CURRENT OPINION

Drugs 2005; 65 (13): 1735-1746
0012-6667/05/0013-1735/$39.95/0

Medication Errors

Hospital Pharmacist Perspective

© 2005 Adis Data Information BV. All rights reserved

Henk-Jan Guchelaar,! Hadewig B.B. Colen,? Mathi{'s D. Kalmeijer,?
Patrick T.W. Hudson* and Irene M. Teepe-Twiss

1 Department of Clinical Pharmacy and Toxicology, Leiden University Medical Center, Leiden,

The Netherlands

2 Department of Clinical Pharmacy, Medical Spectrum Twente, Enschede, The Netherlands

3 Department of Clinical Pharmacy, Academic Medical Center, Amsterdam, The Netherlands

4 Department of Psychology, Center for Safety Science, Faculty of Social and Behavioural
Sciences, Leiden University, Leiden, The Netherlands

Abstract

In recent years medication error has justly received considerable attention, as it

causes substantial mortality, morbidity and additional healthcare costs. Risk
assessment models, adapted from commercial aviation and the oil and gas
industries, are currently being developed for use in clinical pharmacy.

The hospital pharmacist is best placed to oversee the quality of the entire drug
distribution chain, from prescribing, drug choice, dispensing and preparation to
the administration of drugs, and can fulfil a vital role in improving medication
safety. Most elements of the drug distribution chain can be optimised; however,
because comparative intervention studies are scarce, there is little scientific
evidence available demonstrating improvements in medication safety through
such interventions.

Possible interventions aimed at reducing medication errors, such as developing
methods for detection of patients with increased risk of adverse drug events,
performing risk assessment in clinical pharmacy and optimising the drug distribu-
tion chain are discussed. Moreover, the specific role of the clinical pharmacist in
improving medication safety is highlighted, both at an organisational level and in

individual patient care.

The issues of medication safety and medication
errors have received considerable attention in recent
years. Several landmark publications, such as To Err
is Human: Building a Safer Health System!! in the
US, and Building a Safer NHS for Patients: Improv-
ing Medication Safety® and A Spoonful of Sugar:
Medicines Management in NHS Hospitals™ in the
UK, have made people realise that the risks associat-
ed with the administration of drugs are considerable
and the costs due to medication errors are high. It
has been estimated that 44 000-98 000 people die
each year in hospitals in the US as a result of
medical errors, exceeding the number attributable to

the eighth leading cause of death. More people in the
US die in a given year as a result of medical errors
than from motor vehicle accidents, breast cancer or
AIDS.["" A substantial proportion of these medical
errors, probably between 10% and 20%, are due to
medication errors'**! and are estimated to account
for >7000 deaths, either in or out of hospital, in the
US annually. The cost per year of medication errors
in the US have been estimated to be $US2.8 million
for a 700-bed teaching hospital, while the cost to the
National Health System in the UK in additional days
in hospital was estimated at £500 million (year of
values not stated).[?! Moreover, estimates in Austra-
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lia indicate that 80 000 people are admitted to hospi-
tals with medication errors, at a cost of $A350
million per year (year of values not stated).[!

The idea that risk is associated with the adminis-
tration of drugs is not new and has received much
attention, but almost all of that attention has been
paid to the intrinsic events, such as the adverse
effects of drugs. Extrinsic drug events, for example
as a result of medication errors, have only been
appreciated in recent years. The differentiation be-
tween these types of adverse drug events (ADEs)
has led to a useful classification of medication er-
rors. An ADE is defined as “any untoward medical
occurrence that may present during treatment with a
pharmaceutical product but which does not necessa-
rily have a causal relationship with this treat-
ment”."" A widely accepted and applied classifica-
tion of medication errors, proposed by the National
Coordinating Council for Medication Error Report-
ing and Prevention, shown in table I, is helpful in
comparing studies in the field of medication safe-
ty.18)

Methods for quantification and qualification of
medication errors are numerous. Faults or near acci-
dents (FONA) committees in hospitals, which re-
cord and analyse spontaneously reported medical
errors, usually study individual incidents, recon-
structing causes and advising on preventive mea-
sures to minimise repetition of those types of inci-
dent. However, there are a number of problems with
such reactive approaches. One important drawback
is that incident reports provide a slow and unsys-
tematic source of information, which is especially
problematic in fast-moving fields such as modern
medicine. Moreover, spontaneous reporting systems
depend highly on the willingness of people to report
their own and others’ faults and near misses, which
may lead to biased reporting. There is, for example,
structural under-reporting, especially from physi-
cians and of near misses (as opposed to faults).[!
Finally, the analysis process by the FONA commit-
tee requires an advanced and detailed understanding
of processes that may lead to errors, and even then it
is sometimes difficult to predict, using a theoretical
process analysis, where and how failures may occur.
In complex socio-technical systems, such as modern
medicine, there are many ways in which disastrous
outcomes can occur. In reality, individual incidents
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Table I. Medication error classification by the National Coordinating

Council for Medication Error Reporting and Prevention

(NCCMERP)®!

Category Description

No error

A Circumstances or events that have the capacity to
cause error

Error, no harm

B An error occurred but the error did not reach the
patient (an ‘error of omission’ does reach the patient)

C An error occurred that reached the patient, but did not
cause patient harm

D An error occurred that reached the patient and

required monitoring to confirm that it resulted in no
harm to the patient and/or required intervention to

preclude it

Error, harm

E An error occurred that may have contributed to or
resulted in temporary harm to the patient and required
intervention

F An error occurred that may have contributed to or

resulted in temporary harm to the patient and required
initial or prolonged hospitalisation

G An error occurred that may have contributed to or
resulted in permanent patient harm
H An error occurred that required intervention necessary

to sustain life

Error, death

| An error occurred that may have contributed to or
resulted in the patient’s death

represent only a fraction of the total ‘space’ of
possibilities for error and, therefore, analysis of indi-
vidual incidents may better reflect the imagination
of the analyst rather than the true possible sources of
a problem. Systematic and trend analysis of individ-
ual incidents and harm scenario descriptions may, in
part, overcome this problem. Obviously, incident
reports from FONA committees can hardly be used
for estimating quantitative figures on medication
errors, however, they may provide a useful source of
qualitative information.

The disguised observation method is usually ap-
plied in clinical studies, when studying the effect of
certain interventions on the occurrence of medica-
tion errors or when estimating frequencies of errors.
Using this study design, the healthcare workers in-
volved in the process being studied, with the excep-
tion of the analyst performing the study, are neither
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informed nor aware of the aim of the study. Hence,
bias due to performing the study may be avoided.

One problem that many approaches face is that
not all medication errors result in ADEs. Neverthe-
less, the mechanisms leading to medication errors,
whether a specific outcome is benign or not, can also
result in disastrous outcomes under appropriate cir-
cumstances.

This commentary article critically examines pos-
sible interventions aimed at reducing medication
errors and the role of the pharmacist in these inter-
ventions, from the perspective of the hospital phar-
macist. Topics covered include ADEs, risk assess-
ment in clinical pharmacy, the drug distribution
chain and the role of the clinical pharmacist.

1. Adverse Drug Events

ADEs are caused either by intrinsic toxicity of
the drug (adverse effects) or by the way the drug is
used, that is, extrinsic toxicity. ADEs attributable to
drug-drug or drug-food interactions, double medica-
tion (e.g. the concomitant use of more than one
benzodiazepine), the unwillingness of the patient to
take the drug and medication errors are all examples
of extrinsic drug toxicity. In several studies it has
been reported that 4-30% of hospitalisations are
drug related; that is, caused by an ADE.!":!% Other
studies have shown that ADEs in hospitalised pa-
tients, which resulted in excess length of stay, costs
and attributable mortality, were evident in approxi-
mately 2% of patients.!'!1?] The wide range in esti-
mated frequencies of ADEs in these studies is prob-
ably due to differences in study population (age,
extent of polypharmacy, comorbidity), in definitions
(of ADE), and especially in study design and detec-
tion methods.

Although medical chart review appears to be a
systematic approach for detecting ADEs, it is not
efficient, insensitive, subjective or, more important-
ly, preventive. Obviously, estimating ADE frequen-
cies is important to illustrate the extent of the prob-
lem, but preventing ADEs is much more challenging
and is worthwhile for individual patient care as well
as for cost reduction in healthcare. Detection of
ADEs by computerised data extraction from an elec-
tronic patient database on the basis of defined algo-
rithms could be a much more sensitive and efficient

© 2005 Adis Data Information BV. All rights reserved.

methodology.!'®! Jha et al.'"¥ compared this method
with chart review and spontaneous error reporting
(FONA). From their results it appeared that com-
puterised ADE detection and chart review were al-
most equally effective at detecting ADEs, but the
latter was 60-fold more time consuming (60 hours
vs 1 hour per week for a 700-bed hospital). As
expected, spontaneous error reporting resulted in an
underestimation of the frequency of ADEs.

Principally, algorithms or so-called clinical rules
described to date concentrate on detecting ADEs
after they have occurred. Examples of these clinical
rules include laboratory test results (both drug con-
centrations and biochemical levels [e.g. ALT, creati-
nine]), use of drugs to relieve or treat symptoms
associated with ADEs, or the use of antidotes. How-
ever, more recently, algorithms designed to prevent
ADEs have been developed and described in the
literature.!'>) One approach is to investigate the na-
ture of preventable ADEs.['! In this meta-analysis
cardiovascular, psychoactive (and other CNS
drugs), analgesic and anticoagulant drugs were
found to be most frequently associated with prevent-
able ADEs. Adverse outcomes could also provide a
suitable source to develop algorithms. Allergic reac-
tions, hepatotoxicity or nephrotoxicity, effects on
the cardiovascular system, haematological effects
and CNS effects were the most prevalent outcomes
in this meta-analysis. By combining these drug- and
organ-associated determinants for ADEs, a more
sensitive and preventive algorithm could be de-
signed.

In our institution we have chosen a multiple
source approach for development of clinical rules
aimed at detecting patients potentially susceptible to
ADEs. In addition to the methodology already dis-
cussed, we include current treatment guidelines (to
detect suboptimal treatment); alerts generated by the
US FDA, the European Medicines Agency (EMEA)
or the pharmaceutical industry; FONA reports; and
over-ruled medication safety alerts generated by the
computerised physician order entry (CPOE) system
which necessitated retrospective interventions by
hospital pharmacists (drug interactions, duplicate
medications, overdoses). With regard to the latter,
we follow the procedure that all medication safety
alerts generated by the CPOE system during pre-
scribing that are over-ruled by the prescriber are
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Successive layers of defenses, barriers and safeguards

Fig. 1. Reason’s Swiss Cheese Model (courtesy J. Reason). The
active failures of front-line individuals have to be seen as finishing
off the hazards propagated by the latent conditions upstream.

reviewed by a hospital pharmacist on a daily basis
and interventions are made when necessary. In our
clinical rule system for selecting patients with the
potential for ADEs, clinical pharmacists use the
information on at-risk patients to make specific con-
sultations and to discuss these patients with physi-
cians. Recently, it has been shown that the imple-
mentation of this type of methodology offers an
economical and effective method for increasing
medication safety in hospitalised patients.!!

A clinical rule monitor can also identify patients
with drug-related hospital admissions. In The
Netherlands, almost all community pharmacists and
the majority of general practitioners use computer-
ised systems for checking drug dosage, double med-
ication and drug interactions. Nevertheless, the inci-
dence of drug-related hospital admissions in The
Netherlands is estimated at 4-30%.1-1% By applying
the clinical rule monitor to detect these patients and
exploring the causes of these ADEs, we also aim to
improve medication safety in the outpatient setting.
Of course, such rules require a proper analysis of the
extrinsic risks associated with medications, an un-
derstanding of where the problems lie, what the
major risks are and what methods will be most
effective in combating them.

2. Risk Assessment in Clinical Pharmacy

Conventional risk analyses in pharmacy have
been devoted to the intrinsic effects of drugs but
medication errors fall under extrinsic factors. In fact,
classical intrinsic risk analyses ignore the extrinsic
risks because they are not relevant for the assess-
ment of the risks associated with a particular drug;
the assumption is made that the drug will have been
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given appropriately. Therefore, it is necessary to
look in other directions when developing methods to
analyse the risk of medication errors. The commer-
cial aviation and oil and gas industries have a rich
history of developing and applying models for risk
assessment and accident analysis aimed at a better
understanding of how accidents are caused and can
be prevented within these industries.l'”’ Medicine,
including clinical pharmacy, has recently started to
adopt these models and methods, which may help to
assess and understand the risks within a pharmaceu-
tical system.

Reason’s Swiss Cheese Model (figure 1) can be
described as a number of barriers (‘slices of cheese’)
interposed between the hazards and the outcomes to
be avoided.'8! The barriers represent the defences
and the holes (“in the slices of cheese’) represent the
weaknesses in those defences. The holes allow prop-
agation of failures so that hazards can turn into
losses such as accidents or other negative outcomes.
The risk of propagation of failures is determined by
the number, size and nature of the holes. The
strength of the model is that it enables us to analyse
accidents as the outcome of a set of possible causal
elements of a chain (‘how did the system allow this
to happen?’) instead of just pointing to the individu-
al or element nearest to the negative outcome. In a

Events and Harm to people and

circumstances damage to assets
or environment ~.

LT e
) i |
@
- o
=

Undesirable event
with potential for
harm or damage

Engineering activities
Maintenance activities
Operations activities

Fig. 2. The Bow Tie Model combines the concepts of fault and
event trees used in quantitative risk assessment (courtesy Shell
International Exploration & Production).
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pharmaceutical system, checks and controls are very
common and, in fact, represent barriers aimed at
preventing the propagation of possible failures.
Identifying latent conditions that represent weak-
nesses in the system and assessing risks may help to
prevent failures and increase the safety of the entire
system.

Many techniques are available to help assess
risks, often based on fault trees, analysing forwards
to or backwards from disastrous outcomes. In one
standard technique, Failure Mode and Effect Analy-
sis, one specifies the process in detail, examines
how and where things can go wrong (failure modes),
and estimates the frequencies and consequences of a
whole range of possible outcomes (effects). Alterna-
tively, working backwards rather than forwards, one
can take specific undesired consequences, and fill in
all the possible pathways and necessary combina-
tions that could lead to that event.

The Bow Tie Model, originally developed by
Shell International, combines the concepts of fault
and event trees used in quantitative risk assess-
ment!"! (figure 2). The left-hand side of the bow tie
describes how events and circumstances can release
a hazard, and can lead to an undesirable event with
the potential for harm, called a top event. The right-
hand side represents the various consequences of the
undesirable event, and the methods and effective-
ness of the system to stop or limit progression to
harm. Therefore, barriers in the model are aimed at
preventing undesirable events from occurring (as in
the Swiss Cheese Model) or at mitigating the conse-
quences of these negative events should they occur.

In a pharmaceutical system there are a large
number of possible ways in which medication errors
can occur that should be defended against. The
Academic Medical Center (AMC) model®” ex-
presses these in terms of bow ties, with a limited
number of top events with distinct aetiologies.
These aetiologies are:
wrong patient
wrong diagnosis
wrong drug
wrong dose
wrong delivery
wrong timing.

For example, neonatal twins, of whom only one
should be receiving treatment, run considerable
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risks. One twin may receive unnecessary medica-
tion, while the other misses out. The model identi-
fies the possible control measures for this specific
wrong-patient threat, such as barcoding, positive
identification protocols and separate housing in the
hospital, and then identifies how these control mea-
sures could be degraded, such as by failures of
barcode readers, lack of training in protocols or the
need to keep the babies together so they can be fed
by their mother. Another threat, administration of
the wrong drug, would be when patients bring in
their own medicine, which would require controls to
identify and replace these drugs to avoid the risk of
unexpected interactions. These controls can be de-
graded when patients are not questioned and their
medication identified and, usually, removed and
replaced by the hospital medication regimen. Once
the controls have failed and the top event is reached,
it is necessary to mitigate the possible clinical con-
sequences. Currently, we have identified in excess
of 120 such aetiological pathways in the AMC
model.

The AMC model, which is based on industrial
risk assessment approaches and is still under devel-
opment, differs slightly from the more traditional
approach of using the medication cycle, which is the
approach used in the rest of this article. A risk
analysis of the medication system involves identify-
ing the threats with their associated barriers and
degradation mechanisms, as well as the mitigation
barriers between the top events and possible extreme
outcomes, up to the death of the patient. Armed with
a complete analysis, it is possible to perform a risk
assessment of the system, as opposed to an individu-
al drug, by seeing whether the necessary controls are
in place and effective. A quantitative assessment
would involve estimating the frequencies of threats
and the effectiveness of the relevant controls in
reducing the occurrence of top events and undesired
final outcomes.

3. The Drug Distribution Chain

For physicians, prescribing drugs is one of the
most common and frequently applied methods of
medical treatment. Failures may occur in each part
of the continuum of prescribing, dispensing, ad-
ministering and applying drugs, and have the poten-
tial to cause patient harm (figure 3). Recognising the
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Fig. 3. The drug distribution chain is the continuum of prescribing,
dispensing, preparation and administration of drugs. Failure may
occur in each part of the chain.

most vulnerable steps in the drug distribution chain,
as identified by risk analysis, may help to expose
critical intervention methods that will most effi-
ciently improve the entire process. However, there
are important problems with this rational approach
(starting with the weakest part of the chain). The
first is that judgement of risk and sense of safety are
very subjective and dependent on individual factors
such as habit, experience, knowledge and personal
situation. Risk is usually expressed as the product of
negative outcome and probability, enabling one to
balance bad but unlikely outcomes with less bad but
more frequent ones. People also find it difficult to
estimate the actual chance of becoming a victim,
especially when the outcome is extremely negative,
such as death, and they are inclined to take no
chances in such situations. Problems arise in defin-
ing what is meant by an outcome and how the
probability is assessed.

Outcomes may be discrete events, such as death,
or continua, such as getting better or worse. In a
risk-based approach to the management of medica-
tion errors, we have to be careful in defining what
types of outcomes are covered. Clearly, medication
errors can generate a wide variety of adverse out-
comes, not necessarily pharmacological but also, for
instance, the number of extra days of hospitalisation
required. Probabilities are generally derived from
frequency information, requiring accurate estimates
of both base and failure rates. A major problem that
makes estimation of frequency rates difficult is that
any remedial action taken may immediately render
those estimates meaningless, even if reliable infor-
mation was available in the first place.

A second important problem with the rational
approach of improving a serial process is that
changes in methods, techniques and systems them-
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selves often lead to unstable, untried and risky situa-
tions. Gawande?!! described this learning curve of
improvements. In their example, the introduction in
1986 of a novel surgical technique in a London
clinic for patients with a severe cardiac defect called
‘transposition of the main arteries’ was a success.
The number of patients dying per year decreased by
>75% and the life expectancy of the patients in-
creased from 47 years with the conventional method
to 63 years with the new technique. However, it
appeared that the ‘price’ for introducing this tech-
nique was extremely high. For the first 70 operations
using the new technique, the mortality rate was
25%, as opposed to only 6% with the conventional
technique. During the introductory phase twice as
many babies died than in the entire 20-year period of
conventional surgery, illustrating that even intro-
ducing a change itself may raise risk temporarily.
From our own studies, it appears that the introduc-
tion of a CPOE system for prescribing drugs not
only introduces new types of medication errors dur-
ing the introduction phase but also influences error
rates in other parts of the drug distribution chain, for
example drug administration,??! and may reduce the
attentiveness of physicians to the details of the pre-
scriptions. When making the decision to introduce
an advancement aimed at improving safety, an im-
plicit decision is made on the acceptance of a possi-
ble and temporary period of increased risk and er-
rors compared with the current situation.

3.1 Medical Diagnosis

Obviously, rational pharmacotherapy starts with
making a correct and conclusive medical diagnosis,
and establishing the precise aim of pharmacother-
apy. However, a pharmacotherapeutic intervention
may form part of the process of making the diagno-
sis. For example, to diagnose acid-related intestinal
diseases the use of a proton pump inhibitor for some
weeks may be prescribed.

Drugs are frequently prescribed for illnesses that
are clearly not sensitive to medication, for example
the treatment of influenza or viral tonsillitis with
antibacterials, and in fact this could be considered a
medication error. The extent of this type of medica-
tion error is unclear, as it is usually not included in
studies on medication errors and is difficult to esti-
mate.
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Another type of medication error related to the
estimation of whether the disease under considera-
tion is sensitive to medication could, for instance,
appear in immunisation of possibly infected pa-
tients. In our practice, we were consulted by a physi-
cian for the immunisation of a group of paediatric
oncology patients who had been in contact with a
patient with a varicella-zoster virus infection. It was
intended that the immunocompromised patients
would be treated by vaccination; however, in this
group of patients passive immunisation by im-
munoglobulin administration was indicated.

3.2 Drug Choice

It is well known that several factors influence an
individual prescriber’s decision-making when
choosing a drug.”?’! Ideally, drug choices are evi-
dence-based, supported by high-quality publications
in peer-reviewed journals, while taking clinical ex-
pertise and patient values into account. However, in
practice, other factors such as the marketing strate-
gies of the pharmaceutical industry and prescribing
patterns of colleagues or supervisors appear to be
important determinants of the drug choice of indi-
vidual physicians.?* Furthermore, a strong associa-
tion between authors’ published opinions and their
financial relationships with the pharmaceutical in-
dustry has been demonstrated in several studies.!>!
On the basis of these data, decision-making is a
difficult task for an individual prescriber.

In a more structured manner, scientific associa-
tions and institutional pharmacotherapy and thera-
peutics (P&T) committees make decisions on drug
choice by developing treatment guidelines and drug
formularies. They have the difficult task of evaluat-
ing the risks each drug poses to patients, and choos-
ing whether to recommend for or against the use of a
particular drug. Obviously, the accessibility of novel
innovative drug therapies is important. However,
from a medication safety perspective, it has to be
realised that when an established, safely used and
effective therapy already exists, any new drug
should be considered as a potential risk factor.

Newer roles of P&T committees include review-
ing medication error and/or ADE trends for possible
modifications in the drug distribution chain.?!
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Obviously, the application of an objective and
structured methodology for the formulary manage-
ment process is essential. Decision-supportive mod-
els designed specifically for making drug choices,
such as the System of Objectified Judgment Analy-
sis developed by Janknegt and Steenhoek>”! may be
useful for structured decision-making. Moreover,
medication usage evaluation and drug utilisation
reviews designed to improve the quality of prescrib-
ing are increasingly being performed by P&T com-
mittees,?8! and include the evaluation of clinical
outcomes information, including quality-of-life is-
sues.[29:30]

Nevertheless, there may still be room for im-
provement. A recent Dutch study®!! demonstrated
that some P&T committees still make decisions in a
unstructured manner instead of using validated
structured selection matrices or decision-supportive
models, thereby questioning whether their decisions
can be considered to be evidence based. Finally,
P&T committees could take into account site-specif-
ic characteristics, such as demographics or the seri-
ousness of the disease, when integrating best re-
search evidence into local treatment guidelines. Cur-
rently, once such guidelines have been established
and implemented in clinical practice, it is unusual
for a structured evaluation to take place to determine
whether the new guideline leads to improvements in
terms of efficacy, safety and pharmacoeconomics.

Drug formularies are implemented in most hospi-
tals, but their restrictive nature may pose a problem
in clinical practice and can lead to non-adherence. In
this respect, drug formulary management is a critical
factor for a successful institutional drug formulary.
Factors that contribute to non-adherence are the
design of the formulary (product- or disease-orient-
ed formularies), differences between primary care
formularies and the hospital formulary, which lead
to discontinuities when a patient is admitted to the
hospital or discharged, and the perceived unwilling-
ness of patients. By applying a simple pharmacoepi-
demiological model, it has been proven possible to
assess indicators for hospital drug formulary non-
adherence in a specific hospital;*?! these indicators
can be used to improve adherence. An example of
such an intervention is the antimicrobial control
programme that was implemented in our hospital to
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increase the quality of antimicrobial drug prescrib-
ing 1331
ing.

3.3 Prescribing

When pharmacotherapy is indeed chosen as the
appropriate treatment for a patient, an important first
step is choosing the right drug at the right dose, with
the right frequency, duration, etc., taking into ac-
count the possible specific conditions of the patient,
such as renal and liver function, age, bodyweight,
co-medication and known allergies. Traditionally,
such decisions are made by the physician. This
process of individualising and prescribing the ideal
drug therapy is becoming increasingly complex. At
the moment of prescribing, all of the knowledge
about the patient and all recent scientific evidence
must be integrated, in order to make the best choice
for the patient. In many countries, the support of the
clinical pharmacist at this point is increasing. Com-
puter systems are also being developed to support
prescribing.

A basic system for this purpose is a CPOE sys-
tem, which helps to generate clear, readable and
unambiguous medication orders and has the poten-
tial to reduce prescription and transcription errors.
When integrated with pharmacy logistics, efficiency
of drug distribution can be improved and drug distri-
bution errors can also be reduced.!**3% The impact
of a CPOE system on medication safety can be
further increased by implementing different features
and integrating the system with other hospital sys-
tems. However, it has been shown that while the
implementation of a basic CPOE system in a hospi-
tal may cause a major improvement of medication
safety, there were only marginal improvements up-
on addition of sophisticated features in new releases
of the system.’” Most CPOE systems generate
medication safety alerts during prescribing, such as
signalling of drug interactions, duplicate medica-
tion, drug overdose and allergies. It is possible that
these features improve medication safety but no
broad scientific evidence for this hypothesis can be
found in the literature. A problem encountered in
handling medication safety alerts is that it is often
difficult for prescribers to interpret the clinical rele-
vance of the signals and to translate the alert into a
practical adjustment of the prescription. Moreover,
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and possibly because of these problems, alert signals
are being over-ruled to a considerable extent.8!
Improving the selectivity and specificity of
alerts,3%4% together with more guidance on the in-
terpretation of alerts, may help to overcome this
problem.

However, a recent study showed that CPOE sys-
tems can facilitate errors in prescribing in addition
to reducing them.*!! Examples include fragmented
CPOE displays that prevent a coherent view of a
patient’s medications, pharmacy inventory displays
mistaken for dosage guidelines, ignored antibacteri-
al renewal notices placed on paper charts rather than
in the CPOE system, separation of functions that
facilitate double-dosage and incompatible orders,
and inflexible ordering formats generating wrong
orders.

More sophisticated CPOE systems are integrated
into the hospital information system and enable fea-
tures such as protocol-guided prescribing. Integra-
tion with, for example, laboratory and clinical sys-
tems enables the involvement of information on
biochemical parameters (such as renal function, liv-
er function and serum potassium levels) or disease
states in prescribing. Another possible feature of a
CPOE system is the use of medication protocols. We
have experience with protocol-guided prescribing in
the CPOE system Medicator® (iSoft, Leiden, The
Netherlands), which is in use in several Dutch hospi-
tals.*?! Complex treatment protocols are presented
to the prescriber as a standardised series of individu-
alised medication orders that only need authorisa-
tion by the physician. In oncology, for example,
where high-risk medication is being prescribed in
complicated schedules that often require dose in-
dividualisation, protocol-guided prescribing certain-
ly has the potential to reduce medication errors.

A further development is the construction of
clinical decision support systems (CDSS), in which
clinical evidence and treatment protocols are inte-
grated into the CPOE system. The system assists the
physician to take the appropriate pharmacother-
apeutic decisions, leading to the optimal prescrip-
tion for the specific patient. Currently, most availa-
ble CDSS are developed for specific medications or
diseases, such as care of diabetes mellitus or heart
failure. 3¢/
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3.4 Dispensing

The objective of responsible drug dispensing in
hospitals is to ensure that each physician-ordered
and pharmacist-reviewed drug is available to the
nurse for administration to the correct patient, in the
correct dosage form and dose, via the correct route
of administration and at the correct time (see the
AMC model described in section 2 for risk analysis).
Dispensing of medication can be automated and, if
linked with point-of-care barcode scanning and in-
formation systems, automated dispensing machines
(ADMs) have the potential to decrease medication
errors and to increase effectiveness and work effi-
ciency of the distribution process. ADMs in hospi-
tals may include both centralised and decentralised
automated devices. The advantages of decentralised
devices over the traditional distribution (unit-dose)
systems are automated dispensing for controlled
substances and floor-stock medications, availability
of all authorised medications in specific medication
pockets, access for only authorised users with secure
passwords, forced entry of obligatory data into the
system, logging of all data and the possibility of
barcoded drug selection. Additional benefits of
(some) centralised devices are automatic unit-dose
and barcode-controlled drug dispensing per patient
and per administration time, the ability to barcode
all drugs and solutions that are on the market, and
automatic handling of returns.

There are only a few controlled studies that show
improvement of medication safety upon implemen-
tation of ADMs. ! Studies on the effects of ADMs
on medication error rates and cost effectiveness
compared with traditional systems are inconclusive.
Comparing these studies is difficult because of dif-
ferences in distribution systems, variability in
linkage to other information systems and methods of
data collection. Overall, ADMs alone have the least
support for their effectiveness in preventing medica-
tion errors. However, implementation of new tech-
nology in the drug distribution process necessitates a
complete redesign of services and considerable fi-
nancial requirements. Therefore, novel technology
in this area should have proven benefits on medica-
tion safety and a complete evaluation of appropriate-
ness before broad implementation can be recom-
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mended. Development of a standard evaluation
model using performance indicators is necessary to
compare available ADMs with regard to perform-
ance, cost effectiveness, and prevention of medica-
tion errors and enhancement of safety.!)

3.5 Preparation

The preparation of medications is a critical step,
especially in intravenously administered drugs. Er-
rors in this phase can have serious consequences as
it is the last step before administration and these
errors are difficult to detect. Experimental data on
error rates and types of errors in this field are scarce.
In a recent study involving ten wards in two hospi-
tals in the UK, it was shown by using the disguised
observation technique that one or more errors oc-
curred in 57 of 430 intravenous doses.[*!! Lack of
training, the design of the technology itself, poor
communication and workload were all factors con-
tributing to this high error rate. Using the same
technique, we investigated the error rate in intrave-
nous preparations by nurses in our own hospital.
With the exception of a poor aseptic technique, we
detected significant clinical errors in 64 of 90 intra-
venous doses, and in a second study in which we
excluded repeated errors, such as drawing up the
whole content of an 1mL ampoule instead of the
precise 1.0mL volume, one or more errors occurred
in 26 of 254 intravenous doses.

An intravenous admixture unit at the patient care
unit, where preparation is done by pharmacy person-
nel, has the potential to reduce both medication
errors and microbiological contamination. In such a
unit, medication is prepared according to standardis-
ed protocols in laminar down-flow hoods. Several
institutions have implemented decentralised phar-
macy intravenous admixture units;*! however, the
evidence base for the success of such a service is
currently weak. In our own experience, again using
the disguised observation method for error detec-
tion, the error rate at a decentralised pharmacy intra-
venous admixture unit operated by skilled pharmacy
technicians was 2% (7 of 330 intravenous doses
were judged as errors because of poor aseptic tech-
nique) compared with 71% when nurses made the
preparations on the ward.
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3.6 Barcode-Enabled Point of Care Systems

Barcode-enabled point-of-care (BPOC) systems
combine barcode scanning with sophisticated medi-
cation administration software that provides the
nurse with an additional check. The software can
communicate important clinical information to the
nurses, improving their ability to safely administer
medications, while barcode technology contributes
to safer patient care through real-time confirmation
of patient identification, medication, dose, time and
route of administration.[*®! When medication orders
are sent from a computerised order entry system or
pharmacy system to the BPOC system, the patient’s
wristband and medication barcodes are scanned and
the system provides an automated double-check,
ensuring that patients receive the medication treat-
ment specified in the pharmacy order. BPOC tech-
nology therefore provides a safe automated identifi-
cation and feedback system in real time. BPOC
systems may utilise, store and forward radio fre-
quency, wireless and even cellular communications.
They have been built for personal computers, mo-
bile laptops and centrally located stationary com-
puters.[%1 BPOC closes the loop of a safe distribu-
tion process: CPOE, pharmacy system, ADM and
BPOC."" According to several studies, most errors
occur in the ordering part of the distribution process,
with one-third occurring in the administration pro-
cess. Although error rates can be reduced in each
part of the medication use process separately, the
only solution that can provide an overall reduction
in medication errors is an integrated approach span-
ning each of the components.

In many industries barcoding is an effective tool
to reduce error rates. Several factors have to be
considered when implementing a BPOC system in
healthcare organisations, such as the availability of
unit-dose barcoded products, the format of barcodes
used, scan technology issues and system platform
choices. According to US FDA regulations, all new
human drug products and biological products cur-
rently in the market must be barcoded by 2007, but
pharmaceutical manufacturers have yet to agree on a
standard approach to the implementation of barcod-
ing. Studies evaluating point-of-care systems that
verify patient and drug information are not yet avail-
able and, therefore, this new development warrants
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justification before wide implementation can be ex-
pected.[*3)

4. The Role of the Clinical Pharmacist

Hospital pharmacists are best placed to oversee
the quality of the entire drug distribution chain, from
prescribing, drug choice, dispensing and preparation
to administration of drugs, and can fulfil an impor-
tant role in improving medication safety. The hospi-
tal pharmacist usually plays a prominent role in
institutional committees dedicated to patient safety
and quality of prescribing, such as the P&T commit-
tee, the FONA committee or the integrated patient
safety team. This role enables the pharmacist to
improve the quality of pharmacotherapy at an or-
ganisational level. Pharmacist participation on med-
ical rounds is common in many hospitals and has
been proven to prevent errors, lower drug costs and
reduce ADEs in, for example, intensive care and
general medicine units./*84% The essential difference
of this approach to that of traditional pharmacy
practice is the proactive role of the pharmacist in
influencing prescription at the time that the deci-
sions are made. Compared with the traditional reac-
tive approach, for example by checking prescrip-
tions and correcting prescribing errors, participation
on medical rounds is much more effective and chal-
lenging and the specific expertise of the pharmacist
is much better utilised.

Limited human resources may restrict pharmacist
participation on ward round teams in all of the
medical units of a hospital, necessitating selection of
patients at risk for ADEs. Because of a lack of
comparative intervention studies, no clear criteria
for selection of high-risk patients are available.
However, in clinical practice, patients are selected
who are severely ill, have complex and multiple
diseases, are using multiple drug therapies, are of
either age extremity, have organ failure or are re-
ceiving multidisciplinary treatment. In fact, such
identification of patients with potential for ADEs
using clinical rules is an effort to select patients at
high risk and to use limited resources most efficient-
ly.

Hospital pharmacists should take initiatives to
develop, introduce and implement novel technolo-
gies and methods such as CPOE systems, ADMs,
BPOC systems and intravenous drug admixture ser-
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vices in order to optimise the drug distribution
chain. Moreover, the specific knowledge of the hos-
pital pharmacist can also be utilised in the training
and education of medical and pharmacy students,
medical residents, physicians and nurses.

5. Conclusion

Hospital pharmacists are best placed to oversee
the quality of the entire drug distribution chain, from
prescribing, drug choice, dispensing and prepara-
tion, to the administration of drugs, and they can
fulfil a vital role in improving medication safety.
Most elements of the drug distribution chain can be
optimised; however, because comparative interven-
tion studies are scarce, there is little scientific evi-
dence available to demonstrate improvements in
medication safety through particular interventions.
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