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Abstract

Aims To examine a representative case series of drug and related therapeutic adverse
events in New Zealand public hospitals with a view to assessing their occurrence,
causation, patient impact and preventability.

Methods An analysis was carried out on 192 drug and related therapeutic adverse
events classified by reviewing physicians. These were identified from among 850
adverse events determined by two-stage retrospective review of a representative
sample of 6579 medical records drawn from 13 public hospitals in 1998.

Results  One fifth of all adverse events were in the combined group, comprising drug
(15.4%) and related therapeutic (7.3%) incidents. In comparison with other adverse
events these incidents appeared to be more common among older patients, were less
likely to have occurred in hospital, and had slightly less impact on patients.
Cardiovascular drugs accounted for nearly half of drug events; poor infection
management, by contrast, was the dominant factor among related therapeutic events,
with problems in cardiovascular management also important. Inadequate monitoring
and follow up of medication was identified as the most common reason for failure to
prevent both drug and related therapeutic adverse events.

Conclusions  This study shows that morbidity related to medications is extensive.
Drug-related adverse events are frequent and many are preventable. Better monitoring
and more appropriate medication choice for individuals are the most common
prevention strategies identified.

The recently completed New Zealand Quality of Healthcare Study (NZQHS)
examined 6579 medical records using two-stage retrospective review applied to a
representative sample of hospital admissions for the calendar year 1998. The sample
was drawn by systematic list selection, after the exclusion of specialist institutions,
from 13 public hospitals providing acute care and with over 100 beds. The main aim
was to quantify the impact of adverse outcomes of healthcare management in the New
Zealand public hospital system.1

The NZQHS reported that 12.9% of public hospital admissions were associated with
an adverse event,1 a rate that is similar to those recorded for Australia (16.6%) and the
United Kingdom (10.8%) in comparable studies.2,3 Half of these events in New
Zealand were preventable and occurred inside hospital and, of these, 7.5% were
associated with pharmacological treatment and 10.7% with therapy-related incidents.4

The United States (US) report on the quality of care by the Institute of Medicine has
raised international awareness of the incidence and effects of adverse drug events in
hospitals, concluding that, although not all adverse drug events result in actual harm,
those that do are costly.5 Therefore, the principal objective of this paper is to assess
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the situation in New Zealand by ‘getting behind’ such aggregate figures and
examining in greater detail this important subset of adverse events. Hence, these
events are presented as a representative case series and analysed according to their
occurrence, causation and preventability, as well as their patient impact and
implications for improved patient care.

Methods
The method of data collection used in the NZQHS, as reported elsewhere,6 was based on that used in
the Harvard Medical Practice Study (HMPS)7,8 and the Quality of Australian Health Care Study
(QAHCS).2 It involved structured, implicit review of randomly selected hospital records, seeking
evidence of potential harm to patients attributable to healthcare management.
An adverse event (AE) was operationally defined as: (1) an unintended injury; (2) resulting in
disability; and (3) caused by healthcare management rather than the underlying disease process.
Patient impact was measured by disability defined as temporary, lasting up to a year, or permanent
impairment of function, or death. Attributable bed days refer to those extra days associated with an AE
that were spent in the study hospital during one or more admissions.
Preventability was assessed as an error in healthcare management due to failure to follow accepted
practice at an individual or system level.

Figure 1. Examples of drug and related therapeutic adverse events (AEs)

Examples of drug AEs

64-year-old woman, on metoprolol and diuretic for hypertension. Developed upper respiratory tract
infection, prescribed co-amoxyclav. On Day 2 developed vomiting and diarrhoea, and continued all
medicines. Admitted to hospital Day 4, with severe dehydration. Given 3 litres of intravenous normal
saline in a few hours and developed pulmonary oedema, requiring frusemide.
Sequential AEs – medication-related diarrhoea and dehydration, then iatrogenic fluid overload.
High preventability: initial prescription of antibiotic probably not indicated; unmonitored use of IV
saline.

71-year-old man given ibuprofen for acute gout. He was on eight other medications at the time. Had a
large haemorrhage from the upper GI tract, and was admitted to hospital shocked. He was resuscitated
successfully with blood and IV fluids, but later developed infection at IV access site. Treatment for
this precipitated diarrhoea with C. difficile toxin in stools.
Sequential AEs: medication-related GI bleed, IV line infection, antibiotic-induced colitis.
Moderate preventability: high-risk patient not given gastrointestinal protection.

Examples of drug-related therapeutic AEs

29-year-old woman presents with second thromboembolic episode in nine months. After the first she
had been shown to have activated protein C resistance, but warfarin was given for six months only;
DVT recurred after warfarin discontinuation.
AE related to non-use of indicated treatment.
High preventability: long-term warfarin use indicated.

64-year-old man admitted intoxicated and with a fractured ankle. Despite the history of heavy,
prolonged alcohol use, no withdrawal prophylaxis was given. After open reduction of his fracture, he
developed delirium tremens and required additional days in hospital.
AE related to incomplete assessment of risks and non-use of indicated therapy.
Moderate preventability: patient at high risk of withdrawal syndrome.
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AEs were classified by study reviewers into a number of clinical areas, including ‘operative’, ‘system’,
‘drug’, ‘therapy’, ‘diagnosis’, ‘procedure’, and ‘other’.6 Those AEs attributed to the ‘drug’ and
‘therapy’ areas are further analysed here, using the data provided by the medical reviewer applying the
study instrument Review Form 2 (RF2). Each AE was identified from patient records and then detailed
in the clinical summary portion of the RF2. An AE was classified as drug related where medication
was implicated in patient harm as shown in the upper panel of Figure 1. Therapeutic AEs, as shown in
the lower panel of Figure 1, involved correct diagnosis but inappropriate or delayed treatment.
However, for the purposes of the current analysis, only a subset of this otherwise relatively
heterogeneous category is included. These are management problems involving medications and fluids;
other events involving surgical management problems will be reported elsewhere.
A judgement on the degree to which an individual AE was preventable was also made. The reviewer
scored causation and preventability on a scale of 1 to 6, where 1 represents no evidence of causation or
preventability, 6 represents virtually certain evidence, and 3 and 4 are ‘close calls’ either side of a
50:50 likelihood.6

The analysis in this paper focuses on medication-related AEs. Therefore, where a common variable for
both drug and related therapeutic AEs existed, it has been analysed for the combined group and
compared with other AEs.

Results
There were 131 (15.4%) ‘drug’ AEs (the second most numerous clinical area after
‘operative’) from a total of 850 AEs. There were another 89 AEs classified as
‘therapeutic’, 61 of which were related to overall medical management and are
included in this series. This gave a subtotal of 192, 22.6% of the total 850, for this
analysis of drug and related therapeutic AEs. The patients in this combined group
were older than those from the other AE groups, had slightly less additional bed stay,
and slightly less disability due to the AE (Table 1). Drug and related therapeutic AEs
were more likely to occur outside hospital; 40.1% compared with 13.7% for the other
AE group.

Table 1. Distribution of combined drug and related therapeutic adverse events
(AEs) and other AEs by mean age of patient, patient impact and location

All AEs Drug and related
therapeutic AEs

All other AEs

Number 850 192 658
Mean age of patient (years) 51.5 58.6 49.4
Mean added bed days 9.3 7.5 9.8
Patient impact (%)
Disability <1 month
Disability 1–12 months
Permanent disability
Death
Unable to determine from medical record
Total

61.6
19.1
10.1
4.5
4.7
100

71.9
12.5
8.3
3.1
4.2
100

58.6
21.0
10.8
4.8
4.8
100

Location, n (%)
Occurred out of hospital
Occurred in hospital

167 (19.6%)
683 (80.4%)

77 (40.1%)
115 (59.9%)

90 (13.7%)
568 (86.3)

In Table 2 the two classes of AE are broken down into their major groups or
categories. For medication-related AEs, cardiovascular drugs were by far the largest
contributor, making up nearly half the total. Cardiovascular drug problems were
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dominated by angiotensin-converting enzyme inhibitors (ACE inhibitors) and/or
diuretics, which produced 24 AEs, all involving elderly patients who experienced
dehydration, hypotension, syncope or renal failure. Warfarin caused similar numbers
of problems to low-dose aspirin (seven and eight respectively), nearly all
haemorrhage for both. The centrally acting drugs (responsible for 23 AEs, 17.5%)
were a diverse group, with sedation and CNS depression the most common
consequences of their use. Eight of these reports concerned opiates, five relating to
opiate-induced respiratory depression or coma. Nonsteroidal anti-inflammatory drugs
(NSAIDs) were responsible for nine incidents, involving upper gastrointestinal (GI)
bleeds or ulcers (6) or renal failure (2). Antibiotics accounted for 18 incidents, the
most common being related to cephalosporins (9) and penicillins (5). There were nine
instances of antibiotic-induced diarrhoea. Three of these cases (all involving
cephalosporins) had definite Clostridium difficile superinfection, but in most of the
others this toxin was not sought. Seven hypersensitivity reactions to antibiotics were
recorded, but on further review two were excluded as being of very dubious
hypersensitivity. Of the five with definite allergic reactions, four involved beta-lactam
antibiotics; of these two had previously documented penicillin allergy, one had an
identical reaction to cefuroxime, and one was given penicillin and flucloxacillin
causing a serious systemic reaction.

Table 2. Distribution of adverse events among main drug groups and therapeutic
categories

Main drug groups n %
Cardiovascular
ACE inhibitor and/or diuretic
Low-dose aspirin alone
Warfarin alone
Combination of anticoagulants
Amiodarone
Beta-receptor antagonist
Calcium antagonist
Digoxin
Lipid lowering

59
24
8
7
4
4
4
4
2
2

45.1

Central acting
Opiates
Other

23
8
15

17.5

Antibiotics
Cephalosporins
Penicillins
Other

18
9
5
4

13.7

Nonsteroidal anti-inflammatory 9 6.9
Other 22 16.8
Total 131 100
Main therapeutic categories
Poor infection management
Poor cardiovascular management
Poor fluid management
Other

31
15
7
8

50.8
24.6
11.5
13.1

Total 61 100
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Of the 61 therapeutic AEs in this analysis there were 31 cases in which poor infection
management was at the basis of the AE. In 22 of these cases (71%) the antibiotic
choice was inappropriate for the known or likely bacteria present, or the course was
too short, or it was given too late. In a further four cases, both poor drainage or wound
care and inadequate antibiotic treatment were noted. All resulted in prolonged hospital
stay or readmission with unresolved or recurrent infection.

There were 15 instances in which cardiovascular medication use was considered to be
incorrect – too much, too little, inappropriately discontinued, or poorly monitored –
and at the basis of the AE. These incidents involved the use of warfarin (4 instances),
rate-control agents being inadvertently withdrawn (3), and four instances in which
treatment for heart failure was inadequately monitored. There were seven cases of
poor fluid management, four where excess intravenous fluid was given with
consequent pulmonary oedema, and three patients excessively dehydrated. Of the
eight miscellaneous cases, two adult patients with depression overdosed on
medication supplied to them on their initial admission, and one child overdosed on
adult medicine.

Where preventability was identified, the reviewer was required to indicate what steps
might have been taken to secure prevention of an event; for the combined drug and
related therapeutic group the reasons for failure to prevent AEs are shown in Table 3.
Failure to prevent the AE was most commonly seen as a consequence of inadequate
monitoring of medication (32.9%), and inappropriate choice of medication (17.5%).
Other data show that, for 35 of the drug AEs, system factors were also implicated in
causation. Analysis of these shows that, again, failure to monitor patients adequately
was the most common problem.

Table 3. Distribution of preventable drug and related therapeutic adverse events
(AEs) by reason for failure to prevent

Reasons n %
Inadequate monitoring, follow up
Inappropriate, outmoded therapy
Failure to act on results
Doctor/other practising outside expertise
Failure to perform indicated test
Failure to prevent accidental injury
Avoidable delay in treatment
Failure to check drugs/equipment
Other

47
25
16
10
7
7
4
4
23

32.9
17.5
11.2
7.0
4.9
4.9
2.8
2.8
16.0

Total 143 100

It should be noted that, in data not presented here, there were four deaths attributed to
drug AEs. Two patients were frail and elderly, and suffered consequences of the
administration of ACE inhibitors/diuretics and sedating agents that began the spiral of
events till death. The other two had antibiotic-related problems: one elderly patient
with C. difficile diarrhoea, and one young patient with superinfection and multiple
organ failure in the context of multiple antibiotic use. The deaths were all considered
highly related to the use of the drug concerned (high scores for both causation and
preventability).
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Discussion
More than 20% of all adverse events identified in New Zealand public hospitals were
drug or related therapeutic adverse events, with the former alone accounting for 15%.
The prevalence of drug AEs in this sample is comparable to that in the QAHCS
(15.4% v 10.8%), and the predominant medications implicated in these events are
strikingly similar.2

Patients suffering drug or related therapeutic AEs were on average older than those
from other AE groups (Table 1). This result is similar to the American study, where
both drug-related and therapeutic-related adverse events increased with age.8 Among
all medications involved, cardiovascular drugs were those most often implicated
(Table 2) and, of those, ACE inhibitors and diuretics caused the most morbidity.
Antibiotic diarrhoea and hypersensitivity were common, and antibiotic choice was
often inappropriate for the organisms involved, thus leading to the prolongation or
recurrence of infection.

The most common prevention strategies identified were better monitoring of
medications with a high likelihood of causing side-effects, and more appropriate
medication choice for individuals (Table 3).

The strength of this study is its nationally representative sample of New Zealand
hospitalised patients and its internationally based methodology. Furthermore, there is
a degree of consistency of certain findings with those of the Australian2 and
American8 studies.

This method of retrospective record review for identifying AEs has limitations,
including only moderate reliability between reviewers,9 but remains one of the better
means so far developed to gauge the adverse impact of medical care on patients. The
method does not identify those situations where, despite inappropriate medication,
there are no measurable unwanted effects. Thus this type of review does not highlight
potential problems and near misses.

Adverse effects of medicines are frequent and often severe.10 This study suggests that
AEs due to medications have a high potential for preventability if proper knowledge
and thought goes into the prescription, and proper monitoring of the patient is
undertaken. In a recent study of prevalence of medication errors in the US it was
found that 56% of adverse drug events detected were due to prescribing errors and
44% to the drug’s administration.10

Many trials have demonstrated that morbidity and mortality can be reduced if
cardiovascular medications are given to patients with established heart disease or
hypertension (eg, beta-blockers, ACE inhibitors, A II blockers, spironolactone,
statins, aspirin, and warfarin).11 But the trial patients are carefully selected and seldom
match the frailty and the comorbidities of our hospitalised elderly.12 It is essential that
the evidence base of practice includes a realistic assessment of the probability of
doing good rather than harm with medications, and that monitoring and early
discontinuation are high on the agenda.

However, there are also an important number of patients for whom the AE was related
to the non-prescription of indicated medication; whether or not such treatment would
have prevented the situation that led to the admission remains speculative, but is
assumed in the determination of AEs.
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Good prescribing of medication is a challenge that requires correct diagnosis and
correct choice of agent, plus the exercise of judgement as to the suitability of the
treatment for a given patient. When prescribing for the frail elderly in particular, but
also for the chronically impaired or the otherwise healthy individual, the questions to
ask are: ‘What am I trying to achieve for this patient with this medication?’ and ‘What
is the likely balance of benefit to harm?’ If the answer to either of these lacks a clear
rationale, the prescription likewise may not be justified and should not be issued. The
use of any one, and particularly all three, of the ACE inhibitor, diuretic, and NSAID
in the frail elderly is particularly hazardous. These medications should be prescribed
with great caution and for good reason, and their use should be monitored carefully
and discontinued early.13

Computer software to assist the prescriber is now available and its use should improve
patient safety, by identifying other drugs or coexisting conditions that would make a
new prescription particularly hazardous. Such programmes promise much in decisions
about the best drug, the best dose and the safe combinations, and in some situations
have been shown to reduce harm from the use of medications.14–16

A major finding of this study is the amount of morbidity associated with antibiotics,
and resulting from the use of an inappropriate antibiotic or inadequate duration of
antibiotics for severe infections. Antibiotic prescriptions are among the most
common, both in and out of hospital, and antibiotic resistance is an increasing
problem worldwide, requiring optimal targeting of antibiotic to organism. Pestotnik
reports on the value of a computer-assisted decision support system with local
antibiotic guidelines embedded, to achieve more appropriate antibiotic use, at lesser
cost, despite greater overall antibiotic use.17

In summary, this analysis of a representative case series of drug-related AEs in New
Zealand public hospitals shows that there is substantial morbidity related to
medications; this morbidity is worse for older individuals and it causes a significant
extra load on inpatient beds. Commonly used drugs cause the most frequent problems;
there is some predictability and a moderate degree of preventability about these
events. New approaches to drug prescribing and monitoring are needed.
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