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ABSTRACT

Objectives To compare medication errors identified at
audit and via direct observation with medication errors
reported to an incident reporting system at paediatric
hospitals and to investigate differences in types and
severity of errors detected and reported by staff.
Methods This is a comparison study at two tertiary
referral paediatric hospitals between 2016 and 2020

in Australia. Prescribing errors were identified from

a medication chart audit of 7785 patient records.
Medication administration errors were identified

from a prospective direct observational study of 5137
medication administration doses to 1530 patients.
Medication errors reported to the hospitals” incident
reporting system were identified and matched with errors
identified at audit and observation.

Results Of 11 302 clinical prescribing errors identified
at audit, 3.2 per 1000 errors (95% Cl 2.3 to 4.4, n=36)
had an incident report. Of 2224 potentially serious
prescribing errors from audit, 26.1% (95% Cl 24.3

to 27.9, n=580) were detected by staff and 11.2 per
1000 errors (95% Cl 7.6 to 16.5, n=25) were reported
to the incident system. Although the prescribing error
detection rates varied between the two hospitals, there
was no difference in incident reporting rates regardless
of error severity. Of 40 errors associated with actual
patient harm, only 7 (17.5%; 95% Cl 8.7% to 31.9%)
were detected by staff and 4 (10.0%; 95% Cl 4.0% to
23.1%) had an incident report. None of the 2883 clinical
medication administration errors observed, including 903
potentially serious errors and 144 errors associated with
actual patient harm, had incident reports.

Conclusion Incident reporting data do not provide

an accurate reflection of medication errors and

related harm to children in hospitals. Failure to detect
medication errors is likely to be a significant contributor
to low error reporting rates. In an era of electronic
health records, new automated approaches to monitor
medication safety should be pursued to provide real-
time monitoring.
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WHAT IS ALREADY KNOWN ON THIS
TOPIC

= Hospitalised children are more likely
to experience medication errors and
related harm compared with adults.

= Itis unclear how well incident reports
reflect the extent of medication errors in
paediatric hospitals.

WHAT THIS STUDY ADDS

= Staff detected 26% of potentially
serious prescribing errors and only
reported 1.1% to the incident reporting
system.

= Of the errors associated with actual
patient harm, 82% were undetected
and 90% had no corresponding incident
report.

= Some error types with potentially
serious consequences to patients (eg,
wrong patient and wrong drugs) were
not reported at all.

INTRODUCTION

Paediatric medication errors remain one
of the most important patient safety
issues for children and can have lethal
consequences. > Evidence suggests that
medication errors are more likely to
occur in children than in adults and may
be up to three times more likely to cause
harm.*™ Voluntary incident reporting has
been used to monitor medication errors
and related patient safety risks in hospi-
tals around the world.®” A retrospective
study of medication errors in children
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HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study found incident reporting data do not
provide an accurate reflection of medication errors
and related harm in paediatric hospitals.

= Failure to detect medication errors is likely to
contribute significantly to low error reporting rates.

= Effective interventions to support hospital staff in
detecting and intercepting errors before they affect

hospitalised children are critically needed.

submitted to the US Pharmacopeia’s Medication Errors
Reporting Program found that 31% of the errors were
cited as harmful or fatal.?

Due to the voluntary nature of incident reporting
systems, concerns have been raised about the extent
to which incident reports comprehensively reflect the
extent of the problem of medication errors.” Studies
have indicated staff are generally hesitant to report
patient safety incidents, ' citing concerns around nega-
tive professional and legal consequences.''™ Other
reported barriers to reporting include the characteris-
tics of the safety incident, for example, non-hazardous
and frequently occurring incidents, lack of confiden-
tiality, absence of feedback, lack of knowledge on
incidents, diminished patient trust, feelings of guilt
and pressure, process and systems of reporting, and
absence of a patient safety culture.'' 3 1% 1¢ Paediatric-
focused surveys show that paediatricians are willing to
report errors to hospital incident reporting systems but
identified similar barriers to reporting.'” "

A robust body of evidence has suggested that inci-
dent reporting systems only contain a small fraction
of incidents occurring in practice.’>* This is well
supported by the findings of a 2015 comparative study
at two Australian hospitals comparing medication
errors identified from an audit of 3291 adult patient
records with those reported to the hospitals’ incident
reporting systems.”® Of 12 567 prescribing errors iden-
tified at audit, only 1.2 per 1000 of these prescribing
errors had an incident report. However, specific
studies of medication error detection and reporting by
staff in children are lacking despite evidence that the
causes, severity and types of errors differ from those
in adults.”” 8

Better understanding of incident reporting data
provides insights on the potential causes and contexts
of incidents, which can contribute to the development
of optimal strategies to detect errors and help improve
the quality of healthcare in children. In this study, we
aimed (1) to examine the extent to which medication
errors identified at audit and via direct observation
were reported to an incident reporting system at two
paediatric hospitals and (2) to investigate differences
in types and severity of errors detected and reported
by staff.

METHODS
Study design, setting and incident reporting system
This comparison study involved two major tertiary
referral paediatric hospitals in Sydney, Australia (340
and 180 beds, respectively). These two hospitals
provide tertiary paediatric care to the entire state of
New South Wales (8.2 million population), Australia.
Both hospitals use the same incident reporting system.
Hospital staff members are required to report all
identified clinical incidents, near misses and complaints
to the electronic incident reporting system.?” ** Inci-
dents are defined as any unplanned event resulting in,
or with the potential for, injury, damage or other loss
(including a near miss).”’ Incidents may be identified
at the time they occur or at any time after the event.
Incidents may be identified through several methods,
including direct observation, team discussion, coro-
ner’s reports, mortality and morbidity review meet-
ings, death review processes, staff meeting discussions,
complaints, audits and/or chart reviews. Medication
error is one of the main incident types and there may
be more than one type of incident associated with each
report. Detailed steps on how to manage incidents are
stipulated for hospitals to follow after the incidents are
reported.

Prescribing errors, potentially serious errors and actual
harm identified at medical record audit and errors
detected by hospital staff
Prescribing error data were collected retrospectively
at the two study hospitals using medical chart review
of patients admitted during three time periods: (1)
April-July 2016, (2) June-September 2017 and (3)
June—August 2020. There was a mixture of medical
and surgical wards from each hospital (nine wards
from hospital A and five from hospital B; see online
supplemental appendix S1 for ward descriptions).
Wards included from the two hospitals were broadly
matched in terms of specialties. Emergency depart-
ments, intensive care units and oncology departments
were excluded from the study. Chemotherapy agents
were excluded in the medication chart review. Experi-
enced clinical pharmacists independent from the study
hospitals audited a total of 7785 patient records: 5123
from hospital A and 2662 from hospital B. Errors
were classified into 14 different error types and rated
into five severity levels of potential harm (see online
supplemental appendix S2). High-risk drugs were
defined by the study hospitals as anti-infectives, potas-
sium and other electrolytes, insulin, narcotics/opioids
and sedatives, heparin and other anticoagulants, and
paracetamol (Sydney Children’s Hospital Network
High Risk Medicine Register, 2015). In the analysis,
we excluded paracetamol, which comprised 12.5% of
all medications prescribed, from the high-risk drug list.
Study pharmacists recorded any documented
evidence of errors being detected by hospital staff
(either before or after the errors reached the patients),
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or evidence of actions taken in response to an error, for
example, a request for additional testing or monitoring
of the patient. All relevant definitions and methods of
the chart review process have been published previ-

Actual harm associated with prescribing errors for
specific patients was assessed by a multidisciplinary
harm panel, including paediatricians, paediatric nurses,
pharmacists and clinical pharmacologists. The harm
assessment process was conducted for a subsample
of patients admitted between April and July 2016 at
hospital A who experienced a potentially serious error.
Panel members received a detailed case history of these
patients and assessed each case independently and
then discussed their assessments to reach consensus
as a panel as to whether errors were associated with
actual patient harm.

Medication administration error data

Medication administration error data were collected
through a prospective direct observational study.’' **
The observations were conducted across nine medical
and surgical wards from April to September 2016 in
hospital A, excluding the emergency department,
intensive care units and oncology department. A total
of 298 nurses were observed. Highly trained nurse
researchers watched and recorded 5137 medication
doses administered to a random selection of patients.
The observers collected data at different times of
the day (between 07:00 and 22:00) and on all days
of the week (including weekends). Nurse observers
were instructed to follow a serious error protocol
(see online supplemental appendix S3) in case they
witnessed a potentially serious error or practice that
could result in patient harm. During the study period,
observers did not intervene in any medication admin-
istrations as none met the serious error protocol
guidelines for intervention. Direct observational data
of medications administered were compared with
patients’ medication charts to identify clinical admin-
istration errors which were rated for their potential
harm. This process occurred after all the observa-
tional data had been collected and was conducted by
an experienced nurse, independent from the study
hospital.

Medication administration errors were defined as
administrations which deviated from the prescriber’s
order, manufacturer’s instructions or hospital poli-
cies. Patients with a potentially serious administration
error were selected for further assessment of actual
harm. The same multidisciplinary harm panel reached
consensus as to whether errors were associated with
actual harm to patients. Further details regarding the
methods have been published.*?

Individual patient consent to access retrospective
medication and clinical records was waived.

Data linkage and analyses

This study only included clinical medication
errors (eg, wrong drug, dose, route) and excluded
procedural errors (eg, illegal or unclear orders).
Medication-related incident data were extracted
from the hospitals’ incident reporting system for
all study wards over the same time periods as the
prescribing error and medication administration
error data collection periods. This data extraction
occurred after both audit and observational studies
had finished.

The extracted incident data were reviewed by an
experienced paediatric clinical pharmacist who was
not involved in the audit process for prescribing errors
or the observation for medication administration
errors. Error types and severity were classified based
on the same study protocols and double-checked by
a second reviewer—another experienced paediatric
clinical pharmacist independent from the study hospi-
tals. Reported medication errors and audited/observed
errors were then linked and possible matched/
unmatched cases were again reviewed by the second
research pharmacist to confirm agreement. If multiple
errors were reported on the same incident form, all
reported errors were categorised and recorded.

Incident reporting rates were calculated using the
number of errors reported in incident reports divided
by the total errors identified though medical record
audit. Error detection rates were calculated using the
number of errors with evidence of detection as the
numerator. These rates are presented by hospital, error
severity and error types. Separate rates are presented
for errors involving high-risk medications. The Wilson
score interval method was used for calculating 95%
CIs. Data management was performed in SAS V.9.4
and analysis in R V.4.3.

RESULTS

Comparison of prescribing errors, potentially serious
errors and actual harm identified at audit with
information reported to the hospitals’ incident
reporting system

A total of 11 302 prescribing errors were identified
from a review of 61 116 medication orders from 7785
patient records (table 1), which represents an overall
prescribing error rate of 18.5 per 100 orders (95% CI
18.2 to 18.8). Of these errors, 19.7% (95% CI 19.0%
to 20.6%, n=2224) were rated as potentially serious
errors.

Of 8656 orders involving high-risk drugs, 2321
prescribing errors were identified at audit and 28.6%
(95% CI26.8% to 30.4%, n=663) of these errors were
potentially serious. The prescribing error rate of orders
involving high-risk drugs (26.8 per 100 orders, 95%
CI 25.9 to 27.8; table 1) was higher than of orders not
involving high-risk drugs (17.1 per 100 orders, 95%
CI 16.8 to 17.4). High-risk drugs also had a higher
potentially serious error rate than non-high-risk drugs
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prescribed (7.7 errors per 100 orders, 95% CI 7.1 to
8.2, vs 3.0 errors per 100 orders, 95% CI 2.8 to 3.1,
respectively).

All the prescribing errors reported in the incident
reports were identified through the audit. Of all errors
identified at audit, only 36 had a matching incident
report, equivalent to a reporting rate of 3.2 incident
reports per 1000 identified errors (95% CI 2.3 to 4.4;
table 1). The reporting rate was higher for potentially
serious errors at 11.2 reports per 1000 errors (95%
CI 7.6 to 16.5). Despite higher error rates of high-risk
drugs, high-risk drug errors were reported at similar
rates (3.0 incident reports per 1000 identified errors
involving high-risk drugs, 95% CI 1.5 to 6.2; table 1)
compared with overall errors.

The two hospitals had different prescribing error
rates (table 1). However, incident reporting rates were
not significantly different (hospital A: 26 incident
reports for 6238 errors identified at audit, 4.2 incident
reports per 1000 identified errors, 95% CI 2.8 to 6.1,
vs hospital B: 10 incident reports for 5064 errors iden-
tified, 2.0 incident reports per 1000 identified errors,
95% CI 1.1 to 3.6).

During the period covered by the harm panel assess-
ment at hospital A, 40 clinical prescribing errors
identified at audit were associated with actual patient
harm. Four of these errors were reported to the hospi-
tal’s incident system, a reporting rate of 10.0% (95%
CI 4.0% to 23.1%).

Table 2 presents a sample of prescribing errors iden-
tified at audit with and without incident reports by
error severity levels. Examples of errors associated
with actual harm are also included in the table.

Rates of prescribing errors, potentially serious errors
and actual harm detected by hospital staff at each
hospital

Of 11 302 prescribing errors identified at audit, there
was documented evidence that hospital staff detected
13.4% (n=1514) (table 1). The overall detection rate
of potentially serious errors was 26.1% (580/2224).

The error detection rate for orders involving high-
risk drugs was lower than of orders not involving high-
risk drugs (9.5%, 95% CI 8.4% to 10.8%, vs 14.4%,
95% CI 13.7% to 15.19%). A similar pattern of error
detection was observed for potentially serious errors
(detection rate of errors involving high-risk drugs
19.8%, 95% CI 16.9% to 23.0%, vs detection rate of
errors not involving high-risk drugs 28.8%, 95% CI
26.6% to 31.1%). Of 40 errors associated with actual
harm, only 7 had evidence of being detected by staff
(17.5%, 95% CI 8.7% to 31.9%).

Overall, staff at hospital A detected a higher propor-
tion of prescribing errors than those at hospital B
(15.0%, 95% CI 14.2% to 16.0%, vs 11.4%, 95% CI
10.5% to 12.3%; table 1). However, staff at hospital
B detected more potentially serious errors than their
colleagues at hospital A (30.5%, 95% CI 27.0% to
34.3%, vs 24.4%, 95% CI 22.4% to 26.6%, respec-
tively). The two hospitals had similar error detection
rates for potentially serious errors involving high-risk
drugs.

There was evidence that doctors detected 40.6% of
all detected errors, followed by pharmacists (17.4%)
and nurses (8.7%; table 3). Similar proportions of
potentially serious errors were detected by doctors
(39.1%) and nurses (9.3%), while the proportion
detected by pharmacists dropped to 15.9%.

Table 1  Prescribing errors identified at audit, detected and reported by staff
Errors Errors Errors
Orders identified Error rate per 100 detected Detection rate per reported Reporting rate per

Hospital Patients audited ataudit orders (95% CI) by staff 1000 errors (95% CI) by staff 1000 errors (95% CI)
All prescribing errors

Hospital A 5123 40861 6238 15.3(14.91t0 15.6) 938 150.4 (141.7 10 159.5) 26 4.2(2.8106.1)

Hospital B 2662 20255 5064 25.0 (24.4t025.6) 576 113.7(105.3t0 122.8) 10 2.0(1.1t03.6)

Total 7785 61116 11302 18.5(18.2t0 18.8) 1514 134.0 (127.8 to 141.4) 36 3.2(23t04.4)
Potentially serious errors

Hospital A 5123 40861 1617 4.0(3.8t04.2) 395 244.3(224.01t0 265.8) 20 12.4 (8.0 to 19.0)

Hospital B 2662 20255 607 3.0(28103.2) 185 304.8 (269.5t0342.5) 5 8.2(3.5t0 19.1)

Total 7785 61116 2224 3.6(3.5t03.8) 580 260.8 (243.0t0 279.4) 25 11.2 (7.6 to 16.5)
Al prescribing errars involving high-risk drugs

Hospital A 2906 5591 1044 18.7(17.7t019.7) 139 133.1(113.9t0 155.1) 7 6.7 (3.2t0 13.8)

Hospital B 1376 3065 1277 41.7(39.9t043.4) 82 64.2 (52.0 t0 79.0) 0 0(0to3.0)

Total 4282 8656 2321 26.8(25.9t027.8) 221 95.2 (83.9 to 107.8) 7 3.0(1.5t06.2)
Potentially serious errors involving high-risk drugs

Hospital A 2906 5591 480 8.6(7.9109.3) 94 195.8(162.810233.7) 6 12.5 (5.7 t0 27.0)

Hospital B 1376 3065 183 6.0 (5.2t06.9) 37 202.2 (150.4 t0 266.9) 0 0(0to 20.6)

Total 4282 8656 663 7.7(7.1108.2) 131 197.6 (169.1t0 229.6) 6 9.0 (4.2 t0 19.6)
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Table 2 Examples of prescribing errors with or without incident reports by potential severity level

Potential Reported to the hospitals’  Actual harm
Potential severity incident reporting system  level if
severity level rating* Error description Error typet (yes/no) applicable
Minor 1 Ondansetron oral disintegrating tablets Wrong route No
prescribed with sublingual route rather than
oral route.
1 Total daily dose of valproate prescribed in three  Wrong frequency  No
divided doses when guidelines recommend two
divided doses.
2 Prescribed initial dose of vancomycin calculated Overdose Yes
to 2100 mg. Initial dose should be capped at
1500 mg.
Potentially 3 Gentamicin once-only dose prescribed to patient Overdose Yes Minor
serious using a dosing weight of 10 kg. Patient’s actual
weight was 3.9 kg#.
3 Ibuprofen prescribed with postsurgical Duplicated drug~ No
intravenous ketorolac. therapy
3 Patient was prescribed half the recommended ~ Underdose No Moderate
treatment dose of piperacillin/tazobactam for
infectiont.
4 Insulin prescribed for a patient who does not ~ Wrong drug No
have diabetes.
4 Dose of ketamine given ‘once only" intravenously Overdose No Moderate

for induction/sedation was almost three times
the maximum recommended doset.

4 Wrong intravenous cephalosporin prescribed, ~ Wrong drug Yes Minor
leading to errors also with dose and frequencyt.
5 Midazolam continuous infusion for seizures not  Duplicated drug ~ No
ceased when new order prescribed. therapy
5 Intranasal fentanyl prescribed in milligrams Overdose No
instead of micrograms, creating 1000-fold
overdose.

*See online supplemental appendix S1 for the prescribing error potential harm severity rating scale.
tSee online supplemental appendix S2 for prescribing error type definitions.
fError associated with actual harm.

Table 3 Proportion of prescribing errors detected by staff group within each hospital, n (%)

Hospital Doctor Nurse Pharmacist Other* Total
All prescribing errors
Hospital A 358 (38.2) 83(8.8) 145 (15.5) 352 (37.5) 938 (100)
Hospital B 256 (44.4) 48 (8.3) 119 (20.7) 153 (26.6) 576 (100)
Total 614 (40.6) 131(8.7) 264 (17.4) 505 (33.4) 1514 (100)
Potentially serious errors
Hospital A 143 (36.2) 38(9.6) 57 (14.4) 157 (39.7) 395(100)
Hospital B 84 (45.4) 16 (8.6) 35(18.9) 50 (27.0) 185 (100)
Total 227 (39.1) 54 (9.3) 92 (15.9) 207 (35.7) 580 (100)
All prescribing errors involving high-risk drugs
Hospital A 54 (38.8) 12 (8.6) 11(7.9) 62 (44.6) 139 (100)
Hospital B 49 (59.8) 5(6.1) 12 (14.6) 16 (19.5) 82 (100)
Total 103 (46.6) 17(7.7) 23(10.4) 78 (35.3) 221 (100)
Potentially serious errors involving high-risk drugs
Hospital A 36 (38.3) 10(10.6) 8(8.5) 40 (42.6) 94 (100)
Hospital B 20 (54.1) 4(10.8) 4(10.8) 9(24.3) 37 (100)
Total 56 (42.7) 14(10.7) 12(9.2) 49 (37.4) 131 (100)

*'Other’ could be other members of staff, for example, dietitians, external healthcare providers and parent/carers. However, there was not enough
information on the medication charts for our research pharmacists to determine exactly who they were.
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All Poteptially
errors serious
Errors detected by staff N (%) N (%)
Wrong dose - o> = 5076 (44.9)  771(34.7)
Wrong frequency - - =t —— e 2482 (22.0) 184 (8.3)
Duplicated drug therapy - = —— 1672 (14.8) 499 (22.4)
Wrong route - - s 1207 (10.7) 478 (21.5)
Wrong drug - = —— 190 (1.7) 56 (2.5)
Drug-drug interaction - _:_ 172 (1.5) 95 (4.3)
Wrong formulation - _.__"'_ 123 (1.1) 24 (1.1)
Wrong strength - —— =l 105 (0.9) 17 (0.8)
Allergy - e 96 (0.8) 31(1.4)
Inadequate monitoring - —— 78 (0.7) 50 (2.2)
Wrong timing - —— 68 (0.6) 8 (0.4)
Wrong rate - — 14 (0.1) 3(0.1)
Wrong patient - —t 13 (0.1) 8 (0.4)
No longer indicated - 6 (0.1) 0 (0)
30 100 300 1000 0.1 10 100 1000

Detection or reporting rate per 1000 errors

=a= all errors =#= potentially serious errors

Figure 1

Prescribing errors and potentially serious errors detected and reported by hospital staff by error type category. Error bars are detection rates and

reporting rates per 1000 errors with 95% Cl. For details, see online supplemental appendix S4a.

Prescribing errors detection and reporting by error
type

The detection rates of errors varied across the 14 error
types (figure 1; the numbers related to this figure are
in online supplemental appendix S4a). The majority of
errors (92.3%) and potentially serious errors (86.9%)
were from four error types: wrong dose, wrong
frequency, duplicated drug therapy and wrong route.
Among these four error types, duplicated drug therapy
had the highest detection rate (28.8% of 1672 duplica-
tion errors and 38.5% of 499 potentially serious dupli-
cation errors).

Only four error types were reported to the inci-
dent reporting system (figure 1). Of all error types,
wrong drug errors had the highest reporting rate (10.5
reports per 1000 wrong drug errors found at audit),
followed by wrong dose, wrong frequency and dupli-
cated drug therapy.

Duplicated drug therapy was the most common error
type for high-risk drugs (figure 2; the numbers related
to this figure are in online supplemental appendix S4b).
Although the detection rate for duplication errors was
the highest for all error types, none of these errors
(including those rated as potentially serious errors) was

reported to the hospitals’ incident reporting system.
Only wrong dose and frequency errors were reported
for errors involving high-risk drugs.

Comparison of medication administration errors
observed with those reported to the hospitals’
incident system
A total of 2883 clinical medication administration
errors were identified from a direct observational
study of 5137 medication administration doses for
1530 patients. Nearly 10% of medication administra-
tions contained at least one error with the potential
for serious harm (489 drug administrations with 903
errors). There were 468 administrations involving
high-risk drugs, with 28% (n=129) having errors.
Further harm assessment concluded 67 drug admin-
istrations (with 144 errors) were associated with actual
patient harm. None of the 2883 medication admin-
istration errors observed, including those associated
with actual harm (n=144), had an incident report.

DISCUSSION
Of potentially serious prescribing errors identified at
audit, only 1.1% were reported to the hospitals’ incident
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Errors detected by staff Errors reported by staff

Duplicated drug therapy -
Wrong dose -

Wrong frequency -
Wrong route -

Wrong strength -

Wrong formulation -

Drug-drug interaction -

Inadequate monitoring -

Ilii}t*.
|l'” Y ’

Allergy -
Wrong drug -
Wrong rate -
Wrong timing - =—
Wrong patient - :
10 100 1000 0.1

All Poteptially
errors serious
N (%) N (%)
768 (33.1) 270 (40.7)
e 755 (32.5) 158 (23.8)
= 379 (16.3) 94 (14.2)
162 (7.0) 66 (10.0)
71 (3.1) 1 (1.7)
53 (2.3) 0 (0)
36 (1.6) 23 (3.5)
35 (1.5) 27 (4.1)
31(1.3) 2(0.3)
18 (0.8) 8(1.2)
7(0.3) 1(0.2)
4(0.2) 1(0.2)
2(0.1) 2(0.3)
1.0 10.0

Detection or reporting rate per 1000 errors

=a= all errors =#= potentially serious errors

Figure 2 Prescribing errors and potentially serious errors involving high-risk drugs detected and reported by staff by error type. Error bars are detection
rates and reporting rates per 1000 errors with 95% Cl. For details, see online supplemental appendix S4b.

reporting system. Potentially serious prescribing errors
associated with high-risk medication had an even
lower incident reporting rate (0.9%). Overall, only 3
in every 1000 clinical prescribing errors identified at
audit were reported to the hospitals’ incident system. A
2015 Australian study of 3291 adult patient records at
two hospitals revealed remarkably similar prescribing
error reporting rates (3.4 per 1000 clinical prescribing
errors and 1.3% of potentially serious errors).”® Our
findings provide comprehensive evidence on the limi-
tations of incident data in paediatrics. Apart from the
very low reporting rates of prescribing errors, we also
found that reporting rates at the two study hospitals
bear no relation to the level of error rates. In other
words, a higher number of incident reports did not
indicate higher actual error rates or greater risk of
actual harm. Previous studies have also produced find-
ings that suggest that incident reporting data cannot
be used as a proxy measure for overall patient safety
in hospitals.”® ** As qualitative research has found,
many staff do not seek to report low-risk or frequent
medication errors.”’ ¥ % Yet we also found that only a
very small proportion of errors associated with actual
patient harm were reported (10%, 4 out of 40 errors),

suggesting these errors were either missed or inten-
tionally not reported.

Our findings on the extent of errors detected by
hospital staff are novel and help to better under-
stand the reasons for under-reporting of prescribing
errors. For only 18% of errors (7 out of 40) associ-
ated with actual patient harm was there evidence in
patients’ records that the errors had been detected. In
other words, five out of six serious errors that caused
actual patient harm (82%) were undetected. Overall,
only 13% of clinical prescribing errors identified at
audit had evidence that staff had detected the errors.
Although potentially serious errors were more likely
to be detected (26%) than other clinical prescribing
errors, three out of four of these serious errors (74%)
were undetected. A previous study investigating
medication errors in adult patients at two Australian
hospitals found slightly lower error detection rates
(12% of clinical prescribing errors and 22% of poten-
tially serious errors).”® Our further investigation of
error detection involving high-risk drugs found that
only 20% of potentially serious errors were detected.
Overall, our findings highlight the need for effective
interventions and programmes to support hospital staff
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in detecting and intercepting errors before they affect
patients in both adult and paediatric hospitals. In an era
of electronic health records systems, greater attention
needs to be paid both to improve decision support to
guide safe prescribing and to automate error detection
processes to improve medication safety.*® A Cochrane
review illustrated that clinical decision support systems
(CCDS) can improve prescribing practices and reduce
medication errors by supporting discontinuation of
inappropriate medication, improving the commence-
ment of beneficial medicines and ensuring appropriate
monitoring of long-term conditions and medicines.’’”
Given nearly half of all errors identified at audit in our
study were wrong dose errors, it is encouraging that
an overview of 20 systematic reviews has shown that
CCDS for medication dosing assistance was the system
most likely to reduce medication errors and improve
patient outcomes.®

A retrospective study of medication errors in
paediatric inpatients reported to the Danish national
reporting system found that dosing errors were the
most reported type of errors.’® Although wrong dose
was the most common clinical error type detected and
reported in our study, we found that the reporting rate
of wrong dose errors was not different from the other
three error types reported: wrong drug, frequency
and duplication errors. For errors involving high-risk
drugs, duplication error was the most frequent error
type (including potentially serious errors), but none of
these duplication errors involving high-risk drugs was
reported. Furthermore, some error types (eg, wrong
patient and wrong drugs) with potentially serious
consequences to patients were not reported. Focused
interviews or surveys would be helpful to understand
why reporting rates were low for the other 8 of 14
total error types identified during audit.

Medication administration errors are more likely
to impact or harm patients than prescribing errors.
We found that none of the 2883 clinical medication
administration errors identified during the prospective
observation, including 903 errors rated as having the
potential to cause patient harm, was reported by staff to
the hospitals’ incident reporting system. Westbrook et
al*® also found that none of 2043 medication adminis-
tration errors identified across two adult hospitals was
reported to the hospitals’ incident reporting systems.
Importantly, our study is one of the very few that have
investigated actual harm associated with medication
errors. We found that none of 144 medication admin-
istration errors associated with actual patient harm
was reported to the incident system.

Our study has some limitations. The error detec-
tion rates may be underestimated as evidence of
error detection may not always have been recorded.
However, our study examined error detection related
to actual harm and potentially serious errors, that is,
those with the potential to cause temporary to perma-
nent harm to patients and may require intervention.

In these cases, clinical staff are expected to docu-
ment any corrections or measures taken to rectify
errors, thus indicating medication error detection.
The hospitals in our study are specialist children’s
hospitals. The error detection rates for children in
our study are likely to be higher than those from
general hospitals where staff are not solely dedicated
to paediatric care. Another limitation is that informa-
tion about the detection of medication administration
errors by staff was not collected in the prospective
observation study. Lastly, the prescribing errors were
reviewed retrospectively. The use of prospective data
collection may have allowed for the evidence of error
detection which may not be documented in patient
records and thus not available during retrospective
reviews.

This is the first paediatric study, to our knowledge, to
investigate the extent of medication errors reported to
hospital incident reporting systems. We have identified
serious limitations of incident reporting, particularly
under-reporting in relation to error types and those
errors causing actual harm. Caution is required when
interpreting incident data, especially when comparing
patient risk and quality performance within or across
hospitals. Open environments and reduced fear of a
punitive response may increase incident reporting.**
Incident reporting is a primary patient safety data
source used by hospitals to learn about and from
incidents.” 2% 24 3°*! Its strength lies not in counting
harm but in the qualitative contextual and contrib-
uting factors within incident descriptions that can
inform preventive and corrective strategies to reduce
the occurrence of harm.” However, a compelling
evidence base has suggested that incident reporting
alone does not necessarily improve patient safety or
patient outcomes, as shown by a lack of improvement
in patient outcome measures such as standardised
mortality ratio.*’ ** Multiple data sources and method-
ologies, for example trigger tools,” should be consid-
ered to collect patient safety information to enable
them to have a more complete picture of safety to
support system-wide improvement while reducing the
burden of front-line clinicians.” *! Routinely collected
data from electronic health record systems, which
contain rich clinical information and medication data,
have shown great potential to support medication
safety.***” Cutting-edge analytical methods, such as
natural language processing and machine learning,
have been used to detect and reduce adverse drug
events or to automate various medication safety tasks,
such as medication reconciliation.**™*¢ Future work for
medication safety can focus on the integration of data
sources from different domains to improve the ability
to identify potential adverse events more quickly and
to improve clinical decision support with regard to a
patient’s estimated risk for specific adverse events at
the time of medication prescription or review.* This
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approach has enormous potential to provide real-
time, real-world evidence to guide clinical decision
making.*’

In conclusion, our findings show that many
important medication errors are not reported and
that failure to detect medication errors is likely to be a
significant contributor to lower error reporting rates.
Our results demonstrate that incident reporting data
provide a distorted profile of medication errors and
related harm occurring to children. While incident
reports still play a valuable role in understanding and
resolving medication safety issues, the interpretation
of incident data needs careful consideration with a
full understanding of its limitations. In the mean time,
more reliable data sources and approaches are needed
for real-time monitoring of medication safety and
designing new interventions to reduce medication-
related harm to our children.
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