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Abstract
Background

Medication errors frequently occur as patients
transition between hospital and the community,
and may result in patient harm. Novel methods
are required to address this issue.

Aim

To assess the feasibility of introducing an
electronic patient-held active record of medication
status device (PHARMS) at the primary–secondary
care interface at the time of hospital discharge.

Design and setting

A mixed-methods study (non-randomised
controlled intervention, and a process evaluation
of qualitative interviews and non-participant
observation) among patients >60 years in an
urban hospital and general practices in Cork,
Ireland.

Method

The number and clinical significance of errors
were compared between discharge prescriptions
of the intervention (issued with a PHARMS device)
and control (usual care, handwritten discharge
prescription) groups. Semi-structured interviews
were conducted with patients, junior doctors,
GPs, and IT professionals, in addition to direct
observation of the implementation process.

Results

In all, 102 patients were included in the final
analysis (intervention n = 41, control n = 61).
Total error number was lower in the intervention
group (median 1, interquartile range [IQR]
0–3) than in the control group (median 8, IQR
(4–13.5, P<0.001), with the clinical significance
score in the intervention group also being
lower than the control group (median 2, IQR
0–4 versus median 11, IQR 5–20, P<0.001). The
PHARMS device was found to be technically
implementable using existing information
technology infrastructure, and acceptable to all
key stakeholders.

Conclusion

The results suggest that using PHARMS devices
within existing systems in general practice and
hospitals is feasible and acceptable to both
patients and doctors, and may reduce medication
error.
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INTRODUCTION
Discharge from hospital to the community
is associated with adverse events, with one
in five patients experiencing an event within
3 weeks of hospital discharge.1 Medication
error is a major potentially preventable
source of these adverse events.1,2
Uncertainty surrounding what medications
have been added, stopped, or altered in
hospital is a common issue for GPs, and
has the potential to lead to medication
error.3–5 Communication of discharge
medication information to GPs is often not
timely, resulting in an absence of up-to-date
information when issuing a prescription.6,7
The accuracy of medication information
received is an additional concern, due to the
high frequency of prescribing error in the
hospital setting.8–10
Medication reconciliation, the formal
process for identifying and correcting
unintentional medication discrepancies
during transitional care, is widely
advocated.11–13 The goal is to provide the
patient and healthcare professionals
with an up-to-date and accurate list of
medications that is available in all settings
and stages of care.14 However, consensus
has not been reached regarding the optimal
method of generating and documenting
accurate medication information during
transitional care,15 and the availability of
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such a list largely remains elusive in dayto-day practice.
In a consensus statement on medication
reconciliation, Greenwald et al stated: ‘A
personal health record that is integrated
and easily transferable between sites of
care is needed to facilitate successful
medication reconciliation.’ 14 In recent
years, significant developments pertaining
to eHealth — the use of information and
communication technologies for health —
have taken place.16 Electronic patient health
record systems are now used by >90% of
GPs in Ireland and the UK.17,18 Successful
integration and transfer of electronic
patient information between sites at a local,
national, and international level remains
a challenge, however.18–22 Complete and
universal electronic integration of patient
information within and between primary
and secondary care settings has yet to be
achieved.
The patient represents the one constant
in the transitional care process, and patientheld records may improve continuity of
care and enhance patient empowerment.23
Evidence suggests improved quality,
completeness, and timeliness of delivery
of electronic discharge information, with
a subsequent reduction in medication
error.24–26 Hence, an electronic patient-held
medication record may provide a solution
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How this fits in
Errors at hospital discharge are common
and have negative clinical and economic
consequences for patients, GPs, and
hospital doctors. Establishing effective
methods of reducing medication error as
patients move between hospital and the
community is a current priority in health
care. With evidence suggesting improved
quality of electronic discharge information,
and the patient being the one constant in
transitional care, a patient-held electronic
medication record may be a solution. This
study demonstrated that introducing a
novel patient-held electronic medication
record in existing primary and secondary
care systems is technically and clinically
feasible and acceptable, and may reduce
medication error at hospital discharge.

to current issues arising at hospital
discharge. GPs have a central role in overall
patient care, and have been identified as
accurate providers of patient medication
information.27 Giving a patient’s GP overall
responsibility for adjusting and updating an
electronic patient-held medication record
could potentially reduce errors arising
from the involvement of multiple doctors
in different stages and settings of care.28,29
Though potentially beneficial, the
development of such a novel electronic
intervention compatible with diverse
and constantly evolving electronic
healthcare systems presents challenges.
Implementation of eHealth to date has
not been straightforward.20,30 Use of paper
records within current healthcare systems
may well be outdated, but the attributes of
simplicity and universal applicability remain
relevant. To this end, the authors sought
to use a simple and commonly employed
universal serial bus (USB) technology,
and developed a novel electronic patientheld active record of medication status
(PHARMS) device using this technology.31
The device developed is key shaped and
operates through the USB port of any
computer where appropriate software has
been installed. The device, once activated,
provides a link to the patient’s medication
information in their electronic record in
general practice (further details are
available from the authors on request).
Successful
development
and
implementation of a novel intervention
within the healthcare setting requires a
detailed understanding of the context in
which it is being introduced, and the potential
barriers to implementation. The overall aim

of this study was to assess the feasibility
of introducing an electronic patientheld medication record at the primary–
secondary care interface at the time of
hospital discharge, first by examining the
performance of the device, and second by
determining the acceptability of the initiative
to key stakeholders (patients, doctors,
information technology [IT] personnel), and
identifying the barriers and facilitators to
the process of its implementation.
METHOD
A mixed-methods study comprising a nonrandomised controlled intervention, and a
process evaluation comprising qualitative
interviews and non-participant observation
was conducted. A detailed account of study
methodology is provided in the protocol for
this study.31
The study was conducted in the five
general medical and surgical wards of
an urban 350-bed hospital and in general
practices in County Cork, Ireland, between
January and July 2016. Following admission
to hospital, potentially eligible communitydwelling older adult patients (≥60 years)
prescribed three or more medications were
identified from a patient admission list
generated on a daily basis. Patients who
were resident in long-term care facilities,
unable to provide written informed consent,
or in receipt of end-of-life care were
excluded. Written informed consent was
obtained from patients.
Patients from four urban GP practices
in which appropriate software had been
installed were assigned to the intervention
group and issued with a PHARMS, which
was used at the time of discharge (further
information is available from the authors
on request). Eligible patients from GP
practices, other than the four intervention
practices, were assigned to the control
group, and received usual care in the form
of a handwritten discharge prescription.
Data on pre-admission and hospital
discharge medication information, patient
age, length of stay, medication number
on admission, and functional status were
collected for all patients. Functional status
was assessed in terms of independence
relating to continence, mobility, feeding, and
dressing, as documented in the patient’s
notes. Medical card status (a means-tested
national public health insurance system
entitling the holder to free access to health
care) was used as a proxy measure for
socioeconomic status (SES).
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Clinical outcomes
Discharge prescriptions of intervention and
control patients were examined for errors,
and patients’ doctors informed if errors
posing clinical risk were detected. Box 1
gives a description of errors on prescriptions.
Errors were reviewed independently by a
GP and a clinical pharmacist, and classified
as significant, serious, or life threatening.
Any discrepancies were resolved with the
input of another GP. Error severity weights
of 12 = 1 (significant), 22 = 4 (serious), and
32 = 9 (life threatening), respectively, were
assigned to reflect the relative potential
of each error type to cause patient harm,
and an error score was calculated for each
patient (further information is available
from the authors on request).33
Data were anonymised, coded, and
entered into a Microsoft Excel (2010)
spreadsheet on a password-protected
computer. Statistical analysis was
conducted using IBM SPSS version 24.
Differences in baseline characteristics
between groups were tested using the
χ2 test, t-test, and Mann–Whitney U test.
Total error numbers and error scores

Box 1. Errors on prescriptions
Patient demographic and legal
requirements32
•
•
•
•
•

Name and address
Date
Age or date of birth
Prescriber’s signature
Irish Medical Council (IMC) registration
number for the prescribing physician

Therapeutics
•
•
•
•

•

Legibility/accuracy of spelling
Presence of strength/dose/frequency
Quantity
Presence of drug–drug interactions as per
Stockley’s Drug Interactions
(https://www.medicinescomplete.com)
Omission of a pre-admission medication2

Figure 1. Flow diagram of patient selection.

Enrolment

Potentially eligible patients
identified (n = 207)

Excluded (n = 80)
• Not meeting inclusion
criteria (n = 71)
• Declined to participate
(n = 9)

Eligible (n = 127)

were compared between groups using
the Mann–Whitney U test. Occurrence of
individual types of error between groups
was compared using Fisher’s exact text.
Negative binomial regression models
were used to analyse the association of
group, sex, functional status, SES, age, and
length of stay, with both error numbers and
error scores. Statistical significance was
determined using a P-value of <0.05.
Process evaluation
Qualitative interviews. Semi-structured
interviews were conducted with a census
sample of the healthcare professionals
involved in the study (junior doctors, GPs,
and IT professionals). Suitability of a patient
for interview was checked with the patient’s
GP before contacting the patient, and all
intervention patients who were available to
participate were contacted. Interviews were
recorded, transcribed, and coded. Data were
analysed iteratively using thematic analysis.34
Dual independent coding of the first three
transcripts of interviews with GPs, junior
doctors, and patients (n = 9) was conducted
by two members of the research team.
Transcripts were read, and initial codes
were generated and discussed at a research
meeting, and a coding system agreed. All
subsequent interviews were analysed by one
of the researchers adhering to the principles
of constant comparison,35 and overseen by
two others. Dual independent coding of all
interviews with IT professionals (n = 2) was
conducted by two researchers. Codes were
discussed and a coding system agreed.
NVivo Software Version 11 was used for data
management (topic guides are available
from the authors on request).

Non-participant
observation. Direct
observation of the implementation process
was conducted36 by one researcher, and
observations recorded as field notes.

Allocation
Allocated to intervention (n = 63)

Allocated to control (n = 64)

Follow-up
Failure of transmission (n = 22):
• Hospital firewall (n = 3)
• GP server (n = 3)
• Hospital hardware (n = 4)
• Patient transfer (n = 3)
• Not used (n = 9)

Lost to follow-up (n = 3):
• Died during admission
(n = 3)

Final
Completed (n = 41)
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Completed (n = 61)

RESULTS
Patient selection is outlined in Figure 1.
Characteristics of the intervention and
control groups (Table 1) were broadly
similar, with the exception of age.
Prescribing error
The total error number and clinical
significance scores of errors were lower
in the intervention group, and there were
differences across a range of errors
between groups, with a complete absence
of error pertaining to patient information,
date, legibility, quantity, and prescriber
information among the intervention group
(Table 2).

Table 1. Characteristics of study patients
Intervention
(n = 41)
Sex, male, n (%)
Age, years, mean (SD)
Has medical card, n (%)
Medications on admission, median (IQR)

Control
(n = 61)

P-value

22 (54)

38 (62)

0.51

72.6 (6.2)

77.4 (7.3)

0.01

34 (83)

43 (71)

0.23

10 (8–15)

10 (7–13)

0.25

Independent mobility, n (%)

24 (59)

29 (48)

0.38

Independent dressing, n (%)

31 (76)

41 (67)

0.49

Continent, n (%)

32 (78)

56 (91)

0.09

Independent feeding, n (%)

38 (93)

51 (84)

0.30

Length of stay, median (IQR)

6 (3–10)

6 (5–13)

0.21

IQR = interquartile range. SD = standard deviation.

Predictors of error number and error
score
The results of the univariable and
multivariable analyses are shown in
Table 3. In the multivariable analysis, after
controlling for the other variables in the
model, statistically significant lower rates of
error numbers and error scores remained
in the intervention group. Number of
medications on admission was the only
other statistically significant predictor of
prescribing error number and error score.
For an increase of one in pre-admission
medication number, error count and the
clinical significance score both increased
by 9%.

Intervention
(n = 41)

Control
(n = 61)

Median (IQR)

Median (IQR)

1 (0 to 3)
2 (0 to 4)

8 (4 to 13.5)
11 (5 to 20)

P-value
<0.001
<0.001

Type of error

n

%

n

%

Patient information

0

0

2

3.3

0.514

Date

0

0

5

8.2

0.08

Legibility and/or spelling

0

0

5

8.2

0.08

Quantity and/or duration

0

0

22

36.1

<0.001

Prescriber information

0

0

18

29.5

<0.001

Drug interaction

16

39

26

42.6

0.838

Frequency

3

7.3

2

3.3

1.0

Dose

4

9.8

7

11.5

1.0

Medication omission

17

41.5

46

75.4

0.001

IQR = interquartile range.

Clinical impact. GPs, patients, and junior
doctors all described the occurrence of and
difficulties with medication error, and poor
communication of medication information
within the existing system:
‘We forever have people coming in who are
missing things for a week, until someone
discovers they’re missing whatever.’ (Junior
doctor 1)
‘And, in some cases, then you have to follow
up with the hospital, and following up with
the hospital is incredibly time consuming.
Like, really, incredibly time consuming and
frustrating and annoying. I mean, I can’t be
strong enough on how, what a waste of time
it is.’ (GP1)
‘I remember, like, one day coming out
and the nurse had to ring the doctor to
query something because the inhaler they
had given me shouldn’t be given with the
medications I was on.’ (Patient [P] 1)

Table 2. Types of errors on discharge prescriptions

Total error number
Clinical significance score

Qualitative interviews evaluating
feasibility and acceptability
Interviews were conducted with a census
sample of GPs (n = 8), junior doctors (n = 13),
and IT professionals (n = 2). Interviews were
conducted with 12 intervention patients
(declined n = 2, died n = 6, unable to contact
n = 4, current health issue as determined
by GP n = 17)
Characteristics of interview participants
are shown in Table 4. Interviews identified
three main themes: clinical impact,
intervention characteristics, and integration
with usual care. Main themes, subthemes,
and codes are outlined in Box 2. The main
themes and the most significant subthemes
are discussed.

Each stakeholder group embraced
the PHARMS device as a potential
method of reducing error and improving
communication:

‘It takes some of the inconsistency out of
the traditional methods of finding out about
patients’ change of medication when they’ve
been in hospital. If everyone was doing it
we’d have, I suppose, solid prescriptions
— we’d know what patients were really on
coming out of hospital.’ (GP7)
‘One person I used it for was one who was
in and out like a yo-yo and, in that instance,
it provided continuity between the people
… so I thought it was very valid and useful.’
(Junior doctor 4)
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Table 3. Association of predictors and number of errors and error
score
Univariable
Error number
predictors

IRR

Group:
Intervention (ref)
Control

Multivariable

P-value

IRR

95% CI

P-value

–
3.94 2.44 to 6.36

<0.001

4.88

3.35 to 7.13

<0.001

Sex:
Female (ref)
Male

–
1.19 0.80 to 1.78

0.39

1.20

0.79 to 1.82

0.39

Age

1.02 1.00 to 1.05

0.083

0.99

0.97 to 1.02

0.63

Medical card status:
Yes (ref)
No

–
0.96 0.64 to 1.45

0.85

0.92

0.64 to 1.31

0.63

Number of medications on admission

1.06 1.02 to 1.10

0.003

1.09

1.05 to 1.14

<0.001

Functional status:
Not independent (ref)
Independent

–
0.84 0.57 to 1.23

0.38

1.08

0.77 to 1.53

0.65

Length of stay

1.02 1.00 to 1.03

0.10

1.00

0.98 to 1.02

0.94

95% CI

Univariable
Error score
predictors

IRR

Group:
Intervention (ref)
Control

Multivariable

generating the discharge medication
information:

‘I can remember having two different
reactions, that it very much depended on
who had filled in the [information] from
the hospital side. One [junior doctor] had
made notes about what was stopped and
what doses had increased, which was
really helpful. And the other one was just a
prescription’ (GP2)
The junior doctors felt overall that,
although the device was useful for GPs and
patients at discharge, it was not particularly
useful for them when generating discharge
information. They felt that it was not their
role to reconcile medications at this point in
care, and that it would be more relevant at
admission:

‘But it probably would be much [more]
helpful if you were doing an admission as,
a lot of the time, I find that patients will
come in and they won’t have the list of
medications with them, and you end up
having to ring the GP anyway. So, I think
that’s when it would become more helpful
— at admission rather than discharge.’
(Junior doctor 5)

P-value

IRR

95% CI

P-value

–
4.30

2.55 to 7.25 <0.001

5.71

3.66 to 8.91

<0.001

Sex:
Female (ref)
Male

–
1.44

0.90 to 2.29

0.13

1.36

0.86 to 2.17

0.19

Age

1.02

0.99 to 1.05

0.31

0.99

0.96 to 1.01

0.31

Medical card status:
Yes (ref)
No

–
0.77

0.49 to 1.21

0.26

0.74

0.49 to 1.12

0.15

Number of medications on admission

1.05

1.00 to 1.10

0.07

1.09

1.04 to 1.14

<0.001

Intervention characteristics. Patients found
the key-shaped PHARMS device acceptable.
A minority expressed a preference for an
alternative shape to resemble a bank card.
The majority expressed having difficulty with
use of technology, and rejected alternative
options such as an app:

Functional status:
Not independent (ref)
Independent

–
0.98

0.63 to 1.54

0.94

1.16

0.75 to 1.77

0.51

‘It’s the likes of us that wouldn’t really be
tech savvy, it would be the ideal thing.’ (P2)

Length of stay

1.00

0.99 to 1.02

0.69

0.99

0.98 to 1.01

0.32

95% CI

CI = confidence interval. IRR = incidence rate ratio. Ref = reference.

‘Well, it’s very handy, so your GP would have
it and [you,] when you go to hospital, all your
information is on it. It’s brilliant.’ (P3)
GPs found the electronic medication
information beneficial at time of discharge:

‘It was useful, because it was instant, and
because I knew that’s changed, and it’s
changed for a reason.’ (GP1)
However, the quality of information
received was noted to be variable by GPs,
and to be dependent on the junior doctor
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‘They tried to talk me into getting one of the
touchphones, but I’m sure I have toes for
fingers, because any time I tried to use it, I
couldn’t.’ (P1)
Though enthusiastic about having the
device to provide information to healthcare
professionals, most patients did not want
personal access to their medication
information:

‘I’d leave them [doctors] do what they are
doing. I just take my tablets and leave them
[doctors] look after it.’ (P2)
‘You know when a doctor’s in front of you
[you] lose concentration and you can’t
remember the names … with the key
[device] it would be better.’ (P4)

Table 4. Characteristics of
participants in qualitative
interviews (n = 35)
Participants (n)
GPs (n = 8)
Sex
Male
Female
Type of practice
Single handed
Group
Length qualified
10–20 years
21–30 years
>30 years

5
3
1
7
3
4
1
Junior doctors (n = 13)

Sex
Male
Female
Age, years
20–30 years
>30 years
Length qualified
1 year
2 years

6
7
10
3
11
2
IT professionals (n = 2)

Sex
Male
Female
Length qualified
10–20 years
>20 years

2
0
1
1
Patients (n = 12)

Sex
Male
Female
Age, years
60–70 years
>70 years
Socioeconomic status
Private health insurance
Medical card

5
7
7
5
1
11

USB technology and operation of the
device was acceptable to healthcare and
IT professionals alike, and regarded as a
feasible option within the constraints of the
current system:

‘It did actually work. It could work in hospitals
in Ireland. Technology in a public hospital
may be behind the other technologies out
there. When it comes to a great solution,
for example, wireless technology, the
problem is that technology is not available
or accessible.’ (IT professional [IT]1)
Integration with usual care. Though
enhancing process efficiency for GPs, junior
doctors found that using the device was an
additional workload:
‘On our end, it was probably less work than
dealing with traditional prescriptions. So
yeah, we’re very happy.’ (GP7)
‘It’s the duplication, the filling out of the
discharge summary, and then you’re filling
out a prescription, and you’re trying to find a
computer.’ (Junior doctor 9)
Infrequent use significantly impacted
acceptability for junior doctors, and GPs
highlighted full integration and widespread
use as key for sustainability:

‘I’m sure it would be fine if it were the
primary method for every single patient,
we might — that’s the thing that we do. But
when you’re writing prescriptions all day,
you just forget about it.’ (Junior doctor 11)
‘It would be no good for just a small portion
of one hospital to use it. If it’s the whole
system, then great. Otherwise, it’s just
another system that’s different. If it’s just a
small portion of people using it, then it’s not
going to be any good.’ (GP7)
Uncertainty regarding the mechanism
of device operation was an issue for GPs,
patients, and junior doctors alike:

‘The difficulty was, I was feeling vague about
it [the device]. So I couldn’t really put her
[patient] absolutely straight and say ‘”no,
that’s not how it’s working, that’s for the
next time you’re back”, and so we [patient
and GPs in the practice] all agreed that we
didn’t know how it worked.’ (GP2)
Issues of integration were regarded
as minor from an IT perspective, and

confidence in the safety and security of USB
technology was expressed:

‘We didn’t really have any major technical
problems. I would call them glitches and
challenges.’ (IT2)
‘So, really, if the correct protection is in
place, using USB technology is safe.’ (IT1)
Non-participant observation
A number of issues pertaining to feasibility
were identified through non-participant
observation.

Uptake. Patients embraced the concept of
the device and were keen to participate in
the study, with only nine of the 136 patients
approached declining to participate. All
junior doctors were willing to participate,
with a small number (n = 2) becoming
‘champions’, assisting and educating their
peers regarding device use.
Fidelity and adherence. Of the 63
devices issued to patients, 41 were used
successfully. Difficulty in communication
between the product developer and hospital
IT staff resulted in early-stage installation
and implementation issues, with device
failure due to unresolved hospital firewall
and GP server issues (n = 6).
Basic hospital hardware issues negatively
impacted successful device use:
• failure of use occurred due to simple
printer malfunction (n = 4); and
• limited availability of computers on
hospital wards resulted in junior doctors
opting to issue a handwritten prescription
rather than using the device (n = 2).
A number of devices were not used
at discharge (n = 10). Three patients
transferred to another hospital. Observed
additional explanatory factors were:
• patients did not alert junior doctors to
having the device;
• retaining the device was problematic
during the inpatient stay, due to lack of a
dedicated storage location; and
• nursing staff were key to successful use
through alerting junior doctors to the
presence of devices.
DISCUSSION
Summary
Introduction of a novel patient-held
electronic medication record at hospital
discharge was shown to be feasible,
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Box 2. Themes, subthemes, and codes describing stakeholder views
Main theme

Subthemes

Codes

Clinical impact
Communication
		
		
		
		
		

Current communication barriers at
primary–secondary care interface
Discharge information accessibility
for GPs
Patient empowerment
Clarity in transitional care

Error reduction
		
		

Occurrence of error in current system
Quality of discharge medication information
Role of PHARMS device in error reduction

Future use of PHARMS
		
		
		

Use at admission
Use at discharge
Use in community pharmacy
Use during travel

Intervention characteristics

Shape and structure of PHARMS device

Physical attributes

Technology
		

USB
Mechanism of operation

Integration with usual care
Modification
		
		
		
		
		

Integration of information in
GP software system
Mandatory completion of fields in
hospital system
Use of hospital formulary
Improving patient knowledge

Workload
		

Process efficiency
Time constraints

Deviation from
usual practice
		
		
		

Uncertainty regarding PHARMS
device operation
Infrequent use of PHARMS device
Role of nursing staff in facilitating
use of PHARMS device

IT
		
		
		
		

Hospital hardware issues
Mixed electronic and paper
hospital record system
Security
Installation issues in hospital

PHARMS = patient-held active record of medication status. IT = information technology. USB = universal series bus.

being both technically implementable
and acceptable to key stakeholders. The
device was successfully integrated into
existing electronic systems in primary and
secondary care, and medication information
successfully transferred between sites. GPs
and patients felt it provided a potential
solution to current issues of poor
communication of medication information
and the occurrence of medication error at
the primary–secondary care interface. Not
all devices were used, however, with lack
of availability of hospital computers and
printer malfunction negatively impacting
use, and junior doctors reporting a perceived
greater usefulness at time of hospital
admission. The ad hoc nature of device use
in the study led to issues of uncertainty and
duplication of work. GPs and junior doctors
advocated more widespread use. Patient
education and involvement of nursing staff
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were also identified as facilitators to future
implementation. Regarding device efficacy,
lower total error number and clinical
significance scores among intervention
patients suggested potential to reduce the
occurrence of medication error.
Strengths and limitations
To the authors’ knowledge, this is the
first study examining the introduction of
a patient-held medication record using
USB technology at the interface of primary
and secondary care at time of hospital
discharge. This study provides a detailed
evaluation of the introduction of this novel
electronic method to facilitate medication
reconciliation in primary and secondary
care from a quantitative and qualitative
perspective. The study was conducted
among community-dwelling older adult
patients without significant exclusions,
using basic technology and existing basic IT
infrastructure, suggesting that the results
may be applicable to a general population
and other healthcare systems. The small
scale of the study is a limitation, however. An
additional limitation is the non-randomised
study design. However, in terms of baseline
characteristics, the groups were reasonably
comparable. Though the control group
had a chronological median age that
was 5 years older than the intervention
group, there was no apparent difference
in biological age in terms of numbers
of medications or functional status. In
addition, the multivariable regression
model controlled for age as a variable,
and the difference in error score and error
count remained between intervention
and control groups. Younger age did not
appear to enhance patients’ ability to use
the technology, based on the difficulties
reported by the intervention patients during
interviews. Use of specific GP practices may
have been a source of selection bias, and
a further larger-scale randomised study
is warranted. Although the Hawthorne
effect37 may in part explain the reduction in
prescribing error noted among intervention
patients, quality of discharge information
generated was reported by GPs as varying
between junior doctors, suggesting this
was not universally the case. The control
group received handwritten discharge
prescriptions. Thus, the impact on error
reduction could be less if compared with
discharge prescriptions in an existing
electronic system. A final limitation is
that all interviews were conducted by the
principal investigator, a GP, potentially
introducing a social desirability bias
among interviewees. However, negative

opinions and experiences pertaining to the
intervention were actively sought, and were
reported by all stakeholder groups.
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Comparison with existing literature
The study identified the occurrence of
prescribing error at the interface of primary
and secondary care at time of hospital
discharge, a finding frequently reported in
the literature.10,38–40 Prescribing error among
junior doctors is an important patient safety
issue.8,9 This study highlighted that lack of
an accurate medication list at admission, in
addition to a perceived lack of responsibility
for medication review at hospital discharge
among junior doctors, may be important
contributory factors.
Use of the device varied between junior
doctors. Previous research has shown that
the rate at which an individual will adopt a
new technology is variable, with the relative
advantage of the technology over current
practice being the strongest predictor of
the rate of adoption.41 Quality of discharge
information generated varied between
junior doctors. Nine devices issued to
patients were not used at time of discharge.
Lack of perceived relevance at hospital
discharge, identified during interviews, may
offer an explanation. Conversely, junior
doctors promoting use of the device to
their peers was noted to be an important
facilitator.
Deviation from routine practice was noted
to be an issue for both GPs and junior
doctors, and negatively impacted device
usefulness. In line with the findings from
this study, a systematic review examining
healthcare professionals’ perceptions of
implementation of electronic systems for
medication prescription and/or use found
that such systems positively impact patient
safety, but that hardware problems and
changes to routine work practice were
significant barriers.42
Previous studies have highlighted
that patients perceive difficulties with
information transfer at the primary–
secondary care interface.43,44 A perception
that their own lack of knowledge and
difficulty in communicating with clinicians
may contribute to the situation has
been described.45 Patients in this study
universally embraced the device as a
method of improving communication at
this interface in care. The patients in the
study felt empowered by carrying the device
but, in general, did not want personal
access to their medication information,
and expressed having difficulties in using
technology. This supports previous research
where patients, though lacking familiarity

with technology, perceived it to positively
impact safety, trusted their healthcare
providers, and expressed a willingness to
embrace novel interventions.46,47
Prescribing error has been identified as
particularly problematic among older adult
patients taking multiple medications,48,49
and this is confirmed by the authors’ study,
with increasing numbers of admission
medications among study patients
identified as a predictor of error occurrence.
Employing electronic methods to generate
and transfer discharge medication
information has previously been shown to
be beneficial in this population,50 and this
study demonstrated a statistically significant
reduction in both total error number and
the occurrence of clinically significant
errors among intervention patients. This
device, however, not only facilitates the
electronic generation and transfer of
discharge information, but also has the
additional potential to promote medication
reconciliation at the point of generating
the discharge prescription, by providing the
prescriber with a list of a patient’s preadmission medications, as documented in
their GP record. This active electronic record
of a patient’s pre-admission medication
may also have the potential to promote
medication reconciliation at the point of
hospital admission.
Implications for research and practice
Medication error at hospital discharge is an
important issue for GPs, patients, hospital
doctors, and pharmacists. Establishing
effective methods of reducing medication
error as patients move between hospital and
the community is currently an international
priority.11,16 Previous research highlights,
first, the importance of integration and
communication of medication information
between primary and secondary care,5,51,52
second, the need for multidisciplinary
and patient involvement,45,51 and, third,
the benefit associated with electronic
systems.24,25 In technology terms, a
‘minimum viable product’ is a basic
product solving a core problem.53 Perhaps
with regard to medication error during
transitional care, it is time to return to
basics to meet the immediate clinical need.
International implementation of eHealth
strategies has not been straightforward,
and a universal shared care record does not
yet exist across healthcare systems. This
study demonstrates that this device can be
successfully used within existing systems
without significant additional IT investment,
and hence may be complementary to
ongoing shared care record development.
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Though more advanced technologies than
USB exist, such technologies may not be
applicable to all healthcare systems, nor
(as this study highlighted) acceptable to
an older adult population. This feasibility
study suggests that the PHARMS may
provide a viable solution to the current
issue of medication error at the interface
of primary and secondary care. It has
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demonstrated that using a USB device
is technically and clinically feasible and
acceptable, and impacts positively on
medication reconciliation at the point of
hospital discharge. Findings from the study
suggest that a larger-scale evaluation of the
device, including deployment at the point of
hospital admission, is now warranted.
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