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Abstract

Background: In England, national safety guidance recommends that ciclosporin, tacrolimus, and diltiazem are prescribed by
brand name due to their narrow therapeutic windows and, in the case of tacrolimus, to reduce the chance of organ transplantation
rejection. Various small studies have shown that changesto electronic health record (EHR) system interfaces can affect prescribing
choices.

Objective: Our objectiveswereto assessvariation by EHR systemsin breach of safety guidance around prescribing of ciclosporin,
tacrolimus, and diltiazem, and to conduct user-interface research into the causes of such breaches.

Methods: We carried out aretrospective cohort study using prescribing datain English primary care. Participants were English
general practices and their respective EHR systems. The main outcome measureswere (1) the variation in ratio of safety breaches
to adherent prescribing in all practices and (2) the description of observations of EHR system usage.

Results: A total of 2,575,411 prescriptions wereissued in 2018 for ciclosporin, tacrolimus, and diltiazem (over 60 mg); of these,
316,119 prescriptions breached NHS guidance (12.27%). Breaches were most common among users of the EMIS EHR system
(breaches in 18.81% of ciclosporin and tacrolimus prescriptions and in 17.99% of diltiazem prescriptions), but breaches were
observed in al EHR systems.

Conclusions: Design choicesin EHR systems strongly influence safe prescribing of ciclosporin, tacrolimus, and diltiazem, and
breaches are prevalent in general practices in England. We recommend that all EHR vendors review their systems to increase
safe prescribing of these medicinesin line with national guidance. Almost al clinical practice is now mediated through an EHR
system; further quantitative research into the effect of EHR system design on clinical practice islong overdue.

(J Med I nternet Res 2020;22(10):€17003) doi: 10.2196/17003
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through an electronic health record (EHR) system [2], where
the clinician selects a medicine from a“ picking list,” specifies
Over 1.1 billion prescriptions are issued through primary care  directions (eg, “once daily”), and then signs the prescription
in England each year, at a cost of £8.8 billion in 2018 [1]. The either electronically or on a printed copy. All National Health

overwhelming majority of these prescriptions are generated Service (NHS) practices use one of four EHRs made available
through NHS Digital [3]. We have previously described asmall
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design choice in an EHR medicines selection screen that costs
the NHS approximately £9.5 million in one year across awide
range of drugs[4,5].

Tacrolimus and ciclosporin are used in organ transplantation
and other conditions, such as rheumatoid arthritis, psoriasis,
and severe atopic dermatitis. Both medicines have a narrow
therapeutic window: minor differencesin blood levels have the
potential to cause graft rejection reactions, and switching
between tacrolimus products has been associated with reports
of toxicity and graft rejection. Therefore, the Medicines and
Healthcare products Regul atory Agency (MHRA) recommends
that tacrolimus and ciclosporin are prescribed and dispensed by
brand name [6,7]. Similarly, diltiazem—a calcium channel
blocker commonly used for conditions such as angina and
mild-to-moderate hypertension—should be prescribed and
dispensed by brand for preparations containing greater than 60
myg, as different brands of modified-release formulations with
over 60 mg diltiazem may not have the same clinical effect [8].

Our team delivers OpenPrescribing.net, a publicly funded and
openly accessible data explorer for NHS primary care
prescribing, with 135,000 unique users in the past year.
OpenPrescribing.net supports bespoke data queries alongside
numerous predefined standard measures for safety, cost, and
effectiveness, with data shared for every practice in England.
Two of these standard measures assess compliance with the
guidance to prescribe a branded preparation of ciclosporin,
tacrolimus, and diltiazem (over 60 mg). Through our prior
knowledge around EHR design, as clinicians and researchers
engaged with software development, we suspected there may
be a relationship between choice of EHR system and breaches
of this safety guidance.

We therefore set out to describe and map variation between
practices and their parent clinical commissioning groups (CCGs)
in breaches of safe prescribing guidance for ciclosporin,
tacrolimus, and diltiazem (over 60 mg), and assess the impact
of EHR choice on the proportion of safety breaches. Having
identified one EHR system as being strongly associated with
safety breaches, we conducted user testing to explore the causes
of this association. We aimed to produce a rapid report to
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support further investigations and any required software
modificationsto the EHRSs, in light of the patient safety risk.

Methods

Study Design

This study is a retrospective cohort study in prescribing data
from al English NHS genera practices and CCGs,
complemented with dataon EHR deployment from NHS Digital,
as well as in user testing of two commonly used EHRs by a
senior pharmacist.

Data Sources

We extracted data from the OpenPrescribing.net database. This
imports openly accessible prescribing data from the large
monthly files published by the NHS Business Services
Authority, which contain data on cost and items prescribed for
each month, for every typical general practice and CCG in
England since mid-2010 until May 2019 [9]. The monthly
prescribing datasets contain one row for each different
medication and dose, in each prescribing organization in NHS
primary care in England, describing the number of items (ie,
prescriptionsissued) and the total cost. These data are sourced
from community pharmacy claims data and, therefore, contain
all items that were dispensed. We extracted all available data
for typical genera practices, excluding other organizations such
as prisons and hospitals, according to the NHS Digital dataset
of practice characteristics and excluded practices that had not
prescribed at |east one item per measure. We excluded all other
organizations such as prisonsand hospitals. Dataon which EHR
was deployed in each practice were extracted from a monthly
file that is circulated by NHS Digital to interested parties and
isavailable on request [9].

Prevalence of Safety Breachesby General Practicesin
Implementation of Brand Prescribing of Ciclosporin,
Tacrolimus, and Diltiazem

We measured the number of safety breaches and created
practice-level deciles at each month for the measure [10] (see
Table 1) of proportion of brand prescribing of ciclosporin,
tacrolimus, and diltiazem (over 60 mg).

Table 1. OpenPrescribing measures of generic ciclosporin, tacrolimus, and diltiazem prescribing.

Measure

Definition (full technical definitions are available on GitHub [10])

Ciclosporin and tacrolimus

Total items of generic ciclosporin and tacrolimus preparations, as a proportion of total items of all ci-

closporin and tacrolimusitems. These medicines are grouped due to them having similar uses and covered
by similar safety alerts by the Medicines and Healthcare products Regulatory Agency (MHRA).

Diltiazem

Total items of generic diltiazem modified-rel ease preparations, as a proportion of total items of all dilti-

azem modified-rel ease items (over 60 mg).

Variation in Safety Breaches by Electronic Health
Record

We measured the proportion of safety breaches for prescribing
of ciclosporin, tacrolimus, and diltiazem for each of the four
principal EHRs.

https://www.jmir.org/2020/10/e17003

Influence of Principal Electronic Health Record on
Breaches of Safety Guidance

We conducted mixed-effects logistic regression to determine
the effect size of the EHR used and the extent to which CCG
membership and other factors affected these estimates. The
independent variable was each prescription as a binary choice
between generic and branded, while the main fixed-effect
variable was EHR vendor, with CCG membership as arandom
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effect. Other practice factors were selected a priori based on
their reasonable availability, aswell asclinical judgement. These
were as follows: percentage of patients over 65 years of age,
percentage of patients under 18 years of age, percentage of
patients with along-term health condition, dispensing practice
status, single-handed practice status, ruralness or urbanness of
practicelocation, and index of multiple deprivation. Where data
for predictor variables were missing, these practices were
excluded from the regression.

Electronic Health Record System User-I nterface
Evaluation

One senior pharmacist issued prescriptions in the EMIS and
SystmOne computer systems to atest patient and observed the
prompts. These two systems hold 95% of the EHR-use market
share in general practicesin England.

Softwar e and Reproducibility

Data management was performed using Python, version 3.7
(Python Software Foundation), and Google BigQuery, with
analysis carried out using Stata 13.1 (StataCorp) and Python.
Data, aswell as all code for data management and analysis, is
archived online in a public, open access repository on GitHub
[11].

Patient and Public I nvolvement

Our website, OpenPrescribing.net, is an openly accessible data
explorer for al NHS England primary care prescribing data,
which receives a large volume of user feedback from
professional s, patients, and the public. Thisfeedback isused to
refineand prioritize our informaticstoolsand research activities.
Patients were not formally involved in developing this specific
study design.
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Ethical Approval

This study uses open, publicly available data and data that are
publicly available from NHS Digital on request; therefore, no
ethical approval was required.

Results

Prevalence of Safety Breaches

In 2018, 316,119 of the 2,575,411 (12.27%) prescriptions for
ciclosporin, tacrolimus, and diltiazem (over 60 mg) breached
prescribing safety guidance. Of practices that prescribed
ciclosporin or tacrolimus at least once, 2241 out of 5439
(41.20%) breached safety guidance, while 5777 practices out
of 7186 (80.39%) breached safety guidance with regard to
diltiazem. The ratio of safety breaches as a proportion of all
prescribing for these items for practices was 12.28%
(292,331/2,380,128) (10th-90th percentile range = 0%-47%)
for diltiazem and 12.18% (23,788/195,283) (10th-90th percentile
range = 0%-67%) for ciclosporin and tacrolimus.

Variation in Safety Breaches by Electronic Health
Record

The mean values for the ciclosporin and tacrolimus safety
breaches and for the diltiazem safety breaches as a proportion
of all prescribing for the respective items from January 2016 to
May 2019 are shown in Figures 1 and 2, respectively. Therate
of breaches was consistently highest in EMIS practices, and in
2018, 18.81% (16,521/87,828) of al ciclosporin and tacrolimus
prescriptionsissued from the EMIS EHR system breached safety
prescribing safety guidance, while 17.99% (209,371/1,163,578)
of al diltiazem (over 60 mg) prescriptions breached safety
guidance.

Figure 1. Mean valuesfor the ciclosporin and tacrolimus safety breaches as a proportion of al prescribing by electronic health record (EHR).
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Figure2. Mean values for the diltiazem safety breaches as a proportion of all prescribing by electronic health record (EHR).
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Theresultsof thelogistic regression are shown in Table 2. When
generating adiltiazem (over 60 mg) prescription, practicesusing
the EMIS EHR system were around 4 times more likely to
prescribe in breach of guidance with regard to diltiazem than
practices using SystmOne, with a similar size of effect for
ciclosporin and tacrolimus breaches. Practices using Microtest
and Vision EHR systemswere substantially lesslikely to breach
safety guidance, although these practices make up arelatively

small proportion of practices. Adjusting for CCG membership
as arandom effect had little effect on these estimates, although
CCG membership was still responsible for ahigh proportion of
the variation in propensity to prescribe generically: 16.4% for
diltiazem and 8.4% for ciclosporin. Other factors had even less
of an effect on the estimates, though some factors were weakly
associated with the propensity to prescribein breach of guidance
(see Multimedia Appendix 1).

Table 2. Ciclosporin, tacrolimus, and diltiazem prescribing measures stratified by electronic health record (EHR) system along with odds ratios (ORs)

from a univariable and multivariable logistic regression model.

Medicine and EHR systems

Breaches of safety guidance  Univariablelogistic regression, OR  \jxed-effects logistic regression®

(%), mean (95% CI) OR (95% Cl)

Diltiazem

EMIS 227 Reference Reference

Microtest 1.0 0.045 (0.039-0.052) 0.051 (0.044-0.060)

SystmOne 7.0 0.252 (0.249-0.254) 0.239 (0.235-0.243)

Vision 120 0.462 (0.451-0.473) 0.300 (0.290-0.309)
Ciclosporin and tacrolimus

EMIS 232 Reference Reference

Microtest 6.1 0.103 (0.072-0.148) 0.161 (0.107-0.242)

SystmOne 7.8 0.238 (0.230-0.247) 0.271 (0.256-0.287)

Vision 10.8 0.378 (0.346-0.412) 0.219 (0.195-0.247)

8adjusted for clinical commissioning group (CCG) membership as a random effect, percentage of patients over 65 years of age, percentage of patients
under 18 years of age, percentage of patients with along-term health condition, dispensing practice status, single-handed practice status, ruralness or

urbanness of location, and index of multiple deprivation.
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Electronic Health Record System User-Interface
Evaluation

EMIS

On reviewing the medicines-selection screen, it was observed
that when searching for a medicine by its brand name, EMIS
always presents the generic version of the medicine as priority
in the medicines-picking list; this represents a breach of safety
guidance for ciclosporin, tacrolimus, and diltiazem (over 60
mg). Warnings are presented to prescribersto prescribe by brand
when ageneric version of these medicinesis selected; however,
these warnings appear alongside multiple other warnings such
asinteractionswith other medications. Thesewarningstakethe
form of a pop-up box, which can be easily overridden allowing
the generic version of al three medicines to be issued.

SystmOne

When the search terms “ciclosporin,” “tacrolimus,” or
“diltiazem” were entered, no resultswere returned, encouraging
a user to search by brand names in line with safety guidance.
However, in another part of the user-interface screen thereisa
separate tick-box, “non-prescribable” When ticked by a user,
input of the search terms “ciclosporin,” “tacrolimus” or
“diltiazem” doesreturn results, allowing selection of the generic
medicine in breach of safety guidance. A single, stand-alone
pop-up is presented if the user proceeds, warning of the
importance of brand prescribing. Thisis in contrast to EMIS,
where it is presented alongside other clinical warnings.

Discussion

Principal Findings

A total of 2,575,411 prescriptions were issued in 2018 for
ciclosporin, tacrolimus, and diltiazem (over 60 mg); of these,
316,119 prescriptions breached NHS safety guidance (12.27%).
Breaches were most common among users of the EMIS EHR
system (n=3888; December 2018), but breaches were observed
inal EHR systems.

Strengths and Weak nesses

We included all typical practicesin England, thus minimizing
the potential for obtaining abiased sample. We used prescribing
data derived from pharmacy claims data used to calculate the
transfer of funds from CCGs to dispensing pharmacies: all
parties are motivated to ensure the accuracy of this data. We
excluded a small nhumber of settings such as walk-in centers,
which typically do not issue repeat prescriptionsfor medicines,
and where no data on EHR usage is available. The data does
not distinguish which prescriptions may have been written by
hand without EHR generation; however, as 74% of prescriptions
aretransmitted electronically [2] and many more are generated
electronically and then printed on paper, we do not expect this
to substantially affect our results. Our data do not include
hospital medicines data, but we do not expect the same issue
associated with EHR system design to occur in hospitals, as
medicines are procured differently and the use of electronic
prescribing and EHRs in secondary care in England is limited
[12]. Observation of EHR systemswas|limited to one 30-minute
session on each EHR system with limited scenariosin asingle
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location. EHRs can be manually adapted and defaults set locally;
compliance with safety guidance may, therefore, differ between
individual practices even with the same EHR systems.
Additionally, practices may have secondary decision support
software systems providing information and prompts, which
may affect breaches.

One caveat regarding clinical impact is that the available data
reflect prescribing and not dispensing: in England, when
medicines are prescribed generically, pharmacies are entitled
to dispense a brand, and some pharmacists may try to ensure
they dispense the same brand that the patient previously
received; however, pharmacists are likely to be blocked in this
by lack of access to the patient record and, commonly, by the
absence of information on specific brandsin the patient’srecord
[13]. Additionally in England, CCGs employ teams of pharmacy
professionals who in some areas may have made concerted
manual effort to amend repeat prescriptions following audit. In
any case, occasional remedial interventions do not affect the
key observation that EHR systems strongly predict safety
breaches among prescribing clinicians.

Findingsin Context

We are aware of no prior work on the prevalence of safety
breaches around use of ciclosporin, tacrolimus, and diltiazem;
however, incompl eteimplementation of thisimportant national
prescribing saf ety recommendation is consistent with extensive
prior work showing incomplete or slow adoption for other
national prescribing guidance [14-16]. To our knowledge, we
arethefirst group to use natural variation in prescribing behavior
between EHR systems to identify, explain, and address
suboptimal prescribing using national data. One small study
involving 90 general practices in the Netherlands did find an
association between prescribing safety and EHR systems with
regard to prescribing of gastroprotective agentsto prevent side
effects of anti-inflammatory medicines[17]. A 2017 systematic
review [18] identified 34 relevant studies exploring the role of
computerized systems in suboptimal prescribing. However,
none used quantitative methods to compare different systems,
instead relying on questionnairesto interrogate clinicians about
their experiences of EHRS, qualitative research observing or
interviewing clinicians, and descriptions of clinicians
spontaneous reports on errors and safety issuesin EHR systems.

Various small studies have aimed to evaluate the impact of a
single specific new change toa computerized prescribing
system, as a behavioral intervention to increase the probability
of adesired choice being made by clinicians using the system
[19-23]. Despite evidencefor effectiveness from pop-ups, alert
fatigue has also been described, whereby large numbers of
pop-ups can result in salient messages being ignored or disabled
by prescribers [24]. One small mixed methods study involving
the EMIS EHR system found that only three pop-ups from 117
alerts resulted in the general practitioner checking, but not
altering, the prescription [25].

Policy Implications and I nterpretation

Breaches of safety guidance around diltiazem, ciclosporin, and
tacrolimus can expose patients to avoidable clinical risk. This
is especially important in the case of organ transplantation,
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where failure to adhere to the safety guidance assessed in our
analysis has resulted in organ rejection [7]. The current World
Health Organization challenge on medication saf ety encourages
countries to reduce medication errors by 50% by 2022; our
finding represents a clear example of an error amenable to
change [26]. We strongly recommend that picking-lists be
configured in line with best practice guidelines, and that
compliance with this be audited by national organizations such
as NHS Digital and NHSX. The US National Coordinator for
Health Information Technology has made similar
recommendations[18,27,28]. For the specific safety issueraised
by our analysis, the mandated medicines data standard for the
NHS, the Dictionary of Medicinesand Devices (dm+d), already
includesafield that can be used to mandate branded prescribing
where this is required by safety guidance; indeed, it is likely
that this field triggers the pop-up warnings described above.

Future Research

We are concerned by the relative absence of applied practical
research around the EHR systems used by clinicians to store
information, retrieve relevant information rapidly when
assessing a patient, and implement specific clinical actions,
such as ordering atest or prescribing a treatment. Health care
activity is increasingly computerized, and EHR software is
likely to exert a very substantial influence on the way that
modern medicine is practiced, in the same way that the rapid
explosion in socia media usage has changed the ways that
people interact socialy [29]. We can find no previous attempts
to evaluatetheimpact of EHR system design on clinical practice
by analyzing variations between organizations using different
EHR systems. In our view, questions of how best to represent,
retrieve, and present knowledge about patients to
clinicians—and theimpact this can have on patient care—should
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be akey priority for funders and researchersin “digital health.”
The NHS and health care systems around the world spend large
sums of money on EHR systems [30] and there is substantial
room for collaborativeimprovement to make clinical care safer,
cheaper, and more effective. Since sharing our preprint version
of this paper, EMIS have implemented a change to their EHR
system to address our findings and we will evaluate the
effectiveness of this change in 12 months' time.

There is also a role for open standards in this work. We are
aware that in most general practices, complementary decision
support systems are deployed alongside the core EHR system,
to support medi cines-optimization activity and other aspects of
quality improvement [31-33]. However, we have been repeatedly
blocked from researching the impact of these pop-ups on routine
prescribing, asthere is no national framework or data detailing
which pop-ups are implemented in each setting, and we have
been unable to access the data by private negotiation. NHS
commissioners and leaders are also blocked from routinely
monitoring which pop-ups are implemented across the NHS
and from defining or deploying pop-ups nationally. In our view,
this represents a failure to set standards and ensure the
proportionate and secure data sharing necessary to evaluate and
improve patient safety.

Summary

National guidance on safe prescribing for ciclosporin,
tacrolimus, and diltiazem is commonly breached, and the
prevalence of safety breachesis strongly influenced by the brand
of EHR system. Werecommend that EHR vendorsimmediately
review their systems to mandate safe prescribing of these
medicines in line with national guidance. We a so recommend
that more dataand funding be made avail able to support research
into the impact of EHR system design on clinical practice.

We are grateful to Peter Inglesby and Dave Evans for their contributions to maintaining databases and the OpenPrescribing
website. We are grateful to wider NHS colleagues for discussions that have informed our work on this topic. No specific funding
was sought for this work. BG’s work on clinical informatics has been supported by the National Institute for Health Research
(NIHR) Biomedical Research Centre, Oxford; NHS England; the Health Foundation (Award Reference Number 7599); the NIHR
School of Primary Care Research (SPCR) (Award Reference Number 327); the NIHR Applied Research Collaboration Oxford
and Thames Valley; Health Data Research UK; and policy work by the Mohn-Westlake Foundation. Funders had no role in the
study design; in the collection, analysis, and interpretation of data; in the writing of the report; or in the decision to submit the
article for publication.

Authors Contributions

All authors conceived the study and designed the methods. BMK, SB, and AW analyzed the data. BMK, HC, and BG drafted the
manuscript. All authors contributed to and approved the final manuscript. BG supervised the project and is guarantor.

Conflictsof Interest

All authors have completed the International Committee of Medical Journal Editors (ICMJE) uniform disclosure form available
at the ICMJE website [34]. BG has received research funding from the Laura and John Arnold Foundation, the Wellcome Trust,
the Oxford Biomedical Research Centre, the NIHR Applied Research Collaboration Oxford and Thames Valley, the NHS NIHR
SPCR, the Health Foundation, Health Data Research UK, the Mohn-Westlake Foundation, and the World Health Organization;
he also receives personal income from speaking and writing for lay audiences on the misuse of science. RC, AW, HC, and SB
are employed on BG's grants for OpenPrescribing. BMK is seconded to the Datal_ab from NHS England. The views expressed
in this publication are those of the authors and not necessarily those of the NIHR, NHS England, or the Department of Health
and Socid Care.

https://www.jmir.org/2020/10/e17003 JMed Internet Res 2020 | vol. 22 |iss. 10 | €17003 | p. 6

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH MacKennaet a

Multimedia Appendix 1

Full regression models.
[DOCX File, 115 KB-Multimedia Appendix 1]

References

1.

2.

3.

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Prescription Cost Analysis - England, 2018. NHS Digital. 2019 Mar 28. URL : https.//digital.nhs.uk/data-and-information/

publications/statistical/prescription-cost-anal ysis/2018 [accessed 2019-04-08]
Deployment and utilisation progress data. NHS Digital. URL: https://digital .nhs.uk/data-and-information/

data-tools-and-services/tool s-for-accessing-data/depl oyment-and-utilisation-progress-data [ accessed 2019-07-02]

GPSoC services. NHS Digital. URL: https.//digital.nhs.uk/services/gp-systems-of -choice/gpsoc-services [accessed
2019-04-08]

MacKennaB. Ghost branded generics: Why does the cost of generic atorvastatin vary? EBM Datalab. 2018 Dec 20. URL :
https://ebmdatal ab.net/ghost-branded-generics-why-does-the-cost-of -generic-atorvastati n-vary %ef %bb%obf/ [accessed
2019-04-08]

MacKenna B, Curtis HJ, Walker AJ, Bacon S, Croker R, Goldacre B. Suboptimal prescribing behaviour associated with
clinical software design features: A retrospective cohort study in English NHS primary care. Br J Gen Pract 2020

Sep; 70(698):€636-e643 [FREE Full text] [doi: 10.3399/bjgp20X712313] [Medline: 32784218]

Ciclosporin: Must be prescribed and dispensed by brand name. Drug Safety Update. Volume 3, Issue 5. London, UK:
Medicinesand Healthcare products Regulatory Agency (MHRA); 2009 Dec. URL : https.//webarchive.nationalarchives.gov.uk/
20101116205950/http://www.mhra.gov.uk/home/groups/pl-p/documents/publication/con065445. pdf [accessed 2020-09-15]
Medicines and Healthcare products Regulatory Agency (MHRA). Oral tacrolimus products: Reminder to prescribe and
dispense by brand name only. GOV.UK. 2017 Nov 24. URL: https.//www.gov.uk/drug-saf ety-update/
oral-tacrolimus-products-reminder-to-prescribe-and-di spense-by-brand-name-only [accessed 2019-04-08]

Joint Formulary Committee. Diltiazem hydrochloride. British National Formulary (https://www.bnf.org/). London, UK:
BMJ Group and Pharmaceutical Press URL : https.//bnf.nice.org.uk/drug/diltiazem-hydrochl oride.html#indicationsAndDoses
[accessed 2018-07-13]

Freedom of information request NIC-142425-M5S5D. NHS Digital. URL: https://webarchive.national archives.gov.uk/
20180307204908/https://digital .nhs.uk/article/9028/Freedom-of -i nformation-request-N1 C-142425-M5S5D [accessed
2020-09-16]

Open prescribing. GitHub. URL: https://github.com/ebmdatal ab/openprescribing [accessed 2019-08-06]

Software differences paper. GitHub. URL : https.//github.com/ebmdatal ab/software_differences paper [accessed 2019-10-25]
Department of Health and Social Care. Regional funding announced for electronic prescribing. GOV.UK. 2018 Nov 28.
URL: https://www.gov.uk/government/news/regional -funding-announced-for-el ectroni c-prescribing [accessed 2019-07-02]
Pharmacy access to full patient recordsis more critical than ever. The Pharmaceutical Journal. Vol 303, No 7927. London,
UK: Royal Pharmaceutical Society; 2019 Jul 23. URL: https.//www.pharmaceutical -journal .com/opinion/editorial/
pharmacy-access-to-full-pati ent-records-is-more-critical -than-ever/20206820.articl e [accessed 2019-08-06]

Walker AJ, Bacon S, CurtisH, Croker R, MacKenna B, Goldacre B. Six months on: NHS England needs to focus on
dissemination, implementation and audit of itslow-priority initiative. JR Soc Med 2019 Jan;112(1):4-5. [doi:
10.1177/0141076818808429] [Medline: 30507285]

Croker R, Walker AJ, Goldacre B. Why did some practices not implement new antibiotic prescribing guidelines on urinary
tract infection? A cohort study and survey in NHS England primary care. J Antimicrob Chemother 2019 Apr
01;74(4):1125-1132. [doi: 10.1093/jac/dky509] [Medline: 30590552]

MacKennaB, Curtis HJ, Walker AJ, Croker R, Bacon S, Goldacre B. Trends and variation in unsafe prescribing of
methotrexate: A cohort study in English NHS primary care. Br J Gen Pract 2020 Jul; 70(696):e481-e488 [FREE Full text]
[doi: 10.3399/bjgp20X 710993] [Medline: 32571771]

Opondo D, Visscher S, Edami S, Verheij RA, Korevaar JC, Abu-Hanna A. Quality of co-prescribing NSAID and
gastroprotective medications for el dersin the Netherlands and its association with the el ectronic medical record. PLoS One
2015;10(6):e0129515 [FREE Full text] [doi: 10.1371/journal.pone.0129515] [Medline: 26110650]

Brown CL, Mulcaster HL, Triffitt KL, Sittig DF, Ash JS, Reygate K, et al. A systematic review of the types and causes of
prescribing errors generated from using computerized provider order entry systems in primary and secondary care. JAm
Med Inform Assoc 2017 Mar 01;24(2):432-440. [doi: 10.1093/jamia/ocw119] [Medline: 27582471]

Patel MS, Day S, Small DS, Howell JT, Lautenbach GL, Nierman EH, et a. Using default options within the electronic
health record to increase the prescribing of generic-equivalent medications: A quasi-experimental study. Ann Intern Med
2014 Nov 18;161(10 Suppl):$44-S52. [doi: 10.7326/M 13-3001] [Medline: 25402402]

Patel MS, Day SC, Halpern SD, Hanson CW, Martinez JR, Honeywell S, et al. Generic medication prescription rates after
health system-wide redesign of default options within the electronic health record. JAMA Intern Med 2016 Jun
01;176(6):847-848 [FREE Full text] [doi: 10.1001/jamainternmed.2016.1691] [Medline: 27159011]

https://www.jmir.org/2020/10/e17003 JMed Internet Res 2020 | vol. 22 | iss. 10 | 17003 | p. 7

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v22i10e17003_app1.docx&filename=b8cfbd164086f52bb0a234fb792c51e9.docx
https://jmir.org/api/download?alt_name=jmir_v22i10e17003_app1.docx&filename=b8cfbd164086f52bb0a234fb792c51e9.docx
https://digital.nhs.uk/data-and-information/publications/statistical/prescription-cost-analysis/2018
https://digital.nhs.uk/data-and-information/publications/statistical/prescription-cost-analysis/2018
https://digital.nhs.uk/data-and-information/data-tools-and-services/tools-for-accessing-data/deployment-and-utilisation-progress-data
https://digital.nhs.uk/data-and-information/data-tools-and-services/tools-for-accessing-data/deployment-and-utilisation-progress-data
https://digital.nhs.uk/services/gp-systems-of-choice/gpsoc-services
https://ebmdatalab.net/ghost-branded-generics-why-does-the-cost-of-generic-atorvastatin-vary%ef%bb%bf/
https://bjgp.org/content/70/698/e636
http://dx.doi.org/10.3399/bjgp20X712313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32784218&dopt=Abstract
https://webarchive.nationalarchives.gov.uk/20101116205950/http://www.mhra.gov.uk/home/groups/pl-p/documents/publication/con065445.pdf
https://webarchive.nationalarchives.gov.uk/20101116205950/http://www.mhra.gov.uk/home/groups/pl-p/documents/publication/con065445.pdf
https://www.gov.uk/drug-safety-update/oral-tacrolimus-products-reminder-to-prescribe-and-dispense-by-brand-name-only
https://www.gov.uk/drug-safety-update/oral-tacrolimus-products-reminder-to-prescribe-and-dispense-by-brand-name-only
https://bnf.nice.org.uk/drug/diltiazem-hydrochloride.html#indicationsAndDoses
https://webarchive.nationalarchives.gov.uk/20180307204908/https://digital.nhs.uk/article/9028/Freedom-of-information-request-NIC-142425-M5S5D
https://webarchive.nationalarchives.gov.uk/20180307204908/https://digital.nhs.uk/article/9028/Freedom-of-information-request-NIC-142425-M5S5D
https://github.com/ebmdatalab/openprescribing
https://github.com/ebmdatalab/software_differences_paper
https://www.gov.uk/government/news/regional-funding-announced-for-electronic-prescribing
https://www.pharmaceutical-journal.com/opinion/editorial/pharmacy-access-to-full-patient-records-is-more-critical-than-ever/20206820.article
https://www.pharmaceutical-journal.com/opinion/editorial/pharmacy-access-to-full-patient-records-is-more-critical-than-ever/20206820.article
http://dx.doi.org/10.1177/0141076818808429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30507285&dopt=Abstract
http://dx.doi.org/10.1093/jac/dky509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30590552&dopt=Abstract
http://europepmc.org/abstract/MED/32571771
http://dx.doi.org/10.3399/bjgp20X710993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32571771&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0129515
http://dx.doi.org/10.1371/journal.pone.0129515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26110650&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocw119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27582471&dopt=Abstract
http://dx.doi.org/10.7326/M13-3001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25402402&dopt=Abstract
http://europepmc.org/abstract/MED/27159011
http://dx.doi.org/10.1001/jamainternmed.2016.1691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27159011&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH MacKennaet a

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.
33.

Halpern SD, Ubel PA, Asch DA. Harnessing the power of default options to improve health care. N Engl J Med 2007 Sep
27;357(13):1340-1344. [doi: 10.1056/NEIMsb071595] [Medline: 17898105]

Patel MS, Volpp KG, Asch DA. Nudge unitsto improve the delivery of health care. N Engl JMed 2018 Jan 18;378(3):214-216
[FREE Full text] [doi: 10.1056/NEJMp1712984] [Medline: 29342387]

Vaughn VM, Linder JA. Thoughtless design of the electronic health record drives overuse, but purposeful design can nudge
improved patient care. BMJ Qual Saf 2018 Aug;27(8):583-586. [doi: 10.1136/bmjgs-2017-007578] [Medline: 29574463]
Backman R, Bayliss S, Moore D, Litchfield I. Clinical reminder alert fatiguein healthcare: A systematic literature review
protocol using qualitative evidence. Syst Rev 2017 Dec 13;6(1):255 [FREE Full text] [doi: 10.1186/s13643-017-0627-7]
[Medline: 29237488]

Hayward J, Thomson F, Milne H, Buckingham S, Sheikh A, Fernando B, et al. "Too much, too late': Mixed methods
multi-channel video recording study of computerized decision support systems and GP prescribing. JAm Med Inform
Assoc 2013 Jun;20(el):e76-e84 [FREE Full text] [doi: 10.1136/amiajnl-2012-001484] [Medline: 23470696]

Short life working group report on medication errors Internet. Department of Health and Social Care. URL : https://assets.
publishing.service.gov.uk/government/upl oads/system/upl oads/attachment_data/file/683430/
short-life-working-group-report-on-medication-errors.pdf [accessed 2019-05-20]

Brigham and Women's Hospital, Harvard Medical School, Partners HealthCare. Computerized Prescriber Order Entry
Medication Safety (CPOEMS): Uncovering and Learning From Issues and Errors. Silver Spring, MD: US Food and Drug
Administration; 2015. URL : https.//www.fda.gov/media/95234/download [accessed 2020-09-14]

Rizk S, Oguntebi G, Graber ML, Johnston D, RTI International. Report on the Safe Use of Pick Listsin Ambulatory Care
Settings: 1ssues and Recommended Solutions for Improved Usability in Patient Selection and Medication Ordering.
Washington, DC: US Department of Health and Human Services; 2016 Sep. URL: https://www.healthit.gov/sites/default/
files/report-on-the-saf e-use-of - pi ck-lists-in-ambul atory-care-settings.pdf [accessed 2020-09-14]

Shirky C. Here Comes Everybody: The Power of Organizing Without Organizations. New York, NY: The Penguin Press;
2008.

Hughes O. GP IT futures: First stage of procurement process now complete. Digital Health. 2019 Aug 14. URL: https:/
Iwww.digital health.net/2019/08/gp-it-futures-first-stage-of - procurement-process-now-complete/ [accessed 2019-10-23]
ScriptSwitch. Optum. URL: http://www.optum.co.uk/how-we-hel p/scriptswitch.html [accessed 2019-06-26]

FDB OptimiseRx®. First Databank. URL : https.//www.fdbhealth.co.uk/sol utions/optimiserx [accessed 2019-06-26]
Prescribing Services. URL: https://www.prescribingservices.org/ [accessed 2019-10-25]

Conflicts of interest. International Committee of Medical Journal Editors (ICMJE). URL: http://www.icmje.org/
conflicts-of-interest/ [accessed 2020-09-15]

Abbreviations

CCG: clinical commissioning group

dm+d: Dictionary of Medicines and Devices

EHR: electronic health record

ICMJE: International Committee of Medical Journal Editors
MHRA: Medicines and Healthcare products Regulatory Agency
NHS: National Health Service

NIHR: National Institute for Health Research

SPCR: School of Primary Care Research

Edited by G Eysenbach; submitted 11.11.19; peer-reviewed by D Wong, T Cornford; comments to author 16.01.20; revised version
received 11.02.20; accepted 29.02.20; published 16.10.20

Please cite as:

MacKenna B, Bacon S, Walker AJ, Curtis HJ, Croker R, Goldacre B

Impact of Electronic Health Record I nterface Design on Unsafe Prescribing of Ciclosporin, Tacrolimus, and Diltiazem: Cohort Study
in English National Health Service Primary Care

J Med Internet Res 2020;22(10):€17003

URL: https://mwwwv.jmir.org/2020/10/e17003

doi: 10.2196/17003

PMID: 33064085

©Brian MacKenna, Sebastian Bacon, Alex JWalker, Helen J Curtis, Richard Croker, Ben Goldacre. Originally published in the
Journal of Medical Internet Research (http://www.jmir.org), 16.10.2020. Thisis an open-access article distributed under theterms

https://www.jmir.org/2020/10/e17003 JMed Internet Res 2020 | vol. 22 |iss. 10 | €17003 | p. 8

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1056/NEJMsb071595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17898105&dopt=Abstract
http://europepmc.org/abstract/MED/29342387
http://dx.doi.org/10.1056/NEJMp1712984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29342387&dopt=Abstract
http://dx.doi.org/10.1136/bmjqs-2017-007578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29574463&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-017-0627-z
http://dx.doi.org/10.1186/s13643-017-0627-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29237488&dopt=Abstract
http://europepmc.org/abstract/MED/23470696
http://dx.doi.org/10.1136/amiajnl-2012-001484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23470696&dopt=Abstract
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/683430/short-life-working-group-report-on-medication-errors.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/683430/short-life-working-group-report-on-medication-errors.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/683430/short-life-working-group-report-on-medication-errors.pdf
https://www.fda.gov/media/95234/download
https://www.healthit.gov/sites/default/files/report-on-the-safe-use-of-pick-lists-in-ambulatory-care-settings.pdf
https://www.healthit.gov/sites/default/files/report-on-the-safe-use-of-pick-lists-in-ambulatory-care-settings.pdf
https://www.digitalhealth.net/2019/08/gp-it-futures-first-stage-of-procurement-process-now-complete/
https://www.digitalhealth.net/2019/08/gp-it-futures-first-stage-of-procurement-process-now-complete/
http://www.optum.co.uk/how-we-help/scriptswitch.html
https://www.fdbhealth.co.uk/solutions/optimiserx
https://www.prescribingservices.org/
http://www.icmje.org/conflicts-of-interest/
http://www.icmje.org/conflicts-of-interest/
https://www.jmir.org/2020/10/e17003
http://dx.doi.org/10.2196/17003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33064085&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH MacKennaet a

of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
aswell asthis copyright and license information must be included.

https://www.jmir.org/2020/10/e17003 JMed Internet Res 2020 | vol. 22 |iss. 10 | €17003 | p. 9
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

