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Abstract 

Background:  Prescribing error represent a significant source of preventable harm to patients. Prescribing errors 
at discharge, including omission of pre-admission medications (PAM), are particularly harmful as they frequently 
propagate following discharge. This study assesses the impact of an educational intervention and introduction of an 
electronic patient record (EPR) in the same centre on omission of PAM at discharge using a pragmatic design. A survey 
of newly qualified doctors is used to contextualise findings.

Methods:  Discharge prescriptions and discharge summaries were reviewed at discharge, and compared to admis-
sion medicine lists, using a paper-based chart system. Discrepancies were noted, using Health Information and 
Quality Authority guidelines for discharge prescribing. An educational intervention was conducted. Further review 
of discharge prescriptions and discharge summaries took place. Following introduction of an EPR, review of dis-
charge summaries and discharge prescriptions was repeated. A survey was administered to recently qualified doctors 
(interns), and analysed using descriptive statistics and thematic analysis.

Results:  Omission of PAM as prescribed or discontinued items at discharge occurs frequently. An educational inter-
vention did not significantly change prescribing error rates (U = 1255.5, p = 0.206). EPR introduction did significantly 
reduce omission of PAM on discharge prescribing (U = 694, p < 0.001), however there was also a reduction in the rate 
of deliberate discontinuation of PAM at discharge (U = 1237.5, p = 0.007). Survey results demonstrated that multiple 
sources are required to develop a discharge prescription. Time pressure, access to documentation and lack of admis-
sion medicine reconciliation are frequently cited causes of discharge prescribing error.

Conclusion:  This study verified passive educational interventions alone do not improve discharge prescribing. 
Introduction of EPR improved discharge prescribing, but negatively impacted deliberate discontinuation of PAM at 
discharge. This is attributable to reduced access to key sources of information used in formulating discharge prescrip-
tions, and separation of the discontinuation function from the prescribing function on the EPR discharge application.
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Background
A prescribing error occurs when, as a result of a prescrib-
ing decision or prescription writing process, there is an 
unintentional significant reduction in the probability of 
a treatment being timely and effective, or increase in the 
risk of harm [1]. Prescribing errors, including omission 
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of pre-admission medications (PAM) represent a signifi-
cant source of preventable harm to patients [2–5]. While 
much focus has been on defining preventable prescribing 
errors during inpatient episodes, a significant number 
of errors occur at transition from secondary to primary 
care [6–9]. These events are very likely to propagate in 
the community following discharge [6]. Hospital-based 
prescriptions account for a large proportion of com-
munity prescribing in Ireland. These prescriptions often 
do not easily translate into a clear discharge medication 
regimen as many omitted medicines, which were held 
during admission for acute care purposes are not appro-
priately restarted on discharge [10]. The subsequent lack 
of clarity is a source of frustration to General Practition-
ers (GPs) and Community Pharmacists [11, 12]. Further, 
errors such as unintended discontinuation of a medica-
tion, have been clearly and directly linked to inadequate 
documentation at discharge [10].

The World Health Organisation has identified transi-
tions of care as a Key Action Area in the Global Patient 
Safety Challenge of reducing iatrogenic medication harm 
by 50% by 2022 [13]. Actions which may address medi-
cation safety at transition of care include pharmacist-
led Medicine Reconciliation (MR) at admission and 
discharge, patient held medication lists, information 
technologies such as electronic patient records (EPR), 
and educational interventions.

A number of these interventions have demonstrated 
promising results when implemented in practice. MR 
at discharge is very effective in addressing discharge 
prescribing errors and in improving communication 
between Hospital Physicians and General Practitioners 
[6, 14–17]. Data on the cost effectiveness of MR at dis-
charge is limited, and the need for additional pharmacy 
staff may limit implementation in certain health systems 
[17–19]. Patient held medication lists encourage patient 
involvement in care, as part of the chronic care model. 
Patients who understand their medications at discharge 
are less likely to be readmitted [20]. Data on the impact 
of didactic educational interventions for prescribers is 
limited to studies which show improvements in stand-
ardised assessments, with limited impact on observed 
prescribing error rates [21–24]. Information technology 
has largely had a positive impact on discharge prescribing 
error, however results are not consistent across all stud-
ies, and there is substantial variance in the electronic sys-
tems studied [25–27].

Aims
This study aims to assess an educational intervention 
and an electronic intervention to improve discharge 
prescribing in the same institution, in a planned, prag-
matic observational manner. It assesses the impact these 

interventions have on discharge prescribing practices in 
Saint James’s Hospital (SJH), Ireland’s largest Tertiary 
University Teaching Hospital. A passive educational 
intervention is used as this method is the conventional 
mechanism used to address issues relating to areas of 
care managed by trainee doctors (interns). This paper 
aims to rationalise findings using attitudes and opinions 
of interns on the topic of discharge prescribing safety.

Methods
Study design
This prospective cohort study was a pragmatic study to 
identify prescribing errors which were noticed by local 
GPs and brought to the attention of the SJH Medication 
Safety Officer. A timeline for introduction of EPR to all 
inpatient services was available at that point, however 
implementation was not imminent. A review of current 
practices (see Data Collection), followed by an educa-
tional intervention, was planned, with a view to immedi-
ately addressing patient safety concerns. The educational 
intervention relied on standard hospital medication 
safety practices to ensure generalizability. This allowed 
comparison of an educational program and introduction 
of EPR in the same setting. Following the educational 
intervention, a further review of current practices was 
conducted. After EPR was introduced, a final review of 
current practice was conducted. The design was prag-
matic so that normal hospital processes and the patients 
were not affected.

A survey was conducted to determine attitudes of 
interns (junior doctors in their first year of training) 
towards prescribing errors at point of discharge. Interns 
were selected as a focus for this study as they are most 
frequently tasked with preparing discharge prescrip-
tions and discharge summaries. This survey was piloted 
for ease of use among final year medical students and 
adjusted for ease of use. This survey consisted of quan-
titative and qualitative Likert-style questions. It was 
administered at scheduled weekly teaching session prior 
to any educational intervention on discharge prescrib-
ing errors. Institutional Approval was obtained from 
the Saint James’s Hospital Research and Innovation 
Committee.

Setting
SJH is Ireland’s largest Tertiary University Teaching 
Hospital (with approximately 1000 inpatient beds). SJH 
employs 52 interns per year. Interns in Ireland complete a 
1 year training program before progressing to subspecial-
ist roles. SJH provides all major services with the excep-
tion of paediatrics and obstetrics. In SJH in 2017, there 
were no electronic patient medical records, and discharge 
prescribing was completed by hand-written prescription. 
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Hospital notes were documented in paper charts. Medi-
cations were prescribed on paper. Discharge summa-
ries were typed electronically. In SJH, MR takes place at 
admission by ward pharmacists. There is no pharmacist-
led reconciliation at discharge.

In October 2018, SJH adopted an EPR system for all 
inpatient services, which includes inpatient and dis-
charge prescribing. The EPR introduced in Saint James’s 
Hospital contained discharge section with 2 action tabs 
for medication; “Medication Reconciliation” and “Medi-
cation Changes and Comments”, in addition to other 
action tabs necessary for safe discharge.

•	 The Medicine Reconciliation contains a computer-
generated Discharge Medicine Reconciliation tab to 
be completed by the physician. This lists all inpatient 
medications, as well as all Pre-Admission Medica-
tions (PAM) identified on Admission Medicine Rec-
onciliation, and which is used to generate a discharge 
prescription. As part of this process, prescribers can 
include notes about items which are prescribed. It is 
not possible to discontinue medications in this tab. 
This was a notable limitation of EPR discharge pre-
scribing.

•	 The Medication Changes and Comments section is a 
separate tab which consists of three text boxes for the 
following information:

•	 PAM that were Stopped/Changed and Why
•	 New Medications Started this Admission and Why
•	 Additional Medicines Comments

Data collection
Discharge summaries and discharge prescriptions were 
reviewed at point of discharge on wards and in the hospi-
tal Discharge Lounge using convenience sampling. Inclu-
sion criteria included:

•	 a completed MR on admission,
•	 completed discharge prescription and discharge 

summary, and
•	 presence of ≥ 1 Pre-Admission Medication (PAM).

To quantify the rate at which PAM are omitted or 
discontinued without explanation, admission MR was 
compared to discharge prescriptions and discharge sum-
maries, and discrepancies noted (MOS, CK).

Health Information and Quality Authority guide-
lines on Discharge Summary Information were used to 
define acceptable practice [28]. PAM were classified as 
“Prescribed”, “Omitted” (not prescribed, and not listed 
as a discontinued medication on either the discharge 

prescription or discharge summary), “Discontinued 
with Explanation” and “Discontinued without Expla-
nation”. Composite primary outcome was proportion 
of PAM which were Prescribed and Discontinued with 
Explanation expressed as a proportion of all PAM (Pro-
portion Correctly Prescribed on Discharge—PCPD). 
PAM which were omitted or discontinued without 
explanation, were considered incorrectly prescribed at 
discharge, and expressed as a proportion of PAM are 
referred to as Proportion Incorrectly Prescribed on 
Discharge (PIPD).

Interventions
A review of discharge prescriptions and discharge sum-
maries was initially conducted in August and Septem-
ber 2017 (Pre-Intervention Review), and data from this 
cohort is used as a control. An awareness campaign 
targeting first year junior doctors (interns) was subse-
quently implemented in SJH, as interns are typically 
tasked with discharging patients.

This educational intervention consisted of:

•	 A mandatory multidisciplinary teaching session led 
by a GP, a pharmacist, the medication safety officer 
and the Department of Clinical Pharmacology and 
Therapeutics.

•	 Posters promoting good discharge prescribing 
practice placed in opportune locations throughout 
the hospital, including the Discharge Lounge and 
Acute Medical Assessment Unit.

•	 An information bulletin circulated via junior doctor 
social media.

The objective of the teaching session was to illustrate 
the HIQA National Standards for Patient Discharge 
Summary Information, discuss current practice, and 
outline an appropriate processes for preparing a dis-
charge prescription and discharge summary. Empha-
sis was placed on improved continuity of care through 
comprehensive handover regarding medication. The 
latter two interventions were conducted after the 
didactic and were intended to reinforce the concepts 
discussed. A subsequent review of discharge prescrip-
tions and discharge summaries was conducted after 
this campaign (Post-Education Review).

An EPR was introduced for all inpatient services. A 
third review of discharge prescriptions and discharge 
summaries was conducted (Post-EPR Review). This was 
conducted 6  months after the introduction of EPR to 
restrict the impact of learning to a new system on out-
comes. See Fig. 1 for a full timeline of events (Microsoft 
Word v16.36).
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Statistical analysis
Chi-squared analysis was used to assess for difference 
in the number of medications which were prescribed, 
omitted, discontinued with explanation and discontin-
ued without explanation among the three reviews. Lev-
ene’s test was used to assess for equality of variance in 
individual and composite outcomes. Mann–Whitney-U 
test was conducted to assess for difference in the pro-
portion of PAM which were correctly communicated 
at discharge. Bivariate Correlation using Pearson’s 
Correlation Coefficient was used to assess relation-
ship between possible confounding variables (number 
of PAM and length of stay) and a number of outcomes 
(Proportion of PAM which were omitted, Proportion 
of PAM which were discontinued without explanation, 
Proportion of PAM which were Documented Correctly 
on Discharge Prescription). Where normal distribution 
was identified, data was considered unpaired and two-
tailed analysis was conducted. Data was analysed, and 
figures generated using SPSS Statistics v26 (IBM corp, 
Armonk, NY, USA).

With regard to survey data, quantitative and qualita-
tive components were analysed separately. Quantitative 
Likert-style questions were analysed using descriptive 
statistics. Qualitative components were analysed using 

thematic analysis. Data was analysed using Microsoft 
Excel v16.36. Tables were generated using Microsoft 
Word v16.36.

This project was approved by the Department of 
Research and Innovation in Saint James’s Hospital (ref 
5273). Appropriate approval was obtained for survey-
ing hospital staff per Saint James’s Hospital Protocol. 
Consent to participate in the survey and teaching ses-
sion was obtained from participants. Written consent 
was obtained from participants who completed a sur-
vey. All methods were performed in accordance with 
local and national guideline and regulations. European 
Union General Data Protection Regulation was strictly 
adhered to, and all researchers involved in data collec-
tion and analysis completed training in GDPR compli-
ance and data protection principals.

Results
Changes in prescribing practices with education 
and introduction of electronic patient records
54 prescriptions were reviewed each at Pre-Interven-
tion Review, Post-Education Review and Post-EPR 
review. In total, n = 1218 PAM were reviewed. See 
Table 1 for breakdown of results.

Fig. 1  Timeline of events
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Impact of an educational intervention
70.87% of PAM were correctly prescribed (prescribed 
or discontinued with explanation) on Pre-Intervention 
Review, compared to 78.33% following educational 
intervention, and this difference was not statistically 
significant (U = 1255.5, p = 0.206). Across all 4 possi-
ble outcomes (prescribed, omitted, discontinued with 
and without explanation) for a pre-admission medi-
cation, there was no significant change compared to 
expected values following the Educational Interven-
tion (χ2 = 6.4184, p = 0.093). The percentage of medica-
tions which were discontinued with explanation relative 
to all discontinued medications was 47.6% (11/21) on 
Pre-Intervention Review, compared to 68.6% (24/35) on 
Post-Education Review, however, this was not statistically 
significant (U = 1378, p = 0.468).

Impact of introduction of EPR
The PCPD following introduction of EPR was 92.33%, 
and this was significantly greater than Pre-Intervention 

(U = 694, p < 0.001) and Post-Education Review 
(U = 731, p < 0.001) (see Fig.  2). Across all 4 possi-
ble outcomes (prescribed, omitted, discontinued with 
and without explanation) for a pre-admission medica-
tion, there was a significant change following the intro-
duction of EPR, compared to pre-intervention values 
(χ2 = 25.65 > χc = 7.82, p < 0.001). However, of concern, 
only one of the PAM were discontinued with explanation 
on Post-EPR review, and this was significantly less than 
on Pre-Intervention Review (U = 1237.5, p = 0.007).

Assessment for confounding variables
There was a relative decrease in total number of PAM in 
the Post-EPR group. To determine the impact this had on 
the study results overall, data from all three groups was 
analysed. There was no significant association between 
number of PAM and PCPD (r = 0.008, p = 0.916). There 
was no significant association between number of PAM 
and proportion of PAM which were omitted (r = − 0.23, 

Table 1  Outcome of all pre-admission medications recorded on discharge prescriptions and discharge summaries

Audit (n = number of 
prescriptions reviewed)

Total pre-admission 
medications

Prescribed Omitted Discontinued with 
explanation

Discontinued 
without 
explanation

Pre-intervention
(n = 54)

436 299
(68.58%)

116
(26.61%)

10
(2.29%)

11
(2.52%)

Post-education
(n = 54)

443 323
(72.91%)

85
(19.19%)

24
(5.42%)

11
(2.48%)

Post-EPR
(n = 54)

339 312
(92.04%)

26
(7.67%)

1
(0.29%)

0
(0%)

Fig. 2  Simple Error Bar Chart of proportion of pre-admission medications which were correctly documented on discharge
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p = 0.771), or proportion of PAM which were discontin-
ued without explanation (r = 0.064, p = 0.421).

Duration of Stay in Hospital was assessed in terms of 
impact on outcomes for all three groups. There was no 
significant association between Duration of Stay and 
PCPD (r = − 0.02, p = 0.804, n = 162), proportion of PAM 
which were omitted (r = 0.02, p = 0.801), or the propor-
tion of PAM which were discontinued without explana-
tion (r = − 0.046, p = 0.561).

Attitudes of interns towards prescribing changes
A written survey was conducted at an Intern Teaching 
Session on the 9th of January 2018. All interns at this 
time were using a paper-based chart system to complete 
typed discharge summaries and handwritten discharge 
summaries. Thirty-three interns attended this session (of 
forty-two interns who were available to attend), of which 
n = 31 completed or partially completed the survey. 
Quantitative and Qualitative results are outlined below.

Qualitative survey questions
Interns were asked to suggest why they thought a num-
ber of different prescribing errors occurred on discharge. 
Space was provided to list multiple items (see Table  2). 
Omission of medications at discharge was attributed 
to omission of medications on admission, unclear 

documentation of medication changes and poor hand-
writing. Errors relating to frequency, formulation and 
dose were attributed to poor handwriting, lack of famili-
arity with certain medications, and time pressure. Pre-
scription of a medication that was intentionally stopped 
during inpatient stay was most frequently attributed to 
inadequate inpatient documentation of the discontinua-
tion, and lack of familiarity with patient notes.

Interns were asked to identify areas of prescribing 
which warrant further investigation. Guidance on opiate 
prescribing at discharge was raised as an area of concern.

Quantitative survey questions
With regard to 5-point Likert items, most (58.07%) 
interns agreed or strongly agreed they were familiar with 
patients they discharge. A majority agreed or strongly 
agreed (70.96%) that, when they are not familiar with 
a patient, they could discuss care with someone who 
is more familiar with a patient. All agreed or strongly 
agreed that interns who were familiar with patients are 
less likely to make errors in their discharge prescribing. 
Most (54.84%) were not comfortable with prescribing for 
patients whose care they had not been involved in (see 
Table 3).

Interns were asked which sources they used when writ-
ing discharge prescriptions, on a scale of 1 to 5, with 5 

Table 2  Reasons identified by interns as causes of different types of discharge prescribing errors

Omission of medications (n = 21) Errors relating to frequency, dose or formulary (n = 19)

Omission of medications on admission (7)
Unclear documentation of medication changes (4)
Poor handwriting (3)
Multiple medication prescription charts used (3)
Time pressure (3)
Distractions (i.e. being paged) while discharging (2)
Unfamiliar with patient (1)
Polypharmacy (1)

Poor handwriting (6)
Lack of familiarity with certain medications (4)
Time pressure (4)
Lack of familiarity with patients (2)
Failure to check guidelines/formularies (2)
Difficulty accessing admission medication list during a prolonged 

admission (2)
Human error (2)
Unclear documentation of medication changes (1)
Inexperience (1)

Communication error (n = 9) Prescription of a medication that was intentionally stopped during 
inpatient stay (n = 15)

Time pressure (3)
Unclear documentation of medication changes (2)
Unfamiliar with patient (2)
Patient knowledge of pre-admission medications (1)

Discontinuation not clearly documented (4)
Reason for discontinuation not clearly documented(3)
Unfamiliar with patient (2)
Poor admission notes (1)
Misreading medication prescription charts (1)
Use of paper charts (1)
Inaccurate note taking (1)
Medications which were held not being restarted appropriately (1)
Time pressure (1)

Are there any other types of error which you think are common on 
discharge? (n = 5)

Are there any other aspects of discharge prescribing which you think 
warrant further investigation? (n = 3)

Duration of medication (3)
Errors due to patients being discharged on weekends(1)
Not documenting benzodiazepines appropriately (1)

Guidance on opiate prescribing at discharge (2)
Variability in clinicians (1)
Difficulty contacting clinicians (1)
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being always and 1 being never. Results are displayed 
in Table  4. Inpatient medication lists were always used 
by all participants, while other sources were less fre-
quently used. This finding may be important when con-
sidering the available of medication lists with the EPR 
implementation.

Discussion
Audit of interventions to improve discharge prescribing
Medications are frequently omitted from discharge pre-
scriptions and discharge summaries in Saint James’s Hos-
pital. Given the substantial body of evidence linking these 
omissions to adverse drug events and subsequent read-
mission, as well as inappropriate propagation of inaccu-
rate prescribing in the community, these errors represent 
a source of preventable iatrogenic risk to patients.

Impact of an educational intervention
The educational intervention did not significantly impact 
discharge prescribing error rates. While there was a 
trend towards increased communication of medication 
changes observed in the Post-Intervention cohort, this 
was not statistically significant.

This lack of impact can be rationalised by the type of 
educational intervention used. Our educational inter-
vention comprised of didactic teaching session and 
information bulletins. Both interventions rely on pas-
sive dissemination of information, and there is very 

little evidence to support this as an effective means of 
improving patient outcomes [24, 29].

Impact of EPR
The introduction of EPR significantly reduced dis-
charge prescribing error, with a significant reduction 
in the primary outcome of proportion of PAM which 
are prescribed or discontinued with explanation on dis-
charge. This may be explained by EPR design. Prior to 
introduction of EPR, less than half (41.94%) of interns 
always referred to admission MR when completing 
discharge prescriptions, and inpatient medication lists 
(including current prescriptions) were likely the only 
or primary source used for discharge prescribing. Fol-
lowing introduction of EPR, the discharge prescribing 
process integrated patient medication lists with admis-
sion MR. This ensures that the discharge prescriber is 
aware of medications which have been intentionally 
held, either during admission or on discharge, and this 
information was not readily available on inpatient med-
ication lists.

The above findings are in line with other studies 
which examine impact of EPR systems on discharge 
prescribing error [24, 25]. Direct comparison between 
studies is often limited by inter-study variability, 
although a trend towards improved prescribing has 
been validated in a number of papers [25, 30].

Table 3  Interns were asked a series of 5-point Likert Style questions relating to experiences writing discharge prescriptions/
summaries

Please answer the following questions in relation to your experiences 
writing discharge prescriptions and discharge summaries in SJH

Strongly 
disagree 
(%)

Disagree (%) Unsure (%) Agree (%) Strongly 
agree 
(%)

If an intern is familiar with a patient they are less likely to make errors in the 
patient’s discharge prescription (n = 31)

0 0 0 29.03 70.97

If I am unfamiliar with a patient, I can discuss their care with someone who is more 
familiar with the patient (n = 31)

3.23 6.45 19.35 58.06 12.9

I am comfortable prescribing for patients whose care I have not been involved in 
(n = 31)

9.68 45.16 9.68 25.81 9.68

I am familiar with patients I complete discharges on (n = 31) 0 3.23 38.71 54.84 3.23

Table 4  Interns were asked to identify the frequency with which four different sources were referenced when preparing discharge 
prescriptions

Please indicate how often you refer to each of the following 
when writing discharge prescriptions

Never (%) Rarely (%) Sometimes (%) Often (%) Always (%)

Patient Kardex (inpatient medication list) (n = 31) 0 0 0 0 100

Clinical Notes (n = 31) 0 9.68 12.9 48.39 29.03

Pre-admission medication reconciliation list (n = 31) 0 6.45 16.13 35.48 41.94

Input from consultants/senior colleagues (n = 31) 0 16.13 45.16 29.03 9.68
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Understanding results in the context of EPR design 
and prescribing habits
In order to rationalise findings, results were contextu-
alised with similar studies, survey data, and discussion 
with the SJH Informatics Department [24, 25]. Despite 
improvement in patient safety, a similar study identified 
a new form of sociotechnical error that was unique to 
EPR prescribing [25]. Another study noted issues with 
EPR rigidity as a cause of error [31]. In this study, despite 
improvement in the primary composite outcome, issues 
were identified. The rate of deliberate discontinuation 
of a medication at discharge fell to near zero following 
introduction following introduction of EPR. Two expla-
nations for this negative finding were identified.

A significant separation of process for discharge pre-
scribing and discharge discontinuation was introduced 
with EPR. Prior to EPR, paper discharge prescriptions 
contained an integrated box in which prescribers were 
prompted to list and rationalise discontinued medica-
tions. Issues accessing documentation, and difficulty 
interpreting documentation were frequently cited by 
intern prescribers as sources of error in the survey con-
ducted. On SJH EPR, there are now separate tabs for 
“Discharge Medication Reconciliation” and “Medication 
Changes and Comments”, and the latter tab is frequently 
not used when discharging patients. This separation of 
processes increases number of steps required to list and 
rationalise discontinued medications.

Access to documentation is important in identifying 
and rationalising medications which have been discon-
tinued, and the EPR introduction may have reduced this 
accessibility. When completing the Medications Rec-
onciliation tab, it is not possible to access clinical notes. 
When completing the Medications Changes and Com-
ments tab, it is not possible to concurrently access any 
information from the patient’s chart. When asked to 
identify causes of prescribing an intentionally discon-
tinued medication on discharge, interns frequently cited 
issues such as “discontinuation not clearly documented”, 
“poor admission notes” and “reason for discontinuation 
not clearly documented”. As demonstrated in Table  4, 
prescribers frequently rely on multiple sources of infor-
mation when generating discharge prescriptions. Expect-
ing prescribers to navigate in and out of these tabs may 
detract from the prescribing task at hand and increase 
the time taken to complete it. Of note, time pressure is 
frequently listed as a cause of prescribing error in survey 
data. As some pre-configured electronic patient record 
systems may not lend themselves to reconfiguration, local 
awareness of limitations of EPR, education of prescribers 
about these limitations and trials of work-around solu-
tions have potential to improve patient care. It is essential 
to ensure such systems are audited appropriately.

Efforts to improve discharge prescribing should focus 
on making the relevant resources quickly available to the 
prescriber, in a manner which allows them to identify rel-
evant information. Future quality improvement efforts 
should attempt to integrate clinical notes and input from 
senior colleagues (in addition to admission MR) in the 
discharge prescribing process. Providing teaching to 
non-consultant hospital doctors on this topic is unlikely 
to be adequate in developing a proactive service. The role 
of clinical pharmacists in medication safety is essential in 
all health systems, irrespective of e-health infrastructure. 
In the survey of intern doctors, they reported that medi-
cation omissions on admission were the most likely cause 
of omissions at discharge. This highlights the importance 
a pharmacist led MR on admission. Pharmacist-led medi-
cation reconciliation is effective at reducing discharge 
prescribing errors in health systems electronic patient 
records are instituted [32]. This is a cost-effective method 
of reducing error, and clinicians should advocate for dis-
charge MR implementation where possible [17].

Strengths and limitations
Strengths of this study include assessment of two inter-
ventions in the same institution. The study is unique in 
examining interventions in terms of changes to hospital-
wide clinical practice in a pragmatic setting, rather than 
surrogate markers like clinician performance in a stand-
ardised assessment. It assesses two interventions in the 
same institution, and includes an educational interven-
tion which is passive in nature, reflecting the most widely 
available mechanism for addressing discharge prescrib-
ing issues.

Limitations of this study include variation between 
study groups. There was a relative reduction in number of 
PAM per patient in the Post-EPR study group, compared 
to the Pre-Intervention and Post-Education study groups. 
Given that number of PAM did not correlate significantly 
with primary or secondary outcomes, this did not likely 
alter our interpretation of the study results. Further, this 
study was conducted on a sample of 1,218 PAM (162 dis-
charged patients) in one hospital system. Results may not 
be directly applicable to other hospital systems.

Conclusion
There is a significant body of evidence in the Irish con-
text that the omission of medications from discharge 
prescriptions and discharge summaries has an impact 
on patient care, and is therefore a strong marker of iat-
rogenic risk [2, 3, 5–8, 10–12]. This study found that a 
multi-component educational intervention had a small 
effect on improving prescribing errors and communica-
tion at discharge. However, the implementation of an 
electronic patient record with a discharge prescribing 
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function significantly reduced prescribing errors and 
omissions at discharge.

Abbreviations
PAM: Pre-admission medications prescribed prior to hospitalization; EPR: Elec-
tronic patient record; EMR: Electronic medical record; GP: General practitioner; 
MR: Medicine reconciliation; SJH: Saint James’s Hospital; PCPD: Proportion 
correctly prescribed on discharge; PIPD: Proportion incorrectly prescribed on 
discharge.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12911-​021-​01551-5.

Additional file 1. Survey tool developed to obtain information 
on prescribing habits of junior doctors when preparing discharge 
documentation.

Acknowledgements
The Irish/Dublin Southeast Academic Track Internship Program is acknowl-
edged for providing academic support. Acknowledgements should also be 
given to the Physicians, Pharmacists, Discharge Lounge Staff and Informatics 
Department at Saint James’s Hospital, for participation in this research. Further, 
the authorship would like to acknowledge Ciara Gavin for her contribution 
to prescribing safety in Saint James’s Hospital, which includes guidance and 
support during this project.

Authors’ contributions
MO’S—performed research (data collection), conceived of survey component 
of study, analysed data, wrote the paper. CK—analysed data, conceived of 
audit component of study, assisted in writing the paper, performed research 
(delivered educational intervention). ER—informed study design, advised on 
interpretation of results, performed research (delivered educational interven-
tion). KH—performed research (delivered educational intervention), initially 
identified issues with discharge prescriptions in early 2017. MH—analysed 
data, contributed to study design, assisted on writing the paper. MB—ana-
lysed data with significant contribution to results interpretation, performed 
research (obtained institutional approval for study). All authors listed con-
tributed significantly to the development of this study. All authors read and 
approved the final manuscript.

Funding
This research received funding from the Irish Academic Track Internship – 
Dublin Southeast Training Program. This funding is provided to the first author 
as part of an Irish Government Health Service Executive Training publicly 
funded program for research conducted in the Saint James’s Hospital/Trinity 
College Dublin Dublin Southeast Network.

Availability of data and materials
The datasets analysed during the current study are available in an irrevocably 
anonymised format from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This project was approved as a quality improvement project by the Depart-
ment of Research and Innovation in Saint James’s Hospital (ref 5273). 
Appropriate approval was obtained for surveying hospital staff per Saint 
James’s Hospital Protocol. Consent to participate in the survey and teaching 
session was obtained from participants. Written consent was obtained from 
participants who completed a survey.

Consent for publication
Consent to publish was obtained from survey participants.

Competing interests
There are no competing interests to declare.

Author details
1 Department of Pharmacology, Saint James Hospital, Dublin, Ireland. 2 Dublin 
Southeast Network Academic Track Internship, Dublin, Ireland. 3 School 
of Medicine, Trinity College Dublin, Dublin, Ireland. 4 Inchicore Family Doctors, 
Dublin, Ireland. 

Received: 4 January 2021   Accepted: 31 May 2021

References
	1.	 Dean B, Barber N, Schachter M. What is a prescribing error? Qual Health 

Care. 2000;9(4):232–7.
	2.	 Davies EC, Green CF, Taylor S, Williamson PR, Mottram DR, Pirmohamed M. 

Adverse drug reactions in hospital in-patients: a prospective analysis of 
3695 patient-episodes. PLoS ONE. 2009;4(2):e4439.

	3.	 Slight S, Tolley C, Bates D, Fraser R, Bigirumurame T, Kasim A, Balaskonis K, 
Narrie S, Heed A, Orav E, et al. Medication errors and adverse drug events 
in a UK hospital during the optimisation of electronic prescriptions: a 
prospective observational study. Lancet Digit Health. 2019;1:e403–12.

	4.	 Breckenridge A. The burden of adverse drug events. Br J Clin Pharmacol. 
2015;80(4):785–7.

	5.	 Rafter N, Hickey A, Conroy RM, Condell S, O’Connor P, Vaughan D, Walsh 
G, Williams DJ. The Irish National Adverse Events Study (INAES): the 
frequency and nature of adverse events in Irish hospitals-a retrospective 
record review study. BMJ Qual Saf. 2017;26(2):111–9.

	6.	 O’Riordan C, Delaney T, Grimes T. Exploring discharge prescribing errors 
and their propagation post-discharge: an observational study. Int J Clin 
Pharm. 2016;38(5):1172–81.

	7.	 Grimes TC, Deasy E, Allen A, O’Byrne J, Delaney T, Barragry J, Breslin N, 
Moloney E, Wall C. Collaborative pharmaceutical care in an Irish hospital: 
uncontrolled before-after study. BMJ Qual Saf. 2014;23(7):574–83.

	8.	 Grimes TC, Duggan CA, Delaney TP, Graham IM, Conlon KC, Deasy E, Jago-
Byrne MC, OB P. Medication details documented on hospital discharge: 
cross-sectional observational study of factors associated with medication 
non-reconciliation. Br J Clin Pharmacol. 2011;71(3):449–57.

	9.	 Roughead EE, Semple SJ, Rosenfeld E. The extent of medication errors 
and adverse drug reactions throughout the patient journey in acute care 
in Australia. Int J Evid Based Healthc. 2016;14(3):113–22.

	10.	 Redmond P, McDowell R, Grimes TC, Boland F, McDonnell R, Hughes C, 
Fahey T. Unintended discontinuation of medication following hospitalisa-
tion: a retrospective cohort study. BMJ Open. 2019;9(6):e024747.

	11.	 Redmond P, Carroll H, Grimes T, Galvin R, McDonnell R, Boland F, McDow-
ell R, Hughes C, Fahey T. GPs’ and community pharmacists’ opinions on 
medication management at transitions of care in Ireland. Fam Pract. 
2016;33(2):172–8.

	12.	 Feely J, Chan R, McManus J, O’Shea B. The influence of hospital-based 
prescribers on prescribing in general practice. Pharmacoeconomics. 
1999;16(2):175–81.

	13.	 Donaldson LJ, Kelley ET, Dhingra-Kumar N, Marie-Paule K, Sheikh A. 
Medication without harm: WHO’s third global patient safety challenge. 
The Lancet. 2017;389(10080):1680–1.

	14.	 Tong EY, Roman CP, Mitra B, Yip GS, Gibbs H, Newnham HH, Smit V, 
Galbraith K, Dooley MJ. Reducing medication errors in hospital discharge 
summaries: a randomised controlled trial. Med J Aust. 2017;206(1):36–9.

	15.	 Duedahl TH, Hansen WB, Kjeldsen LJ, Graabaek T. Pharmacist-led interven-
tions improve quality of medicine-related healthcare service at hospital 
discharge. Eur J Hosp Pharm. 2018;25(e1):e40–5.

	16.	 Mekonnen AB, McLachlan AJ, Brien JA. Effectiveness of pharmacist-
led medication reconciliation programmes on clinical outcomes at 
hospital transitions: a systematic review and meta-analysis. BMJ Open. 
2016;6(2):e010003.

	17.	 Gavin C, Carr B, Sahm L. CP-161 A clinical and cost analysis of medication 
reconciliation by pharmacists at discharge from the acute medical assess-
ment unit (AMAU) of a large urban teaching hospital. Eur J Hosp Pharm. 
2017;24:A72–3.

https://doi.org/10.1186/s12911-021-01551-5
https://doi.org/10.1186/s12911-021-01551-5


Page 10 of 10O’Shea et al. BMC Med Inform Decis Mak          (2021) 21:195 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	18.	 Karapinar-Carkit F, van der Knaap R, Bouhannouch F, Borgsteede SD, 
Janssen MJA, Siegert CEH, Egberts TCG, van den Bemt P, van Wier 
MF, Bosmans JE. Cost-effectiveness of a transitional pharmaceutical 
care program for patients discharged from the hospital. PLoS ONE. 
2017;12(4):e0174513.

	19.	 Hammad EA, Bale A, Wright DJ, Bhattacharya D. Pharmacy led medicine 
reconciliation at hospital: a systematic review of effects and costs. Res 
Social Adm Pharm. 2017;13(2):300–12.

	20.	 Peter D, Robinson P, Jordan M, Lawrence S, Casey K, Salas-Lopez D. 
Reducing readmissions using teach-back: enhancing patient and family 
education. J Nurs Adm. 2015;45(1):35–42.

	21.	 Thomas JS, Gillard D, Khor M, Hakendorf P, Thompson CH. A comparison 
of educational interventions to improve prescribing by junior doctors. 
QJM. 2015;108(5):369–77.

	22.	 Thomas JS, Koo M, Shakib S, Wu J, Khanal S. Impact of a compulsory final 
year medical student curriculum on junior doctor prescribing. Internal 
Med J. 2014;44(2):156–60.

	23.	 McCarthy RM, Hilmer SN. Teaching Junior Medical Officers safe and effec-
tive prescribing. Internal Med J. 2013;43(11):1250–3.

	24.	 Bloom BS. Effects of continuing medical education on improving physi-
cian clinical care and patient health: a review of systematic reviews. Int J 
Technol Assess Health Care. 2005;21(3):380–5.

	25.	 Mills PR, Weidmann AE, Stewart D. Hospital electronic prescribing system 
implementation impact on discharge information communication 
and prescribing errors: a before and after study. Eur J Clin Pharmacol. 
2017;73(10):1279–86.

	26.	 Mills PR, Weidmann AE, Stewart D. Hospital discharge information com-
munication and prescribing errors: a narrative literature overview. Eur J 
Hosp Pharm. 2016;23(1):3–10.

	27.	 Shawahna R, Rahman NU, Ahmad M, Debray M, Yliperttula M, Decleves X. 
Electronic prescribing reduces prescribing error in public hospitals. J Clin 
Nurs. 2011;20(21–22):3233–45.

	28.	 HIQA: National Standard for Patient Discharge Summary Information. 
2013. https://​www.​hiqa.​ie/​sites/​defau​lt/​files/​2017-​01/​Natio​nal-​Stand​ard-​
Patie​nt-​Disch​arge-​Summa​ry.​pdf. Accessed: 17 Dec 2020.

	29.	 Bero LA, Grilli R, Grimshaw JM, Harvey E, Oxman AD, Thomson MA. Clos-
ing the gap between research and practice: an overview of systematic 
reviews of interventions to promote the implementation of research find-
ings. The Cochrane Effective Practice and Organization of Care Review 
Group. BMJ (Clin Res ed). 1998;317(7156):465–8.

	30.	 Allison GM, Weigel B, Holcroft C. Does electronic medication reconcilia-
tion at hospital discharge decrease prescription medication errors? Int J 
Health Care Qual Assur. 2015;28(6):564–73.

	31.	 Abdel-Qader DH, Cantrill JA, Tully MP. Validating reasons for medication 
discontinuation in electronic patient records at hospital discharge. J Eval 
Clin Pract. 2011;17(6):1160–6.

	32.	 Alex S, Adenew AB, Arundel C, Maron DD, Kerns JC. Medication errors 
despite using electronic health records: the value of a clinical pharmacist 
service in reducing discharge-related medication errors. Qual Manag 
Health Care. 2016;25(1):32–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.hiqa.ie/sites/default/files/2017-01/National-Standard-Patient-Discharge-Summary.pdf
https://www.hiqa.ie/sites/default/files/2017-01/National-Standard-Patient-Discharge-Summary.pdf

	Assessment of an electronic patient record system on discharge prescribing errors in a Tertiary University Hospital
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Aims

	Methods
	Study design
	Setting
	Data collection
	Interventions
	Statistical analysis

	Results
	Changes in prescribing practices with education and introduction of electronic patient records
	Impact of an educational intervention
	Impact of introduction of EPR
	Assessment for confounding variables

	Attitudes of interns towards prescribing changes
	Qualitative survey questions
	Quantitative survey questions


	Discussion
	Audit of interventions to improve discharge prescribing
	Impact of an educational intervention
	Impact of EPR
	Understanding results in the context of EPR design and prescribing habits

	Strengths and limitations

	Conclusion
	Acknowledgements
	References


