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Abstract
Objective. To assess the frequency of adverse drug event (ADE)-related admissions (ADE-RAs) during a prospective

medical record review of patients admitted to a metropolitan tertiary referral hospital.
Methods. PotentialADE-RAcaseswere identified by examination of case records of randomly selected patients. Cases

were assessed by an expert panel to measure study outcomes, which were the frequency (ADEs and ADE-RAs) as well as
type, likelihood of causality, severity, avoidability and detection of ADEs.

Results. Of the 370 subjects, 59 (16.0%) had a confirmed ADE-RA, with 15 (4.1%) of these serious and preventable.
The 59 ADE-RAs were a result of 72 discreet ADEs. Adverse drug reactions were the most common type of ADE, followed
by non-compliance. Of the 72 discreet ADEs, 31.9%were classified as ‘probable’ or ‘highly probable’.Most ADEs (54.2%)
were classified as ‘definitely avoidable’, 34.7% were classified as ‘severe’ and 21.8% were classified as both ‘definitely
avoidable’ and ‘severe’. Half theADEswere detected after the patient had been admitted andmost were detected bymedical
practitioners. Antineoplastics followed by antidiabetic agents were most frequently implicated.

Conclusions. Implementing a systems approach that involves multiple strategies, such as improving tertiary-to-
primary care information transfer and promoting medication adherence through education programs, is necessary to tackle
the problem of avoidable ADE-RAs and the associated cost burden.

What is knownabout the topic? It is estimated that 2–3%ofAustralian hospital admissions are due to adverse drug events
(ADEs), but recent data are lacking.According to theAustralian Statistics onMedicines, over 250million prescriptionswere
dispensed in 2007, compared with just under 180million in 1997. This 40% increase in drug utilisation over the 10 years
surpasses the Australian population growth of 14% in the same period. An increase in drug use per person indicates that the
rate of ADEs and possible ADE-related admissions (ADE-RAs) is likely to have increased.
Whatdoes this paper add? This prospective studywas conducted at a largeAustralianmetropolitan teaching hospital and
we report that 59 of 370 participants (16.0%) presenting to the Emergency Department had a confirmed ADE-RA, with 15
(4.1%) presenting with a serious and preventable ADE-RA.
What are the implications for practitioners? The findings of this study support implementing a systems approach
involvingmultiple strategies to tackle the problem of avoidableADE-RAs and the associated cost burden. This study reveals
that half the ADEs were not detected until after the admission process, which reinforces the importance of focusing efforts
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towards preventing ADE-RAs and detecting ADE-RAs through measures such as those recommended in the Australian
Pharmaceutical Advisory Council guiding principles.

Received 3 December 2012, accepted 8 October 2013, published online 19 December 2013

Introduction

Adverse drug events (ADEs) incorporate many types of drug-
related problems, including adverse drug reactions (ADRs).
Although an ADE relates to any unintentional harm to a patient
caused by drug use, misuse or non-use, an ADR is specifically a
response to a drug that is unintended, unexpected, undesired or
excessive.1

Miller et al. found that of 8215 general practitioner (GP)
encounters, 10.4% of patients reported experiencing an ADE
over a 6-month period in 2003–04.2 Roughead and Lexchin
estimated that 2millionAustralians experience anADEannually,
of which half are moderate or severe with 138 000 requiring
hospitalisation.3 Further, a recent review by Roughead and
Semple4 concluded that 2–3% of Australian hospital admissions
are medication related, representing an estimated 190 000 med-
ication-related hospital admissions per year,with associated costs
of A$660million. Studies by Galbraith5 and Dartnell et al.6

indicate that unplanned admissions via the Emergency Depart-
ment (ED) are even more likely to be medication related, with
the authors reporting that ADEs account for 6.4% and 5.7%
of admissions, respectively. In addition, a 2009 report by the
National Prescribing Service concluded that approximately
5.6% of general hospital admissions and 30.4% of hospital
admissions in patients 75 years and older in Australia are related
to ADEs.7 Of the Australian studies that have assessed prevent-
ability, Roughead and Semple4 found that approximately 50%
of ADE-related admissions (ADE-RAs) were potentially
preventable.

ADE-RAs can be determined by various prospective and
retrospective methods. A review of the international literature
shows the frequency of ADE-RAs being 1.4–30.4% when
determined prospectively.6,8–15 When Capuano et al.,8 Chan
et al. ,9 Dartnell et al.6 and Malhotra et al.12 examined causality
between drug and ADE, they found that events were either
‘definitely’ or ‘probably’ due to drugs in 8.9%, 61.4%, 62.0%
and 27.7% of cases, respectively. Each study used a different
method to determine causality: Capuano et al.6 used the Naranjo
Algorithm,16 which is commonly used to assess causality of
ADRs, Dartnell et al.6 used criteria modified from Karch and
Lasagna,17 whereas Chan et al.7 and Malhotra et al.10 defined
their own criteria for causality.

Studies examining age and ADE-RAs have demonstrated
that older patients are more likely to be hospitalised due to
ADEs.7,14,15 Conversely, no clear link has been found between
the likelihood of ADEs and gender.9,13,15

The few studies that have investigated the severity of
ADE-RAs have shown that 15.7–38.8% of ADEs that lead to
admission are severe.9,13,15 Several studies have also evaluated
avoidability, reporting that 5.5–55.5% of these ADEs are avoid-
able.6,9,13 Substantial variation in the reported frequency of
ADE-RAs and the lack of published studies investigating the
severity and avoidability of ADEs necessitates further research.

According to the Australian Statistics on Medicines, over
250million prescriptions were dispensed in 2007, compared
with almost 180million in 1997.18,19 This 40% increase in drug
utilisation over the 10 years surpasses the Australian population
growth of 14% in the same period,20,21 indicating that the rate
of ADEs and possible ADE-RAs may also have increased. Data
from hospital ADR reports and the Pharmaceutical Benefits
Scheme support this theory, demonstrating that as drug utilisation
increases, so do ADR rates.22

Finally, investigation into the detection of ADEs is lacking.
In particular, only one known study6 has examined which health
professionals detect ADEs, and none has determined how long
after presentation to the ED the detection of ADEs occurs.

The present prospective study investigated the frequency
of ADEs and ADE-Ras, as well as the likelihood of causality,
severity, avoidability, timing and details of personnel involved
in the detection of ADEs.

Methods

Patients admitted via the ED of the Royal Adelaide Hospital, a
640-bed metropolitan public tertiary acute care adult teaching
hospital, were randomly selected to undergo a prospective
review to detect possible ADE-RAs over an 8-week period
between May and July 2009.

Ethics approval was obtained for the study from the Royal
Adelaide Hospital and the University of South Australia Human
Research Ethics Committees.

Participants were identified via a hospital-generated list of all
ED admissions each working day through the careconnect.sa
clinical reporting system. All patients were assigned a consecu-
tive number and 10 subjects were selected each day using a
computerised random number generator.

All patients admitted via the ED during the study period were
eligible for inclusion, except for those whose admission was
associated with intentional overdose or poisoning, accidental
poisoning with non-therapeutic substances or alcohol or illicit
drug intoxication. This distinction was made to distinguish
patients with accidental medication-related overdoses from those
who were intentionally trying to cause self-harm, or where
therapeutic medications were not involved. In addition, patients
admitted during the weekend or on public holidays and dis-
charged before the next working day were excluded from the
study.

Medical records, including drug charts, were reviewed im-
mediately after admissionanddemographic andclinical datawere
recorded in a purposefully developed form. Information from
careconnect.sa clinical information (using Open Architecture
Clinical Information System) and separation summaries were
also used when applicable. Cases of potential ADE-RAs were
identified by the presence of one or more of the following key
indicators: (1) diagnosis of a drug-related condition; (2) pre-
hospital use of a medication known to cause the admitting
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diagnosis; (3) omission of a medication, where omission is
known to cause the admitting diagnosis; and (4) presence of
drug interactions known to cause the admitting diagnosis. The
time of detection of the possible ADE and the type of health
professional involved in documentation were also recorded. The
progress of all subjects was followed to Day 3, with the patients’
clinical pharmacists notifying the project team if an ADE was
detected after Day 3. All participants with a suspected ADE-RA
were followed to discharge. Possible ADE-RA cases that were
initially identified were reviewed by at least two other project
clinical pharmacists. Following consensus agreement among the
investigators, possible ADE-RA cases were forwarded to an
independent panel for review. In the absence of adequate support-
ing information, the potential ADE-RA was not forwarded.

The study outcomes were the frequency (ADEs and ADE-
RAs) aswell as type, likelihoodof causality, severity, avoidability
and detection (time and health professional involved) of ADEs.

Data were analysed according to subject demographics and
drug class involved in the ADE-RAs. Drug classes were grouped
according to the World Health Organization’s anatomical ther-
apeutic chemical (ATC) code for drug utilisation.23

The panel included a clinical pharmacologist, a cardiologist
and two clinical pharmacists. The panel received specific training
before independently assessing each suspected ADE according
to the study outcomes. Where there were two or more ADEs for
one subject that were equally judged as the primary cause of
admission, they were assessed individually. Where there were
two ormore drugs that contributed to anADE, theywere assessed
individually, unless they caused the ADE via the same pharma-
codynamic mechanism or there was evidence or a likelihood that
the ADE could be caused by the combination of drugs. Discre-
pancies between panel members’ independent assessments were
discussed in a group consisting of each panel member, the
principal investigator and one other project investigator. The
majority of differences resulted from various interpretations of
the case summaries and, once the details were clarified, the
assessment was made unanimously. Aside from these, discre-
pancies were resolved through debate of the current guidelines
and clinical opinion until consensus was reached.

Any ADE that was confirmed by the panel as being a major
contributor to the primary cause of admission was included as an
ADE-RA and contributed to overall frequency.

ADEswere classified according toHepler and Strand,24 based
on previous work by Strand et al.,25 who categorised drug-
related problems as ‘Untreated indications’, ‘Improper drug
selection’, ‘Subtherapeutic dosage’, ‘Failure to receive drugs’,
‘Overdosage’, ‘Adverse drug reactions’, ‘Drug interactions’ and
‘Drug usewithout indication’. ADEswere allowed to be assigned
to more than one category if necessary (e.g. if a patient with
known peptic ulcer disease was prescribed a non-steroidal anti-
inflammatory drug and developed a bleeding ulcer, the ADE
would be categorised as both ‘Improper drug selection’ and
‘Adverse drug reaction’).

The probability that the ADE was caused by a particular drug
or group of drugs was identified in two ways. Where the ADE
was classified as an ADR, Jones’ algorithm26 was used, which
classifies the likelihood of causality as ‘highly probable’,
‘probable’, ‘possible’ or ‘remote’.Where the ADEwas classified
as any other type of ADE, Jones’ algorithm was found to be

inappropriate and causality was instead assessed using clinical
judgement. Where more than one drug was ceased or recom-
menced simultaneously, causality for all drugs was either
‘remote’ or ‘possible’, unless that particular combination of
drugs was a plausible cause for the ADE in question.

The severity of suspectedADEswas assessedusing amodified
Pearson classification,9withADEs classified as either ‘moderate’
(the ADE was the major contributor to the reason for hospital
admission, with or without requiring a change in therapy or
specific treatment) or ‘severe’ (the ADE was life threatening,
caused permanent damage or required intensive care). The ‘mild’
classification was not used because, by definition, these ADEs
were not a major contributor or did not lead to admission.

Suspected ADEs were assessed for avoidability using the
criteria of Chan et al.9 The ADEs were classified as ‘not
avoidable’, ‘possibly avoidable’ or ‘definitely avoidable’.

Where the panel confirmed an ADE, the details surrounding
ADE detection were included for analysis. The time of detection
was classified as ‘before presentation’ (e.g. if detection was
made by the patient’s GP), ‘ED admission’, ‘medical admission’
or by the number of days since admission. The health profes-
sionals who detected ADEs were grouped by profession or job
title.

Results were analysed using descriptive statistics and are
expressed as the median with the interquartile range (IQR) in
parentheses, where applicable, and/or as the mean� 95% confi-
dence interval (CI). Differences in age, sex, length of stay and
numberofmedications takenbefore admissionbetween theADE-
RA and non-ADE-RA groups were analysed using unpaired
two-tailed Student’s t-tests in Microsoft Excel (Microsoft Cor-
poration, Redmond, WA, USA); P < 0.05 was considered
significant.

Results

During the study period, 2815 patients were admitted to the
RoyalAdelaideHospital via theED.Of the 400patients randomly
selected to participate in the study, 370were eligible for inclusion.

There were 199 (54%) men and 171 (46%) women. The
overall median (IQR) age of the subjects was 64 (46–80) years
(mean� 95% CI 61.19� 2.15 years); the median (IQR) number
of medications taken before admission was 5.5 (2–10), with a
mean (� 95% CI) of 6.44� 0.55 medications. The median
(IQR) length of stay was 5 (3–11) days (mean� 95% CI
9.51� 1.36days).Themortality ratewas4.8%(n= 18); however,
only one of the deceased was assessed as having an ADE-RA.

There were 84 suspected discrete ADEs detected in 65 of the
370 participants (17.6%). Of these, 72 ADEs were confirmed in
59 patients (16% of all patients) following expert panel review.
There were 47 patients who had one confirmed ADE, 11 patients
who had two ADEs and one patient who had three ADEs.

Relationships between participant characteristics and the
presence of an ADE-RA are given in Table 1. Patients with an
ADE-RA tended to be older (mean age 65.36 vs 60.40 years), but
this trend was not supported statistically (P = 0.053). Females
tended to have a higher chance of an ADE-RA thanmales (n= 34
vs 25); however, this difference did not reach statistical signif-
icance (P= 0.064). A greater number of medications taken
before admission was significantly correlated with the risk of an
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ADE-RA (P = 0.003). Admissions that were ADE related were
not found to have a greater length of stay than non-ADE-RAs
(P = 0.634).

The 72 confirmedADEswere classified by category, using the
eight categories of drug-related problem identified by Hepler and
Strand.24 Because 11 of theADEs fit into two different categories
of ADE and three were applicable to three different categories,
there was a total of 89 discrete classifications. Figure 1 shows the
frequency of ADE according to category.

With respect to the likelihood of causality,most (66.7%) of the
confirmed ADEs were classified by the panel as ‘possible’. A
further 22.2% were assessed as ‘probable’ and 9.7% were clas-
sified as ‘highly probable’. Only one ADE (1.4%) was classified
as ‘remote’.

Most of the confirmed ADEs (65.3%) were classified as
‘moderate’, with the remainder (34.7%) classified as ‘severe’.

Most of the confirmed ADEs (54.2%) were classified by the
panel as ‘definitely avoidable’, with 11.1%classified as ‘possibly

avoidable’ and the remainder (34.7%) classified as ‘not
avoidable’.

Table 2 shows the relationship between severity and avoid-
ability of confirmed ADEs (n = 72).

Examination of the individualADE-RAcases revealed that 15
of 59 were associated with at least one ADE classified as causing
moderate or severe harm, assessed as ‘definitely avoidable’ and
classified with a likelihood of causality as probable or highly
probable, which amounts tomore than one in 25 of all admissions
(15/370; 4.1%) being serious and preventable. Examples of cases
demonstrating assessment of the outcomes are given in Table 3.

Half theADEs (36/72)were detected during theEDprocess by
ED staff or medical or surgical admitting doctors. The other half
(36/72)were not detecteduntil after thepatient hadbeen admitted,
with most of these (24%) being detected within the first 2 days
after admission. Nine (13%) ADEs were detected after discharge
during the panel review, where the newly identified ADE was in
addition to another ADE already put forward to the panel (e.g.
where a panel expert identified a drug interaction in addition to an
ADR that equally contributed to the ADE).

ADEs were most frequently detected by resident medical
officers and registrars (50%), followed by consultants (18%) and
interns (10%). Of the remaining ADEs, 6% were detected by
pharmacists, 1%were detected by a nurse, 1%were detected by a
project investigator, 13%were detected by the panel and 1%were
unknown (not recorded).

Of the 72 confirmed ADEs contributing to admissions, 109
individual drugs were implicated as causative agents.
Table 4 shows the frequency of drug classes (ATC codes)
implicated in ADE-RAs.

Discussion

In the present studywe report that 59of 370patients (16.0%) from
a random selection of ED admissions had a confirmed ADE-
RA. Although there is considerable variability between the
frequencies reported inpreviousprospective studies of unplanned

Table 1. Characteristics of patients with (+) and without (–) adverse
drug event-related admissions

ADE-RAs, adverse drug event-related admissions; IQR, interquartile range;
CI, confidence interval

+ADE-RAs
(n= 59)

–ADE-RAs
(n= 311)

P-value

Age (years) 0.053
Median (IQR) 69 (54.5–83.5) 62 (43.5–80.5)
Mean ± 95% CI 65.36± 4.34 60.40 ± 2.42

No. men :women (% males) 25 : 34 174 : 137 0.064
% Men 42.4 55.9

No. medications
Median (IQR) 8 (0–8) 5 (0–10)
Mean ± 95% CI 8.39 ± 1.36 6.07 ± 0.59 0.003

Length of stay (days)
Median (IQR) 6 (2–10) 5 (1–9)
Mean ± 95% CI 8.85 ± 2.83 9.63 ± 1.53 0.635

Untreated indications
1.1%

2.2%

Improper drug selection

Subtherapeutic dosage

Failure to receive drugs

Over dosage

Adverse drug reactions

Drug iteractions

Drug use withuout
indication

Classification of ADEs (n = 89)

37.42%

11.12% 12.13%

7.8%

4.5%

15.17%

Fig. 1. Classificationof the89 adversedrug events (ADEs) identified in the present
study. ADEs were classified according to Hepler and Strand,24 based on previous
work by Strand et al.25

54 Australian Health Review A. L. Phillips et al.



or ED admissions (range 2.4–30.4%),6,8,9,12–15 the mean rate of
ADE-RAs is 9.2%, which is comparable to the findings of the
present study. If we were to remove an Australian study, which
was restricted to ADE-RAs in elderly patients,9 the mean fre-
quency is reduced to 5.7%, much lower than our reported figure.

Almost one-third (23/72) of all ADEs identified were classi-
fied as ‘probable’ or ‘highly probable’. Of these,more than half of
those detected were classified as ‘definitely avoidable’ (15/23),
and almost half were classified as ‘severe’ (11/23), with one-third
(8/23) classified as both ‘definitely avoidable’ and ‘severe’.
Importantly, almost one-tenth (35/370) of all admissions were
associated with at least one ADE classified as causing moderate
to severe harm that was assessed as ‘definitely avoidable’.
According to the Australian Hospital Statistics, there were
1.65million admissions to Australian hospitals via the ED in
2007–08;27 hence, an estimated 66 891 hospitalisations per year
can be classified as ‘definitely avoidable’ ADE-RAs.

The prospective nature and the small sample size of the study
(n= 370), as well as the extensive experience of the panel
members, enabled a highly intensive review of each case, reduc-
ing the likelihood of overlooking any ADEs, thus potentially
contributing to a higher ADE-RA frequency than reported pre-
viously. The classification of ADEs was broader than used in
previous studies, which also may have contributed to the higher
frequency. Furthermore, 31.9% ofADEswere classified as either
‘probable’ or ‘highly probable’. If the ADE-RAs are restricted to
these cases, the frequency is reduced to 5.1% (i.e. 31.9%of 16%),
which is comparable to most previous studies, in particular those
Australian studies by Galbraith5 and Dartnell et al.,6 which also

focused on all unplanned ED admissions (6.4% and 5.7%,
respectively).

In contrast with some studies,7,14,15 we report no significant
differences in the median age in the ADE-RA versus non-ADE-
RA group. Although there was a trend for more women having
an ADE-RA (34/171; 19.9%) than men (25/199; 12.6%), the
difference did not reach statistical significance. These findings
are consistent with other studies in which age and gender were
identified as poor predictors of the occurrence of an ADE.9,13

ConsistentwithMalhotra et al.12 andChan et al.,9who studied
elderly populations, we found the number of medications taken
before admission was significantly higher in the ADE-RA com-
pared with the non-ADE-RA group.

A distinctive aspect of the present study was to identify
when and by whom ADEs were first detected. Although
patients with ADE-RAs were not shown to have longer lengths
of stay than non-ADE-RAs, it is plausible to argue that where
there is an ADE-RA, early detection may result in a shorter
hospital stay and reduced harm to the patient. Only one known
study by Dartnell et al.6 has reported the rate of drug-related
problems identified by the medical team (87%) or the phar-
macist (13%); however, they did not detail the time to detec-
tion or elaborate on the pharmacist’s role in ADE
identification. We found most ADEs were detected by medical
staff during the admission process while compiling a compre-
hensive medical and medication history and determining the
presenting complaint. However, half the ADEs were detected
after admission and had been hindered by an incomplete
medication history. It has been shown that a pharmacist
compiling comprehensive medication histories and conducting
medication reconciliation on admission reduces the likelihood
of ADRs occurring,28 suggesting that earlier involvement by
pharmacists may lead to earlier detection of more ADE-RAs.
Implementation of the Australian Pharmaceutical Advisory
Council (APAC) guiding principles is intended to ensure the
early completion of medication histories and reconciliation,29

and enable earlier detection of ADE-RAs.
The likelihood of causality ofADEs contributing to admission

was classified as ‘probable’ or ‘highly probable’ for 31.9% of
cases. Capuano et al.,8 Chan et al.,9 Dartnell et al.6 and Malhotra
et al.12 reported that 8.9%, 61.4%, 62.0% and 14.4%, respec-
tively, of ADEs investigated had a likelihood of at least

Table 2. Severity and avoidability of confirmed adverse drug events
(n= 72)

Data show the number of events in each category, with percentages in
parentheses

Avoidability Severity
Moderate Severe Total

Definitely avoidable 24 (33.3%) 15 (20.8%) 39 (54.2%)
Possibly avoidable 6 (8.3%) 2 (2.7%) 8 (11.1%)
Not avoidable 17 (23.6%) 8 (11.1%) 25 (34.7%)

Total 47 (65.3%) 25 (34.7%) 72

Table 3. Examples of adverse drug events contributing to admissions

Likelihood of causality
Highly probable 26-year-old male diabetic with severe diabetic ketoacidosis following non-compliance with insulin
Probable 67-year-old male with sinus bradycardia secondary to atenolol in the setting of acute renal failure
Possible 67-year-old female with an exacerbation of chronic obstructive pulmonary disease following the unintentional cessation of

inhaled fluticasone and salmeterol
Remote 81-year-old male with an exacerbation of congestive cardiac failure in the setting of concurrent pulmonary embolism and

lower respiratory tract infection following a decreased trandolapril dose from 2 to 1mg daily

Severity
Severe 56-year-old female with haemorrhagic stroke due to long-term aspirin and concurrent paroxetine use
Moderate 81-year-old female with dizziness secondary to high-dose sertraline

Avoidability
Definitely avoidable 81-year-old female with seizure secondary to subtherapeutic carbamazepine therapy
Possibly avoidable 70-year-old male with recurrent dizziness due to irbesartan or hydrochlorothiazide and amlodipine use
Not avoidable 74-year-old female with febrile neutropenia following chemotherapy
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‘probable’. These authors used different classifications, which
could account for the wide variation in the reported likelihood of
causality.

The proportion of ADEs classified as ‘severe’ in the present
study was 34.7%, which is higher than that reported by Chan
et al.9 (15.7%)but lower than that reported by Jha et al.10 (77.6%).
Our findings are similar to those of Raschetti et al.13 and Trifiro
et al.,15 who reported 37.7% and 38.8% of all ADEs as severe,
respectively.

The proportion of ADEs in the present study deemed
‘definitely avoidable’was 54.2%. Our results are similar to those
of the prospective studies by Chan et al.9 and Raschetti et al.,13

who reported that 53.4% and 55.5% of all ADEs were ‘definitely
avoidable’, respectively, but in contrast with those of Dartnell
et al.6 and Jha et al.,10 who reported rates of 5.5% and 27.6%,
respectively.Again, the variability in the resultsmay be attributed
to differences in methodology, in particular the quality of the
criteria used to classify avoidability.

We used a similar approach to Chan et al.9 to classify
severity and avoidability. Our results are in contrast with those
reported by Chan et al.9 with respect to severity (34.7% vs
15.7%), but similar with respect to avoidability (54.2% vs
53.4%). Variation in severity between the studies may be
attributed to the fact that the classifications from Chan et al.9

were adapted slightly in our study. Further, because Chan et al.9

restricted their study to the elderly, it is plausible that older
patients are admitted with less severe ADEs more frequently for
precautionary reasons.

Concordant with other reports,6,9,11,13,30,31 ADRs were the
most prevalent type of ADE, accounting for 37.4% of ADEs
overall. Despite many studies now using Hepler and Strand’s
categorisation of ADEs,24 methodologies and definitions contin-
ue to vary from study to study, leading to difficulties in evaluating
the cause of ADE-RAs.

Of concern is the proportion of ADEs attributed to patients
not taking medications due to adherence issues or untreated
indications. The combination of ‘failure to receive drugs’ and
‘untreated indications’ accounted for 37 of 89 of all ADEs
(41.6%), warranting the development of prevention strategies
and further investigation. A systems-based approach should be
used to reduce admissions caused by ADEs (e.g. optimisation of
information transfer between tertiary and primary care providers,
campaigns to improve consumer medication literacy and adher-
ence and computerised decision-making support software to
enable optimised prescribing).

Antineoplastics were the agents most often involved in an
ADE-RA, followed closely by antidiabetic agents, agents acting
on the renin–angiotensin system and antithrombotic agents.
Because previous studies did not follow a standardised code to
group drugs, it is difficult to make comparisons as to which drugs
cause ADE-RAs; however, cardiovascular drugs are consistently
reported as being major contributors.6,8–13,30 In addition, anti-
inflammatory, antithrombotic, anti-infective and antidiabetic
agents are commonly implicated in other studies.6,8–13

A major limitation of the present study was the use of Jones’
algorithm,26 which proved to be unsuitable for assessing the
causality of ADEs that were not ADRs. Thus, clinical judgement
was used to classify all other ADEs, which could have led to
underestimating the probability of causality. Further, without
access to GP and/or private hospital records, it is possible that
someADE-RAswere overlooked or were unable to be forwarded
to the panel due to insufficient supporting information, hence
underestimating the ADE-RA frequency rate. The substantial
time and effort required to conduct a prospective audit such as this
may limit the ability of some institutions to replicate our work;
however, the valuable data gained through such a study may
balance these inconveniences. In fact, in the clinical setting, the
cost of employing more pharmacists to detect and rectify ADEs
earlier may reduce overall hospital costs by minimising patient
morbidity and length of stay. Finally, the modest sample size of
the study and the single study site limits the generalisability of the
results, although it perhaps allowed a more intensive review of
each case.

In conclusion, the present Australian study reports a higher
frequency of ADE-RAs (16%) than reported previously in
international prospective studies.6,8,12–15 Further, more than
one-quarter of ADE-RA cases were associated with at least
one ADE classified as causing moderate or severe harm,
assessed as ‘definitely avoidable’ and classified with a likeli-
hood of causality as probable or highly probable, which
amounts to more than one in 25 of all admissions being serious
and preventable. The findings of the present study support
implementing a systems approach involving multiple strategies
not only to detect ADE-RAs earlier in the admission, thus
potentially reducing patient morbidity and length of stay, but
also to tackle the problem of avoidable ADE-RAs and the
associated cost burden.

Table 4. Frequency of drug classes (anatomical therapeutic chemical
codes23) implicated in adverse drug event-related admissions (n= 108)

ATC code, anatomical therapeutic chemical code

Drug class ATC code No.

Antineoplastic agents L01 15
Antidiabetic agents A10 11
Agents acting on the renin–angiotensin system C09 11
Antithrombotics B01 9
Beta-blockers C07 8
Diuretics C03 8
Sex hormones G03 6
Calcium channel blockers C08 5
PsychoanalepticsA N06 5
Anti-inflammatory and antirheumatic drugs M01 4
Anti-epileptics N03 4
Psycholeptics N05 3
Systemic corticosteroids H02 3
Anti-emetics A04 2
Treatments for bone disease M05 2
Antibacterials J01 2
Antivirals J05 2
Laxatives A06 1
Acid-reducing drugs A02 1
Cardiac drugs C01 1
Lipid-modifying agents C10 1
Immunosuppressants L04 1
Analgesics N02 1
Other nervous system drugs N07 1
Drugs for obstructive airways diseaseB R03 1

AAll drugs implicated were antidepressants.
BAll drugs implicated were corticosteroids.
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