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ABSTRACT
Background Substantial sums of money are
being invested worldwide in health information
technology. Realising benefits and mitigating
safety risks is however highly dependent on
effective integration of information within
systems and/or interfacing to allow information
exchange across systems. As part of an English
programme of research, we explored the social
and technical challenges relating to integration
and interfacing experienced by early adopter
hospitals of standalone and hospital-wide
multimodular integrated electronic prescribing
(ePrescribing) systems.
Methods We collected longitudinal
qualitative data from six hospitals, which we
conceptualised as case studies. We conducted
173 interviews with users, implementers and
software suppliers (at up to three different
times), 24 observations of system use and
strategic meetings, 17 documents relating to
implementation plans, and 2 whole-day expert
round-table discussions. Data were thematically
analysed initially within and then across cases,
drawing on perspectives surrounding
information infrastructures.
Results We observed that integration and
interfacing problems obstructed effective
information transfer in both standalone and
multimodular systems, resulting in threats to
patient safety emerging from the lack of
availability of timely information and duplicate
data entry. Interfacing problems were
immediately evident in some standalone systems
where users had to cope with multiple log-ins,
and this did not attenuate over time.

Multimodular systems appeared at first sight to
obviate such problems. However, with these
systems, there was a perceived lack of data
coherence across modules resulting in challenges
in presenting a comprehensive overview of the
patient record, this possibly resulting from the
piecemeal implementation of modules with
different functionalities. Although it was possible
to access data from some primary care systems,
we found poor two-way transfer of data
between hospitals and primary care necessitating
workarounds, which in turn led to the
opportunity for new errors associated with
duplicate and manual information transfer.
Extending ePrescribing to include modules with
other clinically important information needed to
support care was still an aspiration in most sites,
although some advanced multimodular systems
had begun implementing this functionality.
Multimodular systems were, however, seen as
being difficult to interface with external systems.
Conclusions The decision to pursue a strategy
of purchasing standalone systems and then
interfacing these, or one of buying hospital-wide
multimodular systems, is a pivotal one for
hospitals in realising the vision of achieving a
fully integrated digital record, and this should be
predicated on a clear appreciation of the relative
trade-offs between these choices. While
multimodular systems offered somewhat better
usability, standalone systems provided greater
flexibility and opportunity for innovation,
particularly in relation to interoperability with
external systems and in relation to
customisability to the needs of different user
groups.
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INTRODUCTION
Health information technology (HIT) is often seen as a
solution to current challenges in healthcare including
rising costs, growing demands and an ageing popula-
tion with increasing multiple long-term morbidities.1

HIT has been shown to have great potential in this
respect through improving processes leading to better
outcomes in healthcare safety, quality and efficiency.2 3

A major focus of much current HIT investment
involves electronic prescribing (ePrescribing) as it can
support decision-making, provide audit trails of
medication-related activity and collect data for reuse
that can be used to monitor quality and improve pro-
cesses.4–6 ePrescribing has become the focus of efforts
for providing information for integrated care that is
well coordinated across health and social care settings.
This can be achieved by, for example, incorporating
additional patient information such as test results to
support the quality and safety of prescribing.
Furthermore, ePrescribing systems have been shown to
reduce medication errors through providing compu-
terised decision support (CDS) at the point of care, to
improve legibility by removing the need for handwrit-
ten entries that are fraught with error, and to facilitate
organisational efficiency.2 The implementation of
ePrescribing systems is therefore now quite rightly seen
by policymakers internationally as a critical step in
healthcare reforms and quality improvement initia-
tives.7–9 Implementations are now as a result accelerat-
ing across England and many other countries.10

In order to achieve the goal of coordinated care,
systems need to be connected in order to be able to
exchange clinical and other care-related data.11–13

One way of achieving this is by interfacing—a strategy
that involves linking standalone systems developed
separately for different purposes (usually but not
always) from different suppliers so that they can
exchange information. Standards that guide this infor-
mation exchange can connect different systems and
make them interoperable. Alternatively, adopters may

seek to avoid interfacing challenges by procuring
hospital-wide multimodular integrated solutions
(henceforth described as multimodular systems).
These usually take the shape of different system
modules (of which ePrescribing may be one) from a
single vendor functioning as an integrated whole [eg,
an electronic health record (EHR)] with one under-
lying code and database (although not all multimodu-
lar systems have the same underlying code).14–16 We
have illustrated these concepts in the context of
ePrescribing systems (see figure 1). Existing studies
reveal an important further distinction between the
way that data are processed and presented.17 18 A
system may thus be technically integrated (ie, have
one underlying code aggregating multiple subsystems
that function collectively as one coordinated system),
but the end user may not be able to see this integra-
tion and benefit from it (eg, they may still need to
switch between screens to get all information they
need). Similarly, the end user presentation interface
may seem integrated (eg, in clinical portals), but the
systems may not allow data to be moved seamlessly
between applications, and this can create safety risks
(eg, relating to moving/transcribing information).19 20

For the majority of countries, comprehensive coord-
ination of care and associated quality improvement
through HIT is still more of a vision rather than a
reality,21 but some notable advances have been made
within health communities and within organisations
such as hospitals, particularly in the USA and parts of
Western Europe.22–24 For example, in the UK,
approaches to implementing ePrescribing systems in
hospitals reflect the two strategies surrounding inte-
gration and interfacing, with some organisations
having implemented multimodular systems integrated
with wider hospital information systems, and some
implementing standalone ePrescribing solutions.4

Keeping in mind that these approaches can also be
complementary, studying the implementation of these
systems presents an important opportunity to explore
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emerging safety risks associated with approaches to
integration and interfacing. The problems that arise
(for implementers, users and patients), and the strat-
egies to offset these, in relation to design, procure-
ment, implementation and embedding will be crucial
for the next generation of health information systems
with more sophisticated functionalities in hospitals
and their interoperability with wider health and
welfare systems. Clinical users in particular need to
appreciate underlying performance issues and asso-
ciated potential threats to safety because these are
often not well understood by those faced with the
‘front-end’ of applications. An appreciation of how
the ‘back-end’ functions is however important to miti-
gate safety-related risks.
We therefore sought to investigate the two strategies

surrounding integration and interfacing in hospitals
that have implemented ePrescribing systems, to under-
stand the risks to patient safety arising from the
failure of information integration and lack of effective
information transfer, and identify potential mitigation
approaches. This work is part of an evaluation of
ePrescribing systems in English hospitals commis-
sioned by the National Institute for Health Research.4

METHODS
We conducted a longitudinal, qualitative, multisite
case study investigating both social and technical chal-
lenges relating to interfacing of ePrescribing systems
with internal (eg, with EHRs, laboratory data,
imaging systems) and external systems (where avail-
able, eg, primary care).25 Individual hospitals were
conceptualised as cases.

Research ethnics committee approval and consent
This work was reviewed by the London City and East
NHS Research Ethics Committee and classified as a
service evaluation. We subsequently obtained research
ethnics committee approval from The University of
Edinburgh and NHS research governance approvals
were given by participating hospitals. Individual parti-
cipants were issued with an information sheet explain-
ing the study and a consent form. Prior to data
collection, participants were asked to sign the consent
form. In all written material, places/names have been
assigned numbers in order to protect anonymity.

Sampling and recruitment
We purposively sampled a variety of hospital case
study sites implementing two different types of
ePrescribing systems26: (1) four sites with multimodu-
lar ePrescribing systems supplied by one vendor as
part of a hospital-wide EHR (ie, providing functional-
ity surrounding ePrescribing, stock control, data ana-
lysis and combination with patient notes); and (2) two
sites that were coupling ePrescribing solutions with
other systems allowing to explore interfacing in

they, at the time of recruitment, had either implemen-
ted or were planning to implement systems with rele-
vant functionalities. All systems studied were systems
that also included discharge prescription and CDS
functionality, but greater decision support functional-
ity was available in the multimodular systems.
Within each recruited hospital, we used a combin-

ation of purposive and snowball sampling to identify
a diverse range of stakeholders.26

Data collection
We used a combination of semistructured interviews,
documentary data, observations and expert round-
table discussions (see box 1).27

Semistructured interviews were conducted with a
diverse range of hospital staff including decision-
makers, implementation teams and information technol-
ogy staff, clinicians and allied health professionals, and
system suppliers (box 2). Topics explored examined
backgrounds and experience, perceived challenges sur-
rounding software and hardware integration and inter-
facing, implications for organisational functioning and
work practices, and potential ways to address identified
issues (see box 3). We conducted interviews at up to
three time points tailored to implementation progress.
In organisations that had already implemented a rele-
vant system at the time of recruitment, we conducted
two rounds of interviews. This longitudinal design
allowed us to investigate expectations, changes over
time and varying perceptions as systems were increas-
ingly embedded within organisational functioning.28

Targeted non-participant observations complemen-
ted interviews (box 2). These were selected based on
relevance to ePrescribing-related activity and involved
following pharmacists during medicines administra-
tion rounds (approximately 3 h at a time) and attend-
ing strategic meetings relevant to ePrescribing
strategies (eg, clinical safety groups lasting 1 h). This
helped us to explore perceived challenges in context
and also allowed a detailed insight into the interac-
tions between different stakeholder groups.
Relevant documents were identified by key imple-

mentation team contacts at each hospital and included
strategic and planning aspects surrounding the imple-
mentation. This helped to identify technical features,
emerging strategic issues and deviations from original
plans.
We also conducted two whole-day expert round-table

discussions with 22 participants in order to explore
identified challenges surrounding integration and inter-
facing of systems and implications in more detail (see
box 3 for topics explored). Participants included senior
clinicians, hospital managers and implementation team
leads, representatives from supplier companies, as well
as policy and research specialists.
Interviews and round-table discussions were digit-

ally audio-recorded and transcribed verbatim together
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Data analysis
Data from different sources were coded and organised
thematically in NVivo 10.29 We began by exploring
data within cases (ie, hospitals) and then conducted

inductive coding approaches permitted us to incorpor-
ate emerging themes with existing data and simultan-
eously allow important new themes to emerge.30 In
order to achieve this, we drew on a coding framework
surrounding the technology lifecycle that we have

31

Box 1 Summary of the data set and case study
sites

Qualitative data from six case studies—two with standa-
lone electronic prescribing (ePrescribing) systems and
four where ePrescribing was part of a multimodular hos-
pital information system:
▸ 173 interviews with system users, implementers and

software suppliers (at up to three different time
points)

▸ 24 observations of system use and strategic meetings
(in hospitals A, B and C)

▸ 17 documents relating to implementation plans
▸ Two whole-day expert round-table discussions cover-

ing four topics with a total of 22 participants from
different sectors including clinicians, implementation
teams, suppliers, and policy and research specialists.

Case studies
▸ Hospital A: urban, acute care, ePrescribing as a stan-

dalone application, began implementation in 2010
and had implemented during both data collection
periods (time 1, 2 years after implementation; time 2,
4 years after implementation).

▸ Hospital B: urban, acute care, teaching, ePrescribing
as part of a multimodular hospital information
system, began implementation in 2009 and had
implemented during both data collection periods
(time 1, 3 years after implementation; time 2, 5 years
after implementation).

▸ Hospital C: urban, acute care, teaching hospital,
ePrescribing as a standalone application, interfaces
built to enable interoperability with the wider hospital
information systems, implementation started in 2011
(time 1, before system roll-out; time 2, just after the
system went live; time 3, 1 year after go-live).

▸ Hospital D: urban, acute care, teaching, ePrescribing
as part of a multimodular hospital information
system, implementation started in 2013 (time 1
before system roll-out, time 2 shortly after the system
went live).

▸ Hospital E: urban, acute care, ePrescribing as a stan-
dalone application, implementation started in 2011
(time 1, 1 year after start of implementation; time 2,
2 years after the start of implementation; time 3,
3 years after start of implementation; all data were
collected pre-implementation).

▸ Hospital F: urban, acute care, teaching, ePrescribing
as part of a multimodular hospital information system,
implementation started in 2013 (time 1 before system
roll-out, time 2 just after the system went live).

Box 2 Interviews and observations

Interviews
Site A
▸ Time 1: 23 interviews with users (pharmacists,

nurses, doctors) and implementers
▸ Time 2: 8 interviews with users (pharmacists, nurses,

doctors) and implementers
Site B
▸ Time 1: 20 interviews with users (pharmacists,

nurses, doctors) and implementers
▸ Time 2: 11 interviews with users (pharmacists,

nurses, doctors) and implementers
Site C
▸ Time 1: 13 interviews with users (pharmacists,

nurses, doctors) and implementers
▸ Time 2: 18 interviews with users (pharmacists,

nurses, doctors) and implementers
▸ Time 3: 20 interviews with users (pharmacists,

nurses, doctors) and implementers
Site D
▸ Time 1: 19 interviews with users (pharmacists,

nurses, doctors) and implementers
▸ Time 2: 7 interviews with users (pharmacists, nurses,

doctors) and implementers
▸ Time 3: 3 interviews with users (pharmacists, nurses,

doctors) and implementers
Site E
▸ Time 1: 24 interviews with users (pharmacists,

nurses, doctors) and implementers
▸ Time 2: 17 interviews with users (pharmacists,

nurses, doctors) and implementers
Site F
▸ Time 1: 15 interviews with users (pharmacists,

nurses, doctors) and implementers
▸ Time 2: 12 interviews with users (pharmacists,

nurses, doctors) and implementers
▸ Time 3: 8 interviews with users (pharmacists, nurses,

doctors) and implementers
Observations
Site A
▸ Eight observations (12.5 h) of strategic meetings and

system use
Site B
▸ Four observations (9 h) of strategic meetings and

system use
Site C
▸ Nine observations (11 h) of strategic meetings and

system use
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Additional themes were then added as they emerged.
Analysis activity also involved actively searching for
disconfirming evidence and circumstances that pre-
sented disconfirming evidence (negative cases).
In interpreting the findings, we drew on the work

surrounding information infrastructures as this can
help to conceptualise how different components of an
information system function (or not) as a coordinated
whole and how this is shaped by context.32–34

Information infrastructures are thought to consist of
technological and social systems that are linked
together to fulfil both local and wider organisational
functions. The perspective is therefore helpful in con-
ceptualising both technical and user integration.

RESULTS
We have identified three main themes (see box 4):
1. lack of effective information transfer and associated

safety risks;
2. approaches to improve quality and safety by promoting

integration of information;
3. trade-offs between integration and interfacing strategies.

Theme 1: lack of effective information transfer and
associated safety risks
Lack of effective information transfer
In standalone ePrescribing applications, interfaces
with other hospital systems had to be created to allow
prescribing-related information exchange, but this

a standalone application, users were faced with mul-
tiple log-ins if they wanted to access other systems.
For instance, the local Picture Archiving and
Communication System required a separate log-in and
so did the locally used Patient Administration System
(PAS).

So people have to go into one programme to order
bloods [blood tests] and review results, they have to
go into a different programme to order x-rays and
review x-rays, they have to go into a different pro-
gramme to prescribe. (Hospital A, standalone system,
manager, time 2)

Multimodular systems are often perceived to offer
seamless transfer of information between different
applications and parts of the hospital. However, inter-
facing with other hospital systems (such as stock
control and specialty systems) was still necessary, as
specialty systems were used for specific purposes.

[Name of system] is integrated internally, the platform
is modular and it sits on a common database… it links
to about 20 other downstream systems. (Hospital B,
multimodular system, manager, time 1)

A single sign-on that was developed over time
helped users to benefit from these interfaces (as mul-
tiple long-ins were prevented), but users complained
about the time some of these systems took to initialise.
In addition, a lack of end user coherence and of seam-
less navigation between specialty modules and the
ePrescribing functionality was viewed as problematic
as it necessitated cumbersome switching between
screens. This effect was expected to attenuate with the

Box 3 Sample interview and round-table discussion
topic guide

Interviews
▸ Description of background, position, organisational

context and system
▸ Experiences/expectations of system
▸ Perceived/expected changes in work practices and

organisational functioning
▸ Perceptions on technical interoperability and

integration
▸ Perceptions on end user interoperability and

integration
▸ Perceived benefits/trade-offs of system
Round-table discussions
Part 1: Getting your infrastructure right
▸ Topic 1: What are the main hard infrastructures that

need to be in place?
▸ Topic 2: What are the main soft infrastructures that

need to be in place?
Part 2: Interfacing and integration
▸ Topic 3: Where is the difference between interfacing

and integration?
▸ Topic 4: What are the main challenges involved in

interfacing and integration?

Box 4 List of themes and subthemes emerging
from this work

Theme 1: lack of effective information transfer and asso-
ciated safety risks
▸ Lack of effective information transfer
▸ Patient safety risks resulting from the lack of effective

information transfer
Theme 2: approaches to improve quality and safety by
promoting integration of information
▸ Promoting presentation integration through effective

interfacing
▸ Incorporation of other clinically important information

with electronic prescribing
Theme 3: trade-offs between integration and interfacing
strategies
▸ Technical challenges of interoperability in interfacing

systems
▸ Quality of the link between systems
▸ Monolithic nature of integration route
▸ Blended approach may be the best way forward
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but none of the sites included in our study had com-
pleted full implementation of all modules.
Hospitals had also begun configuring their systems

to interface with primary care applications, which
resulted in time savings, as information could be rela-
tively easily accessed, without having to gather it from
a variety of different sources. However, although
communication between care settings improved over
time, in both standalone and multimodular systems,
there was still a lack of effective two-way interfacing
between hospital and primary care systems.

Patient safety risks resulting from the lack of effective information
transfer
We identified a number of safety risks resulting from
the lack of effective information transfer in both mul-
timodular and standalone systems. User workloads
increased and care activities were slowed down,
adversely affecting the timeliness of care provided.
For example, in standalone systems, the lack of

effective integration of information between
ePrescribing and local PAS and stock control systems
resulted in lists of patients not being up-to-date in the
ePrescribing system; information entered onto one
system was not automatically updated on another
system. This lack of availability of up-to-date informa-
tion created new areas of risk and increased work-
loads for users (as information had to be transferred
manually).

I met the pharmacist in his office and asked him about
the stock control system on the way up. This doesn’t
interface with the ePrescribing system, which means
that pharmacy has to print medication lists and then
input them manually. (Hospital A, standalone system,
observation)

Similarly, the failure to achieve end user coherence
and seamless navigation between specialty modules
and the ePrescribing functionality in multimodular
systems in some instances created new areas of risk
and the potential for new errors in entering and acces-
sing data. For example, there was a lack of informa-
tion transfer from the accident and emergency (A&E)
module in one hospital, resulting in prescribed medi-
cations not displaying in the inpatient setting. As a
result, users had to switch between the inpatient
module and the A&E module to check whether any
medicines had been prescribed. Information was then
manually transferred between modules.

…one of the big problems…is the link between [the]
A&E package with the inpatient package and that is
an issue because if you’ve got patients prescribed med-
ications on the [A&E system] you need to be able to
see them on the inpatient record and currently you
can’t, so currently there’s no transfer of that informa-
tion directly…it is a bit of a safety issue because in
order to see what people have had in [A&E] you have
to then look at the [A&E] discharge summary…I

prescribe a drug that someone has already had for
example. (Hospital B, multimodular system, consult-
ant, time 2)

This forced users to adopt workarounds to increase
speed of system operation.

I actually find it much quicker and easier to keep the
PACS system open and access that directly and that’s
just a simple keyboard shortcut of Alt Shift and you
can skip between the two programmes…(Hospital D,
multimodular system, consultant, time 2)

Other workarounds involved printing out informa-
tion from the primary care system (because copying
and pasting between systems was not possible), manu-
ally re-inputting this into the ePrescribing system, and
then printing the information from the ePrescribing
system to transfer it back to primary care. It also
involved attaching scanned information to patients’
records. This opened up possibilities for new errors
relating to manual information transfer between
systems (especially when the accuracy of transferred
information was not double-checked) and was also
time consuming for users.

Yeah there are quite a number of things that I think
I’ve found a way round and compensated for one way
or the other… there is still a transfer from electronic
to paper and then back again to electronic. So there’s
a lot of work for the pharmacist…(Hospital B, multi-
modular system, pharmacist, time 1)

Theme 2: approaches to improve quality and safety by
promoting integration of information
Promoting presentation integration through effective interfacing
Some sites with standalone systems had begun to
address the issues surrounding presentation integra-
tion through effective interfacing, allowing a more
coherent end user experience.

[Showing a plan of all the systems and their interface
connections] each of these blocks is a separate elec-
tronic system for running different parts of the organ-
isation…. (Hospital C, standalone system, manager,
time 3)

We also, in some standalone system sites, observed
the development of innovative ways to extract and
aggregate data from different systems locally. Over
time, these resulted in significant benefits for users as
they facilitated presentation integration.

We’ve…linked the database sitting underneath the
[ePrescribing] software with our laboratories database
so that we can look up a patient’s white cell count and
what antibiotic they’re on, on the same page.
(Hospital A, standalone system, manager, time 2)

Incorporation of other clinically important information with ePrescribing
Participants across sites viewed linking other clinically
important information needed to support care (eg,
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systems as a crucial aspect of future development and
system optimisation, and they expected this to result
in improved safety and time savings for users from a
variety of settings. One way of drawing on this infor-
mation across system types was to help identify high-
risk patients (eg, through searching for those with
known problems) and more effectively target actions
by pharmacists.

…with ePrescribing I have this vision…you should be
able to…know who your high risk patients are and
send your more experienced pharmacists to go and see
your high risk patients… (Hospital C, standalone
system, manager, time 3)

Some hospitals, which had implemented multimod-
ular systems a number of years ago, had begun to link
blood glucose measurements and international nor-
malised ratios (INRs) to prescribing. This brought sig-
nificant benefits and provided the basis for automatic
tailoring of medication regimen.

…a lot of the complex prescribing issues aren’t just
about the medicine, it’s about the biochemistry or the
results that match that, so with insulin you need to be
able to monitor the…blood glucose which in a pure
ePrescribing system is difficult. But that’s now linked…
so the [tests for blood glucose] are immediately avail-
able and can be monitored against the insulin…we
[also] linked Warfarin dosing with INR’s… (Hospital
B, multimodular system, manager, time 2)

Theme 3: trade-offs between integration and interfacing
strategies
We identified a number of benefits and trade-offs
associated with buying hospital-wide multimodular
solutions or multiple standalone solutions, which then
need to be knitted together (see table 1). Overall,
standalone interfacing solutions were found to present
more risks to patient safety relating to information
exchange, but were lower in cost and offered greater
flexibility and scope for innovation. Multimodular
systems were found to facilitate information transfer,

but to have disadvantages including high cost and lack
of flexibility.
Interfacing was seen to be a problem that needed to

be addressed by the hospital implementation team,
while integration, particularly in the early stages of
implementation, was seen as being a challenge for
system developers. In interfacing strategies, there were
a number of problems in ensuring reliability, accuracy,
consistency and sufficient flexibility in the exchange
and retrieval of data, with potentially significant
adverse impacts on patient safety. The quality of the
link between systems therefore became crucial:

Interoperability is only ever going to be as good as the
link between the two systems and how sort of inclu-
sive of information that link is really. (Participant 12,
manager, expert round-table discussion 2)

Technical issues were seen as one aspect of the chal-
lenges of interfacing as the lack of uniformity and
multiple log-ins impacted negatively on the overall
usability of systems and the safety of care. Importantly
too, the deployment of multiple systems required
strong leadership and sound management to ensure
that systems remained aligned to the hospital’s overall
IT deployment strategy.
Although multimodular systems were regarded as

helping to address data integration problems, their
adopters also expressed some concerns. Although
interfacing problems were bypassed within their scope
of application, there were still needs to interface with
external systems. Moreover, these large multimodular
solutions were expensive, rather monolithic and diffi-
cult to customise. Meeting the needs resulting from
the diversity of local clinical practice was therefore
challenging. There were also longer-term dilemmas
between upgrading a multimodular package, which
might no longer offer the best available solution:

… we bought a [multimodular] system, we’ve signed a
five year contract and at the end of that we’re almost
certainly going to go with something else. Therefore
[ePrescribing system] is going to have to be replaced in

Table 1 Benefits and trade-offs of integration and interfacing approaches

Benefits Trade-offs

Integration Consistency
Efficiency
Integrated records and improved workflow
Ease of use
Costs more predictable/lower maintenance costs
Single log-in

Locked into one supplier
High one-off purchasing cost (as opposed to being able to gradually
purchase complementary functionality)
Limited scope for innovation resulting from new ways to combine software
solutions

Interfacing Potential to combine with other software to align with local
needs
More mature products and better support
Best of breed
Easier to make changes/smaller system
Cost of creating interfaces, potentially lower than multimodular
systems

Developed by individual clinical teams, cannot be supported by
information technology/isolated expertise
Multiple contracts with a number of suppliers
Managing multiple supplier relationships
Data retrieval
More training required when interacting with several systems
Difficulty of getting suppliers to collaborate
Cost and technical challenges in creating interfaces
Lack of standards
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five years with everything else and so, well there are
good and bad things with that aren’t there? Perhaps
one of the advantages about interoperability is that if
you can get the systems interfacing OK, then at least
you can stick with a decent system, you can go with
one that’s arguably fit for purpose from the beginning.
(Participant 1, pharmacist expert round-table discus-
sion 1)

It was further reported that rolling out a multimod-
ular system and switching from one multimodular
system to another was extremely laborious and
entailed a high level of risk:

…the change from one system to another is an enor-
mous task. (Participant 13, manager, informatics
centre, expert round-table discussion 1)

Despite aiming to provide seamless interoperability
of multiple applications, multimodular systems were
seen as too deficient in their functionalities. This for
some meant that ‘integration is not achievable…’, in
part because suppliers of multimodular systems were
unable to keep up with the pace of change in the way
care is being delivered.
Overall, participants felt that integration and inter-

facing strategies had both benefits and risks (table 1).
One participant, whose Trust was soon to choose a
system, clearly summarised the difficult choice that
needed to be made:

We primarily have bespoke systems, best-of-breed,
within our organisation we’re a best-of-breed scenario
but we’re still looking at those big solutions like
[multimodular system supplier], we recognise that
there might be over-riding reasons why you would go
for a whole hospital system and that there might be
pressure on an organisation to go with that. We also
recognise that the standalone systems tend to give you
their highest level of functionality per se and possibly
the best level of support from around that. But then
there are the other disadvantages around interfacing
and integration ... there isn’t an answer to which one
is the best. (Participant 8, pharmacist, expert round-
table discussion 1)

Participants agreed that a compromise would always
need to be made when choosing between integration
and interfacing strategies. This was especially pro-
nounced in a hospital setting that sought to address
the needs of such a varied user base:

You’ve also got multiple users as well, what I want out
of a system is not what, you know, anybody, what the
clinicians want out of the system or what the nurses
want out of the system so it’s always going to be a
compromise. (Participant 9, manager, expert round-
table discussion 1)

It emerged that rather than favouring one over the
other, participants felt that a combination of

described as a blended approach, where bespoke
systems could complement multimodular systems:

…even the [multimodular] systems need to be inter-
operable in a sort of blended approach for both of
them. (Participant 4, manager, expert round-table dis-
cussion 1)

DISCUSSION
Integration and interfacing issues in both standalone
and multimodular systems can increase user workload,
open up possibilities for new errors and have adverse
impacts on the timeliness of care provided. Hospitals
adopted a number of strategies to address these issues
including promoting presentation integration through
effective interfacing and incorporating other clinically
important information with ePrescribing. Although
multimodular systems were valued in terms of usabil-
ity and in terms of incorporating a wider range of
patient information, participants also voiced some
concerns that the choice between the strategies of
interfacing and integration is an issue of trade-offs
that need to be carefully considered before beginning
implementation.35 Promoting presentation integration
of information to the user and maximising clinical
benefit through effective interfacing should therefore
be a key activity during implementation of both stan-
dalone and multimodular systems.
This work, based on a substantial qualitative data

set collected from a variety of sources, has provided a
range of perspectives and an appreciation of how
interfacing and presentation integration issues can
persist after implementation.28 36 In doing so, it offers
unique insights into the issues and potential surround-
ing integration and interfacing in different types of
ePrescribing systems being implemented in the UK.
However, as with all qualitative research it is based on
perceptions, perspectives and experiences.37

Therefore, insights obtained based on participant
experiences complicates tracing of impacts on delivery
of care and underlying technical issues. In this respect,
it is important to keep in mind that there tend to be
reasons underlying strategic decisions, which may
include technical constraints. These need to be under-
stood in order to attain a comprehensive picture of
the implementation, adoption and optimisation land-
scape. Other limitations include the fact that this
work is based on a limited number of settings, which
may not be representative of the wider range of other
UK hospitals. Although we did obtain some insights
into developments over time, it is important to keep
in mind that we did not follow-up developments over
long time periods, which potentially could have pro-
vided insights into ways that sites addressed these
emergent interfacing and integration issues. This is a
key activity we will aim to pursue in future work.
We have obtained important insights relating to the
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solutions and configurations of linked standalone
elements) and multimodular ePrescribing systems
(table 1). While multimodular systems offer the
potential for an improved user experience and facili-
tate the availability of information in one place (even
if this place is modular), they also limit the potential
for customisation and innovation, and mean that hos-
pitals are locked in contracts with a single supplier.
Multimodular ePrescribing systems may be seen as a
‘base’ as they cover many different functionalities, of
which ePrescribing is just one.32 New interfaced
systems can be added, but these need to fit in with
what is already there—in some ways, multimodular
systems can therefore limit improvements in design
and also usability. Interfaced systems, on the other
hand, do offer increased flexibility, but present issues
in relation to incorporation of information and user
experience.
However, participants also highlighted that high

levels of integration from the perspective of one set of
users may not meet the needs of other sets of users.
This is because in healthcare different groups of users
have varying needs, which need to be considered and,
if possible, catered for.38 39 Implementers’ and policy-
makers’ focus on integration, with its emphasis on
standardisation of practices, may in fact hinder achiev-
ing these information needs.40 The highest desirable
level of integration should therefore consist of an
overview of information for all user groups, with
various professions having to go into different

modules of the system for detailed information, neces-
sitating switching between screens (as we observed in
multimodular systems). Such a model also exists in
enterprise systems,41–43 where users have to navigate
through a variety of screens to cater for the needs of
different organisational players, thereby compromising
usability for individual user groups.44 45 Approaches
to address these challenges in enterprise systems have
included changing user interfaces through flexible
screens, optimising screen flows and implementing
multiple ways to reach the same information based on
responsibility/profession.44–46

Both integration (ie, procuring hospital-wide
systems from a single supplier) and interfacing (ie,
knitting together various standalone packages) strat-
egies have advantages and trade-offs. To build on this
finding, we suggest exploring whether a combination
of integration and interfacing approaches is likely to
be feasible and how this may be conceptualised in
order to maximise benefits.47 48 This should involve
organisational strategies surrounding choice and inte-
gration of basic organisational systems (such as EHRs)
and effectively interfacing these with specialty
systems. In doing so, Trusts should consider the merits
and disadvantages of both approaches and then reflect
on both their internal vision, needs and capabilities,
and the relative benefits and trade-offs before deciding
on the course of action. If hospitals only have limited
internal capacity to interface with other software
systems or to outsource this work, a multimodular

Figure 2 A visualisation of an idealised multimodular electronic prescribing (ePrescribing) system interfacing with other care settings
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hospital-wide system is likely to be the safer option to
pursue. Our work also highlights the fact that in
choosing systems, decision-makers have to trade off a
range of considerations, of which patient safety is
only one. More research into the advantages and dis-
advantages of integration and interfacing strategies in
different contexts and how best to mix these
approaches is clearly needed to build on insights
emerging from this work. This will also need to
involve more in-depth work on developing theoretical
models surrounding these constructs.49

There is currently a lack of national technical and
process standards for joining up systems, and this may
limit opportunities to select bespoke systems suited to
individual specialties. More flexible interfacing (eg,
between ePrescribing and specialty systems) should
also be considered by system developers if they want
their systems to be used more widely. Addressing this
issue may further help meet users’ and patients’
needs,50 facilitating more seamless switching between
functionalities to promote end user coherence. A
potential architecture of how a multimodular local
hospital ePrescribing system may interface with other
care settings is given in figure 2. In order to achieve
this, more immediate system optimisation through
integration and interfacing should focus on enhancing
the user experience through amalgamation of infor-
mation (particularly in the early stages of implementa-
tion when parallel systems are the norm);
incorporation of other clinically important informa-
tion and ePrescribing as soon as possible as this is
expected to bring the biggest benefits; developing
two-way data exchange of minimum data sets between
primary and secondary care interfaces; and exploring
ways to aggregate data from different systems/sectors
to enhance innovative secondary uses.51

Other fruitful areas for further work include investi-
gating which approach is best suited for larger group-
ings of hospitals and how appropriate application
programme interfaces can be developed to promote
local innovation.

CONCLUSIONS
This work has explored the integration and inter-
facing strategies and problems encountered when
implementing ePrescribing systems. Both strategies
require attention to be paid to interfacing and we also
observed integration problems with multimodular
solutions. The pursuit of information integration will
require attention to be paid to both integration and
interfacing challenges and associated activities with
the aim to create integrated information systems/infra-
structures. Irrespective of the approach, a greater
focus on user needs, attention to usability, and wider
social and technical considerations is important in
order to move towards seamless presentation of infor-
mation to end users in a way that can be readily

We have provided guidance for policymakers in
defining potential future strategies for investment into
the development of new health and care services and
national health infrastructures. These efforts should
be characterised by future work devising interoperabil-
ity standards that allow innovative and safe ways to
connect ePrescribing systems with wider organisa-
tional processes and information held in related
systems. Our work can also help to improve under-
standing of how best to build and implement systems
with integration and interfacing in mind, thereby
maximising potential benefits from the start.
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