

preventable and 1% were thought to be due to a medication error. The differences 

in the rates identified in those two studies may be attributable to differences in 

data collection methods (manual surveillance versus computerised data collection 

methods) (Classen et al. 1997).

1.5.1 IV medication error studies

Other researchers have concentrated on investigating adverse drug events, 

particularly errors associated with the process of providing medication in 

hospitals. Medication administration errors have been defined as any discrepancy 

between the medication prescribed for a patient and the medication administered 

(Allan and Barker 1990). In contrast to the above mentioned studies, medication 

error research focussed on deviations in the process of providing medication 

regardless of their outcome. The first studies of medication administration errors
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were carried out in the 1960s in the US (Barker et al. 1984; Barker and 

McConnell 1962) and the UK (Crooks et al. 1965; Hill and Wigmore 1967; Vere 

and Lond 1965). All of the studies identified high medication error rates and this 

led to profound changes in the drug distribution systems; namely the development 

of the unit dose system in the US (Allan and Barker 1990; Barker 1969) and the 

ward pharmacy system in the UK (Baker 1967; Hill and Wigmore 1967).

The incidence of medication administration errors related to oral medication 

obtained in several recent observation-based studies in the UK ranged from 3% to 

8% (Cavell and Hughes 1997; Dean et al. 1995; Dean and Barber 2000; Gethins 

1996; Ho et al. 1997; Ogden et al. 1997; Ridge et al. 1995; Taxis et al. 1999); only 

one of those studies also included the observation of IV medication, but did not 

state the error rate related to IV drug administration (Ridge et al. 1995).

Few observation-based studies have concentrated on IV medication errors; the 

main results of those studies are summarised in Table 1.1. This includes one 

recent study carried out after the present study was completed, which the 

researcher was also involved (Wirtz 2000). Table 1.2 presents the main results of 

a further four recent studies which were carried out in intensive care units in 

different countries outside the UK. These study results relate mainly to IV 

medication, but the authors did not report their observations according to route of 

administration.

Reported error rates related to IV drug preparation and administration (excluding 

wrong time errors) ranged from 13% to 115%. The earliest medication error study 

relating to IV medication was carried out in the US in the 70s (Thur et al. 1972). 

No further study has been published in the US since then, possibly due to the wide 

adoption of the unit dose system which does not, in general, require nurses to 

prepare IV medication on the wards. IV medication error studies in the UK and 

France have been published in the 80s and 90s. The settings studied include

29



Chapter 1: Introduction

teaching hospitals and specialised paediatric hospitals; similarly wards studied 

range from medical surgical wards to cardiology and intensive care units. 

Differences in staff education and specialisation and the IV medication used may 

be just three variables with an unknown influence on the medication error rates 

explaining partly the differences in the medication error rates observed. There 

were also wide variations in the methods used in the studies, this included the 

definition of an IV medication error used, the system to categorise types of errors, 

the way to calculate the IV medication error rate and details of the data collection 

methods. Each of these aspects will now be addressed in turn.
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Reference Country H ospital - clinical area Error rate Sample size® Sam pling m ethods and duration

(Thur et al. 
1 9 7 2 /

United
States

1 teaching hospital
2 medical-surgical wards

21.0% 100 From 7am to 11pm over 10 days

(Hartley and 
Dhillon 1998)

UK 1 general hospital
2 general surgical, 1 general medical 
ward

26.9% 323 Selected drug rounds, 39 consecutive 
days

(O'Hare et al. 
1995)

UK 1 paediatric hospital 
Not stated

84.4% 179 4 weeks

(Clark et al. 
1986)+

UK 1 hospital
2 wards

13.3% 83 All I Vs during 7 days

(Buhannic et al. 
1999)*

France 1 hospital
1 cardiology ward, 1 intensive care unit

no overall error rate 497 8am-5pm, weekdays, 1 month

(Wirtz 2000) UK,
Germany

3 university teaching hospitals 
5 surgical wards, 1 intensive care unit

UK: 76% 
Germany: 115% 
Germany: 111%

132
234
211

Selected drug rounds, 6 days on each 
wards, (including evening and 
weekends), over 6weeks

Table 1.1 Details of IV medication error studies using observation-based methods (excluding wrong time errors)
 ̂Commonly defined as observed doses, details see text
‘̂Excludes omission errors and administration o f  drug was not observed ^Most types o f  administration errors excluded* Only deviations from recommended preparation or 
administration practices were investigated, no wrong drug errors or omission, or unauthorised drug errors



Reference Country Hospital - clinical area Error rate Sam ple size ^ Sampling methods and 

duration

(Schneider et al. 

1998)

Switzerland 1 university hospital,

1 paediatric intensive care unit

18.2% 275 Selected patients only, 10 weeks 

study period: 6 hours (am), 2 

days/week

(T isso te ta l. 1999) France 1 university hospital,

1 medical intensive care unit

6.6% 2009+ 2 randomly selected nurses for 6 

hours each study day (not 

weekends or nights) for 30 days

(Tisdale 1986) Canada 1 university paediatric hospital,

2 intensive care wards

8.8% 592 Selected nurses for 9 day shifts 

and 9 night shifts, over 1 month

Table 1.2 Details of observation-based medication error studies relating mainly to IV medication
 ̂Commonly defined as observed doses, details see text

^Error rate relates to number o f  observed events, representing the steps o f  preparation and administration (not clearly defined)
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In published studies, IV medication errors have been commonly defined as 

deviations in preparation and administration from doctors’ prescriptions and 

hospital procedures (Clark et al. 1986). Hospital procedures required for the 

preparation and administration of IV medication varied between the study 

hospitals which may also explain the different types of errors found and the 

different error rates reported in the studies. For example, one hospital required IV 

drug preparations be prepared in a laminar air flow area and a large number of 

errors related to deviations from this procedure, whereas other hospitals did not 

recommend such procedures (Schneider et al. 1998). Similarly, another study 

included deviations from procedures intended to protect staff, such as not wearing 

gloves during preparation, as medication errors (Hartley and Dhillon 1998) or the 

failure to label infusions correctly regardless whether the patient received the 

correct drug (Wirtz 2000). Other aspects of lack of aseptic technique have been 

included as a source of error in one study (Wirtz 2000), but in general not been 

included by other researchers. Thur et al. (1972) reported observations about the 

lack of aseptic technique as a separate aspect of quality of IV drug preparation. 

Furthermore, one study also included errors identified during normal checking 

procedures as medication errors (Clark et al. 1986). These examples suggest that 

there is no generally agreed definition of what constitutes an IV medication error. 

Studies can be compared if the authors state the exact definition of an IV 

medication error and the inclusion and exclusion criteria used when analysing the 

data, but the interpretation of the results is complicated if information is missing 

such as in two of the studies (Hartley and Dhillon 1998; O’Hare et al. 1995).

A comparison of the ways to calculate IV medication error rates also revealed 

wide variations. Buhannic et al. (1999) did not state an overall medication error 

rate, but reported the percentage of correct and incorrect individual steps in the 

process. Tissot et al. (1999) calculated the percentage of errors according to 

nurses’ interventions whereas they did not exactly define what constituted such an 

intervention, most likely these were also steps in the preparation process. The
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remaining researchers calculated error rates by dividing the number of errors by 

the total number of observed or prescribed doses (Hartley and Dhillon 1998; 

O'Hare et al. 1995; Thur et al. 1972; Wirtz 2000). Only some authors (Hartley and 

Dhillon 1998; Wirtz 2000) specifically stated that more than one error could be 

observed for each observation whereas other authors leave this under speculation 

(O'Hare et al. 1995; Schneider et al. 1998; Thur et al. 1972). Allowing more than 

one error per observation can increase the error rate to more than 100%.

In contrast studies investigating the incidence of adverse events in medicine have 

calculated the incidence of adverse event per patient admission (Brennan et al. 

1991; Vincent et al. 2001; Wilson et al. 1995). This approach has rarely been used 

explicitly in medication error research (Raju et al. 1989).

All the studies described in Tables 1.1 and 1.2 used the observation method which 

is generally described as the ‘gold standard’ method to obtain data about the 

incidence of medication errors (Allan and Barker 1990) and was first developed 

by Barker and McConnell (1962). Differences in the application of this data 

collection method included the observation of selected drug rounds versus the 

observation of all drug rounds over some time and whether or not weekends were 

included (Table 1.1). Two oral medication error studies show that medication 

error rates are affected by the time of the day and the day of the week (Dean and 

Barber 2000; Ho et al. 1997). These results indicate that the generalisability of the 

studies may be limited to the times of the days studied, further limiting the 

comparisons that can be made between studies. Other methodological differences 

include the information given to the observed nurses and the number of observers 

used. Most studies used an explanation to disguise the ‘true nature’ of the study 

(Buhannic et al. 1999; Hartley and Dhillon 1998; O'Hare et al. 1995; Thur et al. 

1972; Tisdale 1986; Wirtz 2000), two studies were not disguised (Schneider et al. 

1998; Tissot et al. 1999) and one study did not given any details about this point 

(Clark et al. 1986). Whether or not this difference influences the error rate has not
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been determined, although Dean and Barber (2001) showed the observer not 

having an effect on the error rates observed.

Authors also classified errors differently. Table 1.3 provides a summary of error 

rates according to type of error from the different studies. Again, there was no 

general classification system and different studies categorised errors differently. 

The following summarises common types of errors before discussing the 

differences in categorisation.

Wrong dose errors were a frequent type of error in several studies (Clark et al. 

1986; Hartley and Dhillon 1998; Thur et al. 1972; Wirtz 2000); other preparation 

errors were also identified frequently, this included the selection of the wrong 

solvent or diluent (Hartley and Dhillon 1998; O'Hare et al. 1995; Thur et al. 

1972). Some studies also reported a high frequency of wrong administration rate 

errors (Clark et al. 1986; O'Hare et al. 1995; Wirtz 2000). Not all types of errors 

were studied in every study, for example, administration errors were excluded by 

Thur et al. (1972). Buhannic et al. (1999) also excluded some types of errors. 

Other researchers did not state whether certain types of errors were not identified 

or were not included in the study (Table 1.3).
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Types of IV 
medication errors

Percentage errors of observed doses

(Thur et (Hartley (O'Hare (Clark et (Buharmi (Wirtz
al. 1972) and

Dhillon
1998)

et al. 
1995)

al. 1986) c et al. 
1999)

2000)

Omission X 12.5 1 4 X -

Wrong dose 9 9 - 4 - 12

Unordered drug/extra 
dose

3 2 1 - X -

Wrong dosage form - 1 - - X 2

Wrong route - 0 - 1 X -

Wrong drug 3 - - 1 X -

Preparation error 6 23 5 - - 1

Wrong volume o f  
solvent

- - - - 1.8 -

Wrong volume o f  
diluent

- - 13 - 5.5 -

Wrong diluent - - 1 2 - -

Deteriorated
drug/preparation
stability

- 0.6 - - 11 -

Wrong administration 
technique

X 9 - - - -

Wrong rate X - 63 (78*) X 90

Incompatible
administration

X - - - 13 10

Light protection X - - - 0.6 -

Aseptic preparation - - - - - 167

Aseptic
administration

X - - - - 7

Labelling error - - - - - 1

Table 1.3 Types of IV medication errors
X not investigated; - Not stated; * Administration error rate was stated separately from other error 
rate
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As there is no general classification system, researchers have grouped errors in 

different classes. For example, not dissolving a drug powder has been categorised 

as a preparation technique error (Hartley and Dhillon 1998) or a wrong dose error 

(Wirtz 2000); intravenous administration of medication prescribed for 

intramuscular administration was classified as an unordered drug (Thur et al.

1972) whereas this would have been classified as a wrong route error (Wirtz 

2000) or wrong administration technique error (Hartley and Dhillon 1998) by 

other authors. Clark et al. (1986) classified the administration of an IV bolus dose 

instead of an intermittent infusion as a wrong route error whereas this error would 

have been classified again as a wrong administration technique error by Hartley 

and Dhillon (1998). These examples again illustrate the difficulties comparing 

results obtained in different studies and show the importance of describing exactly 

the definitions and categorisations used.

Anecdotal evidence from the literature suggests that IV medication errors can be 

associated with serious outcomes, including death of the patient (Cousins and 

Upton 1994; Cousins and Upton 1995c; Cousins and Upton 1995a; Cousins and 

Upton 1995b), but only few of the observation-based studies have assessed the 

potential clinical significance of the medication errors (Hartley and Dhillon 1998; 

Tissot et al. 1999; Wirtz 2000). Tissot et al. (1999) reported of 20% potentially 

life-threatening errors. Hartley and Dhillon (1998) found about 5% major errors, 

whereas Wirtz (2000) found that almost 80% of errors were of major or moderate 

clinical significance. Differences in the findings of these studies may be due to 

differences in definitions and methods used to assess the severity. Two studies 

used one or more health care professionals to assess the severity of the errors 

(Hartley and Dhillon 1998; Tissot et al. 1999). This has been criticised as a 

method which has not been assessed in terms of validity and reliability (Dean 

1999). Wirtz (2000) used an objective method developed by Dean (1999) which 

may have some limitations regarding validity (Dean 1999).

Recently, Dean and Barber (1999) have published a validated, reliable method of
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scoring the severity of medication errors, including IV medication errors in the 

UK. This method has been especially developed to be used for data obtained from 

observation-based research as this research design makes it difficult to collect data 

on the outcome of the errors. This method has not been used to assess the severity 

of IV medication errors in an observation-based study.

1.5.2 Infusion equipment failures

IV medication often requires the use of an infusion device to adequately regulate 

the administration. The Medical Devices Agency, which is part of the UK 

Department of Health, has received numerous reports about drug infusion 

incidents related to the use of infusion equipment (Richardson 1995). To 

overcome some of these problems, the Department of Health has classified 

infusion pumps into the following three categories: neonatal, high risk and lower 

risk, defining minimum performance standards for each such as the accuracy of 

flow rate measured over short and long term, occlusion alarm pressure and time to 

alarm following occlusion. This classification system should help users to select 

an appropriate device when taking into account the clinical condition of the 

patient and the drug to be infused (Medical Devices Agency 1995).

Aspects of problems using infusion equipment have not been considered as part of 

the IV medication error studies that were reviewed above. But audits have been 

carried out in a few hospitals investigating whether suitable infusion pumps based 

on the Medical Devices Agency’s three risk categories were selected for drug 

administration. In a five day survey it was found that 25% of 277 infusions were 

administered using a pump not considered to be safe for that particular drug 

administration. Also 23% of pumps used in the hospital were obsolete according 

to the Medical Devices Agency’s standards (Jacklin and Langfield 1995). A 

similar study found 23% of 129 infusion pumps selected were not safe (Powell et 

al. 1995). A re-audit after implementing changes such as withdrawing obsolete 

pumps, labelling pumps with appropriate risk categories and educating nursing

38



Chapter 1: Introduction

staff showed a considerable reduction to about 1% unsafe infusion in both 

hospitals (Jacklin and Langfield 1995; Powell et al. 1997). An audit in a third 

hospital using similar methodology identified only 3% of 684 surveyed drug 

infusions to be administered using obsolete pumps (Petty et al. 1996).

1.6 Pharmaceutical aspects of IV drugs

Studies of IV medication errors have revealed that different deviations from 

recommended preparation and administration techniques have been categorised as 

erroneous. In order to discuss some of these deviations the following summarises 

pharmaceutical characteristics and standards that exist to describe the IV 

medication. This includes physicochemical characteristics, stability, 

incompatibilities and microbiological considerations.

1.6.1 Physicochemical characteristics

Solutions of IV medication have to have certain physicochemical characteristics 

to be suitable for intravenous administration (Bauer et al. 1989; Demorest 1986) 

(Table 1.4). Administration of parenterals deviating in osmolarity from 

physiological parameters may damage blood vessels resulting in thrombosis and 

loss of patency of the vein. Administration of alkaline or acid solutions may 

change the pH of the blood resulting in alkalosis or acidosis (Hadaway 1998). 

However, it is not always possible to develop a drug formulation which is isotonic 

and has the required pH, because the formulation is influenced by the solubility of 

the drug and the stability of the solution. In such cases other measures have to be 

taken, for example, very slow administration through a large vein for hypotonic 

solutions or acidic or alkaline solutions (Bauer et al. 1989). Deviations from 

recommended preparation procedures for example, changing the volume of the 

solvent may have an impact on physicochemical characteristics of the final drug 

solution.
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Parameters Characteristics Consequences of deviations

Tonicity Osmolarity of plasma: 
306 mosmol/liter 
Hypotonic solution: 
0-249 mosmol/liter 
Hypertonic solution: 
>350mosmol/liter

Hypo-osmotic solutions: 
haemolysis
Hyperosmolytic solutions: 
plasmolysis

pH Plasma: pH 7.30 - 7.45 Irritation to veins from 
solutions with high or low pH; 
alkalosis, acidosis 
Injections: pH 3.0-10.5 
Infusions: pH 7.30-7.45

Table 1.4 Physicochemical characteristics of drug solutions intended for 
intravenous administration (Bauer et al. 1989)

1.6.2 Stability and incompatibilities

The stability of drug solutions can be compromised by various factors resulting in 

chemical reactions, formation of precipitates or adsorption. These problems are 

referred to as incompatibilities. Table 1.5 summarises common types of 

incompatibilities.

Chemical reactions such as hydrolysis, oxidation, reduction, photolysis, 

photodegradation and racémisation can result in the formation of precipitates or 

the degradation of active ingredients. Such reactions depend on the concentrations 

of the drug and other chemicals in the solution, the pH, temperature and exposure 

to light. Precipitates can also form when the saturation solubility is exceeded. 

Solubility is a property of the chemical but also depends on the pH, temperature 

and presence of other chemicals such as anions or cations. Such reactions occur in 

practice when mixing several drugs in the same container or administering 

concentrated medication in an infusion system over extended periods. 

Incompatibilities may also occur if the pH of a solution changes when mixing 

acidic and alkaline solutions Relatively few drug combinations are so chemically
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unstable that they cannot be given through the same y-site as contact time is short 

(Trissel 1998).

Another example of an incompatibility is the interaction between drugs and the 

container materials, adsorption or absorption can occur and even leaching of, for 

example, phthalate plasticizers into the solution may occur (Trissel 1998).

Some of the incompatibilities can be easily recognised in the container, for 

example, the formation of precipitates, changes in the colour of the solution, 

formation of haze, gas evolution. However other incompatibilities do not result in 

changes that can be detected visually. Precipitations in administration lines are 

also harder to detect unless they result in the loss of patency of the line (Bauer et 

al. 1989).

There are a number of risks involved when incompatibilities occur. A decrease of 

the concentration of the active drug may result in reduced therapeutic action of the 

drug or toxic products may form. The formation of particles can result in blocking 

of infusion lines carrying also the risk of embolism (Greger and Schwenker 1995).

Type of 
incompatibility

Description

Precipitation and 
complexation

Solubility depends on concentration of drug, pH of 
solution, presence of other salts (anions, cations) and 
temperature. Salting out may occur due to presence of 
strong electrolytes, complexation can occur with 
anions or cations

Degradation Chemical reactions

Sorption Adsorption to the surface or absorption into container 
material, administration set or filter.

Table 1.5 Summary of common types of incompatibilities (Trissel 1998)
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1.6.3 Microbiological considerations

Patients are at risk of suffering from an infection due to the infusion therapy. 

Intrinsic and extrinsic sources of infections are distinguished; the former are due 

to contamination of the infusate, the latter are due to contaminations at any site in 

the infusion system (colonisation of the cannula wound or the cannula hub) (Maki 

and Mermel 1998).

There have been many reports about contaminated infusâtes in the early days of 

intravenous therapy. An example for this was an epidemic outbreak of infections 

in a London hospital due to non-sterile water entering sterilised bottles after 

autoclaving in the pharmacy department (Phillips et al. 1972). Another case 

occurred when five patients died after receiving contaminated dextrose solution 

(Department of Health 1972).

Recent examples of contaminations occurring during manufacturing in the 

pharmacy department include a case in Manchester. Two children died in a 

hospital after receiving infected total parenteral nutrition that was manufactured in 

the pharmacy department. The source of the infection seemed to be a sink in the 

room where the infusions had been prepared. It was assumed that contaminated 

water carried the infection to the nearby area contaminating bottles and tubes used 

for the preparations (anonymous 1994; anonymous 1995). Another tragic case 

was reported from an Australian hospital, altogether 11 patients died after 

receiving contaminated cardioplegic solutions manufactured in the pharmacy 

department (Hughes et al. 1986).

There are also anecdotal reports about contamination of IV medication following 

ward-based preparation carried out by nursing staff. An outbreak of unusual cases 

of septicaemia related to contaminated infusâtes was observed on a cardiology 

ward. Although the exact source of contamination could not be determined, 

investigations revealed that the outbreak might have been due to new staff not
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being adequately trained in following procédures of infection control and the 

inadequacy of preparation facilities. It was found that bags containing 0.9% of 

sodium chloride solutions used for the preparation of infusions were kept open for 

more than 24 hours at room temperature. Water from a sink in the preparation 

room might have contaminated the preparation work surface resulting in 

contamination of infusions (Koemer et al. 1997). Similarly, postoperative 

infections were related to lack of aseptic technique handling propofol before 

administration (Bennett et al. 1995; Daily et al. 1991).

There are now extensive guidelines setting out standards of aseptic dispensing 

carried out in hospital pharmacies (Department of Health 1994), whereas no such 

national guidelines exist regulating aseptic preparation on the wards. Few studies 

have assessed aseptic technique of staff during preparation and administration and 

found that staff frequently deviated from aseptic technique (Buhannic et al. 1999; 

Grundy 1996; Thur et al. 1972). For example, not washing their hands before 

preparation, not disinfecting the preparation area or preparing medication in a 

room keeping the window open. However the clinical significance of not 

following different aseptic procedures has not been investigated.

Although the risk remains to administer contaminated infusâtes, the vast majority 

of infusion related infections are caused by catheter contamination and other 

sources of intrinsic contaminations (Maki and Mermel 1998). Sources of infection 

include the hands of medical or nursing staff, contaminated disinfectants, a 

contaminated hub and autoinfection from the patient’s own bacterial and fungal 

micro flora of the skin around the insertion site (Goldman and Pier 1993). 

Contaminations are also related to frequent handling of infusion systems and 

prolonged use of infusion lines (Playford et al. 1999). Furthermore the occurrence 

of infection can be influenced by factors such as the catheter material (Maki et al. 

1997), the choice of disinfectant (Maki et al. 1991), the choice of dressing (Kelsey 

and Gosling 1984) and certain infusion fluids promoting bacterial growth (Garcia- 

Caballero et al. 1985).
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1.7 Studies about causes of adverse drug events in medicine

Medication error research has frequently focussed on identifying the incidence 

and the types of medication administration errors. Only few studies have 

systematically explored causes of medication errors. There is more literature 

about causes of adverse events in medicine in general and from these studies some 

explanations about causes of adverse drug events can be gained.

The critical incident technique (Flanagan 1954) was used in several different 

studies to investigate causes of adverse events (Cheek 1997; Cooper et al. 1978; 

Cooper et al. 1984; Safren and Chapanis 1960b; Safren and Chapanis 1960a; 

Wright et al. 1991). This is a retrospective method which involves the systematic 

collection of data on the events of interest by obtaining reports of people involved 

in these events (interviews, written statements or questionnaires). One of the 

limitations of this technique is that the information obtained depends on the 

subjective memory of the interviewees which can be influenced by hindsight bias 

(Flanagan 1954).

Cooper et. al (1978) carried out a study about medical adverse event in 

anaesthesia in the US. The researchers interviewed 47 members of staff in an 

anaesthesia department, gathering data on 359 adverse event; 82% of those were 

judged to be due to human error the remainder were equipment failure. Nineteen 

percent (56 cases) of all the human errors were related to drug administration, 

inadvertently exchanging syringes was an example of a recurrent error (19 cases). 

Inadequate total experience, inadequate familiarity with the task at hand, poor 

communication, haste, inattention, fatigue, excessive dependency on other 

personel, failure of checking and lack of training were frequent factors.

Inadvertent exchange of syringes was thought to be due to the syringes’ 

similarities in size, labelling or colour.

The same authors carried out a similar study in anaesthesia departments in four

44



Chapter 1: Introduction

hospitals in the US (Cooper et ai. 1984). A total of 1089 incidents were identified 

from interviews and observation; 201 of those related to medication use, 

inadvertent exchange of syringes again occurred frequently, other errors included 

disconnecting IV lines, selecting the incorrect ampoule and preparing the wrong 

dose. Again associated factors which were identified frequently included failure to 

check, inexperience, inattention and haste. There were 70 incidents with 

substantial adverse outcome and 16 of those were related to medication, 12 of 

those being overdoses. Based on the study results the following strategies to 

improve safety were suggested: additional training, improved supervision, 

development of specific protocols, more complete preoperative assessment, 

equipment/human factors improvements, additional monitoring instruments, 

organisational improvements to overcome lack of teamwork and organisation of 

workload, improved communication and improved personnel selection.

Wright et al. (1991) carried out a study using the critical incident technique to 

collect data on medical adverse events in an intensive therapy unit in the UK. One 

hundred-thirty-seven reports were collected over one year and 20 of those seemed 

to be related to drug use. Contributing factors overall were inexperience with 

equipment and shortage of staff. Errors related to drugs were seen to be related to 

having insufficient administration lines, and other practical issues such as having 

infusion pumps at a height such that the setting cannot be seen easily.

A different methodology was used in a study by Leape et al. (1995) in the US. 

Data were collected in two hospitals over six months investigating causes 

contributing to adverse drug events. In this study adverse drug events included 

adverse drug reactions and medication errors such as prescribing, preparation and 

administration errors. Nurse investigators collected data interviewing ward staff 

daily and reviewing medical notes. A total of 264 potentially preventable adverse 

drug events were identified. The researchers identified proximal causes of errors 

and underlying system failures. Proximal causes included lack of knowledge on 

the drug, lack of information on the patient, rule violations, slips and memory
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lapses, transcription errors, faulty drug identity checking, communication 

problems and preparation errors. Underlying system failures were lack of 

education about medication, presence of look-alike packages or sound-alike 

names of drugs, problems transferring information on patients (including 

information on allergies), the need to manually transcribe medication orders, lack 

of efficiency of medication orders, complex design of infusion equipment, lack of 

standardisation (doses, frequencies of medication and drug distribution) and the 

system that IV drugs were prepared by nurses.

An early US study focussing on causes contributing to medication errors used the 

critical incident technique (Safren and Chapanis 1960b; Safren and Chapanis 

1960a). Nurses were asked to fill in a questionnaire whenever they became aware 

of a medication error. Additionally the researcher reviewed incident forms which 

had to be routinely sent to the nursing director. A total of 178 incidents were 

recorded over seven months in one hospital. Causes of errors included the failure 

to follow checking procedures, problems in communication (verbal and written), 

transcription errors, calculation errors and inaccurately labeled medication.

Cheek (1997) carried out a study using the critical incident technique to identify 

common factors contributing to errors and other problems compromising the 

quality of drug administration. She interviewed 29 nurses of different levels of 

experience working in one Australian hospital. Factors which the nurses perceived 

to be important were summarised on five levels: structural, procedural, 

professional, personal or individual and client factors. Examples included the lack 

of adequate resources (structural factors), ambiguous guidelines or the lack of 

guidelines (procedural factors), lack of knowledge (professional factors), anxiety 

to fail and pressure for perfection preventing nurses to ask others for help 

(personal factors) and non-cooperating patients (client factors).

Similar results were obtained in a UK based study about nurses’ attitudes and 

beliefs about medication errors. Hand and Barber (2000) interviewed 17 nurses.
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The causes of medication errors that the nurses mentioned were grouped as 

personal factors, contextual factors and knowledge-based factors. Personal factors 

included tiredness and lack of confidence in challenging the doctor; examples of 

contextual factors were lack of staff, heavy workload and long working days. 

Nurses felt that particularly lack of knowledge about medication or the patients’ 

condition contributed to medication errors.

Obradovich and Woods (1996) explored how human computer interface 

deficiencies of an ambulatory infusion device contributed to user errors. 

Interviewing nurses and observing them using the device in a laboratory 

environment showed that the device had several deficiencies including complex 

and arbitrary sequences for operation and confusing feedback to the user.

In summary, the studies that were reviewed from the different countries, settings 

and using different methods suggest that there are common causes of drug errors. 

These include equipment problems, communication problems, lack of training, 

inexperience and lack of knowledge, the design of the system (for example, 

requiring transcription of orders) and personal attributes (for example, reluctance 

to ask for help). To what extent these factors are causes contributing to IV 

medication errors remains unknown. All of these studies have attempted to 

identify the underlying problems leading to medication errors rather than 

focussing solely on individuals’ performance. This approach recognises that both 

systems and individuals contribute to medication errors. Leape (1994) has 

emphasised that this shift in thinking about medical errors is the first step that has 

to be taken on the way to reduce errors. He suggested that medicine can learn in 

this respect from the human factors discipline, because this is a discipline which 

has dealt with investigating causes of adverse events in high risk areas such as the 

chemical industry, aviation, nuclear power plants, the military sphere and to a 

limited extent in medicine. The following is a review of the background of the 

human factors approach and some of its application in medicine.
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1.8 Human factors approach

The basic elements of the discipline of human factors and ergonomics are humans 

and technology and the interactions between them. It has been suggested that the 

whole discipline was bom in the context of World War II, when academics in 

experimental psychology started to work at laboratories of the aerospace industry 

(Meister 1999). It is a multidisciplinary area including scientists with backgrounds 

in psychology or engineering. The work and research is often carried out in the 

areas of chemical industry, nuclear power industry, aviation and the military. 

Issues that are addressed include the design of individual technologies and whole 

systems and organisations as well as, for example, health and safety of workers 

within an organisation. Human factor specialists particularly apply their 

knowledge during the development phase of technology, but they also deal with 

questions about how people use technology once it is developed (Meister 1999).

A specialisation within human factors and ergonomics deals with human error and 

human behaviour within a technological context. Human error theory investigates 

mental mechanisms and cognitive functions that underlie human performance. It 

attempts to explain the internal cognitive decision process which was affected and 

resulted in an inappropriate task performance (Rasmussen 1987). Investigations of 

large scale accidents in the industry or in other settings found that the design of 

systems, pre-existing organisational factors and the conditions, conventions and 

procedures for the use of technology, place human operators in a position in 

which human errors can result in disasters. This complex interplay of factors 

rather than only individual failures contributed to the accidents (Perrow 1984). 

Human errors are not due to spontaneous inherent human variability, but events in 

the environment act as precursors for these (Rasmussen 1987). Based on such 

research. Reason (1997) developed the model of organisational accidents 

causation. The model suggests that latent failures, for example, failures of design 

and organisation, are due to failures in decisions within an organisation. These 

may become apparent and result in an accident or disaster sometimes years after
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these decisions have been taken. Local active failures may trigger the accident. 

This is why a lot of investigations have concentrated on identifying active failures 

at the ‘sharp end’. Latent failures cause error provoking conditions or weaken 

defences; examples include time pressure, understaffing, inadequate equipment, 

fatigue, inexperience, untrustworthy alarms, unworkable procedures and design 

and construction deficiencies (Reason 2000). These latent failures can be 

identified and action can be taken before an adverse effect occurs. Reason (1997) 

has suggested testing the safety of an organisation in order to prevent or reduce 

the number of adverse events. The following quote by Reason (2000) summarises 

this approach:

“We cannot change the human condition, but we can change the conditions 

under which humans work.”

These efforts of identifying system failures and use the results in building a safer 

system is a step towards a high reliability organisation.

1.8.1 The cognitive basis of human error theory

Human error theory is based on the assumption that most errors are the result of 

cognitive failures. Errors are defined in this context ‘as a generic term to 

encompass all those occasions in which a planned sequence of mental or physical 

activities fails to achieve its intended outcome, and when these failures cannot be 

attributed to the intervention of some chance agency’ (Reason 1990).

There are different types of cognitive processing. Automatic or unconscious 

processing relies on the knowledge base and is fast and effective, whereas 

controlled or conscious processing relies on the workspace or working memory as 

a cognitive structure and is a relatively slow, effortful process that is limited and 

difficult to sustain. Performance levels have been defined based on these 

cognitive structures: skill-based performance, rule-based performance and
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knowledge-based performance. Human performance at the skill-based level is a 

largely automatic process; performance at the rule-based level applies pre-stored 

rules which have worked successfully in the past. If humans are confronted with a 

novel situation and cannot go back to automatic learned processes or no rules are 

available, performance operates at the knowledge-based level. Reason (1990) has 

used this concept to provide a generic error-modelling system to define the 

following types of active failures: Skill-based slips and lapses, rule-based 

mistakes and knowledge-based mistakes.

Slips or lapses occur when actions do not proceed as they were planned whereas 

mistakes occur when the plan itself is inadequate. Reason (1990) has defined 

those as follows:

“Slips and lapses are errors which result from some failure in the execution  

and/or storage stage o f  an action sequence, regardless o f  whether or not the plan 

which guided them was adequate to achieve its objective.”

“Mistakes may be defined as deficiencies or failures in the judgmental and/or 

inferential processes involved in the selection o f  an objective or in the 

specification o f the means to achieve it, irrespective o f  whether or not the actions 

directed by this decisions-scheme run according to plan.”

Slips relate to observable actions and are associated with lack of attention, 

whereas lapses are more internal events such as memory failures.

Certain factors or error modes have been recognised to be associated with these 

different types of active failures. This is inattention at the skill-based level, that 

means the attention is largely not focussed on the task at hand, but captured either 

by an external or internal source, for example, worrying about some issue. In 

other cases the actor fails to make an attentional check due to an interruption 

which took the attention on something else. The error mode leading to rule-based 

mistakes can be informational overload, leading to the application of a rule which
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does not correspond to the situation at hand. This can be due to a wrong mental 

model of the situation where actors do not realise that the usually correct path of 

action does not fit the current (new and changed) situation. In other words a 

previously successful rule ‘if this condition occurs then this action is required’ is 

applied. Knowledge-based mistakes can occur due to limited memory workspace 

where a situation becomes complex so that the actor is no longer capable of 

processing all necessary information and therefore comes to the wrong conclusion 

about a situation and acts in the wrong way. Table 1.6 summarises the main 

characteristics of the slips/lapses and mistakes.

Type of 
human error

Performance
level

Failure Error mode

Slips/lapses Skill-based Monitoring
failure

Inattention or over
attention

Mistakes Rule-based or
knowledge-
based

Problem solving 
failure

Misapplication of good 
mles or application of 
bad mles

Table 1.6 Characteristics of slips/lapses and mistakes (adapted from Reason 
(1990))

Violations have been identified as another type of active failure. Violations have 

been defined as deliberate deviations from safe operating procedures, standards or 

rules (Reason 1997). Even though it is a deliberate deviation, the actors do not 

intend any bad consequences. This does distinguish violations from sabotage 

which are actions where a bad outcome is intended. Different examples of 

violations have been identified:

• Routine violations, ‘comer-cutting’ or taking short-cuts occur when 

procedures are seen as unnecessary long. They can become a habit of 

working or the normal way of doing a job, especially when the working 

environment does not sanction such violations.

Necessary violations occur when constraints force staff to violate
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procedures in order to ‘get the job done’. Again procedures that do not 

seem to be optimal or problems with design of equipment can contribute 

to these violations.

The whole concept of active failures and the conditions and latent failures which 

contribute to such active failures occurring has been summarised in the 

organisational accident causation model (Figure 1.1).

1.8.2 Application in medicine

Rappaport (1970) argued already in the 1970s that there was a ‘profound need for 

the application of human factors technology to biomedical problems’. Early 

examples of applying human error theory to investigate causes of failures in 

health care have already been presented (Cooper et al. 1978; Cooper et al. 1984). 

Recently, Reason’s human error theory has received attention in medicine (Leape 

1994). Vincent et al. (1998; 1999; 2000) have used Reason’s organisational 

accident causation as a framework to examine clinical incidents in obstetrics to 

extend the model and adapt it to the situation of health care. The work was based 

on a combination of interviews and document analysis (Stanhope et al. 1997; 

Taylor-Adams et al. 1999). Error producing conditions and organisational factors 

were summarised in a single broad framework of factors affecting clinical 

practice. The main types of factors are: 

institutional context 

organisational factors 

management factors 

work environment factors 

team factors 

individual factors 

task factors 

patient factors.
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The authors also suggest taxonomic subcomponents for each of these factors to 

expand the analysis on each of these levels. The framework is recommended to be 

used to investigate adverse events in medicine (referred to as care management 

problems) to identify underlying problems.

Latent failures and 
contributing factors

Active failures Defences 
sharp end'

Accident

Hospital level Ward level
Error

Organisational Producing
processes and conditions
management
factors Violation

producing
conditions

Slips,
lapses

Mistakes

Violations

Figure 1.1 Organisational accident causation model (adapted from Reason 

(1997) and Vincent et al. (1998; 1999))

1.9 D iscussion and im plications for this study

There is growing awareness that adverse events in medicine are frequent events, 

causing harm to patients and increasing the cost of the health care system. 

Furthermore, studies indicate that a substantial number of these adverse events are 

related to errors which are potentially preventable. Amongst all adverse events in 

medicine, a considerable proportion are associated with the use of medication, 

mainly adverse drug reactions and medication errors. Research into medication 

errors goes back to the 1960s, but for the most part studies have investigated 

medication error rates involving oral drugs in the US, UK and elsewhere in 

Europe. Providing IV therapy to patients is a complex health care technology. 

There are numerous pharmaceutical standards with which preparation and
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administration have to comply. Problems and risks of IV drug therapy in UK 

hospitals were recognised almost 30 years ago in the Breckenridge Report 

(Department of Health and Social Security 1976), whether or not these 

recommendations have been implemented remains unknown. Since then, little 

research has been carried out about IV medication errors and surveys indicate that 

IV drugs (with the possible exception of cytotoxic drugs and parenteral nutrition) 

are still prepared on wards in the UK.

A small number of studies have been carried out to estimate the incidence of IV 

medication errors. These indicate high error rates, ranging from 13% to over 

100%. This range of error rates is unexpectedly high and it is difficult to 

generalise from the findings of these studies on how frequent IV medication 

errors occur in practice in UK hospitals. A comparison of the studies shows that 

the study methods used, i.e. observation technique, definition of a medication 

error, classification of errors and setting of the studies, vary widely. Moreover, 

some studies lack a detailed description of the methods and most studies have 

investigated relatively small sample sizes. Another aspect, which has only rarely 

been considered, is estimating the risk of patients experiencing an IV medication 

error.

Furthermore, anecdotal evidence suggests that IV medication errors have a great 

potential to harm patients, but only very few studies have attempted to assess the 

potential clinical significance of IV medication errors. There have been doubts 

about the validity and reliability of the methods used for severity assessment. 

However, assessing the severity of the medication errors allows differentiation 

between minor errors unlikely to have any adverse consequences for the patient 

and errors with the potential to harm patients. A valid and reliable method to 

assess the potential clinical severity of medication errors was developed recently. 

Such a method can be used to determine the incidence of both, serious and minor 

IV medication errors, which then allows focus on harmful errors and discussion of 

strategies to reduce them. Assessing the severity is also seen as a means to
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estimate the risk to patients when receiving IV therapy.

Medication error research has been criticised for focussing on studying the rate of 

medication errors, but not considering the wider context in which medication 

errors occur (Cheek and Gibson 1996). Likewise, investigations of errors have 

often resulted in blaming and punishing individuals and introducing further 

training. However, exploring causes of errors is seen as the first step towards 

considering more fundamental changes in the system to reduce the error rate 

(Leape 1994). Some authors have suggested causes of IV medication errors, but 

none of the studies has used a systematic approach to explore causes. It has been 

suggested that theories play an important role in health care. If they are used 

explicitly they can explain systems and in this way help in data collection, 

analysis, understanding and use of evidence (Alderson 1998). Therefore a theory- 

driven approach to systematically explore a range of factors likely to contribute to 

adverse events was required for the present study. Experience from other high risk 

areas such as nuclear power plants, chemical industry and aviation show that 

causes of adverse events have been successfully investigated using a human 

factors approach. A hospital can also be regarded as a high risk organisation and 

therefore similar methods can be applied to investigate causes of adverse events in 

medicine. Examples of such applications have been identified. This may, 

therefore, be a suitable theoretical approach to study causes of IV medication 

errors.

Only few studies in medication error research have been carried out across 

different countries using the same methods and definitions, thereby allowing a 

direct comparison of the results obtained in different countries (Dean et al. 1995; 

Taxis et al. 1999). These studies show that a comparison of similarities and 

differences of drug distribution systems including error rates and types of error 

provides valuable insight, revealing strengths and weaknesses of each system. As 

the main researcher is German, an obvious choice for the second country was 

Germany. Moreover, there has been very little research into medication errors.
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especially IV medication errors in Germany. Furthermore, hospital pharmacy 

practice differs considerably between the UK and Germany, for example, there 

are only limited ward-based clinical pharmacy services in German hospitals, 

whereas UK hospitals operate a ward pharmacy system. All of these aspects made 

the two countries interesting objects for a comparative study.

1.10 Research questions

In conclusion, providing IV therapy to patients is a complex health care 

technology and the preparation and administration of IV drugs seems to be 

associated with a high incidence of errors. Little is known about severity and 

causes of these errors and the circumstances in which they occur. Furthermore, 

the health care practitioners’ views have rarely been taken into account. Thus, the 

following research questions were addressed in this PhD project:

• What are health care practitioners’ views, experiences and perceptions of 

IV medication errors?

What are the causes of significant IV medication errors?

Can human error theory explain the causes of these IV medication errors? 

What is the incidence, the severity and the causes of IV medication errors 

in UK and German hospitals?

What are differences and similarities in incidence, severity and causes of 

IV medication errors from the two countries?

• Can an existing method to assess the potential clinical significance of 

medication errors be used in Germany?

• What measures can be suggested for safer administration of IV 

medication?

The researcher started the project by exploring the context of IV drug preparation 

and administration in hospital, in particular investigating the roles of health care 

professionals regarding IV therapy and their experience of IV medication errors.

56



Chapter 1: Introduction

This grounded the project in the practitioners’ world. A theory-driven approach to 

investigate causes of errors was regarded as essential for this health care research 

project and experience from other disciplines and medicine indicate that human 

error theory could successfully be applied to this area. Thus, the study explored 

the possibilities of applying human error theory to investigate causes of IV 

medication errors and identified causes of significant IV medication errors in a 

retrospective study. The same approach was then used to investigate causes of IV 

medication errors in a prospective study which also measured the incidence and 

severity of IV medication errors in hospitals in the UK and Germany. Moreover, 

valuable insight was gained by comparing the incidence, severity and causes of IV 

medication errors across the two countries. The valid and reliable method to 

assess the potential clinical significance of medication errors in the UK was 

validated for use in Germany. Investigating the first five research questions was 

regarded as the basis for finding, discussing and suggesting measures on how to 

reduce the frequency of IV medication errors in the future.
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Chapter Two: Qualitative interviews with health 
care professionals

2.1 Introduction

Nurses have extended their role in IV therapy fairly recently, taking over IV drug 

administration from junior doctors (Leslie et al. 1990). The adoption of this new 

task has been recognised by the UKCC in their outline of standards about the 

administration of medicines including IV medication (UKCC 1992a). There has 

been some concern about nurses knowledge and skills providing IV therapy and 

taking on further roles such as the cannulation of patients (Campbell and Lunn 

1997; Clarke 1997; Wilkinson 1996) and these changes in practice have not been 

followed up by exploring nurses’ views about their role in IV therapy and their 

views and experience of IV medication errors. As Cheek and Gibon (1996) have 

argued, much research effort has been devoted to identify medication error rates 

and categories of errors, but not enough effort has been made to explore the role 

of nurses in medication administration, their interaction with other health care 

professionals, reasons for medication errors and the context in which medication 

errors occur. There are some studies (Cheek 1997; Hand and Barber 2000; Saffen 

and Chapanis 1960b; Saffen and Chapanis 1960a) exploring factors contributing 

to medication errors in general, but none of the studies has focussed on IV 

medication errors. Therefore this project on IV medication errors was started by 

exploring health care professionals’ views and experience of IV therapy and IV 

medication errors, especially concentrating on nurses’ views about the issue as 

they are the main actors in IV drug preparation and administration. This approach 

grounds this project in the practitioners’ world, an important aspect as the main 

researcher is a pharmacist.
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The aims of this part of the study were to explore the current practice of IV drug 

preparation and administration in different hospitals and the roles of nurses and 

pharmacists regarding IV therapy. Furthermore, the aim was to explore their 

perceptions of problems of IV drug preparation and administration, their thoughts 

about IV medication errors and their views about factors contributing to IV 

medication errors.

2.2 Objectives

The objectives to address these research aims were:

To explore the roles health care professionals, especially nurses and 

pharmacists perceive to have when providing IV therapy to patients.

• To identify nurses’ and pharmacists’ perspectives of problems and 

medication errors during preparation and administration of IV drugs.

• To explore their suggestions to improve safety of IV therapy for patients.

2.3 Methodology of interviewing as a qualitative research 

method

Qualitative research methods have long been established in the social sciences, 

but research in health and pharmacy has not used this approach widely until 

recently (Smith 1998). They are seen as being essential for exploring new topics, 

to obtain insight and rich data on complex issues (Bowling 1997). In areas which 

have not been researched extensively, the qualitative research approach has been 

seen as a prerequisite or at least a supplement to quantitative research (Pope and 

Mays 1995). The questions that can be addressed using qualitative research 

methods include ‘how’ and ‘why’ phenomena occur. Qualitative data emphasises 

people’s lived experience and can therefore be used to locate the meaning people 

place on events, processes and structures of their lives, to explore and understand 

their assumptions, behaviour, attitudes and the categories they use to describe 

their lives and their experience (Miles and Huberman 1994). In contrast,
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quantitative research methods focus on quantifying the aspects of interest, 

although these two methods cannot be separated completely as Dey (1993) has 

written ‘number depends on meaning and meaning is informed by number’. The 

methods frequently used in qualitative research include observation, in-depth 

interviews, and document analysis (Bowling 1997). The choice of research 

method of course depends on the research question asked.

Out of all the available methods, interviewing is a particular useful method to 

explore people’s perceptions and to understand how people make sense of their 

own world (Bowling 1997). The researcher therefore decided that the interview 

method was suitable to be used at this point in the research project to address the 

stated objectives. Interviewing would allow the researcher to gain insight to the 

perspective and views of the health care professionals. The data obtained in this 

part of the study are then further complemented and supplemented by data 

collected using other qualitative and quantitative research methods, document 

analysis and observation, during further parts of the study.

There are different types of interviews including structured, semi-structured and 

in-depth interviews. Structured and semi-structured interview methods require the 

development of an interview schedule for which assumptions on the topics have 

to be made to select the questions and decide on the wording and order of 

question^ in advance. In contrast, the use of in-depth interviews are a flexible 

research method which allows the researcher to explore people’s complexity of 

attitudes, behaviours and experience and respond to their answers (Bowling 

1997). Little research has been carried out exploring the background of IV 

therapy. However this would be necessary to design a structured questionnaire 

therefore in-depth interviews were seen as the appropriate research method.

As with all research methods, interviewing as a data collection method also has its 

limitations. One of the critical points is that the interview situation is not a 

naturally occurring situation, it is artfully constructed and occurs in a context
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which is removed from the matters that the interview is about (Ackroyd and 

Hughes 1992). This has been put as ‘it is also a well known fact of life that people 

often do not do what they say they will do, or have not done what they report they 

have done’ (Ackroyd and Hughes 1992). This aspect has to be considered when 

analysing the data. Robson (1993) suggests that one of the ways to address this 

problem is to combine interview methods with other data collection methods such 

as observation, because what people talk about can be compared with what has 

been be observed or found in documents. This research strategy has been used in 

the present project in further parts of the study.

Issues that have to be considered using interviewing as a research method is the 

number of interviewees and the sampling procedure used to select the 

interviewees. The time consuming nature of interviewing and the vast amount of 

data prevents a single researcher to interview a large number of people. Also, this 

is not necessary as no statistical tests are carried out and a single issue raised by 

one interviewee is already enough to be included in the analysis. The aim is to 

understand phenomena rather than to apply the findings to the general population 

(Bowling 1997). Thus, qualitative interviewing is usually based on small sample 

sizes. Sampling methods generally used in qualitative research include purposive 

sampling, snowball sampling, theoretical sampling and convenience sampling. 

These are all non random sampling methods which carry the risk of obtaining a 

non-representative sample and that way limit the generalisability of the results. 

Convenience sampling can be used to explore complex issues. The researcher 

decided to use the latter method in the present study owing also to practical 

reasons as interviewees are easy to recruit and interviewees likely to respond can 

be recruited (Bowling 1997).
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2.4 Methods

2.4.1 Preparation of the study

Qualitative in-depth interview technique is a flexible method. The interviewer 

does not have a fixed interview schedule, but has a range of topics for the 

interview and responds to themes raised by the interviewee. The exact questions 

asked and the order of questions are not set in advance. The researcher devised a 

topic guide reflecting the objectives of the study. The subjects for the topic guide 

were based on the literature and discussed with an experienced researcher. The 

following topics were explored during the interviews.

• Problems including medication errors health care professionals experience

when providing IV therapy to patients, their suggested causes and possible 

solutions.

• Roles of health care professionals when providing IV therapy to patients.

New themes emerging during the interviews were also be followed up by the 

interviewer. Qualitative interview technique was practised in a work shop with an 

experienced researcher. Furthermore, three pilot interviews were carried out to 

practise qualitative interview technique and to test that the topic guide was 

appropriate. The experienced researcher also commented on the interview 

technique after reading the first few interview transcripts.

2.4.2 Recruitment and interviews

Interviewees were recruited from a total of four different hospitals (two pilot sites 

and two main study sites). Ethics committee approval was obtained from the two 

main study sites before commencing the interviews. Management of both 

hospitals were also informed about the study.
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A convenience sampling method was used to recruit interviewees. The 

interviewees were selected to represent different grades and different clinical 

specialities from different hospitals. This was to include a range of health care 

professionals with differences in experience and background to obtain a range of 

different views and opinions. A larger number of nurses than other health care 

professionals were recruited owing to the emphasis of the study on nurses’ 

experience.

The methods to recruit the individual interviewees (nurses, doctors and 

pharmacists) were as follows. The main researcher contacted ward managers and 

asked for approval to contact their nursing staff. Either the ward manager 

suggested nurses who the researcher could then approach individually or the 

researcher attended a nursing hand over, presented the study to the nurses and 

asked for volunteers. One of the ward pharmacists introduced the researcher to the 

two doctors. Senior pharmacists were contacted in the hospitals to ask for 

approval for the study. These senior pharmacists suggested other pharmacists the 

researcher could then contact. An information leaflet (Appendix 1) explaining the 

purpose of the study was handed out to all volunteers before asking their approval 

to be interviewed. The researcher also emphasised that participation was entirely 

voluntary and the interview could be terminated or questions not answered if the 

interviewer wished to do so. Interviewees were assured that all personal 

information would be kept confidential and it would not be possible to identify 

individuals from any report.

Interviews were carried out in the hospital; either in a spare room, an office on the 

ward, in the pharmacy department or in the cafeteria. The researcher tried to 

ensure that a quiet room was selected as potentially sensitive topics were 

discussed.

Interviews were tape recorded if interviewees agreed, otherwise the researcher 

took detailed notes during the interview, transcribed these notes and amended
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them as soon as possible after the interview. The researcher also wrote ‘field 

notes’ as soon as possible after the interview to summarise her impressions of the 

interview.

2.4.3 Analysis and validation of the analysis

All tape recorded interviews, handwritten interview notes and field notes were 

transcribed by the main researcher. The computer software package NUD*IST 

(Version 4.0) was used during analysis. The three pilot interviews were included 

in the main analysis as the interview methods were not changed. An initial coding 

framework was developed with a second researcher which summarised emerging 

themes from the first few interviews. This coding framework was further refined 

when analysing more interviews, for example, looking for conflicting cases 

(Miles and Huberman 1994; Silverman 1993). All interviews were read by a 

second researcher checking the main researcher’s coding. Any disagreements 

about coding were discussed and resolved.

2.5 Results

2.5.1 Overview

A total of eight nurses, five pharmacists and two doctors from four different 

hospitals (two university teaching hospitals and two former district general 

hospitals) were interviewed. Interviews lasted between 20 and 60 minutes. Twelve 

interviews were tape recorded, the interviewer took detailed notes for the 

remaining three, as the nurses (N7, N8, N4) did not want their interview to be tape 

recorded. Two nurses (N7 and N8) wished to be interviewed together. Table 2.1 

provides details of the health care professionals who were interviewed. All 

interviewees were female.
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ID Profession, specialisation Hospital

Nurses

N1 Ward sister, renal ward A

N2 Staff nurse, surgical ward B

N3 Junior sister, surgical ward B

N4 Staff nurse, surgical ward B

N5 Staff nurse, paediatrics B

N6 Sister, intensive therapy unit B

N7 Sister, surgical ward C

N8 Staff nurse, surgical ward C

Pharmacists

PI Grade D pharmacist, ITU/surgical unit A

P2 Grade D pharmacist. Preparation unit D

P3 Grade B pharmacist. Rotational post C

P4 Grade B pharmacist. Rotational post C

P5 Grade B pharmacist. Rotational post C

Doctors

D1 House officer, surgical ward B

D2 House officer, surgical ward B
Table 2.1 Details of interviewees
Hospitals: A/C university teaching hospitals; B/D former district general hospitals

2.5.2 Themes from the interviews

The main themes that emerged from the interviews are presented along the two 

subjects from the topic guide. The first theme was how nurses perceived their role 

in IV drug administration and their comments about the training they received to 

fulfil this role. Nurses also described problems including medication errors they
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experienced during everyday practice and their suggested causes. A final theme 

was the involvement of pharmacists in IV therapy at ward level. Representative 

quotes are selected from the interviews to illustrate the thoughts of the 

interviewees and describe the themes.

IV  drug preparation and administration  -  a nursing duty?

Nursing staff had the main responsibility for IV drug preparation and 

administration in the study hospitals, the two doctors had very limited experience 

with IV drug administration and were not interested in taking this up as a duty, 

unless nurses specifically requested the doctors to carry out IV drug 

administration. Several nurses expressed that they did not like the task of IV drug 

preparation, because it took them physically away from the patient care area. 

Some nurses even considered IV drug preparation and administration not to be a 

nursing duty.

“When you consider nursing duties to do and having to do a whole ward full o f  

intravenous antibiotics is extremely frustrating, we wanted to do other things.”

(N l)

Such statements came mainly from the older nurses who recalled the times when 

IV drugs were administered by doctors or doctors helped out. In contrast, other 

nurses found IV drug preparation was an interesting task and required more 

‘brains’ than other duties.

“[IV drug preparation and administration] is something different, just than the 

basic nursing care it takes and stimulate your mind it is more complicated work 

to do. So it takes a bit more skill.” (N2)

And these included nurses who were keen on extending their roles in the area of 

IV therapy, for example, learning to insert cannulas. However whether nurses 

liked or disliked the task, they all agreed that nurses were better suited to 

administer IV medication than doctors; this was because in their view nurses
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knew patients better, had more knowledge about the medication and took more 

time to administer medication carefully than doctors.

Other nursing roles

Some of the nurses felt that they also had an important role in checking the 

doctor’s prescription and said that this was often not recognised and that nurses 

required further training in this area.

Training

Most of the nurses had attended an IV course before starting IV drug 

administration. Some nurses had already been involved in IV drug preparation 

when they had been student nurses. The two doctors had very limited previous 

experience, but both of them had had an exam in IV drug administration during 

their undergraduate course at university. The nurses in general learned how to 

prepare IV medication on the ward from their colleagues and some of them had 

been supervised the first few times they administered IV medication. None of the 

nurses had received any formal training in the actual preparation of medication; 

the IV courses had been concerned with pharmacological and other theoretical 

issues. This is summarised by the following quote:

NURSE: Well, they go on a study day, we have got one study day and that’s 

what we do. But really, I mean, they don’t, we don’t do actual, you know you  

don’t draw up any drugs there, you don’t add them, or anything, it’s just all the 

theory behind o f  what you are giving, and you get your practice actually on the 

ward with the IV nurse who you.

RESEARCHER: How does that work?

NURSE: Well, basically whoever has got the IV certificate and is experienced in 

giving it you come with whoever has to learn to do it and you watch them doing 

it and then they get and they’ve got the certificate then and as they do each thing 

you sign them up when you feel they are confident at doing the procedure. (N3)
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Problems and their suggested causes

Nurses complained about the high workload that was related with IV drug 

preparation and administration which made it impossible sometimes to administer 

medication on time and to adhere strictly to recommended preparation guidelines. 

Nurses said that the preparation area was not always ideal, for example, drugs 

were prepared on top of drug charts or trays were reused and they felt that this 

practice increased the risk for infections. The following quote is representative for 

what several nurses said about infection and the causes for lack of aseptic 

technique.

NURSE:[...] I am sure there is probably plenty o f  contamination from trays and 

you know ‘cause you know, all right, everybody knows what they should do, but 

1 mean all the time, it is not done all the time.

RESEARCHER: Why do you think that is?

NURSE: Well, I think, it is pressure, yea, people’s time, just you know, so many 

things to do, ‘cause, people are under a lot o f  pressure it is not how it was a few  

years ago, the wards are just busy and busy and there is less staff and sometimes 

you might have quite a few staff on, but they are very junior so you haven’t got 

anyone with enough experience so you are trying to oversee everything [...] (N3)

Another factor was the lack of adequate preparation area which was conveniently 

located for the staff. One of the pharmacists said that none of the wards had an 

adequate dedicated preparation area.

Nurses also experienced problems when preparing and administering IV 

medication that they were not familiar with or they had never done before. In such 

cases nurses in general said they checked the hospital’s IV guide, the 

manufacturer instructions or asked the pharmacist.

“We always read the instructions that come with the package and when w e are 

still not sure then we ring the pharmacist and ask their advice, usually if  it is 

written down on the drug chart, the pharmacist w ill write out a little section
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anywhere on how to make it up and how to give, whether to give it bolus or 

infusion.” (N5)

Medication errors

Some of the nurses mentioned examples of IV medication errors that they had 

been involved in or that they had heard of, whereas some other nurses said that 

they did not remember any IV medication errors. The following quotation is from 

an interview of a staff nurse and a sister, both working on the same ward:

RESEARCHER: You were mentioning mistakes before, do they happen?

NURSE; When it is busy all sorts o f  things can happen, but I never heard o f  any 

SISTER: I know, that patients received cefotaxime instead o f  ceftazidime, when 

ceftazidime was written up and you read it, but you prepare cefotaxime instead.

(N7/8)

And the following is a citation from a paediatric nurse who qualified 3 years ago.

“1 have never heard of, not during my training and my time as a staff nurse, 

anyway, I have heard o f  a wrong oral drug being given, but not an IV drug.”

(N5)

Other types of preparation errors mentioned included the use of an unsuitable 

solvent or diluent. In some cases drug preparations did turn out differently for 

unknown reasons, such as they did not have the right colour. A junior doctor 

talked about a bank nurse who had asked her whether to administer morphine 

sulphate or diamorphine for a prescription of morphine. An example of an 

administration error was the administration of a drug through a vein it should not 

be administered through.

Causes o f errors

Lack of experience and lack of knowledge were mentioned as causes for these 

errors. Nurses said that especially agency or junior staff had problems dealing 

with medication they were not familiar with. But even experienced nurses said
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that they had problems when dealing with medication they had not prepared 

before or were working in a clinical area, for example, paediatrics that they were 

not familiar with. It was then difficult to check the adequacy of the dose or the 

administration rate that was prescribed by the doctor. Another cause mentioned 

was the lack of supervision. One of the senior nurses said that bank or junior staff 

could not be blamed for errors as they should be supervised.

“Because w e are an admissions ward, we a lot o f  the times we get patients in, 

medical patients, cardiac problems and you have to give medical, IV medicines 

that are used in medical wards you are not used to, like uhm, GTN IVI, we are 

not used to it, if  the doctors don’t put the right dose, precisely up that you know  

don’t put it up and do it, then it’s difficult you, you, I don’t know the right dose 

you see and they have to tell me OK you have to check the blood pressure and 

got to check for this and this and that and [...]. If they don’t work things out 

precisely, and we mix it like that and they did it wrong we w on’t know the 

difference.” (N2)

Infusion equipment

The researcher also asked about problems related to the use of infusion devices, 

especially electronic infusion pumps and syringe drivers. Most nurses could recall 

some problems with old infusion equipment. Nurses had mostly positive 

comments about new infusion equipment which they considered to be safe and 

easy to use. For example, one of the hospitals had standardised the infusion 

pumps that were used. Insufficient supply of pumps and the high cost of special 

infusion sets were found to be a problem. Several nurses told the researcher about 

situations when patients or their relatives manipulated infusion devices. Examples 

included ‘mechanically minded men’ who thought they knew how to handle 

pumps and changed the setting.

Suggestions how to solve problems

The nurses in general did not feel that there were many problems related to IV 

drug preparation and administration which needed to be addressed, apart from 

high workload. Some nurses had worked in hospitals operating a Cl VA service
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and this was regarded as a good solution, especially saving time. However some 

nurses issued doubts whether the pharmacy department would be able to provide 

such a service. Two pharmacists thought that nurses would become de-skilled.

The nurse working in paediatrics felt quite strongly about not wanting to 

administer a drug that had been prepared by someone else. The high cost that 

would be involved in providing such a service was seen as an obstacle, as well as 

practical problems such as supply of medication on weekends. One pharmacist 

suggested IV medication be prepared by pharmacists on the wards and possibly 

even administered by pharmacists.

Other suggestions included providing more information, for example, one 

pharmacist was about to complete an IV guide outlining details of IV drug 

preparation and administration for all IV drugs commonly used in the hospital. 

This was going to be available on all the wards and via the internal computer 

network. Introducing more training and education for nurses was also mentioned. 

Several nurses emphasised how important knowledge about medication was and 

that they needed regular update about new medication.

Involvement o f  the pharmacist

Pharmacists saw their role as organising the supply of IV medication, providing 

information and being available for advice regarding IV drug preparation and 

administration. Some of the pharmacists were involved in training courses for 

nurses, for example, giving them lectures or teaching them calculations. 

Pharmacists also monitored prescriptions and ensured that medication was 

switched from IV to oral as early as possible. Pharmacists were less aware of 

particular preparation and administration problems, especially the junior 

pharmacists. An exception was the pharmacist who was involved in writing the IV 

guide who listed the following range of preparation and administration problems 

she had come across: administration of medication as a bolus instead of an 

infusion, selection of the wrong infusion rate, failure to protect infusions from 

light and omitting to flush the line. The other pharmacists assumed that nurses
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were good in IV drug preparation and administration and would always ask 

pharmacists if they had a problem. Otherwise they did not get pro-actively 

involved with preparation or administration and the following quote was fairly 

typical.

“I know that the IV guide kind o f  sets [IV drug administration] out so that should 

be in there. I mean how good they are at looking at it, and doing it I don’t know.”

(P2)

Most of the pharmacists had never observed a nurse carrying out preparation and 

administrations.

“I am not quite sure about nurses’ technique, as w e haven’t really, I haven’t 

really looked at them personally and what they do and I don’t know if  they, 

usually know what they are doing if  they are in any doubt they would call us up.”

(P3)

None of the pharmacists was involved in any advice or decisions regarding the 

use of infusion pumps with the exception of checking administration rates against 

prescriptions.

2.6 Discussion

The nurses interviewed in this study had the main responsibilities for preparation 

and administration of IV medication, the pharmacists saw their role in monitoring 

prescriptions, ensuring supply of IV medication and providing information. The 

main problems mentioned in relation to IV drug preparation and administration 

were high workload, whereas medication errors were not seen as an important 

issue.

Interviews showed that the main responsibility of IV drug preparation and 

administration was within the nurses’ responsibility. Some of the nurses
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apparently did not like that role, but even those nurses believed that nurses were 

better suited to administer medication than doctors. This view is supported by 

three studies (Grundy 1996; Hardem et al, 1994; O'Hare et al. 1995). In an 

observation-based study, O’Hare et al. (1995) observed IV drug administration 

carried out by junior doctors and by nurses. Comparing the error rates that were 

identified for each professional group the results indicated that a statistically 

significantly higher IV medication error rate was associated with the junior 

doctors than with the nurses. The majority of the errors of junior doctors were the 

inappropriately fast rate of administration (O'Hare et al. 1995). Another 

observation-based study indicated that nurses adhered stricter to procedural 

aspects of IV drug preparation and administration such as handwashing, flushing 

of cannulas and recording of medication than doctors. This difference was also 

found to be statistically significant (Grundy 1996). However, both studies have 

only surveyed a relatively small sample and have been carried out on one ward 

only, factors limiting the generalisability of the results. Telephone interviews of a 

small sample of nurses and house officers indicated that the doctors had less 

knowledge about the preparation and administration of two common drugs. 

Doctors also said they would administer the drugs faster than recommended 

(Hardem et al. 1994). Only one of the two doctors interviewed in the present 

study had experience of IV dmg administration. This was the administration of 

the first dose of pethidine to a patient, because nursing staff did not want to do 

this. Both doctors worked at the same hospital and came from the same medical 

school and had had some training in IV dmg administration as undergraduates, 

but they did not have to practice this routinely on the wards. None of them wanted 

to be involved in IV dmg administration.

Pharmacists were involved in monitoring prescriptions and nurses in general 

welcomed this role appreciating their advice and the easy access to pharmacists. 

However, especially the junior pharmacists did not seem to have much knowledge 

about practical problems nurses may have when preparing and administering IV 

medication and they had never observed a nurse doing this task. In this respect the
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pharmacists remained in a passive role, expecting nurses to ask for further advice 

and information.

Nurses described the formalised training courses in IV drug preparation and 

administration they participated in as mainly covering the theoretical aspects of 

IV therapy. It was of some concern that practical aspects were left up to informal 

ways of learning from each other at ward level. This may have implications on 

preparation and administration technique. Some of the nurses also requested to 

have more training about new therapies to be able to fulfil their role of checking 

prescriptions.

Few of the nurses recalled any incident of a medication error. This could have 

several reasons. It could be that nurses interviewed had never been involved in a 

medication error. However, the literature review revealed IV medication errors to 

be frequent events and therefore this explanation seems unlikely to be sufficient. 

Nurses could have a different definition of what constitutes a medication error 

than the researcher and the definitions usually used in the literature. This point, 

originally raised by Francis (1980), was investigated in an ethnomethodological 

study by Baker (1997). This participant observation-based study identified that 

nurses applied certain criteria when deciding whether or not a deviation from a 

recommended procedure constituted a medication error. For example, nurses 

thought that a medication error had not occurred if the incident was not within the 

individual nurse’s responsibility, if everybody involved knew about the incident, 

if the deviation was common practice and if the initial error was corrected later.

The existence of medication errors could be denied and not talked about in the 

context of the interview with a researcher who was a pharmacist (Cheek and 

Gibson 1996). The interviews were carried out in the hospital and it may be that 

some nurses were not willing to share confidential and personal information with 

the researcher. This was anticipated and the researcher tried to overcome this. For 

example, a quiet room was used for the interviews where the interview was
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unlikely to be disturbed. Similarly, the researcher introduced herself as a PhD 

student in pharmacy who was not working in the hospital. Interviewees were also 

assured that all information would be kept confidential. However, this lack of 

open discussions about medication errors could be part of the nursing culture. 

Cheek and Gibson (1996) suggested that the current rigid regulations regarding 

drug administration procedures oppresses nurses. They called this the paradigm of 

‘good nurses’ who do not commit errors and this paradigm does not even allow to 

acknowledge that errors exist. Similar results were found by Arndt (1994a;

1994b) interpreting qualitative data obtained in two group discussions of German 

and UK nurses, twelve unstructured interviews with UK nurses, six written self- 

reports from German and UK nurses and six cases from the professional conduct 

committee of the UKCC. She suggested that this lack of discussion and 

acknowledgement of errors may prevent learning from errors. An example for this 

seems to be the case where the researcher interviewed two nurses from the same 

ward at the same time and one did not know about an apparently frequent mix up 

between two commonly used antibiotics.

Finally medication errors could have remained unknown without nurses realising 

that a medication error has occurred. This is because medication errors can often 

be only identified if the patient experienced harm that can be related back to the 

medication administered. Medication errors can remain unnoticed if there is no 

considerable harm or the relationship between error and harm did not become 

obvious.

In contrast to initial expectations based on the literature review (Obradovich and 

Woods 1996; Richardson 1995; Wilkinson 1996) the nurses did not recall 

problems with what they described as ‘newer’ infusion equipment. The only 

problems that were mentioned about infusions were high cost of special infusion 

sets, the insufficient supply of infusion equipment and patients interfering with 

infusion equipment. It could be that the initiatives of the Medical Devices 

Agency, for example, defining minimum performance standards for infusion
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devices (Medical Devices Agency 1995) have been successfully implemented in 

practice.

Factors that caused problems regarding IV drug preparation and administration or 

contributed to medication errors included high workload, lack of adequate 

facilities and general lack of knowledge about medication and, in particular, lack 

of up-to-date information about new medication. Similarly, the nurses mentioned 

co-operation with other staff and patients as important factors ensuring good IV 

therapy. Such factors have also been identified by Cheek (1997) and by Hand and 

Barber (2000) in their studies interviewing Australian and UK nurses respectively. 

These two studies and the present study show that nurses perceive that it is not 

only individual nurses who are responsible for medication errors, but also 

contextual and structural factors.

To overcome problems and medication errors, a number of nurses and 

pharmacists suggested the introduction of a CIVA service. This has been often 

suggested in the literature (Clark 1988; Hartley and Dhillon 1998). However this 

technology has not been adopted widely in the UK (Needle 1995) and as already 

mentioned in the introduction this service has not been evaluated sufficiently. It 

has been suggested that CIVA service reduce cost of IV therapy (Armour et al. 

1997) and the number of administrations at the wrong time (Chan et al. 1993; 

Cousins et al. 1989). But few studies have been published evaluating CIVA 

services and most of those have some limitations regarding research methods 

limiting the generalisability of the results.

It was not the aim of this part of the study to use human error theory as a 

theoretical base for the analysis of the interviews, but some of the data indicate 

that this may be a useful approach to study IV medication errors. Nurses did not 

recall many medication errors and this could, among all the possible reasons that 

have been already discussed, also be partly explained by investigating the 

cognitive processes that lead to human errors. If the medication error is due to a
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human error the actor involved does not always recognise that an error has 

occurred unless the action results in an obvious adverse event which can then be 

related back to the original triggering action or event or an observer is present 

identifying the error (Reason 1990). Similarly, some of the causes for problems 

and medication errors which nurses identified seem to fit in the framework of 

organisational accident which Vincent et al. (1998; 2000) have suggested. 

Examples from the interviews include the lack of adequate environment, the high 

workload and the lack of knowledge about medication which was not used 

frequently.

This was a qualitative exploration to gain insight into the roles of nurses and 

pharmacists regarding IV therapy and information about IV medication errors and 

there are some limitations associated with this study. A relatively small 

convenience sample of female interviewees was recruited from four different 

hospitals. The sample does reflect the high proportion of female members of the 

professions, but the sampling method may limit the possible generalisability of 

the findings of this small scale study. Other health care professionals may have 

different views, experience and perspectives which have not been identified in 

this study. However, the findings were supported by the literature and furthermore 

the study results are complemented and supplemented with the results of other 

parts of this project about IV medication errors.

2.7 Conclusions and implications for the next part of the study

A convenience sample of nurses and pharmacists and few doctors have been 

interviewed. IV medication was in general prepared and administered on the 

wards by nursing staff in the study hospitals. Pharmacists monitored prescriptions 

and gave advice regarding preparation and administration, but with few 

exceptions did not try and identify further practical problems nurses may have. 

Health care professionals did not see many problems regarding IV drug 

preparation and administration, except the high workload at times for which
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CIVA service was recommended as a possible solution by some interviewees. 

Especially IV medication errors were not perceived to be a serious or frequent 

problem. In line with the literature, structure, context and organisation were 

mentioned to be important to ensure good quality drug administration. The current 

training for nurses and the place of pharmacists within IV therapy are issues that 

should be further investigated. Even though human error theory was not used in 

the present interview study to analyse the data, the results indicate that it may be a 

suitable approach to systematically investigate factors contributing to IV 

medication errors. Contrary to initial expectations, infusion pumps were not seen 

to be an issue on the wards studied. Some further aspects of the findings of this 

interview study are discussed in the final chapter of the thesis after presenting 

results of the other parts of the study.

The study presented in this chapter concentrated on the views and perspectives of 

individual health care professionals providing IV therapy and their experience 

with IV medication errors. The following chapter presents the next part of the 

study which takes the opposite view and investigates cases of IV medication and 

analyses the causes that may lead to these errors.
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Chapter Three: Document analysis

3.1 Introduction

Studies about IV medication errors have frequently focussed on measuring the 

incidence of errors and identifying the types of IV medication errors (Buhannic et 

al. 1999; Clark et al. 1986; Hartley and Dhillon 1998; O'Hare et al. 1995; Thur et 

al. 1972). Most studies have suggested reasons for the errors, but none of these 

studies addressed this question systematically identifying likely causes of IV drug 

preparation and administration errors. Factors contributing to medication errors 

(regardless of the route of administration) have been identified in some studies, 

but these have been carried out some time ago in the US (Safren and Chapanis 

1960b; Safren and Chapanis 1960a) or in Australia (Cheek 1997) and the 

applicability of the results on the specific situation of IV drug preparation and 

administration errors in the UK is unknown. There are also studies investigating 

causes of adverse events in medicine or adverse drug events, but the results do not 

directly relate to medication errors (Cooper et al. 1978; Cooper et al. 1984; Leape 

et al. 1995; Wright et al. 1991). Therefore the identification of causes of IV 

medication was selected as one of the main aims of this project. Identifying 

causes of IV medication errors was seen as the first step towards finding, 

discussing and devising strategies of developing better systems which minimised 

IV medication errors as far as possible. This required a systematic and theory 

driven approach.

A human factors approach has been successfully used in the investigation of 

adverse events in the industry, aviation and the military to identify likely 

contributing factors (Meister 1999). Rappaport (1970) already argued in the 1970s 

that such an approach was needed in medicine and there are now recent examples 

of using this theory in medicine (Bogner 1994), for instance, as part of a risk
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management strategy (Stanhope et al. 1997). Thus, the human factors approach 

was selected as a possible novel theoretical base to study causes of IV medication 

errors. The literature review identified a framework of organisational accident 

causation by Reason (1990) which has been already applied to the area of accident 

investigation in medicine (Vincent et al. 1998; Vincent et al. 1999).

The aim of the present study was to use and adapt this framework for the analysis 

of causes of IV medication errors. This involved the application of the categories 

of the framework to the analysis of causes of IV medication errors to explore why 

IV medication errors occur. If successful, the next step was then to use this 

approach in a prospective study to collect data on medication errors.

The literature review revealed that there was no generally accepted classification 

system of IV medication errors and different authors have classified types of IV 

medication errors differently. Therefore another aim of this part of the study was 

to develop a meaningful classification system to describe the types of IV 

medication errors. This classification system was then also used in the prospective 

part of the study.

3.2 Objectives

The objectives to address these research aims were:

• To apply and adapt an existing framework of human error theory to 

explore causes of IV medication errors.

• To use this framework to identify causes of IV medication errors.

• To define an appropriate classification system to describe types of IV 

medication errors.
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3.3 Methodology

3.3.1 Choice of research method

Different methods have been used to collect data on medication errors. These can 

be broadly divided into retrospective and prospective methods. Retrospective 

methods include the analysis of documents, such as medical notes, administration 

records or other documents containing details about medication errors and 

interview techniques such as the critical incident technique (Flanagan 1954). For 

example, the review of medical records has been used in several studies 

identifying the incidence of adverse events in medicine including adverse drug 

events, for example, the Harvard Medical Practice Study in the US (Brennan et al. 

1991 ; Leape et al. 1991) and similar studies in Australia and the UK (Vincent et 

al. 2001; Wilson et al. 1995). The main prospective method in medication error 

research is observation of drug administration which is the method that has been 

used in most studies identifying the incidence of IV medication errors (Buhannic 

et al. 1999; Clark et al. 1986; Hartley and Dhillon 1998; O'Hare et al. 1995; Thur 

et al. 1972).

Disadvantages of retrospective methods are that in the case of document analysis 

the researcher lacks control over the type, detail and content of what is 

documented (Robson 1993) while interview methods, as has been already 

discussed in Chapter Two, rely on respondents ability to remember the incidents 

and their willingness to share their experience. In contrast, the prospective 

observation method enables the researcher to systematically record data on 

medication administration including all factors of interest. However, such a 

method is very labour-intensive; a single observer can only observe a limited 

number of medication administrations in a limited number of clinical specialities. 

Furthermore, it is unlikely that an observation-based study carried out over a few 

weeks or months can discover a considerable number of serious medication errors 

causing lasting harm or death to a patient. Moreover, the observer has an ethical
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obligation to prevent such errors from occurring. This may limit such a study to 

the analysis of frequently occurring medication errors with minor consequences to 

the patient. Document analysis allows the collection of a large amount of data and 

depending on the types of documents selected, data on serious medication errors 

can be included.

The researcher therefore decided for this part of the study to retrospectively 

analyse documents about IV medication errors from a range of different sources.

It was thought to be essential for the present study to analyse causes contributing 

to a whole range of different medication errors including medication errors of 

varying severity, from different hospitals, involving different health care 

professionals with different characteristics, for example, experience, background 

and education. Assuming that different medication errors have different causes, 

such an approach would allow the identification of a whole range of contributing 

factors and causes of IV medication errors.

3.3.2 Methodological issues of document analysis

Further methodological issues about document analysis have to be considered. 

Records do not simply present what has happened, they are written for a certain 

purpose and can be artfully constructed with a view to how they may be read 

(Silverman 1993). For example, medical records have been viewed as post-hoc 

documents recreating completeness and rationality of the actions undertaken, to 

produce an ordered account to communicate to others (Berg 1996). Therefore the 

original purpose of the documents analysed has to be considered when 

interpreting the data.

Similarly it may be difficult to understand the full meaning of the documents as 

they are based on a shared, practical understanding of common tasks, experience 

and expectations. The researcher has to be aware of these potential sources of 

misunderstanding records (Berg 1996). Scott (1990) suggested the following four
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criteria to assess the quality of evidence of any document: authenticity, credibility, 

representativeness and meaning. All four criteria were bom in mind when 

analysing documents.

3.4 Methods

3.4.1 Selection of data sources

Data were collected from different sources to enable the inclusion of a wide range 

of IV medication error cases involving different hospitals, drugs, clinical 

specialities, and groups of health care professionals with different levels of 

experience. The researcher identified the following three data bases which were 

likely to contain documents about recent cases of hospital-based IV medication 

errors.

• Reports collected in a pharmacy-led hospital data base on medication 

errors

• Files of a legal union for doctors

Records of hearings before the Professional Conduct Committee of the 

United Kingdom Central Council of Nursing, Midwifery and Health Care 

Visitors (UKCC)

These data bases were selected to obtain cases concerning doctors, nurses and 

pharmacists as the main three health care professionals likely to be involved in IV 

medication errors. Documents by the legal union were mainly cases concerning 

doctors, UKCC cases mainly involved nurses and data from the hospital reporting 

system involved all health care professionals. The reporting system was organised 

by pharmacists and therefore it was hoped that there would be also cases of 

pharmacists being involved in IV medication errors. The three organisations were 

selected as they were likely to have large data bases in their areas. Therefore the 

leading legal union was selected and the particular hospital data base was chosen
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because it was thought to be one of the largest of its kind as it had been set up as 

one of the first anonymous voluntary medication error reporting systems in the 

UK (Cavell 1995).

3.4.2 Selection of cases

Cases were selected from the data bases if they involved the erroneous 

prescribing, dispensing, preparation or administration of IV medication in 

hospitals. Error was defined as an unintended act (either omission or commission) 

or one that did not achieve its intended outcome (Leape 1994). The study focused 

on recent practice therefore cases which had occurred before 1990 were 

excluded. Cases involving parenteral nutrition were also excluded.

3.4.3 Data bases

Table 3.1 summarises the main characteristics of the three data sources, after 

which there is a description of the data bases and the methods used to identify and 

select the cases from each data base.
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Hospital error 
reporting system

Legal union for 
doctors

UKCC

Cases Written reports 
recorded by 
pharmacist 
according to 
telephone 
conversation with 
voluntary
anonymous reporters

Documentation o f  
client’s (doctors) cases 
who were involved in 
adverse event

Verbatim transcripts 
o f hearings before the 
professional conduct 
committee

Documents Standard reporting 
form

Statements o f  doctors 
(and others) about 
incidents intended for 
hospital internal 
inquiries or coroner’s 
inquest

Statements o f  
witnesses and in some 
cases also statements 
from the nurses 
involved

Table 3.1 Overview of the three data bases used to identify cases of IV 
medication errors
UKCC = United Kingdom Central Council for nurses, midwives and health visiting

Hospital medication error reporting system (HRS)

Pharmacists set up an anonymous self-reporting scheme for medication errors as 

part of a quality improvement program in their university teaching hospital in 

1993. The aims were to identify areas of medication use which needed 

improvement, to design suitable interventions and thereby increase the safety of 

therapy and to reduce the incidence of medication errors. Staff in the hospital 

were encouraged to report errors they were involved in or they had witnessed via 

dedicated telephone lines to the pharmacy department. A multidisciplinary team 

reviewed the reports regularly and issued warnings about certain medication 

errors or initiated audits of practice.

The medication error reporting forms contained information regarding the date 

and time of the error, the clinical area, drug, dosage form, route and details of the 

error. There was also one section referring to the reason the reporter thought the 

error had occurred and his or her recommendation of how to prevent such an error 

reoccurring.

85



Chapter 3: Document analysis

The researcher reviewed all reports contained in the data base and identified any 

case involving IV medication. Data were collected in February 1999. Therefore 

the reports refer to the period between June 1993 (when the scheme was started) 

and January 1999.

Legal union fo r  doctors (LU)

The union provided their members, who were all doctors, with access to 

indemnity and to advice and assistance with ethical and medico-legal problems. 

They mainly dealt with cases when the professional reputation of members or 

their clinical skills were questioned. They also covered legal costs and paid 

damages to patients who have suffered because of a medical mishap during their 

treatment provided by their members. The union had files containing documents 

about each case they had been involved with. These were organised in a 

computerised data base.

The computerised data base was used to retrieve cases which had been given one 

or more of the following keywords: drug error, wrong drug, overdose, IV 

injection, IV infusion, IV drug infusion, IV therapy, IV medication, IV insertion 

and IV drip. The list provided a short summary of each case and this information 

was used to exclude cases that had occurred before 1990 or related to incidents 

which had happened outside the hospital. All files that met the initial selection 

criteria were retrieved from the archive and the researcher read all the documents 

contained in the files. The following details were summarised for each case: time 

and place of the incident, a description of the incident, personnel involved in the 

incident and what their involvement was. It was also noted whether or not the 

information was based on statements made by the individuals directly involved in 

the incident as this was of importance when judging the accuracy of the account 

given in the file.
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UKCC

The UKCC is the statutory body responsible for regulating nursing, midwifery, 

and health visiting in the UK. The central register of nurses, midwives and health 

visitors is maintained by the UKCC and this body establishes standards of training 

and professional conduct and regulates standards for the entry to the profession. 

The UKCC also investigates complaints of misconduct about nurses from the 

public or the nurses’ employer. A team of case officers gathers information on the 

complaint and this information is then considered by a Preliminary Proceedings 

Committee of members of the Council. They decide whether the case should be 

referred to the Professional Conduct Committee (PCC). The PCC consists of 

members of the Council, practitioners, lay people and a legal assessor. Their 

hearings are held in public and the proceedings are available on application 

(UKCC 1996). The Code of professional conduct sets out the standards of practice 

that are applied in the hearings (UKCC 1992b).

The PCC deals with cases with a suspected element of misconduct in the action or 

behaviour of the nurse involved. The researcher therefore expected to identify 

incidents where nurses had been involved in IV medication errors as much of the 

nurses’ work is medication related. It was also expected that PCC had dealt with 

serious cases of IV medication errors such as those involving patients death. Only 

one research project was identified which had used these documents as part of a 

study about nurses being involved in medication errors (Arndt 1994a; Arndt 

1994b).

The researcher reviewed the minutes of all the hearings that had taken place in 

1997 and 1998 and identified cases which had potentially dealt with intravenous 

medication errors. The UKCC then provided transcripts of the selected hearings 

which were analysed by the researcher.
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3.4.4 Data analysis and validation

A content analysis of all documents of the selected cases was carried out. The 

type of IV medication error was described and causes of the errors were identified 

applying human error theory. Descriptive parameters of each case were entered 

into SPSS (Statistical Program for the Social Sciences, version 10.0) which was 

used to calculate frequencies. The content analysis was reviewed by a second 

experienced researcher who checked the categories and the coding. Any 

disagreement on categorisations was discussed and resolved.

To protect the identities of all persons involved in the incidents, characteristics 

such as names of hospitals, places, health care professionals and patients were 

omitted or replaced by numbers or letters by the researcher. Only the two 

researchers working on the project had access to the raw data.

3.4.5 Classification of IV medication errors

In each case the main type of IV medication error was identified and categorised 

according to the stage within the process in which the error first originated. These 

were defined as the preparation and administration stages. Errors which did not 

occur at either of these stages were categorised as other errors. These three 

categories were mutually exclusive, for example, the preparation of a wrong dose 

which was subsequently administered to the patient was counted as a preparation 

error. Not preparing a medication at all, for example, due to not seeing the 

medication order was also categorised as a preparation error. Errors within each 

category were further described using mutually exclusive subcategories based on 

categorisations described in the literature (Allan and Barker 1990) which were 

modified and adapted to describe IV medication errors.
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3.4.6 Analysis of causes of errors

Human error theory was applied to investigate the causes of the medication errors. 

A general overview of the theory by Reason (1990; 1997) and the application of 

his organisational accident causation model in medicine (Vincent et al. 1998; 

Vincent et al. 1999; Vincent et al. 2000) was given in Chapter One.

Briefly, human error theory distinguishes between active failures, error and 

violation producing conditions at a ward level and latent failures. Active failures 

happen at the sharp end i.e. the outcome becomes immediately (or within hours) 

obvious; they are the precursors or triggers of an accident. There are two 

categories of active failures: Errors and violations. Further subcategories of errors 

are slips, lapses and mistakes. Different failures in the cognitive processes cause 

these errors. The factors contributing towards active failures (i.e., error and 

violation producing conditions and latent failures) include the institutional 

context, organisational and management factors, work environment factors, team 

factors, individual factors, task factors and patient factors (Vincent et al. 1999).

This organisational accident causation model was applied to the analysis of the 

causes of the IV medication errors. For each medication error the main type of 

active failure was identified, the error and violation producing conditions and the 

organisational structure and management decisions leading to these conditions.

Types o f active failure

Active failures were the actions which mainly triggered the medication error 

according to the descriptions in the data. The following two categories were 

defined (Reason 1990):

Human error (slip, lapse or mistake): These were actions which either did 

not proceed as planned (slips/lapses) or the actions did not achieve its 

desired end (mistakes).
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• Violation: These were actions of deliberate deviation from safe operating 

practices, recommendations and guidelines. The actions were intended and 

proceeded as intended, but there was no indication that any adverse 

consequences were intended.

Error and violation producing conditions and underlying problems

Factors contributing to human errors are different from factors contributing 

towards violations (Reason 1990; Reason 1997). Therefore the factors 

contributing to these two types of active failures were analysed separately. The 

statements of the main actors involved in the cases and the description of the 

circumstances were reviewed to identify these factors. Factors contributing to 

slips, lapses or mistakes were categorised as error producing conditions and 

factors contributing to violations were categorised as violation producing 

conditions. These were the factors that contributed to the occurrence of errors at a 

ward level. Furthermore, underlying problems (at a hospital or wider level) were 

identified from the data. These were institutional, management and organisational 

issues. The subcategories of Vincent’s framework (1998) were adapted and 

modified according to the data.

3.5 Results

3.5.1 Overview

A total of 242 cases were identified which met the initial selection criteria, of 

which 204 (84%) were included in the final analysis. Cases had to be excluded 

mainly because of lack of information. Details about the excluded cases are 

provided when describing the results from each data base. All the cases occurred 

between 1990 and 1999. Table 3.2 summarises the number of cases and 

medication errors that were identified in each data base. To identify the cases, 

each was given the abbreviation of the original data source (HRS, LU, UKCC) 

followed by a number given by the researcher. This identification is quoted in the
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text when referring to a case. Following is a more detailed account from each data 

base.

Hospital 
reporting system

Legal union for 
doctors

UKCC

Time period 1993 - 1999 1990- 1998 1997- 1998

Documents per case 1 A 4 page Between 2 and 
101 documents, 
each document 
consisted of one or 
more pages

Between 9 and 
206 pages of 
transcripts

Cases meeting 
initial selection 
criteria

196 39 7

Cases included in 
final analysis*

181 18 6

Table 3.2 Characteristics and number o ' identified cases from each data base
* See text for reasons for excluding cases from the analysis 

Hospital medication error reporting system

The data base contained a total of 196 reports related to the use of IV medication. 

Fifteen of those were excluded, because of insufficient information on the case. In 

50 cases the error was discovered before the administration of the medication to 

the patient (near misses). This data were included in the analysis. Some reports 

referred to one kind of medication error which had occurred on several occasions. 

These errors were counted only once, because reporters in most cases did not state 

the exact number of times these errors had occurred. Furthermore, counting such 

cases several times would not have increased the information available in each 

case as the causes had (presumably) been the same.
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Legal union fo r  doctors

The computer search using keywords gave a list of 75 files and 43 of those met 

the selection criteria; one of those was not available. The legal union sometimes 

represents different doctors involved in the same case, therefore, in three cases 

two files available related to the same incident. Thus, a total of 39 cases were 

reviewed. Of those, eight cases did not contain sufficient information to enable 

understanding of the incident and in five cases the incident was not directly 

related to the use of IV medication. Eight of the remaining 26 cases described 

administration problems of patients who suffered adverse events due to 

extravasation of medication or infiisate. Based on the information available, it was 

not possible to decide whether these events had been due to erroneous actions, 

violations or due to other unpreventable reasons (adverse drug reactions). They 

were therefore also excluded from the analysis.

UKCC

Seven cases were identified from the summary of the hearings which met the 

selection criteria. Transcripts of all the hearings were reviewed. One of the cases 

referred to a district nurse working in community and was therefore excluded 

from the analysis. In two cases (UKCC, 6 and UKCC, 7) the errors referred to 

several drugs. For example, in case UKCC, 6, two drugs of the same patient were 

administered subcutaneously instead of intravenously. Again only one medication 

error was counted if these cases presented the same error which was repeated by 

the same members of staff on several occasions.

3.5.2 Classification of IV medication errors

A total of 70 errors originated at the preparation stage, 67 errors at the 

administration stage and 67 errors originated in other stages, mainly the 

prescribing and dispensing stage (Table 3.3). IV medication error cases identified 

in the UKCC records referred to preparation or administration errors only. The 

analysis focussed on preparation and administration errors.
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Hospital 
reporting system

Legal union for 
doctors

UKCC

Preparation
errors

60 7 3

Administration
errors

58 6 3

Other errors 62 5 0

Total 181 18 6
Table 3.3 Types of] V medication errors

3.5.2.1 Preparation errors

The preparation of the wrong dose, wrong drug and the preparation of an extra 

dose were frequent types of preparation errors (Table 3.4). Wrong drug 

preparation errors included the selection of hyoscine hydrobromide instead of 

hyoscine butylbromide (HRS, 3), the preparation of amphotericin instead of 

liposomal amphotericin (HRS, 37, 167, 125) and the selection of protamine 

sulfate instead of aprotinin (HRS, 164). Wrong dose errors included two cases 

where the wrong dose was prepared by the hospital’s CIVA service (HRS, 141, 

153). Another wrong dose error was the preparation of 1000 mg of phenytoin for 

a patient who was prescribed 100 mg of phenytoin; four vials containing 250 mg 

phenytoin each were selected (LU, 9; HRS 2, 177). This error was documented in 

the HRS and the LU data base (additional information showed that the case 

referred to in the LU was different from the two cases documented in the HRS). 

Examples of extra dose errors included the preparation of four doses of 12 g 

Sandoglobulin instead of three doses (HRS, 48) and an additional dose of 

vancomycin where the drug had been crossed off due to high concentration of the 

drug in the blood (HRS, 139).
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Preparation errors Hospital
reporting

system

Legal union UKCC

Wrong drug 13 2 0

Omission 8 2 1

Wrong dose 15 2 0

Extra dose 12 0 0

Labelling error 3 0 0

Expired drug 2 0 0

Wrong volume of 
solvent/diluent

3 0 0

Unauthorised drug 0 0 2

Other errors 4 1 0

Total 60 7 3
Table 3.4 Types of IV drug preparation errors

3.S.2.2 Administration errors

The most frequent type of administration error was the selection of the wrong rate 

of administration (Table 3.5). Other types were the administration of the wrong 

drug, omission of medication and the selection of the wrong route. A frequently 

reported wrong rate error (11 cases) was the administration of medication such as 

vancomycin as a bolus instead of an infusion (HRS, 14, 21, 65, 75, 88, 91, 98,

102, 123, 176, 181). Other wrong rate errors included calculating or selecting 

incorrect infusion rates, for example, administering salbutamol with a rate of two 

millilitre per hour instead of two millilitre per minute (HRS, 10). A patient 

received an overdose of propofol in a case where the doctor failed to close the 

clamp of an infusion pump allowing free flow of the infusion (LU, 7). Another 

administration error was the erroneous flushing of an IV line with concentrated 

potassium instead of sodium chloride resulting in the immediate death of the 

patient (LU, 6). Wrong drug errors at the administration stage occurred when staff
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selected the wrong syringe or drug infusion bag in the treatment room or by the 

patients’ bedside. Examples included the administration of erythromycin instead 

of vancomycin (HRS, 116) or pethidine instead of syntometrine (HRS, 81, 135). 

A paediatric patient received his liquid oral medication through his central line 

(LU, 12). Similarly, a patient received cefuroxime suspension, intended to be 

administered through a nasogastric tube, through a central catheter (HRS, 58). 

Omission errors were the result of turning off the Avrong infusion pump (HRS, 4).

Administration errors Hospital
reporting

system

Legal union UKCC

Wrong drug 6 0 0

Omission 6 0 0

Wrong dose 3 1 1

Wrong route 6 3 2

Wrong flush 2 1 0

Wrong rate 30 1 0

Expired drug 2 0 0

Other errors 3 0 0

Total 58 6 3
Table 3.5 Types of IV drug administration errors 

3.5.3 Analysis of causes of errors

The analysis of causes of IV medication errors describes the frequencies and types 

of active failures, error producing conditions and their underlying failures and the 

violations and violation producing conditions with underlying system failures. 

Representative quotes were selected from the data to illustrate the types of active 

failures and the categories of error and violation producing conditions. Quotes 

taken directly from the documents are written in italics to distinguish these from
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the comments by the researcher. The case number for each quote is included. In 

addition, quotes from UKCC documents are annotated with the volume, page and 

paragraph number of the transcript (as given from the UKCC).

3.5.3.1 Type o f  active failure

The main type of active failure was identified for all 137 preparation or 

administration errors. The majority (129 cases; 94%) of medication errors were 

due to a human error (mistake, slip or a lapse) errors. Examples of human errors 

are presented in Table 3.6. Slips occurred because of lack of concentration; 

mistakes occurred when staff followed ambiguous guidelines or there was lack of 

understanding regarding some aspect of a task. It was not possible to further 

subcategorise the human errors into slips, lapses and mistakes in all cases (Table 

3.6)

Four (3%) case reports in the HRS and four (67%) cases in the UKCC files 

indicated that the active failure which triggered the medication error was a 

violation, i.e. the health care professionals involved deliberately violated 

guidelines or standards and these actions resulted in a medication error. These are 

further described after presenting data on the human errors and error producing 

conditions.
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Examples of slips or lapses
/  mean I  did look at at the trace [to monitor the fetal hear rate] and I  said to you 
I  didn’t look at it between ten to two and I  realise what was happening after. I  
was simply confused. ’ [ . . ] ‘Yes to the panel I  did make a mistake, but at the time 
I  was terribly distraught and fe lt very stressful then and whatever error I  did 
make then under normal circumstances I  would not have done so. (UKCC, 1, p. 
73, paragraph 6; p. 86, paragraph!)
Quote from a nurse who failed to monitor an infusion of syntocinon to a 
pregnant patient.

[The house officer] recognised the 2 plastic vials and fe lt that there was a 
reason for both o f  them to be present on the tray, that is, that one was water to 
be mixed with the cefuroxime and the other was also water, to be used for  
flushing through the venflon. He had not thought that there would be a vial o f  
potassium on the tray and had not registered that it was so present.
Report of a case officer from the legal union about the statement that a House 
officer who had flushed a patient’s cannula with potassium chloride gave at the 
coroner’s inquest (LU, 6)

Lack o f concentration, the infusion bag was out and checked but forgot to add 
bolus to bag. Comment why aciclovir had been given as bolus instead of as an 
infusion over 1 hour. (HRS, 14)

Examples of mistakes
The policy is the thing that my clients [the two midwives] have fallen victim to, 
because against T it is alleged that she continued to administer Syntocinon at 
180 microlitres per minute, despite indications o f  fetal distress. She was acting 
in accordance with the policy.
Solicitor on behalf of two midwives involved in a case where the 3 nurses failed 
to monitor the infusion of syntocinon to a pregnant patient. (UKCC, 4, Vol II, 
page 38 paragraph C, D).

Lack o f understanding
Comment why a patient received insulin according to the sliding scale and 
additionally according to a newly prescribed subcutaneous regimen. (HRS, 19)

Nurse did not realize the difference in formulations
Comment why a nurse prepared non-liposomal amphotericin for a prescription 
of liposomal amphotericin (HRS, 37)

Example of a human error (mistake or slips/lapse)
Confusion regarding dose calculations.
Comment about the incorrect setting of an the infusion rate of salbutamol at 2 
millilitre per hour, when the drug was prescribed to be given 0 . 5-2  millilitre per 
minute (HRS, 10)_____________________________________________________

Table 3.6 Examples of human errors from the documents
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3.5.3.2 Error producing conditions

Contributing factors at a ward level were identified for 97 (75%) of all medication 

errors triggered by a human error (slips, lapse or mistake. These were 9 (69%) out 

of 13 medication errors from the LU data base, 86 (75%) out of 114 medication 

errors from the HRS and 2 out of 2 (100%) UKCC medication errors. Lack of 

detail in the description of the events was possibly the main reason why no factors 

could be identified in some cases. The factors were grouped into the following six 

main categories (based on the framework by Vincent et al. (1998)).

Workload: Errors related to staff who were carrying out several tasks at the same 

time or were distracted by other activities on the ward. This also included 

situations with lack of qualified staff.

Supervision: Errors related to situations where student nurses, inexperienced or 

unqualified staff were not adequately supervised.

Communication: Problems of transfer of information leading to a medication 

error. Examples include information transfer between nurses or between nurses 

and other health care professionals. This category also includes ambiguous 

prescriptions (information transfer between doctors and other health care 

professionals).

Handling technoloev: Any error due to problems dealing with technology; this 

included lack of knowledge of technology. Examples were lack of knowledge of 

drug preparation or equipment and lack of maintenance of equipment.

Technoloev: Problems with technology itself lead to medication errors. This 

included ambiguous, complicated and unsuitable design of equipment, drug vial 

presentations and manufacturer leaflets.
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Patient related factors: This category applied when patients themselves 

contributed to the medication error, for example, patients who were not co

operative.

Individual factors: Any factor relating to individual’s conditions or feelings, for 

instance, being tired, hungry or upset.

Table 3.7 presents the number of medication errors in each category. In some 

cases more than one factor was identified and it was not possible to identify the 

importance each of the factors had. The text presents examples from the data for 

each category.

Legal union 
(n=9)

Hospital 
reporting system 

(n=114)

UKCC
(n=2)

Workload 2 5 1

Supervision 3 3 0

Communication 2 30 1

Handling technology 6 45 2

Technology 5 22 1

Patient related factors 1 3 0

Individual factors 0 0 1
Table 3.7 Medication errors due to human errors according to error 
producing conditions (multiple factors could contribute to each medication 
error)

Workload

Workload was identified as a contributing factor in few cases. Examples of 

problems regarding high workload included medication errors that occurred when
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staff carried out several tasks at the same time or when there was a lack of 

qualified staff (Table 3.8).

Workload - lack of qualified staff
Nurse very busy; asked to put up IV by a nurse not trained to put up IVs. Did 
not check the name o f the drug, patient’s name against drug chart with other 
nurse. Case where a patient received another patient’s erythromycin instead of 
vancomycin from a nurse who was not qualified to administer IV medication. 
(HRS, 116)

Table 3.8 Medication error due to lack of qualified staff (workload)

Supervision

Errors occurred when staff who were not qualified or not experienced to carry out 

tasks such as IV drug administrations were not adequately supervised (Table 3.9). 

This included auxiliary staff, junior staff (including junior doctors) or agency staff 

who were not familiar with ward routine. The Legal union data base contained 

several cases of medication errors committed by junior doctors who had never 

prepared or administered IV medication and became involved in IV medication 

errors when getting their first experience of preparing and administering IV drugs.

Supervision - Lack of supervision of staff without formal qualifications to 
administer IV medication
The nursing auxiliary had experience o f giving drugs via a feeding tube to one 
o f her own foster children. Having apparently mistaken B ’s central line for a 
feeding tube she injected the medicines (which were drawn up in syringes) 
down the tube. B should have been woken up and given the medicines from the 
syringes into his mouth. The nursing auxiliary involved was not trained nor 
qualified to administer such medication in hospital.
Report of the senior doctor about a case where a child received liquid oral 
formulations of zidovudin, loperamide and dapsone intravenously. (LU, 12)

Table 3.9 Medication error due to lack of supervision
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Communication

Communication problems were found to contribute to many errors documented in 

the hospital reporting system. These were either problems of transfer of verbal 

information or written information, for example, ambiguous prescriptions.

There was, for example, lack of transfer of information between nurses working 

in the same shift resulting in the omission of medication (Table 3.10). In other 

cases information was not transmitted at hand over to the nurses of the following 

shift (Table 3.10). There were also communication failures between nurses 

working on different wards and between nurses and the pharmacy department.

Errors resulted also from unclear prescriptions, for example, when units or doses 

were not exactly specified. An omission error occurred when a nurse 

misinterpreted the mark, by a doctor, indicating that a drug level should be taken. 

There were also cases when patients received the same drug orally and 

intravenously as orders were not cancelled clearly (Table 3.10).

Communication - information problem between nurses
In my afternoon visit at 4:30 one o f  the nurses asked why [Tazocin] hadn Y been 
sent. I  found it in a different cupboard. Lack o f communication between staff 
and disorganisation o f ward. Description of an omission error. (HRS, 98)

Sandoglobulin IV; patient prescribed 36 g/day given 48 g i.e. extra 12 g  vial 
[...] possibly miscommunication at hand over. Description of an extra dose 
error. (HRS, 48)

Communication - information problem between doctor and other health 
care professionals (ambiguous prescription)
Dose and time [o f amphotericin infusion] was changed from 10 pm to 2 pm on 
Friday, chart not clearly endorsed. 2 pm dose given late therefore still running 
when night shift arrived, handed over. Nurse saw 10 pm dose not crossed o ff 
clearly, therefore another dose given. Description of a case where a patient 
received an extra dose of amphotericin. (HRS, 54)

Table 3.10 Medication errors due to communication problems
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Handling technology

Handling technology was the factor which was most frequently identified to 

contribute to IV medication errors. Lack of knowledge (including lack of 

experience and routine) of drug preparation and administration and its related 

tasks, and inadequate use of technology were the two main subcategories.

Lack of pharmaceutical or pharmacological knowledge contributed to errors. 

Examples included difficulties distinguishing between different pharmaceutical 

formulations resulting in selecting ordinary amphotericin instead of liposomal 

amphotericin (Table 3.11). Similarly, there were problems in calculating doses 

and concentrations, for example, not differentiating between units such as 

microgram and milligram. There were also problems calculating the correct 

infusion rate. Another example, from the hospital reporting system, was the 

repeated administration of 120 microgram hyoscine hydrobromide instead of 120 

milligram hyoscine butylbromide by staff who did not realise that these were two 

different drugs.

In another case a doctor did not know how to operate an infusion pump to 

administer bolus doses. The doctor administered the bolus dose by simply 

opening the roller clamp allowing free flow of the drug. He then failed to close 

the clamp after the administration of the second bolus dose and the patient 

received a life-threatening overdose of the anaesthetic drug. The infusion pump 

had the option to set a fixed amount of drug to be administered as a bolus dose, 

but the doctor did not know how to set this up.

In other cases staff did not have any experience in (and only limited knowledge 

of) IV drug preparation and administration. This was identified in several cases 

involving junior doctors. For example, a junior doctor who had never prepared 

phenytoin before, misread the label on the vial and prepared a 10 times overdose 

of the drug for a child (Table 3.11).
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Handling technology- lack of knowledge about drug preparation or 
administration
Have not made up an infusion o f phenytoin before, counting two, 25, 50, six 
ampoules, amazing that there would be six ampoules. Dose seemed correct and 
sensible...didn’t strike me as surprisingly large dose. Statement of a junior 
doctor about the administration of a 10 fold overdose due to selecting 4 vials 
containing 250 mg of phenytoin each for a prescription of 100 mg of phenytoin. 
(LU, 9)

The [House officer] with 9 days experience might have never given an IV  drug 
and not learnt how to do this in medical school, might have heard that cannula 
should be flushed before use on placements when in medical school or from  
[myself]. Report from Senior house officer about the house officer who flushed 
a patient’s cannula accidentally with potassium chloride. (LU, 6)

Inexperience o f doctor Comment about a doctor administering vancomycin to a 
neonate as a bolus instead an infusion. (HRS, 75)

Nurses not fully aware o f difference between the two preparations or dosages. 
Comment about the administration of amphotericin for a prescription of 
liposomal amphotericin. (HRS, 167)

Ganciclovir 35 mg IV  in syringe. Full dose given and line flushed through, 
giving overage as well as dose resulting in overdose o f  20 mg. Nurse realised 
having flushed line. Nurse didn’t think clearly about the form in which drug 
administered or read label. (HRS, 53)

Table 3.11 Medication errors due to problems handling technology (lack of 
knowledge in IV drug preparation or administration)

Inadequate use of technology was the second type of problem handling 

technologies. In these cases staff did know how to handle the technology, for 

example, they knew how to carry out a certain drug preparation, but technology 

was used inappropriately. Examples included the preparation of two different 

drugs in similar syringes at the same time, storing them together for some time 

and then selecting incorrectly from the two drugs (Table 3.12). A similar error 

was the selection of the wrong route when keeping medication intended for two 

different routes together. An examples of this was the case of a doctor who 

prepared an epidural and an IV injection at the same time and then administered
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the IV injection through the epidural line. Other examples included keeping 

several similar looking vials containing different drugs in the preparation area at 

the same time. This contributed to the error of a doctor who drew up midazolam 

and atracurium instead of preparing an injection of midazolam on its own.

Inadequate handling of drug charts was also a factor. An example was the filing 

away of a drug chart in the middle of a course of chemotherapy, leading to the 

omission of the chemotherapy. Another case was the preparation of medication 

according to a drug chart which had been used on a previous admission a year 

before.

Handling technology - inadequate use of drug charts / syringes / vials
Cytarabine IV; evening dose missed due to chart being filed in the notes. (HRS, 
60)

Woman in labour, signs o f  stage, midwife drew up syntometrine - decided 
not to give it. Patient was in pain therefore pethidine required. Pethidine drawn 
up and placed besides; syntometrine given instead ofpethidine. (HRS, 81)

Patient prescribed lactulose and cefuroxime, [...] nurse picked up wrong 
syringe (oral syringe used for lactulose) and gave IV [...] Oral syringe not 
necessary for 8 year old, preparing oral and IV  together. (HRS, 30)

Table 3.12 Medication errors due to problems handling technology 
(inadequate use of technology)

Technology

Design of technology was another factor, ranging from the problematic design of 

drug vial presentations, to the complicated design of administration technology 

such as infusion pumps. Similar looking vials and boxes were inadvertently 

exchanged (Table 3.13). There were also medication errors due to the mixing up 

of similarly looking infusion lines, where IV infusions were connected to the 

patient’s epidural line or oral medication administered through a central line 

(Table 3.12).
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In some cases of the HRS it became apparent that the pharmacy department also 

contributed to such confusions. An example was a change in supply of vials with 

a different appearance (Table 3.13).

Technology -ambiguous/complicated/unsuitable design of drug 
preparation technology
[...] there was scope for confusion having two similar [potassium chloride and 
water for injection] vials on the tray. From the report of a coroner’s inquest on 
a case where a patient died due to the accidental injection of potassium chloride 
as a flush. (LU, 6)

Omnopon+scopolamine IV given in error instead o f omnopon alone. Boxes too 
similar. (HRS, 83)

Technology - ambiguous/complicated/unsuitable supply of technology
KCl plastic ampoules supplied to ward. Nurse flushing line picked up KCl 
ampoule instead o f NaCl , nurse realised straight away, nurse thought KCl 
always glass ampoules. (HRS, 31)

Table 3.13 Medication errors due to problems of technology

Individual factors

Individual factors such as tiredness, hunger or anger were not found in the reports 

in the hospital reporting system. Tiredness was considered as a possible factor in 

one case in the legal union (LU, 9), where a doctor drew up a ten times overdose 

of phenytoin. UKCC case 1 was therefore the only example where personal 

problems were identified as causing the nurse distress so that she could not 

concentrate on the task at hand (Table 3.14).
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Individual factors - personal problems
/  did go home and should return at half one. When I  went home my daughter 
who should have been really at work, was at home then and I  was pretty 
surprised and I  said to her: ’what’s going on here? ’ and eventually I  got a story 
from her that she was sacked from her little job. Ah, well, having used that 
word sacked to me, it did make me- aside from being annoyed, it did cause me 
quite a bit o f distress. These personal circumstances made the nurse so upset 
that she could not concentrate on monitoring a patient’s infusion of syntocinon 
and she failed to recognise that the fetus was distressed and the infusion should 
have been stopped. (UKCC, 1, page 59, 14“’ paragraph)

Table 3.14 Medication error due to individual factors (personal problems)

Influence o f  patients and relatives

Patients or their relatives directly contributed to medication errors, for example, 

manipulating infusion devices (Table 3.15).

Patient/relatives related factors
An accident [...] mother in pain [...] didn’t want to bother medical staff [...] 
panicked afterwards. Summary of the police interview in a case where nursing 
staff found the syringe driver with morphine fully pushed in after relatives 
visited the patient. (LU, 10)

Heparin IV; patient administered 31,000 units over 7 hours instead o f  24 hours, 
the patient pushed the syringe driver through. (HRS, 40)

Table 3.15 Medication error due to patient or relatives related factors

3.5.3.3 Multiple factors

Table 3.16 contains the summary of two cases where multiple factors were 

identified. This is to show how several different factors play a role in accident 

causation and to illustrate the whole context of two cases. Lack of experience, the 

similarity of two drug vials and the supply of strong potassium chloride to the 

ward (against national guidelines) contributed in case LU, 6. Communication 

problems between nurses, ambiguous guidelines, lack of knowledge and lack of 

qualified staff were identified in UKCC, 4.
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LU, 6: A patient was prescribed antibiotics and fluid with 20 millimol 
potassium chloride. Nurses assembled the fluid, a vial with potassium and 
antibiotics. The junior doctor was then told that a doctor had to prepare the 
infusion containing potassium and therefore changed the prescription to an 
infusion which was ready prepared available on the ward. Later a House 
Officer with no experience in IV drug administration (who had started the 
previous week) attempted to administer the antibiotics and flushed the patient’s 
cannula with potassium chloride which was still present on the drug preparation 
tray. (Researcher’s summary of case documents)

UKCC, 4: Three nurses were charged to have failed to monitor the infusion of 
syntocinon to a patient in labour leading to fetal distress subsequently leading 
to the baby’s death after an emergency caesarian section. The maternity unit 
had only been opened one month prior to the incident. Several policies had 
been changed including the administration policy for syntocinon which was 
later found to be misleading. New infusion equipment was used for syntocinon 
administration. Two of the midwives had not been trained in using the new 
policy and the infusion equipment. Staffing levels were subsequently increased. 
Staff nurses used different methods to document the number of contractions 
when monitoring the progress of the labour. (Researcher’s summary of case 
documents)

Table 3.16 Cases of medication errors with multiple error producing 
conditions

3.5.3.4 Underlying problems o f  human errors (latent failures)

Underlying failures contributing to error producing conditions at ward level were 

identified; some of these were found to be related to several error producing 

conditions.

Factors such as lack of knowledge and lack of experience contributing to errors 

indicated that training in IV drug preparation and administration was not optimal. 

This was a problem for both, inexperienced doctors and nurses and experienced 

staff, suggesting deficits in medical and nursing training at an undergraduate level 

and in the ongoing training provided by the individual hospitals. These deficits 

could also contribute to insufficient numbers of well trained staff. The lack of 

qualified staff identified would be another organisational issue.
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Problems in design of technology have also been identified. Two types of 

underlying problems were identified, firstly the complex design of drug vial 

presentations and equipment and secondly the availability of certain medication 

and equipment. Design of technology is the responsibility of the pharmaceutical 

industry whereas decisions about the supply remain with the pharmacy 

department or the drug and therapeutics committee. The pharmacy department 

seems to have especially important responsibility when this drug supply changes. 

Flaws in the design of technology also contributed to staff inadequately using 

technology.

There were also problems managing and implementing guidelines. Examples 

included ambiguous guidelines being present at ward level and the failure to 

implement national guidelines on restricting the availability of strong potassium 

chloride at ward level.

Errors occurred due to ambiguous prescriptions. The system by which medication 

was prescribed seem to contribute to such cases occurring. These were especially 

related to the use and the handling of the drug chart and the failures in 

communication about prescribed medication.

3.5.3.5 Violations

There were 8 (6%) medication errors due to deliberate violations of accepted rules 

and guidelines. Four of these were identified from the UKCC data base and four 

from the hospital reporting system. None of the cases fi*om the legal union 

indicated a violation as the main active failure. Examples of violations are 

presented in Table 3.17.
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I  was overconfident in my practice which led to me being complacent and make 
unorthodox measures to solve practical problems. This is the statement of a 
nurse who had administered diamorphine and cyclizine subcutaneously instead 
of intravenously as prescribed. (UKCC, 7)

1 began to prepare the other intravenous drugs to be given. Sister S. came into 
the room and and took Mrs. E ’s drug chart from the pile that I  had on the 
counter and began to draw up some insulin into an insulin syringe. I  assumed 
that she was going to prepare the Graseby pump, the infusion o f the insulin, so I  
spoke to Sister S. and said ‘Is that for Mrs. E? ’ and she replied ‘Yes ’. 7 was 
concerned that she didn’t have all the equipment there to start up the infusion 
pump. She would have needed to have a larger syringe, etc., and the pump itself. 
So I  said to Sister S. ‘It's not prescribed in that manner', and she replied 7 
know, but I  am going to give her a little stat. dose now because her blood sugar 
is 14'. So I  then said to her, ‘But it's not prescribed like that'. [...] She then 
squirted the contents o f  the insulin syringe into the sharps box. Statement of a 
nurse about her colleague who intended to administer insulin intravenously 
instead of subcutaneously. (UKCC, 3, part 2, page 9 paragraph F-H)

Laziness on behalf o f nurses as only needed to make up 3 x 12 g vial rather than 
2 x 6 g  + 2 x l 2 g .  Comment about the nurses’ attitudes when preparing 
sandoglobulin, indicating that the nurses knew that the drug should be titrated in 
steps as set out in the protocol. (HRS, 34)

Complacency about labelling Comment about the lack of writing the volume 
and diluent on the label of an amiodarone infusion indicating that the nurse 
knew that the infusion should be labelled, but did not see any necessity in doing 
so. (HRS, 74)_______________________

Table 3.17 Medication errors due to violations

3.5.3.6 Violation producing conditions

The factors contributing to violations can be summarised as team factors and 

individual factors. Examples from the data illustrate this. Again, several factors 

were identified in most cases.

A nurse was found to not follow the prescribed regimen of IV medication but to 

deliberately administer the medication subcutaneously instead (UKCC, 7). 

Individual factors were that he had been over-confident in his practice and he had
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not seen his own limitations of his practice (Table 3.17). Another factor was the 

lack of support from his team. He explained that he had only returned into clinical 

practice a few weeks prior to the incident and that he had not had the 

comprehensive introduction into clinical work that he should have had according 

to hospital policy.

UKCC, 3 was the case of a ward sister who had prepared a dose of intravenous 

insulin instead of subcutaneous insulin. This was only one of several charges (not 

related to IV medication). The nurse explained that she had had many problems 

on the ward with other staff who did not support her in her work. This lack of 

support had caused her to feel very isolated in her work. However as there was a 

number of other charges involved in that case her explanations do not specifically 

refer to the case involving insulin.

UKCC, 5 involved the administration of controlled drugs without written 

prescription. There was also some element of potentially criminal misuse of 

controlled drugs by another nurse (which are outside the scope of this project). 

There seemed to be a general ‘sloppy’ practice of documenting written 

prescriptions of controlled drugs (Table 3.18). Furthermore, it was discussed in 

the hearing that doctors used abbreviations when verbally ordering medication 

and that this was open to misunderstandings.
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Question: You said it was quite common for a verbal order to be given for  
diamorphine as the doctor was scrubbed up.
Doctor: Yes, that was policy at the time, yes.
Question: And then the doctor wrote it up in his clinical notes. At what time 
would he write that up? How soon after the incident?
Doctor: I  think as the case is finished and he is de-scrubbed, you write up the 
notes before the patient went back to the ward.
Question: Was there to your knowledge ever a time when a doctor had 
forgotten to write it up in the notes?
Doctor: It can happen.
Question: It could happen.
Doctor: Yes.
Transcript from examination of a doctor whose patient had received 
diamorphine from a nurse without a written prescription. (UKCC, 5, part 1, 
page 20, paragraph D-F)

Table 3.18 Example of violation producing conditions: not recording 
prescriptions according to protocol (team factor)

The nurse also complained about lack of support from the team when she had 

personal problems. These team problems were possibly due to restructuring the 

organisation of the unit which meant that catheter laboratories from two different 

hospitals were relocated in one hospital (Table 3.19).

Nurse: Everything went wrong. As soon as I  went to [the new hospital] 
everything just, I  was hanging on basically from one day to the next, trying to 
deal with situations that were coming across. It was like being in the middle 
with everything going on, because on the other hand - we had to get these 
patients through safely. When you turn round for support, fe lt you were hitting 
a block.
Chairman: Where did you go for support?
Nurse: Well, in the first instance I  had to turn to Mr. F., and there was no 
support there because he needed support himself. I  mean the contrast, the fact 
that you are supposed to be an F grade, you deal with it, the fact that the 
doctors did not. (UKCC, 5, document 3, page 26, paragraph E - G)

Table 3.19 Violation producing condition (team factor)

The fourth case of a violation from UKCC data involved a nurse who signed IV 

administration records for patients without administering any of the IV 

medication. The nurse herself was not present at the hearing, her colleagues

111



Chapter 3: Document analysis

reported that she had been trying to be over-efficient and do more work than she 

actually could do. There were no more information about the motivation for her 

actions (UKCC, 6).

Laziness and complacency were quoted as contributing towards violations 

identified in the hospital reporting data base (Table 3.17). No in-depth explanation 

of why staff did not follow guidelines and rules was available.

3.5.3.7 Underlying problems o f  violations (latent failures)

Only eight cases were identified to be due to a violation as an active failure. 

Personal and individual factors and team factors were identified as the violation 

producing conditions. There was little information on possible underlying 

problems causing these violation producing conditions. Individual factors did not 

seem to be related to the organisation or the management of the hospital. One of 

the cases (UKCC, 5) gave some insight as to how organisational changes were 

managed inappropriately. In this case, two units had merged from two different 

hospitals and different practices and guidelines and a difference in the 

environment contributed to a lack of team work and support for individual nursing 

staff (Table 3.20).
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Question: Your did say earlier on there was friction at the original merger. 
How did that manifest itself?
Senior nurse: Well, I  was getting - obviously when I  interviewed staff, met them 
for the first time [...]. So I  was picking up from both, Mr. F  and Miss W that 
they fe lt there was some animosity that the [unit] A ’s staff were feeling towards 
the [unit] V ’s staff This was because o f difference in practice. You would expect 
that anyway when two departments come together. So I  was actually - on two 
occasions I  was suggesting to Mr. F  how he should tackle this and what 
strategies he should use. [...] I  was a bit concerned about drug administration 
in general, and lack o f policies, and I  made certain that they understood exactly 
where I  was going to take the Directorate inasmuch as tightening up o f 
procedures, it is just very difficult. It is very easy in hindsight to look back and 
see what was going on, but I  was new, they did not really know me, they had to 
- 1 suppose get confidence in me as a manager.
Report of senior manager of unit about problems subsequent to the merge of 
two units from two different hospitals. (UKCC, 5; volume 2, page 51 paragraph 
F to page 52, paragraph C)

Nurse: Yes, came from an area where the surrounding support, i f  you like, 
where we had a recovery area etc. was beneficial to the patient and safe 
practice, and coming into an environment where we did not have - where 
patients were laid - basically kept in corridors and not being monitored, I  
found it extremely difficult to accept, because the patients - i f  you did not have 
enough staff and no one was looking after the patient it meant the runner had to 
go in and out, trying to make sure that the patient was all right as well. [...] I  
found it difficult where the staff were concerned in the sense that I  did not feel 
supported by them, and whatever measures I  tried to make or do was always, 
for a better word, thrown back in my face.
Answers by the nurse involved in the incident reporting about the difficulties of 
two units merging. (UKCC, 5; volume 2, page 57, paragraph C)

Table 3.20 Underlying problems contributing to violation producing 
conditions

3.6 Discussion

A diverse sample of IV medication errors were identified from three different data 

sources, representing a wide range of different types of IV medication errors. The 

study presents the first application of human error theory to investigate causes of 

IV drug preparation and administration errors. The successful application of the 

framework suggests that the theory can be used to investigate IV medication 

errors. The main type of active failure was determined for the majority of
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medication errors as well as conditions and factors contributing to the medication 

errors. The categories set out in the general framework were applied and adapted 

to the analysis of causes of IV medication errors. IV medication errors were 

classified according to preparation and administration stages, with further 

subcategories in each stage to describe the different types of errors.

The general human error framework for analysing risks in medicine (Vincent et 

al. 1998; Vincent et al. 1999) was applied and adapted to the analysis of IV 

medication errors. The categories that Vincent et al. (1998; 1999) defined were 

applicable when analysing causes of IV medication errors. The factors were 

grouped slightly different from the original framework to have six main headings 

representing the error producing conditions at ward level. For example, the 

present study found technology an important aspect and all different aspects of 

technology were summarised with this heading including complicated 

manufacturer leaflets, design of drug preparation technology and the working 

environment. However, the original framework had some of these aspects defined 

as task components (availability and use of protocols) or work environment 

components (building and design, equipment and supplies). The category 

‘knowledge and skills’ was adapted in the present study to categorise failures in 

the specific tasks required during IV drug preparation and administration.

Some of the cases identified in the UKCC files showed that there were other 

factors leading to medication errors where staff deliberately took the risk of 

adverse events for various reasons. These can be neither classified as human 

errors nor as violations. Reason (1990) calls these events sabotage and the 

framework does not appear to be useful to investigate such incidents.

The analysis of the causes of errors showed that underlying problems or latent 

failures contributed to human errors. This included problems in information 

transfer and lack of training and education. These frequently contributed to staff 

having insufficient knowledge and practice in IV drug preparation and
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administration, resulting in medication errors. There were also problems in the 

design, presentation and supply of IV medication and administration equipment as 

well as in the implementation of policies and in the management of existing 

guidelines. Team factors and individual factors contributed to violations. A 

further discussion of types of errors, the error and violation producing conditions 

and their underlying problems is presented in Chapter Six and Nine where the 

data are compared and contrasted with the findings of the other parts of the 

project allowing the discussion of measures to improve the safety of IV therapy.

The successful application of the framework suggests that this may be a useful 

tool in the routine monitoring of errors, for example, for hospitals operating a 

voluntary medication error reporting system (such as the one included in this 

study). Using such a framework would allow the systematic collection of 

background information on causes of errors. Regular reviewing of all errors 

should then help to identify underlying failures and would be the first step 

towards taking measures to prevent errors from reoccurring.

Technology was found to contribute frequently to errors, but relatively few 

reports related to problems with infusion devices. Medication errors due to 

failures of infusion equipment (either defects or user errors) have been reported in 

the literature and by the Department of Health and the Medical Devices Agency 

(Medical Devices Agency 1995; Parmentier 1997; Pickstone 1995; Richardson 

1995; Southern 1994). To further investigate causes contributing to infusion 

failures, the researcher attempted to obtain data from the Medical Devices Agency 

which has a large data base of reports of failures of infusion devices. A brief list 

of data contained in the data base was provided to the researcher, but no further 

detail about the cases were available for research purposes. Therefore the type of 

such technical failures and their causes could not be included in this analysis.

IV medication errors were classified according to the preparation and 

administration stage. This was found to be a system which allowed a more
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detailed description of the IV medication errors, avoiding broad categories like 

wrong administration technique or wrong dose preparation (Hartley and Dhillon 

1998). Most previous researchers have used a classification system which was 

mainly developed to categorise medication errors related to oral medication 

(Allan and Barker 1990).

Data analysed in this chapter has been firom selected databases. It would have 

been interesting to explore and establish the representativeness of the results from 

this document analysis to the general situation in hospital. The data however is 

not suitable to, for example, estimate the incidence of IV medication errors in 

hospital. This is the case even with the data from the hospital reporting system, as 

previous studies suggest that not all medication errors are reported to a hospital 

reporting system (Barker and McConnell 1962). Therefore it remains unknown to 

what extent the results from the quantitative analysis of the data are generalisable. 

For example, whether types of errors and types of causes identified frequently in 

the analysis of the documents occur frequently in practice. The incidence of IV 

medication errors are determined in the next part of the study and therefore the 

two sets of data can then be compared to address some of these questions.

One of the limitations or disadvantages of document analysis, which has already 

been discussed in the methodology part of this chapter, is that there is no 

possibility of collecting further information. The documents have to be taken as 

they are. This means that there may have been additional factors contributing to 

the cases analysed in this study, which were not reported in the documents. Either 

reporters were not aware of these factors or they were not reported. This was 

possibly due to personal interest of staff involved in the hearing before the 

professional conduct committee or in the statements written for hospital inquiries. 

However a large number of medication errors of varying severity were analysed 

from different sources increasing the likelihood of identifying the most important 

factors.
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3.7 Conclusions and implications for the next part of the study

An existing framework of human error theory was successfully applied in this 

study to the analysis of IV medication errors. The analysis showed that active and 

latent failures contributed to IV medication errors. Weaknesses of the current 

system were identified. The findings suggest that human error theory can be used 

routinely to collect information on causes of errors, for example, when operating 

an error reporting system in a hospital. The categorisation of IV errors and the 

framework developed during this phase are further used in a prospective data 

collection about IV medication errors described in the following chapters. The 

results from the observation-based study are discussed together with the results of 

this chapter and Chapter Two to find strategies of how to prevent IV medication 

errors and improve the safety of IV therapy for patients.
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Chapter Four: Methodology of observation- 
based medication error research

4.1 Introduction

So far, the roles of nurses and pharmacists regarding IV therapy and their 

perceptions of IV medication errors have been explored and the causes of IV 

medication errors have been identified in a retrospective study analysing 

documents. The general framework based on human error theory (Reason 1990; 

Vincent et al. 1998; Vincent et al. 1999) has been applied to the analysis of causes 

of IV medication errors and subcategories of the framework have been defined for 

this application. The next step of the project was to design a prospective study to 

collect further data about causes of IV medication using the same theoretical 

approach. This would then complement and supplement the data about causes of 

IV medication errors that had been collected so far.

There are previous studies estimating the incidence of IV medication errors 

(Buhannic et al. 1999; Clark et al. 1986; Hartley and Dhillon 1998; O'Hare et al.

1995; Thur et al. 1972), but only three studies have been carried out in the UK 

(Clark et al. 1986; Hartley and Dhillon 1998; O'Hare et al. 1995). The weaknesses 

of these studies regarding study methods, definitions and classification of IV 

medication errors as well as the limitations of assessing the potential clinical 

significance of the IV medication errors have been discussed previously.

Therefore, the aim of this part of the project was to prospectively measure the 

incidence of IV medication errors in hospital, to assess the severity of IV 

medication errors and to identify the causes of these errors using human error 

theory.
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The present chapter now considers methodological issues relating to how to 

address these research aims. Chapter Five then presents the data about the 

incidence and the severity of IV medication errors and Chapter Six describes the 

data on the causes of IV medication errors.

4.2 Choice of research method

A method had to be selected which allowed the collection of data on the 

incidence, severity and causes of IV medication errors. Direct observation has 

been recognised as the ‘gold standard’ for obtaining data on the incidence of 

medication errors (Allan and Barker 1990). This technique has been originally 

developed for medication error research by Barker and McConnell (1962) and has 

been applied in numerous medication error studies. An observer accompanies 

staff during preparation and administration of medication and records details of 

the processes involved. Other methods that have been used include voluntary 

medication error reporting (Barker and McConnell 1962; Lacasa et al. 2001), 

analysis of legal incident reports (Barker and McConnell 1962) and investigation 

of physical evidence such as tablet counting, measuring drug concentration in 

urine or blood samples or examination of documents of drug administration 

(Allan and Barker 1990). However, these methods are likely to underestimate the 

‘true’ medication error rate. For example. Barker and McConnell found that 1422 

times more errors were detected using the observation method than analysing 

incident reports over the same time period. This is because error reporting relies 

on people’s willingness to report and their ability to detect errors. Fear of 

litigation may prevent staff from this activity. Reasons for not being aware that an 

error has occurred have already been discussed in Chapter Two. Measuring drug 

concentrations in the blood or urine are only suitable to detect certain types of 

errors and only for a limited range of medications. For example, the fast 

administration of medication cannot necessarily be detected. This intrusive 

method would be also not suitable for a larger study examining a lot of patients.
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Document analysis, interview techniques or questionnaires have been used as 

methods to collect data on causes of errors. For example, Vincent et al. (1999) 

have suggested using a combination of review of medical records and interviews 

with staff involved when investigating near misses or adverse events using the 

framework. Examples of this approach have been given in the publication of the 

protocol (Vincent et al. 1999) and in two other studies (Stanhope et al. 1997; 

Taylor-Adams et al. 1999). Such interviews should be carried out as soon as 

possible after the event (for example, within 24 hours) as otherwise people cannot 

recall exact details of the circumstances (Flanagan 1954).

A possible study design was therefore to identify staff who were involved in IV 

medication errors during the observation and then subsequently interview these 

members of staff about the incident as soon as possible after the event. 

Observation to collect data on the incidence of IV medication error had to be 

carried out for at least a week. There were two options: first, carrying out the 

interviews over the same time period as the observation or second, carrying out 

the interviews after completing the observation period. Selecting the first option 

carried the risk that an in-depth discussion of medication errors could then 

influence the behaviour of staff when observed on subsequent occasions. For 

example, the interviews could make them aware of certain ‘risky’ practices. The 

second option carried the risk that staff would not remember sufficient detail 

about the incident. Furthermore, pilot work and previous medication error 

research experience suggested that most errors identified during observation- 

based studies are of minor severity and staff often do not realise that an error has 

occurred. This would make it difficult fqr staff to remember the circumstances of 

a particular drug round for a long time. Formal in-depth interviews about 

incidents would therefore not be a suitable research method within the present 

study design. The researcher would thus identify causes contributing to the errors 

when observing the staff and in addition ask nurses about aspects of their 

practices of IV drug preparation and administration during casual conversations, 

clarifying what she had seen. The role of an ‘observer as participant’ (see below)
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is ideal to allow the researcher to ask questions about situations and the observed 

events.

4.3 Methodological issues of observation-based research

In observation-based research the observer uses his or her senses to systematically 

gather information by both sight and hearing about the phenomenon of interest, 

usually the behaviour of a group, in a normal social context (although volunteers 

can be also observed in laboratory conditions, for example, as part of a 

psychological experiment). As with any research method important 

methodological issues concern the reliability and validity of the observation 

method, in particular, the role of the observer in the field and the effects on the 

behaviour of the observed. Furthermore, ethical aspects of the observation method 

have to be considered. Each of these aspects are addressed in turn.

The effect of the observer on the observed is frequently discussed in observation- 

based research and may be one of the limitations of the method. One of the 

influencing factors can be the role the observer takes on. The researcher can either 

act as a participant of the group that is being studied becoming a fully accepted 

member or the observer can remain a complete outsider not having any interaction 

with the members of the group (non-participant observation) (Bowling 1997). 

Weick (1968) and Girtler (1992) have argued that the problem of modification of 

behaviour is minimal once the researcher is accepted by the members of the group 

and part of the social context. In contrast the likelihood of interference is 

increased if an observer is not participating at all as such behaviour causes 

hostility and uncertainty in most social situations. Similar effects can occur when 

the observed people suspect that the observer has some hidden agenda. Therefore 

it was decided to adopt the role of an observer as participant which is in between 

the two extreme roles described above (Girtler 1992).
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In practice, the observer introduced herself as a PhD student in pharmacy, because 

the staff in both hospitals were used to students, such as nursing or medical 

students being around, and observing other members of staff and they were also 

used to the presence of a pharmacist on the ward. The researcher also talked with 

the nurses, showing interest in their work and their problems at work. Before the 

drug rounds started or after they were completed, the researcher often started 

casual conversations to maintain rapport with the staff. To further reduce the 

reactive effect, data were collected on consecutive days allowing staff to become 

used to the observer.

It is hard to test the possible impact of the presence of the observer on the 

medication error rate as there is no other valid method to determine the ‘true’ 

error rate. The presence of an observer could increase or decrease the medication 

error rate, by making staff more aware of their practices or making them nervous. 

This question was investigated in a recent study about medication errors related to 

the administration of oral doses (Dean and Barber 2001). It was found that the 

presence of an observer in general did not statistically significantly affect the 

medication error rate. First, the researchers compared the proportion of omitted 

doses for which a reason was documented in the period before, during and after 

observation. If observation had an effect it was thought that nurses were likely to 

change their documentation practice. There was no difference found throughout 

the study period (before, during and after the observation study). Second, the error 

rates for the first observed drug rounds for each individual nurse were compared 

with error rates during subsequent drug rounds and again no statistical difference 

was found. Third, error rates for nurses before and after the observer intervened 

were compared. In general these were also found not to be statistically different. 

However, there was one particular serious incident requiring an intervention 

which also alerted other ward staff to that error. This seemed to increase 

awareness of all ward staff about medication errors. A subsequent analysis of 

overall error rates for this ward before and after this incident found that these 

were statistically significantly different. The authors therefore concluded that in
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general the presence of an observer had little impact on the medication error rate; 

however interventions increasing staff awareness about medication errors may 

influence the medication error rate observed (Dean and Barber 2001).

Another methodological issue is observer bias. This has been defined as the 

systematic difference between the true situation and the observer’s account and 

perception of it (Bowling 1997). This can be reduced by careful training and 

experience such as the researcher of this study had through previous medication 

error studies. A way of assessing the reliability of an observer would be to have 

two observers and compare their accounts of the same situation. However, the 

confined space in the drug preparation room and the intrusive nature of the 

presence of two observers accompanying one nurse makes this approach 

impractical in medication error studies. Alternatively, a recent study compared 

records of observations of two researchers observing different drug rounds as part 

of a large medication error study (Dean and Barber 2001). No statistical 

difference was found concerning the error rates identified by the two observers. 

The main researcher of the present study was one of the two observers in Dean 

and Barber’s study (2001). Thus, the results indicate that the main researcher is a 

‘tested and validated observer’ for observation-based medication error research.

Other issues of reliability of the observation method have to be considered as 

well. A structured data collection form increases the reliability of data collection 

(Silverman 1993) and this was designed to collect data on the incidence of IV 

medication errors. However, a structured data collection form could not be set up 

to record information on the causes of IV medication errors. This was gained from 

an analysis of narrative accounts. Descriptions of the events on the wards when a 

medication error was observed included verbatim quotes. Different types of field 

notes were taken to increase the reliability of this data collection (Silverman 

1993). The situations were described as soon as possible after the observation was 

completed. Such original observations were kept separately from any notes 

interpreting or commenting on the observed events. For example, such comments
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were written in a different colour on the data collection sheets to help distinguish 

between interpretation and original data.

An ethical issue in observation research is the extent that the objects of 

observation are informed about the aim of the research. In general, it is considered 

unethical to gather data on people without their fully informed consent (Ackroyd 

and Hughes 1992). However in some contexts the research may be profoundly 

inhibited if all the aims of the research are presented (Ackroyd and Hughes 1992). 

In medication error research it is feared that staff who are fully informed about the 

purpose of the study will not provide valid results because of changes in 

behaviour (Allan and Barker 1990). Only a small number of medication error 

studies were identified where staff were fully informed about the aims of the 

research (Schneider et al. 1998; Tissot et al. 1999). Barker and McConnell (1962) 

originally developed what is referred to as the ‘disguised observation technique’ 

which has been used in a lot of medication error studies. Researchers have used 

the disguises of time motion studies of work pattern (Ridge et al. 1995) or 

educational purposes (Thur et al. 1972). The present study was presented to staff 

at ward level as a PhD project investigating common problems of IV drug 

preparation and administration such as medication not being available from the 

pharmacy department. The observer tried to avoid the word ‘error’. This 

explanation has been successfully used in several medication error studies which 

the researcher has been involved (Dean and Barber 2000; Taxis et al. 1999).

4.4 Definition of a medication error

There is no generally accepted definition of what constitutes a medication error 

and different studies have used different definitions as has been already 

highlighted. Medication errors have been frequently defined as a deviation of drug 

administration from the doctor’s original prescription or hospital policy (Allan 

and Barker 1990). However, there are variations in the interpretation of this 

definition. A general point is whether deviations from the prescribed time should
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be included as a source of error. Other issues such as deviations from procedures 

recommended to be followed during preparation and administration like aseptic 

technique are applicable to IV medication error studies. These points are 

addressed in turn.

4.4.1 Wrong time errors

Barker et al (1966) argued that early or late administration of medication 

represents a digression from standard and should be considered an error. There is 

no accepted standard about the length of time that a drug can be given before or 

after its prescribed time. Researchers have used cut off points of 30 minutes 

(Hartley and Dhillon 1998; O'Hare et al. 1995) or 60 minutes (Clark et al. 1986; 

Schneider et al. 1998; Tissot et al. 1999) of deviations from prescribed time 

depending on local circumstances and policy. Other studies have excluded time as 

a source of medication errors as they considered deviations not to be of clinical 

significance (Thur et al. 1972), arguing that the interval between two drug 

administrations may be more important than the exact time of administration. 

Therefore, in this study, the researcher decided not to include time as a source of 

error.

4.4.2 Aseptic technique

Deviations from recommended aseptic technique have been included as a source 

of IV medication errors in some studies (Schneider et al. 1998; Wirtz 2000), but 

not in others (Thur et al. 1972; Tissot et al. 1999). Microbiological contamination 

of IV medication is a risk to patients as has been already outlined in Chapter One. 

However, there has been no study showing the significance of particular 

deviations, for example, not disinfecting the preparation area. Similarly, there are 

no generally accepted guidelines and none of the study hospitals had detailed 

guidelines about aseptic preparation technique. This made it impossible to 

precisely define an aseptic technique error. It was therefore decided not to include
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deviations from recommended aseptic technique as a source of error, but to record 

the extent to which general aseptic techniques were followed. Such data could 

then help in the design of a study to find an evidence-base for correct aseptic 

technique for preparation and administration of medication.

4.4.3 Other deviations from procedures

IV drug preparation and administration sometimes involve multiple steps and 

there are numerous recommendations (hospital policy and manufacturer 

recommendations) which staff can deviate from. For example, not wearing gloves 

during the preparation of certain antibiotics was considered as an error in one 

study (Hartley and Dhillon 1998). However such deviations have no potential for 

a direct adverse effect on the patient, because wearing non-sterile gloves during 

preparation is recommended to protect staff from potential hazards. Deviations 

from such procedures could be investigated as part of a study about the safety 

aspects of drug preparation on the wards.

Incorrectly labelling or not labelling IV infusion bags has also been considered as 

a medication error (Wirtz 2000). However an incorrect label or a missing label 

does not affect the patient, as long as the correct medication is administered. 

Incorrect labelling can contribute to medication errors. If a drug was incorrectly 

administered and the lack of a correct label contributed to this errors, this would 

then be considered as a potential cause of the medication error, but not as the 

medication error itself. Therefore in the present study deviations from 

recommended procedures were not considered erroneous if they did not have the 

potential to directly affect the patient.

4.5 Calculating the incidence of IV medication errors

In order to calculate the incidence of medication error a meaningful denominator 

has to be defined. Previous researchers have used the term ‘opportunity for error’,
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defined as the sum of any dose given plus any dose prescribed, but omitted 

(Barker et al. 1966). A dose is then determined to be either correct or incorrect, 

meaning that the error rate cannot exceed 100%. This method has been used 

successfully in numerous medication error studies, but these studies have mainly 

dealt with oral medication or (like in the US America unit dose drug distribution 

system) looked at IV doses supplied ready-for-administration. The situation is 

different when investigating IV medication errors as each step in the drug 

preparation and administration process can be associated with one or more errors. 

Hence multiple ‘opportunities for error’ exist for each drug. For example, the 

wrong solvent can be selected and this preparation can be administered too fast. 

Therefore the term ‘opportunity for errors’ does not appear to be suitable for 

calculating IV medication error rates.

Tissot et al. (1999) have used an alternative way of calculating medication error 

rates by dividing the number of errors by the number of nurses’ specifically 

observed interventions. Unfortunately, the authors did not clearly state how these 

interventions or ‘acts’ were defined. Observing individual nurses during IV drug 

preparation and administration showed the difficulty in defining these acts in the 

process. For example, a preparation involves selecting a drug vial, a syringe, a 

solvent, then disinfecting the top of the vial, dra^ving up the solvent, injecting the 

solvent into the vial, shaking the vial and drawing up the drug solution. Each of 

these steps could be one act or several steps could be summarised as one act. 

Furthermore, pilot work showed that different nurses used different techniques to 

prepare exactly the same medication, for example, by using different numbers of 

ampoules of solvents or using different numbers of syringes. This means that it is 

difficult to even define a set number of ‘acts’ for one type of medication 

preparation.

The researcher concluded that neither ‘opportunity for error’ nor ‘number of acts’ 

was a suitable denominator in this study. Therefore the number of IV medication 

errors was related to a number of different denominators to enable the
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presentation of the results in a meaningful way. The exact definitions used to 

express these incidences are presented in Chapter Five when describing the 

methods used.

4.6 Sampling procedures

4.6.1 Selection of study hospital and study wards

A decision has to be made as to where to collect and on how to sample the data, as 

the complete population (for example, all hospitals in the UK) cannot be studied. 

This selection process has to be considered carefully to estimate the extent of 

generalisability or external validity of the study. The sampling in this study had to 

be carried out on several levels; the study hospitals, the study wards and the 

individual drug rounds had to be selected. Random sampling methods are in 

general preferred over non random sampling as the former is more likely to result 

in a representative sample (Robson 1993). However if only a small proportion of 

the total population is studied, random sampling does not necessarily result in a 

representative sample (Bowling 1997). Therefore a purposive sampling strategy 

was used to select the study hospitals and the study wards within each hospital. 

This is a deliberate non random method of sampling which is suitable for studying 

complex phenomenon (Bowling 1997).

Hospitals were selected to study different types of hospitals such as university and 

non-university hospitals. These two types of hospitals may be different in the 

resources available, the training they provide for their staff, the types of patients, 

the complexity of their diseases and disease states and consequently the 

medication used in each hospital. All of these variables may influence the 

numbers and types of IV medication errors. Therefore, selecting two different 

hospitals may allow the exploration of a wide range of different IV medication 

errors. The selected hospitals were a university teaching hospital (UT) and a 

former district general hospital (DG). The wards studied were selected on the
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same basis, for obtaining a range of wards with different characteristics. The two 

criteria used here were the clinical speciality and frequency of IV drug use on the 

ward. These are addressed in turn.

Individual wards in each hospital were selected to include a wide range of 

different medical specialities such as intensive care units, oncology, paediatrics, 

neonatology and surgery. Different types of IV medication are used on these 

different wards and certain problems such as preparing paediatric doses from 

preparations supplied in adult dosages could be studied. Appendix 2 presents the 

sampling frame of all the wards that were available in the two hospitals and the 

wards selected for the study are marked.

Wards were also selected to include wards which had a high proportion of patients 

receiving IV medication and wards where patients received relatively few IV 

drugs. This enabled a diverse sample of wards, with a high and a low IV 

medication related workload, to be included. A previous study on oral medication 

errors suggested that the extent of medication related workload may influence the 

medication error rate (Taxis et al. 1999). In order to obtain a sampling frame for 

this criteria, a survey was carried out to identify the number of IV drugs used per 

patient during one day on each ward in one of the study hospitals (university 

teaching hospital).

Survey methods

Each hospital ward was visited once during the weekdays of one week in June 

1999 and all the drug charts available at the time of the visit were reviewed. 

Information on the medication that was prescribed for the day of the visit was 

collected. The data collection form used is presented in Appendix 3.

Survey results

A total of, 292 patients were included in the survey. A drug chart was available 

for 94% of them. There were 1680 regularly prescribed drugs, and 219 (13%) of
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these were prescribed for intravenous adjninistration and were administered in a 

total of 417 IV doses in one day. Figure 4.1 presents the number of patients on IV 

medication on each ward. These data were then used to select the wards for the 

study. Four wards (from different clinical specialities) with a high proportion of 

patients receiving IV medication were selected; these were two specialist 

intensive care areas (coronary intensive care unit (CICU) and neonatal intensive 

care unit), a renal and a surgical ward. The surgical ward which was selected 

initially could not participate in the study (due to internal problems) therefore a 

cardiothoracic surgical ward was selected instead. Two wards with a relatively 

small number of patients on IV medication were selected. These were an 

oncology ward and a general medical ward. All selected wards are marked in 

Figure 4.1.
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□  Patients not on IV drugs 

g  Patients on IV drugs

25

#13

Wards

Figure 4.1 N u m b er o f  patien ts receiv in g  IV  m edication  per day accord in g  to 
different w ards in U T  hosp ita l. W ards w ith  # w ere includ ed  in the study
U T = U niversity  l ea ch in g  H ospital (stud y h osp ital); l= C oronary  in ten sive care, 2= R en al w ard, 3= S u rg ica l ward, 

4= C ard io logy /card io th oracic  surgical ward, 5 = H aen ia to logy , 6 = ln te n s iv e  care unit, 7 = B o n e  m arrow transplant ward, 

8=N eon atal in ten sive  care unit, 9 = A cu te  ad m ission s, IO=Paediatric ward, I l= P riva te , l2= G eria tr ic  w ard, l3= G en era l 

m ed icin e, 14=G eneral m ed ic in e , 15= G y n a eco lo g y , 1 6 = ln fectiou s d isease , l7 = T e e n a g e  cancer unit, l8 = O n c o lo g y ,  

l9= S u rg ica l ward, 20= L ab ou r, 2 l= C o r o n a r y  care o v er flo w , 22=P rivate.

Selection o f wards in the district general hospital

Four wards were selected in the DG hospital; the selection was based on the 

experience of the research in the UT. The four wards were from different 

specialities: intensive care unit, general medicine, general surgery and paediatrics.

4.6.2 Selection  o f  d ru g  rounds

Previous medication error studies have used different sampling strategies to select 

the drug rounds that were included in the observation schedule. These ranged 

from observing all drug rounds over a certain period of time, for example, over 

seven days (Clark et al. 1986), observing selected drug rounds at varying times
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(Hartley and Dhillon 1998) or observing only during drug rounds during day time 

(Thur et al. 1972). Observing medication administration during all drug rounds 

over a period of time ensures that a complete sample for this period is obtained. 

However, observation is time-consuming and tiring as medication is usually 

administered during four drug roimds starting early in the morning until late at 

night. Previous experience suggested that the main researcher as a single observer 

could not attend all drug rounds each day over periods such as one week or more. 

Therefore in the present study, certain drug rounds had to be selected during the 

observation period.

Again a random sampling strategy could have been used to reduce possible 

sampling bias. However, pilot work suggested that prescriptions for IV 

medication were changed frequently, for example, when changing patients from 

IV to oral medication. Following a fixed (randomly obtained) observation 

schedule would have carried the risk of selecting drug rounds with only a few or 

no IV medications, which could have decreased the sample size considerably. 

Therefore, a purposive sampling strategy, applying two criteria, was used to select 

the drug rounds to be included in the study. Drug rounds were selected to obtain a 

high number of observations and to obtain an approximately equal number of 

morning, lunchtime, evening and night time drug rounds for each study ward. It 

was especially important to collect data at all different drug rounds, including 

weekends, as previous studies have shown that statistically significantly lower 

error rates were associated with certain days of the week (Dean and Barber 2000; 

Ho et al. 1997) and certain times of the day (Dean and Barber 2000). To evaluate 

a possible selection bias, the sample of drug rounds that was selected was 

compared to the sample that could have been observed (all drug rounds during the 

study period).
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4.7 Conclusions

Observation has been determined as the most suitable method of collecting data 

on the incidence of IV medication errors. Likewise, adopting the role of an 

observer as participant should place the researcher in a good position to collect 

data on causes of errors. In particular, it enables the researcher to confirm her 

observations during casual conversations with nursing staff. A purposive 

sampling strategy was used in the present study to select the study hospital, the 

study wards and the individual drug rounds. Possible sampling bias due to this 

non random method of sampling has to be estimated. The following chapter 

provides details about the actual study methods and the data collected.
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Chapter Five: Observation-based UK study - the 
incidence and severity of IV medication errors

5.1 Introduction

Observation-based studies found high IV medication error rates ranging from 

13% to over 100% (Buhannic et al. 1999; Clark et al. 1986; Hartley and Dhillon 

1998; O'Hare et al. 1995; Thur et al. 1972). Few studies were carried out in UK 

hospitals (Clark et al. 1986; Hartley and Dhillon 1998; O'Hare et al. 1995). The 

weaknesses of the methods used in these studies have been already highlighted in 

previous chapters. This includes the lack of agreement on the definition of an IV 

medication error and the classification of IV medication errors. The study results 

often referred to data collected at a single study site or in a single ward and 

relatively small sample sizes were investigated. Furthermore, few studies 

considered the potential clinical severity of the IV medication errors and the 

methods used to assess the severity had limitations regarding validity and 

reliability. Based on the results of these studies it is difficult to generalise how 

frequent IV medication errors occur in UK hospitals and how frequently patients 

are at risk of experiencing an IV medication error. The aseptic preparation and 

administration technique of ward staff has rarely been investigated. Finally, little 

is known about the causes of the IV medication errors.

Therefore, the UK based observation study addressed three main research aims: to 

determine the incidence of IV medication errors in hospital, to measure their 

severity and to identify their causes.

Methodological issues of observation-based medication error research have 

already been discussed in the previous chapter. The study results are presented in 

two chapters: Chapter Five describes the data on the incidence and severity of IV
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medication errors and Chapter Six presents the data on the causes of IV 

medication errors.

5.2 Objectives

The objectives to address the research aims of this part of the project (presented in 

this chapter) were:

• To measure the incidence of IV medication errors on a range of wards in

two UK hospitals.

• To determine the types of IV medication errors.

To identify in which stages in the IV drug preparation and administration 

process medication errors occur.

To measure the severity of IV medication errors.

To identify the degree of adherence to aseptic preparation and 

administration techniques.

5.3 Setting of the study

A university teaching hospital (UT) in London with a large medical school and a 

former district general hospital (DG) in London were selected. Table 5.1 gives an 

overview of the main characteristics of the two hospitals and the types of wards 

studied in each.
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Study hospital Characteristics Study wards

University teaching 
hospital
(part of a large NHS 
trust in London)

400 beds 
22 wards

General medical ward (A)
Renal ward (B)
Cardio-thoracic surgical ward (C) 
Coronary intensive care unit (D) 
Neonatal intensive care unit (E) 
Oncology ward (F)

Former district 
general hospital*

400 beds 
22 wards

General surgical ward (G) 
General medical ward (H) 
Intensive care unit (I) 
Paediatric ward (J)

Table 5.1 Characteristics of the two UK study hospitals and types of wards 
studied
* The former district general hospital joined a large NHS trust in London around the time o f  the 

study

The following is a description of the practices of prescribing, supplying and 

preparing and administering IV medication to in-patients in the two UK hospitals. 

Both hospitals operated a ward pharmacy system which is the typical drug 

distribution system in UK hospitals.

Medication was prescribed by doctors on in-patient drug charts and kept in folders 

at the end of patients’ beds. Drug charts had different sections for regular, once 

only, as required medication and continuous or intermittent intravenous infusions 

and were used for about 14 days (Appendix 4 presents the drug prescription 

section of a drug chart used in the university teaching hospital). The prescription 

of a drug had to include the drug’s generic name, dose, route, frequency and time 

of administration, the start date, and had to be signed by the doctor. Orders were 

discontinued by crossing through the drug prescription section. Each ward was 

visited by a dedicated pharmacist once or twice daily. The ward pharmacist 

reviewed prescriptions to ensure appropriate drug use and to initiate supply of 

medication which was not regularly used on the ward. Pharmacists in general also
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annotated or clarified prescriptions if they did not comply with the requirements, 

for example, if brand names or abbreviations were used.

In general about 80% of the medication was kept as stock medication, the 

remainder was dispensed on a named basis for individual patients. Oral 

medication was dispensed during four drug rounds a day when nurses wheeled a 

drug trolley from bed to bed. When checking the drug charts nurses also identified 

IV medication orders and kept those drug charts until the oral drug round was 

completed. Most wards had nursing teams and one nurse from each team prepared 

the IV medication for their patients. Drug preparation varied between wards and 

nurses. Some nurses prepared all IV medication for one patient and then 

administered it to that patient before starting with the next patient’s medication, 

other nurses completed the preparation of all IV drugs due at that drug round 

before starting the administration. Nurses documented each drug administration 

by signing with their initials in the appropriate box on the drug chart. Total 

parenteral nutrition and cytotoxic medication were supplied ready-for- 

administration by the pharmacy department. IV drug preparation and 

administration had to be double checked on the premature baby unit and the 

paediatric ward, whereas single nurse drug administration was practised on all 

other wards.

Some of the practices described were different on the three intensive care units. In 

these areas one nurse was responsible for one or two patients and therefore no 

regular drug rounds were carried out. Instead each nurse administered medication 

at the prescribed time, to their individual patient.

The general surgical ward in the DG hospital had introduced a patients’ own drug 

system, where each patient had the majority of their medication in a locked bed

side cabinet. However, this did not affect IV drug preparation or administration 

practices on this ward.
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Regular stock medication was supplied to the wards once or twice a week. Non

stock medication was supplied twice a day and nursing staff could obtain 

medication in urgent cases from the pharmacy department during opening hours 

(Monday to Friday 8.30 - 18.00, Saturday 9.00-12.00). There was an on-call 

pharmacy service to obtain information or medication supply outside those 

opening hours.

Nurses had to attend a one day IV training course before they were allowed doing 

IV drug administrations in both hospitals. The course covered theoretical aspects 

of IV drug administration and pharmacology of commonly administered IV 

medication. In general the first few drug preparations were then supervised by a 

senior member of staff.

Both hospitals had an IV drug administration guide which was distributed as a 

reference source to every ward. In the UT hospital this outlined in detail the IV 

drug administration policy, hazards associated with IV drug administration, 

methods of administration, addition of drug to infusion fluids, overview of 

methods of drug calculations, IV drug compatibilities, and information on 

administration equipment including use and risk categories of infusion pumps. It 

also contained a section on each IV drug used in the hospital, providing 

information on the method of preparation, specifying solvent, diluent, method of 

administration and some information on compatibility (an example is given in 

Appendix 5). It also specified which drugs could not be administered by nurses.

The second hospital did not have such a detailed IV guide. Their guide contained 

a short monograph for each IV drug used in the hospital which gave brief 

information on preparation instructions and administration (an example is given in 

Appendix 5). It also specified who was allowed to administer the medication.
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5.4 Definition of a medication error

An IV medication error was defined as a deviation in preparation or 

administration of IV medication from the doctor’s prescription, the hospital’s IV 

policy and the manufacturer’s instructions with the potential to adversely affect 

the patient. The clinical appropriateness of the prescriptions were not assessed. 

Deviations from prescribed administration time were not defined as an error. 

Deviations from hospital procedures such as not checking name bands or not 

labelling infusions were also not considered as errors. Medication errors that did 

not reach the patient because of an intervention of the researcher were included as 

errors. However cases when another member of staff or the patient intervened 

were not included as medication errors. Multiple medication errors could occur in 

each case of preparation and administration.

5.5 Data collection

5.5.1 Preparation of the study

Ethics committee approval was obtained from the two UK study hospitals. The 

study was also approved by the nursing and pharmacy directorate.

The researcher contacted ward managers of each study ward and obtained 

permission to carry out the study. A study leaflet was distributed on the wards 

(Appendix 6). Nurses were assured that personal information remained 

confidential and participation was entirely voluntary.

5.5.2 Observation on the wards

Data were collected on six to ten consecutive days on each ward including 

weekends between June 1999 and March 2000. Two to three drug rounds per day 

were attended.
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The researcher went to the ward at the time the IV medication was due, identified 

the nurse who was going to carry out the preparation, introduced herself, 

explained the purpose of the study and asked for permission for the observation. If 

more than one nurse was carrying out preparations the researcher approached the 

nurse who was likely to have the most preparations. If nurses agreed the 

researcher accompanied them during IV drug preparation and administration and 

recorded details of the drug name, dose, solvent, diluent, time of preparation and 

administration and the preparation and administration technique on a data 

collection form (Appendix 7). Patient’s name and the nurse’s names and nurse’s 

position were also recorded. These were later replaced by a code to anonymise the 

data. In most cases it was also possible to record the details of the prescriptions 

from the drug charts at the same time. All drug charts were also reviewed once 

daily and details of IV medication (patient’s name, drug name and time) was 

recorded on a data collection form (Appendix 8). This was to complete the 

records on observed medication if some details had been missed and to obtain a 

complete record of all IV medication administered during the study period 

including IV medication which was not observed. The number of patients 

admitted and discharged to the study ward were also recorded once daily 

(Appendix 9).

In some cases nurses asked for advice about medication related issues.

Suggestions were only made in minor cases not related to the purpose of this 

study and only when it was thought not to interfere with the work of the ward 

pharmacist. In general the researcher recommended to contact the ward 

pharmacist.

The researcher intervened in a discreet and non-judgmental manner when she 

became aware that an erroneous medication likely to cause harm to the patient 

was going to be administered to the patient. No action was taken in minor 

deviations. This strategy has been used in previous studies (Dean and Barber
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2000; Taxis et al. 1999) and was discussed and agreed on with nursing and 

pharmacy management.

5.6 Data analysis

Data analysis included calculating the IV medication error rate. Each medication 

error was also classified according to the stage in which the error originated, the 

type of medication error and the severity. SPSS (Statistics Package for the Social 

Sciences version 10.0) was used to organise the data and to carry out some of the 

data analysis.

5.6.1 The incidence of IV medication errors

Incidence o f erroneous IV  drug preparations and administrations

The number of erroneous cases (one or more preparation or administration errors) 

was divided by the total number of observed cases. One case was defined as the 

complete observation of IV drug preparation and administration. Cases where 

only preparation or administration were observed were excluded from this 

analysis.

Incidence by patient

An error rate was calculated for each individual patient by dividing the number of 

errors by the number of observed doses. The mean of these error rates was 

calculated. Furthermore, the mean number of IV doses patients received per day 

was calculated (the mean number of regular IV doses prescribed per patient was 

divided by the mean number of days of IV therapy for each patient over the study 

period). These data were then used to estimate the number of errors per patient 

day.
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5.6.2 Classification of IV medication errors

Medication errors were classified according to the stage in which they originated 

and according to the type of preparation or administration error.

5.6.2.1 Stages o f  the process in which the errors originated

There were two main stages, the preparation and the administration stage and 

each of those had two subcategories. Figure 5.1 presents an overview of the stages 

in the process. The following mutually exclusive categories were defined.

Identification of prescription Dilution of drug Intermittent infusion

Bolus

Patient

Drug Solution

Reconstitution

Identification of patient

Ready for administration

C ontinuous infusion

Reconstitution-)- dilution

Figure 5.1 Stages of IV drug preparation and administration
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Preparation stage

Identification of the prescription: Errors in this category were errors related to the 

process of identifying a patient’s prescription. Examples of failures at this stage 

included the omission of a drug due to not checking the drug chart and the 

preparation of the wrong drug due to misreading or misunderstanding a 

prescription.

Preparation process: Preparation errors were allocated to this category if the error 

was related to any of the following preparation tasks. These were defined as five 

mutually exclusive types of IV drug preparation tasks

Ready-for-administration: IV medication that did not require any further 

preparation. These were drug solution supplied (either by the manufacturer 

or the hospital pharmacy) in a ready-to-administer form in a container 

suitable for administration.

• Drug solution: The IV medication was supplied as a solution (ready-for- 

administration) but the solution had to be transferred into the final 

container for administration. For example, drug solution drawn up in a 

syringe.

• Dilution of drug: The drug solution required dilution with a suitable 

diluent before administration

Reconstitution: The drug had to be dissolved using a suitable solvent to 

obtain a drug solution for administration.

Reconstitution and dilution: The drug had to be dissolved using a suitable 

solvent and then had to be further diluted using a suitable diluent (two step 

preparation process)

These were mutually exclusive subcategories. For example, an error such as the 

selection of a wrong solvent (identified in a drug preparation which required 

reconstitution and dilution) was categorised as originating only in the stage of
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‘reconstitution and dilution’. This error was not counted as an error also 

originating in the stage of ‘reconstitution’.

Administration stage

Identification of the patient: These were errors related to the process of 

identifying the patient. For example, administering medication to the wrong 

patient.

Administration process: Errors in this category related to all the processes 

involved in the actual administration to the patient (correctly or incorrectly 

identified). There were three mutually exclusive types of drug administrations.

• Bolus administration: A small volume of drug solution (between 1 and 20 

millilitre) administered over less than 5 minutes; usually using a syringe. 

Intermittent infusion of IV medication: Medication administered over 

more than 5 minutes in a larger volume (more than 20 millilitre) of 

solution, but not continuously, i.e. there was a time gap in between two 

doses (or one dose was administered only).

Continuous infusion: Infusion of medication continuously, for example, 

over 24 hours.

There were few cases which fell in between two subcategories. For example, a 

nurse who chose to administer a small volume of drug over 10 minutes using a 

syringe. This could have been categorised as a bolus administration because of the 

small volume and as an intermittent infusion because of the length of 

administration time. These cases were categorised according to what the 

manufacturer intended the preparation to be administered as. Such cases were rare 

and the possible error in the categorisation of the administration was thought to be 

of minor relevance in the interpretation of the results.
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Error rates according to stage of the process were calculated, dividing the number 

of errors related to the task by the number of times this particular task was 

observed. For example, the number of errors that occurred during the 

administration of a bolus dose were divided by the total number of observed bolus 

dose administrations.

5.6.2.2 Types o f  IV  medication errors

Preparation and administration errors were also categorised according to type of 

error. These categories have been developed analysing the documents (Chapter 

Three) and were further adapted and extended to fit the observation data. The 

following mutually exclusive categories were used.

Preparation errors

Wrong drug: Preparation of a drug other than the drug prescribed.

Unauthorised drug: Preparation of a drug when no drug was prescribed.

Omission errors: The drug was not prepared by the time the next dose was due or 

was never prepared in cases when the dose was prescribed for once only 

administration.

Wrong dose: There were two types of wrong dose errors, firstly drawing up the 

wrong amount (deviation of more than 10% from the prescribed dose) and 

secondly not dissolving medication completely. In the latter case it was not 

possible to determine the exact amount of drug that remained in the vial, therefore 

no cut off point could be defined. This was within the judgment of the observer.

Wrong solvent: Use of a solvent other than the solvent specified in the hospital’s 

IV guide or in the manufacturer’s instructions.
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Wrong diluent: Use of a diluent other than the diluent specified in the 

manufacturer’s instructions or in the hospital’s IV guide.

Wrong volume of solvent: Use of a volume deviating more than 15% from the 

volume recommended in the manufacturer’s instructions or hospital’s IV guide. 

No error was counted when nurses used a volume which was larger than the 

recommended volume and further diluted the drug to administer it as an infusion 

as this was thought not to have the potential to adversely affect the patient.

Wrong volume of diluent: Use of a volume deviating more than 15% from the 

volume recommended in the manufacturer’s instructions or hospital’s IV guide. 

No error was counted if the nurse used less diluent than recommended in fluid 

restricted patients as this was within the nurses clinical judgement to do so.

Other preparation errors: Any other preparation errors leading to a drug 

preparation with the potential to adversely affect the patient.

Administration errors

Wrong patient: Administration of a medication to a patient that it was not 

prescribed for

Fast administration of bolus doses: Administration of bolus doses faster than the 

recommended (manufacturer’s instructions or hospital’s IV guide) administration 

speed (deviation of more than 10%). Bolus doses which were slower than the 

recommended administration speed were not considered as an error as this is 

unlikely to have any adverse effect on the patient. It was also noted whether bolus 

doses were administered through a peripheral or central vein. Medication is 

diluted considerably faster when administered through a central vein and therefore 

a fast bolus dose given centrally may have less potential to adversely affect the 

patient.
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Wrong infusion rate: Administration rate deviating more than 10% from the 

prescribed or recommended (manufacturer’s instructions or hospital’s IV guide) 

specified administration rates. The researcher did not attempt to determine the 

correct administration rate if this depended on the physical state of the patient, 

such as glucose levels, blood pressure or other laboratory data. It was not within 

the scope of this study to assess patient’s physical functions.

Incompatibility errors: These were defined as combining or mixing medication 

known to be incompatible or where no information on potential compatibility was 

available. This included administration of potentially incompatible medication 

through the same line at the same time or one drug after the other without flushing 

the line in between the drugs. Standard sources of reference were used to 

determine the compatibility including Trissel (1998). A literature search of 

electronic databases (Medline and International Pharmaceutical Abstract) was 

carried out for drugs where no information was available in the standard reference 

sources.

Expired IV drug preparation: Any IV medication which was administered past the 

expiry date which was specified for drug preparations in the hospital’ IV guide or 

manufacturer’s instructions.

Other administration errors: Any other administration error leading to a drug 

administration with the potential to adversely affect the patient.

5.6.3 Severity of IV medication errors

The potential clinical severity of each IV medication error was assessed using a 

method by Dean and Barber (1999). This valid and reliable method was 

specifically developed to measure the potential clinical severity of medication 

errors (regardless of the route of administration) identified during observation- 

based studies in the UK. It involves asking four experienced health care
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professionals to score the potential clinical severity of each medication error on a 

scale numbered from zero to ten (Figure 5.2). The mean score gives a reliable and 

valid estimate of the severity of the errors. Mean scores of less than 3.0 suggest an 

outcome of minor severity (very unlikely to have any effect on the patient), 

between 3.0 and 7.0 an outcome of moderate severity (likely to cause some 

adverse effect to the patient and interfere with therapeutic goals, but very unlikely 

to result in death or lasting impairment) and above 7.0 a severe outcome (could 

cause death or lasting impairment).

N o  e ffec ts D eath

Figure 5.2 Scale used for the assessment of the potential clinical significance

A short description of each IV medication error identified in the study was sent to 

four senior health care professionals working for the NHS in the UK (one nurse, 

one doctor and two pharmacist). To decrease workload for the judges similar 

errors which had been identified on the same ward for the same type of patient 

were presented only once. The errors were listed according to the ward so that the 

judges could take into accoimt the type of patient involved in the error. 

Instructions and examples on how to use the scale accompanied the list of errors 

(Appendix 10). The mean score for each error was calculated.

5.6.4 Representativeness of selected sample

The potential bias due to the non-random sampling method of selecting drug 

rounds, nurses and patients was studied. Characteristics of the observed sample 

(only regularly prescribed medication was considered) were compared to the total
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sample of regularly prescribed IV medication (the sample which could have been 

observed). The following three aspects were compared for these two sets of data:

• The number of doses for each type of drug round (morning, lunchtime, 

evening and night time)

• The type of medication (drug names)

• Number of doses of each patient

This was to determine whether a certain drug had never been observed, whether 

observation mainly related to certain drug rounds and whether some patients who 

received IV medication had never been observed. This information was used to 

establish the possible generalisability of the results. It was not possible to collect 

data of names and details of staff doing IV drug rounds when the observer was not 

present. Therefore any possible selection bias regarding particular members of 

staff could not be determined.

5.6.5 Aseptic preparation and administration technique

The observer also recorded the type of aseptic measures nurses took during 

preparation and administration. The researcher noted whether nurses disinfected 

the rubber top of the vial or infusion bag before injecting solution through the 

rubber top or drawing up solution from the vial or bag. It was also recorded 

whether nurses disinfected infusion lines or cannulas before administering of IV 

medication.
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5.7 Results

5.7.1 Overview

A total of 113 nurses and one doctor were observed during 76 days of 

observation. None of the individual nurses refused to participate in the study. On 

three occasions (two different wards) ward managers asked the researcher not to 

observe a particular drug round as the general workload on the ward was high and 

the ward managers felt an observation would add to the pressure. On another 

occasion the senior nurse asked the researcher to omit the observation of a junior 

nurse on her first IV drug administrations as she was nervous. However this 

particular nurse did not mind being observed during subsequent drug rounds.

In total, 265 IV medication errors were identified observing 483 drug preparation 

and 447 drug administrations. These were 69 preparation errors (preparation error 

rate 14.3%) and 196 administration errors (administration error rate 43.8%). A 

short description of each error is presented in Appendix 11. The researcher 

intervened on 12 occasions, eight of those were omission errors where staff did 

not realise that medication was due, including one drug round where a nurse 

missed two drug charts accounting for five omissions. Following the intervention 

the medication was administered correctly in ten cases. In one case the nurse 

disagreed with the researcher on the incompatibility of saline (even though this 

incompatibility was documented in the IV guide). In the second case the 

researcher indicated that a patient was due a dose of antibiotic, but the nurse did 

not check the drug chart of the patient resulting in an omission error (no reason 

for an omission was documented on the drug chart).

5.7.2 Severity of IV medication errors

Two hundred and twelve errors were sent to the four health care professionals 

(similar errors occurring on the same ward were listed only once) and the
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completed scores were returned for all of these. The mean time to score the errors 

was 125 minutes (32, 48, 197 and 224 minutes).

Three (1.1%) of the errors were scored as potentially severe, 153 (57.7%) as 

potentially moderate and 109 (41.1%) as potentially minor. The minimum mean 

score of an error was 1.3 and the maximum mean score 8.4. Table 5.2 presents the 

mean scores and maximum and minimum scores according to preparation and 

administration errors. Examples of minor, moderate and severe errors are 

presented in the following sections. The mean score of each individual error is 

given in Appendix 11.

Potential
severity*

Preparation errors Administration errors

overall mean 
score

minimum
and
maximum

overall mean 
score

minimum and 
maximum

minor 2.1 1.5-2.6 2.6 1.3 -2.9

moderate 4.5 3.0-7.0 4.2 3.0 - 6.6

severe 7.7 7.3 - 8.4 ---- ----

Table 5.2 Severity scores for the preparation and administration errors
♦M ean  sco res  b etw een  0  and 2 .9  s u g g e st  m inor, b etw een  3 .0  and 7 .0  m od erate and b etw een  7.1 and 10 .0  s ev ere  p otentia l 

c lin ica l s ig n if ic a n c e

5.7.3 The incidence of IV medication errors

5.7.3.1 Incidence o f erroneous IV  drug preparations and administrations

The complete process of both, IV drug preparation and administration was 

observed for 430 IV drugs (it was not always possible to observe both IV drug 

preparation and administration for all IV drugs). Of those, 49.3% (212) were 

erroneous (one or more errors). In 27 cases more than one medication error was 

identified during preparation and administration therefore the total number of IV

151



Chapter 5: Observation-based UK study

medication errors was 249. Out of all of those complete cases, there were 0.7% 

(3) potentially severe, 29.3% (126) potentially moderate and 19.3% (83) 

potentially minor erroneous IV drug preparation and administrations.

5.7.3.2 Incidence by patient

During the study period, patients were prescribed a mean number of 2.9 (SD 1.8) 

regular IV doses per day (mean total number of 9.9 IV doses over a mean number 

of 3.1 days). There were 106 patients for whom IV medication was prescribed 

over the study period; of those preparation and administration of regularly 

prescribed medication was observed for 92 (87.0%) patients. About every second 

dose (mean 55.2%; SD 37.5) a patient received was found to be erroneous 

(including errors which were given a score of potentially minor clinical 

significance). A mean percentage of 33.6% (SD 36.8) of patients’ doses were 

associated with an error scored as potentially moderate and 0.4% (SD 2.4) scored 

as potentially severe. These data suggest that patients on IV therapy experienced 

on average one error per day with the potential for adverse events.

5.7.4 Classification of IV medication errors

5.7.4.1 Stages in which the errors originated

Figure 5.3 presents the incidence of errors according to the stage in which the 

errors originated.

Preparation stage

There were 2.5% of errors at the stage of identifying the prescription (all of those 

were omission errors). No errors were associated with medication which was 

supplied in a form ready-for-administration or medication which only had to be 

drawn up. Errors during preparation process were associated with the drug 

preparations which had to be diluted, reconstituted and reconstituted and then 

diluted (Figure 5.3).
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Administration stage

All patients were correctly identified before administration of the medication. A 

high error rate (72.0%) was associated with bolus dose administrations of 

medication. Errors were also associated with the administration of intermittent 

infusions. No errors were identified when observing a small number of 

administrations of continuous infusions (Figure 5.3).
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 n=176
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Reconstitution
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Drug solution 
n=48
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Figure 5.3 Stages in which IV medication errors originated
* Multiple errors identified in one preparation or administration process in one stage were counted only once (see methods for details)



Chapter 5: Observation-based UK study

S.7.4.2 Types o f preparation and administration errors

Table 5.3 presents an overview of the number of preparations and administrations 

which were observed and the resulting percentages of erroneous preparations and 

administrations. The following is a more detailed descriptions of frequent types of 

preparation and administration errors.

Preparations Administrations

Observations 483 447

Total number of errors 69 196

Preparation/administration error rate 14.3% 43.8%

Preparations/administrations with one 
or more errors

59 189

Percentage erroneous 
preparations/administrations

13.3% 42.3%

Table 5.3 Overview of preparation and administration errors

Preparation errors

There were 13.3% erroneous preparations of a total number of 483 observed 

preparations, this includes 4 cases where the drugs were omitted (these could not 

be observed). In the remaining cases of omission errors, the researcher’s 

intervention lead to the administration (and therefore observation) of the 

medication. The total number of errors identified during preparation was 69; 59 

preparations with one error and 5 preparations with 2 preparation errors.
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Figure 5.4 Types of preparation errors according to potential clinieal 
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Types o f preparation errors

I he types of errors which were identified are presented in Figure 5.4. The most 

frequent type of preparation error was the selection of the wrong volume of 

solvent. The majority of these errors were considered to be of minor clinical 

significance. Examples include the preparation of 1000 mg vancomycin using 10 

millilitre of water for injection instead of 20 millilitre. Second most common type 

of error was the preparation of the wrong dose. This included errors such as 

drawing up the wrong dose or not waiting until all drug has dissolved. Wrong 

dose errors were repeatedly observed on the neonatal intensive care unit, due to 

the use of a wrong measurement technique. Omission errors also occurred 

frequently. In most of these cases staff did not realise that medication was due 

(the medication was available at ward level in all of those cases).
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There were four errors categorised as other preparation errors, these were the use 

of an out of date diluent, not filtering medication appropriately, not adequately 

mixing an infusion before administration and delaying the preparation of an 

essential continuous infusion. The preparation errors which were scored as 

potentially severe are presented in Table 5.4.

A.34: Nurse drew up the whole content of a vial containing 125 000 
international units of heparin resulting in a five times overdose when preparing 
a continuous infusion of heparin.

B.27: Nurse forgot to inject the solution of 750 mg vancomycin into an infusion 
bag of 100 millilitre of 0.9% sodiuin chloride. The nurse realised this after 
connecting the infusion bag to the patient. The nurse then injected the drug into 
the bag without disconnecting it from the infusion line and did not mix the 
solution. The patient may have therefore initially received a highly 
concentrated solution of vancomycin.

1.21 : Patient was on a continuous infusion of 10 mg adrenaline in 40 millilitre 
of 0.9% sodium chloride. When the infusion ran out there was a delay of about 
10 min before preparing the new infusion. The patient’s blood pressure lowered 
to about 50/30. This made it necessary to administer a bolus dose of adrenaline 
and an extra dose of midazolam before the preparation of the continuous 
infusion was completed.

Table 5.4 Three potentially severe preparation errors

Administration errors

There were 42.3% erroneous administrations. In total, 447 drug administrations 

were observed in the two study hospitals. A total of 196 errors were identified in 

189 drug administrations. Figure 5.5 presents the medication error rates according 

to the different types of errors and their potential clinical significance. Eighty-six 

percent of all administration errors were bolus doses administered faster than 

recommended.
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Types o f administration errors

Administration speed of bolus doses

The administration of 239 bolus doses was observed; of those 181 were 

administered through peripheral veins; 55 through central lines and 3 were 

administered centrally via the haemodialysis machine. In total, 168 (70.3%) of all 

bolus doses were administered faster than recommended this included all 

observed bolus dose administrations of frusemide (n=8) which were administered 

faster than the recommended rate of four milligram per minute. Overall 87 (52%) 

of those fast bolus dose errors were given a moderate severity score, the 

remainder a minor severity score.

All 23 bolus doses which were administered over less than 20 seconds were given 

a moderate severity score; the majority (78.6%) of bolus doses which were 

administered over 30 to 55 seconds were also given a moderate severity score
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(Figure 5.6). Medication which was given a moderate severity score even though 

it was administered over more than one minute included frusemide, higher doses 

of antibiotics (e.g. 1500 mg cefuroxime) and teicoplanin. All the fast bolus dose 

errors administered to paediatric patients were also given scores of moderate 

severity.

20

<20 seconds 25-55 seconds

a  moderate

1-2 minutes 2:05-3 minutes

Figure 5.6 Speed of administration for all bolus dose errors according to 
potential clinical significance

Wrong infusion rate

The wrong infusion rate were observed on four occasions, all of these were given 

a moderate severity score. Examples were the incorrect setting of a caffeine 

infusion over 3 hours instead of over 20 minutes and vancomycin, ganciclovir and 

ciprofloxacin were administered too fast when they were infused via a gravity 

controlled infusion. However, it was not always possible to determine the total 

time medication was infused over as the observer could not stay with the patient
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for the whole time of the infusions. Therefore the number of wrong infusion rates 

is likely to be underestimated.

Potential incompatibilities

There were 16 errors involving the administration of potentially incompatible 

medication, 87.5% were given a moderate significance score. Only in three 

(18.8%) cases there was literature documenting the incompatibilities, in the 

remaining 12 cases no information was available about the compatibility of the 

drugs.

Eight errors involved not flushing the line between the administration of two 

potentially incompatible drugs, for example, amoxicillin and flucloxacillin (no 

information on compatibility) and a bolus dose of gentamicin through a line at the 

same time as a continuous infusion of 0.9% sodium chloride with heparin (one 

unit per millilitre). Even though heparin and gentamicin are documented to be 

incompatible (Trissel 1998), the information is difficult to apply as the cases refer 

to different concentrations of the medication.

Other incompatibility errors were related to the co-administration of potentially 

incompatible medication. There were 16 situations when patients did not have 

sufficient infusion lines for co-administration of potentially incompatible 

infusions; in 7 (44%) of those potentially incompatible co-infusion occurred; 

Examples included the co-infusion of erythromycin and 0.9% sodium chloride 

containing heparin (documented incompatibility (Trissel 1998) and frusemide 

with dopamine (no information available). No error occurred in the remaining 

cases, because staff stopped the continuous infusions for the time that the 

intermittent infusion was administered (seven cases; 35%). administered one 

infusion after the other (6%) or discontinued IV medication (6%).

In another case an infusion of amphotericin (prepared correctly) was connected to 

a giving set which had been used for the administration of 0.9% sodium chloride
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to the same patient. Amphotericin is known to be incompatible with sodium 

chloride (Trissel 1998).

Expired medication

Co-amoxiclav is a drug which is supposed to be administered within 20 minutes 

of its preparations as the drug degrades and potentially toxic products develop.

The preparation and administration of co-amoxiclav was observed 36 times, the 

mean time between preparation and administration was 14 minutes (SD 12 

minutes); in four cases (11%) there were more than 20 minutes (mean time 41 

minutes) between drug preparation and administration.

Other administration errors

A nurse prepared an infusion containing the whole content of a one gram vial of 

erythromycine for a patient prescribed 500 milligram erythromycine every six 

hours. The nurse stopped the gravity controlled infusion after about half of the 

volume was infused. The infusion bag was left by the patient’s bed side and the 

nurse infused the remaining medication when the next dose was due. This was 

likely to result in the administration of the wrong dose.

In another case the wrong dose was administered to the patient because the 

patient’s cannula tissued and no new cannula was inserted until the next dose was 

due. Therefore the patient only received half of the dose. In another case a flush of 

water for injection was selected to flush a central line.

5.7.5 Representativeness of selected sample

Overall 1048 IV doses of regularly prescribed medication were prescribed during 

the observation period and 42% of those were observed; ranging from 34% to 

53% observed doses per ward (Appendix 13). The following is an analysis 

according to percentage of observed drug rounds, medication and patients.
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Drug rounds

The majority of doses were prescribed for the morning drug rounds (24.8%) at 

lunchtime (23.5%), a smaller number of doses were prescribed at night (17.6%) 

and for the evening drug round (13.6%). Figure 5.7 presents the percentage of 

observed regular doses of all regularly prescribed doses; 67.1% of lunchtime 

doses were observed, a smaller number of doses were be observed during the 

morning drug rounds (24.8%). This was partly due to practical difficulties such as 

reaching the hospital with public transport early in the morning, as sometimes 

drug rounds scheduled for six am started before five am.

s 20%

6am/8am
n=260

12nooiV2pm 6pm
n=246 n=143

.O bserved doses

n=184

X
12pm

n=55
Other limes 

n=42

1 Not observed doses

Figure 5.7 Percentage of regular doses observed according to drug round
* There were no scheduled drug rounds on ward D (coronary intensive care unit)

Medication

In total, 35 different drugs were prescribed during the study period and 91.4% of 

those were observed on at least one occasion. The preparation and administration 

of aciclovir, dexamethasone and mycophenolate was not observed. These were
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administered on two (aciclovir, mycophenolate) and three (dexamethasone) 

occasions. Appendix 14 presents the list of prescribed medication and the number 

of times each one was observed.

Patient

There were 106 patients who had regular IV medication prescribed during the 

study period. At least one observation was possible for 98 (92.4%) patients. A 

mean of 45% (mode 33%) of each patient’s prescribed doses were observed.

Observations related to all drug rounds, almost all patients and medication; these 

data suggest that the study sample was representative for the study period with the 

exception of a lower percentage of doses observed during the early morning drug 

rounds.

5.7.6 Aseptic preparation and administration techniques

Table 5.5 summarises how often nurses used aseptic preparation and 

administration techniques. Nurses disinfected the top of the vial or the port of the 

bag before drawing up drug or solution from in 20 to 30% of preparations. The 

top of a vial before injecting solvent into the vial was disinfected in only 11.9% of 

preparations. In about one third of observations the nurses disinfected 

administration lines or patients’ cannulas before injecting or infusing medication.
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Procedure Observations Aseptic
technique
(percentage
observations)

Missing
information
(percentage
observations)

Preparation step

Injecting solvent into 
vial

299 35(11.9) 5(1.7)

Drawing up drug from 
a vial

320 90 (30.0) 1 (0.3)

Drawing up 
solvent/diluent from 
bag

57 12(21.1) 2 (3.5)

Adding drug to an 
infusion

82 10(8.2) 2(2.4)

Administration

Connecting the 
infusion line

184 52 (28.3) 4(2.2)

Connecting the syringe 234 84 (35.9) 0
Table 5.5 Frequency of following aseptic technique during preparation and 
administration of IV medication

5.8 Discussion

A representative sample of IV drug preparations and administrations on 10 

different wards in two UK hospitals was observed and high IV drug preparation 

and administration error rates were identified. Almost half (49.3%) of all observed 

IV doses had one or more preparation or administration errors. It was estimated 

that a patient on IV therapy experienced on average one error per day with the 

potential for harm. A total of 265 IV medication errors were observed and of 

those 1.1% were scored as potentially severe cases, 57.7% as moderate and the 

remainder were scored as minor cases. The majority of errors were administration 

errors with bolus doses administered faster than recommended being the most
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frequent type of IV medication error. Aseptic preparation and administration 

technique was not followed in the majority of cases.

Similar high IV medication error rates were found in other studies (Clark et al. 

1986; Hartley and Dhillon 1998; O'Hare et al. 1995; Thur et al. 1972; Wirtz 

2000). Comparing the findings of IV medication error studies is often difficult, as 

has been already highlighted, but there are some obvious similarities and 

differences in types of errors and rates of errors.

Similar preparation errors concerning the selection of the wrong volume or diluent 

were observed in one study (O'Hare et al. 1995). However the present study 

showed that the selection of the wrong solvent was generally considered to be of 

minor clinical significance. Some of these deviations could therefore be excluded 

as a source of IV medication errors in future studies.

Wrong dose errors when preparing paediatric doses as observed in the present 

study have been widely reported in the literature (Folli et al. 1987; Kaushal et al. 

2001 ; Koren et al. 1986; Raju et al. 1989). Such errors have been also identified in 

the document analysis. Wrong dose errors may be due to calculation mistakes 

(Koren et al. 1986) or the selection of the wrong number of ampoules (identified 

in the document analysis) or preparation errors involving the wrong measurement 

technique such as observed on the neonatal ward in the present study. Such errors 

are difficult to detect as paediatric patients are often prescribed small doses. 

Tenfold of such small doses still appear like a reasonable amount of medication.

A recent study even found that out of all paediatric patients neonates in the 

neonatal intensive care unit may be particularly vulnerable to experience adverse 

drug events (Kaushal et al. 2001). The present study highlights that dosing errors 

in paediatrics are still an area which need attention.

O’Hare et al. (1995) found that 63% of administrations in a paediatric hospital 

were given with the wrong rate. Nurses administered 70% of bolus doses at the
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recommended rate, whereas only 21% of bolus doses administered by junior 

doctors were administered at the correct rate. Based on these results the authors 

suggested that drug administration by nursing staff was safer than by junior 

doctors. In our study, all bolus doses were administered by nurses and over 70% 

of all observed bolus doses were given too fast, this included also the bolus doses 

administered to paediatric patients. There was an interesting difference between 

the studies, 55% of bolus doses in O’Hare’s study (1995) were given over less 

than 30 seconds, whereas in the present study only 18.4% of bolus doses were 

given over about 30 seconds or less.

Doses given over more than one minute were judged of having none or very little 

potential to adversely affect the patients; bolus dose administrations to paediatric 

patients, certain medications like ranitidine (frequently associated with adverse 

effects when administered too fast) and higher doses of antibiotics were 

considered to be of moderate significance. These findings suggest that the judges 

considered it safe to administer most bolus doses over about one or two minutes 

rather than spending three to five minutes. This is an interesting finding which 

could be used to challenge the standards around the administration of bolus doses. 

There have been reports about serious adverse drug reactions following bolus 

dose administration of medication such as vancomycin which is intended to be 

given as an infusion (Davis et al. 1986; Newfield and Roizen 1979), but there is 

little evidence for a minimum safe administration time for other drugs which are 

commonly administered as bolus doses. A study has demonstrated that IV bolus 

doses of commonly used antibiotics can be safely administered over one or two 

minutes without being associated with a higher rate of adverse events seen with 

the administration as a short infusion (Garrelts et al. 1988). The same authors 

have also suggested that IV drug administration using a bolus dose method is 

equally safe to using an intermittent infusion and more cost effective (Garrelts et 

al. 1992). However the latter study was only related to one antibiotic and a small 

sample of 30 administrations in each group. Moreover, no statistical analysis of 

the results was provided. Very fast administration of IV bolus doses can lead to
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high concentrations, toxic reactions and speed shock (Forth et al. 1992). Measures 

should be focussed around the types of fast bolus dose errors which were 

considered to be of clinical significance.

Another study on IV medication errors (Hartley and Dhillon 1998) found 

omission of medication due to lack of venous access a frequent type of error, 

whereas only one such error was observed in this study. It was observed that 

nurses either inserted cannulas themselves or called supervisor nurses to do so 

when patients did not have venous access. This had not been possible in the 

hospital studied by Hartley and Dhillon (1998).

Omission errors due to unavailability of the medication is the most frequent type 

of error in observation-based studies related to oral medication in the UK (Dean et 

al. 1995; Dean and Barber 2000; Gethins 1996; Ho et al. 1997; Ogden et al. 1997; 

Ridge et al. 1995). Interestingly, similar to other UK based IV medication error 

studies (Hartley and Dhillon 1998; O'Hare et al. 1995) this study did not identify 

any omission errors due to unavailability of the medication. Nurses may perceive 

IV medication to be of higher importance than oral medication. It was observed 

on a few occasions that nurses urgently ordered unavailable medication from the 

pharmacy department or administered medication at a later time if this was not 

immediately available. Omission errors in the present study occurred mainly 

because staff failed to check the drug chart.

The error rate regarding potential incompatibilities was relatively low. Nurses had 

information on potential incompatibilities available at a ward level and were 

observed to check this information. Incompatibility errors were defined as the co

administration or mixture of medication documented to be incompatibility or 

where information on the compatibility of the drugs was not available. There were 

only 18.8% of cases of documented incompatibility; the remaining cases involved 

staff administering drugs in a combination for which information on the potential 

compatibility of the drugs was not available. Therefore the ‘true’ rate of
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incompatibilities may be even lower. The definition used in the present study was 

in contrast to Tissot et al. (1999). This author only counted documented 

incompatibilities as a source of error, but this may underestimate the 

administration error rate (Tissot et al. 1999). A previous study carried out in ITU 

found that in almost half of co-administrations no information on the 

compatibility of the drugs was available, but the medication was still 

administered (Dean and Poolman 1998). The co-administration of potentially 

incompatible medication is an area which still needs pharmaceutical attention.

Few IV medication errors related to the wrong infusion rate. It was often not 

possible to monitor the length of the infusion time hence, there may have been a 

higher number of wrong rate errors. Monitoring of infusion rates is particularly 

important for some medications such as vancomycin where fast administration 

rates are associated with serious adverse events. Furthermore, it was noted that 

infusions of vancomycin were not given using an infusion pump, although 

hospital policy recommends doing so (but not mandatory). It was also noted that 

intermittent administrations of drugs such as caffeine or vancomycin on the 

neonatal ward were given using infusion equipment which was not recommended 

being safe for drug administration to neonates (Medical Devices Agency 1995). 

Similarly, potassium infusions were administered using gravity driven infusion 

devices instead of infusion pumps (suitable for high risk administrations) on the 

coronary intensive care unit. Other studies have also found that a large proportion 

of IV drugs were administered using inadequate or obsolete equipment (Jacklin 

and Langfield 1995; Powell et al. 1995). These cases were not defined as 

medication errors in the present study, but seen as unsafe practice with the 

potential to cause medication errors, such as inaccurate administration rates.

Nurses in general did not adhere to aseptic preparation or administration 

technique such as disinfecting the top of vials or the administration ports.

Previous chapters have already highlighted the lack of evidence-based guidelines 

describing aseptic technique for ward-based IV drug preparation. It is unknown to
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what extent deviations from aseptic preparation technique causes clinically 

significant infections in patients. It is unlikely, that patients experience harm due 

to lack of aseptic preparation technique when preparations are administered 

immediately after completing the preparation. This was observed to be general 

practice on the wards. However, five preparations were observed to be stored 

between two and three hours, one was stored overnight and continuous infusions 

are in general meant to be administered over 24 hours. Furthermore, it was 

observed that some wards did not have dedicated drug preparation areas. For 

example, drug preparations were carried out next to the sink where other nurses 

were washing their hands at the same time. A previous study identified 

retrospectively that such inadequate environment resulted in contaminated 

preparations (Koemer et al. 1997). No attempt was made to determine the 

contamination rates of drug preparations as part of the present study. It was not 

within the scope of the study to address the area of evidence behind aseptic 

preparation technique. There are strict guidelines regarding aseptic dispensing 

carried out in hospital pharmacies (Department of Health 1994). No such 

guidelines exist for ward-based preparations. The present study highlights the 

need to address this area. It has been suggested that most infections of patients on 

IV therapy are related to a lack of aseptic technique when handling intravenous 

devices rather than being related to lack of aseptic preparation technique (Maki 

and Mermel 1998). This would highlight the need to also address the lack of 

aseptic administration technique identified in the present study.

Practices which also had the potential to compromise the quality of IV drugs or 

staff safety were also observed, but not counted as IV medication errors. For 

example, it is recommended to wear gloves during the preparation of 

benzylpenicillin to protect staff from getting in contact with the drug, as such 

contact can increase the risk of developing an allergy against penicillin. The 

preparation of benzylpenicillin was observed on 33 occasions and in about a third 

of them staff did not wear gloves. It was also observed that a nurse preparing 

ganciclovir on the ward did not adhere to the safety measures recommended in the
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hospital’s IV guide such as wearing safety goggles or special gloves. Further work 

should address these issues.

As far as the researcher is aware, this study was the second to apply a validated 

and reliable method to score the potential significance of medication errors and 

the first to use this approach in an IV medication error study. It was interesting to 

note that the analysis of the severity of the fast bolus dose errors showed that all 

bolus doses administered over less than 20 seconds had a mean score suggesting 

moderate significance. In contrast, the majority of bolus doses which were given 

over one or two minutes had mean severity scores suggesting minor clinical 

significance. This indicates that the validity which was found when developing 

the method is mirrored by its use in practice. This is an example of a face validity 

of a method (Bowling 1997). Based on these findings and the experience that the 

method allowed differentiation between minor, moderate and severe medication 

errors, it is recommended to use this method in future medication error research.

5.9 Conclusions

In conclusion, observation of IV drug preparation and administration identified a 

high IV medication error rate and more than half of these errors were judged to be 

potentially harmful for patients. IV medication errors were mainly related to 

preparations requiring multiple preparation steps and bolus dose administrations. 

Errors also originated at the stage of identifying the correct prescription. Other 

practices with the potential to compromise the quality of IV drugs and staff safety 

included the selection of unsuitable infusion equipment and lack of aseptic 

preparation and administration techniques. Strategies to reduce high IV 

medication error rates are discussed after presenting data on the causes of these 

errors in the following chapter.
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Chapter Six: Observation-based UK study - the 
causes of IV medication errors

6.1 Introduction

Identifying causes of errors is seen as the first step towards error prevention 

(Leape 1994). However, it has been already pointed out that medication error 

studies rarely systematically investigated causes of medication errors. Studies 

investigating adverse events in medicine showed that common causes of drug 

errors are equipment problems, communication problems, lack of training, 

experience and knowledge, faults in the system design and personal problems. 

(Cheek 1997; Cooper et al. 1978; Cooper et al. 1984; Hand and Barber 2000; 

Leape et al. 1995; Obradovich and Woods 1996; Saffen and Chapanis 1960b; 

Safren and Chapanis 1960a; Wright et al. 1991). To what extent such factors also 

contribute to IV medication errors remains unknown. A human factors approach 

is increasingly used as a theoretical basis to investigate adverse events in 

medicine, but has not been previously used in IV medication error research. The 

analysis of documents about IV medication errors presented in Chapter Three has 

successfully used this approach to identify causes of IV medication errors.

The aim of the present observation-based study was also to identify causes of IV 

medication errors applying the same framework as described in Chapter Three. 

The results obtained using two data collection methods (retrospective document 

analysis and prospective observation of actual practice) can then be compared and 

provide complementary and supplementary information on causes of IV 

medication errors.
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Methodological issues of the observation- based research have been discussed in 

Chapter Four. Chapter Five set out details of the actual data collection methods 

used including the definition of an IV medication error. This chapter gives further 

details of the data collection methods to identify causes of the errors and the 

analysis of the data before presenting the results of the study.

6.2 Objectives

To identify the types and frequency of active failures causing IV 

medication errors.

To identify error and violation producing conditions contributing to IV 

medication errors.

To identify underlying problems contributing to IV medication errors.

6.3 Methods

6.3.1 Data collection

The researcher recorded details about the circumstances of IV drug preparation 

and administration on the wards as described in the previous chapter. If an error 

was identified, information on potential causes for this error was recorded on the 

data collection form (sometimes the researcher only recorded one or two words to 

remind her about an incident). The researcher also asked nurses or other staff 

about problems related to IV drug preparation and administration to clarify 

observations and to obtain more information on causes of errors. In general the 

researcher initiated these conversations, for instance, in the corridor before 

approaching the patient, after the administration was completed or when waiting 

for the drug round to start. Conversations during drug preparation were mainly 

started by the nurses as the researcher did not want to disturb or distract staff. 

Notes about these conversations and any other observations which were thought 

to have contributed to medication errors or problems were recorded on the
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observation sheet (comments section or on the back) after leaving the ward, 

usually within 24 hours. Conversations and observations about causes of errors 

were guided by the human error framework which has been adapted and modified 

carrying out the document analysis (Chapter Three).

6.3.2 Data analysis and validation

A description of each error, data on the circumstance leading to the error and 

additional observations were transcribed and used to code the data. Data were 

categorised and coded by the main researcher. The type of active failure and the 

error and violation producing conditions and underlying problems were identified 

for each medication error. Categorisation and coding was checked by an 

experienced researcher. Any disagreements were discussed and resolved.

Type o f active failure

Figure 6.1 summarises an algorithm (adapted from Reason (1990)) that was used 

to distinguish between human errors (slips/lapses and mistakes) and violations. 

These were defined as follows (Reason 1990; Reason 1995):

Human errors: There were two types of human errors:

Slips or lapses'. These were failures in the process of executing a task. The actor 

had an adequate plan, but the action did not proceed as intended. Examples 

included recognition, attentional, memory and selection failures.

Mistakes’. These were failures at the planning or problem solving stage of 

cognitive processes. These included the misapplication of rules which were not 

appropriate in the situation and knowledge based mistakes. For example, the nurse 

misapplied a rule which was not applicable in the situation at hand (rule-based 

mistake) or the nurse worked out an inadequate solution to a problem in a novel 

situation (knowledge-based mistake).
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Violation: These were actions of deliberately deviating from safe operating 

practices, recommendations and guidelines. The actions were intended and 

proceeded as intended but there was no indication that any adverse consequences 

were intended.

No

Yes

No

Yes

No

Yes

Mistake
(intentional
but mistaken action)

Slip or lapse 
(unintentional 
action)______

Successful! action

Deliberate
violation

Did the action 
achieve its 
desired end?

Did the action 
proceed as 
planned?

Did the action 
conform with 
existing 
guidelines?

Figure 6.1 Algorithm to distinguish between slips, lapses, mistakes and 
violations (adapted from Reason (1990)).
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Error producing conditions

Contributing factors were identified for each human error; multiple factors could 

contribute in each case. The factors were categorised according to the following 

main categories which have already been defined in Chapter Three (section 

3.5.3.2). Other factors emerging from the data were also identified.

Workload 

Supervision 

Communication 

Handling technology 

Technology 

Patient related factors 

Individual factors 

Other factors

A frequency count was carried out, counting how often each type of active failure 

occurred and how often each contributing factor was identified in the data.

Violation producing conditions

The type of violation and the violation producing conditions were identified. 

Reason (1995) suggested three different types of violations. These are:

• Routine violations: cutting comers whenever such opportunities present 

themselves

• Optimising violations: actions taken to further personal rather than strictly 

task related goals (violations because for ‘kicks’ or boredom)

• Necessary or situational violations that seem to offer the only path 

available to getting the job done, and where the mles and procedures are 

seen to be inappropriate for the present situation.

The context of why these violations occurred was analysed to determine the 

violation producing conditions. Low morale and poor supervision were described
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as examples of violation producing conditions (Reason 1995). Examples 

identified in Chapter Three included team factors such as lack of support from 

colleagues and individual factors such as laziness and over-confidence.

Underlying problems (latent failures)

Underlying problems contributing to error and violation producing conditions 

were identified. These were organisational, management and institutional factors 

at a hospital wide level or even at a health system wide level which shape the 

conditions at ward level (Reason 1990; Vincent et al. 1998).

6.4 Results

6.4.1 Active failures

Active failures were identified for 256 (96.6%) IV medication errors, 64 (92.8%) 

preparation errors and 193 (98.5%) administration errors; these were violations 

(66.8%), mistakes (23.4%) and slips and lapses (9.8%). Preparation errors were 

due to slips or lapses and mistakes and no preparation error was identified as 

attributable to a violation; the majority of administration errors were due to 

violations (Figure 6.2).

Human errors and the error producing conditions are presented first, before 

describing the violations and the violation producing conditions. The 

categorisations are illustrated using representative examples from the data. Each 

medication is identified from the code representing the ward (a letter) and a 

consecutive number (given during data collection). The coding for each 

medication error is also presented in Appendix 11.
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Figure 6.2 Types of active failures according to potential clinical significance 
(Observed preparations n=483; observed administrations n=447)
C lin ica l s ig iiillca n ce  as d efin ed  in section  5 .6 .3

6.4.1.1 Slips and lapses 

Preparation slips/lapses

There were 24 slips or lapses. Exam ples o f  these included situations when nurses 

failed to notice that the drug had not dissolved  com pletely (9 cases). In som e  

cases nurses did not realise that m edication was due (9 cases), this included one 

nurse who overlooked checking two drug charts leading to the om ission  o f  five  

doses. There were also failures to select the correct ampoule (4 cases) resulting in 

use o f  the wrong solvent or the wrong dose (Table 6.1). The latter w as one o f  the 

errors which received a severe severity score.

There was only one administration slip  when the nurse selected an am poule 

containing water instead o f  sodium chloride 0.9% to flush a patient’s line.
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Nurse: ‘No, there are 25 000 units in the whole vial.’ Then after checking the 
label. ‘I am sure that I had a vial with 25 000 units in 5 ml last time, but that 
must have been another badge. Thanks for pointing that out to me.’ Nurse drew 
up the whole content of a heparin vial resulting in a five times overdose. (A, 34; 
observer’s notes)

The nurse prepared erythromycin and drew up the drug solution from the vial 
before all the drug had dissolved. This was injected into a bag of saline. The 
nurse appeared to be hurrying during the preparation (which was carried out at 
the patients bedside) as the nurse who was with the patient in the next bed had 
asked her for urgent help to remove drains. The observer did not see the nurse 
checking the vial before drawing up the content. (D, 57; observer’s notes)

One of the nurses had done the oral drug round at the same time as the other 
qualified nurse was preparing the IV drugs. The drug charts of patients who 
were due IV medication were left on the nurses’s desk. The drug charts of 
patients who had already received their IV medication were lying in a pile next 
to the two drug charts of patients who had not had their IV drugs. The nurse did 
not carry out a final check whether or not he had done all drug administrations 
and apparently did not see the two drug charts and told me that the drug round 
was finished. (G, 70; observer’s notes)

Table 6.1 IV drug preparation errors due to slips or lapses

6.4.1.2 Mistakes 

Preparation mistakes

There were 40 preparation mistakes. A frequent mistake was the selection of an 

incorrect volume of solvent when nurses were not clear about the appropriate 

volume needed to reconstitute a medicine (22 cases). These were errors where the 

nurses applied the rule of using 10 millilitre of solvent for each vial for 

preparations which required a larger volume (rule-based mistakes). The majority 

of these mistakes were given a minor severity score. Similar mistakes included the 

selection of the wrong diluent (5 cases). Wrong dose errors were due to the 

mistake that nursing staff measured very small amounts of medication and did not 

take into account the dead space of the syringe. All of these errors occurred on the 

premature baby unit (4 cases). The nurse in the example presented in Table 6.2 

was confronted with the problem of measuring half of the amount contained in a
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Mono vial. This is a drug vial which has a connecting device as a cap, designed to 

be connected directly to an infusion bag which makes it impossible to measure 

drug from the vial using a syringe. The nurse’s solution to the problem resulted in 

the administration of the wrong dose (knowledge-based mistake). All of these 

mistakes were given a moderate severity score. An example of a mistake which 

was given a severe severity score was the case where a nurse added vancomycin 

to an infusion bag of sodium chloride 0.9% which was already connected to the 

patient’s cannula without mixing the infusion.

Three nurses discussed the preparation of imipenem (from a Mono vial). Nurse 
S. told the other nurses that she always used a bag for reconstitution where she 
had withdrawn 50 millilitre of saline, connected this to the vial (so that the vial 
was full of saline) and then she turned it round and estimated to withdraw about 
half of the content in the vial into the bag by squeezing the bag. The remaining 
content of the vial was used on a later occasion. (B, 24; observer’s notes) This 
preparation of a drug from a Mono vial is likely to result in the administration of 
the wrong dose.

Nurse: T have seen vial one and two, but I thought number two was the diluted 
version of one, therefore I administered two [...]. It doesn’t say in the 
instructions.’ (D, 31; observer’s notes) This was a case where the nurse only 
administered one ampoule instead of mixing ampoule number one with 
ampoule number two. (Number one and two contain different ingredients.)

Table 6.2 IV drug preparation errors due to mistakes

Administration mistakes

There were 20 administration mistakes. This included the co-administration of 

potentially incompatible medication. One example was the administration of 

gentamicin through the central venous line which was also used for the 

administration of a continuous infusion of sodium chloride 0.9% containing one 

international unit of heparin per millilitre (to measure the central venous pressure 

of the patient). The nurses used this line for drug administrations when no other 

administration line was available. Nursing staff were not aware that there could be 

a problem with incompatibility between gentamicin and heparin. They considered 

the continuous infusion as an infusion of sodium chloride 0.9% only which very
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rarely causes problems of incompatibility. This point was also confirmed with the 

pharmacist who also did not realise that this particular infusion of 0.9% sodium 

chloride contained a low concentration of heparin. This is another example of a 

rule-based mistake; staff applied the rule of administering medication through a 

line used for the continuous administration of fluid, but did so in the wrong 

situation. Another example of an administration mistake was when co-amoxiclav 

was administered later than 20 minutes after preparation.

6.4.2 Error producing conditions

At least one contributing factor was identified for 59 (85.5%) of preparation errors 

and 22 (88.0%) of administration errors (excluding administration errors which 

were violations).

Category Preparation errors 
(Percentage of all 

preparation errors 
n=69)

Administration 
errors* 

(Percentage of all 
administration errors 

n=25)

Workload 9(13.0) 2 (8.0)

Supervision 3 (4.3) 0

Communication 11 (15.9) 0

Patient related factors 0 7 (28.0)

Handling technology 41 (59.4) 21 (84.0)

Technology 15(21.7) 2 (8.0)

Other factors 1 (1.4) 1 (4.0)
Table 6.3 Number of preparation and administration errors according to 
error producing condition
*Only medication errors due to a human error (excluding violations)
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Table 6.3 presents the number of preparation errors and administration errors 

according to error producing conditions. Handling technology was identified as 

the most frequent contributing factor for both preparation and administration 

errors. Technology, communication and workload were also identified in several 

cases. More than one error producing condition was identified in some cases 

(Table 6.4). The different factors are addressed in turn giving examples fi*om the 

data.

Number of error 
producing conditions

Preparation errors Administration
errors

1 38 13

2 14 7

3 3 2

4 4 0
Table 6.4 Number of preparation and administration errors for which one, 
two, three or four error producing conditions were identified
*Only medication errors due to a human error (excluding violations)

Handling technology

Handling technology was a factor identified in 59.6% of preparation errors and 

84.0% of administration errors.

There were different aspects of handling technology according to the different 

stages of the process when technology was involved. There was lack of 

knowledge and lack of experience related to different aspects of drug preparation 

or administration and the different technologies involved. There were also 

problems in handling drug charts leading to medication errors.

Lack o f knowledge about IV  drug preparation or administration

There were four cases of the preparation of overdoses prepared for neonatal 

patients as nurses apparently did not know that they had to take the dead space in
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the hub of the syringe into account when measuring very small volumes of 

medication. The unit manager confirmed that some of the nurses did not know 

about these particular preparation issues, even tough this had been a problem in 

the past (Table 6.5). It was also observed that other nurses knew about this 

problem and used a different technique in measuring such small volumes leading 

to the correct preparation of the dose (Lee et al. 1996; Northern Neonatal Network

1998).

Unit manager: T know about this, I am not surprised, we had this sort of 
problem before with other preparations, some of the nurses do not know about 
taking into account dead space [...] similar problem when not taking into 
account what’s in the line.’ (Observer’s notes of a discussion with the unit 
manager about the observations in her unit; 6.12.99).

Table 6.5 Medication errors due to lack of knowledge about IV drug 
preparation and administration

In another case the observer saw how one nurse taught two other nurses how to 

prepare 250 milligram of imipenem from a Monovial containing 500 milligram. 

This indicates that this particular dose preparation error was attributable to lack of 

knowledge (Table 6.6).

Nurse: ‘Yes, this is the best method to prepare the drug, I did not do it like that 
before, I did not know this way.’ The other nurse nodded. (B,24; observer’s 
notes). The researcher observed these nurses teaching each other how to 
prepare a dose of 250 milligram of imipenem from a Monovial containing 500 
milligram of the drug. The nurse quoted above had been observed before to 
prepare the wrong dose, the quote shows that she was not aware of this more 
adequate method of drug preparation.

Table 6.6 Medication errors due to lack of knowledge about IV drug 
preparation and administration
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A very frequent preparation error in this category was that nurses did not select 

the correct volume of solvent. However this was given a minor severity score in 

most cases (64.2%).

The observer noted several occasions when nurses checked the potential 

incompatibility of medication before co-administration. However there were a 

few occasions when nurses were not aware of potential incompatibilities. Patients 

on coronary care unit received routinely sodium chloride infusions containing 

heparin through a central line. This line was also used for drug administration if 

no other access was available. Nurses were not aware that the compatibility of IV 

medication with heparin should be checked when using this line. Even the 

pharmacist was not aware that an infusion of sodium chloride 0.9% containing 

heparin was used and that this was potentially a problem (Table 6.7). Also, a few 

nurses were unaware that not flushing in between the administration of two 

antibiotics may also carry the risk of incompatibilities.

Lack of knowledge regarding drug administration equipment was also observed in 

a case in the neonatal unit (Table 6.7).

Lack of knowledge about IV drug administration
Pharmacist: T did not know that they use heparinised saline, I have to say, I do 
not always check the compatibility, they usually know what they are doing and 
they ask me if they don’t know something.’ (20.10.99; observer’s notes) 
Conversation with the ward pharmacist of the coronary intensive care unit 
about the practice of co-administration medication with heparinised saline)

Lack of knowledge about administration equipment
The nurse explained the way the syringe drivers worked to the researcher. The 
nurse measured the length of the syringe and then explained that this length had 
to be multiplied by three to calculate the appropriate infusion rate for a drug 
infusion over 20 minutes. (E, 33; observer’s notes) Case of a calculation 
mistake, the measurement should have been divided by three.

Table 6.7 Medication error due to lack of knowledge about IV drug 
administration and administration equipment
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Inadequate use o f  technology

Another factor was the inadequate use of technology, such as drug charts. An 

example of this has already been presented in Table 6.1.

Technology

Technology was a problem in 21.5% of preparations and 8% of administrations 

due to human errors. This included complex design of drug vial presentations, 

complicated administration technology and also ambiguous manufacturer 

information.

Complicated and unusual drug vial presentations and preparation equipment 

contributed to medication errors such as the error involving a multivitamin 

preparation (Table 6.2) or imipenem already mentioned (Table 6.2). This 

particular multivitamin preparation was supplied in two small brown ampoules 

which have to be mixed before administration. The only difference between these 

two different ampoules is the addition of 1 and 2 after the name. The nurse 

administered only one of the ampoules, even after reading the manufacturer 

instructions. Another preparation which required the use of a filter was erroneous 

as well, because the filter was used incorrectly (Table 6.8).

The nurse reconstituted the amphotericin correctly using water for injection, 
then she hesitated and looked at the filter, she took a syringe, put the filter 
(provided by the manufacturer, 5 micron filter) on the syringe and drew up the 
correct amount of amphothericin. She left the filter on the syringe and injected 
the amphothericin through the filter into a second syringe containing glucose 
5%. Using the filter this way, particles are filtered the first time and then 
injected into the glucose 5% when injecting the amphothericin. This 
preparation technique is presumably equivalent to not using a filter at all. (E, 7; 
observer’s notes)

Table 6.8 Medication error due to complex design and lack of knowledge
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Another complex technology was the syringe driver used on ward E which 

required nurses to convert the administration rate in millimeter per hour (Table 

6.7).

One case also showed that the problem was not always the unsuitable design of 

drug vial presentations, but also the fact that the pharmacy department supplied 

medication which was not suitable for the preparations involved (Table 6.9).

Pharmacist: ‘Ward pharmacists do not know what is supplied to the wards and 
therefore we don’t know about the problems that the ward staff might have with 
preparations.’ (Observer’s notes on a conversation with the ward pharmacist of 
ward B about the ward B’s problems preparing 250 mg of imipenem from a 
Monovial containing 500 milligram of the drug. Pharmacy department, 8.9.99)

Table 6.9 Medication error due to unsuitable supply to the ward

Another problem in this category was the unsuitable drug preparation 

environment on some wards. For example, it was common practice for staff on the 

three intensive care units to prepare medication by the patient’s bedside. It may be 

difficult for nurses to concentrate on the preparation when there are numerous 

activities going on around them as has been already illustrated in the case 

presented in Table 6.1 (middle case).

Communication

Communication problems occurred when verbal or written information was not 

transferred between health care professionals. For example, lack of information 

transfer between nurses of different wards when transferring a patient (Table 

6.10), between nurses of the same shift (Table 6.1), between regular ward staff 

and agency staff and from nurses of one shift to the next shift. In one case 

information on preparation problems were not communicated from the ward to the 

pharmacy department (Table 6.10). Ambiguous prescriptions were another source 

of communication problems.
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The observer reviewed all the drug charts around 16:00 and discovered that one 
of the patients was prescribed cefiiroxime for 14:00 which had not been signed 
for.
Observer: Ts [patient] going to receive the drug?’
Nurse: ‘He has just come from coronary care unit and should have had it there. 
They must have missed it, they did not tell us. Thanks.’
(C, 21; observer’s notes)

Table 6.10 Medication error due to lack of communication between nurses of 
different wards

Supervision

Lack of supervision was identified in a few cases. This was supervision of either 

student nurses or other nurses who were not qualified or not experienced to carry 

out IV drug preparation or administration (Table 6.11).

The continuous infusion of adrenaline ran out and a patient required a bolus 
dose of adrenaline and a bolus dose of midazolam. The nurse had not prepared 
a spare adrenalin infusion. Three nurses helped together to complete the 
preparation of the adrenaline infusion. There was a discussion between the 
ward sister and the nurse; the nurse said to the ward sister that she had not paid 
attention to the infusion as a ward round had been going on. She said this had 
distracted her from preparing the infusion in advance. The ward sister 
explained to her that she should always have a spare continuous infusion ready 
before the other infusion was running out. The nurse worked as an agency nurse 
on the ward and had only returned to clinical work in the last six months after 
working in the pharmaceutical industry for several years. (I, 21; observer’s 
notes)

Table 6.11 Medication error due to high workload and lack of supervision of 
inexperienced staff

Workload

It was found that errors sometimes occurred when nurses carried out several tasks 

at the same time. This practice may have been one of the triggering factors for a 

potentially severe case of a preparation error (Table 6.12). Interruptions also 

distracted nurses from concentrating, for instance, on the preparation process 

(Table 6.1).

186



Chapter 6: Observation-based UK study

The nurse dissolved vancomycin, dre^v it up in a syringe and labelled a bag of 
100 millilitre of sodium chloride 0.9% for the vancomycin infusion. He also 
prepared a bolus dose of antibiotics for the same patient at the same time. He 
had the two syringes in the paper bowl and also a syringe with a saline flush 
and the saline bag. After he administered the ceftiroxime bolus dose [has a 
slight orange colour and therefore easy to distinguish from vancomycin which 
is colourless] he realised that the syringe containing the vancomycin was left in 
the bowl. He had already hung up the saline bag and had connected it to the 
patient’s cannula. He injected the vancomycin through the addition port of the 
saline bag without mixing the drug solution. (B, 27; observer’s notes)

Table 6.12 Medication error due to high workload (carrying out several tasks 
at the same time)

Patient factors

Patient factors were identified in two cases of late administration of co-amoxiclav. 

The patient was not there when the nurse had the drug ready for administration 

and in another case the nurse waited until the patients woke up to administer the 

medication. Lack of venous access or difficulties establishing venous access in 

some patients was also contributing to administration errors.

Other factors

It was observed on two occasions that nurses tried to save disposable equipment. 

In one case a nurse used an administration set, which had been used for the 

administration of sodium chloride, for the administration of amphotericin to the 

same patient. Amphotericin is incompatible with sodium chloride.

Individual factors

Individual factors were not identified as contributing directly to either preparation 

or administration IV medication errors. The researcher observed nurses looking 

tired or talking about tiredness, hunger or being angry or sad, however none of 

these factors were identified as related directly to the occurrence of an IV 

medication error.
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6.4.3 Underlying problems leading to error producing conditions

Underlying problems were summarised under three headings: lack of training and 

education in IV drug preparation; issues in the design of technology and other 

organisational issues.

Lack o f  training

Lack of knowledge as one aspect of handling technology was an important error 

producing condition, therefore lack of training was a likely imderlying problem. 

In particular there was a lack of training in the practical aspects of IV drug 

preparation and administration. The researcher asked several nurses about the 

extent of training and what subjects had been covered. Nurses in both hospitals 

had to have attended a study day in which, according to the nurses, topics that 

were covered included pharmacological aspects of IV drug administration and the 

cost of medication. Practical aspects of IV drug preparation and administration 

had only been taught on the wards. However the researcher observed several 

students carrying out IV drug preparation and the supervision did not seem to be 

sufficient as several errors occurred (Table 6.13). The lack of training was also 

confirmed by the manager of the premature baby unit in the UT hospital (Table 

6.5). There was also a lack of supervision of inexperienced staff, which was 

probably attributable to not formalising training in practical aspects of IV drug 

preparation and administration.
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I asked the nurse whether he had undergone any training and what kind of 
training. He told me that he had attended a study day where he had a lecture by 
a pharmacist mainly on pharmacological issues of drugs and then did 
calculations. He said it had been quite useful. He said he was supposed to be 
supervised in preparation and administration for a week at least, but this had 
been done only a few times. (G, 28; observer’s notes)

Observer: ‘What do you learn in college about IV drug preparation and 
administration?’
Student nurse: ’We have one afternoon [...] but that has not been very helpful, 
we did not get any hands-on teaching.’(B, 44; observer’s notes)

Table 6.13 Medication errors due to lack of formal training of practical
aspects

Design o f  technology

The complex design of technology was an error producing condition, this included 

the design of some drug vial presentations, the design of other equipment such as 

filters and the manufacturer instructions. Underlying problems here were at two 

levels. It was the pharmacy department which in general controlled the 

technology that was supplied to the wards. There were cases in which the 

technology supplied was not suitable for the task at hand as in the case of nurses 

having to half doses of imipenem using a Monovial. This also indicates a lack of 

knowledge on the part of the pharmacists about practical ward-based problems. 

The pharmaceutical industry produced technology which caused problems in 

practical use. The technology did not seem to be tested sufficiently and their 

correct use was not sufficiently monitored.

Other organisational issues

Lack of adequate environment for IV drug preparation was another factor, 

especially in the intensive care unit. Another problem was the use of the drug 

charts which contributed to drug omissions.
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These underlying problems are further discussed in relation to the literature and 

the findings of the analysis of documents in the last section of this chapter after 

presenting the findings about violations and violation producing conditions.

6.4.4 Violations

The majority of administration errors were violations. All of the 168 fast bolus 

dose errors were found to be violations as were three administration errors such as 

the administration of a wrong dose. The following statements have been recorded 

showing that nurses knew that the bolus doses should have been administered 

over three to five minutes, but they deliberately chose not to do so indicating that 

the fast administration of bolus doses were violations. The researcher asked 

several nurses (if the situation allowed questions) how they decided on how fast to 

administer IV bolus doses:

One nurse, who in fact gave all the bolus doses in less than one minute, responded 

by saying:

“The book tells you two to three minutes.” (G, 38; observer’s notes)

And another nurse said similarly,

1 give [ranitidine] over a minute or a couple o f  minutes, the book says with 

ranitidine you should give it over 2 to 3 minutes (G, 47; observer’s notes)

Another nurse commented when the researcher mentioned that the IV guide 

suggested to administer bolus doses over three to five minutes.

I do not take as long as that. (H, 19; observer’s notes)

It was not possible to clarify the type of active failure of fast bolus doses with 

every nurse on every occasion. Therefore in some cases the assumption that a 

violation had occurred had to be made. Very few of the cases could have been
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mistakes, that is cases where nurse did not know that the bolus dose should be 

administered over three to five minutes. A slip or lapse could have been possible 

when a nurse who in general adhered to the recommended administration time did 

not concentrate for a moment and therefore administered the drug faster than she 

intended to do. However, none of the nurses was heard to make any such 

comment about the drug administration and none of the conversations on the 

administration of bolus doses suggested this. Similarly the analysis of nurses 

observed to administer at least three bolus doses (presented in the following 

section) showed nurses in general administered bolus doses at the same speed 

repeatedly.

Less than a third (28.2%) of bolus doses were administered with the correct 

administration speed; this does suggest that these were routine violations 

explained as ‘cutting a comer whenever the situations allows this’ (Reason 1995).

This was supported by the analysis as to what extent individual nurses chose 

similar speed of administration for each bolus dose indicating that this was their 

routine practice. Twenty-eight nurses were observed on at least three occasions 

(administering in total 146 bolus doses). The percentage of bolus doses which 

were administered in less than one minute was calculated for each nurse (Figure 

6.3). Twelve of the nurses (42.9%) administered the majority (50-100%) of bolus 

doses in less than one minute. The remainder took more time for the majority of 

bolus doses they administered. This does suggest that individual nurses routinely 

chose to administer doses either over less than one minute or over more than one 

minute and followed this principle regardless of the situation.
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I a

21-50%

P ercen tage of bolus doses adm inistered in less than  one minute

Figure 6.3 Number of nurses (n=28) who were observed to administer 0-20%, 
21-50% and 50-100% of bolus doses in less than one minute (includes only 
nurses who were observed on at least three occasions, explanation see text)

There were differences in the speed with w hich bolus doses were administered  

between certain wards. For exam ple, the nurses on ward C (cardiosurgical ward) 

took more time for the administration: all bolus doses (n=23) were administered  

in at least one minute. On other wards bolus doses were administered  

considerably faster: on ward A  (general medical ward) all bolus doses (n=10) 

were administered in less than two minutes; on ward E (neonatal ward) 87% o f  

bolus doses (n=15) were administered in less than one minute. N o  such obvious  

trends were seen on the other wards. Appendix 15 show s an analysis o f  the 

different speeds o f  administration according to ward.
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6.4.5 Violation producing conditions

To identify the violation producing conditions it was also investigated why nurses 

decided to administer bolus within the appropriate time or decided to administer 

the drugs as intermittent infusions instead.

Nurses did not see any risk

In a lot of cases the researcher observed that nurses did not perceive there to be a 

risk associated with deviating from the recommended administration speed. They 

knew about the guidelines on drug administration but, in most cases, they did not 

find that it was necessary to follow these guidelines for every bolus dose with 

every patient.

Some nurses were observed carrying out a risk assessment using categories such 

as type of drug, dose, how often the drug had been administered before and 

patient characteristics. For example, several nurses explained that common drugs 

that were used all the time, like cefuroxime, could be given faster. In another 

situation two nurses were observed carrying out the preparation and 

administration of methylprednisolone which was not a common drug to be used 

on this particular ward. They decided to be ‘on the safe side’ and administer the 

first dose as an infusion. The same nurse was then observed the following day 

injecting the drug over a few seconds. A nurse explained the following to the 

researcher after administering 80 mg frusemide over one minute:

“I am quite happy to give 80 mg as a bolus but I would administer 250 mg as an 

infusion.” (A,31; observer’s notes)

Another nurse told the researcher that she was quite scared of administering 

higher doses of frusemide too fast as she knew about the side effect of becoming 

deaf. She also told the researcher that when she was a newly qualified nurse she 

would check with the patient repeatedly during the administration (H,19).
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On the other hand the researcher observed some nurses in situations where there 

could be some doubt about the validity of their risk assessments as lack of 

knowledge about medication could lead to a wrong assessment. For instance, one 

nurse on ward I (ITU) explained to the observer that bolus doses should be given 

over one or two minutes or less, but there was no need to worry about the speed of 

administration with ranitidine (1,33). However the fast administration of ranitidine 

has been associated with bradycardia (Glaxo Wellcome 1997).

Nurses were observed to administer bolus doses within the recommended time or 

administer them as intermittent infusions instead to patients who had complained 

about pain related to injections, had had reactions to the drug or to patients with 

cannulas in very small veins. For example, one patient apparently had a rush after 

the administration of 80 milligram frusemide and after this he received frusemide 

as an intermittent infusion. Another patient had complained about sickness related 

to the injection of a high dose of benzylpenicillin and therefore subsequently 

received the drug as an intermittent infusion.

Team factors  -  role model

Poor supervisory examples were observed on several occasions when student 

nurses or nurses not qualified to carry out IV drug administration were taught by 

other nurses. On one occasion a nurse was observed administering a dose of 600 

milligram co-amoxiclav over one minute and then advised a nurse from Norway 

who was on orientation that co-amoxiclav had to be administered over three to 

five minutes. On another occasion on the same ward a nurse who had just 

attended the IV course administered a bolus dose over two minutes and thirty 

seconds to a patient. The senior nurse on that ward saw her, laughed about the fact 

that she was taking so long and said:

“You should give the drug over three minutes not over 30 minutes” (A,29)
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Another example of this was a student who administered an infusion of 

vancomycin. He knew that he was supposed to monitor the infusion, but he was 

not supervised doing so and even though he said to the researcher he would 

repeatedly check on the progress of the infusion the infusion was administered 

over 40 minutes instead of 100 minutes. This student had not completed the IV 

study day of the hospital. A contributory factor in this case could be that the 

student nurse did not know that gravity controlled infusions can be quite 

unreliable and change the administration rate quite fast (Medical Devices Agency 

1995).

Other influencing factors

• Technology

In some cases doses were given in such small volumes that it was difficult to 

administer the dose over more than one minute. An example was the 

administration of a dose of gentamicin to a patient who complained about pain 

from the injection of the drug and the nurse said that she administered the drug as 

slowly as possible but it was a small volume (5 millilitres) (H, 56). The hospital’s 

IV guide did not recommend that gentamicin be diluted. A similar problem was 

observed on the two paediatric wards where nurses used one millilitre syringes for 

drug administrations. This could be an additional reason why so many bolus doses 

were given faster than recommended on ward E. However, other nurses were 

observed to wait in between injecting very small amounts of medication.

Injection equipment also had an impact on the speed of administration. One nurse 

explained to the researcher that bolus doses could not be administered too fast 

when patients had caps on their cannulas with a latex membrane which the doses 

were injected through. She was used to this technology but she complained that it 

was not used on the ward possibly due to economic reasons (G, 4 and G, 6). 

However other nurses preferred to connect the syringe directly to the cannula as 

they said they could judge better whether the vein was patent and one nurse said
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that she was scared to puncture the vein when injecting through such a latex 

membrane.

Lack of time

Although none of the nurses said that they felt there was insufficient time for the 

slow administration of IV medication, one such occasion was observed. A nurse 

administered two bolus doses to one patient, one after the other. The first was 

administered over one minute and thirty seconds and the second over only thirty 

seconds. Her colleague who was caring for the patient in the next bed asked her 

for help during the second bolus dose and she then speeded the administration up. 

This particular nurse was observed on seven occasions and this was the only bolus 

dose which she administered in less than one minute.

6.4.6 Underlying problems leading to violation producing conditions

The particular culture or social context, as Reason (1995) has described it, on 

certain wards seems to encourage nurses to administer bolus doses faster than 

recommended. The lack of the perceived risks of fast administration of bolus 

doses was possibly due to the lack of immediate negative consequences with most 

fast administrations. This could be seen as nurses did change administration 

practice when patients reported about side effects or obvious side effects occurred 

such as skin rashes. Another underlying problem was the design which allowed 

fast administration easily in some cases making it almost impossible to correctly 

administer the medication. However the severity of the majority of bolus doses 

administered over more than one minute was not seen to have the potential to 

cause considerable harm to patients.

6.5 Discussion

Human error theory has been successfully applied to identify factors contributing 

to IV drug preparation and administration errors. The majority of active failures
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were violations, with few slips occurring and the remainder being mistakes. 

Handling technology and technology were identified as the main error producing 

conditions at ward level; underlying problems were lack of training, complex 

design and other organisational issues. All the fast bolus dose errors were due to 

violations of guidelines. The social context on the wards was identified as 

contributing to these violations, comprising lack of perceived risk, role models 

teaching violations as accepted practice and some other factors such as the nature 

of the technology available.

It was surprising to find that few IV medication errors were identified as being 

attributable to slips, because slips are common and frequent events (Reason 

1990). It could be that staff monitored the progress of their preparations 

frequently and corrected slips such as the selection of wrong ampoules before 

completing the administration. Slips which were corrected during preparation or 

administration were not recorded in this study. These findings indicate that staff in 

general concentrated and focussed on the task of preparation and administration. 

Likewise it was surprising to find that a large number of errors were due to 

violations. In contrast, few violations were identified when analysing the 

documents. The analysis suggested that these were routine violations, because 

nurses did not think fast administration was risky practice and this viewpoint was 

passed on to junior staff.

Lack of knowledge about IV drug preparation and administration was found to 

contribute to mistakes and violations indicating lack of training as an underlying 

problem. Concern has been issued about the lack of training of nurses when they 

had to take over IV drug administration as a new task (Campbell and Lunn 1997; 

Grundy 1996) or more infusion devices became available (McConnell et al. 1996; 

Robson et al. 1998; Wilkinson 1996). Nurses on the wards in this study had to 

attend a one day IV study course, but the course did not appear to cover the 

practical aspects of IV drug preparation and administration. Nurses reported that 

they leamt about this on the wards from their colleagues. This informal way of
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learning also seemed to be without the involvement of pharmacists, perhaps 

because pharmacists did not know about some of the practical problems nurses 

face on the wards. Similar results were obtained from the document analysis and 

the interviews.

The document analysis revealed problems with the design of technology and such 

problems were also identified during the observation study. Some of these issues 

have been recognised in the literature already. This includes similar looking 

ampoules (Senders 1994) or similar sounding names of drugs (Lambert 1997). 

Complex design of infusion pumps has been found to cause problems 

(Obradovich and Woods 1996), unlike the findings of the present study, there 

were no reports about complex design of drug vial presentations presenting 

problems.

Whilst document analysis showed that policy and implementation of policies were 

problems, no such cases were identified in the observation study. A different 

problem however, was identified regarding policies, namely staff frequently not 

adhering to administration guidelines. Other organisational issues, such as high 

workload and lack of communication, were also identified in all data sources.

Certain factors were not identified during observations, for example, individual 

factors such as tiredness, even though these are quite likely to be a problem as 

well. This may have been due to the study’s methodology. The analysis of 

documents about IV medication errors showed that some of the nurses involved in 

errors had been in difficult personal situations at the time. However, it is unlikely 

that such personal problems would be revealed to an observer who had been on 

the ward for a few days in a busy environment. Such factors are more likely to be 

talked about in an in-depth interview carried out away from the hospital. It is 

therefore not known to what extent such factors also contributed to IV medication 

errors. However, it may be that little can be done about such factors in any case.
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Similarly, the type of active failure could not be determined for all fast bolus dose 

errors. However, as discussed fast bolus dose errors were not very likely to be due 

to either mistakes or slips or lapses therefore the risks of assumptions made in this 

regard being incorrect are likely to be low.

6.6 Conclusions

To conclude, analysis of data from observing nurses during preparation and 

administration of IV drugs showed that multiple factors contributed to IV 

medication errors, some of which have been already identified analysing 

documents about IV medication errors and interviewing staff. A discussion of 

suggestions for reducing IV medication errors, based on the analysis of causes, is 

contained in Chapter Nine as the final chapter of this thesis.

The next two chapters describe the German part of the project. Chapter Seven 

presents the validation of an existing method to assess the potential severity of 

medication error for use in Germany. Chapter Eight describes data on the 

incidence, severity and causes of IV medication errors in Germany. The German 

results are also compared with data collected in the UK highlighting similarities 

and differences between the two countries.
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Chapter Seven: The validation of an existing 
method to score the severity o f medication 
errors in Germany

7.1 Introduction

IV medication errors can be associated with serious outcomes including the death 

of the patient, as has been shown in Chapter One and also Chapter Three. 

However, only few observation-based studies measured the potential clinical 

significance of medication errors. Assessing the potential clinical significance 

allows differentiation between minor errors unlikely to have any adverse 

consequences for the patient and errors with the potential to harm patients. 

Strategies to reduce medication errors can then be focussed around addressing 

harmful errors. Methods used to assess the potential clinical significance in 

previous studies have been criticised because of limitations regarding validity and 

reliability (Dean and Barber 1999). To overcome such limitations. Dean and 

Barber (1999) developed a new method to measure the severity of medication 

administration errors where clinical outcome is not known and tested the validity 

and reliability of this method. It is based on calculating the mean subjective score 

that four different senior health care professionals (preferably including one 

pharmacist, one nurse and one doctor) assign to a medication error.

This method has already been used to assess the clinical significance of the IV 

medication errors identified in the UK part of the study as described in Chapter 

Five. It was decided to also use this method in the German part of the project. 

However, the validity and reliability of the method has only been tested in the 

UK. Germany and the UK have different health care systems and the roles and 

training of the health care professionals in the two countries are different. For 

example, nurses in the UK seem to have a stronger position as professionals
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within the health care team than in Germany and have extended their roles 

considerably in recent years (Arndt 1994a). Clinical pharmacy as a discipline and 

practice model is developing slowly in Germany. There are few hospitals which 

have set up regular patient orientated clinical services or regular prescription 

reviews by pharmacists (Carstens et al. 1992; Helmstâdter 1992; Meyer 1998). 

Clinical pharmacy as a taught subject will only be introduced in the pharmacy 

undergraduate curriculum in German universities in September 2001 (Zweite 

Verordnung zur Anderung der Approbationsordnung fur Apotheker 2000). 

Further, there is little research about medication errors in Germany and apparently 

no wider discussions about or awareness of medical errors within the three 

professions. All of these factors may also affect the subjective judgement of the 

clinical significance of medication errors, but the extent is extent.

Therefore, considering these differences in health care, education, roles and 

practice of the three different groups of health care professionals it cannot be 

assumed that the mean score of four different German senior health care 

professionals will give a reliable and valid estimate of the potential clinical 

significance of a medication error. Moreover, it is not known whether being a 

member of one of the three professions has an influence on the score in Germany.

The aim of the present study was therefore to validate the existing method of 

assessing the potential clinical severity of medication errors developed in the UK 

for use in Germany. The procedures involved in the development and testing of 

the UK method were repeated using German health care professionals.
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7.2 Objectives

To determine the minimum number of judges required to produce a

reliable mean severity score.

• To determine whether the profession of the judge had an effect on the

scoring.

To test the validity of the mean score.

7.3 The existing method

To develop the method, Dean and Barber (1999) selected 50 medication error 

cases from the literature representing about equal numbers of cases with a 

potential minor, moderate and severe clinical outcome; the patient outcome was 

known for a subset of those cases. These cases were sent to 30 different health 

care professionals, representing ten doctors, ten nurses and ten pharmacists. These 

judges were asked to score the potential clinical significance on a visual analogue 

scale ranging from 0 to 10 (0 labelled as ‘no effect’ and 10 labelled as ‘death’). A 

subset of ten cases were assessed on a second occasion by all the judges. The data 

were analysed using generalisability theory (Cronbach et al. 1972). It was found 

that occasion of scoring and the profession of the judge contributed little to the 

overall variance. The authors concluded that the mean score of four health care 

professionals gave a reliable estimate of the potential clinical significance of 

medication errors. It was recommended that the four judges preferably include 

one health care professional from each profession to encourage multi-disciplinary 

involvement. The validity of the scoring was tested by comparing the mean scores 

to the known outcome of a subset of cases. It was found that the method was valid 

to differentiate amongst minor, moderate and severe cases (Dean and Barber

1999). The method has since been used successfully to assess the potential clinical 

significance of oral medication administration errors in a large study (Dean and 

Barber 2000).
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7.4 Generalisability theory

There are different ways to assess the reliability of a measurement procedure or 

instrument. For example, in classical reliability theory the stability of an 

instrument over a period of time can be tested or the inter-rater agreement of 

different people using the same instrument can be assessed (Bowling 1997). A 

reliability coefficient is calculated for each of these tests which identifies and 

quantifies one source of variance. Each assessment requires its own test and 

study.

In contrast, Cronbach et al. (1972) developed the generalisability theory. This is a 

method which allows measurement of the effect of several sources of variance 

and their interactions on the score at the same time in a single study. The results 

of this can then be used to identify methods to improve the reliability of a test. 

This approach was used by Dean and Barber (1999) when developing their 

method to score the severity of medication errors.

Analysis using generalisability theory takes place in several stages. In the first 

stage, the different sources of variance are identified and specified, this is what is 

referred to as universe o f observations. In the second stage the generalisability or 

G study involves setting up an appropriate research design, data collection and 

then determining the extent to which each of the variables influences the score. 

Different coefficients of variance can be calculated representing the different 

situations. For example, a coefficient can be calculated showing the extent to 

which we can generalise from the score given to a case by a doctor to the score 

given to the same case by a pharmacist. The final stage is a decision or D study. 

No data are collected at this stage. Based on the estimated variance, the effect of a 

change in the number of observations on the generalisability coefficient can now 

be explored. For example, the change of the generalisability coefficient can be 

determined when changing the number of judges. This is done by dividing each 

term (variance) by the number of observations. This stage permits the exploration
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of the conditions which can achieve a sufficient level of reliability. This study 

explored the effect of the number of judges and the profession they came from on 

the generalisability coefficient (Streiner and Norman 1995).

7.5 Methods

Study design, data collection methods and analysis were in analogy to the original 

study by Dean and Barber (1999).

7.5.1 Selection of the cases

There is very little literature about medication errors in Germany and only very 

few case reports were identified. Therefore it was decided to use the same cases as 

in the original method, translate the cases and adapt them to the German health 

care context. Additionally, this provided the opportunity to compare directly the 

results of the German with the UK study.

7.5.2 Translation of the cases

All 50 cases were translated by the main researcher (Appendix 16 presents the 

original cases. Appendix 17 the translation into German). Details of the drug 

therapy involved in the medication errors had to be changed for 23 of the 50 

cases. This was because some of the medication that was mentioned in the cases is 

used differently in Germany. Differences included the supply of medication in 

different doses, concentrations or measurement units. Some cases had to be 

changed to adapt to different dosing regimens. Also some of the medication was 

unlicensed; for example, one case had to be omitted completely as the drug 

formulation was not available on the German market. Appendix 16 describes the 

changes that were necessary for each individual case.
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The translation was checked by a second clinical pharmacist who was bilingual in 

English and German and familiar with both health care systems. Only minor 

changes to the language were suggested.

To check whether the cases were understandable in the context of the German 

health care system the translations were sent to an experienced German clinical 

pharmacist (JB). Changes suggested by JB are marked in the appendix. The final 

version was rechecked by a German doctor (RO) who had been trained as a nurse 

before becoming a doctor. The two reviewers were asked to read the cases and 

suggest any changes that had to be made so that it was feasible for the errors to 

have also occurred in a German hospital. The two reviewers were also given the 

outcome of the 16 cases and were asked to check whether they thought that these 

outcomes were possible in a German hospital.

JB suggested the inclusion of the brand names of the drugs, as brand names rather 

than generic names are used to prescribe medication in Germany and therefore 

some health care professionals may not be familiar with some of the generic 

names. The name of a widely used brand product was therefore added in brackets 

in most cases. RO was therefore also asked to double check whether she thought 

that widely known brand names had been selected. RO had only minor comments 

regarding the language. Therefore no further review was thought to be necessary.

Both German reviewers had a general comment about the cases involving 

confusion of drugs due to similar sounding generic names. These were thought to 

be less likely in a German hospital setting as brand names rather than generic 

names of drugs are used.

All changes to the cases were discussed with one of the authors of the original 

British study and they were judged not to change the essential meaning of the 

cases. A lot of care was taken to ensure that there were as few changes as possible 

made to the cases where the outcome was known.
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7.5.3 Recruitment methods

A total of 30 health care professionals from four different German hospitals (one 

teaching hospital and three non-teaching hospitals) were recruited for the study. 

These were 10 doctors, 10 nurses and 10 pharmacists. The researcher contacted 

one or more senior staff in each hospital who then distributed the questionnaires 

to the doctors, nurses and pharmacists who had agreed to take part. Nurses, 

doctors and pharmacists from specialist areas such as paediatrics and oncology 

and health care professionals having less than one year of clinical experience post 

registration were excluded. (There is no equivalent to the British system of staff 

grades for nurses, pharmacists and doctors, therefore clinical experience was used 

instead). The following is a summary of the recruitment method for each hospital:

• Hospital A (teaching): Chief pharmacist recruited pharmacists for the 

study who then recruited nurses and doctors.

• Hospital B (non-teaching): Senior pharmacist recruited pharmacists. The

medical director recruited doctors and the chief nurse agreed to recruit 

nurses (however the responses were not received until after the deadline 

for the project, therefore no nurses were recruited from hospital B). 

Hospital C (non-teaching): The chief pharmacist gave names of two 

pharmacists who were sent questionnaires by the researcher. The chief 

nurse recruited nurses. The medical director did not respond to the initial 

letter and the follow up phone call.

• Hospital D (non-teaching): As there were not enough pharmacists working

in hospital B or C, the senior pharmacist in hospital B recruited one more 

pharmacist from hospital D.

7.5.4 Scoring process

Each set of cases was accompanied by a letter explaining the purpose of the study 

(Appendix 18) and a sheet explaining how to score the errors on the scale
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(Appendix 19). Pilot work suggested that there were several ways of scoring the 

errors and therefore examples of how to use the scale were provided. Figure 7.1 

shows the scale, which was similar to the one used in the original study. The 

anchors represent keine Auswirkungen (no effect) and Tod (death). The 

participants were also asked to fill in a short questionnaire asking demographic 

details including their profession and the number of years of work experience 

(Appendix 20). This questionnaire provided space for the participants to add 

comments about the study and the scoring method.

K ein e  A u s

w irk u n gen  T od

10

Figure 7.1 The scale judges used to score each medication error

7.5.5 Analysis of reliability

7.5,5.1 Universe o f observations

The analysis was identical to that in the original study (Dean and Barber 1999). 

The sources of variance were the inherent difference among the cases selected for 

the scoring process, the individual judge and their profession. Each judge can only 

be a member of one profession therefore judge was ‘nested’ within profession.

The original study had a subset of cases assessed twice and included occasion as 

another source of variance. However this contributed little to the variance (Dean 

and Barber 1999) and this finding was confirmed in a similar study of assessment 

of prescribing errors and pharmacist’s intervention by health care professionals 

(Kollo 2000). Therefore occasion was not included in the study. The following 

nested model was used in the present study:

Case X Judge : Profession
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7.5.5.2 G study

An analysis of variance was performed and five components of variance were 

estimated. These were profession, judge ‘nested’ within profession, case, case x 

profession and a residual variance (case x judgeiprofession). The equations used 

to calculate each variance (estimated mean square) are given with the results. The 

equations to calculate the generalisability coefficients are given in Appendix 21. 

Data were analysed using Statistics Package for the Social Sciences (version 10.0, 

SPSS Inc, Chicago).

7.5.5.3 D study

Different scenarios based on the results of the G study were investigated in the D 

study. The same model as in the G study was used to calculate generalisability 

coefficients for different numbers of judges from the different numbers of 

professions. This was to identify how many judges were needed to achieve a 

reliable mean score. The D study also investigated whether the judges needed to 

be from different professions or from the same profession. As in previous studies 

a generalisability coefficient of more than 0.8 was considered to represent 

acceptable reliability (Streiner and Norman 1995).

7.5.6 Analysis of validity

The researcher in the original study grouped the 16 cases with for which an 

outcome was reported into cases with ‘minor’ outcome, i.e. the errors did not 

result in adverse effects, ‘moderate’ outcome, i.e. the errors had some adverse 

effect but no lasting impairment and cases with ‘severe’ outcome, i.e. the errors 

resulted in death or lasting impairment. The mean scores of these 16 cases were 

compared with the known outcomes.
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7.6 Results

7.6.1 Recruitment

A total of 28 questionnaires were received, representing a response rate of 93%. 

One pharmacist and one doctor did not return the questionnaire therefore the 

questionnaire from one of the nurses was randomly selected and excluded as the 

analysis required equal numbers of respondents in each professional group.

Table 7.1 presents the characteristics of the sample. Nurses and pharmacists had a 

mean number of 14 years of work experience (range 5 to 25), the doctors had 11 

years (range 1 to 30). The mean time to score the cases was 31.7 minutes (range 

13 to 65), seven judges did not record the time.
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Profession Study ID Hospital Experience (years) Tim e taken (min)

Nurse n6 C 14 35

Nurse n2 A 12 25

*Nurse nl A 10 20

Nurse n7 C 20 30

Nurse n4 C 5 45

Nurse n3 c 11 40

Nurse n5 c 25 Not stated

Nurse nlO A 7 Not stated

Nurse n9 A 10 60

Nurse n8 A 20 Not stated

Pharmacist p9 D 11 30

Pharmacist p5 A 25 30

Pharmacist p6 A Not stated Not stated

Pharmacist pi C 18 65

Pharmacist p8 B 5 25

Pharmacist p7 B 13 35

Pharmacist p4 A 19 35

Pharmacist p3 A 7 15

Pharmacist p2 A 13 Not stated

Doctor dl A 9 13

Doctor d9 B 16 Not stated

Doctor d2 A 1 30

Doctor d3 A 18 18

Doctor d8 B 30 25

Doctor d7 B 1 23

Doctor d6 A 16 35

Doctor d5 A 2 20

Doctor d4 A 9 Not stated

Table 7.1 Characteristics of the judges recruited from the different hospitals
* Randomly selected and excluded from analysis; A: Teaching hospital; B/C/D: Non teaching

hospitals
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7.6.2 Scores

The mean score for each case is presented in Appendix 22. Not all health care 

professionals completed all the scores and in some cases the score that was ticked 

was ambiguous, for example, two numbers were marked on the same scale (Table 

7.2). These scores were excluded from calculating the mean score.

The analysis of variance required a value in each cell, therefore replacement 

values for each of those scores were calculated using a formulae by Armitage and 

Berry (1994). The missing scores represent 1.1% of the total of scores and it was 

concluded that this was unlikely to affect the analysis.

Health care professional Hospital Case not completed

Nurse (n2) A 10, 19

Doctor (d2) A 12

Nurse (n7) C 41,29, 20, 12,3

Nurse (n8) A 16, 32

Nurse (nlO) A 13,34

Doctor (d8) B 14, 20, 27
Table 7.2 Cases which were not scored by all health care professionals

Ten health care professionals had comments about the cases or the scoring 

process. Some reported that some of the cases did not provide sufficient detail to 

be able to score the clinical significance. They also wrote that the outcome would 

often depend on individual circumstances of the patient and the care the patient 

received after the error.

“Sometimes the short descriptions leave out some detail (e.g. how much 

cortisone was administered, when using H2 antagonists or similar cases). The
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severity of the disease (e.g. the degree of heart failure, age of patient etc.) and 

other - according to my view important details - remain under speculation.” (d7)^

From the responses it seemed that two nurses were not familiar with all the 

medication referred to in the cases. One nurse (n4) commented that some of the 

medication was unlicensed in Germany (however it had previously been checked 

that all medication referred to in the casçs was licensed in Germany). Another 

nurse (n7) wrote that some of the medication was unknown to him or her and s/he 

marked five cases accordingly.

7.6.3 Analysis of reliability

7,6.3.1 G study

Table 7.4 presents the results of the multivariate analysis of variance. This table 

also includes the formulae of the expected mean squares as a sum of variance 

components. Every mean square contains both the variance due to the factor of 

interest and also the variance due to all the other sources which interact with it, 

additionally it is summed up over all levels of the factors that are not contained in 

the expression (Streiner and Norman 1995). These formulae were then used to 

calculate the resulting variance components which are presented in Table 7.3.

The main source of variance came from the cases themselves. This suggests that 

the method was successful in differentiating among different cases. Profession on 

its own contributed very little variance to the score, likewise the interaction 

between case and profession. Relatively more variance was due to the individual 

judge nested within its profession. There was some residual variance (relatively 

large in comparison with the other variances) indicating that there may have been 

other factors which were not included in the study.

^Quote translated by the researcher
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Source Variance

profession 0.01

judgeiprofession 0.65

case 4.97

case X profession 0.27

judgeiprofession x case 2.1
Table 7.3 Variance according to source

An overall generalisability coefficient of 0.68 was calculated, expressing the 

degree of generalisability from the score given by a judge to the score by another 

judge regardless of their profession. The coefficient which is equivalent to an 

inter-rater reliability was 0.71. This represents the reliability of scores when 

judges come from one of the three professions (the interaction between profession 

and case was kept constant).
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R esults o f  analysis o f variance (crossed design) Results o f analysis o f  variance as actually nested

Source o f  variance Sum o f  
squares

Degrees o f  
freedom

Source as 
confounded

Combined 
sums o f  
squares

Combined  
degrees o f  
freedom

Mean
squares

Expected mean squares

profession 84.91 2 profession 84.91 2 42.46 o \p , ,  + 441o% + 49o'jp + 9 o %

within profession: 
judge 155.75 8

judge X profession 656.72 16 judge:profession 812.47 24 33.85 0%pxc + 490 ĵ:p

case 6615.28 48 case 6615.28 48 137.82 o \p ^  + 2 7 o \  +  9 o %

case X  profession 430.93 96 case X  profession 430.93 96 4.49 o\pxc + 9 o %

within case x profession: 
case X judge 150.15 384

case X judge x 
profession

2272.94 768 judge:profession 
X case

2423.09 1152 2.1

Table 7.4 Results of the ana ysis of variance for the model Case (c) x Judge (j) : Profession (p)
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7.6.3.2 D study

The generalisability coefficients were calculated for two different scenarios: the 

number of judges were varied firstly when they all came from one profession and 

secondly when they were from different professions. The formulae used to 

calculate the generalisability coefficients are given in Appendix 21. Table 7.5 

presents the generalisability coefficients for the first scenario. For example, there 

is a generalisability coefficient of 0.84 if three pharmacists (alternatively three 

nurses or three doctors) score the same case. Table 7.6 presents the 

generalisability coefficients for the second scenario. The generalisability 

coefficient is higher if the three judges come from the three different professions.

Number of judges from any of the 3 
profession (all judges have the same 

profession)

Generalisability coefficient

1 0.68

2 0.79

3 0.84

4 0.86

5 0.88

6 0.89

30 0.94
Table 7.5 Generalisability coefficients for different numbers of judges when 
all judges belong to the same profession

215



Chapter 1: Validation o f a severity scoring method

Case scenario Generalisability coefficient

1 judge from each of 2 professions 0.81
(2 judges in total)

1 judge from each of the 3 professions 0.86
(3 judges in total)

2 judges from each of 2 professions 0.88
(4 judges in total)

2 judges from each of 3 professions 0.92
(6 judges in total)

Table 7.6 Generalisability coefficients :or the different number of judges
representing the different professions

7.6.4 Analysis of validity

Figure 12  presents the mean scores calculated for the 16 cases where the actual 

outcome was known. Cases with actual minor outcome had mean scores between 

0.7 and 1.7; the mean scores of cases with actual moderate outcome were between 

2.9 and 6.0 and the cases with actual severe outcome had mean scores between

4.2 and 9.4. There was an overlap of the mean scores for cases with moderate 

outcome and severe outcome in the area between 4.2 and 6.0, but there was a clear 

relationship between the mean score and the actual outcome.
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Figure 7.2 Mean scores for the 16 cases with known actual outcomes
(1 = minor outcome, 2 = moderate outcome, 3 = severe outcome)

Two cases (36 and 40, Table 7.7) with a known severe outcome had relatively low 

mean scores of 4.5 and 4.2 respectively. The individual scores given to these two 

cases ranged from 0 to 10. Figure 7.3 presents the individual scores of all the 

judges for these two cases. These data suggest that the low mean score was due to 

some judges giving very low scores to these cases.

Case 36: A patient prescribed vancomycin Ig IV twice daily was given one of 
the doses as a bolus rather than by infusion.

Case 40: An elderly patient was given another patient’s 5mg glibenclamide 
tablet.

Table 7.7 Two cases with a known severe outcome
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Figure 7.3 Individual scores for case 36 and case 40.

7.6.5 Comparison of German scores with UK scores

The mean scores of the study in Germany were compared with the mean scores of 

the UK original study (Dean 1999). There were 48 cases which were scored by 

the German as well as the UK judges. Figure 7.4 shows that in general the mean 

scores given by German judges were lower than the mean scores of the UK judges 

and this trend was statistically significant. The mean scores of the German judges 

were on average 0.9 lower (95% confidence interval 0.7 - 1.1; p<0.001; paired 

samples t test; 8.031 ;) than the mean scores of the UK judges. There were
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only 4 cases which were given a higher score by the German judges than the UK 

judges. The maximum difference was a 2.6 lower mean score from the German 

judges than the UK judges. Appendix 22 presents a table with the mean scores of 

the UK and the German judges.

219



10

î s

|4

□
□

a E J
- O

O

O -

PFÇ Î □

□

n s
9 »

#

□
9  P .

□

I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
Case

0M ean score of German judges □  Mean score of UK judges

Figure 7.4 Mean scores of each case given by the German judges and the UK judges (Dean 1999)



Chapter 7: Validation o f a severity scorinj^ method

7.7 Discussion

The results suggest that the method developed by Dean and Barber (1999) is 

suitable for use in the German health care system. The mean score of one doctor, 

one nurse and one pharmacist from the German population of experienced health 

care professionals should give a reliable result which should be generalisable to a 

similar group of German health care professionals. The results also indicate that 

such a method is valid to differentiate between minor and moderate or severe 

cases.

Similar results as in the original study were obtained concerning the reliability of 

the method. The G coefficients obtained were similar, meaning that in the German 

as in the UK study, the judge’s profession contributed little to the variance and 

more variability was due to the individual judge. Interestingly the judges of both 

studies also took similar time to score the cases.

Dean and Barber (1999) concluded that 4 judges, regardless of their profession, 

were sufficient to obtain a reliable mean score whereas the German results 

suggested that 3 judges (one from each profession) were needed to calculate a 

reliable mean score. This difference could be due to the fact that a different model 

was used in the German D study to calculate the generalisability coefficient. This 

was based on case x judge: profession, whereas a model including occasion 

(occasion x case x judge) was used in the original study. Occasion was not 

included in the present study because it has been shown to contribute little to 

variance in two studies (Dean and Barber 1999; Kollo 2000). The results using 

exactly the same model as in the German study in the D study were not available 

for the UK data; therefore it remains unknown whether having three judges each 

from one profession may also give a reliable mean score in the UK.

The comparison of the mean scores of the cases with known outcome suggests 

that the scale is valid to differentiate minor from moderate or severe cases. There
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was an overlap of the mean scores for cases with a moderate and severe outcome 

which was due to two severe cases receiving relatively low mean scores. These 

low mean scores were due to some health care professionals giving very low 

scores. Reasons, why these health care professionals gave low mean scores, 

remained unknown. It could be that they were not familiar with the two drugs 

concerned. Comments suggested that two nurses did not know all the medication 

involved, but no such comments directly referred to these two cases. It could be 

also that the meaning of the two cases was distorted due to the translation, but 

careful and critical reading did not suggest this. Talking to German colleagues 

also indicated that the drugs involved, vancomycin and glibenclamide, were 

widely used and well known drugs. It has to be considered that there is no ideal 

method to assess the validity of the scale as there is no generally accepted 

instrument to measure the severity of medication errors. The outcome as it was 

reported in the literature was used in this study, but this may not reflect the 

outcome in every individual patient and every clinical situation. There may be a 

bias to publish cases of medication errors associated with a more severe outcome 

(Dean and Barber 1999). Finally, the results indicate clearly that the method is 

valid to differentiate between minor cases which are unlikely to have any adverse 

effects on patients and cases with the potential for adverse effects. The results 

suggest that cases with a mean score below two are minor cases unlikely to have 

adverse consequences for the patient. Mean scores above two may be associated 

with adverse consequences (moderate of severe) and cases with a mean score 

above six may be severe cases likely to permanently harm the patient or result in 

death.

Interestingly, the mean scores of the cases were generally statistically 

significantly lower of the German than the UK judges. There may be a number of 

reasons for this difference. First, slightly different recruitment methods were used 

in the two studies with an unknown effect on a possible selection bias. Second, the 

cases have been taken from UK literature and as the German judges knew that the 

cases referred to the UK health care system, they may have thought that such
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cases could not occur in Germany and therefore may have assigned lower scores. 

Third, there may be a cultural difference viewing medication errors. In general 

there is very little research about medication errors or medical errors in Germany, 

whereas there seem to be an increasing awareness in this area in the UK. For 

example, recently a whole issue of the British Medical Journal has been devoted 

to medical errors (Leape and Berwick 2000), there also has been an increase in the 

number of manslaughter charges due to medication errors over the last decade in 

the UK (Femer 2000) and the UK Department of Health has recently issued two 

reports about errors in medicine (Department of Health 2000a; Department of 

Health 2001). No such publications were identified in the German medical or 

pharmaceutical literature. Finally, the medication error cases were translated and 

this may have had an effect on the meaning of the cases, although every 

precaution was taken to ensure that the cases retained the same meaning. A 

number of differences in the use of drugs between the UK and Germany were 

identified such as doses and drug formulations when translating the cases. Staff 

involved in the study may have therefore been less familiar with some of the 

drugs mentioned in the cases (even after adapting them) and this may have 

affected their judgement.

7.8 Conclusions

The method developed by Dean and Barber (1999) was found to be reliable and 

valid in a German health care system. The subjective mean score of a medication 

error given by one doctor, one nurse and one pharmacist on a scale between 0 and 

10 should be a valid and reliable measure to differentiate between minor and 

moderate or severe cases. Cases with mean scores below two are unlikely to have 

adverse effects for the patients, cases with mean scores above two may be 

associated with moderate or severe outcome. The method is therefore suitable to 

assess the potential clinical significance of medication errors and the following 

chapter shows the first application of the method in a medication error research
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project in Germany. Interestingly, the German judges gave significantly lower 

mean scores to the cases than the UK judges and further work should explore the 

reasons for this.
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Chapter Eight: Observation-based German 
study - the incidence, severity and causes of IV  
medication errors

8.1 Introduction

Medication error research has been carried out around the world, but few studies 

have collected data across different countries in a single study using the same data 

collection methods in both countries (Dean et al. 1995; Taxis et al. 1999). Other 

studies have compared medication error rates between different systems in the 

same country or the same hospital (Barker 1969; Cavell and Hughes 1997; Dean 

and Barber 2000; DeBeaujeu and Bureau 1988; Hynniman et al. 1970; Jenkins 

1997; McNally et al. 1997). All of these studies show that valuable insight can be 

gained by comparing the incidence and types of medication errors between 

different drug distribution systems. Sometimes unexpected results have been 

obtained, for example, systems in which a decrease in error rates were anticipated 

have not met expectations (Cavell and Hughes 1997; Dean and Barber 2000). 

None of these comparative studies investigated IV medication errors and 

comparison of medication error rates between studies of different researchers are 

often limited owing to different research methods used including - as has been 

already discussed - definitions and categorisations of medication errors. It was 

therefore decided to carry study IV medication errors in a second country. An 

obvious choice for such a second country was Germany as the main researcher is 

German. Germany, however, is also a good choice because of numerous 

differences in hospital practice in the UK and Germany. Some of these differences 

have already been described in the previous chapter. The following is a more 

detailed review of hospital practice and medication error research in Germany.
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8.2 Pharmacy services in German hospitals

German hospitals operate what is referred to as the floor stock system as their 

traditional drug distribution system. This involves wards having large floor stocks 

of all regularly used medication and nurses having the main responsibility for 

ordering and storing the medication. In contrast to their UK counterparts, German 

pharmacists are rarely involved in ward-based clinical pharmacy services such as 

prescription monitoring or patient counselling (Carstens et al. 1992). This may be 

due to a different historical development of hospital pharmacy in Germany. There 

was only a limited number of hospital pharmacies before the 1980s; dispensing of 

medication was directed by a nurse or a doctor in the majority of hospitals; 

alternatively drug supply was organised by a community pharmacy (Gonnermann 

1989; Schmitz 1978). Altogether 88% of the hospitals neither operated a 

pharmacy nor employed a pharmacist in 1982 (Schmitz 1982). This changed in 

the 1980s, following the introduction of a law which from 1983 onwards required 

all drug supply in hospitals to be organised by a pharmacy (Gesetz iiber das 

Apothekenwesen 1980). A large number of hospital pharmacies were established 

at that time, but staff resources were limited, for example, half of the hospitals 

employed only one pharmacist in 1985 (Kotwas 1986). This is in contrast to most 

UK hospitals operating the ward pharmacy system which requires one pharmacist 

per one or two wards (Cotter et al. 1994). There are recent examples of German 

hospital pharmacies initiating new pharmaceutical services. For example, one 

pharmacy department set up two ward-based satellite pharmacies to supply 

medication and clinical services directly to ward staff and patients (Koch 1996; 

Kreckel and Wieczorek 1996), other pharmacies employed one or two ward 

pharmacists delivering pharmaceutical services to several wards, for example, 

accompanying doctors on ward rounds (Strehl and Frick 1996). Some hospitals 

even introduced patient-orientated drug supplies such as the unit doses system 

(Bollinger and Tenkmann 1997; Taxis et al. 1999).
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8.3 IV drug preparation and administration in German 

hospitals

Data from a recent European survey (Surugue and Cousins 2001) indicates that 

the majority of IV medication is prepared on the ward in German hospitals with 

few hospitals offering a GIYA service. In 2000 about 12% of 80 hospitals offered 

a partial or complete GIYA service, but a higher percentage (81%) of hospitals 

offered a cytotoxic reconstitution service (Surugue and Cousins 2001). This is an 

increase in the services offered. In 1995, a similar survey indicated that none of 

the German hospitals investigated operated a total GIYA service and only 60% of 

hospitals prepared cytoxic drugs from a central pharmacy (Delaney 1996). 

However the response rate was below 20% in both surveys, limiting the 

generalisability of the results.

Several German authors have recommended that pharmacists be involved in lY 

drug preparation at ward level, for example, providing information on potential 

incompatible medication and other problems associated with lY therapy (Greger 

and Schwenker 1995; Schaaf 1981). However there are only few reports of 

hospitals implementing such recommendations, for example, Reinecke et al. 

(1999) have set up a ward-based information service which included the provision 

of tables of common incompatibilities to the intensive care unit in their hospital.

German law suggests that lY drug administration is among the tasks that should 

be carried out by doctors. Drug administration can be formally delegated to 

qualified staff under certain circumstances (Schell 1995). lY drug administration 

is therefore not recognised as a typical nursing task. As a consequence the training 

of student nurses does not include a compulsory module on lY drug 

administration (Gesetz über die Berufe in der Krankenpflege 

(Krankenpflegegesetz - KrPflG) 1985). In contrast, the professional body of 

nurses in the UK (UKGG) published a document ‘Standards for the administration 

of medication’ (UKGG 1992a) which also includes IY medication clearly

227



Chapter 8: Observation-based German study

indicating that this is seen as a nursing task and a nursing responsibility. No such 

document has been identified in Germany. A small survey of 24 different wards in 

10 hospitals indicated that all IV drug preparations were carried out by nursing 

staff (Schaaf 1981). There was no survey indicating the extent to which IV drug 

administration was delegated to nursing staff.

8.4 German medication error research

Few medication error studies have been performed on oral medication errors 

(Decker and Meyer 1988; Mehrtens and Carstens 1997; Meyer et al. 1983; ReiBer 

and GroBhard 1996; Taxis et al. 1999; Zieglmeier et al. 1998), reported error rates 

ranging from 0.2% to 5.1%. Low error rates were associated with an experimental 

drug distribution system including ward-based dispensing of oral drugs by 

pharmacy technicians (ReiBer and GroBhard 1996) and higher error rates were 

associated with the traditional floor stock system. However, different methods 

were used to detect the medication errors thus limiting the scope for comparing 

the results between different studies. For example, one study focussed on 

documentation errors, but actual practice was not observed (Mehrtens and 

Carstens 1997), another study focussed mainly on documentation errors, but also 

included an unknown number of errors identified by observing staff (Meyer et al. 

1983) and other researchers observed the preparation of medication, but not their 

administration (Decker and Meyer 1988; ReiBer and GroBhard 1996). Only one 

study (Taxis et al. 1999) used the observation-based method (identifying the 

highest medication error rate) such as was used in many UK studies (Dean et al. 

1995; Dean and Barber 2000; Ho et al. 1997; Ridge et al. 1995). None of these 

German studies investigated medication errors associated with the preparation and 

administration of IV drugs. Similarly, none of the studies explored causes of 

medication errors.
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The aim of this study was to identify the incidence, severity and causes of IV 

medication errors in a German hospital using the same methods as in the UK part 

of the study.

8.5 Objectives

The objectives to address these aims were:

To measure the incidence of IV mediation errors in a German hospital.

• To determine the types of IV medication errors.

• To identify the stages of the process in which the IV medication errors 

occur.

• To measure the severity of these errors.

• To explore causes of these errors using human error theory.

• To identify the degree of adherence to aseptic preparation and 

administration techniques.

8.6 Methods

Similar data collection methods were used in the German part of the study as in 

the UK study (described in Chapters Five and Six). The following is a brief 

description of the methods emphasising the differences between the methods used 

in the UK and Germany.

8.6.1 Setting of the study

The study hospital was selected because it operated the typical German traditional 

ward stock system with only limited clinical pharmacy services. There were also 

existing links with the hospital’s pharmacy department as the main researcher had 

carried out a previous study about medication errors associated with oral drugs in 

the same hospital on two wards (Taxis et al. 1999). These links made it easier to
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organise the study from London as pharmacy staff were helpful and supportive in 

gaining approval for the study from hospital management.

Two wards were selected for the study, a surgical ward and a surgical intensive 

care unit (different from the study wards selected in the previous study). These 

particular wards were selected because such specialities have been studied in the 

UK, thus allowing a comparison of the two sets of data. Also the aim was to study 

two different wards with potential differences in the number of staff, the training 

of staff, the types of patients and the medication used. All of these factors could 

have an impact on the types of medication errors and the selection of two wards 

would allow exploration of a range of different errors and their causes.

8.6,1.1 Drug distribution system in the study hospital

This was the German traditional ward stock system, each ward had a large floor 

stock of formulary medication regularly used on the ward. Medication was 

ordered by the nurses from the pharmacy department twice a week. The wards 

were visited by a pharmacists twice a year to check the floor stock medication. 

The pharmacists were available for drug information via telephone.

Surgical ward (ward K)

Doctors prescribed medication orders in the medical notes on an order sheet 

(Verordnungsbogen) which was also used to order clinical tests and other 

measures (Appendix 23). There were no formal requirements for the 

prescriptions. In general doctors used brand names and common abbreviations to 

indicate the route and frequency of administration. A code was used to prescribe 

the administration time, for example, 1-0-1-0, indicated one dose in the morning 

(7:00) and one dose in the evening (19:00). But this was not always specified for 

commonly used medication. Orders to discontinue medication were also noted on 

this sheet. Again, no formalities existed, for example, some doctors wrote: ‘all 

IVs stopped’, ‘take out intravenous access’ or ‘stop all antibiotics’. A coloured 

clip on the patient’s notes indicated to nursing staff that a new order had been
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prescribed. Nurses reviewed the medical notes regularly and transcribed 

prescriptions onto drug charts (Fieberkurve, Appendix 24) which were kept in the 

first section of the medical notes. These charts were also used to document 

clinical data such as blood sugar levels, blood pressure and fluid balance. The 

same drug chart was used for 7 days. Nurses did not require any special training 

course to prepare or administer IV medication

There were four drug rounds each day. A nurse checked the drug charts before the 

afternoon drug rounds (15:00) and identified prescriptions for IV medication due 

for one of the following three drug rounds (15:00, 19:00 and 23:00). A small 

white label was written for each IV dose, with the patient’s name, room number 

and drug name (brand name) and the number of ampoules or vials. In general 

nurses did not specify the exact dose (in milligram or gram). The date section of 

each drug prescription on the drug chart was ticked after the label had been 

completed. The same nurse then assembled all the medication, solvents, diluents 

and equipment which was necessary for the following three drug rounds 

according to the information on the labels. The labels were attached to the 

ampoules or vials and medication was grouped on the desk according to drug 

round. The nurses on the surgical ward were not allowed to administer bolus 

doses so that the majority of medication to be administered as a bolus was 

prescribed by the doctors to be administered as intermittent infusions. Preparation 

took place immediately prior to administration. In most cases the medication was 

prepared by one nurse but administered by different nurses. Nurses did not 

document the administration of IV doses. There was no double check by a second 

member of staff at any point of preparation or administration. The administration 

of ‘as required medication’ was documented on the drug chart. Drug preparation 

was carried out in the ward’s office which also used to store the medical notes and 

for meetings.

The medication for the morning drug round (7:00) was prepared by night staff, 

but administered by staff of the morning shift. One of the night shift nurses was
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observed to assemble the medication according to the drug charts and then to 

write the necessary information (drug name, patient’s name, room number) on the 

labels of the infusion bottles instead of using the small white labels. In contrast to 

practice in the UK, glass infusion bottles were used for intermittent or continuous 

infusions with the exception of parenteral nutrition; as a general rule flexible 

plastic infusion bags were used in the UK hospitals.

Intensive care unit (ward L)

There were different practices of prescribing, preparing and administering IV 

medication in the intensive care unit studied. Doctors used a computerised 

prescribing system located in the doctor’s office to produce a new drug chart each 

day which was also used for other orders such as blood tests or other therapies 

(Appendix 25). The time of drug administration was specified on the chart. This 

was kept on a small trolley at the end of the bed. One nurse cared for one to three 

patients and was then responsible for preparing the medication. There were no set 

drug rounds and medication was prepared immediately before administration on a 

desk near the bedside. Nurses ticked the appropriate section on the drug chart and 

documented the drug, dose and volume administered on a chart which was also 

used to document other clinical data such as blood pressure and fluid balance 

which was also kept on the trolley at the end of the patient’s bed. Nurses on this 

ward were allowed to administer bolus doses.

There was no IV guide and no written IV drug administration policy available on 

both wards. There was a one A4 page guide outlining incompatibilities and giving 

general guidance such as not to administer alkaline medication though the same 

line as at the same time as acidic medication and to administer all parenteral 

nutrition through a separate line on ITU (Appendix 26).
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8.6.2 Data collection

8.6.2.1 Preparation o f the study

Advice on ethical aspects of the study was sought from the committee for quality 

improvement of the German study hospital. This multidisciplinary group decided 

that the researcher did not have to apply for full ethics committee approval. 

Approval for the study was obtained from the medical, nursing and pharmacy 

directorate. Permission was also obtained from the ward managers of the two 

wards.

Prior to commencing the data collection a leaflet (Appendix 27) was distributed to 

ward staff presenting the study as a PhD project organised by a UK-based 

research pharmacist investigating common problems of IV drug preparation and 

administration and comparing practice between the two countries.

8.6.2.2 Observation on the wards

Again the researcher took on the role of a participant as observer, accompanying 

nurses during IV drug preparation and administration. Data were collected on six 

and seven consecutive days on each ward including weekends in March 2000. The 

researcher attended two to three drug rounds per day. Again these were selected to 

obtain a high number of observations and to obtain approximately equal numbers 

of morning, lunchtime, evening and night time drug rounds. To assess potential 

selection bias the selected sample was compared to the total sample of regularly 

prescribed medication regarding type of observed medication, drug round and 

number of doses per patient.

Information was recorded on a structured data collection form (Appendix 28) and 

additional information about causes of errors were identified during conversations 

with staff and recorded within 24 hour of the observation using the same methods 

as described in Chapter Five and Six.
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In contrast to practice in the UK, German nurses did not use doctors’ original 

orders for preparation and administration. The researcher was therefore often 

unaware of the doctor’s order during the observation of the drug rounds. The 

observer reviewed all the original prescriptions in the patient’s notes once daily 

and recorded each patient’s original prescriptions of IV medication on a data 

collection form (Appendix 8). These records were compared to observation 

records to identify discrepancies. Further discrepancies were identified by 

comparing preparation and administration records to manufacturer’s guidelines 

and hospital guidelines. This is similar to medication error research carried out in 

the unit dose system in the US (Thur et al. 1972) where researchers were also 

unaware of the original orders.

8.6.3 Data analysis and validation of analysis

IV medication errors were defined as already described in section 5.4. The 

analysis of the data was the same as in the UK part of the study (section 5.6). The 

analysis comprised calculating the incidence of erroneous IV drug preparations 

and administrations and the incidence by patient. IV medication errors were also 

classified according to the stage in which they originated and according to type of 

IV drug preparation and administration error.

The classification system of the stages in which errors originated was extended 

(section 5.6.2.1). Errors at the preparation stage of ‘identifying a prescription’ 

now also included transcribing errors, for example, incorrectly transcribing 

prescriptions or not transcribing prescriptions. This kind of error had not been 

possible in the UK system.

The potential clinical severity of the IV medication errors was assessed using the 

method originally developed by Dean and Barber (1999) which has been validated 

as part of the present project (Chapter Seven).
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A short description of each error was sent to three senior health care professionals 

(one doctor, one nurse, one pharmacist) working in German hospitals. Similar 

errors which had occurred on the same ward were presented only once. An 

introductory letter and instructions on how to score the errors were attached.

The representativeness of the selected sample was determined as described in 

section 5.6.4. Data about aseptic preparation and administration techniques were 

collected and analysed as described in section 5.6.5.

Data about causes of errors was obtained in analogy to the UK methods (section 

6.3.1). The causes of errors were analysed applying human error theory, in 

analogy to the UK data (section 6.3.2). Data was analysed according to the type of 

active failure, error and violation producing conditions and underlying problems 

(latent failures).

The same procedures as in the UK part of the study were used to validate the 

analysis of the data. Categorisation and coding of the data was reviewed by a 

second experienced researcher and any disagreements were discussed and 

resolved.

The results of the data are presented in two sections, first describing the incidence, 

severity and types of IV medication errors and then describing the causes of the 

IV medication errors.
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8.7 Results - incidence, severity and types of IV medication 

errors

8.7.1 Overview

A total of 22 nurses were observed during 13 days of observation on the two 

wards preparing and administering IV medication for 28 patients. One nurse did 

not want to participate in the study and was therefore not observed. The sample 

size that was achieved in the intensive care unit (ward L) was relatively small. 

This was because one patient was diagnosed with a methicillin resistant 

staphylococcus aureus (MRSA) infection on the fourth day of the data collection. 

Two rooms of the unit were closed for admission of new patients and the MRSA 

patient was isolated. Therefore only a small number of patients were available for 

inclusion in the study.

A total of 74 IV medication errors were identified observing 161 preparations and 

135 administrations. These were 35 (21.7%) preparation and 39 (28.9%) 

administration errors (Table 8.1). A short description of each error is presented in 

Appendix 29. The researcher did not intervene on any of the errors.

Preparation Administration

Number of observations 161 135

Number of errors 35 39

Error rate 21.7% 28.9%
Table 8.1 IV medication error rates
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8.7.2 Severity of IV medication errors

Thirty seven errors were sent to the three health care professionals (similar errors 

occurring on the same ward were listed only once). The completed scores were 

returned for all of these errors except one health care professional did not score 

one error. In this case, the mean score of the two other health care professionals 

(both minor scores) was used.

Out of all 74 errors, 4 (5.4%) were scored as potentially severe errors, 44 (59.5%) 

as potentially moderate and 26 (35.1%) as potentially minor. The mean minimum 

score given to an error was 1.0 and the mean maximum score was 8.7. Table 8.2 

presents the mean scores and the maximum and minimum score according to 

preparation and administration errors. The mean score of each individual error is 

given in the Appendix 29.

Potential
severity

Preparation errors Administration errors

mean score minimum and 
maximum

mean score minimum and 
maximum

minor 1.3 1.0- 1.7 — —

moderate 3.1 2 .0-5 .0 4.0 2.4 - 5.5

severe — — 7.8 6.1 -8.7
Table 8.2 The overall mean score and the range of mean scores according to 
each category
*M ean  sco res  b etw een  0 and 1.9 s u g g e st  m in or, b etw een  2 .0  and 6 .0  m od erate (or sev ere )  and b etw een  6.1 and 10 .0  severe  

p oten tia l c lin ica l s ig n if ic a n c e
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8.7.3 The incidence of IV medication errors

8.7.3.1 Incidence o f  erroneous IV  drug preparation and administration errors

The complete process of both, IV drug preparation and administration was 

observed for 122 IV drugs (it was not always possible to observe both IV drug 

preparation and administration for all IV drugs). Of those 47.5% (58) were 

erroneous (one or more errors). These were 23 cases with a preparation error, 28 

with an administration error and 7 cases had one preparation and one 

administration error. Out of all those complete cases, there were there were 3.3% 

(4) potentially severe, 31.1% (38) potentially moderate and 13.1% (16) potentially 

minor erroneous IV drug preparations and administrations.

8.7.3.2 Incidence by patient

Patients were prescribed a mean number of 4.0 regular IV doses per day (each 

patient received a mean number of 10.8 IV doses over 2.3 days of IV therapy). IV 

drug preparation and administration of regular medication was observed for 25 

patients. A mean percentage of 46.3% (SD 33.3) of patients’ doses were found to 

be erroneous (including errors of minor clinical significance). A mean percentage 

of 24.6% (SD 25.3) of patients’ doses were associated with an error scored as 

potentially moderate and 5.1% (SD 20.2) as potentially severe. Extrapolating 

these data, patients experienced an average of two errors for each day they were 

on IV medication and on average more than one error (1.2) per day with the 

potential for adverse events. A patient receiving 20 doses was likely to experience 

one error with the potential for serious harm.
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8.7.4 Classification of IV medication errors

8.7.4.1 Stages in which the errors originated

Preparation stage

2.5% of errors occurred at the stage of identifying the prescription and were all 

incorrect transcriptions. No preparation errors were related to medication which 

was supplied ready-for-administration or in preparations only requiring the correct 

amount of drug solution to be drawn up. Preparation errors were associated with 

preparations requiring further dilution of a drug solution or reconstitution of a 

drug (Figure 8.1).

Administration stage

No errors originated in the stage of identifying the correct patient. Administration 

errors were either associated with bolus doses or intermittent infusions. However, 

only 2 administrations of continuous infusions were observed (Figure 8.1)
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Figure 8.1 Stages in which the IV medication errors originated
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8.7.4.2 Types o f  preparation and administration errors

Table 8.3 summarises frequent types of IV drug preparation and administration 

errors.

Preparation errors

The majority (91.4%) of preparation errors occurred on the surgical ward. Most 

frequent type of preparation error identified in the German hospital were errors 

related to the selection of the volume of solvent and the solvent or the diluent 

itself (Figure 8.2). Most of these errors occurred when nurses prepared mezlocillin 

which required dissolving the drug in water for injection and then diluting it 

further with sodium chloride 0.9% in the same container; none of the nurses 

followed this recommended procedure. In 13 cases the volume of water used to 

dissolve the drug was too large and in a further five cases sodium chloride was 

used as a solvent instead of water. In both cases the nurses then did not use any 

diluent. All of those errors were considered to be of minor clinical significance.

There were also problems with the correct order being prepared and administered. 

In one case the nurse did not transcribe the order onto the labels so no drug was 

prepared. In another case the nurse made a transcription error resulting in the 

repeated administration of medication which had not been prescribed. On another 

occasion a nurse transcribed the dose on the label, but the writing on the label 

came off causing an incorrect dose to be prepared. All of those errors were 

considered to be of moderate (or severe clinical significance).
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C 5
S.

0  moderate/severe

wrong solvent wrong diluent wrong volume of wrong dose unauthonsed drug

Figure 8.2 Types of preparation errors according to potential clinical 
significance

Administration errors

The majority o f  administration errors were potential incom patibilities (35 errors), 

there were three fast administered bolus doses (all on ITU) and one administration  

o f co-am oxiclav which had already expired. Figure 8.3 presents the frequencies o f  

types o f  administration errors according to potential clinical significance.
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0  se\ere

0  moderate/severe 

Q minor

Fast bolus (central) Potential Incompatibilities Expired medication

Figure 8.3 Types of administration errors according to potential clinical 
significance

The majority o f  potential incom patibility errors were cases where tw o or more IV 

infusions (m ainly intermittent infusions) were administered through the same 

peripheral line. In the majority (94% ) o f  potential incom patibility errors, no 

information about the com patibility o f  the m edication was available. A ll 

administration errors were considered to be potentially o f  moderate or severe 

clinical severity. Administration errors which were considered to be o f  potentially 

severe clinical significance included two administrations o f  drugs with known  

incom patibilities (involving the administrations o f  propofol and om eprazole) and 

the administration o f  piritramid (opioid analgesic) over one second. Exam ples o f  

the different types o f  errors are summarised in Table 8.3.
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Type o f error Example

Preparation errors

Wrong solvent Dissolving mezlocillin in 50 millilitre o f  sodium chloride 0.9% 
instead o f  20 millilitre o f  water for injection.

Wrong diluent Use o f  50 millilitre o f  water for injection instead o f  sodium 
chloride to dilute an intermittent infusion o f  ranitidine.

Wrong volume o f  
solvent

Preparation o f  mezlocillin using 50 millilitre o f  water for 
injection instead o f  20 millilitre.

Wrong dose Drug was drawn up before all substance had been dissolved  
Preparation o f  6g mezlocillin instead o f  5 gram.

Omission Drug order was not transcribed on small labels used for drug 
preparation and therefore not prepared.

Unauthorised drug Patient received pirenzepin which was not prescribed 
(transcribing error).

Adm inistration errors

Fast bolus dose 
(central/peripheral)

Administration o f  7.5 gram piritramid over one second through 
a central line

Potential
incompatibilitiy

No flush in between the bolus dose administrations o f  digoxin 
and ambroxole
Co-administration o f  mezlocillin, midazolam, piritramide, and 
propofol through the same central line. Propofol should always 
be administered through a separate line.

Expired medication Administration o f  co-amoxiclav 65 minutes after preparation 
instead o f  administration after 20 minutes.

Table 8.3 Examples of preparation and administration errors
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8.7.5 Representativeness of selected sample

Overall 357 regular IV doses were prescribed for patients over the study period on 

the two wards and 42% of doses were observed.

Drug rounds

The majority of doses were prescribed for the morning (37.0%) and about equal 

numbers of doses were prescribed for the afternoon (18.5%), the evening (21.8%) 

and the night-time drug round (21.3%). Observations were carried out for all drug 

rounds; about half of the doses prescribed for the afternoon and evening were 

observed, a lower percentage of doses were observed at the other two drug rounds 

(Figure 8.4). This was mainly due to the tiring nature of observation research as 

the night time drug round was usually completed by about midnight and the early 

drug round started as early as five o’clock. This made it often impossible to attend 

the night time drug round followed by the early morning drug round.

6anv7am
n= 131

6pnV7pm
n=78

11pm/12pm Others
n=6

■ Observed doses -iNot observed doses

Figure 8.4 Comparison of observed and prescribed regular doses according 
to drug round
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Medication

Altogether 18 different drugs were prescribed during the study period, four 

(22.2%) of those were not observed. Appendix 30 lists the observed and 

prescribed medication. Two drugs were not observed because they were 

prescribed for administration outside the main four drug rounds (metamizol and 

butylscopolamine). Ciprofloxacin was prepared and administered for a patient 

who was isolated due to an MRSA infection on the surgical ward. The nurses did 

not want the observer to follow these drug administrations due to the risk of 

spreading the infection to other patients.

Patient

There were 33 patients who had regular IV medication prescribed during the study 

period and IV drug administration was observed at least once for 27 of those 

patients (81.8%). The patient who was isolated due to the MRSA infection was 

not observed; some other patients were, for example, not observed because they 

only stayed in the intensive care unit for a few hours.

The data suggest that the sample which was observed was representative for the 

study period.

246



Chapter 8: Observation-based German study

8.7.6 Aseptic preparation and administration techniques

It was rarely observed that staff disinfected the top of the vial before injecting 

medication or solvent or before drawing up drug from a vial. Staff was never 

observed to follow aseptic administration techniques such as disinfecting ports 

before connecting infusion lines (Table 8.4).

Procedure Observations Aseptic technique used 
(percentage of 

obsevations)

Preparation

Transferring solvent into vial 44 1 (2.3)

Drawing up drug from a vial 7 1 (1.4)

Transferring fluid 
(solvent/diluent)

38 2 (5.3)

Adding drug to fluid bottle 84 1 (1.2)

Total 173 5 (2.9)

Administration

Connecting the infusion line 114 0

Connecting the syringe 19 0

Total 133 0
Table 8.4 Frequency of using aseptic preparation and administration 
techniques
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8.8 Results - causes of IV medication errors

This section presents the analysis of causes of the IV medication errors which 

were identified in the German study hospital. The results include the frequency of 

the three types of active failures (slips/lapses, mistakes and violations) and the 

contributory factors on ward level and underlying system problems.

8.8.1 Active failures

The main active failure was identified for 71 (96.0%) of all preparation and 

administration errors. No active failure was identified in three cases of 

transcribing errors because the observer was not present when the nurse 

transcribed the doctor’s prescription. It was therefore impossible to know whether 

this error had been due, for example, to a lack of concentration on the task or 

misunderstanding the doctor’s prescription.

The majority of preparation and administration errors were found to be mistakes 

(Table 8.5). Examples of mistakes included cases where nurses were not aware of 

the correct preparation procedures and the importance of selecting the appropriate 

solvent or diluent and its volume (Table 8.7). This also applied to certain aspects 

of drug administration such as the co-administration of potentially incompatible 

infusions (Table 8.8). Examples of slips and lapses included cases where nurses 

did not check whether all the drug had dissolved, overseeing that a drug had been 

prescribed when recording which drugs to prepare and failing to select the correct 

solvent presumably a result of not checking the label on the vial. There was one 

administration-violation. This was the administration of a preparation of co- 

amoxiclav later than 20 minutes after its preparation.
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Active failure Preparation errors Administration errors

Slip/lapse 5 0

Mistake 27 38

Violation 0 1

Unclear 3 0

Total 35 39

Table 8.5 Number of active failures 

8.8.2 Error producing conditions

The same categories of error producing conditions as in the UK part of the study 

were identified. Table 8.6 presents the frequency each factor was identified.

The error producing conditions most frequently identified were handling 

technology and technology; workload, and communication problems were also 

identified. Supervision was not identified; however this may be partly because 

bank nurses were not observed during the study period and a student nurse was 

only observed once.

Category Preparation
errors
(n=35)

Administration 
errors (n=39)

Total

Workload 2 0 2

Supervision 0 0 0

Communication 1 0 1

Handling technology 31 38 69

Technology 5 37 42

Patient-related factors 0 0 0
Table 8.6 Number of cases with contributing factors in each category
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Handling technology

Lack of knowledge of preparation and administration and problems handling 

prescriptions, especially transcribing medication orders, were often observed.

Lack of knowledge and information regarding preparation and administration was 

the most frequent factor contributing to preparation and administration errors. In 

cases where nurses were required to administer medication which was intended 

for bolus administration, the manufacturer’s information did not contain any 

information on possible diluents. Thus, nurses often had to decide on a diluent 

without appropriate information (Table 8.7). There was a large number of 

incompatibility errors; conversations with nurses on the surgical ward and with 

some nurses on the intensive care unit showed that they did not consider potential 

incompatibilities a problem when several infusions were given at the same time 

through the same administration line (Table 8.8). However other nurses on the 

intensive care unit were observed to check the chart with details on 

incompatibilities. On the surgical ward no such chart was available and none of 

the nurses were observed to consider the risk of potential incompatibilities.

Observer: ‘What do you do if you don’t know how to prepare an intermittent 
infusion if there is only information available how to prepare the medication as 
a bolus dose?’
Nurse: ‘I’ll ask the doctor [...] if I cannot find anything, I just give it in 100 
millilitre of saline that is going to be all right if there is no other information.’ 
(K, 61; observer’s notes)

Table 8.7 Lack of knowledge of IV drug preparation
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Observer: ‘Do you put up several infusions at the same time?’
Nurse: ‘There are often not sufficient three-way taps connected to one infusion 
line therefore we cannot give more than one at a time [...], we only give one 
infusion at a time through a peripheral line otherwise the flow rate is too slow, 
but centrally the co-administration is not a problem.’ (K, 28; observer’s notes)

Observer: ‘Do you sometimes have a problem with infusing several drugs at the 
same time through the same line?’
Nurse: ‘No I don’t see that there is a problem. No I don’t know that there is a 
problem.’ (K, 26; observer’s notes)

Observer: ‘Does propofol not have to go through a separate line?’
Nurse: ‘No there is no problem with propofol going through the same line as 
other medication, no I don’t know about that.’
This was the case of a patient who was transferred from theatre to ITU with a 
continuous infusion of propofole, piritramid and midazolam through a central 
line through one lumen. The nurse then administered an intermittent infusion of 
mezlocillin through the same central line resulting in all four drugs going 
through one lumen. (IV chart on ITU specifically recommends the 
administration of propofol through a separate line). (L, 24; observer’s notes)

Table 8.8 Lack of knowledge about IV drug administration

There were preparation errors as a result of transcribing errors at the two 

necessary stages of transcribing (Table 8.9).

Technology

Technology which caused problems on the German wards was the system of 

prescribing and transcribing orders, the lack of information technology such as IV 

guidelines and the ambiguity of the existing guidelines.

The prescribing system required nurses to transcribe orders twice and this system 

resulted in omission errors, administration of the wrong dose or administration of 

unauthorised medication (Table 8.9).
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Patient was prescribed pirenzepin as a prophylaxis against gastric ulcer while in 
the ITU, on transfer to the surgical ward the doctor prescribed all the 
medication the patient was supposed to receive in the medical notes, this was a 
long list in the usual style using brand names of medication, using jargon like 
abbreviations. Pirenzepin was not on that list, instead the patient was prescribed 
ranitidine for this indication. However the nurse transcribed pirenzepin and 
ranitidine on the drug chart, possibly copying the drug chart that was used in 
the ITU. The patient received both drugs for several days. (K, 101; observer’s 
notes)

Table 8.9 Complex technology and problems handling prescriptions

Lack o f IVguidelines

Several nurses complained about the lack of guidelines outlining preparation 

instructions, for example, the type and volume of solvent to be used or detailing 

which medication can be mixed (Table 8.10).

Nurse: ‘Well, we don’t get any information, we don’t get to know about 
anything, don’t know about new information on mixing things’. (L, 14; 
observer’s notes)

Table 8.10 Lack of guidelines

Ambiguous or conflicting guidelines

The researcher also observed problems with the administration guidelines that 

were available on the ITU. This contained a list of drugs which could be 

administered through a filter. Patients with central lines had often three lines, but 

only one line was equipped with a filter. Nurses therefore were supposed to 

administer everything through this line however the IV guidelines also 

recommended a colour coding scheme to keep alkaline and acidic solutions 

separately. So nurses had to decide to either administer all medication regardless 

of pH through the line with the filter or to observe the guidelines and administer 

some of the medication through lines without a filter.
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Communication

There were problems transferring information on the prescribed medication 

between the nurses (Table 8.11). The practice of doctors using abbreviations to 

prescribe medication may also have contributed to the transcription errors 

resulting in the omission of medication (Table 8.8).

One nurse assembled all the drugs on a trolley for the morning drug round, 
according to the drug charts in the notes. She wrote the patient’s name, the 
room number and dose on the original labels of the vials containing the diluent 
using a water soluble pen. This included 3 vials containing 2 g mezlocillin each 
for a patient who was prescribed a dose of 5 g. She wrote 5 g on one of the 
vials. A second nurse then prepared all the medication. When touching the vials 
the writing came off the label and stained the hands of the nurse (which made 
her quite angry about the practice of the first nurse not using the small white 
labels as the other nurses did). The nurse then prepared an infusion containing 6 
g mezlocillin, 5 g was no longer legible on the vial, (k, 118; observer’s notes)

Table 8.11 Problem transferring information on doses between nurses 

Individual factors

Individual factors contributing to IV medication errors were not identified.

8.8.3 Violation and violation producing conditions

A violation was identified only once. This was the case where a nurse intended to 

administer co-amoxiclav to a patient immediately after preparation. However the 

patient was not willing to have the drug administered as he wanted to go to the 

bathroom. The nurse had then to attend the handover. The drug administration 

was therefore delayed which was against manufacturer’s recommendation.
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8.8.4 Underlying problems (latent failures)

Lack of training, lack of pharmaceutical involvement at ward level and other 

organisational issues were identified as underlying problems.

A frequent factor contributing to errors was lack of knowledge about IV drug 

preparation and administration. The nurses told the researcher that there had been 

a steady increase in the number of IV doses they had to prepare and administer 

over the last year, which was probably due to a new senior doctor on the ward.

The hospital did not provide formal training in IV drug preparation and 

administration. Nurses learnt aspects of preparation and administration from each 

other on the ward.

The practice of prescribing bolus doses to be given as intermittent infusion caused 

problems for the nurses at two stages. The manufacturers did not supply any 

information about possible diluents if medication was intended to be given as a 

bolus dose. Thus, nurses did not know which diluent was suitable for preparation, 

thereby resulting in selection of the wrong diluent or wrong volume of diluent. 

Patients who were prescribed several drugs as intermittent infusions at the same 

time were often given them through the same infusion line increasing the number 

of incompatibility errors.

Pharmacists were not involved in a ward-based clinical service and therefore did 

not know about the pharmaceutical problems such as the co-administration of 

infusions and the preparation problems on the wards. This was identified when 

giving feedback about the results to the pharmacists at the end of the observation 

period.

The system of documentation of prescription meant that each order had to be 

transcribed twice and this transcribing process was identified as contributing to IV 

medication errors. Similarly the practice of prescribing medication using
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abbreviations and not specifying the dose or the generic name may have 

contributed to transcription errors.

8.9 Discussion

This observation study on two German wards showed a high incidence of errors in 

IV drug preparation and administration. Frequent types of preparation errors were 

selection of the wrong solvent, diluent or selection of the wrong volume of a 

solvent. The majority of preparation errors were judged to be of minor clinical 

significance. The most frequent type of administration error was potential 

incompatibility errors which were judged to be of potential moderate or severe 

clinical severity. The main type of active failures were mistakes; few slips and 

violations were identified. Contributing factors and their imderlying problems 

included lack of training in IV drug preparation and administration, possibly 

caused by lack of involvement of pharmacists at ward level and a problematic 

legal situation. A failure-prone system of transcribing original orders was also 

identified. In the following the results of the German data are discussed before 

discussing differences and similarities of the German and the UK data.

8.9.1 Discussion of German data

An observation-based study which was carried out after completion of the present 

study found similarly high IV medication error rates and similar types of errors 

(Wirtz 2000). Excluding aseptic preparation, Wirtz (2000) found frequent types of 

errors to be wrong rate errors, wrong dose, and incompatibility errors. All of these 

types have also been identified in the present study. Differences may be due to 

different types of drugs studied. For example, Wirtz (2000) reported that the 

wrong dose errors were mainly associated with one particular antibiotic. This 

antibiotic powder took unusually long to dissolve compared to other antibiotics 

and staff frequently drew up the dose without waiting until all the drug had

255



Chapter 8: Observation-based German study

dissolved. This particular antibiotic was observed frequently, partly explaining 

why a high dose error rate had been found.

The present study found a high error rate related to the administration of 

incompatible medication; all of these errors were judged to be potentially harmful 

for patients, including permanent harm. Incompatibility errors were defined as 

mixing or co-administering medication not documented to be compatible 

including cases where no information about the compatibility was available. This 

was the case in the majority of co-administrations. This lack of information may 

be due to the fact that the standard reference source for assessing potential 

incompatibilities originates in the US (Trissel 1998) and therefore does not always 

include medication which is not licensed in the US such as mezlocillin or 

ambroxol. These were drugs frequently used during the study period. The lack of 

information and the difficulties in applying published information in practice may 

be a general problem which has also been identified in a UK-based study (Dean 

and Poolman 1998). Furthermore, the study method did not generally permit 

observation of the infusions until they were completed. Nurses on the German 

surgical ward were not allowed to flush the lines. Thus, it may well be the case 

that the infusion lines were frequently not flushed in between the administration 

of different infusions. Therefore the ‘true rate’ of incompatibility errors remains 

unknown as, on the one hand, some of the medication which has been classified as 

incompatibility error may be compatible and, on the other hand, there may have 

been incompatibility errors which remained undetected due to the study methods.

A high number of wrong rate errors (including fast bolus dose errors) was 

observed by Wirtz (2000) whereas in the present study only a small number of 

wrong rate errors was observed. This could be due to the fact that in the present 

study few doses were administered as a bolus and the observation method often 

did not allow measurement of the complete administration time of infusions 

because the observer could not be present at the patient’s bedside for the complete
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time of the infusion. Therefore, it is possible that the study underestimated the 

error rate related to wrong infusion rate.

Nurses on the surgical ward were not allowed to administer bolus doses. Instead 

the doctors prescribed medication intended for bolus dose administration as 

intermittent infusions. A consequence of this was that almost half (47%) of drug 

administrations on the surgical ward did not comply with the manufacturer’s 

instructions. For example, medication such as ambroxol is intended to be 

administered as a bolus dose and this was always administered as an intermittent 

infusion. Such instances were not counted as IV medication errors as these 

administrations were prescribed by the doctors. Changes of type of administration 

may have an effect on the effectiveness of medication. Similarly, nurses were not 

able to flush infusion lines in between the administrations of different drugs, 

thereby increasing the risk of incompatibilities, as has been already mentioned.

Hospital pharmacists in Germany have frequently requested provision of ward- 

based clinical services and many areas have been suggested that should be 

addressed (Meyer 1998). The present study indicates that pharmaceutical 

knowledge is needed to address problems of IV drug preparation and 

administration, for example, providing information and clear guidelines on the 

preparation and administration of medication, especially in the absence of suitable 

manufacturer’s instructions. Pharmacists should be also involved in setting up 

training courses for nurses in IV drug preparation and administration. To provide 

such services, pharmacists need to have close contact with ward staff to recognise 

practical problems which need to be addressed in the guidelines and the teaching.

First steps were initiated in the study hospital after presenting initial feedback 

about the study results to the pharmacy department. The pharmacists started to 

write an IV guide for nurses, providing information about the type of solvent and 

diluent used and possible incompatibilities. There is a report on an initiative of a 

pharmacist in a German hospital building up a comprehensive information service
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about incompatibilities of medication as a clinical service at ward level. The 

pharmacist did not evaluate whether the guidelines reduced problems of co

administration of incompatible medication, but this may be a valuable role which 

German pharmacists could take up (Reinecke et al. 1999).

It has been shown that IV drug administration is not regarded as a nursing task in 

Germany (Schell 1995). However nurses in the study hospital were in fact 

responsible for this area without receiving adequate training or support to fulfil 

this role. It is unknown to what extent the situation on the two study wards are 

generalisable to other wards and other hospitals. This should be further explored 

with the aim of obtaining a clear legal framework recognising the responsibilities 

of all health care professionals around IV therapy. It would also be useful to 

investigate to what extent all nurses can be trained to administer bolus doses as 

done in the UK.

The German nurses on the study wards, like their UK counterparts, did not adhere 

to aseptic preparation or administration technique. Further work in this area also 

seems to be necessary in Germany.

8.9.2 Discussion of similarities and differences between UK and German 

data

Some similarities and differences of the data obtained in the UK and in Germany 

have been already mentioned. The following is a more detailed comparison 

between the results of these two parts of the project. Table 8.12 provides a 

summary of the results obtained in the two countries.
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UK Germany

Erroneous cases 49.3% 47.5%

Overall incidence by patient 55.2% 46.3%

Incidence of severe errors by 
patient

0.4% 5.1%

Preparation error rate 14.3% 21.7%

Administration error rate 43.8% 28.9%

Frequent types of preparation 
errors

wrong volume of 
solvent, wrong dose, 
omission errors

wrong volume of 
solvent, wrong 
diluent or solvent

Frequent types of 
administration errors

fast bolus dose errors incompatibility
errors

Frequent active failures violations, mistakes mistakes

Error producing conditions handling technology - 
lack of knowledge

handling technology 
- lack of knowledge

technology - design technology - 
transcribing system 
lack of guidelines

Table 8.12 A comparison between the main results observed in the UK and 
the German study
(UK n= 483 preparations and n=447 administrations; Germany n= 161 preparations and n=135 
administrations)

The comparison between the main results of the two studies shows interesting 

similarities and differences in the overall incidence, types of errors and the causes. 

The overall incidence of erroneous cases seem to be similar in the two countries. 

The overall incidence of errors per patient seemed to be lower in the German 

study whereas there seemed to be a higher incidence of potentially severe errors 

per patient in the German study. Patients in both countries were likely to 

experience on average about one potentially harmful (moderate or severe) error
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per day they received IV therapy. This was because on average German patients 

on IV therapy received more IV doses per day than the UK study patients. This 

could be due to the particular wards studied as different medication is used on 

different wards according to the clinical specialities (for example, the type of 

surgery carried out on the wards). It has been reported that fewer patients receive 

IV medication in UK hospitals than elsewhere in Europe (Nystrom et al. 1983). 

Certain measures, such as switching from IV to oral medication (Ramirez and 

Bordon 2001; Ripouteau et al. 2000), can be used to reduce the incidence of 

patients on IV therapy (which simultaneously reduces the risk of patients 

experiencing IV medication errors) and these are generally measures that are 

suggested by clinical pharmacists. Whether or not there is a possible overuse of 

IV medication in German hospitals compared with UK hospitals cannot be 

determined based on the data available, but further work should address this 

question. Moreover, this shows that the incidence of errors per patient is a useful 

measure when comparing results between different systems.

In a more detailed analysis the error rates identified on similar wards in the two 

countries were compared (Table 8.13). Interestingly, the preparation error rates 

were similar for similar types of wards: intensive care units had low preparation 

error rates whereas the surgical wards had high preparation error rates. The results 

of the German intensive care unit are based on a small sample size (n=37) owing 

to the need to isolate patients during the study week. The results of this study 

indicate (but do not demonstrate conclusively) that intensive care units have low 

preparation error rates.
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Surgical wards Intensive care units

UK* Germany UK+ Germany

Preparation error rate 21.2% 25.8% 5.4% 8.1%

Administration error rate 45.9% 28.6% 41.1% 29.7%

Table 8.13 Comparison of UK and German error rates for surgical and 
intensive care units
*UK: cardiothoracic surgical ward and general surgical ward;^UK: intensive therapy unit, intensive 
coronary care unit

Similar types of preparation errors were observed in both countries whereas 

distinctly different types of administration errors were identified in the two 

countries. Few incompatibility errors were identified in the UK hospital even 

though patients received several infusions at the same time. This could be due to 

the IV guide in both UK hospitals providing information about common 

incompatibilities. Moreover, the UK ward pharmacists reviewed drug charts each 

day and sometimes checked administration lines. Only limited support was 

available to nurses in this area in the German hospital. Bolus dose errors were not 

possible on the German surgical ward because of the legal restrictions on drug 

administration for nurses. Whether or not German nurses (if in principle allowed 

to do so) would also administer bolus doses as fast as their UK colleagues could 

not be ascertained.

This difference in administration practice may also explain the difference in the 

types of active failures observed in the two countries. Interestingly, a high number 

of violations were identified in the UK and virtually none in the German study.

On the one hand, it is conceivable that German nurses always adhere to the 

guidelines and that violations therefore do not occur. On the other hand, violations 

require that nurses know about the correct procedures. There were few guidelines 

and widespread lack of knowledge regarding IV drug preparation and
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administration in the German hospital. Whether a change of this situation results 

in an increase in violations is not known.

In both countries, 2.5% of errors were related to identification of the prescription. 

These were transcription errors in the German system. The need to transcribe 

orders has been found to be one of the main system failures contributing to 

adverse drug events in a US study (Leape et al. 1995). In contrast, no transcription 

was necessary in the UK hospitals, because of the use of the drug chart as a 

central document. This was developed to reduce medication error rates in the UK 

in the 1960s (Hill and Wigmore 1967). Errors in the UK at this stage were due to 

problems in handling the drug chart, for example, nurses did not check the drug 

chart or did not notice that doses were due when checking the drug chart. Other 

UK medication error studies identified similar types of errors (Dean and Barber 

2000; Hartley and Dhillon 1998; Ridge et al. 1995). This suggests the introduction 

of a drug chart alone does not eliminate all errors at this stage of the system and 

further improvements may be required. Whether or not electronic prescribing can 

aid this situation has been debated and such solutions are discussed in the 

following chapter.

Technological problems in the UK were related to complex design of drug vials 

and no such factors were identified in the German system. This difference could 

be due to the different wards studied. The technological problems in the UK 

occurred mainly on the neonatal ward, the coronary intensive care unit and the 

renal ward. These were specialised wards, for example, the dosing regimen of 

renal patients differed from those of normal patients, likewise for neonatal 

patients. In such cases the preparations as supplied by the pharmaceutical industry 

often required additional handling. It is also conceivable that specialised 

formulations (new or unusual technology) are more frequently used in a university 

teaching hospital than in the German (non-teaching) hospital. And therefore such 

problems are more likely to be encountered in a university teaching hospital.
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Observing staff on the wards in the two countries also enabled the researcher to 

note other obvious differences between UK and German practices of providing IV 

therapy to patients. These were primarily the documentation practice, the 

standards of writing prescriptions and other procedures. Some of these differences 

are described in the following discussing their possible impact on compromising 

the safety of IV therapy.

UK doctors are required to complete a whole section of the drug chart for each 

prescription specifying the generic drug name, the dose, route, frequency 

(including time of administration). Appendix 4, 24 shows examples of the 

prescription sections of the charts used in each country. German doctors on the 

surgical ward did not have to follow such formalised procedures, but provided as 

much or little detail about their prescriptions as they wished. Their prescriptions 

frequently did not specify the dose or route, in particular they used brand names. 

This practice was seen to be confusing for nurses during the observation period. 

Prior to carrying out the study the German pharmacy department changed from 

supplying famotidine (Pepdul) to ranitidine (Ranitic) (drugs considered to be 

therapeutically equivalent). Nurses were told of this change in supply and 

subsequently patients received ranitidine when famotidine was prescribed. This 

was initially counted as a medication error, but conversations with doctors 

revealed that the doctors were aware of the change in supply and considered the 

administration practice to be correct (but continued to prescribe famotidine). 

Moreover, it was observed in the German hospital that in 5% of reviewed orders, 

no written prescription by a doctor could be identified in the medical notes; these 

orders were possibly due to a verbal order (without written documentation). 

Careful examination of the medical notes on subsequent days showed that these 

medication orders were intended by the doctor (for example, doctors ordered 

discontinuation of the medication). It was also observed on one occasion that a 

doctor ordered a drug verbally over the phone and there was no written record of 

the prescription, preparation or administration in the medical notes or on the drug 

chart. Such practices were not observed in the UK.
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Similar lack of adhering to formalised procedures was observed in the 

documentation of medication administration by nursing staff on the German 

surgical ward. This may be of some concern regarding ‘as required medication’ 

(pm). Administration of pm medication was observed on 14 occasions and only 

two (14.3%) of these administrations were documented on the dmg chart. This 

lack of documentation may be because the drug charts were filed in the medical 

notes located in the wards’ office. The nurses had to remember to document the 

administration when returning to the office. In the UK, the dmg chart was located 

at the end of the patients’ beds and allowed documentation of administration after 

completion. Lack of documenting pm dmgs may result in patients receiving more 

doses than prescribed. More formalised procedures were followed on the German 

ITU ward, for example, using a computerised dmg prescription system and 

documenting drug administrations.

Pharmacists in the UK have influenced the method of prescribing and 

documenting medication by developing the dmg chart. Their daily review of 

prescriptions also clarifies ambiguities of prescriptions. All of these activities may 

promote safe procedures around prescribing or documenting dmg orders and 

foster a culture of safe dmg use, possibly explaining some of the differences of 

practice that were observed. Neither documentation errors nor prescription errors 

were included as a source of IV medication errors in the present study.

Ambiguous prescriptions or verbal orders have been recognised as causes of 

adverse drug events (Leape et al. 1995). The extent to which the observations on 

the surgical ward may be generalisable to other wards in other hospitals is not 

known. Future studies should explore this area of safe dmg prescribing and 

documentation in German hospitals.

There was another obvious difference in the practice of IV dmg preparation and 

administration. Nurses on the UK study wards were observed to double check 

dmgs that were prepared by another nurse. On the German wards the nurses were 

never observed to double check each others preparation. For example, it was part
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of the ward routine that the nurses of the night shift prepared the IV medication 

which was then administered by the nurses of the morning shift.

8.10 Conclusions

In conclusion, in the German part of the study a high IV drug preparation and 

administration error rate was identified. Problems contributing to these errors 

were the lack of a legal framework outlining responsibilities of nurses in IV drug 

administrations. This may explain why nurses do not receive training in IV drug 

administration and therefore contribute to pharmaceutical problems in IV drug 

preparation and administration. Lack of pharmaceutical involvement at ward level 

also contributed to problems. The current system of transcribing drug orders was 

also found to cause errors. There were interesting differences and similarities 

between incidence, types and causes of IV drug preparation and administration 

errors as well as the actual practice of IV drug preparation and administration 

between the UK and Germany. Further work should explore the area of IV drug 

preparation and administration errors in Germany.
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Chapter Nine: Discussion and conclusions

9.1 Introduction

In this study, the incidence, severity and causes of IV medication errors were 

investigated using multiple methods. Health care professionals were interviewed 

on their roles in IV therapy, their views and experience about IV medication 

errors. Documents about IV medication errors were analysed and actual practice 

of IV drug preparation and administration was observed on wards in two UK 

hospitals and one German hospital. Data showed that about half of all IV drugs 

were associated with one or more errors, but that errors with the potential to 

permanently harm patients were rare events in the UK, but were observed more 

frequently on the German study wards. In contrast interviews showed that the 

nurses included in the study did not think IV medication errors presented a serious 

problem in practice. Analysis of causes of errors applying human error theory 

revealed that frequent causes at a ward level included lack of knowledge of IV 

drug medication or certain aspects of preparation or administration. Furthermore, 

design of technology such as drug vial presentation contributed to the errors.

Other causes included lack of communication and high workload.

In summary, UK and German ward-based IV drug preparation and administration 

was associated with high IV medication error rates potentially harming patients 

unnecessarily. Weak areas that were identified and discussed already in previous 

chapters included the current training received by nurses (and possibly doctors) on 

IV drug preparation and administration, lack of pharmaceutical involvement, 

problems in the design of technology used during preparation and administration, 

deficiencies of parts of the system such as information on prescriptions and other 

organisational issues.
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Details of the findings of each part of the project and a comparison between the 

data obtained in the UK and Germany have been already discussed in earlier 

chapters. Therefore, the aim of the final chapter is to discuss all of these weak 

areas considering possible solutions based on the results of the present project and 

literature. Some of the limitations of the findings have been already discussed in 

the individual chapters therefore the present chapter addresses limitations of the 

overall study design and the methods used. Future areas of research into IV 

medication errors are also identified.

9.2 Suggestions for reducing IV medication errors

Suggestions for reducing IV medication errors include changes to the training of 

nurses and to the work practice of nurses, doctors and pharmacists. This section 

also discusses the possibility of reducing IV medication errors by changing the 

system, for example, introducing a Cl VA service or electronic prescribing. 

Furthermore the weaknesses of the design of technology is discussed including 

the role of the pharmaceutical industry in this area. Finally further measures such 

as ongoing monitoring of IV medication errors are addressed.

9.2.1 Roles of nurses, doctors and pharmacists

The roles of nurses, doctors and pharmacists regarding IV drug preparation and 

administration were investigated in the present project. The following is a 

discussion of changes in practice and training for each group of health care 

professionals.

It is not surprising for such a study to find that lack of training of nurses is an 

issue causing problems. In the UK there was not a general lack of training of 

nurses. However, certain problems did not seem to be addressed in existing 

training courses. Based on the data obtained in the interviews, document analysis 

and observation the researcher compiled subjects that should be included in a
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training course for nurses. In addition, the subjects were discussed with a senior 

pharmacist who was involved in training courses for nurses, and two research 

pharmacists both involved in IV medication error research. The following topics 

are suggested for inclusion on the curriculum to teach nurses practical aspects of 

intravenous drug preparation and administration. The full curriculum with the 

aspects covered within each topic is presented in the Appendix 31.

rationale of IV therapy and role of nurses within multidisciplinary team 

pharmaceutical and pharmacological background of intravenous drugs 

steps in the IV drug preparation and administration process 

microbiological aspects 

safe preparation and administration practice

In particular, it is important to motivate the nurses to want to learn about IV drug 

preparation and administration and safe practice. The curriculum therefore starts 

with an introductory lecture on the rationale of providing IV therapy to patients, 

outlining the important role of nurses as part of the multidisciplinary team of 

doctors, nurses and pharmacists. The remaining time is spent, on the one hand, 

teaching the practical aspects of IV drug preparation and administration including 

demonstrating correct techniques. And, on the other hand, providing the nurses 

with sufficient theoretical background to understand pharmaceutical and 

pharmacological issues and to solve practical problems. The concluding section 

deals with safe preparation and administration practices. Nurses should learn how 

to avoid IV medication errors (for example, what to do in unfamiliar situations) 

using cases of IV medication errors (primarily of the local hospital to facilitate 

ownership). It is equally important to discuss how to deal with errors once they 

have occurred, introducing staff to the local and national error reporting systems. 

This is an opportunity to emphasise the importance of open discussions about 

medication errors in order to learn from errors (on a local and an NHS wide level) 

(Department of Health 2000a; Department of Health 2001). This may also 

contribute to a more open discussion of errors, accepting errors as part of the
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process and a chance to learn from them This may then overcome some of the 

barriers identified in the interview study.

There are reports of doctors being involved in IV medication errors in relevant 

literature (Femer 1992; Femer 2000) and such errors were also found when 

analysing the documents. Several of the cases from the documents involved junior 

doctors with no or very limited experience in IV drug administration and revealed 

deficits in their training. Similar concerns have been raised in literature (Bain et 

al. 1990; Teahon and Bateman 1993). This has been recognised by The General 

Medical Council and they recommended that all house officers receive an 

induction training which should include learning how to administer IV drugs and 

use infusion equipment (General Medical Council 1997). Doctors were not found 

to be involved in ward-based drug administration during the observation study 

(with the exception of one drug administration). Whether or not current doctors 

(especially junior doctors) require further training in IV drug administration 

should be further investigated.

These data suggested that pharmaceutical input at ward level and in nursing 

training was inadequate. The current ward pharmacy system with daily visits to 

the clinical areas (Barber et al. 1994) places the pharmacists in a good position to 

be involved in issues associated with IV therapy. When comparing the German 

and the UK data it was found that some of the problems concerning 

administration of IV therapy, such as the potential for incompatibilities, seem to 

have been recognised in the UK. Few incompatibility errors were identified on the 

UK wards, whereas many of those were found on the German wards. This 

difference could be due to the availability of the IV guide (provided by 

pharmacists) at ward level, the existing training program for nurses (addressing 

issues of incompatibility) and the daily ward visits by pharmacists, for example, 

checking administration lines. However pharmacists rarely seem to be on the 

wards when the IV medication is actually prepared and this could explain why 

some of the preparation and administration problems (that nurses are also not
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aware of) have not been recognised. Knowing about these problems is essential, 

for example, to teach nurses about safe practice. Similarly pharmacists know what 

is supplied to the wards and should therefore become involved in anticipating 

problems with certain drug vial presentations or complex preparations. Other 

measures which could be taken by pharmacists, apart from training and raising 

awareness, include not making certain preparations available at ward level. This 

was recommended for strong potassium chloride injections long ago (Department 

of Health and Social Security 1976). Stocking only one strength of morphine 

ampoules on paediatric wards has been successful in preventing errors involving 

selection of the wrong ampoule (Ross et al. 2000). This also indicates the 

importance of pharmacists’ involvement and activities regarding policies in the 

hospital, including design and implementation of new policies. It seems that some 

of these roles have not been recognised or taken up by clinical pharmacists. 

Clinical pharmacists should use these opportunities to extend their roles to make 

IV therapy safer for patients.

Whereas the clinical ward-based roles of UK ward pharmacists are well 

established and have recently again been recognised by the Department of Health 

(2000b), German hospital pharmacists have not yet established their role as 

clinical pharmacists who can be involved in ward-based activities. The results 

from the present studies should encourage them to pursue such activities. US- 

based medication error studies have also recommended preventing medication 

errors by increasing ward-based and clinical involvement of pharmacists (Kaushal 

et al. 2001; Leape et al. 1995). Pharmacists participating in ward rounds in 

intensive care units in the US have been shown to reduce adverse drug events 

(Leape et al. 1999). Further work of this kind is necessary (particularly in 

Germany) to gain an evidence base and to convince decision makers that 

pharmacists are valuable members of the health care team, especially regarding 

drug-related problems.
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9.2.2 Changes to the system

An alternative approach to addressing IV drug preparation errors is to completely 

abandon ward-based IV drug preparation, introducing a centralised service 

providing all IV medication ready to use. This was suggested almost 30 years ago 

in the Breckenridge report (Department of Health and Social Security 1976) and 

requested repeatedly since then (Cousins 1994). The fact that studies have not 

conclusively shown Cl VA services to be cost effective measures in reducing the 

error rates has been already outlined. What can the present study add to the 

arguments about the value of a Cl VA service?

A complete Cl VA service providing every single IV dose for every patient should 

prevent preparation errors. But a change of technology can produce new types of 

error (Barber 1994), for example, transmission errors from the ward to the 

pharmacy department or pharmacy-based preparation errors (Allan Flynn et al.

1997). Examples of such errors have been found when analysing the documents 

from the hospital error reporting system including omission errors of cytotoxic 

drugs. Furthermore, a CIV A service may be associated with a delay in therapy. 

However, the widespread introduction of complete Cl VA services is unlikely 

owing to the high cost and demand for pharmacy personnel. What would be the 

effect of the introduction of a partial Cl VA service on the IV medication error 

rate? Depending on the extent of the service, nurses may no longer be used to 

regular IV drug preparation and therefore become deskilled as has been suggested 

in the interviews. Observation has shown that nurses particularly have problems 

in tackling unusual preparations with which they are not familiar. A partial CIV A 

service may therefore even increase the potential risk of such preparation errors. 

For example, leaving nurses to carry out urgent IV drug preparations they have 

never carried out before at weekends or during the night. Errors of this kind have 

been identified in a US study (Bates et al. 1995). Therefore, based on the results 

of the present IV medication error study, the risks that may be associated with the 

introduction of a partial (and even a complete) Cl VA service should be
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considered carefully and measures taken accordingly. Furthermore, a CIV A 

service (whether partial or complete) is less likely to affect the administration 

error rate. Nevertheless a CIV A service may have other advantages such as time- 

saving for nurses, better use of resources, increased safety of staff preparing 

cytotoxic drugs or better aseptic preparation, but these aspects were not 

investigated in the present study.

Another change involving new technology is the introduction of computerised 

prescribing. Theoretically, these systems could be designed to reduce errors due to 

not identifying the drug orders (reducing omission errors). This has been 

suggested as one of the features of an electronic prescribing system described by 

Nightingale et al. (2000). One study which (presumably) focussed on medication 

administration errors associated with oral medication found no difference in the 

error rate between a ward using paper-based prescriptions and a ward in a 

different hospital using electronic prescription (Cavell and Hughes 1997). 

However results obtained in two different hospitals may be difficult to compare as 

the results may be influenced by other variables such as differences in training of 

staff between the hospitals or differences in the ward characteristics, as has been 

shown in a previous study (Taxis et al. 1999). Bates et al. (1998) have shown that 

computerised entry of drug orders can reduce the rate of all serious adverse 

events. The UK government announced that electronic prescribing will be in 

routine use in a few years time (Department of Health 2000b). Again, a change in 

technology has to be evaluated carefully to identify new sources of errors early 

on. It remains to be seen whether this change in technology may also reduce IV 

medication errors.

9.2.3 Design of technology

Several issues involving the design of drug vial presentations, infusion equipment 

or other technology were identified to be a problem. It has been already 

recognised that labelling of ampoules can lead to medication errors, i.e. selecting
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an ampoule with the wrong strength. To overcome such problems it has been 

suggested that ampoules should be standardised and only be distinguishable by 

the writing on their label (Nunn 1992); others have argued the opposite: design of 

medication should be obvious and additional clues should aid the identification of 

medication (Cohen 1999). This has been highlighted for the packaging of 

lignocaine which can be easily mixed up with saline, one report being over five 

years old (Femer 1995; Malhotra et al. 2001). Furthermore, it has been argued 

that the situation is complex and dangerous because some manufacturers supply 

different products in distinctive forms while others supply different products in 

containers that are identical except for the writing on the label (Femer 1995). 

Measures to improve labelling that have been suggested include clear writing, 

colour coding, two sided labelling, increase contrast and standardisation of 

concentration and total amount in the vial. Such measures have led to an 

improved design of ampoules containing potassium chloride which has 

erroneously been injected instead of sodium chloride, from vials of similar 

appearance (Cohen 1999). The current study identified several IV medication 

errors such as the selection of a five-times overdose of heparin due to similar 

looking vials, emphasising the importance of addressing these issues.

Furthermore, new issues of design of technology were recognised, problems 

around complex dmg vial presentations. Examples included dmg vial 

presentations, introduced to reduce the likelihood of bacterial contamination, 

preparations requiring unusual handling such as the mix of two ampoules before 

administration or the use of filters. It has been recognised that complex design of 

medical devices such as infusion equipment contributes to user error (Obradovich 

and Woods 1996). One approach of the industry to overcoming such problems has 

been to use human factors engineering during the design of the devices (Maddox 

1997; Wiklund 1998) and the US Food and Drug Administration has suggested 

using such approaches for the design of all medical devices (Sawyer 1996). 

Human factors engineering involves the iterative application of various 

procedures and tools throughout the design cycle including participation of
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individuals from the user population to assess their needs and develop 

requirements. For marketed products field testing and feedback to manufacturers 

are valuable. Methods that can be applied include observation of use and 

interviews of users (Sawyer 1996). The aim is to design equipment in size, shape, 

legibility of display and all physical properties so as to constrain the use into 

certain patterns of thought and behaviour thereby reducing the likelihood of errors 

(Moray 1994). The results of the present study suggest that such measures should 

be taken by the pharmaceutical and medical devices industry to improve the 

design of existing drug vial presentations and during development of new 

products. This approach could be also applied to the design of injection equipment 

that does not allow a fast administration rate for bolus doses. The pharmaceutical 

industry and manufacturers of medical devices have a responsibility in 

minimising IV medication errors as far as possible.

Human error theory could then be used to monitor the use of new drug vial 

presentations and equipment during practice in studies in analogy to phase four 

clinical trials. This theory was applied successfully in this study to identify 

potential causes of IV medication errors. When introducing new technology to the 

market this approach could be used to identify likely user errors and to identify 

other factors likely to contribute to medication errors which then need to be 

addressed when marketing the technology, for example, training needs in 

connection with the new technology. The pharmaceutical industry will probably 

introduce an increased number of new drug vial presentations in the future such as 

ready-to-use products which require minimal handling during use. Whether or not 

this new technology can reduce the error rate or is likely to introduce new sources 

for IV medication errors should be monitored carefully.

Gosbee and Lin (2001) have suggested applying human factors engineering in the 

hospital to a wide range of areas including procurement, design, audit and 

awareness raising activities. Some of these suggestions have been discussed 

already. In addition, to prevent IV medication errors such knowledge should be
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applied to the design of other equipment, for example, making it impossible to 

connect IV syringes to intrathecal lines; preventing the erroneous intrathecal 

administration of vincristine; a medication error which has occurred in the UK 

about 13 times in the last 15 years (Berwick 2001). Similar errors of selecting the 

wrong route were identified in the present study from an analysis of the 

documents. Another weakness of the system identified in the present study is the 

area where IV drug preparation takes place. This could also be reviewed using a 

human factors engineering approach. Similarly, making staff, including pharmacy 

staff aware of human factors issues could also improve purchasing strategies and 

help identify issues that are likely to present a problem for nurses in IV drug 

preparation. Nolan (2000) has summarised that designers can make systems safer 

by designing them to prevent errors, designing procedures to make errors visible 

when they occur, and designing procedures for mitigating adverse effects of errors 

when they are not detected and intercepted. The present study shows that many 

areas in IV drug preparation and administration could benefit from using such an 

approach.

9.2.4 Monitoring of IV medication errors

Apart from interventions and changes to the system ongoing monitoring of the IV 

medication error rate is also necessary. Chapter Three already concluded that the 

human error framework used in the present study was found to be a good tool to 

identify causes of IV medication errors. Table 9.1 presents all the categories that 

were identified from the document analysis and observation to be error producing 

conditions contributing to IV medication errors at ward level. These categories 

could be used by hospitals when investigating IV medication errors as part of their 

local reporting system, expanding the categories where applicable. This 

systematic analysis should then help to identify underlying organisational, 

institutional and managerial causes of IV medication errors. This approach could 

be part of what the Department of Health has recommended as a root cause 

analysis for adverse events (Department of Health 2001). Gosbee and Lin (2001)
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also suggested implementing such an ongoing monitoring to identify human 

factors engineering flaws in work areas, devices and software early on, to avert 

serious user problems leading to adverse events.

Category Examples

Workload Carrying out several tasks at the same time 
• Distracted by other activities on the ward (eg ward round) 

End o f shift (hurrying to get to handover)
Lack o f  qualified staff

Supervision Lack o f  supervision o f
• student nurses
• agency staff/staff without formal qualification to do I Vs

Communication Information problems between
• regular ward staff and agency staff
• nurses o f  one shift/different shifts 

nurses and pharmacists
• between different wards
• doctor and other health care professionals (ambiguous 

prescription)

Handling technology Lack o f  knowledge (routine/experience) about or misapplication o f  
medication preparation 
preparation equipment 
medication administration technique 
administration equipment

Lack o f  maintenance o f  drug administration equipment

Inadequate use o f  drug chart

Technology Ambiguous/complicated/unsuitable
manufacturer information leaflet 
design o f  drug preparation/administration technology 
preparation procedures 

• supply o f  technology 
working environment

Lack o f  drug supply

Individual factors Being upset, tired, hungry etc.

Patient-related factors Limited venous access/no venous access
Patient not willing to receive IV drug/non-cooperative
patient

Other factors Saving disposable equipment

Table 9.1 Error producing conditions at ward-level based on document and 
observation data
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9.2.5 Successfully reducing IV medication errors

In summary, multiple suggestions how to reduce the IV medication error rate and 

improve safety of IV therapy for patients were discussed in this chapter. Which of 

those should be selected and prioritised? A lot of the errors had multiple causes 

and therefore it is unlikely that implementing one change is going to eradicate IV 

medication errors. As Leape (1995) has suggested multiple measures are more 

likely to be successful. The success of changes to the system should be assessed, 

evaluating their impact on the IV medication error rate. Some of the interventions 

that were discussed (CIVAS, electronic prescribing) are likely to be complex 

interventions, i.e. ‘consisting of many different and connecting parts’ (Pearsall

1998). Campbell et al. (2000) have developed a model of evaluating such complex 

health care interventions in a sequential or iterative process. The researcher 

suggests using such a model in future studies to evaluate the success of 

interventions in IV therapy. The model uses a health technology assessment 

approach which recommends integrating qualitative and exploratory work in the 

early phases of the evaluation process. A complete health technology assessment 

of IV therapy has not been carried out so far and was beyond the scope of the 

present project. However, the results from this study are a valuable base and a 

starting point when using such a model to find an evidence based health care 

intervention for safe IV drug preparation and administration.

9.3 Study limitations

The present project was associated with some limitations which should be taken 

into account when considering the possible generalisability of the results. These 

limitations also point to further research areas for future studies about IV 

medication errors.

Cases that were reviewed as part of the document analysis showed that errors are 

related to the preparation and administration of IV medication in areas such as the
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operating theatre or the x-ray department Within the scope of this study it was not 

possible to include observations in all clinical and specialised areas and 

departments which use IV therapy. The study focussed on observation of ward- 

based IV drug preparation and administration. Similarly, the project concentrated 

on investigating IV medication in hospitals. IV medication is increasingly used in 

primary care and little is known about the safety of medication use in these areas 

(Nathwani and Davey 1996). Likewise, the German part of the study observed 

practice on two wards only. Thus, further work should investigate other areas 

where IV medication is used, including areas of infrequent use in both countries.

The outcome of the IV medication errors identified in the observation-based study 

was assessed using a valid and reliable method. In addition this method was 

validated for the use in Germany. However this method is still a proxy measure of 

the true outcome of medication errors. The method does not consider the 

likelihood of such an outcome occurring to the patient, i.e. how frequent 

potentially severe errors result in permanent harm. Outcome work is necessary to 

explore the consequences of IV medication errors further. Moreover, the project 

did not consider the financial impact of the IV medication errors identified. There 

is only limited information about financial consequences of medication errors or 

adverse drug events. Interestingly, Schneider et al. (1995) found that the cost of 

adverse events was not related to the actual outcome, for example, the death of a 

patient was less expensive for the institution than a patient with gastro-intestinal 

bleeding. The authors therefore determined the cost of additional interventions 

that were necessary due to the adverse events. Such interventions included extra 

laboratory tests, non-invasive procedures, additional treatments, invasive 

procedures, increased length of stay and intensive care. The retrospective chart 

review of 109 patients who had been reported to have suffered an adverse drug 

event including medication errors suggested that each adverse event cost on 

average 783 Dollars. These results related to all adverse drug events, not only 

medication errors, the additional cost due to the medication errors therefore 

remains unknown.
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If costs of IV medication errors were known economic studies could then also 

include cost-benefit analysis of a change in the drug distribution system. 

Evaluation of changes in the system of IV drug preparation and administrations 

which attempt to reduce the IV medication error rate should include the savings 

which are likely to result from reducing the error rate. Assessment of such costs 

could then also consider costs of medication errors (and their prevention) to the 

patient and society as a whole, for example, the cost of increased length of stay in 

loss of earnings to the patient involved (Mooney 1992).

A human error framework was applied in the present study to identify causes of 

the IV medication errors. The framework and the theory has been used 

successfully in other areas outside and within medicine. A single observer 

collected data in the present study, all the data were reviewed and coding and 

interpretation was discussed with a second researcher to increase validity and 

reliability of the results. However the ultimate validity and reliability of the 

findings can only be proven when implementing changes that have been 

suggested in this thesis and assess their impact on the IV medication error rate.

This study was the first to apply human error theory to analyse causes of IV 

medication errors. It has been recently suggested by Reason (2000; 2001) that 

more attention should be paid to successful and positive factors for improving the 

safety of the system. Future studies could focus on such factors possibly 

comparing systems across countries which would further add to the understanding 

of how safety in medication administration can be achieved. Similarly, such 

research would be non-threatening as the negative meaning of the word error 

would be avoided.
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9.4 Conclusions

This study used multiple methods to investigate the nature, incidence, severity and 

causes of IV medication errors. So far, this was the first study exploring health 

care practitioners views and experience of IV medication errors. This was also the 

first project to apply human error theory to systematically analyse causes of IV 

medication errors. It was the largest study observing actual practice of IV drug 

preparation and administration on wards in UK hospitals and the first of its kind 

in Germany. As part of the study a validated and reliable instrument to measure 

the potential clinical severity of medication errors was validated for the use in 

Germany where no such instrument had previously been used. The observation 

technique used in other medication error studies was adapted to include 

conversations with nurses about causes of errors. The analysis of IV medication 

errors lead to multiple suggestions how to reduce the rate of IV medication errors 

and improve patient safety in the future.
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The following conclusions can be drawn from the research project:

IV drug preparation and administration is associated with a high 

medication error rate in the UK and in Germany.

The majority of these IV medication errors were judged to be potentially 

harmful.

• Multiple factors contribute to such IV drug preparation and administration 

errors. Lack of training in practical aspects of IV drug preparation and 

administration, lack of involvement of pharmacists in IV related issues at 

ward level and deficiencies in the existing systems of transfer of 

information about prescriptions were recognised as factors in the UK and 

in Germany. In addition, design of technology was identified in the UK. A 

problematic legal framework and lack of guidelines at ward level were 

additional factors contributing to errors in Germany.

An existing method to assess the severity of medication errors identified in 

observation-based study is valid to be used in Germany.

• Human error theory is a suitable tool for investigating causes of IV 

medication errors.

• Nurses and pharmacists did not perceive IV medication errors as a serious 

or frequent problem in their daily practice.

In conclusion, providing IV therapy to patients is a complex health care 

technology associated with a high IV drug preparation and administration error 

rate with the potential to adversely affect patients. Multifactorial causes of these 

errors were identified and complex interactions between humans and the 

technology of IV therapy have been demonstrated. The measures suggested 

should be considered and their success in reducing the IV medication error rate 

carefully assessed.
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Appendix 1: Information leaflet about the interview study for health care 
professionals

A study into preparation and adm inistration o f  

intravenous m edication in hospitals

I am K atja T axis, a researcher working at the University o f  London. I am carrying out a project about 

preparation and administration o f  intravenous medication in hospitals. In the first part o f  the study I w ill 

be looking at experiences o f  nurses, doctors and pharmacists supplying, preparing and administering IV 

medication to patients. I am also very interested in the patients experiences receiving IV medication. This 

pilot study has approval by the Hammersmith ethic’s committee.

I w ill be interviewing a few  nurses, doctors and pharmacists from different wards. I will be asking 

questions about the system o f  IV drug preparation and administration and how this is organised in 

Hammersmith Hospital. I would also like to get to know individual’s experiences with the system. I f  

possible I would like to tape record the interviews because I would not have to write so much.

I would like to interview patients who have received or currently are receiving IV medication. I will ask 

questions about their view  and opinion when they have received IV medication. I will be providing an 

information leaflet to them explaining the aim o f  the study. If patients are w illing to participate they will 

be signing a consent form in the presence o f  a witness before the interview will be carried out. If possible  

the interview w ill be tape recorded and will last about half an hour.

The aim o f  this pilot study is the get to know nurses, doctors, pharmacists and patients perspective o f  IV 

medication and how they are handled in hospital. The results o f  this pilot study w ill form the basis o f  the 

main part o f  the research project.

Please do not hesitate to contact me i f  you have any further questions.

Katja Taxis 

University o f  London 

29-39 Brunswick Square 

London W C IN  lA X  

Tel: 0171 753 5955 Fax: 0171 753 5920
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Appendix 2: Sampling frame for the observation study to select the wards in 
the two study hospitals (wards selected for the study are highlighted in 
italics)
University teaching hospital

Coronary Care overflow ward 
Coronary intensive care unit 
Surgery (7 day ward)
Surgery (5 day ward)
Cardiology/Cardiothoracic Surgery 
Emergency Room
Infectious Diseases, HIV, Haematology
Haematology, Bone Marrow Transplant Unit
Oncology
Gynaecology
Mixed General Medicine
Bone Marrow Transplant
Paediatric, Paediatric Bone Marrow Transplant
Mainly acute geriatric, general medicine
Mixed general medicine, respiratory mainly
Antenatal/Post natal (Obstetrics)
Labour
Renal medicine, occasional outliers and transplants
Intensive Care Unit
Neonatal Unit
Private
Private

Former District General Hospital

Admissions Unit 
Coronary Care Unit 
General Medicine 
General Medicine 
General Medicine 
Paediatric ward 
Special Care Baby Unit 
Surgical ward 
Surgical ward 
Labour/Gynaecology 
Cardiology 
Oncology
Intensive Care Unit 
Short Stay
8 Mental Health Wards
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Appendix 3: Data collection form to record the number of IV drugs 
prescribed in the university teaching hospital

Details of doses

Ward Date Time

pt reg/pm route od bd tds qds other
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Appendix 4: Drug chart: drug prescription section

REGULAR PRESCRIPTIONS p a tie n t  n AME
MONTH YEAR DATE---------- -

TIMES-------}
ORUQ (Appisnd Nuiw)

Do#* Fraquonoy Start Data

Signitura Ptwrnac Stop Dal*

AddWond Inttrucllona Stoppadby

DRUQ(AppRmdN#in#)

Do## Fmquanor Start Data

Signdur# Pharmacy Stop Data

AddMond IndrucUon# Stoppadby

DRua (Apprend N#m#)

Rout# Fraquanoy Start Data

S ^ u r . Pharmacy Stop Data

AddMond tndnicdofa Stoppadby

Dmua|ApprondN#m#|

Do## Rout# Frdtuancy Start Data

Slgndui# Phanoac Stop Data

AddMond IndnjoMon# Stoppadby '

DRUG (Appiond Nam#)

Do## Fmrpmncy Start Data

Slgndor. Pharmacy Stop Data

AddMond Indrucdoni Stoppadby

DRUG (Appnmd Nam#)

Do## Fiaquancy

SIgndura Pharmacy Stop Data

AddMond Indrucdon# Stoppadby

DRUG (AppRMd Nam#)

Do## Fiaquancy

Signaoif# Pharmacy Stop Data

AddMottd Indiucdon# Stoppadby

DRUG (Apprend Nam#)

Do#a Fmquancy

Signdur# Phannacy

AddMond InatmcUon# Stoppadby
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Appendix 5: Examples of pages from the IV guides

University teaching hospital

Appendices

'.U'-'U'fi "B
IV bolus either 
directly or vu  
tubing of a G 
drip

Give slowly Can be diluted with G. 
"Monotrim" brand can be diluted 
with N/S or H if necessary.

Incompatible: 
aminoglycosides, 
metronidazole, 
sulphonamides. "Syraprim" 
brand is also incompatible 
with chloride contaiuing 
solutions. 
pH: 4

Flush: G (Monotnm brand can be flushed 
with N/S).

See liothyronine |

IV bolus to 
unblock "AV" 
shunts and IV 
cannulae.

Dilute 5,000-25,000 international 
units with 2-3ml N/S.

Y-slte compatible (but see 
section 6.12); heparin 
sodium 
pH; 6-7.5

To unblock arteriovenous shunts and central 
lines; leave clamped for 2-4 hours then 
aspirate lysate.
t  Monitoring and possible adverse effects: 
Rapid administration may cause severe 
hypertension, cerebral haemorrhage and 
other bleeding.
Flush: N/S.T

(I) infusion. 
♦High risk 
infusion pump 
essential.

Dilute to volume required with N/S 
See Data sheet.

1(I) infusion 
preferred 
method *High 
nsk inhision 
pump
recommended

Minimum 60 
minutes but 
doses over 
SOOmg must be 
given at a 
maximum rate of 
lOmg/minute

Reconstitute each SOOmg with 10ml 
W then dilute with a minimum of 
100ml N/S or 0
Displacement; 0.3ml/500mg vial. 
Add 9.7ml W for SOOmg in 10ml.

Y-site compatible (but see 
section 6.12): aciclovir, 
amiodarone, cimetidine,
G 10%, meropenem, 
morphine, pancuronium. 
Unpublished Y-slte 
compatibilities used in 
practice: dopamine, 
midazolam, noradrenaline. 
Incompatible; amoxycillin, 
aztreonam, ceftazidime, 
dexamethasonc, foscamet. 
phenobarbitone, phenytoln. 
pH: 2.8-4.S

In practice Ig in 100ml is used in fluid 
restricted patients; outside manufacturers 
recommendations.
t  Monitoring and possible adverse effects: 
Anaphylactic reactions including 
hypotension, wheezing, dyspnoea, urticaria 
or pruritus. Rapid infusion may cause 
flushing of the upper body ('red neck’) or 
pain and muscle spasm of the chest and 
back.
Extravasation: May cause tissue damage. 
Flush: N/S or G.

(Q  Infusion 
♦High risk 
Infusion pump 
recommended

24 hours

(I) infusion Minimum 13 
minutes

Dilute with 0  to a maximum 
concentration of 20units/100ml

pH: 2 .5 ^  3 t  Monitoring and possible adverse effects: 
Flush: G.

Former district general hospital

VANCOMYCIN  
Form; 500 mg vial
Adult dose; 500 mg every 6 hours or 1 gram every 12 hours. Avoid use in renal impairment.
Administration: Preferably by intermittent infusion in sodium chlonde 0.9% or glucose 5% over at least 60 minutes. Rate should not 
exceed 10 mg per minute.
Reconstitution: Add 10 ml water for injection to 500 mg vial.
Dilution for Infusion: After reconstitution o f 500 mg dilute with 100 to 200 ml sodium chloride 0.9% or glucose 5 %. In fluid 
restricted patients a concentrated solution o f 1 g in 100 ml may be used but this must be given slow ly over at least 1 hour to avoid the 
side effects.
Who may give: All
Comments: Reconstituted vials should be used within 24 hours if kept in the fridge.
Rapid administration can cause hypotension, thrombophlebitis, flushing and rash. Displacement value 0 .3  ml per 500 mg.
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Appendix 6: Study information leaflet for ward staff (observation study)

o A o u t am < lizcim ^niâùfaA ùo^

My name is Katja Taxis, I am studying intravenous (IV) drug preparation and 
administration and investigate problems that can occur during daily routine practice. The 
aims are to

• identify strengths and weaknesses of the current system and
• suggest improvements to make IV drug administration safer for the patients.

To achieve this, I would like to observe IV drug preparation and administration and collect 
information on IV drugs administered and any problems that occur, such as drugs not 
being available from pharmacy or instructions not being clear. I will neither interfere with 
patient care in any way nor with your usual ward routine.

Your participation in this study is entirely voluntary and you do not have to give any 
reasons for not participating. Similarly, you can stop to participate at any point.

I would like to emphasise that all information obtained from observing the drug rounds will 
be treated as confidential information and no names of individuals, the ward or the 
hospital will appear on any report. Whatever I see and we discuss will not be passed on to 
your manager or any other person, it may appear as part of a report in which you will not 
be identifiable. This study is part of my PhD research project at the University of London. 
The study has been approved by Brent Medical Ethics Committee. If you have any 
questions regarding the research, please do not hesitate to contact me.

With many thanks for considering your participation!

Katja Taxis 
University of London 

29-39 Brunswick Square, London WC1N 1AX 
Tel: 0171 753 5956 Fax: 0171 753 5920
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Appendix 7: Data collection form used in observation-based study

XXXX Hospital

ward date time

Staff

grade

Medication

name dose vials

Preparation

solvent volume concentration

diluent volume concentration

preparation equipment

preparation technique

Administration

time

administration rate

duration

administration equipment

administration technique

Comments
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Appendix 8: Data collection form for IV drugs prescribed during the study 
period (observation study)

IV Medication prescribed

Ward: Observation period: Hospital:
B ed n o P atien t D ru g nam e D o se F req uency Start S top D o se s

g iv e n
D o s e s
o b se rv ed
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Appendix 9: Data collection form to record the patients who were admitted 
and discharged during the study period

Admissions and discharges ospital:Ward:
•ate

BediK
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Appendix 10: Instructions for the four health care professionals how to score 
the severity of the IV medication errors identified during the UK based 
observation study
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Instructions to complete the assessment of the IV medication errors

All the medication errors relate to the preparation and administration o f  IV medication, it was assumed that the medication prescribed was correct and appropriate. 

Brief information what would have been the correct preparation or administration is given for each case. Unless stated otherwise, bolus doses should have been given 

over 3 to 5 min', due to the high number o f  such errors this was not repeated in each case. If no other information is given, please assume that doses, solvents, diluents 

and their volumes etc. have been correct.

Please read the description o f  each error and then rate the potential clinical significance on the scale anywhere between 0 and 10 according to your own judgement. 

Mark the scale clearly as shown in the examples below. Zero should be given to an incident which is not likely to have any effect on the patient and 10 represents an 

incident likely to result in the death o f  the patient.

N o  e ffe c ts  D eath  N o  e ffec ts  D eath

10 0 1 2 3 4 5 6 7 8 9  10

Could you please also record the time taken to complete the rating. Please complete each o f  the four parts separately, taking a break in between. Please feel free to 

add any comments at the end.
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Appendix 11: Description of each IV medication error identified in the UK 
based observation study
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Abbreviations:

Water for injection = W, sodium chloride 0.9% = S, Glucose = G
* Codes o f  error producing conditions refer to categories as detailed in Appendix 12, 12
* Researcher intervened therefore error did not reach the patient

Mean scores between 0 and 2.9 suggest minor, between 3.0 and 7.0 moderate and between 7.1 and 10.0 severe potential clinical significance

ID P atient D rug D escr ip tio n  o f  error T yp e o f  error A c tiv e
fa ilure

Error
p rod u c in g
con d ition s*

S ever i

ty
score

Errors on ward A: general medical ward, university teaching hospital
Preparation  errors

A , 23 7 2 0 0 0  m g  c e fta z id im e /4 0  m l W 2 0 0 0  m g  o f  ce fta z id im e  w ere  d isso lv ed  in 4 0  m l o f  W . T h is  resu lted  in  a  h y p o to n ic  so lu tion . 
R eco m m en d ed  preparation  is u sin g  10 m l o f  W  as so lv e n t  and at lea st 4 0  m l o f  S as d ilu en t. 
T h e d octor  had  w ritten  : ‘g iv e  ov er  3 0 -6 0  m in  in a large v o lu m e ’, b ut had  n o t sp e c if ied  the  
v o lu m e .

w ron g  d ilu en t and  
w ron g  v o lu m e  o f  
d ilu en t

m istak e
m istak e

3 1 ,3 4 , 5 5 ,  53 1.5

3 1 ,3 4 ,  5 5 , 53 1.5

A , 3 4 3 25  0 0 0  lU  h ep a r in /5 0  m l S N u r se  d rew  up the w h o le  con ten t o f  a  v ia l co n ta in in g  125 0 0 0  lU  o f  heparin  resu ltin g  in  a 5 
t im e s  o v er d o se  w h e n  preparing a con tin u ou s in fu sion  o f  heparin.

w ron g  d o se* slip 5 2 8 .4

A d m in istra tion  errors

A , 8 1 1.8 g  b e n z y lp e n ic il l in /1 0 0  m l 
sa lin e

A d m in istra tion  o f  1 .8  g  b e n z y lp e n ic ill in /1 0 0  m l S. U se  o f  W  in stead  o f  S to  f lu sh  the central 
lin e  b efore  co n n ec tin g  th e in fu sion .

w ron g  flu sh slip 52 1.3

A , 10 5 6 0 0  m g  c o -a m o x ic la v /1 0  m l W A d m in istra tion  o v er  1 .30  m in  through a peripheral ve in . fast b o lu s  d o se v io la t io n 2 .9

A , 11 5 6 0 0  m g  c o -a m o x ic la v /1 0  m l W A d m in istra tion  o v er  1 m in  through a peripheral v e in . fast b o lu s  d o se v io la t io n 2 .9

A , 15 5 6 0 0  m g  c o -a m o x ic la v /1 0  m l W A d m in istra tion  o v er  1 .30  m in  through a peripheral v e in . fast b o lu s  d o se v io la t io n 2 .9

A , 16 5 6 0 0  m g  c o -a m o x ic la v /1 0  m l W A d m in istra tion  o v e r  1 m in  through a peripheral ve in . fast b o lu s  d o se v io la tio n 2 .9



A , 19 5 6 0 0  m g  c o -a m o x ic la v /1 0  m l W A d m in istra tion  o v er  1 .45  m in  throu gh  a peripheral ve in . fa s t b o lu s  d ose v io la tio n 2 .9

A , 29 8 5 0 0  m g  a m o x y c ill in /1 0  m l W A d m in istra tion  o v er  2 .3 0  m in  throu gh  a peripheral ve in . fa s t  b o lu s  d ose v io la tio n 2 .9

A , 31 9 8 0  m g  fru sem id e A d m in istra tion  o v er  1 m in  th rou gh  a  peripheral vein . fa s t  b o lu s  d o se v io la tio n 6 .6

A , 33 9 5 0 0  m g  a m o x y c ill in /1 0  m l W A d m in istra tion  o v e r  1 .15  m in  throu gh  a peripheral ve in . fa s t  b o lu s  d o se v io la tio n 2 .9

A , 36 8 1 2 0 0  m g  c o -a m o x ic la v /1 0  m l 
W

A d m in istra tion  o v er  1 .45  m in  th rou gh  a peripheral ve in . fa s t  b o lu s  d o se v io la tio n 3 .5

A , 3 6 8 1 2 0 0  m g  c o -a m o x ic la v /1 0  m l 
W

A d m in istra tion  3 0  m in  after preparation. M anufacturer instructions recom m en d  to  ad m in ister it 
w ith in  2 0  m in  o f  preparation.

ex p ired
preparation

m istak e 41 2

Errors on ward B: Renal ward, university teaching hospital
Preparation  errors

B ,3 11 5 0  m g  h y d r o co r tiso n e /5  m l W Preparation o f  5 0  m g  h yd rocortison e u sin g  5 m i o f  W  w hereas m anufacturer recom m en d  u se  o f  
n ot m ore than 2  m l o f  W .

w ro n g  v o lu m e  o f  
so lv e n t

- - 2 .5

B , 10 21 80  m g  g en ta m ic in Preparation  u sin g  W  as a d ilu en t in stead  o f  S w ro n g  so lv en t - - 3.3

B; 17 16 2 5 0  m g  im ip e n e m /S A ttem p t to  prepare 2 5 0  m g  im ip en em  in  50  m l o f  S from  a M on ov ia l (a  drug v ia l w ith  an  
in tegrated  transfer sy ste m ) w h ich  h as b een  recon stitu ted  p rev iou sly  and con ta in ed  an u n k n ow n  
am ou n t o f  th e  drug (ab ou t h a lf  o f  5 0 0  m g  im ip en em ).

w ro n g  d ose m istak e 54 , 33 4 .3

B , 19 17 1 2 0 0  m g  c o -a m o x ic la v N u rse  d id  n o t rea lise  that th e  drug w a s  due. ♦ o m iss io n s lip - 4.1

B , 2 7 14 7 5 0  m g  v a n c o m y c in /1 0 0  m l S N u rse  fo rg o t to  in jec t th e  so lu tio n  o f  7 5 0  m g  v a n c o m y c in /15 ml W  into an in fu sio n  b ag  o f  100  
m l S. T h e  nurse rea lised  th is  after co n n ec tin g  the in fu sion  bag to the patient. T h e nurse th en  
in jec ted  the drug in to  th e  b ag  w ith o u t d isco n n ectin g  it from  th e in fu sion  lin e  and  d id  n o t m ix  
the so lu tio n . T h e  p a tien t m ay  h a v e  th erefore in itia lly  rece ived  a h ig h ly  con centrated  so lu tio n  o f  
v a n co m y c in /S .

o th er  error m istak e 4 1 ,1 1 7.3

B , 2 9 14 10 0 0  m g  v a n c o m y c in /1 0 0  m l S Preparation  u sin g  10 m l as a  s o lv e n t  in stead  o f  2 0  m l W . w ro n g  v o lu m e  o f  
s o lv e n t

m istak e 41 3 .5



B ,4 4 14 1 0 0 0  m g  v a n c o m y c in /1 0 0  m l S S tu d en t nurse u sed  o n ly  10 m l o f  w ater to prepare 1 g  o f  v a n co m y c in  in stead  o f  2 0  m l o f  w ater  
as reco m m en d ed . A  sen ior nurse assem b led  all n ecessary  eq u ip m en t for h im  and ch eck ed  that. 
H e th en  u sed  w h at w as a ssem b led  for h im  w ith ou t further ch eck in g .

w ron g  v o lu m e  o f  
so lv en t

m istak e 4 1 ,2 1 3 .5

B , 4 6 21 7 5 0  m g  ce fu r o x im e /1 0  m l S Prep aration  u sin g  S  instead  o f  W w ron g  so lv en t slip 52 2 .6

A d m in istra tion  errors

B ,3 11 5 0  m g  h yd ro co rtiso n e A d m in istra tion  o v er  0 .2 0  m in  through a central lin e fast b o lu s  d o se v io la t io n 4 .6

B , 5 13 7 5 0  m g  ce fu r o x im e /1 0  m l W A d m in istra tio n  o v e r  0 .3 0  m in  through a peripheral v e in fast b o lu s  d o se v io la t io n 3.5

B , 7 11 5 0  m g  ra n itid in e /2 0  m l S A d m in istra tio n  o v er  1 m in  through a central ve in fast b o lu s  d o se v io la tio n 3

B , 8 14 5 0 0  m g  f lu c lo x a c il l in /1 0  m l W A d m in istra tion  o v er  1 m in  through a peripheral v e in fast b o lu s d o se v io la tio n 2 .9

B . 9 14 1 2 0 0  m g  c o -a m o x ic la v /2 0  m l 
W

A d m in istra tio n  o v er  1 m in  through a peripheral ve in fast b o lu s  d o se v io la t io n 3 .4

B . 10 21 8 0  m g  gen ta m ic in A d m in istra tio n  o v e r  0 .3 0  m in  through a peripheral ve in fast b o lu s  d o se v io la t io n 5

B , 11 11 5 0  m g  ran itid in e /2 0  m l S A d m in istra tion  o v e r  1 .30  m in  through a peripheral v e in fast b o lu s d o se v io la tio n 2 .5

B , 14 14 2 5 0  m g  f lu c lo x a c il l in /1 0  m l W A d m in istra tion  o v er  1.45 m in  through a peripheral v e in fast b o lu s  d o se v io la t io n 1.8

B , 15 14 2 5 0  m g  f lu c lo x a c il l in /1 0  m l W A d m in istra tio n  o v e r  0 .3 0  m in  through a peripheral v e in fast b o lu s d o se v io la tio n 2 .8

B , 16 14 1 2 0 0  m g  c o -a m o x ic la v /2 0  m l 
W

A d m in istra tio n  o v er  1 .15  m in through a peripheral v e in fast b o lu s  d o se v io la t io n 2 .8

B , 19 17 1 2 0 0  m g  c o -a m o x ic la v A d m in istra tio n  o v er  1 .45  m in  through a peripheral ve in . fast b o lu s  d o se v io la tio n 2 .9

B ,2 1 11 15 0  m g  g a n c ic lo v ir /1 0 0  m l S A d m in istra tion  o v er  3 5  m in  in stead  o f  o v er  1 h. w ron g
ad m in istration
rate

- - 6 .2

B ,2 4 16 2 5 0  m g  im ip en em / O n ly  ab o u t h a lf  o f  th e  d o se  o f  co u ld  b e ad m in istered  b efore  th e  p a tien t’s  ca n n u la  tis su e d . T h e  
p a tien t d id  n o t re c e iv e  the o ther h a lf  o f  th e d ose .

w ron g  d o se - 71 3 .3

B , 25 19 7 5 0  m g  ce fu r o x im e /1 0  m l W A d m in istra tio n  o v e r  1 m in  through a peripheral v e in . fast b o lu s  d o se v io la tio n 2 .5

B , 2 8 19 7 5 0  m g  ce fu r o x im e /1 0  m l W A d m in istra tion  o v er  2  m in  through a peripheral ve in fast b o lu s  d ose v io la t io n 2 .5



B , 3 4 2 0 7 5 0  m g  c e fu r o x im e /1 0  m l W S tu d en t nurse on  h is  first drug ad m in istration , adm in istration  o f  through a peripheral v e in  in 
2 .3 0  m in.

fast b o lu s  d ose v io la tio n 21 2 .3

B . 3 9 21 7 5 0  m g  c e fiir o x im e /lO  m l W A d m in istra tion  o v er  0 .3 0  m in  through a central v e in fa st b o lu s  d o se v io la tio n 3.1

B ,4 1 16 2 0 0  m g  te ic o p la n in /3  m l A d m in istra tion  o v er  0 .1 5  m in  through  a central lin e fa st b o lu s v io la tio n 3 .8

B ,4 4 14 1 0 0 0  m g  v a n c o m y c in /1 0 0  m l S In fu sion  ran o v er  4 0  m in . IV  g u id e  recom m en d s 100  m in . T h e stud en t nurse to ld  m e h e  w a s  
g o in g  to  m on itor  th e  in fu sio n  and k eep  an e y e  on  it to  ensure it ran over  an adequate tim e .

w ro n g
ad m in istration
rate

v io la tio n 4 1 ,2 1 5 .4

B ,4 6 2 1 7 5 0  m g  c e fu r o x im e /1 0  m l S A d m in istra tion  o v e r  2 .3 0  m in  through  a peripheral v e in fa st b o lu s  d o se v io la tio n 2 .3

Errors on ward C: cardiothoracic surgical ward, university teaching hospital
P rep ara tion  errors

C ,2 2 4 1 0 0 0  m g  v a n c o m y c in /2 5 0  m l S 1 0 0 0  m g  v a n co m y c in  w a s  d is so lv e d  in S  in stead  o f  W  and then  correctly  d ilu ted  in 2 5 0  m l o f  
S.

w ro n g  so lv e n t m istak e 6 3 .3

C ,4 2 6 2 0 0 0  m g  f lu c lo x a c il l in /2 0  m l 
W /1 0 0  m l/ s

Preparation  u sin g  2 0  m l W  in stead  o f  3 0  m l W w ro n g  v o lu m e  o f  
s o lv e n t

m istak e 4 1 , 12 ■ 2 .3

C ,5 2 6 8 0  m g  g en ta m ic in P reparation  u sin g  W  in stead  o f  S for d ilu tion  o f  th e  drug w ro n g  d ilu en t m istak e 41 2 .3

C, 10 2 6 2 0 0 0  m g  f lu c lo x a c il l in /2 0  m l 
W

Preparation  u sin g  2 0  m l o f  W  in stead  o f  3 0  to  4 0  m l as recom m en d ed w ro n g  v o lu m e  o f  
s o lv e n t

m istak e 41 2 .3

C,18 2 6 2 0 0 0  m g  f lu c lo a x ill in B an k  nurse prepared drug u s in g  2 0  m l W  in stead  o f  3 0  m l W  as recom m en ded w ro n g  v o lu m e  o f  
s o lv e n t

m istak e 41 2 .3

C,21 3 0 7 5 0  m g  c e fu r o x im e /1 0  m l W P atien t d id  n o t re ce iv e  th e  lu n ch tim e d o se  after h e w a s  transferred from  in ten sive  care u nit to  
the su rg ica l w ard

o m iss io n * m istak e 35 4.1

C, 24 2 6 2 0 0 0  m g  f lu c lo x a c iI lin /1 0 0  m l 
S

Preparation  u sin g  2 5  m l W  in stead  o f  3 0  m l W  as recom m en d ed w ro n g  v o lu m e  o f  
s o lv e n t

m istak e 41 2 .3

C,  33 2 5 1 0 0 0  m g  f lu c lo x a c il l in /1 0  m l 
W

Preparation  u sin g  10 m l W  in stead  o f  15 to  2 0  m l w ro n g  v o lu m e  o f  
s o lv e n t

m istak e 41 3

c,
38

2 5 1 0 0 0  m g  f lu c lo x a c il l in /1 0  m l 
W

Preparation  u sin g  10 m l W  in stead  o f  15 to  2 0  m l W . w ro n g  v o lu m e  o f  
s o lv e n t

m istak e 41 3



c, 43 2 7 2 0 0 0  m g  f lu c lo x a c il l in /2 0  m l Prep aration  u sin g  2 0  m l instead  o f  30  to  4 0  ml W w ron g  v o lu m e  o f  
so lv en t

m istak e 41 2 .3

C , 4 4 2 6 2 0 0 0  m g  f lu c lo x a c il l in /1 0  m l 
W

P reparation  u sin g  10 m l W  instead  o f  3 0  to 4 0  m l W w ron g  v o lu m e  o f  
so lv en t

m istak e 41 3 .3

A d m in istra tion  errors

C , 9 2 8 2 0 0  m g  te ico p la n in A d m in istra tio n  o v er  2  m in  through a peripheral v e in . fast b o lu s  d o se v io la tio n 3 .2

C , 11 2 8 2 0 0  m g  te ico p la n in /3 m l ? /1 0  
m l S

A d m in istra tion  o v er  2  m in  through a peripheral v e in fast b o lu s  d o se v io la tio n 3 .2

C , 2 2 2 7 1 0 0 0  m g  f lu c lo x a c il l in / A d m in istra tio n  o v er  2  m in  through a peripheral ve in fast b o lu s  d o se v io la tio n 2 .6

C , 2 3 3 0 7 5 0  m g  c e fu r o x im e /1 0  m l W A d m in istra tio n  o v e r  2  m in  through a peripheral ve in fast b o lu s  d o se v io la tio n 2 .6

C , 2 5 25 1 0 0 0  m g  f lu c lo x a c il l in /2 0  m l 
W

A d m in istra tio n  after a b o lu s  d o se  o f  a m o x ic illin  w ith o u t a f lu sh  in b etw een . in com p atib ility m istak e 41 3.1

C ,2 5 2 5 1 0 0 0  m g  f lu c lo x a c il l in /2 0  m l 
W

A d m in istra tion  o v er  1 .30  m in  through a p eripheral-vein fast b o lu s  d o se v io la t io n 2 .8

C , 2 6 2 5 5 0 0  m g  a m o x ic il l in /1 0  m l W A d m in istra tio n  o v e r  1 .30  m in  through a peripheral v e in fast b o lu s  d o se v io la tio n 2 .8

C , 2 9 2 7 1 0 0 0  m g  f lu c lo x a c il l in /2 0  m l 
W

A d m in istra tion  o v er  1 .45  m in  through a peripheral v e in fast b o lu s  d o se v io la tio n 2 .8

C ,3 0 31 5 0 0  m g  f lu c lo x a c il l in /1 0  m l W A d m in istra tio n  o v er  1 m in  through  a peripheral v e in fast b o lu s  d o se v io la t io n 2 .6

C , 33 2 5 1 0 0 0  m g  f lu c lo x a c il l in /1 0  m l 
W

A d m in istra tio n  o v e r  2  m in  through a peripheral ve in fast b o lu s  d o se v io la t io n 2 .6

C , 3 4 2 5 5 0 0  m g  a m o x ic ill in /1 0  m l W A d m in istra tion  after b o lu s  d o se  o f  f lu c lo x a c illin  w ith o u t ad m in ister in g  a  flu sh  in  b etw een in com p atib ility m istak e 41 2 .9

C , 3 4 2 5 5 0 0  m g  a m o x ic ill in /1 0  m l W A d m in istra tion  o v er  1 .45  m in  through a peripheral v e in fast b o lu s  d o se v io la t io n 2 .5

C ,3 5 25 5 0 0  m g  f lu c lo x a c il l in /1 0  m l W A d m in istra tio n  o v er  1 .45  m in  through a peripheral v e in fast b o lu s  d o se v io la t io n 2 .3

C ,4 1 3 2 5 0 0  m g  f lu c lo x a c il l in /1 0  m l W A d m in istra tio n  o v er  2 .2 0  m in  through a peripheral v e in fast b o lu s  d o se v io la t io n 1.8



Errors on ward D: a coronary intensive care unit, university teaching hospital

P rep aration  errors

D ,5 3 4 5 0 0  m g  f lu c lo x a c il l in /1 0  m lW L u m p  o f  drug p o w d er  w a s  trapped b etw een  the rubber top and the w all o f  the v ia l therefore n ot  
all drug w a s d is so lv ed

w ron g  d o se slip 52 4 .5

D , 6 3 4 2 0 0  m g  d o p a m in e /4 0  m l G  5% For the preparation o f  2 0 0  m g  d o p a m in e /4 0  m l G  5%  the d ilu en t w as taken  from  a b ag  w h ich  
had b een  o p en ed  3 2  h 4 5  m in  prior to  presen t preparation. (H osp ita l p o lic y  stated  that bags  
m u st not b e u sed  for m ore than 2 4  h ours.)

exp ired  d ilu en t slip - 6 .6

D , 2 9 3 9 1.2  g  c o -a m o x ic la v /1 0  m l W Preparation u sin g  10 m l o f  W  in stead  o f  2 0  m l w ro n g  v o lu m e  o f  
so lv e n t

m istak e 41 3 .2

D ,3 1 3 9 P a b r in e x 2 /4 5  m l S P atien t w as prescrib ed  to  r e ce iv e  P ab rinex 1+2, but nurse o n ly  ad m in istered  Pabrinex n o  2 . * o m iss io n m istak e 5 5 ,5 2 ,  3 4 ,4 1 4 .3

D , 57 41 E ryth rom ycin  5 0 0  m g /1 0 0  m l 
S

N u r se  in jected  W  in to  th e v ia l and d rew  up the drug b efore  all the drug had d isso lv ed w ron g  d o se slip 1 1 ,5 2 ,5 1 5.3

A d m in istr a tio n  errors

D .5 3 4 5 0 0  m g  f lu c lo x a c il l in /1 0  m l W A d m in istration  o v er  1 m in  th rou gh  a central lin e fast b o lu s  d o se v io la tio n 2 .3

D . 7 3 5 c e fu ro x im e  7 5 0  m g /1 0  m l W A d m in istration  o v er  0 .5 0  m in  throu gh  central lin e fa st b o lu s  d o se v io la tio n 3 .3

D , 12 3 6 c e fu ro x im e  7 5 0  m g /1 0  m l W A d m in istra tion  o v er  0 .2 0  m in  th rou gh  central lin e fa st b o lu s  d o se v io la tio n 3 .6

D . 14 3 7 c e fu ro x im e  7 5 0  m g /1 0  m l W A d m in istration  o v er  1 m in  th rou gh  central lin e fa st b o lu s  d o se v io la tio n 2 .8

D , 15 3 8 ce fu r o x im e  7 5 0  m g /1 0  m l W A d m in istration  o v er  0 .1 5  m in  th rou gh  central lin e fa st b o lu s  d o se v io la tio n 3 .7

D , 19 3 8 m e to c lo p ra m id e  10  m g A d m in istration  o f  10 m g  m etoc lop ram id e  o v er  2 0  s through  a central lin e . A dm inistration  
sh o u ld  be o v er  1 to  2  m in .

fast b o lu s  d o se v io la tio n 3 .7

D , 2 0 3 8 fru sem id e  2 0  m g A d m in istration  o f  2 0  m g  f in se m id e  o v er  4 0  s throu gh  a central lin e . M ax im u m  rate o f  
ad m in istration  for  fru sem id e  sh o u ld  b e  4  m g /m in .

fa st b o lu s  d o se v io la tio n 5.3

D ,2 1 3 9 c e fu ro x im e  7 5 0  m g /1 0  m l ? A d m in istration  o v er  0 .3 0  m in  th rou gh  central lin e fa st b o lu s  d o se v io la tio n 2 .9

D , 2 7 3 9 ran itid in e  5 0  m g /2 0  m l S A d m in istration  o v er  1 .25  m in  throu gh  central lin e fa st b o lu s  d o se v io la tio n 2 .5



D , 2 9 3 9 co -a m o x ic la v  1.2 g /1 0  m l W A d m in istra tion  o v er  1 m in through central line fast b o lu s d ose v io la tio n 3 .2

D . 3 0 3 9 ce fu ro x im e  7 5 0  m g A d m in istra tion  o v er  1 .30  m in through central line fast b o lu s  d o se v io la tio n 2 .5

D ,3 1 39 P ab rin ex /45  m l S A d m in istra tion  o f  P ab rinex after an in jection  o f  fru sem id e w ith o u t flu sh in g  th e  lin e  in  b etw een  
th e  tw o  drugs

in com p atib ility m istak e 4 2 4 .4

D , 33 3 9 c ip r o flo x a c in  4 0 0  m g  (read y  
preapred b ag)

In fu sio n  o f  drug o v er  33  m in  instead  o f  over  1 h w ron g
adm inistration
rate

- - 4 .6

D , 3 4 3 9 fru sem id e  4 0  m g A d m in istra tion  o v er  1 .30  m in through central line fast b o lu s  d ose v io la t io n 6

D , 3 4 3 9 fh ise m id e  4 0  m g A d m in istra tion  o f  4 0  m g  fiu sem id e  as a  b o lu s after an in fu sio n  o f  p ab r in ex /45  m l S w ith o u t  
f lu sh in g  th e  lin e  in  b etw een  the tw o  drugs. T here is n o  in form ation  on  th e co m p a tib ility  o f  
f iu se m id e  and  P ab rin ex /45  m l S.

in com p atib ility m istak e 4 2 5.5

D , 4 6 4 0 pap averetu m A d m in istra tion  o f  papaveretu m  as a  b o lu s  through the sa m e lin e  as a  con tin u o u s in fu sio n  o f  
K C l/S  and a con tin u o u s in fu sion  o f  S co n ta in in g  IIU  h ep arin /m l w ere  ad m in istered . T here is 
n o  in form ation  o n  th e com p atib ility  o f  th e three drugs.

in com p atib ility m istak e 4 2 6

D , 50 4 0 ce fu ro x im e  1.5 g /2 0  m l W A d m in istra tion  o v e r  2  m in  through central line fast b o lu s  d ose v io la t io n 3.1

D ,5 1 4 0 flu c lo x a c il l in  5 0 0  m g /1 0  m l W A d m in istra tion  o v e r  1 m in  through central line fast b o lu s  d ose v io la t io n 2 .3

D , 55 4 0 c e fu ro x im e  7 5 0  m g /1 0  m l W A d m in istra tion  o v er  2 .3 0  m in  through  central lin e fast b o lu s  d ose v io la t io n 2 .3

D , 57 41 ery th ro m y c in  5 0 0  m g /1 0 0  m l S A d m in istra tio n  o f  eryth rom ycin  5 0 0  m g /1 0 0  m l S  o v er  ab ou t 3 0  m in  th rou gh  th e  sa m e lin e  as 
an in fu sio n  o f  S  w h ich  con ta in ed  heparin  l lU /m l. T here are reports ab out in co m p a tib ilit ie s  o f  
ery th rom yc in  and  heparin.

in com p atib ility m istak e 4 2 6 .3

D , 58 41 er y th rom yc in  5 0 0  m g /1 0 0  m l S P atien t h as b een  prescrib ed  5 0 0  m g  eryth rom ycin  qds. N u rse  prepared 1 0 0 0  m g  in  10 0  m l S, 
la b e lled  th e  b a g  and ad m in istered  ab out h a lf  o f  the bag . T h e nurse th en  d isco n n ec ted  th e  bag, 
le ft  it o n  th e  in fu sio n  stand b y th e  p a tien t’s b ed sid e  for  th e fo llo w in g  drug ad m in istration .

w ro n g  d o se v io la t io n 4 .8

D , 5 9 41 er y th rom yc in  5 0 0  m g /1 0 0  m l S A d m in istra tio n  o f  th e  rem ainder o f  th e bag fi"om preparation  58 w ron g  d o se v io la t io n 4 .8

D , 59 41 ery th rom ycin  5 0 0  m g /1 0 0  m l S A d m in istra tion  o f  eryth rom ycin  5 0 0  m g /1 0 0  m l S o v er  ab out 3 0  m in  through  th e  sam e lin e  as 
an in fu sio n  o f  S w h ich  con ta in ed  heparin  llU /m l.  T h ere are reports ab out in co m p a tib ilit ie s  o f  
ery th ro m y c in  and  heparin.

in com p atib ility m istak e 4 2 6 .3



D , 6 0 41 g en ta m ic in  8 0  m g /2 0  S A d m in istra tion  o f  gen ta m ic in  80  m g /2 0  S as a b o lu s  o v er  2 m in (w h ich  is correct 
ad m in istration  tim e a ccord in g  to  the d atash eet) through th e sam e lin e  as an in fu sion  o f  S 
co n ta in in g  1 lU  h ep arin /m l. T here are reports ab out in com p atib ilitie s  o f  gen tam ic in  and  
heparin .

in co m p a tib ility m istak e 42 5.5

D , 6 2 4 2 c e fu r o x im e  l g / 2 0  m l W A d m in istra tion  o v er  0 .4 5  m in  through central line fa st b o lu s  d o se v io la tion 2 .5

D , 6 6 4 3 c e fu r o x im e  7 5 0  m g /1 0  m l W A d m in istra tion  over  0 .3 0  m in  through  central lin e fa st b o lu s  d o se v io la tio n 2 .9

D , 6 7 4 4 c e fu r o x im e  7 5 0  m g /1 0  m l W A d m in istra tion  o v er  0 .5 0  m in  through central lin e fa st b o lu s  d o se v io la tio n 3 .3

D , 7 0 4 5 f lu c lo x a c il l in  5 0 0  m g /1 0  m l W A d m in istra tion  o f  f lu c lo x a c illin  5 0 0  m g /1 0  m l W  after adm in istration  o f  a m o x ic ill in /1 0  m l W  
w ith o u t flu sh in g  in b e tw een  the tw o  drugs. T h ere is  n o  in form ation  about the co m p a tib ility  o f  
f lu c lo x a c il lin  and a m o x ic ill in .

in co m p a tib ility m istak e 4 2 4

D , 7 0 4 5 f lu c lo x a c il l in  5 0 0  m g A d m in istra tion  o v er  0 .3 0  m in  through a  peripheral lin e fa st b o lu s  d o se v io la tio n 11 3 .3

D ,7 1 4 5 a m o x ic il l in  5 0 0  m g A d m in istra tion  o v er  1 .3 0  m in  through  a peripheral lin e fa st b o lu s  d o se v io la tio n 3.1

D , 72 4 5 c e fu r o x im e  7 5 0  m g /1 0  m l W A d m in istra tion  o v er  2  m in  through  a  central lin e fa st b o lu s  d o se v io la tio n 2 .3

Errors on ward E: Premature baby unit, university teaching hospital
P rep aration  errors

E , 7 4 9 a m p h o ter ic in  1.3 m g/1  m l 
0 5 %

Preparation  o f  1.3 m g  am p h o ter ic in /1 m l 0 5 %  u sin g  th e  filter (su p p lied  w ith  the v ia l)  
in correctly  resu lting  in  a  preparation w h ich  w a s  n o t filtered .

o th er  error m istak e 52 , 51 , 5 3 ,4 1 5.8

E . 2 0 4 7 m e to c lo p ra m id e  0 .2  m g /0 .6  S N u r se  drew  up 0 .2  m g  m etoclop ram id e u sin g  a 1 m l sy rin ge and then  u sin g  the sy rin ge w ith  
th e  m etoclop ram id e in , d rew  up 0 .6  m l o f  S  to  d ilu te  th e  drug (w h ich  w a s then ad m in istered  as 
a b o lu s  d o se ). U sin g  th is  preparation  tech n iq u e  a ll th e drug con ta in ed  in the dead  sp ace  o f  th e  
sy r in g e  (hub and n e ed le ) is  flu sh ed  in to  th e  syr in ge . T h is  resu lts in a 2 -3  tim es overd ose .

w ro n g  d o se m istak e 4 5 ,5 3 7

E , 2 6 4 7 m e to c lo p ra m id e  0 .2  m g /0 .5  m l 
S

S a m e d o sin g  error as in  preparation  2 0 w ro n g  d o se m istak e 4 5 , 53 7

E , 2 7 4 9 v a n c o m y c in  18 m g /2 .5  m l G  
5%

D ilu tio n  o f  the drug ob ta in in g  a con cen tra tion  o f  6 .4  m g /m l, m axim u m  recom m en ded  
con cen tra tion  is 5 m g /m l

w ro n g  v o l o f  
d ilu en t

m istak e 41 6

E , 2 9 4 8 ran itid in e  2 .3  m g /0 .0 9  m l W Preparation  u sin g  W  in stead  o f  S as a  d ilu en t w ro n g  d ilu en t m istak e 41 3 .9



E , 3 4 48 ran itid ine 2 .3  m g /0 .4  S N u rse  d rew  up 2 .3  m g  ran itid ine (0 .0 9  m l) u sin g  a 1 m l sy rin ge and then  u sin g  th e  sy rin ge w ith  
the ran itid in e  in , drew  up 0 .4  m l o f  S to  d ilu te the drug (w h ich  w as th en  ad m in istered  as a 
b o lu s  d o se ). U s in g  th is  preparation tech n iq u e all the drug con ta in ed  in th e d ead  sp a c e  o f  the  
sy r in g e  (hub  and  n eed le ) is f lu sh ed  into the syrin ge. T h is resu lts in  a 2 -3  tim es o v erd o se .

w ron g  d ose m istak e 41 6 .4

E , 3 4 48 ran itid ine 2 .3  m g /0 .4  S T h is p reparation  w h ich  w as su p p osed  to  contain  2 .3  m g ran itid ine (v o lu m e  o f  0 .0 9  m l) w as  
d ilu ted  w ith  0 .4  m l o f  S  w h ereas it shou ld  h ave b een  d ilu ted  w ith  1ml o f  S.

w ron g  v o lu m e o f  
dilu en t

m istak e 41 5 .4

E , 4 6 56 ce fo ta x im e  165 m g /1 .7  m l W Preparation  o f  drug u sin g  4 .8  m l o f  W  instead o f  1.8 ml as recom m en d ed  in  th e  IV  g u id e w ron g  v o lu m e o f  
so lv en t

- - 3 .5

A d m in istra tion  errors

E ,6 4 7 c e fta z id im e  120  m g /1 .2  m l W A d m in istra tion  o v e r  0 .1 5  m in  through a peripheral ve in fast b o lu s  d ose v io la t io n 5 .2

E , 16 4 6 c o -a m o x ic la v  6 0  m g/1  m l W A d m in istra tion  o v er  15 s through  a peripheral ve in fast b o lu s  d ose v io la t io n 5.1

E , 18 4 9 c e fta z id im e  63  m g A d m in istra tion  o v e r  0 .1 5  m in  through  a peripheral ve in fast b o lu s  d o se v io la t io n 5

E , 19 4 8 ca ffe in e  7 .5  m g A d m in istra tion  o v e r  3 6  m in  instead  o f  over  20  m in w ron g  in fu sion  
rate

m istak e 4 7 , 5 6 , 5 2 ,4 6 4 .6

E ,2 2 4 9 ce fta z id im e  63  m g /0 .6  m l A d m in istra tion  o v er  0 .2 0  m in  through  a peripheral v e in fast b o lu s  d ose v io la t io n 5.1

E , 2 4 4 9 c e fta z id im e  63  m g /0 .6  m l A d m in istra tion  o v e r  1 .0  m in  through  a peripheral ve in fast b o lu s  d ose v io la t io n 4 .4

E , 2 8 4 9 c e fta z id im e  63  m g /0 .6  m l A d m in istra tio n  o v e r  0 .2 0  m in  through  a peripheral v e in fast b o lu s  d o se v io la t io n 5 .3

E , 2 9 4 8 ran itid ine 2 .3  m g /0 .0 9  m l W A d m in istra tion  o v e r  0 .3 0  m in  through  a peripheral ve in fast b o lu s  d o se v io la t io n 5 .9

E ,3 3 4 8 ca ffe in e 7 .5  m g S ettin g  o f  th e  in fu sio n  p um p to  in fu se  over  3 h instead  o f  o v er  2 0  m in w ro n g  in fu sion  
rate

m istak e 4 7 , 52 5 .3

E ,3 4 4 8 ran itid in e  2 .3  m g /0 .4  S A d m in istra tio n  o v er  0 .3 0  m in  through a peripheral ve in fa st b o lu s  d ose v io la t io n 6 .5

E ,3 6 54 c o -a m o x ic la v  2 2  m g /0 .3 6  m l 
W

A d m in istra tion  o v er  0 .3 0  m in  through  a peripheral ve in fast b o lu s  d o se v io la t io n 4 .9

E ,3 7 53 p ip erac illin  180  m g / 0 .9  m l W A d m in istra tion  o v er  0 .1 5  m in  through  a peripheral ve in fast b o lu s  d ose v io la t io n 5 .2

E ,4 2 53 p ip era c illin  180  m g / 0 .9  m l W A d m in istra tion  o v e r  0 .1 5  m in  through  a peripheral ve in fast b o lu s  d ose v io la t io n 5 .2



E, 4 4 54 c o -a m o x ic la v  2 2  m g /0 .3 6  m l 
W

A d m in istration  ov er  0 .1 5  m in  through  a peripheral ve in fast b o lu s  d o se v io la tio n 4 .9

Errors on ward F: oncology ward, university teaching hospital

Preparation  errors

F, 1 63 c e fta z id im e  2  g /2 0  m l W Preparation  u sin g  2 0  m l W  in stead  o f  10 m l w ron g  v o lu m e  o f  
so lv en t

m istak e 41 1.9

F ,6 63 c e fta z id im e  2 g /2 0  m l W Preparation  u sin g  2 0  m l W  in stead  o f  10 m l w ron g  v o lu m e  o f  
so lv en t

m istak e 41 1.9

F , 10 6 4 c e fo ta x im e  1 g /1 0  m l W Preparation u sin g  10 m l W  in stead  o f  4  m l W w ron g  v o lu m e  o f  
so lv e n t

m istak e 41 1.6

F, 11 58 c e fta z id im e  2  g /1 0  m l W D ra w in g  up w ith o u t le ttin g  all drug d is so lv e w ro n g  d ose slip 14 6

F, 14 57 c o -a m o o x ic la v  1 .2  g /1 5  m l W Preparation  u sin g  15 m l W  in stead  o f  2 0  m l W w ron g  v o lu m e  o f  
so lv en t

m istak e 41 2.1

F, 15 6 4 c e fo ta x im e  1 g /1 0  m l W Preparation u sin g  10 m l W  in stead  o f  4  m l W w ro n g  v o lu m e  o f  
so lv e n t

m istak e 41 1.6

F , 16 63 c e fta z id im e  2  g /1 0  m l W D ra w in g  up w ith o u t le ttin g  all drug d is so lv e w ron g  d o se s lip - 6

F, 17 63 c e fta z id im e  2  g /2 0  m l W P reparation  u sin g  2 0  m l W  in stead  o f  10 m l w ron g  v o lu m e  o f  
so lv en t

m istak e 41 1.9

F, 2 9 67 c o -a m o x ic la v  1 .2  g /1 5  m l W P reparation u sin g  15 m l W  in stead  o f  2 0  m l W w ron g  v o lu m e  o f  
so lv en t

m istak e 41 2.1

F ,3 0 67 c o -a m o x ic la v  1 .2  g /1 5  m l W Preparation  u sin g  15 m l W  in stead  o f  2 0  m l W w ron g  v o lu m e  o f  
so lv e n t

m istak e 41 2.1

F ,4 1 57 c o -a m o x ic la v  1 .2  g /1 5  m l W Preparation  u sin g  15 m l W  in stead  o f  2 0  m l W w ron g  v o lu m e  o f  
so lv en t

m istak e 41 2.1

F. 45 67 c o -a m o x ic la v  1.2 g /1 0  m l W Preparation u sin g  10 m l W  in stead  o f  2 0  m l W w ron g  v o lu m e  o f  
s o lv e n t

m istak e 41 2 .6



A d m in istra tio n  errors

F, 13 63 ce fta z id im e  2 g /? m l W A d m in istra tion  o v er  2  m in  through  a peripheral vein fast b o lu s  d ose v io la tio n 2 .3

F , 14 57 c o -a m o o x ic la v  1.2 g /1 5  m l W A d m in istra tion  o v e r  2 .3 0  m in  through  a peripheral ve in fast b o lu s  d ose v io la tio n 2 .4

F, 15 6 4 ce fo ta x im e  1 g /1 0  m l W A d m in istra tion  o v e r  2  m in  through  a peripheral vein fast b o lu s  d ose v io la tio n 2 .4

F, 21 57 c o -a m o x ic la v  1.2 g /2 0  m l W A d m in istra tion  o v e r  2 .3 0  m in  through a peripheral ve in fast b o lu s  d ose v io la t io n 2

F, 2 2 63 am p h oteric in  4 5  m g/11 G 5% A d m in istra tion  o f  th e  in fu sio n  through an in fu sion  se t con ta in in g  S. * in com p atib ility m istak e 4 2 , 6 5 .8

F , 2 5 57 c o -a m o x ic la v  1.2 g /2 0  m l A d m in istra tion  o v e r  2  m in  th rou gh  a  p eripheral ve in fa st b o lu s  d ose v io la t io n 2 .3

F, 3 7 6 6 ce fu ro x im e  7 5 0  m g /1 0  m l W A d m in istra tion  o v e r  2  m in  through  a peripheral vein fast b o lu s  d ose v io la tio n 1.9

F, 38 6 7 c o -a m o x ic la v  1.2 g A d m in istra tion  5 0  m in  after preparation. T h e drug sh ou ld  b e adm in istered  w ith in  2 0  m in  o f  
preparation

exp ired m istak e 1 4 ,4 1 ,7 3 3 .9

F, 41 57 co -a m o x ic la v  1.2 g /1 5  m l W A d m in istra tion  4 0  m in  after preparation. T h e drug sh ou ld  be ad m in istered  w ith in  2 0  m in  o f  
preparation

exp ired m istak e 1 4 ,4 1 ,7 3 3 .9

F , 41 5 7 c o -a m o x ic la v  1.2 g /1 5  m l W A d m in istra tion  o v e r  1 .3 0  m in  through  a peripheral v e in fast b o lu s  d ose v io la tio n 2 .5

Errors on ward G: General surgical ward, district general hospital
Preparation  errors

G , 25 75 1.2  g  c o -a m o x ic la v /1 0  m l W P reparation  u sin g  10 m l o f  w ater  in stead  o f  2 0  m l o f  w ater. w ro n g  v o lu m e  o f  
so lv e n t

- - 2 .3

G , 2 7 75 1.2  g  c o -a m o x ic la v /2 0  m l W T h e nurse d rew  u p  10  m l o f  w ater  in  a sy rin ge then  in jected  ab out 5 m l o f  th e w ater  in to  the  
v ia l, th en  d rew  up th e  drug q u ick ly  b efore  all o f  the drug w a s d isso lv ed . T h e so lu tio n  w a s  
further d ilu ted  w ith  another 10 m l o f  w ater resu lting  in a v o lu m e  o f  2 0  m l as reco m m en d ed  b y  
th e  m anufacturer.

w ro n g  d ose slip 5 1 ,1 1 , 1 2 3 .6

G , 2 9 76 7 5 0  m g  o f  ce fu r o x im e /1 0  m l S A g e n c y  nurse (n o t a llo w e d  to  d o  IV  drug ad m in istration s) u sed  sa lin e  as a  s o lv e n t  in stead  o f  
w ater.

w ro n g  so lv e n t m istak e 2 2 ,4 1 3.1



G , 46 79 7 5 0  m g  o f  ce fu r o x im e /10 ml 
W

N u rse  d id  n ot a llo w  su ff ic ie n t  tim e to  d is so lv e  the drug and drew  it up so  that lum ps o f  drug  
w ere le ft  in the v ia l.

w ron g  d o se s lip 12 5.5

G , 66 85 1 0 0  m g  h y d r o co r tiso n e /2 .5 ml 
W

U se  o f  2 .5  m l o f  s o lv e n t  instead  o f  2  m l. w ron g  v o lu m e  o f  
so lv en t

m istak e 41 1.5

G , 69
7 0
71

81 5 0 0  m g  m etro n id a zo le  
7 5 0  m g  ce fu ro x im e  
5 0  m g  ran itid in e

N u r se  d id  n o t s e e  the drug chart w h ich  w a s  ly in g  on  th e  n u rse’s d esk . H e had prepared a lo t o f  
IV  drugs that drug round and to ld  m e that h e  w as th en  fin ish ed . T h e other q ualified  nurse had  
d o n e  th e oral drug round at the sam e tim e that h e w a s  preparing the IV  drugs and had ju st  le ft  a 
p ile  o f  drug charts on  th e d esk . T h e drug charts w ith  the com p le ted  IV  drugs w ere ly in g  on  a 
p ile  n ex t to  the tw o  drug charts w ith  th e  IV  drugs w h ich  had n ot b een  prepared yet. T h e  nurse 
did  n o t d o  a f in a l ch ec k  w h eth er  h e had d o n e  all drug adm in istrations. H e did n ot rea lise  that 
th ese  tw o  p atien ts w ere  a lso  d ue IV  drugs. T h ese  w ere  n ew  p atien ts w h om  he had n ot m et th e  
n ig h t b efore .

o m iss io n * slip 3 2 ,4 7 4.5

o m iss io n * s lip 3 2 ,4 7 4 .4

o m iss io n * slip 3 2 , 47 4.3

G , 72 80 1.2  g  c o -a m o x ic la v /2 0  m l W W h en  th e  nurse had f in ish ed  the preparation 6 9  and 7 0 , 1 asked  again  w h eth er  there w ere  any  
m ore I V s  due and h e  sa id  that h e  had f in ish ed , so  I ask ed  w h eth er there w ere  any due for th is  
p atien t and p o in ted  at h is  drug chart. H e  lo o k e d  at th e  drug chart and id en tified  the tw o  
p rescrip tion s for IV  m ed ica tion .

o m iss io n * s lip 3 2 , 47 4 .4

G , 73 80 5 0  m g  ra n itid in e /2 0  m l W o m iss io n * s lip 3 2 , 47 4.3

G , 73 80 5 0  m g  ra n itid in e /2 0  m l W Preparation  u sin g  W  as d ilu en t in stead  o f  S w ro n g  d ilu en t m istak e 41 3

G , 74 71 1 2 0 0  m g  b e n z y lp e n ic ill in I ask ed  th e  nurse w h eth er  there w ere  an y  m ore IV  d ru gs d ue and sh e  sa id , sh e  had d o n e  all o f  
th em . I a sk ed  her w h eth er  the p atien t in  b ed  X  w as d u e  so m e  drugs and sh e to ld  m e that the  
p atien t w a s  n o t o n  any IV  drugs. I th ou gh  th at th e b en zy lp en ic ill in  had b een  crossed  o f f  as the  
n urse w a s  s o  c o n v in ce d  that n o  IV s w ere  d u e th erefore I d id  n o t ch ec k  th e drug chart at th e  
t im e , but le ft  the w ard. W h en  I cam e th e  fo llo w in g  drug round I ch eck ed  th e drug chart and  
rea lised  th at the drug had n ot b een  d isco n tin u ed  and had n o t b een  s ig n ed  for 1800 .

o m iss io n s lip 4 .7

G , 71 81 5 0  m g  ra n itid in e /2 0  m l W Preparation  u sin g  W  as d ilu en t in stead  o f  S w ro n g  d ilu en t m istak e 41 3

A d m in istra tion  errors

G , 2 72 7 5 0  m g  c e fiir o x im e /1 0  m l W A d m in istra tion  o v er  0 .3 0  m in  throu gh  a peripheral v e in fast b o lu s  d o se v io la t io n 3 .2

G , 3 72 1 g  f lu c lo x a c il l in /2 0  m l W A d m in istra tion  o v er  0 .4 5  m in  through  a peripheral ve in . fa st b o lu s  d o se v io la t io n 3 .2

G , 7 72 1 g  f lu c lo x a c il l in /2 0  m l W A d m in istra tion  o v er  1 m in  through  a p eripheral ve in . fast b o lu s  d o se v io la t io n 2 .8

G , 10 7 4 5 0  m g  ran itid in e /2 0  m l S A d m in istra tion  o v er  1 .30  m in  through  a peripheral v e in . fa st b o lu s  d o se v io la t io n 2 .5



G , 11 7 2 1 g  f lu c lo x a c il l in /2 0  m l W A d m in istra tion  o v er  1 m in  through a peripheral v e in . fa st b o lu s  d ose v io la tio n 2 .8

G , 14 7 2 1 g  f lu c lo x a c il l in /2 0  m l W A d m in istra tion  o v er  1 m in  through  a peripheral vein . fa st b o lu s  d ose v io la tio n 2 .8

G , 16 7 2 7 5 0  m g  c e fu r o x im e /1 0  m l W A d m in istra tion  o v er  0 .3 0  m in  through a peripheral ve in fast b o lu s  d ose v io la tio n 3 .2

G , 17 7 2 1 g  f lu c lo x a c il l in /2 0  m l W A d m in istra tion  o v er  1 m in  through a peripheral v e in . fast b o lu s  d ose v io la tio n 2 .8

G , 18 7 2 1 g  f lu c lo x a c illin /? A d m in istra tion  o v e r  1 m in  through  a peripheral vein . fast b o lu s  d ose v io la tio n 2 .8

G , 21 71 1.2 g  b e n z y lp e n ic il l in /1 0  m l W A d m in istra tion  o v er  1 .15  m in  through  a peripheral ve in . fast b o lu s  d ose v io la tio n 2 .9

G , 23 7 2 7 5 0  m g  ce fu ro x im e/r ea d y  
prepared b ag  o f  5 0 0  m g  
m etro n id a zo le

N o  flu sh  b e tw een  th e  ad m in istration  o f  1000  m g flu c lo x a c illin  m etron id azo le in com p atib ility m istak e 4 2 2 .8

G . 2 4 7 2 I g  f lu c lo x a c il l in /1 0  m l W A d m in istra tion  o v e r  1 .3 0  m in  through  a peripheral ve in . fa s t b o lu s  d o se v io la tio n 2 .8

G , 25 7 5 1.2  g  c o -a m o x ic la v /1 0  m l W A d m in istra tion  o v er  1 .3 0  m in  through a peripheral ve in fast b o lu s  d ose v io la tio n 2 .8

G , 2 6 7 6 7 5 0  m g  c e fu r o x im e /1 0  m l W  - A d m in istra tion  o v e r  2  m in  throu gh  a peripheral vein . fa st b o lu s  d ose v io la tio n 2 .6

G , 2 7 7 5 1.2 g  c o -a m o x ic la v /2 0  m l W A d m in istra tion  o v e r  1 m in  throu gh  a peripheral vein . fa st b o lu s  d ose v io la tio n 2 .8

G , 2 8 7 7 8 0  m g  fru sem id e A d m in istra tion  o v e r  0 .4 5  m in  through  a  peripheral ve in . fa s t b o lu s  d o se v io la tio n 6.1

G . 2 9 7 6 7 5 0  m g  o f  c e fu r o x im e /10 m l S A d m in istra tion  o v e r  1 m in  throu gh  a peripheral ve in . fa st b o lu s v io la tio n 2 .9

G , 3 0 7 2 1 g  f lu c lo x a c il l in /2 0  m l? A d m in istra tion  o v er  1 m in  th rou gh  a peripheral ve in . fa st b o lu s v io la tio n 2 .8

G , 31 71 1.2 g  b e n z y lp e n ic ill in /2 0  m l W A d m in istra tion  o v e r  1 m in  throu gh  a peripheral vein . fa st b o lu s v io la tio n 2 .8

G , 3 4 7 2 1 g  f lu c lo a x a c iI lin /2 0  m l W A d m in istra tion  o v er  1 m in  throu gh  a peripheral vein . fa s t b o lu s  d o se v io la t io n 2 .8

G , 35 7 2 1 g  f lu c lo x a c il l in /1 0  m l W A d m in istra tion  o v er  1 m in  throu gh  a  peripheral vein . fa s t b o lu s  d o se v io la t io n 2 .8

G . 38 71 1.2 g  b e n z y lp e n ic il l in /1 0  m l W A d m in istra tion  o v er  1 m in  throu gh  a peripheral vein . fa st b o lu s  d ose v io la tio n 2 .8

G . 3 9 7 5 1.2 g  o f  c o -a m o x ic la v /2 0  m l W A d m in istra tion  o v er  2  m in  throu gh  a peripheral v e in . fa st b o lu s  d ose v io la tio n 2 .8



G , 41 72 7 5 0  m g  c e fu r o x im e /1 0  m l W A dm inistration  o v er  0 .4 5  m in through a peripheral v e in . fast b o lu s d o se v io la tio n 3 .2

G , 42 72 I g  o f  f lu c lo x a c il l in /2 0  m l W A d m in istration  o v er  0 .4 5  m in  through a peripheral v e in . fa st b o lu s d o se v io la t io n 3 .2

G , 43 75 1 .2  g  o f  c o -a m o x ic la v /2 0  m l W A d m in istration  o v er  1:15 m in  through  a peripheral v e in . fast b o lu s  d o se v io la t io n 2 .8

G , 45 78 7 5 0  m g  ce fu r o x im e  10 m l W A d m in istration  o v er  0 .4 5  m in through a peripheral v e in . fast b o lu s d o se v io la tio n 3 .2

G , 4 6 79 7 5 0  m g  o f  c e fu r o x im e /10 m l 
W

A d m in istration  ov er  0 .3 0  m in  through  a p eripheral v e in . fast b o lu s  d o se v io la t io n 3 .2

G , 4 7 8 0 5 0  m g  ra n itid in e /2 0  m l S A d m in istration  o v er  0 .5 0  m in  through  a peripheral v e in . fa st b o lu s  d o se v io la t io n 3 .2

G , 4 8 80 1 .2  g  o f  c o -a m o x ic la v /2 0  m l W A d m in istration  o v er  1 .30  m in  through  a peripheral v e in . fa st b o lu s d o se v io la t io n 2 .8

G , 50 78 7 5 0  m g  c e fu r o x im e / 5 0 0  m g  
m etr o n id a z o le  ready  prepared  
b a g

A d m in istra tion  o f  7 5 0  m g c e fu ro x im e /1 0  m l W  m ix e d  w ith  5 0 0  m g  m etron id azo le  (ready  
prepared b ag ) through the sam e lin e  as a  co n tin u o u s in fu sio n  o f  d iam orphine. T h e p atien t had a 
central lin e  w ith  severa l lu m en , but the o thers w ere  b lo ck ed  and co u ld  n o t be used. 
M etro n id a zo le  is co m p atib le  w ith  d iam orp h in e, but there is n o  in form ation  on  the 
co m p a tib ility  o f  ce fu ro x im e and d iam orp h in e.

in com p atib ility m istak e 4 2 3 .8

G , 55 81 5 0  m g  ra n itid in e /2 0  m l S A d m in istration  o v er  0 .5 5  m in  throu gh  a peripheral v e in . fa st b o lu s d o se v io la t io n 3 .2

G . 58 8 4 5 0 0  m g  a m o x ic ill in /1 0  m l W A d m in istra tion  o v er  1 .30  m in  throu gh  a  peripheral ve in . fa st b o lu s  d o se v io la t io n 2 .8

G , 6 6 85 1 0 0  m g  h y d r o co r tiso n e /2 .5  m l 
W

A d m in istra tion  o v er  0 .1 0  m in  through  a  peripheral v e in . fast b o lu s  d o se v io la t io n 52 3.1

G , 71 81 5 0  m g  ra n itid in e /2 0  m l W A d m in istra tion  o v er  0 .3 0  m in  through  a peripheral ve in . fa st b o lu s  d o se v io la t io n 3 .3

G . 72 8 0 1 .2  g  c o -a m o x ic la v /2 0  m l W A d m in istra tion  o v er  0 .4 5  m in  through  a peripheral v e in . fast b o lu s  d o se v io la t io n 2 .9

G . 73 8 0 5 0  m g  ra n itid in e /2 0  m l W A d m in istration  o v er  0 .3 0  m in  throu gh  a peripheral v e in . fa st b o lu s  d o se v io la t io n 3 .3

Errors on ward H: General medical ward, district general hospital
Preparation  errors

H ,3 7 89 7 5 0  m g  c e fu r o x im e /1 0  m l W D raw s up drug im m ed ia te ly  after in jec tin g  th e  so lv en t, le a v in g  lu m p s o f  u n d isso lv e d  drug in 
th e v ia l.

w ron g  d ose s lip 5.3



H , 4 0 9 0 7 5 0  m g  ce fu r o x im e /1 0  ml W , T h e  nurse drew  up th e  drug im m ed ia te ly  after in jectin g  it w ith ou t w a itin g  for all th e drug to  be  
d is so lv e d .

w ron g  d ose slip - 5.1

H , 5 0 9 4 1.5 g  ce fu r o x im e /2 0  m l S W ro n g  s o lv e n t  nurse se le c te d  sa lin e  instead o f  w ater. T h is w as due to  s o m e o n e  p la c in g  sa lin e  
a m p o u les  in th e b o x  la b e lled  w ater  (p resu m ably  a lso  a slip  w h ich  con tribu ted  to  th is  n u rse’s 
s lip ).

w ron g  so lv en t slip 1 1 ,5 2 2 .5

H , 5 0 9 4 1.5 g  ce fu r o x im e /2 0  m l S T h e  nurse d rew  up th e  drug from  o n e  v ia l and le ft a b ig  lum p o f  drug in o n e  co m er  o f  th e  v ia l. 
It w a s  ab ou t h a lf  o f  th e  co n ten t o f  th e v ia l. I intended to ask her a few  q u estio n s about th is and  
th erefore  s h o w ed  her th at n o t a ll drug had d isso lv ed . H ow ev er  at that m o m en t a form er p atien t  
(a  drug ad d ict) ca m e to  th e  w ard  and cau sed  so m e trouble the nurse in jec ted  so m e  so lv e n t  in  
th e  v ia l and drew  it up, but there w a s n o ch an ce to talk  about th is as th e p a tien t w a s around all 
th e  tim e .

w ron g  d ose* slip 11 5.3

H , 5 7 9 8 2  g  c e fo ta x im e /10 m l S Prep aration  u sin g  sa lin e  in stead  o f  w ater. w ron g  so lv en t s lip 52 3.1

H , 71 9 0 m e th y lp re d n iso lo n e  4 0  m g O m iss io n  o f  the fir st d o se  o f  n e w ly  prescribed  m eth y lp red n iso lon e 4 0  m g  as it w as n ot  
a v a ila b le  on  th e  w ard  T h e  first d o se  o f  th e drug w as then adm in istered  at 2 2 0 0 . T h e n igh t nurse  
ca lle d  th e  n ig h t nurse p ractition er im m ed ia te ly . S h e to o k  the drug ou t o f  th e  em erg en cy  
cu p b oard  w h ere  o n ly  sh e  has a c c e ss  to.

o m iss io n 5 6 6.1

H ,
7 2 ,
73

9 0 10 m g  m e to c lo p r a m id e , 
7 5 0  m g  ce fu ro x im e

1 4 0 0  d o se s  w ere  om itted  as th e  drug chart w a s in th e pharm acy o v er  lu n ch tim e. T h e  nurses  
s e n t  th e  drug chart to  g e t  so m e  oral m ed ica tion  for th e  patient. T h ey  sen t it to  th e  pharm acy  
d ep artm en t b efore  a d m in ister in g  th e  IV  m ed ication . T h e drug chart w a s  n o t ch ec k e d  for  
o m itted  IV  m ed ic a tio n  later on .

o m iss io n s slip 3 2 , 4 7 4 .3

3 2 ,4 7 3 .7

A d m in istr a t io n  errors

H , I 8 6 8 0  m g  fh is e m id e /1 0 0  m l S A d m in istra tion  o f  an  in fu sio n  o f  8 0  m g  f iu se m id e /1 0 0  m l S over  1 h th rou gh  the sam e central 
lin e  as a  con tin u o u s in fu sio n  o f  d opam in e. There is n o  in form ation  on  the com p a tib ility  o f  
f iu s e m id e  and d op am in e.

in com p atib ility m istak e 4 2 ,7 1 5.3

H , 2 8 7 7 5 0  m g  ce fu r o x im e /1 0  m l W A d m in istra tion  o v e r  1 .2 0  m in  throu gh  a peripheral cannula. fa s t b o lu s  d o se v io la tio n 2 .8

H , 3 8 8 2  g  c e fo ta x im e /10 m l W A d m in istra tion  o v er  1 .45  m in  th rou gh  a peripheral cannula. fa s t b o lu s  d o se v io la tio n 2 .8

H , 6 9 0 7 5 0  m g  c e fu r o x im e /1 0  m l W A d m in istra tion  o v er  1 .15  m in  through  a peripheral cannula. fa s t b o lu s  d ose v io la tio n 2 .8

H , 8 91 100  m g  h y d r o c o r tiso n e /1.5 m l 
W

A d m in istra tion  o v er  0 .2 0  m in  throu gh  a peripheral cannula. fa s t b o lu s  d o se v io la tio n 52 3 .8

H , 9 8 7 7 5 0  m g  c e fu ro x im e /1 0 m ! W A d m in istra tion  o v er  0 .3 0  m in  th rou gh  a  peripheral cannula. fa s t b o lu s  d o se v io la t io n 3 .5



H , I I 89 7 5 0  m g  ce fu ro x im e A d m in istration  o v er  0 .4 5  m in through a peripheral cannula . fa st b o lu s  d o se v io la tio n 3.1

H , 12 9 0 10  m g  m eto c lo p ra m id e A d m in istration  o v er  0 .5 0  m in through a peripheral cannula. fast b o lu s  d o se v io la t io n 2 .8

H J 3 9 0 7 5 0  m g  ce fu r o x im e /1 0  m l A d m in istration  o v er  1 m in through a peripheral cannula. fast b o lu s  d ose v io la t io n 2 .8

H , 14 93 4 0  m g  fru sem id e A d m in istration  o v er  1 .30  m in through a peripheral cannula. fast b o lu s  d o se v io la tio n 5 .6

H , 15 9 0 10 m g  m eto c lo p ra m id e A d m in istra tion  o v er  0 .3 5  m in  through a peripheral cannula . fast b o lu s  d o se v io la tio n 3 .3

H , 16 9 0 7 5 0  m g  ce fu ro x im e A d m in istra tion  o v er  0 .3 5  m in  through  a  peripheral cannula . fa s t b o lu s  d o se v io la t io n 3 .5

H , 17 89 5 0 0  m g  m etro n id a z o le , 7 5 0  m g  
ce fu ro x im e

A d m in istra tion  o f  5 0 0  m g  m etron id azo le  in fu sio n  a lso  c o n ta in in g  7 5 0  m g  ce fu ro x im e through  
a y  s ite  o f  a  con tin u o u s in fu sion  o f  in su lin . T here is  n o  in form ation  on  the com p a tib ility  o f  the 
m ixtu re o f  m etron id azo le  and ce fu ro x im e w ith  in su lin .

in co m p a tib ility m istak e 4 2 ,7 1 4 .7

H , 19 93 4 0  m g  fru sem id e A d m in istra tion  o v er  0 .3 0  m in  through  a  peripheral ca im ula . fa st b o lu s  d o se v io la t io n 7 2 6.3

H , 21 9 0 7 5 0  m g  c e fu r o x im e /10  m l W A d m in istra tion  o v er  1 m in through a peripheral ca im ula . fa st b o lu s  d o se v io la tio n 2 .8

H . 2 2 9 0 10 m g  m eto c lo p ra m id e A d m in istra tion  o v e r  0 .2 0  m in  through a peripheral can n ula . fa st b o lu s  d o se v io la t io n 3 .8

H , 23 89 5 0 0  m g  m etro n id a z o le  (read y  
prepared b ag)

A d m in istra tion  o f  5 0 0  m g m etron id azo le  (ready prepared b a g ) through  the sam e lin e  as a 
con tin u o u s in fu sio n  o f  in su lin . T here is n o  in form ation  o n  th e  co m p atib ility  o f  th e  tw o  drugs.

in co m p a tib ility m istak e 4 2 ,7 1 4 .6

H , 25 9 0 10 m g  m eto c lo p ra m id e A d m in istra tion  o v e r  0 .4 0  m in through  a peripheral can n ula . fa st b o lu s  d o se v io la t io n 3 .3

H , 2 6 9 0 7 5 0  m g  ce fu ro x im e A d m in istra tion  o v er  0 .5 5  m in  through  a peripheral can n ula . fa st b o lu s  d o se v io la t io n 2 .8

H , 2 9 8 9 5 0 0  m g  m etr o n id a z o le /7 5 0 m g  
c e fu ro x im e

C o -in fu s io n  o f  5 0 0  m g  m etron id azo le  and 7 5 0 m g  ce fu ro x im e  throu gh  th e y -s ite  o f  a g iv in g  se t  
w ith  a  con tin u o u s in fu sio n  o f  in su lin .

in co m p a tib ility - 4 2 ,7 1 4 .7

H , 33 95 7 5 0  m g  ce fiiro x im e /lO  m l W A d m in istra tion  o v e r  1 .40  m in  through  a peripheral cannula . fa s t b o lu s  d o se v io la t io n 2 .8

H , 4 0 9 0 7 5 0  m g  c e fu r o x im e /1 0  m l W , A d m in istra tion  o v e r  0 .2 0  m in  through  a peripheral cannula . fa st b o lu s  d o se v io la t io n 3 .4

H , 41 9 0 10 m g  m eto c lo p ra m id e A d m in istra tion  o v er  0 .1 5  m in through a peripheral cannula . (IV  g u id e  recom m en d s to  
ad m in ister  th e drug over  1 to 2  m in.

fast b o lu s  d o se v io la t io n 3 .3

H , 4 2 9 4 1.5 g  c e fu r o x im e /2 0  m l W A d m in istra tion  o v er  1 .30  m in  through a peripheral cannula . fast b o lu s  d o se v io la t io n 3.1



H , 4 3 10 m g  m eto c lo p ra m id e A d m in istra tion  o v er  0 .5 0  m in  through a peripheral cannula. IV  g u id e  recom m en d s  
ad m in istration  o v er  2 - 3  m in .

fast b o lu s  d ose v io la tion 2 .8

H , 51 9 6 7 5 0  m g  ce fu r o x im e /1 0  m l W A d m in istra tion  o v er  1 m in  through a peripheral cannula. fast b o lu s  d ose v io la tio n 2 .8

H , 53 9 0 4 0  m g  m eth y lp re d n iso lo n e A d m in istra tion  o f  o v er  1 m in  through a peripheral cannula.
(T h e  n ig h t b efo re  the tw o  nurses w ere very  w orried  h ow  to ad m in ister th is  drug and th o u g h t a  
lo n g  tim e  w h eth er  to  g iv e  it as a b o lu s  o f  as an in fu sion . T h e nurse g a v e  it n o w  straight as a  
b o lu s .)

fa st b o lu s  d ose v io la tio n 72 4 .4

H , 5 4 9 0 7 5 0  m g  c e fu r o x im e /1 0  m l W A d m in istra tion  o v er  0 .1 0  m in  through a peripheral cannula. fa s t b o lu s  d ose v io la tio n 3 .5

H , 55 9 0 10  m g  m eto c lo p ra m id e A d m in istra tion  o v er  0 .0 2  m in  through  a peripheral cannula. fa st b o lu s  d ose v io la tio n 4 .3

H , 5 6 9 7 8 0  m g  g en ta m ic in A d m in istra tion  o v er  0 .3 0  m in  through  a peripheral cannula. T h e p atien t co m p la in ed  ab out 
p a in  w h e n  the in jec tio n  w a s  g iv e n . T h e nurse sa id  sh e  w as g iv in g  it as s lo w  as p o ss ib le . T h e  
in jec t io n  is o n ly  2  m l s o  it is  p rob ably  im p o ssib le  to  adm in ister th is  o v er  3 m in  as it is  
reco m m en d ed  in the IV  gu id e . T h e IV  g u id e  h o w e v er  d oes  not su g g e st  to  u se  a d ilu en t.

fast b o lu s  d ose v io la tio n 52 5.1

H , 5 7 98 2  g  c e fo ta x im e /10  m l S A d m in istra tion  o v er  0 .4 5  m in  through  a peripheral cannula. fa st b o lu s  d o se v io la tio n 3 .8

H , 5 8 93 4 0  m g  fru sem id e A d m in istra tion  o v er  3 m in  w h ereas IV  gu id e recom m en d s adm in istration  w ith  a sp e ed  o f  4  
m g /m in .

fa st b o lu s  d ose v io la tio n 5 .5

H , 5 9 95 7 5 0  m g  c e fu r o x im e /1 0  m l W A d m in istra tion  o v er  2  m in  throu gh  a peripheral cannula. fa st b o lu s  d ose v io la tio n 2 .8

H , 6 3 9 0 4 0  m g  m eth y lp re d n iso lo n e A d m in istra tion  o v er  1 m in  throu gh  a peripheral cannula. (IV  gu id e recom m en d s to  ad m in ister  
th e  drug o v er  at le a st 5 m in ).

fa s t b o lu s  d o se v io la tio n 52 4 .4

H , 6 4 95 7 5 0  m g  c e fu ro x im e A d m in istra tion  o v er  1 .3 0  m in  through  a peripheral cannula. fa st b o lu s  d ose v io la tio n 3.1

H , 6 5 93 4 0  m g  fru sem id e A d m in istra tion  o v er  3 m in  th ou gh  a peripheral cannula . T he IV  g u id e  recom m en d s to  n o t  
e x c e e d  an in fu sio n  rate o f  4  m g /m in . 4 0  m g  sh ou ld  th erefore h ave to  b e  ad m in istered  o v e r  10  
m in .

fa st b o lu s  d o se v io la tio n 5 .5

H , 6 6 9 4 1.5 g  c e fu r o x im e /2 0  m l W A d m in istra tion  o v er  1 .3 0  m in  through  a peripheral cannula. fa st b o lu s  d ose v io la tio n 3



Errors on ward I: Intensive care unit, district general hospital
Preparation  errors

1 ,2 1 102 10 m g  ad ren a lin e /4 0  m l S Patien t w a s on  a con tin u ou s in fu sion  o f  10 m g  ad ren a lin e /40  m l S. W h en  the in fu sion  ran out  
there w as a d e la y  o f  ab out 10 m in  b efore  preparing th e n ew  in fu sion . T h e p atien t’s b lood  
pressure low ered  to about 5 0 /3 0 . T h is m ad e it n ecessary  to  ad m in ister a b o lu s  d ose  o f  
ad renaline and an extra  d o se  o f  m id azo lam  b efore  th e preparation  o f  th e con tin u ou s in fu sion  
w a s com p le ted .

o ther error slip 1 1 ,4 1 ,2 2 7 .5

A d m in istra tion  errors

1 ,3 9 9 10 m g  m e to c lo p ra m id e A d m in istration  o v e r  0 .1 0  through a central line . T h e IV  g u id e  recom m en d s to ad m in ister the 
drug o v er  1 to  2  m in .

fast b o lu s  d o se v io la tio n 3 .8

1 ,4 100 1.2 g  b e n z y lp e n ic ill in A d m in istra tion  o v er  1 .30  m in  throu gh  a central line . fast b o lu s  d o se v io la t io n 3.1

1 ,5 100 1.2 g  b e n z y lp e n ic ill in /1 0  m l W A d m in istration  o f  o v er  1 m in  through  a  central line. fast b o lu s  d o se v io la t io n 3 .3

1 ,6 101 5 0  m g  ran itid ine A d m in istration  o v er  1 m in  through a  central line . IV  g u id e  recom m en d s to  ad m in ister over  at 
lea st 2  m in . T h e p a tien t’s s y s to l ic  b lo o d  pressure fe ll during th e  adm in istration  from  108 to 9 0  
(p atien t w a s attach ed  to  m onitor).

fast b o lu s  d o se v io la t io n 4 .7

1 ,7 101 7 5 0  m g  ce fu ro x im e A d m in istra tion  o v er  0 .3 0  m in  through  a central line. fast b o lu s  d o se v io la t io n 2 .9

1 ,1 2 101 7 5 0  m g  ce fiir o x im e /lO  m l W A d m in istra tion  o v er  1 .30  m in  through  a central line. fa st b o lu s  d o se v io la t io n 2 .8

I, 15 100 10 m g  m eto c lo p ra m id e A d m in istration  o v er  0 .1 0  m in  through a central line . fast b o lu s  d o se v io la t io n 3 .8

I, 23 102 4 .5  g  ta z o c in /2 0  m l W A d m in istration  o v er  1 m in  through  a central line. fast b o lu s  d o se v io la t io n 3 .2

1 ,3 0 100 4 .5  g  ta z o c in /2 0  m l W A d m in istration  o v er  0 .4 5  m in  through  a  central line . fast b o lu s  d o se v io la t io n 3 .3

I, 3 2 102 4 .5  g  ta z o c in /2 0  m l W A d m in istration  o v er  2  m in  through  a central line . fast b o lu s  d o se v io la t io n 2 .8

I, 33 102 25  m g  ran itid in e A d m in istra tion  o v er  0 .2 0  m in  throu gh  a central lin e . T h e  n urse sa id  th at it w as n o t very  
im portant to  ad m in ister th is  drug s lo w ly . H e w as m ore carefu l w ith  o ther drugs and w h en  he  
ad m in istered  b o lu s  d o se s  for  th e first tim e.

fast b o lu s  d o se v io la t io n 4 .4

1 ,3 8 102 25  m g  ran itid ine A d m in istration  o v er  0 .3 0  m in  through  a central line . fast b o lu s  d o se v io la t io n 3 .9



I, 3 9 102 4 .5  g  ta z o c in /2 0  m l W A d m in istra tion  o v er  2  m in  through  a central line. fast b o lu s  d ose v io la tio n 2 .8

Errors on ward J: A paediatric ward in a district general hospital

N o  preparation  errors o b se rv ed

A d m in istra tio n  errors

J ,2 1 5 0  m g  b e n z y lp e n ic ill in /1 .5  ml 
W

A d m in istra tion  o v er  2  m in  throu gh  a peripheral cannula. fast b o lu s  d ose v io la tio n 3 .8

J ,3 2 0 0  m g  c o -a m o x ic Ia v /3 .3  m l 
W

A d m in istra tion  o v er  1 .3 0  m in  throu gh  a peripheral cannula. fast b o lu s  d ose v io la tio n 3 .7

J , 4 1 5 0  m g  b e n z y lp e n ic ill in /1 .5  ml 
W

A d m in istra tion  o v er  1 m in  throu gh  a peripheral cannula. fast b o lu s  d ose v io la tio n 3.1

J ,5 2 0 0  m g  c o -a m o x ic la v /3 .3  m l 
W

A d m in istra tion  o f  drug 3 5  m in  after preparation. IV  g u id e  recom m en d s ad m in istration  w ith in  
2 0  m in  o f  preparation.

exp ired m istak e 4 1 ,7 1 2 .8

J ,7 2 0 0  m g  b e n z y lp e n ic ill in A d m in istra tion  o v er  2  m in  through  a peripheral ca im ula fast b o lu s  d ose v io la tio n 3 .2

J , 11 1 1 0  m g  c e fo ta x im e /1.1 m l W A d m in istra tion  o v er  0 .1 0  m in  th rou gh  a peripheral cannula. T h is w as th e  o n ly  drug  
ad m in istration  carried  o u t b y  a  d octor  w h ich  I h a v e  ob served . In th is c a se  th e  d octor  
a d m in istered  th e  drug b eca u se  sh e  had ju s t  inserted  a n ew  can n ula  and th e  drug w a s  ly in g  on  
the drug preparation  tray.

fa st b o lu s  d ose v io la tio n 3 .8

J . 14 7 5  m g  b e n z y lp e n ic ill in /0 .7 5  ml 
W

A d m in istra tion  o v er  1 m in  th rou gh  a peripheral can n ula fast b o lu s  d ose v io la tio n 3 .6

J, 15 5 0 0  m g  c o -a m o x ic la v /8 .3  m l 
W

A d m in istra tion  o v er  2  m in  th rou gh  a peripheral can n ula fast b o lu s  d o se v io la tio n 3.1

J, 16 7 5 0  m g  f lu c lo x a c il l in /1 0  m l A d m in istra tion  o v er  2  m in  th rou gh  a  peripheral can n ula fast b o lu s  d o se v io la t io n 3.1

J, 17 7 5  m g  b e n z y lp e n ic il l in /0 .7 5  ml 
W

A d m in istra tion  o v er  1 .15  m in  th rou gh  a peripheral cannula. fa st b o lu s  d o se v io la tio n 3.1



Appendices

Appendix 12 Main categories of error producing conditions at ward level

Codes are given in brackets

Category Examples

Workload (1) Carrying out several tasks at the same time (11)
Distracted by other activities on the ward (eg ward round) (13) 
End o f shift (hurrying to get to handover) (12)
Lack o f  qualified staff (14)

Supervision (2) Lack o f  supervision of:
- student nurses (21)
- agency staff/staff without formal qualification to do IVs (22)

Communication (3) Information problems between:
- regular ward staff and agency staff (31)
- nurses o f  one shift/different shifts (32)
- nurses and pharmacists (33)
- between different wards (35)
- doctor and other health care professionals (ambiguous 
prescription) (34)

Handling technology (4) Lack o f  knowledge (routine/experience) about or misapplication of:
- medication preparation (41)
- preparation equipment (43)
- medication administration technique (42)
- administration equipment (45)

Lack o f  maintenance o f  dug administration equipment (46)

Inadequate use o f  drug chart (47)

Technology (5) Ambiguous/complicated/unsuitable:
- manufacturer information leaflet (55)
- design o f  drug preparation/administration technology (52)
- preparation procedures (53)
- supply o f  technology (54)
- working environment (51)

Individual factors (8) Being upset, tired, hungry etc.

Patient related factors
(7)

Limited venous access/no venous access (71)
Patient not ready to receive IV drug/non-cooperative patient (73)

Other factors (6) Saving disposable equipment
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Appendix 13: Number of prescribed and observed doses over the study 
period
(UK observation-based study)

Ward Drugs prescribed Drugs observed 
(percentage of drugs 

prescribed)

A 82 34 (41.5)

B 120 41 (34.2)

C 115 42 (36.5)

D 118 37(31.4)

E 89 47 (52.8)

F 106 43 (40.6)

G 150 73 (48.7)

H 134 71 (53.0)

I 85 35(41.2)

J 49 17(35.0)

Total 1048 440 (42.0)
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Appendix 14: List of medication which was prescribed during the study 
period and the number of times each drug was then observed

Drug Prescribed Observed

Aciclovir 2 0

Amikacin 8 3

Amoxycillin 29 11

Amphotericin 8 2

Benzylpenicillin 91 34

Caffeine 7 4

Cefotaxime 27 11

Ceftazidime 44 18

Ceftriaxone 5 3

Cefuroxime 226 90

Ciprofloxacine 19 8

Clarithromycin 7 3

Co-amoxiclav 92 43

Cyclosporin 4 1

Dexamethasone 3 0

Erythromycin 5 3

Flucloxacillin 123 45

Fluconazole 1 1

Frusemide 24 9

Ganciclovir 5 1

Gentamicin 14 4

Hydrocortisone 5 1

Imipenem 17 9

Methylprednisolone 9 4

Metoclopramide 27 14
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Drug Prescribed Observed

Metronidazole 114 54

Mycophenolate 2 0

Omeprazole 3 1

Pabrinex 1 1

Phenobarbitone 2 1

Piperacillin 6 3

Ranitidine 50 24

Tazocin 16 6

Teicoplanin 7 6

Vancomycin 45 22

Total 1048 440
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Appendix 15 Administration speed of bolus doses according to ward
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A n=10)

n B  (n -2 4 )

□ C (n=23)

- D  (n=31)

E (n=15)

□  F (n=19)

G (n=35)

H (n=42)

I (n=22)

■  J (n=13)

< 1 min 1-2min 3-5min

S p e e d  of adm in istration

>5min

A b b r e v ia t io n s :  U n iversity  tea ch in g  hospital: G eneral m ed ica l w ard (A ), R enal ward (B ), C ard io-thoracic surgical ward (C ), C oronary in ten sive care unit (D ), N eon atal in ten sive  care unit (E ), O n c o lo g y  ward (F) 
Form er D istrict G eneral H osp ital: G eneral surg ica l w ard (G ), G eneral m ed ical ward (H ), Intensive care unit (I), Paediatric ward (J)
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Appendix 16: Cases used in the original study to validate a scale to measure 

the severity of medication errors

Comments explaining the changes that have been made to individual cases in the 
translation process are given in italics. (Comments starting with JB have been 
suggested by the German reviewer). Known outcome (as reported in the UK 
study) are marked in bold.

1. A hypertensive patient had his blood pressure controlled with enalapril 2.5mg 
once daily. One dose was missed.

2. An elderly patient with a cardiac pacemaker was prescribed enteric coated 
aspirin 75mg once daily. One dose was omitted.
Minor

No enteric coated product with 75 mg available. Therefore the product with the 
lowest dose o f 100 mg enteric coated (which is commonly used in Germany for  
this indication) was selected.

3. A patient was prescribed lithium carbonate 600mg daily, but was given a 
single dose of 1200mg (two tablets).

There is no product containing 600 mg oflithiumcarhonate, therefore the dose 
was changed so that the patient received 800 mg (2 tablets) o f the drug instead o f  
400 mg (1 tablet).

4. The first two doses of chloramphenicol eye ointment, prescribed four times a 
day, were omitted in a patient with a suspected conjunctivitis.

5. An elderly patient with swallowing difficulties was prescribed ranitidine 
effervescent tablets 150mg twice daily, for the prophylaxis of ulceration while on 
diclofenac therapy. An ordinary non-soluble ranitidine tablet was given instead, 
which the patient swallowed with some difficulty.
Minor

6. A patient had been receiving warfarin 5mg daily, which was stopped when her 
INR was found to be 5.4. However for three days she continued to receive the 
daily dose of warfarin.

JB: Even though there is a preparation containing warfarin licensed in Germany, 
phenprocoumon is most frequently used as an anticoagulant. Therefore the 
equivalent dose to 5 mg warfarin, 3 mg phenprocoumon (1 Tablet o f Marcumar) 
was selected. Doctors also often refer to “Quick Wert ” instead o f the 
international ratio. Therefore this was added in brackets.
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I. A  patient was prescribed vitamin B compound strong tablets, two daily. One 
dose of only one tablet was given.
Minor

8. A patient with oral Candida was prescribed fluconazole 50mg daily.
Fluconazole 200mg capsules were dispensed, which the patient received for a 
week’s course.

9. A patient prescribed Lacrilube® eye drops for her dry eyes was given instead 
one dose of 30ml lactulose orally.

Lacrilub® is not a German brand name. Lacrimal ® was selected as a German 
brand name sounding reasonably similar to Lactulose. This contains 
Polyvinylalcohol and is indicatedfor eyes with reduced production o f  eye liquid.

10. A patient with an itchy rash was prescribed calamine lotion to be applied 
three times a day. The first five doses were omitted.

There is no German product containing Kalamine available, therefore a creme 
containing urea andpolidocanol (Optiderm) for the same indication was selected. 
This product is applied only twice a day therefore the case was changed 
accordingly.

II. A patient with a history of heart failure was administered a dose of oral 
atenolol lOOmg which was intended for another patient.
Severe

12. A patient was prescribed six doses of oral folinic acid 15mg three times a day 
for rescue therapy following methotrexate treatment. The patient instead received 
six doses of folic acid 15mg.
Moderate

13. An elderly patient prescribed oral co-amilofruse 2.5/20 (Frumil LS®) once a 
day, for the treatment of mild heart failure, was given a dose of co-amilofruse 
5/40 (Frumil®) instead.

There is no product available containing 2.5 mg amiloride and 20 mgfrusemide 
therefore two preparations containing 2.5 mg amiloride and 25 mg and 50 mg 
hydrochlorothiazide respectively were selected.

14. A patient was prescribed soluble insulin 10 units every six hours. This was 
initially interpreted as 10ml, but the mistake was then realised and the injection 
stopped after 2ml (200 units) had been given.
Severe
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JB: Insulin for infusion contains 40 units per ml, therefore the volume that was 
infused in the patient was changed to 5 ml, containing the required 200 units.

15. A patient prescribed 5mg morphine IV was given intravenously 5mg of 
Oramorph (oral morphine solution 10mg/5ml) solution from a unit dose vial. 
Moderate

There are no unit dose vials available o f oral preparations. This part o f the case 
had to he omitted and was changed that the oral preparation was taken from the 
bottle o f liquid.

16. A patient was being treated for acute sciatica by lumbar epidural injection of 
methylprednisolone acetate. The vial of drug was reconstituted with 30% sodium 
chloride instead of 0.9% sodium chloride and administered.
Severe

There is no preparation containing methylprednisolone acetate that has to be 
reconstituted. Methylprednisolonehydrogensuccinate was selected instead. There 
is also no 30% sodium chloride preparation available, this had to be replaced 
with 20% sodium chloride.

17. A patient with chronic obstructive airways disease was prescribed Augmentin 
250/62 suspension, 5ml three times daily for the treatment of a chest infection.
The first five doses were omitted.

18. One 10pm dose of oral metronidazole 400mg was omitted in a patient 
receiving the drug three times daily for surgical prophylaxis. He was three days 
post surgery.

19. A patient with a known penicillin allergy was prescribed oral ciprofloxacin 
500mg twice a day for the treatment of a chest infection. He was given one dose 
of flucloxacillin 500mg.

20. A patient was prescribed lOOmg lamotrigine daily. Lamotrigine lOOmg 
tablets were dispensed instead of the 25mg tablets intended. The patient therefore 
received 400mg daily for six days instead of lOOmg daily.

21. One dose of oral hydrocortisone lOmg was omitted in a patient with chronic 
adrenal insufficiency who was prescribed 20mg every morning and lOmg every 
evening.

22. An elderly patient prescribed paracetamol suspension 250mg/5ml in a dose of 
10ml (500mg) every six hours was given one dose of 20ml (Ig).
Minor
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23. One dose of oral metformin SOOmg was missed in a patient receiving 500mg 
three times daily.

24. A patient prescribed 10ml of morphine elixir 2.5mg/5ml (ie. 5mg morphine) 
was given a dose of 10ml of the concentrated elixir 100mg/5ml (ie. 200mg 
morphine).

There is no morphine elixir containing 2.5 mg/5ml morphine, therefore the case 
was changed, the patient was prescribed 1 ml o f a liquid containing 5 mg/ml (i.e.
5 mg morphine).

25. A  patient was receiving oral ranitidine 150mg twice a day as prophylaxis 
against peptic ulceration, while he was also receiving steroids. One evening dose 
of the ranitidine was missed. He had no history of peptic ulceration.

26. A patient was prescribed oral vancomycin 125mg four times a day for the 
treatment of Clostridium difficile colitis. Three days into therapy, two 
consecutive doses were omitted.

JB: There is no preparation containing 125 mg vancomycin. The case was 
changed to treatment o f250 mg vancomycin administered 4 times a day as this is 
normal regimen in Germany.

27. A patient with long standing Parkinson’s disease was prescribed co- 
beneldopa 250mg (benserazide 50mg and levodopa 200mg) four times a day, but 
was dispensed a week’s supply of modified release co-careldopa 250mg 
(carbidopa 50mg and levodopa 200mg) in a bottle labelled co-beneldopa.

Medication is always supplied in original packaging as supplied by the 
pharmaceutical industry, therefore no individual dispensing or labelling from the 
pharmacy department is carried out. The case was changed so that the patient 
was dispensed the wrong package.

28. A patient with Crohn’s disease was prescribed prednisolone enteric coated 
tablets 5mg once daily, but was given plain uncoated 5mg prednisolone tablets 
throughout his four day stay.

There are no enteric coated prednisolone tablets on the market. Therefore this 
case was omitted.

29. An elderly patient was prescribed oral ranitidine 150mg twice a day as 
prophylaxis against NSAID-induced ulceration. The first six doses were omitted.

30. A patient prescribed oral penicillin 250mg four times daily was dispensed 
penicillamine 250mg, which the patient was given for three days before the error 
was discovered.
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There is no preparation containing 250 mg o f penicillin. Doses o f penicillin V are 
given in International Units (IE). Therefore a preparation containing 500 000 lU  
(equivalent to 326.3 mg) was selected in this case. This is given 3 times a day. The 
total daily dose o f the German case is therefore 979 mg instead o f 1000 mg in the 
UK version. Penicillamine is only available in 150 mg or 300 mg. Therefore a 
preparation containing 300 mg was selected and the patient receives 900 mg o f  
penicillin per day instead o f1000 mg as in the original case.

31. One dose of oral diltiazem 60mg was omitted in a newly admitted patient 
with angina who normally took the drug three times a day.
Moderate

32. A newly diagnosed asthmatic patient was prescribed beclomethasone 100 
meg per metered dose, two puffs twice a day. He was given an inhaler containing 
250mcg beclomethasone per metered dose, containing sufficient quantity for three 
weeks.

JB: Beclomethasone 100 meg two puffs a day was replaced with a popular brand 
product o f  beclomethasone containing 50 meg which is then used 4 puffs twice 
daily.

33. A patient written up for warfarin lOmg was given two 5mg tablets which had 
expired one month previously.

JB: Instead o f 10 mg warfarin, 6 mg phenprocoumon was selected in this case 
(see case 6).

34. A patient was prescribed thyroxine 25 microgrammes daily. The patient was 
administered methotrexate 25mg for several days.

35. An elderly patient prescribed digoxin elixir 125 micrograms daily for the 
treatment of chronic atrial fibrillation was given 50 micrograms of the elixir daily 
for several weeks.

36. A terminally ill patient was prescribed morphine sulphate SR tablets 60mg 
twice daily. He was given a dose of 60mg Sevredol (non-modified release 
morphine sulphate) rather than the intended MST tablets.
Moderate

37. A patient prescribed vancomycin Ig IV twice daily was given one of the 
doses as a bolus rather than by infusion.
Severe

38. A patient was prescribed gentamicin ear drops, two drops three times a day to 
the right ear, for the treatment of an ear infection shown to be sensitive to
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gentamicin. On the second day of treatment, one dose was administered to the 
left ear instead of the right ear.
Minor

38. There is no topical preparation containing gentamicin licensed for treatment 
o f ear infection, therefore chloramphenicol was selected. The normal dose fo r  this 
is 3 drops 3 times a day instead o f 2 drops as for gentamicin. The German 
product also contains prednisolone.

39. The first two doses of topical Teejel® (choline salicylate dental gel BP), 
prescribed four times daily, were omitted in a patient with mouth ulcers.

40. A patient prescribed cefotaxime Ig IV three times a day for post partum 
pyrexia had a dose reconstituted with 10ml of 15% potassium chloride solution 
instead of 0.9% sodium chloride. The dose was administered as a bolus injection. 
Severe

A widely used preparation o f KCl contains 14.90% KCl instead o f 15%o.

41. An elderly patient was given another patient’s 5mg glibenclamide tablet. 
Severe

Commonly used products contain 1.75 mg or 3.5 mg o f glibenclamide and patient 
are usually prescribed 1- 2 tablets. Therefore the 5 mg was replaced with 1.5 
tablets o f  the tablets containing 3.5 mg.

42. An elderly patient with cellulitis was prescribed oral flucloxacillin Ig qds. 
One week after the start of the treatment she was given two consecutive doses of 
SOOmg instead of Ig.

43. An elderly patient with a hospital-acquired chest infection was written up for 
cefotaxime Ig IV three times a day. Two days into the treatment he was given 
one oral dose of cephradine SOOmg instead of the dose prescribed. He was able to 
take oral medication.

Cephradine is not licensed in Germany therefore cephalexin was selected.

44. One dose of salbutamol 400mcg rotacaps was omitted in a patient with 
chronic obstructive airways disease.

45. A patient stabilised on warfarin Smg daily was given one dose of T.Smg.

JB: 5 mg warfarin was replaced with 3 mg phenprocoumon and the dose that was 
erroneous administered was changed from 7.5 mg warfarin to 4.5 mg 
phenprocoumon (see case 6).
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46. A patient who was prescribed oral diltiazem 60mg three times a day was 
given instead one dose of 60mg diazepam.

47. A patient prescribed oral diclofenac 50mg three times a day for post operative 
pain control missed the first three doses.

48. A patient with oesophagitis was prescribed omeprazole (Losec ®) 20mg daily. 
For three days the patient received frusemide (Lasix ®) 20mg instead.
Moderate

The German brand names do not sound similar therefore this error may be less 
likely to happen in a German hospital. There is no preparation containing 
frusemide in a dose o f 20 mg therefore the case was changed that half a tablet o f  
the drug was administered.

49. A patient with anaemia was prescribed oral ferrous sulphate 200mg three 
times a day. One dose was omitted.

The content o f  ferrous ulphate tablets is given in mg o f Ferrum. An equivalent 
preparation therefore contains 100 mg o f ferrum.

50. A patient prescribed Augmentin ® one tablet three times a day for a chest 
infection was given one dose of two tablets on the third day of therapy. Her renal 
function was normal.
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Appendix 17: Cases that were sent to the German health care professionals to 
score the potential clinical significance

1. Der Blutdruck eines Bluthochdmckpatienten wurde mit einmal taglich 2.5 mg 
Enalapril (Xanef Cor 2,5) therapiert. Bine Dosis wurde vergessen zu verabreichen.

2. Ein alterer Patient mit einem Herzschrittmacher hatte eine Verordnung über 
einmal taglich 100 mg magensaftresistentes Aspirin. Eine Dosis wurde 
ausgelassen.
Leicht

3. Einem Patienten waren taglich 400 mg Lithiumcarbonat (Hypnorex retard) 
verordnet worden, es wurde jedoch eine einzelne Dosis von 800 mg gegeben (2 
Tabletten).

4. Die ersten beiden Dosen einer Chloramphenicol Augensalbe (Thilocanfol C 
1%), die vier mal taglich verordnet worden war, wurden bei einem Patienten mit 
Verdacht auf eine Konjunktivitis ausgelassen.

5. Einem alteren Patienten mit Schluckbeschwerden waren zweimal taglich 150 
mg Ranitidin (Zantic 150 Brause) als Brausetablette zur Prophylaxe eines 
Magengeschwiirs wahrend einer Therapie mit Diclofenac (Voltaren) verordnet. Es 
wurde statt dessen eine gewohnliche Tablette (nichtloslichen) Ranitidins gegeben, 
die der Patient mit einigen Schwierigkeiten schluckte.
Leicht

6. Eine Patientin hatte 3 mg taglich Phenprocoumon (Marcumar) erhalten, das 
abgesetzt wurde, als ihr INR 5,4 (Quickwert ca. 8.5%) betmg. Ihre tagliche Dosis 
Phenprocoumon erhielt sie jedoch fur drei weitere Tage.

7. Einem Patienten waren taglich zwei Tabletten Vitamin B-Komplex forte 
ratiopharm verordnet worden. Eine Dosis von nur einer Tablette wurde 
verabreicht.
Leicht

8. Einem Patienten mit einer oralen Kandidose waren einmal taglich 50 mg 
Fluconazol (Diflucan 50) verordnet worden. Es wurden 200 mg Fluconazol 
Kapseln (Diflucan 200) abgegeben, die der Patient wahrend der einwochigen 
Therapie erhielt.

9. Einer Patientin, der Lacrimal Augentropfen fur ihre trockenen Augen verordnet 
waren, erhielt statt dessen eine orale Dosis Lactulose (Bifiteral).

10. Einem Patienten mit juckendem Hautausschlag war zweimal taglich 
anzuwendende Optiderm Creme verordnet. Die ersten frinf Dosen wurden 
ausgelassen.
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11. Einem Patienten, der an Herzinsuffizienz litt, wurde eine orale Dosis von 100 
mg Atenolol (Tenormin 100), die fur einen anderen Patienten bestimmt war, 
verabreicht.
Schwer

12. Einem Patienten waren sechs Dosen von 15 mg oraler Folinsaure 
(Leucovorin) dreimal taglich als Antidot nach einer Therapie mit Methotrexat 
verordnet. Der Patient erhielt statt dessen sechs Dosen von 15 mg Folsaure 
(Folsan).
Mittel

13. Einem alteren Patienten waren einmal taglich Durarese mite(2,5 mg 
Amilorid-HCl, 25 mg Hydrochlorothiazid) fur die Behandlung einer milden 
Herzinsuffizienz verordnet, ihm wurde statt dessen eine Dosis Durarese (5 mg 
Amilorid-HCl, 50 mg Hydrochlorothiazid) gegeben.

14. Einem Patienten waren 10 Einheiten Altinsulin (Insulin Actrapid HM 40 
I.E./ml) alle sechs Stunden verordnet worden. Dies wurde zunachst als 10 ml 
verstanden, aber der Fehler wurde dann entdeckt und die Injektion wurde beendet, 
nachdem 5 ml (200 Einheiten) gegeben worden waren.
Schwer

15. Einem Patienten waren 5 mg Morphin i.v. verordnet, es wurde 5 mg der oralen 
Morphintropfen (5 mg/ml) intravenos gegeben.
Mittel

16. Das akute Ischiassyndrom eines Patienten wurde mit einer lumbalen 
Epiduralinjektion von Methylprednisolon (als Hydrogensuccinat) behandelt. Die 
Ampulle des Arzneimittels wurde mit 20% Natriumchloridlosung zubereitet statt 
Wasser fur Injektionszwecke.
Schwer

17. Einem Patienten mit chronischer obstruktiver Atemwegserkrankung war 
Augmentan Trockensaft (2.5 mg Amoxicillin/ml und 0,625 mg Clavulansaure/ml) 
5 ml dreimal taglich fur die Behandlung einer Atemwegsinfektion verordnet 
worden. Die ersten 5 Dosen wurden ausgelassen.

18. Die 22 Uhr Dosis von 400 mg oralem Metronidazol eines Patienten, der das 
Arzneimittel dreimal taglich zur operativen Prophylaxe einnahm, wurde 
ausgelassen. Es war der dritte postoperative Tag.

19. Ein Patient von dem bekarmt war, dab er gegen Penicillin allergisch ist, war 
500 mg orales Ciprofloxacin (Ciprobay 500) zweimal taglich fur die Behandlung 
einer Atemwegsinfektion verordnet worden. Er erhielt eine Dosis von 500 mg 
Flucloxacillin (Staphylex).
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20. Einem Patienten war Lamotrigin einmal taglich 100 mg verordnet worden. Es 
wurden Tabletten, die 100 mg Lamotrigin (Lamictal 100) statt der geplanten 25 
mg Tabletten (Lamictal 25) enthielten, abgegeben. Der Patient erhielt daraufhin 
über sechs Tage hinweg taglich 400 mg statt 100 mg.

21. Eine orale Dosis von 10 mg Hydrocortison wurde bei einem Patienten mit 
chronisch adrenaler Insuffizienz, dem 20 mg morgens und 10 mg abends 
verordnet waren, ausgelassen.

22. Einem alteren Patienten, dem eine Dosis von 2% MeBlôffeln (12,5 ml = 500 
mg) Paracetamolsaft (200 mg/5 ml) alle sechs Stunden verordnet war, wurde 
einmalig eine Dosis von 5 Mefîlôffeln (1 g) gegeben.
Leicht

23. Eine Dosis von 500 mg oralem Metformin (Glucophage mite) wurde bei 
einem Patienten, der dreimal taglich 500 mg erhielt, ausgelassen.

24. Einem Patienten, dem 1 ml der 0,5% Morphintropfen (= 5 mg/ml Morphin) 
verordnet worden war, wurde eine Dosis von 10 ml der 2% Morphintropfen (= 20 
mg/ml Morphin) gegeben.

25. Ein Patient bekam zweimal taglich 150 mg Ranitidin (Zantic) oral zur 
Prophylaxe eines Magengeschwürs wahrend er ebenso Steroide erhielt. Eine 
Abenddosis des Ranitidins wurde ausgelassen. Er hatte in der Vergangenheit kein 
Magengeschwür.

26. Einem Patienten war 250 mg orales Vancomycin (Vancomycin Lilly 
Enterocaps) viermal taglich zur Behandlung einer Clostridium difficile Kolitis 
verordnet worden. Am dritten Tag der Therapie wurden zwei Dosen nacheinander 
ausgelassen.

27. Ein Patient mit einer langjàhrigen Parkinsonerkrankung war viermal taglich 
Madopar 250T (Levodopa 200 mg, Benserazid 50 mg) verordnet worden, aber er 
erhielt seinen einwochigen Bedarf in Form von Nacom 200 Retard (Carbidopa 50 
mg, Levodopa 200 mg).

28. ausgelassen

29. Einem alteren Patienten war 150 mg orales Ranitidin (Zantic) zweimal taglich 
zur Prophylaxe einer Ulkusbildung im Magen durch nichtsteroidale 
Antiphlogistika verordnet worden. Die ersten sechs Dosen wurden ausgelassen.

30. Einem Patienten war Penicillin V (Phenoxymethylpenicillin 500 000 LE. in 
Ispenoral 500) oral drei mal taglich verordnet worden, es wurde jedoch 300 mg 
Penicillamin (Trolovol) abgegeben, das dem Patienten drei Tage lang verabreicht 
wurde, bevor der Fehler entdeckt wurde.
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31. Eine Dosis von 60 mg Diltiazem (Dilzem 60) wurde bei einem neu 
aufgenommenen Angina pectoris Patienten, der das Prâparat üblicherweise 
dreimal taglich einnahm, ausgelassen.
Mittel

32. Einem neu diagnostizierten Asthmapatienten wurden zweimal taglich vier 
Sprühstôsse eines Beclometasonsprays mit 50 pg pro Sprühstob (Sanasthmyl 
Dosier-Aerosol) verordnet. Ihm wurde ein Dosieraerosol, das 250 pg pro 
SprühstoB abgab (Sanasthmax Dosier-Aerosol) in einer fur drei Wochen 
ausreichenden Menge gegeben.

33. Einem Patienten mit einer Verordnung über 6 mg Phenprocoumon (2 
Tabletten Marcumar) wurden zwei 3 mg Tabletten gegeben, deren Verfallsdatum 
einen Monat überschritten war.

34. Einem Patienten waren 25 pg Levothyroxin (L-Thyroxin Henning 25) taglich 
verordnet. Dem Patienten wurde über mehrere Tage hinweg 25 mg Methotrexat 
gegeben.

35. Einem alteren Patienten mit einer Verordnung über taglich 125 pg Digoxin als 
Tropfen (Lanicor Liquidum) fiir die Behandlung chronischen Vorhofflimmerns 
wurde über mehrere Wochen hinweg taglich 50 pg Digoxin verabreicht.

36. Einem Patienten im Finalstadium war ein Retardprâparat von 60 mg 
Morphinsulfat (MST 60 Mundipharma Retardtabletten) zweimal taglich verordnet 
worden. Ihm wurde eine Dosis von 60 mg Sevredol (nichtretardiertes 
Mophinsulfat) anstatt der MST Tabletten verabreicht.
Mittel

37. Einem Patienten, der eine Verordnung über 1 g Vancomycin zweimal taglich 
hatte, wurde eine der Dosen als Bolus statt als Infusion gegeben.
Schwer

38. Ein Patient hatte eine Verordnung über Chloramphenicol Ohrentropfen 
(Berlicetin Ohrentropfen), dreimal taglich drei Tropfen in das rechte Ohr, zur 
Behandlung einer Ohrinfektion, die sensitiv gegenüber Chloramphenicol war. Am 
zweiten Tag der Behandlung wurde eine Dosis in das linke anstatt in das rechte 
Ohr verabreicht.
Leicht

39. Die ersten beiden Dosen des viermal taglich, topisch anzuwendenden 
Mundisal® (Cholinsalicylat Gel), wurden bei einem Patienten, der an einem 
Geschwür im Mund litt, ausgelassen.

40. Bei einer Patientin mit einer Verordnung über 1 g Cefotaxim i.v. (Claforan), 
dreimal taglich, gegen Fieber nach der Geburt, wurde nicht, wie üblich in 0.9 %
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Natriumchloridlôsxmg, sondem in 10 ml 14.9 % Kaliumchloridlôsung gelôst.
Diese Dosis wurde als eine Bolusinjektion gegeben.
Schwer

41. Einem alteren Patienten wurden 5,25 mg Glibenclamid (1,5 Tabletten 
Euglucon N) eines anderen Patienten verabreicht.
Schwer

42. Einer alteren Patientin mit Impetigo contagiosa war 1 g orales Flucloxacillin 
(2 Kapseln Staphylex 500) vier mal taglich verordnet. Eine Woche nach Begirm 
der Behandlung wurden ihr zwei aufeinanderfolgende Dosen von jeweils 500 mg 
anstatt je 1 g verabreicht.

43. Einem alteren Patienten mit einer nosokomialen Atemwegsinfektion wurde 
dreimal taglich 1 g Cefotaxim i.v. (Claforan) verordnet. Am zweiten Tag der 
Behandlung wurde ihm eine orale Dosis von 500 mg Cefalexin (Oracef) gegeben 
anstatt der verordneten Dosis. Der Patient konnte orale Medikamente einnehmen.

44. Eine Dosis von 400 pg Salbutamol Pulverinhalat ( Sultanol Rotadisk 400 
Pulver zum Inhalieren) wurde bei einem Patienten mit chronische obstruktiver 
Atemwegserkrankung ausgelassen.

45. Einem Patienten, der auf 3 mg Phenprocoumon (1 Tablette Marcumar) taglich 
eingestellt worden war, wurde eine Dosis von 4,5 mg verabreicht.

46. Einem Patienten, dem 60 mg orales Diltiazem (Dilzem 60) dreimal taglich 
verordnet worden war, wurde statt dessen eine Dosis von 60 mg Diazepam 
(Diazep 10) verabreicht.

47. Bei einem Patienten, der dreimal taglich 50 mg orales Diclofenac (Voltaren 
50) zur postoperativen Schmerztherapie erhalten sollte, wurden die ersten drei 
Dosen ausgelassen.

48. Einem Patienten mit Ôsophagitis war 20 mg Omeprazol (Antra Mups 20 mg) 
taglich verordnet worden. Drei Tage lang erhielt der Patient statt dessen 20 mg 
Furosemid (14 Tablette Lasix).
Mittel

49. Einem anâmischen Patienten war ein orales Eisenprâparat mit 100 mg Eisen 
(Hâmatopan 100) dreimal taglich verordnet worden. Eine Dosis wurde 
ausgelassen.

50. Einer Patientin, der dreimal taglich eine Tablette Augmentan® fïir eine 
Atemwegsinfektion verordnet worden war, wurde am dritten Behandlungstag 
eine Dosis von zwei Tabletten gegeben. Ihre Nierenfunktion war normal.

331



__________________________________________  Appendices

Appendix 18: Letter explaining the purpose of the study to the participants

Katja Taxis
Durchwahl 0044  20  7753 5956  
Fax 0044 20 7753 5920  
Email ktaxis@,cua.ulsop.ac.uk

An Àrztinnen/Â rzte  
K rankenschw estern/K rankenpfleger
A pothekerinnen/A potheker London, den

Sehr geehrte K olleg in , sehr geehrter K ollege,

In den U S A  und in GroBbritannien gibt es Studien, die besagen, daB ungefahr 1 v o n  30  

A rzneim itteldosen  im Krankenhaus nicht oder falsch verabreicht werden. S o ich e Fehler  

konnen fo lg en lo s  b leiben oder auch schw eren Schaden hervorrufen. In D eutschland gibt 

es au f d iesem  G ebiet kaum U ntersuchungen, daher beschaftige ich m ich im R ahm en  

m einer Doktorarbeit an der U niversitat in London m it d ieser Problem atik. Fur den  

deutschen Teil der Studie m ochte ich ein britisches Verfahren zur Bewertung der 

klinischen Signifikanz von Medikationsfehlern fur die A nw endung in D eutschland  

validieren. Daflir m ochte ich Sie um Ihre M ith ilfe bitten!

Anbei sind 49 kurze Fallbeschreibungen von erw achsenen Patienten au f inneren oder 

chirurgischen Stationen, die ihre M edikation nicht gemaB der Verordnung erhielten . 

D iese Falle sind der englischen  Literatur entnom m en. Ich m ochte S ie bitten, die 

potenzielle  k lin ische Schw ere der Falle einzuschatzen. A lle  Daten werden an onym isiert, 

zusam m engenom m en und dann statistisch ausgewertet.

A ls k lein es D ankeschon werde ich Ihnen einen Biichergutschein schicken. Bitte daflir die 

kleine AdreBkarte ausflillen  und zusam m en m it den ausgefüllten  B ogen  innerhalb von  2 

W ochen an die A potheke zuriicksenden.

Herzlichen Dank fiir Ihre Mitarbeit!

M it freundlichen GriiBen
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Appendix 19: Explanation for the participants how to score the cases

333



Hinweise zum Ausfiillen

Ich mochte Sie bitten, auf der Skala anzukreuzen, wie Sie die Schwere der potenziellen klinischen Folgen fur den betreffenden 
Patienten oder die Patientin einschatzen. Die Skala reicht von 0 = keine Auswirkungen bis 10 = Tod. Bitte machen Sie ein Kreuz auf 
der Linie an der von Ihnen ausgewahlten Stelle (siehe Beispiele). Es gibt dabei keine richtigen oder falschen Antworten, denn es 
kommt auf Ihre Bewertung des Falles an. Bitte notieren Sie auch Anfangs- und Enduhrzeit.

K e in e  A u s 
w irk u n g e n  T od

0 1 2 3 4 5 6 7 8 9  10

K e in e  A u s 
w irk u n g en  T od

10
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Appendix 20: Questionnaire to obtain demographic details
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Herzlichen Dank fur das Ausfüllen der Bdgen!

Noch ein paar abschlieBende Fragen:

Welcher Berufsgruppe gehôren Sie an?

□  Àrztin/Arzt □  Krankenschwester/Krankenpfleger □  Apothekerin/Apotheker

Wieviel Jahre Berufserfahrung haben Sie?

Haben Sie Kommentare oder Anregungen zu dieser Studie und zu den Fallen?

Bitte senden Sie die Bogen innerhalb von 14 Tagen an die Apotheke.



Appendices

Appendix 21: Formulae used for the G study and D study (validation of a 
method to score the significance of medication errors)

Formulae to calculate the Generalisability coefficient (equation 1) and the 
Generalisability coefficient equivalent to an inter-rater reliability (equation 2). 
Formula to calculate the Generalisability coefficients used in the D study 
(equation 3).

= variance, np = number of professions, nj = number of judges

G  coefficient = — ^   ̂  (Equation 1)

KJcoefficient = —  ̂  ;----- n------- (Equation 2)

KJcoefficient = -------------- -̂----------- 2  (Equation 3)

q -2
c

Yip Tip X yij
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Appendix 22: Mean scores for each case from the German and the UK health 
care professionals (Dean 1999)

Case
number

Mean score Difference in mean 
scores*

Known outcome

UK G

1 2.6 2.2 0.4

2 1.7 1.6 0.1 minor

3 5.3 3.3 2.0

4 2.8 2.0 0.8

5 2.6 0.8 1.8 minor

6 8.2 7.7 0.5

7 1.1 0.7 0.4 minor

8 4.2 2.2 2.0

9 2 1.3 0.7

10 2.1 2.4 -0.3

11 7.1 6.1 1.0 severe

12 6.3 5.0 1.3 moderate

13 4 3.1 0.93

14 9.3 8.7 0.6 severe

15 6.5 6.0 0.5 moderate

16 7.6 6.6 1.0 severe

17 6.2 5.2 1.0

18 2.3 2.1 0.2

19 7.5 7.4 0.1

20 6.5 5.7 0.8

21 5.1 2.7 2.4

22 1.5 1.3 0.2 minor

23 3.2 2.3 0.9

24 8.8 6.6 2.2

25 1.8 1.0 0.8

26 3.8 3.2 0.6

27 3.4
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29 4.4 2.3 2.1

30 5.6 4.9 0.7

31 3.5 2.9 0.6 moderate

32 3.7 4.8 -1.1

33 2.5 0.9 1.6

34 7.1 6.8 0.3

35 6.2 5.2 1.0

36 4.7 3.5 1.2 moderate

37 7.1 4.5 2.6 severe

38 1.9 1.7 0.2 minor

39 1.5 1.6 -0.1

40 9.6 9.4 0.2 severe

41 6.5 4.2 2.3 severe

42 1.9 1.5 0.4

43 2.8 2.0 0.8

44 3.4 2.8 0.6

45 4.7 3.3 1.4

46 8 6.3 1.7

47 4.6 2.6 2.0

48 5.6 4.2 1.4 moderate

49 0.9 0.9 -0.0

50 1.4 1.0 0.4

*This was calculated by substracting the German mean score from the UK mean 
score
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Appendix 23: Order sheets used to prescribe medication in the patient’s 
medical notes on the surgical ward in the German hospital 
(Verordnungsbogen)

Verordnungsbogen

Name: . Station: . B k tt N r.:.

Datum Hdz.
-A rat(inblau)

Anordnungen _  Mittdlungcn an A m  (in tot) erl. Hdz.

1
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Appendix 24: Drug chart used on the German surgical ward (Fieberkurve) 
containing all prescriptions for about 1 week as transcribed by nursing staff

Fieberkurve

Nam e; Station: A l t e r ; ..... B latt;

T ag e p o s t op :

T h erap ie ;

H am  S ed . vom..
Z ucker
ElwelB
R eak tion
U bg.
B ilirubin
U robilin
a-A m ylase
S ed im en t

BSG B lu td ruck :

P  -  •

120
T -  •

39

Q ew lch t:

K ost:

E lnfuhr/A usfuhr

S tu h l/E rb rech e n

D ralnV R edon

V erband /Q Ips

K ran kengym nastlk
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Appendix 25: Computer print out of the drug chart used by the doctor’s in 
the German intensive care unit to prescribe medication

Intensiv Verordnungsbogen 
S ta t .m

Name d. fa t ." T agesdatum  20.12.99

Vomame: Bem.:
Geb.-Dat.: 2 m al tgl. B auchverband , feuchte B auch tilcher

Anschrifi

Telefon des Aug. I w. A ar. 3 p.-Op Tag: 25.
Diagnose: L eberm etas tase  b. S igm a C a, 
N ahtlnsuff.

Operation: 1. H em ihepatektom ie 
2. A nastom oseures., T ra c h e o t, Sigm a-AP

Op-
Datum

25.11.
6.12.

Konsil: EEG Q EKG □  1 Q  Bakteriologier.

LABOR » 17 1) #: m 1 m W eitere  L a h o ran o rd n tm g e n :

Blutbild X X L e b e rw e rte ^ ili ,T rig lyceride,L ak ta t,C R P ,C a ,M g ,P

Astrup X X
Blutzucker X X X X X
El'yte, Hst.Krea X X -----
Gerinnung X

MBRIKAMENT 7 n >ü:;17 t9 M n B munit ANORDÎ^ÜNG Bas

Mucosolvan 1 A iv X X X
MonoEmbolex 1 A sc X
Antra Mups ms X
Laktulose ms X X X

A n a tg e s ie /S e d ie r u n g :  iv. iv,
Zeitraum mFDSIONEN Zusâtze Wéitere lafutioaea

5:00-17:00 U hr 500m l G lucose 10% +40ml Inz. KM 21 1 FFP

17:00-5:00 U hr 500m l G lucose 10% +40ml Inz. KM 21 1000 R inge r Lôsung

5:00-17:00 U hr 500m l A m inohepar + lA C a 1000 R in g e r Lôsung

17:00-5:00 U h r 500 A m inohepar 1 FFP

5:00-5:00 250 m l L ipovenôs

M ulÜ bionta K urzin f.

PERFtJSOREN
1. A ctrapid

2. D opam in

3.

PDK:
ANORDNtJNG ; Fixierung:
Magensonde Lagerung: O K  erh o h t

Orale Emàhrung PepÜ orb 20 ml/h
AbJUhrmqfinahmen
ZYD Messung 8 stflndl. Bilanz 3 i/d Urinmenge m ind . 100ml /h

Atemtherapie BDPAP

CPAP / Feuchte Nase im  Wechsel Krankengymnastlk

Tag \ZVK]intVLDK ÀrtK rad 11 PDK0

Plan erstellt: :
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Appendix 26: General guidelines for the administration of IV medication 
used in the intensive care unit

Kompatibilitat im Katheter Station 20

Lumen 1 Ernahrung Lumen 2 „ sauer“ Lumen 3 „alkallsch“
A m in o m ix  1 { ZVK) A d a la t ( L ichtschutz)
AK.E 110 0  +  G lu c o se A lu p e n t
•A m inosteril 10% C a rb o ste sin

.A m inosteril H epar 5% C atap resan

E xp afu sin D orm icu m
N ep h r o ste r il Ebrantil #
T h om aam in  15%  (Z V K ) Fentan yl #
O sm o flin d in  15%  ( ZVK) N itrd  P oh l
R in gerlak ta t Iso p tin  #
G lu c o s e ( nicht mit Dobutam in)

K etam in  ( n.d. Filter)
L ip o v e n ô s  ( nach dem Filter) M u c o s o lv a n

( nicht m it Dorm icum )
H a e s  steri! ( nach dem Filter) N e o s t ig m ln

N o v o c a in
K C L  7 ,4 5  ( ZVK) P K -M e r z
K a liu m -L -M a la t ( ZVK) R y tm o n o rm  #
M G  S u lfa t T ak u s
[n z o le n  (nicht m it Natriumphospat) X a n e f
M u ltib io n ta X y lo ca in

#  m ô g lic h e r w e is e
C a lc iu m  10% in k o m p . m it D o rm icu m
( nicht mit M G -Sulfat u.
N atrium phospat ! ) C a t e c h o la m in e :

A rtere lo l ( ZVK)*
N a tr iu m p h o sp h a t D o p a m in
( n icht mit Inzofen, Calcium 10% v
A m inom ix, A K E llOO^Eipafusin,) D o b u ta m in

b esse r :  a lle in e  lau fen  lassen  o d . S up raren in  ( ZVK)*

G ly c e r o p h o s p a t  neh m en
C ip rob ay

In su lin  ( nach dem Filter) D iflu c a n

S a lz sâ u re  7 ,2 5 (  ZVK)

A Jdactone
( m Sgiichenvcise iakooipat. mit Claforan) 
B ro n ch op ara t ( nach dem Filter)
( mSgiicherweise inkom pat mit Furorese) 
F u ro rese  ( nach dem Filter)
H epar in  ( nach dem Filter) 

N atriu m b icarb on at ( ZVK)
S o m sa n it
T r is  3 6 ,3 4 %  ( ZVK)

A n t ib io t ik a ;
A u g m en ta n ( nicht mit Heparin, Clont) 

B a y p en
B in o ta l(  nicht mit H eparin, Clont) 

C ep h a z o lin
C la foran ( nicht mit Natrium bicarbonat) 

C Ion t( mSglichst getrennt)

M e rcn em  
P en ic illin  G
(nicht mit H eparin,Natrium bicarbonat) 
P ipril ( nicht mit Natriumbicarbonat^  

S e c u r o p e n  ( nicht m it Clont)
S ta p h y lex
T a z o b a c  (nicht m it Natrium bicarbonat)

' j e  n ach  A rztriick sp r.

F

1 rf
r

r

'V

r
X.
?
f

H y d r o c o r tiso n

Separat: ( alleine laufen lass en I )
A m p h o ter ic in  B  ( nach dem Filter)

B lu t  u n d  au s B lu t  g e w o n n e n e  B e s ta n d te ile (  A T  III, P P S B ,e tc .)  

( nach dem Filter)

Brevimytal 
Cordarex 
Cotrim SF Amp.
Diazepam ( nach dem Filter)

Humanalbumin ( nach dem Filter)

Im m u n g lo b u lin e  ( nach dem Filter) 

N ip ru ss  ( Lichtschutz)

P h en h yd an  ( nach dem Filter) 

P r o p o fo l ( nach dem Filter) 

T rasy lo l
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Appendix 27: Study leaflet distributed on the German study wards

C^^im /nelnUCte/
Mein Name 1st Katja Taxis, ich bin Doktorandin an der Universitat in London. Im Rahmen meiner 
Doktorarbeit vergleiche ich die Praxis der Zubereitung und Verabreichung intravenoser Arzneimittel 
auf Station in britischen Krankenhausern mit der Situation in Deutschland. Ich untersuche dabei 
Problème, die bei der taglichen Routine auftreten konnen. Die Studie hat zum Ziel:

Die Starken und Schwachen des britischen und des deutschen Systems zu erfassen.

Mogliche Ansatzpunkte fur eine Verbesserung der Sicherheit intravenoser Therapie zu 
erarbeiten.

Urn dies zu erreichen haben Thanke Mehrtens aus der Apotheke der Henriettenstifung und ich eine 
Beobachtungsstudie geplant. Wir wiirden gerne abwechseind die Zubereitung und Verabreichung 
intravenoser Arzneimittel beobachten und Informationen über die verabreichten Arzneimittel und 
eventuell auftretende Problème wie beispielsweise das Fehlen von Medikamenten auf Station, so 
dafi sie nicht verabreicht werden konnen, erfassen. Diese Studie sollte dabei weder Ihren 
Arbeitsablauf noch die Pfiege der Patientlnnen in irgendeinerweise storen. Unsere Anwesenheit bei 
der Zubereitung und Verabreichung der IV Arzneimittel sollte auch keine zusatzliche Arbeit für Sie 
bedeuten.

Ihre Mithilfe bei unserem Projekt ist fre iw illig  und Sie brauchen keinerlei Gründe angeben, wenn 
Sie nicht mochten, dafi eine von uns bei Ihrer Arbeit dabei sein soli, ebenso konnen Sie eine 
Mitarbeit jederzeit beenden.

Wir mochten betonen, dali alle Daten, die wir erheben vertraulich behandelt werden, Personliche 
Informationen, wie beispielsweise Namen, werden an niemanden weitergegeben, auch nicht an 
Vorgesetzte oder die Krankenhausleitung. Die Ergebnisse werden in einem Bericht 
zusammengefafit, der jedoch keine persôniichen Daten enthâlt. Bei einer eventuellen 
Veroffentlichung der Daten werden Personen, die Station oder auch das Krankenhaus nicht 
erkennbar sein. Die Studie ist von der Krankenhausleitung genehmigt worden. Falls Sie Fragen zu 
der Untersuchung haben sind wir unter der angegeben Telefonnummer zu erreichen.

K a tja  T a x is  T h a n k e  M e h r te n s

T h e  S c h o o l  o f  P h a r m a c y  A p o t h e k e  d e r  H e n r ie t t e n s t i f tu n g

U n iv e r s i t y  o f  L o n d o n  T e l e f o n : ...............
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Appendix 28: Data collection form used in the German study hospital

Station Datum Uhrzeit

Personal

Position

Medikation

Name Dosis Ampulla

Zubereitung

Losungsmittel Volumen Konzentration

Verdünnungsmittel Volumen Konzentration

Z ubereitunsgegenstande

Z ubereitunstechnik

V e ra b re ich u n g

Uhrzeit

V erab reich u n gsgesch w in d igk eit

V erabreichunsdauer

V erabreichu ngsgegenstande

V erabreichungstechn ik

Kommentar
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Appendix 29: Description of each error identified in the German hospital
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Abbreviations:
Water for injection = W, Sodium chloride 0.9% = S, Glucose = G 
* Categories o f  codes for error producing conditions are given in Appendix 12, 12
 ̂Mean scores between 0 and 1.9 suggest minor, between 2.0 and 6.0 moderate or severe and between 6.1 and 10.0 severe potential clinical significance

ID N o  o f  
errors

Patient D ru g D escr ip tio n  o f  error T y p e  o f  error A ctiv e
fa ilure

Error
prod u cin g
con d ition s*

S ev er ity
sco re

Errors on general surgical ward (ward K) in the German hospital
Preparation  errors

K , 2 6 1 211 2 0 0 0  m g  ce p h a zo lin P reparation  o f  th e  drug w ith ou t w a itin g  until all drug h as d is so lv e d w ron g  d o se slip - 4 .8

K , 77 1 2 0 3 2 0 0 0  m g  m e z lo c il lin O m iss io n  o f  drug as order for th is drug w as n ot transcribed from  th e  
drug chart b efore  preparation

o m iss io n slip 47 2 .0

K ,
1 0 1 ;I2 2 ;
135

3 2 0 0 , 2 0 0 , 2 0 0 10 m g  p iren zep in Preparation  o f  th is  drug w h ich  w as not prescribed  for th is  patient. 
P atien t had  drug prescrib ed  w h ile  on  IT U , d octor d id  n o t p rescribe  
th e  drug w h e n  transferred to  the surgical w ard, h o w e v er  nurse m u st  
h a v e  c o p ie d  th e  drugs prescribed  on  the ITU  drug chart.

unau th orised
drug

4 7 , 34 2 .7

K , 114 1 201 2 0 0 0  m g  m e z lo c il lin Preparation  o f  drug w ith ou t w a itin g  until the drug has d is so lv e d  
co m p le te ly

w ro n g  d o se slip 12 5 .0

K , 119 1 2 0 0 5 0 0 0  m g  m e z lo c il lin P reparation  o f  th e  drug u sin g  3 co m p le te  v ia l each  co n ta in in g  2  g  o f  
th e  drug resu ltin g  in  6 g  instead o f  5 g . O n e nurse a ssem b led  a ll th e  
drugs on  a  tro lley  accord in g  to  the drug charts, sh e  w rote all 
in form ation  (p a tien t’s n am e, room  num ber, d o se ) on  th e  orig in a l 
la b e ls  o f  th e v ia ls  u sin g  a w ater so lu b le  pen. T h e seco n d  nurse then  
prepared th e  d rugs and w h en  tou ch in g  the v ia ls  th e w ritin g  ca m e o f f  
and s ta in ed  h er h and s. S h e  th en  co u ld  not read th e d o se  w ritten  on  
th e  v ia l and  prepared  a ll three v ia ls .

w ro n g  d o se slip 3 2 , 33 2 .7

K , 2 5 , 2 7 ,  
5 8 , 6 0 , 6 2 ,  
10 3 , 104 , 
123 , 127

9 2 1 2 , 2 0 7 , 2 0 3 ,  
2 1 2 , 2 0 7 , 2 0 7 ,  
2 0 3 ,2 0 1 ,2 0 3

2 0 0 0  m g  m e z lo c il lin U se  o f  5 0  m l W  to  d is so lv e  the drug instead  o f  d is so lv in g  th e  drug in  
2 0  m l o f  W  and th en  d ilu tin g  it w ith  S or G  to  a v o lu m e  o f  2 0 0  m l as 
reco m m en d ed  b y  th e  m anufacturer

w ro n g  v o lu m e  
o f  s o lv e n t

m istak e 41 1.0



K ,8 1 ,8 3 2 2 1 2 ,2 0 7 2 0 0 0  m g  m e z lo c il lin U se  o f  60  m l W  to d is so lv e  the drug in stead  o f  d is so lv in g  the drug in 
2 0  m l o f  W and then  d ilu tin g  it w ith  S or G  to  a v o lu m e  o f  2 0 0  m l as 
recom m en d ed  by the m anufacturer

w ron g  vo lu m e  
o f  so lv en t

m istak e 41 1.0

K , 4 7 , 9 4 , 
9 5 ,9 7

4 2 1 3 , 2 0 7 ,2 1 2 ,  
2 0 3

2 0 0 0  m g  m e z lo c il lin U se  o f  50  m l S instead  o f  d is so lv in g  th e  drug in  2 0  m l o f  W  and then  
d ilu tin g  it w ith  S or G  to  a v o lu m e  o f  2 0 0  m l as recom m en d ed  b y the  
m anufacturer

w ron g  so lv en t m istak e 41 1.7

K ,3 1 ,3 4 ,  
3 5 ,3 6 ,  6 3 ,  
6 5 , 6 6 , 6 9 ,  
70

9 2 0 6 ,  2 0 7 ,2 1 5 ,  
2 1 4 , 2 0 7 ,2 1 3 ,  
2 0 3 ,2 1 2 ,  2 0 6

5 0  m g  ran itid in U se  o f  W  as a d ilu en t in stead  o f  G  or S as recom m en d ed  b y the  
m anufacturer

w ro n g  d ilu en t m istak e 41 1.6

K ,4 1 1 2 1 1 2 0 0 0  m g  ce p h a zo lin U se  o f  100 m l W  as a so lv e n t  in stead  o f  S or G  5% w ron g  so lv en t s lip 12, 52 2 .7

A d m in istration  errors

K ,4 1 2 0 9 C o -a m o x ic la v A dm inistration  o f  the drug 65  m in  after its preparation exp ired v io la t io n 3 .3

K ,2 I 2 1 0 15 m g  a m b ro x o le /5 0  m l 
S  and  m u ltib io n ta /2 5 0  
m is

C o-ad m in istration  o f  p o ten tia lly  in com p atib le  m ed ica tion  through the  
sa m e y -s ite

in com p atib ility m istak e 4 2 , 57 4.1

K , 11 1 2 0 7 15 m g  a m b ro x o le /5 0  m l 
S and  2  g  m e z lo c il l in

C o-adm inistration  o f  p o ten tia lly  in com p atib le  m ed ica tion
in com p atib ility

m istak e 4 2 , 57 4.1

K , 12 1 2 0 7 15 m g  a m b ro x o le /5 0  m l 
S and  2  g  m e z lo c il l in

C o-adm inistration  o f  p o ten tia lly  in com p atib le  m ed ica tion
in com p atib ility

m istak e 4 2 , 57 4.1

K , 14 1 2 0 8 15 m g  a m b ro x o le /5 0  m l 
S and m eto c lo p ra m id e /  
5 0  m l S

C o-ad m in istration  o f  p o ten tia lly  in com p atib le  m ed ica tion
in com p atib ility

m istak e 4 2 , 57 4 .0

K , 2 2 1 2 1 1 ce p h a z o lin  2 g  and  
m u ltib io n ta / 2 5 0  m l S

C o-adm inistration  o f  p o ten tia lly  in co m p a tib le  m ed ica tion in com p atib ility m istak e 4 2 , 57 3 .7

K ,2 4 1 21 1 15 m g  a m b ro x o le /5 0  m l 
S and  2  g  c e p h a z o lin /1 0 0  
m l S

C o-adm inistration  o f  p o ten tia lly  in com p atib le  m ed ica tion in com p atib ility m istak e 4 2 , 57 4 .0



K , 2 7 , 83 2 2 0 7 2  g  m e z lo c il l in /5 0  m l W  
and 15 m g a m b ro x o le /5 0  
m l S

C o-ad m in istration  o f  p oten tia lly  in com p atib le  m ed ication in co m p a tib ility m istak e 4 2 , 57 4.1

K , 2 9 1 2 0 6 10 m g  m eto c lo p ra m id e  
m ix e d  w ith  tram adol 100  
m g / 50  m l S and  
ran itid ine 5 0  m g / 5 0  m l 
W

M ixture o f  p o ten tia lly  in com p atib le drugs; Trissel; m etoclop ram id e  
co m p a tib le  w ith  ran itid ine (in  sam e syrin ge), but n o in form ation  on  
th e  m ixtu re o f  the 3 drugs

in co m p a tib ility m istak e 4 2 ,5 7 4 .3

K , 33 1 2 0 7 m etro n id a zo le  5 0 0  m g  
(read y so lu tio n )  and  
ran itid ine 5 0  m g /5 0  m l 
W

C o-ad m in istra tion  o f  p o ten tia lly  in com p atib le  m ed ica tion in co m p a tib ility m istak e 4 2 ,5 7 3 .4

K , 129 1 2 1 8 m etro n id a zo le  5 0 0  m g  
(read y so lu tio n )  and  
ran itid ine 5 0  m g /5 0  m l S

C o-ad m in istra tion  o f  p o ten tia lly  in com p atib le  m ed ica tion in co m p a tib ility m istak e 4 2 ,5 7 3 .4

K , 5 7 , 1 2 7 2 2 0 3 am b roxol 15 m g /5 0  m l S  
and m e z lo c il lin  2 g /5 0  m l 
W

C o-ad m in istra tion  o f  p oten tia lly  in com p atib le  m ed ica tion in co m p a tib ility m istak e 4 2 , 57 4.1

K ,6 1 1 2 0 7 am b roxol 15 m g /5 0  m l S  
and m e z lo c il l in  2  g /5 0  
m l W

C o-ad m in istra tion  o f  p o ten tia lly  in com p atib le  m ed ica tion in co m p a tib ility m istak e 4 2 , 57 4.1

K , 6 3 , 6 6 2 2 0 7 ran itid ine 50  m g /5 0  m l 
W  and m etro n id a zo le  
5 0 0  m g  (read y  so lu tio n )

C o-ad m in istra tion  o f  p o ten tia lly  in com p atib le  m ed ica tion in c o m p a tib ility m istak e 4 2 ,5 7 3 .4

K , 8 5 , 8 7 ,  
89

3 2 0 7 ,2 0 3 ,  2 1 2 ran itid ine 5 0  m g /5 0  m l S  
and m etro n id a zo le  5 0 0  
m g  (read y so lu tio n )

C o-ad m in istra tion  o f  p o ten tia lly  in com p atib le  m ed ica tion in c o m p a tib ility m istak e 4 2 , 57 3 .4

K , 106 , 
109

2 2 0 7 ran itid ine 5 0  m g  and  
m etro n id a zo le  5 0 0  m g  
(read y so lu tio n )

C o-ad m in istra tion  o f  p o ten tia lly  in com p atib le  m ed ica tion in co m p a tib ility m istak e 4 2 , 57 3 .8



K ,9 1 1 2 0 7 tram ad o le  100  m g  m ixed  
w ith  tr iflu p rom azin e 10 
m g /1 0 0  m l S  am b roxo le  
15 m g /5 0  m l S  and  
m e z lo c il l in  2 0 0 0  m g /5 0  
m l S

C o-adm inistration  o f  p o ten tia lly  in com p atib le  m ed ica tion in com p atib ility m istak e 4 2 , 57 4 .8

K, 100 1 2 1 7 m eto c lo p ra m id e  10 
m g /5 0 0  m l R in g er  
L acta te  and  A m in o m ix

C o-adm inistration  o f  p o ten tia lly  in com p atib le  m ed ica tion in com p atib ility m istak e 4 2 , 57 4 .0

K , 101 1 2 0 0 p ire n z ep in  10 m g /5 0  m l 
S and m e z lo c il l in  5 g /7 0  
m l W

C o-adm inistration  o f  p o ten tia lly  in com p atib le  m ed ica tion in com p atib ility m istak e 4 2 , 57 4.1

K , 112 1 2 1 7 fru sem id e  2 0  m g /1 0 0  m l 
S an d  A m in o m ix

C o-adm inistration  o f  p o ten tia lly  in com p atib le  m ed ica tion in com p atib ility m istak e 4 2 , 57 4 .0

K , 114 1 2 01 a m b ro x o le  15 m g /5 0  m l 
S and  m e z lo c il l in  2 0 0 0  
m g  d is so lv e d  in  ready  
so lu tio n s  o f  
m etro n id a z o le  5 0 0  m g

C o-adm inistration  o f  p o ten tia lly  in co m p a tib le  m ed ica tion in com p atib ility m istak e 4 2 , 57 4 .4

K , 117 1 2 0 0 h y d r o co rtiso n e  5 0  m g /5 0  
m l S  and  m etron id azo le  
5 0 0  m g  (read y  so lu tio n )  
u se d  to  d is so lv e  
m e z lo c il l in  6 0 0 0  m g

C o-adm inistration  o f  p o ten tia lly  in co m p a tib le  m ed ica tion in com p atib ility m istak e 4 2 , 57 6.1

Errors identified in the intensive therapy unit (ward L) in German hospital
Preparation  errors

L . 2 4 , 3 2 2 2 2 4 , 2 2 5 2 0 0 0  m g  m e z lo c il l in U se  o f  5 0  m l W  as a s o lv e n t  to  d is so lv e  th e  drug in stead  o f  
d is so lv in g  the drug in  2 0  m l o f  W  and  th en  d ilu tin g  it w ith  S or  G  to  
a  v o lu m e  o f  2 0 0  m l as recom m en d ed  b y th e  m anufacturer

w ron g  vo lu m e  
o f  so lv en t

m istak e 4 1 ,5 5 1.3

L , 3 4 1 2 2 7 2 0 0 0  m g  m e z lo c il lin U se  o f  5 0  m l S as a s o lv e n t  in stead  o f  d is so lv in g  th e  drug in  2 0  m l o f  
W  and then  d ilu tin g  it w ith  S or G  to  a v o lu m e  o f  2 0 0  m l as 
recom m en d ed  b y the m anufacturer

w ron g  so lv en t m istak e 4 1 ,5 5 2 .3



A d m in istr a tio n  errors

L ,4 1 2 1 9 7 .5  m g  piritram id A d m in istration  over  1 s  through a central line. M anufacturer  
recom m en d  adm in istration  sp eed  o f  10 m g/m i n

fast b o lu s  d o se m istak e 4 2 , 57 8 .3

L , 7 , 2 7 2 2 1 9 0 .4  m g  d ig o x in A d m in istra tion  after a b o lu s  d ose  o f  15 m g am broxol w ith ou t  
f lu sh in g  th e  lin e  in  b etw een  the tw o  drugs. N o  in form ation  on  the  
com p a tib ility  o f  th e  tw o  drugs

in co m p a tib ility m istak e 4 2 ,5 7 4 .3

L ,8 1 2 1 9 15 m g  am b roxol A d m in istration  after a b o lu s  d o se  o f  10 m g m etoclop ram id e w ith ou t  
f lu sh in g  th e  lin e  in  b etw een  the tw o  drugs. N o  in form atipon  o n  the  
com p a tib ility  o f  th e tw o  drugs

in co m p a tib ility m istak e 4 2 . 57 5 .5

L, 12 1 2 2 0 10 m g  m eto c lo p ra m id e A d m in istra tion  o v er  3 s  through a central line. M anufacturer  
recom m en d  ad m in istration  ov er  1-2  m in.

fast b o lu s  d o se m istak e 4 2 , 57 4 .7

L , 17 1 2 1 9 10 m g  m eto c lo p ra m id e A d m in istra tion  after a  b o lu s  d o se  o f  15 m g am broxol w ith o u t  
f lu sh in g  th e  lin e  in  b etw een  the tw o  drugs. N o  in form ation  on  the  
co m p a tib ility  o f  th e  tw o  drugs

in co m p a tib ility m istak e 4 2 ,5 7 5 .0

- L , 18 1 2 1 9 10 m g  m e to c lo p ra m id e A d m in istra tion  o v er  4 5  s through a central line . M anufacturer  
recom m en d  ad m in istration  over  1-2  m in.

fa st b o lu s  d o se m istak e 4 2 ,5 7 2 .4

L , 1 , 6 2 2 1 9 1 0 0 0  m g  m e ro p en em /5 0  
m l W

In fu sion  th rou gh  th e  sam e (lo n g )  in fu sion  lin e  as an in fu sio n  o f  
a m in o m ix  (so lu t io n  o f  am in oacid s). A cco rd in g  to the w ard ’s  
recom m en d ation  a ll parenteral nutrition  shou ld  be ad m in istered  
through  a separate lin e , p atient has 2  m ore lu m en  w h ich  c o u ld  be  
u sed , b ut o n ly  o n e  lu m en  has a filter  and nurses p referably  ad m in ister  
m ed ic a tio n  t lv o u g h  th e  lu m en  w ith  th e filter.

in co m p a tib ility m istak e 4 2 ,5 5 4 .4

L ,2 4 1 2 2 4 2 0 0 0  m g  m e z lo c il l in /5 0  
m l W

C o-ad m in istra tion  w ith  p rop ofo l, m id azo lam  and p iritram id (a ll 
co n tin u o u s in fu sio n s) through  the sam e central line . P rop ofo l is 
w id e ly  reco m m en d ed  to  b e ad m in istered  through its o w n  lin e . N u rse  
d o es  n o t k n o w  th is. P atien t has tw o  m ore peripheral lin e s  w h ich  
sh ou ld  p referab ly  n o t b e u sed  for drug adm in istrations

in co m p a tib ility m istak e 42 8 .7

L , 19 1 2 1 9 1 0 0 0  m g  m ero p en em C o-ad m in istra tion  o f  4 0  m g  om ep razo l (in term ittent in fu sio n ) and  
a m in o m ix  (so lu tio n  o f  a m in oacid s) through the sam e central lin e . 
M anufacturer recom m en d s to  ad m in ister om ep razo le  sep ara te ly  from  
other drugs (d u e  to  its a lk a line p roperties). L oca l p o lic y  recom m en d s  
to  ad m in ister  a ll parenteral nutrition  through a separate lin e .

in co m p a tib ility m istak e 4 2 ,5 5 8 .0



______________________________________________________________  Appendices

Appendix 30: Comparison of types and numbers of drugs prescribed with 
those observed

Prescribed Observed

Ambroxol 93 40

Bytylscopolamine 8 0

Cephazoline 17 8

Ciprofloxacine 5 0

Co-amoxiclav 4 3

Digoxin 5 3

Frusemide 4 1

Hydrocortisone 5 1

Meropenem 6 2

Metamizol 8 0

Metoclopramide 28 9

Metronidazole 40 19

Mezlocillin 65 29

Multivitamine
preparation

18 10

Omeprazole 8 4

Ranitidine (famotidine) 29 18

Tramadole 13 3

Triflupromazine 1 0

Total 357 150
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Appendix 31: Curriculum for nurses to learn practical aspects of intravenous 
drug preparation and administration

Overview
Rationale of using IV therapy including advantages and disadvantages

• Role of nurses as part of a multidisciplinary team providing IV therapy to
patients

Pharmaceutical and pharmacological background of intravenous (IV) drugs
• Prevention and treatment of adverse events

Physicochemical characteristics of drug solutions and implications of 
deviating from these physicochemical characteristics 
Factors influencing the stability of IV drug solutions

• Different pharmaceutical formulations (eg, liposomal amphotericin versus 
non-liposomal)

• Calculations

Steps in the IV drug preparation and administration process
• Prescriptions of IV therapy
• Types of IV drug preparations and types of IV drug vial presentations
• Selection of solvent and diluent
• Handling of preparation equipment
• Special cases: preparation of very small amounts and use of special 

equipment (eg, filters)
• Types of IV drug administration and consequences of deviating from safe 

administration practice
Administration equipment and their risk categories

• Monitoring of patients receiving IV therapy

Microbiological aspects
Extrinsic sources of contamination during preparation on the ward
• Environment of drug preparation
• Equipment and drug vials
• Staff preparing the drug

Intrinsic sources of contamination
• Insertion of the cannula or catheter
• Handling of administration equipment

Safe preparation and administration practice
• Dealing with unfamiliar situations
• Literature and support for IV drug preparation and administration
• Hospital policy of IV drug preparation and administration 

Learning from errors and error reporting systems (local and national)
• Common sources of IV drug preparation and administration errors and 

how to avoid those
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Appendices

Examples of sources for IV medication errors 
Identity of patient
Illegible or ambiguous prescriptions 
Overseeing prescriptions or drug charts
Similar looking vials, ampoules or packaging and similar sounding drug names
Similar looking lines
Units and calculations
Different pharmaceutical formulations
Use of new equipment and preparation of drugs which were never carried out 
before
Unusual drug vial presentations and procedures deviating from norm 
Preparation of very small amounts of dmgs (eg dead volume of syringes, 
displacement value)
Volume of solvent and diluent 
Slowly dissolving formulations 
Incompatibilities 
Administration rate 
Use of infusion equipment
Patients or others manipulating infusion equipment
Storage conditions and duration of storage of preparations and partly used drugs
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