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Abstract

Background

Electronic health record (EHR) systems are

used by clinicians to record patients” medical
information, and support clinical activities such as
prescribing. In England, healthcare professionals
are advised to ‘prescribe generically’ because
generic drugs are usually cheaper than branded
alternatives, and have fixed reimbursement costs.
‘Ghost-branded generics are a new category

of medicines savings, caused by prescribers
specifying a manufacturer for a generic product,
often resulting in a higher reimbursement price
compared with the true generic.

Aim

To describe time trends and practice factors
associated with excess medication costs from
ghost-branded generic prescribing.

Design and setting
Retrospective cohort study of English GP
prescribing data and EHR deployment data.

Method

A retrospective cohort study was conducted,
based on data from the OpenPrescribing.net
database from May 2013 to May 2019. Total
spending on ghost-branded generics across
England was calculated, and excess spend

on ghost-branded generics calculated as a
percentage of all spending on generics for
every CCG and general practice in England, for
every month in the study period.

Results

There were 31.8 million ghost-branded generic
items and £9.5 million excess cost in 2018,
compared with 7.45 million ghost-branded
generic items and £1.3 million excess cost

in 2014. Most excess costs were associated
with one EHR, SystmOne, and it was identified
that SystmOne offered ghost-branded generic
options as the default. After informing the
vendor, the authors monitored for subsequent
change in costs, and report a rapid decrease in
ghost-branded generic expenditure.

Conclusion

A design choice in a commonly used EHR

has led to £9.5 million in avoidable excess
prescribing costs for the NHS in 1 year. Notifying
the vendor led to a change in user interface and
a rapid, substantial spend reduction. This finding
illustrates that EHR user interface design has

a substantial impact on the quality, safety,

and cost-effectiveness of clinical practice; this
should be a priority for quantitative research.
Keywords

clinical software; cohort studies; drugs
prescribing; ghost-branded generics; primary
care.

INTRODUCTION
Electronic health record (EHR] systems are
used by clinicians to record patients” medical
information, and to support clinical activities
such as prescribing or test ordering.
There is limited literature describing how
EHR system design features can impact
on clinical practice. However, this typically
uses indirect evidence: qualitative research
observing or interviewing clinicians;
questionnaires interrogating clinicians about
their experiences of EHRs; or descriptive
analyses of clinicians spontaneous reports
of errors and safety issues."® There has
been little quantitative analysis exploring
the impact of different EHR systems on
clinical practice, other than small studies
evaluating change in practice following the
implementation of specific new alerts or
defaults.*®

In England, healthcare professionals are
advised by the NHS to ‘prescribe generically’
because generic versions of the drug are
usually cheaper than branded alternatives.
This advice is simple to remember, generic
prescribing is widespread, and one estimate
attributes savings of £7.1 billion to the policy
over the last 40 years.® Doctors occasionally
deviate from this practice for clinical reasons,
and sometimes for financial savings where
specific brands (including specific brands
of a medication that is available in generic
form) are cheaper than the fixed generic
price.

In December 2018 the authors uncovered
unexpected excess expenditure for primary
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care prescribing in England’'s prescribing
data (Box 1), where prescriptions that were
apparently prescribed generically had been
charged above the standard NHS tariff
prices, amounting to an estimated excess
cost of more than £9.5 million per annum.
The authors discovered they were not ‘true’
generic items and so termed the items
responsible ‘ghost-branded generics. A
ghost-branded generic is prescribed and
dispensed where a prescriber selects
a generic product but specifies the
manufacturer, usually inadvertently. In
such cases, the pharmacy is reimbursed
for this specific manufacturer’s version of
the generic, whose price may substantially
exceed the standard generic price. However,
the NHS prescribing data reports the
prescription as if it had been for a true
generic.

This article describes how the authors
discovered that almost all the £9.5 million
excess treatment costs were attributable to
a design feature in one EHR system used by
34% of England’s practices in 2016;” and how
the impact of an EHR design change made
by the vendor was evaluated after alerting
them to the issue.

METHOD

Study design

The study was a retrospective cohort study
in prescribing data from all English NHS
general practices and clinical commmissioning
groups [CCGs), including cross-sectional
and longitudinal analysis.
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How this fits in

Ghost-branded generics were responsible
for an excess cost in general practice
prescribing of £9.5 million in 2018 and
were previously unknown apart from to a
few individuals involved in technical details
of reimbursing the costs of medicine. A
single electronic health record, SystmOne,
was responsible for most excess costs
because of a single design choice in the
user interface defaults. Modification of the
EHR user interface has led to substantial
reductions in costs associated with
ghost-branded generics, illustrating the
substantial impact EHRs can have on
quality, safety, and cost-effectiveness of
clinical practice. Prescribers and practices
can monitor their own prescribing of
ghost-branded generics online (https:/
openprescribing.net/measure/ghost_
generic_measure/all-england), and can
audit and address any concerns in their
own prescribing or locally adapted defaults
on their EHR.

Data preparation and sources
Data were extracted from the
OpenPrescribing.net  database. This

Box 1. Ghost-branded generics and how they were discovered

The price per unit tool on OpenPrescribing is an innovative way to identify large potential cost savings in

NHS primary care prescribing.®? In short, by writing a prescription slightly differently (for example, tablets
versus capsules), a saving can be made. The authors were challenged by the fact that this tool showed that
atorvastatin 20 mg,"® prescribed identically, was unexpectedly costing differing amounts. This should not be
the case; investigations uncovered a whole new area of reimbursement problems, which the authors termed
ghost-branded generics.

For prescriptions written in primary care in England, the NHS reimburses community pharmacies for
the medicines they purchase. The reimbursement price is set monthly in the NHS Drug Tariff for generic
medicines. For branded medicines the price is set by the manufacturer and listed in the NHS Dictionary
of Medicines and Devices (DM+D). Medicines are broadly divided into three categories for reimbursement
purposes: proprietary, generic, and branded generic. The following is an illustrated example of the
contraceptive desogestrel:

» Generic: desogestrel is the name of the generic drug made by lots of companies. These are cheaper and
always the same price (set in the NHS Drug Tariff).

¢ Proprietary: Cerazette is the proprietary brand name and proprietary brands are almost always relatively
expensive.

« Branded generic: Cerelle (made by a company called Consilient] is a branded generic. These drugs are
cheaper than the proprietary brand, and sometimes cheaper than the Drug Tariff price for the generic.

Following discussions with the NHS Business Services Authority, the authors discovered that important
information about medicines reimbursement is not shared in the prescribing dataset. When GPs are
apparently prescribing generically, it is possible that they are specifying which manufacturer of the particular
generic the pharmacy should supply, in brackets, after the name of the drug. The pharmacy must supply this
manufacturer's brand, and they are then reimbursed at the specific price provided in DM+D, not the generic
Drug Tariff price. So it is treated as a ‘branded generic’ for dispensing and reimbursement purposes, but is
coded as a normal generic for publication of GP prescribing patterns. However, it is the authors’ experience
that only on very few occasions do GPs intend to specify a brand. After investigating ghost-branded Generics
on two of the most common EHRs in England the authors determined that the majority of excess costs
were attributable to a single EHR, SystmOne. Further details of the initial investigation can be found on the
DataLab blog."

imports openly accessible primary care
prescribing data from the large monthlyfiles
published by the NHS Business Services
Authority (see Box 2 for a description of
the English NHS organisations mentioned
in the article). These data are sourced
from community pharmacy claims data
and therefore contain all items that have
been dispensed. They contain one row for
each different medication and dose, in each
prescribing organisation in NHS primary
care in England, describing the number of
items (that is, prescriptions issued) and the
total cost each month since mid-2010."2 All
available data were extracted for standard
general practices, with other organisations
such as prisons and hospitals excluded,
according to the NHS Digital dataset of
practice characteristics. Numbers of
patients registered at each practice were
obtained from NHS Digital,” and details
on EHR use in each general practice were
also obtained from NHS Digital [personal
communication, April 2019). The study
population was all NHS GP practices in
England, as defined as setting = 4 by NHS
Digital practice characteristics, May 2013
and May 2019.

Identification of ghost-branded generic
prescribing

Ghost-branded generics were identified as
products where the reimbursement price
(net cost] is different from the NHS Drug Tariff
price, excluding those medicines that had a
known in-month change from the Drug Tariff
price, usually due to stock shortages and
known as a ‘price concession’ applied." Data
were excluded for prescriptions dispensed
before May 2013 because ‘price concessions
were not uniformly and automatically paid
before this.

Trends and variations in ghost-branded
generic prescribing over time

Prescribing of all ghost-branded generic
items and excess costs were plotted on a
time series graph, and a table of the top 10
chemical substances affected in 2018 was
produced. Total spending on ghost-branded
generics across England was calculated.
Excess spend on ghost-branded generics
was then calculated as a percentage of all
spending on generics for every CCG and
practice in England, for every month in
the study period. This takes into account
underlying variation in generic prescribing
between organisations. The data are
presented as deciles for each month.
Lastly, excess ghost-branded generics cost
was calculated and plotted, broken down by
the EHR system used by each practice.
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Box 2. NHS organisations in England featured in this article

Clinical commissioning group (CCG)

A collection of GP practices working together to plan, commission, and pay for healthcare services in a local
area. There are approximately 200 CCGs in England and they make payments for all prescriptions written by
GPs in their membership and bear any excess cost related to ghost-branded generics.

Medicines and Healthcare products Regulatory Agency

The agency that regulates medicines in the UK. Responsibilities include issuing licences, approving

medicines names, and issuing guidance on safety.

NHS Business Services Authority

An NHS body that calculates the remuneration and reimbursement due to pharmacies across England, and

publishes data on prescribing.

NHS Digital

The national information and technology partner to the health and care system. It publishes various statistics,
such as the amount of patients registered at a general practice, and is also responsible for procuring EHRs

on behalf of the NHS.

NHSX

A national organisation responsible for digital transformation and lead policy, implementation, and change

related to it.

The Phoenix Partnership (TPP)

A healthcare technology company, which produces SystmOne, a commonly used EHR across England.

EHR system user interface evaluation
Having identified that the excess costs were
attributable to practices using SystmOne," a
senior pharmacist visited two practices, one
using EMIS and one SystmOne, in order to
observe the processes necessary to issue a
prescription for generic atorvastatin in each
EHR system.

Evaluating the impact of a change to the
user interface medicines prescribing
screen in a commonly used EHR,
SystmOne

Having established that the ghost-branded
generic was being presented at the top of the
‘picking list’ in SystmOne, the authors notified
the EHR vendor, The Phoenix Partnership
(TPP), which rapidly implemented a change
to the user interface. To assess the impact of
this change, prescribing of all ghost-branded
generic items and spend was plotted on a
time series graph for every practice using
the SystmOne EHR, highlighting significant
points on the timeline, including a change
to the pick list on the medicines prescribing
screen. All CCGs were also plotted on a time
series graph and CCGs were identified that
have reduced their prescribing of ghost-
branded generics by 25%.

Software and reproducibility
Data management was performed using
Python and Google BigQuery, with analysis

carried out using Python. Data, as well as
all code for data management and analysis,
are archived online on Github."

Patient and public involvement

The authors’ website (OpenPrescribing.net]
is an openly accessible data explorer for
all NHS England primary care prescribing
data, which receives a large volume of
user feedback from professionals, patients,
and the public. This feedback is used to
refine and prioritise the informatics tools
and research activities. Patients were not
formally involved in developing this specific
study design.

RESULTS

Characteristics of cohort

A total of 8132 standard general practices
prescribed at least one ghost-branded
generic across the whole study period
and were included. In December 2018,
the month ghost-branded generics were
discovered, 7145 general practices were
included spanning 192 CCGs, with 2684 (38%)
practices using SystmOne EHR and 4090
(57%) using EMIS, with the remaining 371
(5%) practices using Vision or Microtest. No
standard general practices were excluded.

Trends and variation in ghost-branded
generic prescribing over time

Figure 1 shows the excess cost of prescribing
of ghost-branded generics (Figure 1a) and
the total number of ghost-branded generic
items (Figure 1b). In 2014 there were 7.45
million ghost-branded generic items and
£1.3 million excess cost; in 2018 there were
31.8 million ghost-branded generic items and
£9.5 million excess cost. Figure 1c shows that
since May 2013 excess costs associated with
SystmOne have risen consistently, whereas
the costs in practices using EMIS and other
EHR systems have remained low (see
Supplementary Figure S1fordetails of market
share of all EHR systems). Table 1 shows the
chemical substances that were responsible
for the most excess cost associated with
ghost-branded generics across England in
2018. Although atorvastatin had the greatest
associated excess cost (£1.7 million), several
items used in the treatment of mental health
conditions also appear.

Figure 2 illustrates the trends and variation
in excess cost of prescribing of ghost-branded
generics across English CCGs (Figure 2a) and
practices (Figure 2b) between May 2013 and
May 2019 as a proportion of their total spend
on generic prescribing. In December 2018,
the month ghost-branded generics were
discovered, the median proportion across all
CCGs was 0.13% while the maximum was
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Figure 1. Prescribing of ghost-branded generics across
all standard general practices in England, from May
2013 to May 2019. (a) Excess cost compared with tariff
prices [£]; (b) number of items prescribed; [c] total
excess cost [£] of ghost-branded generic prescribing
grouped by EHR system. EHR = electronic health
record. GBG = ghost-branded generic.

1.55% (25th to 75th percentile range = 0.01%
to 0.42%). The variation among practices was
even more striking, with 60% of practices
having close to 0% excess spend, whereas
the 99th percentile had a proportion of
2.78%. Among practices using SystmOne
(Figure 2c), most practices had some excess
spend on ghost-branded generics and at the
99th percentile this accounted for 4% as a
proportion of all generic spending compared
with practices using EMIS, where the 9%9th
percentile accounted for 0.4%.

EHR system user interface evaluation
Having identified SystmOne as the EHR used
in general practices where most of the excess
costs related to ghost-branded generics
occurred, user research was conducted on
each EHR interface. Specifically, the authors
set out to prescribe a generic medicine in
EMIS and in SystmOne. In SystmOne, when
generating a prescription for atorvastatin,
the user is given a ‘picking list” of medication
options that includes ghost-branded generics
(that is, the medicine and the manufacturer
name] alongside true generics; in EMIS
these ghost-branded generics are not
presented in the picking list. Furthermore,
when a specific formulation is selected in
SystmOne, this is stored as a prioritised
form of the medication, and is presented at
the top of the picking list for all subsequent
occasions when the medicine is prescribed,
for all patients in the practice. This user
interface feature is intended to save time by
prompting prescribers to select previously
used medicines more easily; however, in this
case it reinforces a less desirable choice of
medicine.

Evaluating the impact of a change to the
user interface medicines prescribing
screen in a commonly used EHR,
SystmOne

In December 2018 the authors posted
concerns about ghost-branded generics
informally in a blog post, and notified the
SystmOne vendor TPP of their concerns. TPP
implemented a change to its user interface in
February 2019 to prevent the prescribing of
the affected items in the future and provided
template searches to identify current repeat
prescriptions. Figure 1c shows a substantial
decrease in the cost of ghost-branded
generics across the NHS in SystmOne
practices following these two actions. Fifteen
CCGs (8%) were identified that have achieved
a very substantial reduction (Figure 3).

DISCUSSION

Summary

Ghost-branded generics cost the NHS an
extra £9.5 million in 2018. The authors were
able to identify these excess costs using
NHS open data; to attribute them to a single
design feature of a popular EHR system; and
to initiate a change in that EHR user interface
by the vendor. This in turn led to a rapid,
substantial spend reduction, illustrating the
impact of EHR user interface on prescribing
behaviour.

Strengths and limitations
All typical practices in England were included,
thus minimising the risk of a biased sample.
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Table 1. Top 10 ghost-branded generic chemical substances ranked
in order of excess cost (£) compared with tariff prices, in 2018,
across all standard general practices in England combined

Chemical substance Number of items Excess spend
Atorvastatin 5559 934 £1694 636
Pregabalin 159 404 £665385
Memantine hydrochloride 100178 £512713
Montelukast 241 626 £298 154
Aripiprazole 18 605 £269 940
Losartan potassium 786 568 £269 048
Quetiapine 89215 £235 940
Amlodipine 2719 024 £219 620
Trazodone hydrochloride 26253 £213 471
Prednisolone 103 825 £180 959

Figure 2. Excess cost of prescribing ghost-branded
generics as a proportion of total generic spend, across
(a) all CCGs; (b) all general practices; and [c] general
practices using SystmOne EHR in England, May 2013 to
May 2019. CCG = clinical commissioning group. EHR =
electronic health record.

(a)

Real prescribing and spending data were
used that are sourced from pharmacy claims
data used for very substantial payments:
CCGs and pharmacies are both therefore
highly motivated to ensure these data
are accurate. A small number of atypical
practice settings such as walk-in centres
were excluded because these generally do
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not issue repeat prescriptions for medicines,
and no data on their EHRs are available. The
data in this study do not include hospital
medicines data, but the authors do not expect
the same issue to occur in hospitals, because
medicines are procured differently and the
use of electronic prescribing and EHRs in
secondary care in England is more limited.

One weakness of this study is that ghost-
branded generics were identified based
on their reimbursement price, which may
not be 100% accurate. This is because the
NHS Business Services Authority collects,
but does not share, the more granular
prescribing data needed to identify ghost-
branded generics with complete accuracy
(based on the presence of a generic name
and manufacturer name in the ‘prescription
item’ field).

A key strength of this analysis is that
entirely open data were used, and all the code
and data are shared for critical evaluation,
re-use, and reproducibility.

Comparison with existing literature

To the authors’ knowledge this article
represents the first research using
large-scale national data and qualitative
observations to identify a shortcoming in
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Figure 3. The percentage excess cost of prescribing
ghost-branded generics as a percentage of total
generic spend, across the 30 highest spending CCGs.
Those that have seen >25% reduction have been
highlighted. CCG = clinical commissioning group.

Funding

No specific funding was sought for this
work. Ben Goldacre’s work on clinical
informatics is 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 (award reference
number: 327); the NIHR Applied Research
Collaboration Oxford and Thames Valley;
and Health Data Research UK; and policy
work is supported by the Mohn Westlake
Foundation. Funders had no role in the
study design, collection, analysis, and
interpretation of data; in the writing of the
report; or in the decision to submit the
article for publication.

Ethical approval

This study uses exclusively open, publicly
available data, therefore no ethical approval
was required.

Provenance

Freely submitted; externally peer reviewed.

clinical practice caused by an EHR design
feature. The authors are aware of only
one small study in the Netherlands that
previously reported an association between
EHR system and inferior performance on
one prescribing safety indicator, in only 90
GP practices, with no follow-up to establish
the design flaw."® A 2017 systematic review'
identified 34 relevant studies exploring the
role of computerised systems in suboptimal
prescribing. However, none used
quantitative methods to directly compare
practicesindifferent systems: most reported
the results of questionnaires interrogating
clinicians about their experiences of
EHRs; qualitative research observing and/
or interviewing clinicians; or quantitative
analyses of large databases of clinicians’
spontaneous reports of errors and safety
issues. Some studies set out to evaluate the
impact of a single specific new change to a
computerised prescribing system, typically
as a behavioural intervention to increase
compliance with a desired choice.”"
For example, two small studies assessed
modifications to the default settings in an
EHR that improved generic prescribing
rates by 5.4% and 23.1%, respectively, albeit
against a backdrop of low generics use in
the US43

Implications for research and practice
Three key policy issues have arisen from
this study: the importance of evaluating
EHR systems; of implementing open
standards in health care; and of open data
analysis in health care.

Clinicians use EHR systems to store
information, retrieve relevant information
rapidly when assessing a patient, and to

implement specific clinical actions such as
ordering a test or prescribing a treatment.
Healthcare activity is increasingly
computerised, and EHR software is likely
to exert a very substantial influence on the
way that modern medicine is practised, in
the same way that the rapid explosion in
the use of social media has changed the
ways that people interact socially?® The
authors were therefore surprised to find so
little engagement by the clinical academic
community in evaluating the impact of EHR
design choices. Specifically, the authors
are not aware of any previous attempts
to use variation in observed prescribing
behaviour between different EHR systems
to identify, explain, and address the causes
of suboptimal prescribing, or indeed any
other aspect of clinical practice. They are
now pursuing a research programme
to evaluate differences in prescribing
associated with different EHR systems in
English primary care. More broadly, the
relative absence of more ambitious work
to address wider questions of EHR design
is concerning. The EHR is a key technology
used in primary care by clinicians, and
will become increasingly important in
secondary care as the NHS implements
EHRs on a widespread basis. Questions of
how best to represent, retrieve, and present
knowledge about patients to clinicians —
and the impact this can have on patient
care — should be a key priority for funders
and researchers in ‘digital health'.

One of the contributing factors to
prescribing ghost-branded generics is likely
to be that, when a prescriber is choosing
from a pick list, a ghost-branded generic
looks like a true generic. This is an example
of a ‘look alike sound alike" error, which
has been recognised as a common source
of medication error.?"? The Medicines and
Healthcare products Regulatory Agency
(see Box 2 for details) has issued a safety
alert because of adverse events, including
deaths as a result of confusion between
similarly named medicines.” Although the
chance of a serious adverse event and
fatal outcome are low with ghost-branded
generics, there are some medicines, such
as category 1 anti-epileptic drugs, where it
is important to specify the manufacturer on
the prescription for clinical reasons,? that
is, prescribe a ghost-branded generic, so
it is necessary to allow this functionality in
some limited situations.

In recent years the NHS has pursued a
strategy of setting standards to support the
uptake and safe use of technology in the
NHS, culminating in the launch of NHSX
(see Box 2 for details).” The NHS Dictionary
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of Medicines and Devices (DM+D] is the
mandated standard drug dictionary for all
suppliers of systems related to medicines
across the NHS.2 Although initially the
design choice made by SystmOne that
caused ghost-branded generics was
thought to be largely unforeseen, in fact
implementation guidance? supporting the
DM+D standard makes reference to the
potential for confusion among prescribers
driven by this issue. If the NHS sets
standards, it must also invest in assessing
whether these standards have been
adhered to, to ensure that system providers
make modifications quickly if shortcomings
are identified, and to monitor for unintended
consequences of any standards set.

The UK government has recognised the
importance of sharing NHS data where
possible,”® and the publication since
2010 of highly granular NHS primary
care prescribing data has facilitated
a rich ecosystem of tools, such as the
live dashboard created by the authors
(OpenPrescribing.net), alongside extensive
original research from multiple teams.”?7-%

There is, however, substantial room for
improvement. The authors have previously
written about breaches by the NHS of best
practice around data management and
publication.® In the case of ghost-branded
generics, it is a concern that the NHS
Business Services Authority manages the
DM+D standard and has responsibility for its
accuracy, but has not published medicines
data compliant with its own standard.
Ghost-branded generics could have been
identified sooner if it had done so0.?” The
publication of prescribing data compliant
with the mandated NHS standard of DM+D
is therefore warranted.

In summary, a design choice in a
commonly used EHR has led to an excess
cost to the NHS of £9.5 million in 2018 in
ghost-branded generics. A live dashboard
on the OpenPrescribing.net website has
been created to monitor this phenomenon
in every practice and CCG in England. The
authors recommend further research
into EHR design choices, and publication
of prescribing data compliant with the
mandated NHS standard of DM+D.
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