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ABSTRACT
C_______________________________________________________________________________________

BACKGROUND:

Discharge summaries (DSs) are an important communication tool between hospital and community clinicians however
errorsin these documents are common.To improve the accuracy of DS information, our health network implemented a
suite of quality improvement projects that promoted “More Efficient Documentation (of patient information) for Improved
Care” (MEDIC).

OBJECTIVE:
The aim of this study was to determine if DSs post-implementation of the MEDIC program of work were associated with
lower rates of medication errors.

DESIGN:

A refrospective pre- (March 2021) post- (March 2022) medical record audit was conducted at five public hospitals.
Patients were included chronologically based on discharge date until the target sample size was reached (100 per group).
For each patient, the DS medication list was compared to the pharmacy generated patient friendly medication list or
interim medication administration chart and any discrepancies were considered errors. Utilisation of electronic Clinical
Decision Support (CDS) was evaluated via review of the EMR.

MAIN OUTCOME MEASURE:
Medication errors.

RESULTS:

The mean number of DS medication errors was lower in the post-interventiongroup (3.0 vs 1.4, p<0.01). Fewer patientsin
the post-intervention group had one or more DS medicationerrors (59% vs 39%, 0<0.01). Patients in the post-intervention
group were less likely to have one or more high-risk medication errors (20% vs 10% p=0.048). There were 437 individual errors
(pre=298, post=139). Omitted medications were less commoninthe post-interventiongroup (127 vs 11). Utilisation of EMR
home medication CDS was higher in the post-intervention group (54% vs 69%, p=0.005). Pooled data from both groups
showed completion of discharge medication reconciliation CDS was associated with a lower number of errors on DSs
(mean: 3.7 vs 1.4, p<0.001, DS with one or more errors: 68% vs 39%, p<0.001).
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CONCLUSION:

The MEDIC program of work was associated with improved DS medication list accuracy.

KEYWORD
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INTRODUCTION

I
Discharge (DSs)
communication tool between hospital and community

summaries are an  important
clinicians. [1] DSs usually contain a list of medications the
patient is taking at the point of discharge however
medication discrepancies or errors in these lists are
common. [2-8] Errors on DSs have the potential to cause

harm to patients. [?]

The Australian National Safety and Quality Health Service
(NSQHS) Standards require the distribution of a current
medication list with reasons for any changes to the
receiving clinicians at fransfer of care. [10] Our health
service meets this requirement by including a list of
medications in the medical DS, however, internal auditing
has identified that errors are common. To improve the
accuracy of DS health
implemented a suite of quality improvement projects that

information, our network
promoted “More Efficient Documentation (of patient

information) for Improved Care” (MEDIC).

The MEDIC program of work was designed to optimise the
use of the Hectronic Medical Record (EMR) and ensure
compliance with the NSQHS Standards. [11] Interventions
completed through the MEDIC program included:

e Tailoring EMR medical userinterfaces and workflows to
the needs of specific specialties. These interfaces
provided more emphasis on the medication list and
reconciliation status.

e Infroduced the ability to save the progress of
medicationreconciliationtoreturnto at alater pointin
time. Prior to the MEDIC program, clinicians would
need to exit the medication reconciliation page to
view other parts of the medical record (such as
pathology or observations) which resulted in the need
to restart the process from the beginning.

e Updated
communication and
feedback (clinical unit) aimed at improving adoption

training materials, education,

individualised performance

of the full medicationreconciliationlifecycle during an

e inpatient stay (home medication documentation,
admission medication reconciliation and discharge
reconciliatfion)

¢ Improvementsto the outbound interfacing capabilifies
of the EMR for DSs and Adverse Drug Reaction
(ADR)/allergies

e Transition to EMR generated Patient

Medication Lists (PFML) and

Administration Charts (IMAC)

e  Workflow

Friendly
Interim  Medication
the and

improvements fo ordering

administration of blood products

The MEDIC program of work was implemented in two
stages across our health network between September 2021
and January 2022. Elements of the MEDIC program of work
have been associated with increased provision of
PFML/IMAC, decreased medication-related data entry
requirements, decreased risk of franscription errors and
improved compliance with the Australian National
Guidelines for the On-Screen Display of Discharge
Summaries. [1,12,13] To date, the effect of the MEDIC
program of work on DS medication errors has yet to
evaluated.

The aim of the current study was to determine if DSs post-
implementation of the MEDIC program of work were
associated with lower rates of medication errors.

METHODS

I
This pre- (March 2021) post- (March 2022) retrospective
medical audit was conducted at five metropolitan public
hospitals from the same healthcare network. This fime
period was chosen to allow sufficient time for staff
familiarisation withthe new processes and avoided periods
of significant service disruption related to the COVID-19
pandemic. Specifically, there were no COVID-19 related
“lockdowns” in metropolitan Melbourne and the overall
number of cases remained low compared fo other
potential audit periods. [14] Four hospitals used EMR for
charting inpatient medications, whilst the fifth (Hospital C)
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used standardised paper medication charts. [15] All
hospitals utilised EMR for discharge prescribing and DS
generation.

Patients were reviewed chronologically based on
discharge date until the target sample size was reached
(100 per cohort). Sample size was selected to maximise the
number of patients reviewed given available resources.
Patients with a length of stay less than 24 hours, those
without a PFML/IMAC or DS, ambulatory encounters (for
example, Hospital in

the Home) and emergency

department presentatfions were excluded.

For each patient, the DS medicationlistwas comparedto
the pharmacist generated PFML or IMAC, which was
considered the “source of fruth”. Any discrepancies were
considered errors. This method was adapted from that used
in other studies evaluating DS medication list accuracy.
[3.5-8] The study did not consider discrepancies involving
time of administration (forexample, ‘take one tablet in the
morning’ written as ‘take one tablet daily’) as errors unless
they related to “time-critical” medications as defined by
Pharmacist of Australia.l6

the Society of Hospital

Combination medications documented in separate
elements (for example, Caduet® 5/10mg documented as
amlodipine 5mg and atorvastatin 10mg) and omission of
medication intended for administration on the day of
discharge only (for example, ferric carboxymaltose) were

not considered errors.

Error types were classified using categories adapted from
the Australian Commission on Safety and Quality in Health
Care Medicine Incident ClassificationTool. [17] A modified
APINCH (A: Antimicrobials, P:
electrolytes, I: Insulin, N: Narcotics and other sedatives, C:

Potassium and other

Chemotherapeutic agents, H: and other

anticoagulants)

Heparin

classification which excluded

antimicrobials was utilised fo identify high-risk medicatiors.

[18] Polypharmacy was defined as five or more

medications being taken on discharge (based on the PFML
or IMAC).

Only medicationrelatedinformationonthe DS medication

list was reviewed. Medication related information
elsewhere on the DS and details of ADRs were not

reviewed.

Statistical significance was evaluated using chi-square test
or two-tailed t-test with a p value of <0.05 considered
significant. All data was recorded in a spread sheet with
analysis being completed in R® or Microsoft Excel®.

The project was registered as a quality improvement
activity withthe health network human research and ethics
committee.

RESULTS

|
A total of 200 patients were included in the analysis. There
were significant differences in the LOS and number of
medications between the groups (table 1). The rate of
home medicationdocumentationin EMR was higherin the
When
the post-

post-infervention group (54% vs 69%, p=0.04).
compared to the pre-infervention group,
intervention group had fewer DS medicationerrors (mean:
3.0 vs 1.4, p<0.01). Patients in the post-intervention group
were less likely to have one or more medication errors on
their DS (59% vs 39% p<0.01).

Lower DS medication error rates were observed across all
post-intervention clinical specialty subgroups with the
exceptionof aged care although not all reached statistical
significance (table 2). The post-intervention result for aged
care was influenced by a single patient from Hospital Ewho
had 32 DS medication errors. Exclusion of this patient
resulted in a statistically non-significant reductionin mean
DS medication errors in the aged care post-intervention
subgroup (3.7 vs 1.0, p>0.05).

TABLE 1: PATIENT DEMOGRAPHICS AND CLINICAL CHARACTERISTICS

Post-Intervention
(n=100)

Pre-Intervention
P Value

(n=100)

Age (mean years) 69 (21) 72 (17) ns
Length of Stay (mean days, standard deviation (SD)) 13 (14) 8 (7.3) <0.01
Female (%) 48 50 ns
Discharge Medications (mean number, SD) A 10 (5.5) 12 (5.6) 0.02
Discharge High-Risk Medications (mean number, SD)A 0.93 (1.1) 0.94 (1.1) ns
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Site
Hospital A (155 beds) (%) 17 16
Hospital B (621 beds) (%) 31 55
Hospital C (326 beds) (%) B 30 23
Hospital D (158 beds) (%) 14
Hospital E (64 beds) (%) 8
Clinical specialty
Aged Medicine (%) 27 11
General Medicine (%) 23 39
Mental Health (%) 11 7
Specialty Medicine (%) 37 34
Surgery (%) 2 9
Utilisation of EMR CDS
Home Medications (%) 54 69 0.04
Admission Medication Reconciliation (%) 7 10 ns
Discharge Medication Reconciliation (%) 66 66 ns

A: Based on the PFML/IMAC

B: Paper inpatient medication management

TABLE 2: DISCHARGE SUMMARY MEDICATION ERRORS (MEAN, SD)

Pre-
Intervention

Post-

Intervention

Difference

All patients included in study A4)
Inpatient Medication Management Process
Electronic 3.4 (4.8) 1.5(4.1) -1.9 0.01
Paper 2.1 (3.2) 0.87 (1.7) -1.2 ns
Site
Hospital A 3.3 (6.0) 0.88 (2.0) -2.4 ns
Hospital B 2.6 (3.2) 1.3 (2.3) -1.3 0.02
Hospital C 2.1 (3.2) 0.87 (1.7) -1.2 ns
Hospital D 4.5 (5.5) 0 (0) -4.5 ns
Hospital E 43 (5.2) 18 (20) +13.7 ns
Clinical specialty
Aged Medicine 3.7 (5.5) 3.8 (9.6) +0.1 ns
General Medicine 4.2 (5.6) 1.2 (2.5) -3 <0.01
Mental Health 2.5(2.9) 0.86 (2.3) -1.6 ns
Specialty Medicine 1.6 (2.2) 0.88 (1.2) -0.72 ns
Surgery 7.5(0.71) 1.7 (2.6) -58 0.01

There was a frend fowards a lower rate of high-risk
medicationDS errorsinthe post-intervention group (mean:
0.28vs0.16, p>0.05). Patientsin the post-intervention group
were less likely to have one or more high-risk medication
errors on their DS (20% vs 10% p=0.048).

The hospital which utilised paper inpatient medication
management (Hospital C) had a lower rate of DS
medications errors in both pre- and post- cohorts

Improving Accuracy of Disc harge Summary Medication Lists - A Comprehe nsive Electronic Medical Record Quality Improve ment Project

compared fo pooledresults of hospitals utilising electronic
inpatfient medication management (table 2).

When pooling results from pre- and post- intervention
cohorts, utilisation of electronic discharge medication
reconciliation CDS was associated with fewer DS
medication errors (mean: 3.7 vs 1.4, p<0.01; DS with =1

medication errors: 68% vs 39% p<0.01).
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A total of 437 individual errors were identified (pre: 298,
post: 139) of which 42 (9.6%) involved high-risk medications.
The most common medications implicated in DS errors
were paracetamol, colecalciferol and macrogol (table 3).
The maijority (67%) of high-risk medication DS errorsinvolved
opioids or other sedatives with the most commonindividual
medications being and oxycodone (n=11) and warfarin

(n=4) (table 3). The most common errors were
unintentionally omitted medication and documentation of
a medicationthe patient was not taking prior to admission
(table 4). There was a 92% decrease in the number of
omitted medicationsin the post-interventiongroup (129 vs
11).

TABLE 3: MOST COMMON MEDICATIONS INVOLVED IN A DS MEDICATION ERRORS

| Medications with 25 DS errors Number ‘ Percentage A
Paracetamol 26 5.9%
Colecalciferol 14 3.2%
Macrogol 13 3.0%
Docusate-Senna 11 2.5%
Oxycodone B 11 2.5%
Pantoprazole 11 2.5%
Aspirin 10 2.3%
Furosemide 10 2.3%
Pregabalin 10 2.3%
Magnesium 9 2.1%
Metoprolol 8 1.8%
Quetiapine 6 1.4%
High-Risk Medication Errors by Class Number Percentage ©
Narcotics and other sedatives 28 67%
Heparin and other anticoagulants 19%
Insulin 5 12%
Potassium and other electrolytes 1 2.4%
Chemotherapeutic agents 0 0%
A: Denominator = all DS medication errors
B: Including combination products with naloxone
C: Denominator = high-risk DS medication errors

TABLE 4: NUMBER OF DS MEDICATION ERRORS BY ERROR CLASSIFICATION

Error classification

Unintentionally omitted
medication

PRE-INTERVENTION (n=298)

129

POST-INTERVENTION (n=139)

Patient not taking
documented medication

89

Duplication

34

Wrong dose, volume or
concenfration

29

Wrong strength

Wrong time

Incomplete or unclear
documentation

Wrong rate or frequency

Wrong medication

Wrong duration

Wrong formulation
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DISCUSSIONS

STATEMENT OF PRINCIPAL FINDINGS

This study has demonstrated that the MEDIC program of
work was associated with a lower rate of DS medication
errors. The greatest improvements in DS accuracy were
observed in hospitals with inpatient electronic medicafion
management, although the absolute DS error rate
remainedlower at the paper site (table 2). Furthermore, the
infervention was associated with significantly higher rates
of home medicationdocumentationusing the EMR, which

is itself arequirement of the NSQHS Standards.[11]

The improvement observedin the post-intervention cohort
of this study was driven largely by a reduction in
uninfenfional omissions. This was likely due to the higher
rates of home medicationdocumentation in the EMR. Our
EMR has built in CDS allowing the prescriber to pre-
populate the discharge prescription and DS ufilising
information which has been documented on admission,

such as the home medications.

The finding that DS medication errors are less common at
sites with paper inpatient medication management may
seem counter-infuitive however, one in three DSs included
in this study were generated with incomplete use of the
This CDS
completion rate remained consistent in pre- and post-

discharge medication reconciliation CDS.
intervention cohorts and we theorise that this may be a
possible reason for the higher overall DS medication error
rates in sites using inpatient medicafion management.
When
management, inpatient orders will pre-populate the DS

utilising  electronic  inpatient  medication
and when discharge medication reconciliation is not
completed, this can resultin duplications and unnecessary
medications appearing on the DS. These types of errors

were common in our study (table 4).

The case of a specialty medicine DS containing 32 errors
which was described above highlights the risks associated
with incomplete or inappropriate use of CDS. In this
instance, none of the three stages of medication
management CDS were completed resulting in a large
number of duplicates and errors due to pre-populated

medications from historic admissions at the health network.

with

our

In response to concerns incomplete use of
health network has

implemented a warning which is automatically added fo

medication-related CDS,

the discharge summarywhen the full medicationlifecycle,
including discharge medication CDS has not been
completed. Our EMR contains multiple reconciliation steps
designed to fransition medications between different
contexts (historic discharge prescriptions, documented
preadmission medications, current inpatient prescriptions
and discharge prescriptions) minimising the need for
manual data re-entry. The full medication lifecycle is
considered incomplete until each reconciliation step has
been completed. This warning appears with a red or
orange background and details the missing reconciliafion
step(s). Furthermore, ininstances where discharge CDS has
not been started, filtering has been implemented so that
only discharge prescripfions (not home and inpatient
medications) pre-populate the DS.

Informal feedback from medical staff has been mostly
positive and anecdotally, clinicians trust in the accuracy
and validity of DSs has improved. This additional trustis likely
due to the introduction of the processing logic that inserts
a warning in the DS if the full medication lifecycle is
incomplete which was described previously. The absence
of the DS warning implies medicationrelatedinformationis
more likely to be accurate and this assumptionis supported
by our finding that complefion of discharge medication
reconciliation was associated with a lower error rate.

STRENGTHS AND LIMITATIONS

Limitafions of this study include a retrospective design,
differing characteristics in pre- and post- cohorts (LOS and
number of medications on discharge) and a small sample
size.Refrospective audits are acommon, practical method
of evaluating DS medication errors and are used
extensively in literature. [3, 5, 7, 8, 19] A previous study
investigating DS medicationerrorsin 515 hospital inpatients
found no correlationbetween LOS and DS medication emor
rate.19 For this reason, the different LOS between cohorts
was unlikely to influence the findings of our study. The post-
intervention cohortin our study was taking more medicines.
Despite polypharmacy being a known risk factor for DS
medication errors, we still found a significantly lower DS
medicationerrorrate in the post-interventioncohort. [2, 8 ]
When generalising the results of this study it must be noted
that it was conducted at a single hospital network in
metropolitan Melbourne utilising one type of EMR (Oracle
Health - Cerner Millennium®). Further, to be included in our
study, patients required a pharmacist generated PFML or
IMAC. At our healthcare network, these tasks are prioritised
towards complex patients and further research would be
needed fo determine if similar benefits would be observed
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in less complex patient groups (89% were taking five or 2. Graabcoek T, Terkildsen BG, Lauritsen KE, Almarsddttir
more medications on discharge, a known risk factor for DS AB. Frequency of undocumented medication
medicationerrors). [2, 8, 20] For the samereason, our study discrepancies in discharge letters after hospitalization
likely overestimates the number of DS medication errors in of older patients: A clinical record review study. Ther
the inpatient hospital population as a whole. Adv Drug Saf 2019; 10: 1-8.
3. Hlioft RA, Tan Y, Chan V, Richardson B, Tanner F,

Although we did not assess the accuracy of the IMAC or Dorevitch MIl. Pharmacist - Physician collaboration to
PFML that was considered the “source of truth” for improve the accuracy of medication information in
discharge medications, these are created through a electronic medical discharge summaries: Effectiveness
collaborative process involving the pharmacist and and sustainability. Pharmacy 2020; 8: 1-15.
physician. These collaborative processes have high levels 4. Ooi CE, Rofe O, Vienet M, EHliott RA. Improving
of accuracy and have been used in previous research communication of medication changes using a
evaluating DS medication errors. [7, 8] pharmacist-prepared discharge medication

management summary. Int J Clin Pharmacol 2017; 39:
IMPLICATIONS FOR POLICY, PRACTICE AND 394 402.
RESEARCH 5. Tan', Hliott RA, Richardson B, Tanner FE, Dorevitch Ml.
The EMR in use at our health network (Oracle Health - . T L

An audit of the accuracy of medicationinformationin
Cerner Millennium®) is in common use worldwide and . . . -

i ) ) o electronic medical discharge summaries linked to an
given fhe widespread fissue of DS medication ?rrom, electronic prescribing system. Heal Inf Manag J 2018;
elements of the MEDIC program of work may be suitable 47:125- 31
forimplementation at other health services. ' '

P 6. Tong EY, Roman CP, MitraB, Yip GS, Gibbs H, Newnham
) HH, etal. Reducing medication errors in hospital
TA\dopho.n of an EMR generated P_FML/lMAC has enabled discharge summoaries: A randomised controlled trial.
integration of Thes? documents with My Health Record:21 Med J Aust 2017: 206: 36—9.
My Health Recordis a secure, consumer-controlled online 7. Nguyen A, Gibson S, Wembridge P. Improving
service operated by the Australion Government that S . . .
medicine information ondischarge summaries through
supports better patient and consumer outcomes through . . - . .
implementation of areconciliation-basedintervention.
better access toinformation. [21] Our health networkis now
" ficall oadi PEML/IMAC to the Ph - J Pharm Pract Res 2022; 52(6): 454-457.
auvtomaticatly uploading / © he armaces 8. Wembridge P, Rashed S. Discharge summary
Share Medication List section of My Health Record for . . . .
medication list accuracy across five meftropolitan
patients that have not withdrawn their consent. [22] . . . .
hospitals: a retrospective medical record audit.
Australian Health Review 2022; 46: 338-345.
CONCLUSIONS 9. Hoyer EH, Odonkor CA, Bhatia SN, Leung C,
I Deutschendorf A, Brotman DJ. Association between
DS medication errorsremaincommon and the EMR quality days to complete inpatient discharge summaries with
improvement activities (the MEDIC program of work) all-payer hospital readmissions in Maryland. J Hosp
described in this study were associated with significantly Med 2016; 11(6): 393-400.
lower DS medication error rates. 10. Australian Commissionon Safety and Quality in Health
Care. Action 4.12 Provision of a Medicines List. [cited
April 2023]. Available from:
https://www.safetyandquality.gov.au/standards/nsgh
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