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Abstract

The simple definition of Electronic prescription (EP) can be met
by different approaches as encoding the whole data of a pre-
scription to a QR-code or a memory card. Also, the data can be
sent directly to a particular pharmacy. Still, a unified national
system with central storage is the only way how to guarantee
wide benefits — not only the basic ones but also the advanced
such as exploiting the gathered data and using automated cli-
nical decision support. The Czech Republic at present features
a widely used national EP system for its development state-of-
-the art method of process modeling has been used. Most other
EU countries are endowed with a similar system, although few
exceptions (e.g., Germany with only a pilot phase) exist. Also,
the interoperability of EP in the EU is still not widely developed
with only four countries with this feature.
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1 Introduction

Electronic prescription (EP, also denoted as ePrescription, eRx,
Electronic Prescription System) is usually defined as the Sub-
stitution of a paper-based prescription with an electronic data
carrier [1]. Typically, the paper-based prescriptions are used in
an outpatient setting only, as there is usually a much lower need
for such a formalism in an in-patient department. Therefore,
under the term EP, we predominantly discuss the Outpatient EP.

Although there is no international standardization of paper-
-based prescriptions they do not differ significantly in most
countries and typically they are recognized abroad with the
only concern of who is going to pay for the dispensed medicati-
on. Also, quite surprisingly, the general outlay of a paper-based
prescription was almost the same more than 120 years ago [2].

EP is no novelty either, as the first pilot of such a system was
introduced in Sweden almost 40 years ago. At that time me-
mory card was used as a data carrier and later clinical decision
system was added [3]. Significantly later, in 2000, Sweden was
also the first to launch a functional nation-covering EP. From
2004 patient was able to choose the pharmacy of his choice [4].
Most European followed the Swedish example and introduced
their EP in the last years. Unfortunately, the particular EP sys-
tems are not described amply in the literature, sometimes such
description is only mentioned incidentally as the article focuses
on other aspects. Information has to be gathered from different
sources, using and analyzing also laws, news articles, ministry
presentations, etc.

Interestingly, there is no international standard of EP which
means the particular systems differ significantly as each country
has chosen its way of introducing EP. Interoperability between
different systems is therefore also a challenge.

This article aims to discuss not only theoretical aspects of EP
but also to show different ways of using EP in various countries.

2 How to fulfill the definition of EP

As already stated, the definition of EP is very plain as only the
data carrier is considered. Let us show different ways how to
fulfill this definition:
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« The whole data of a prescription might be encoded in
a QR-code (a two-dimensional version of a barcode) that is
printed on paper and handed to the patient. Needless to
say, the paper has still to be physically handed over in the
pharmacy, but at least the typical drawbacks of a classical
prescription (e.g., illegibility, risk of data alteration, etc.)
is diminished. Those kinds of systems are used in South
Ireland and Wales - ironically they are not compatible one
with the other [5]!

The data might be loaded in a memory card (a Smart-card is
usually mentioned). This approach was used not only initia-
lly in Sweden forty years ago but was seriously considered
in 2006 as a national EP system in Germany. The primary
function of the card was an insurance certificate with

a secondary data carrier function. However, for different
reasons, the project was not successful and was abandoned
in 2010 [6].

The prescription data might be sent directly to a particular
pharmacy. This method is widely used in a system called
Surescripts in the USA. Usage of this system is required
under the Meaningful Use Program for eHealth introduction
and some states in the USA (e.g. New York) made the usage
of this system compulsory for physicians [7]. In addition,

a Master Patient Index is used to get the information about
prescribed drugs in one patient from different physicians
when needed.

Although all above-mentioned systems do comply with the
basic definition of EP, the first two are unable to deliver the
more advanced functions of EP (see next chapter). The Sure-
scripts might be able to do so, but with complications.

Therefore, the best way how to fulfill the definition is a wide
unified system with the central storage. That means the phys-
ician sends data about the prescribed drugs to this storage.
The pharmacist then downloads this data from the storage
and medication is dispensed accordingly. The identification of
a particular prescription is the main challenge. When a unique
identifier of a prescription is used, such an identifier must be
handed to the patient which later presents it to the pharmacist.
Nonetheless, it is not necessary to print out this identifier as no-
wadays it can be sent to the patient’s mobile phone or his email.
If EP can be connected to a national eGovernment register, then
there are other ways how to identify the patient (e.g., a national
identity card or patient’s social security identifier can be used).

To enable wide coverage, the EP system should cover the
whole population, which means at least the whole nation. And
indeed, most EP systems used in the EU are based on a whole-
-nation principle. Still, exceptions exist:

« The EP systems in Italy [8] and in Spain [9] are based on
regional principles, which means that there are smaller not
interconnected systems in every province in each of these
states. The reason for this approach might be that the indi-
vidual provinces are in charge of their healthcare systems.

In a country with diverse healthcare insurance companies,
the EP systems might be operated by such companies.
That means that patients in the same region belong to

a different EP system according to their affiliation to the
insurance company. Due to the dilatory approach of the
state authorities when introducing EP this principle is used
in contemporary Slovakia. With three insurance companies,
there are three different EP systems that every physician
and pharmacist have to use concurrently [10].

3 Benefits of EP

There is an adage in the army saying that “Generals tend to arm
for the previous war”. The same issue exists with eHealth when
stakeholders tend to see the introduction of electronic means
to substitute the “traditional way of doing things” (e.g., writing
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daily notes on a typewriter) by “using new means and doing it
same” (e.g., writing daily notes in a plain text in a computer).

This can be also seenin the EP following the EP definition.Thus,
the main benefits are identified in the context of the change of
the data carrier. lllegibility of the physician's handwriting mi-
ght be a serious issue. Numerous studies have already proven
that using information technologies diminishes errors in this
field [11,12]. The act of copying data from paper-based pre-
scriptions to the pharmacist's system is not only error-free but
can be also time-consuming. Therefore using EP and seamless
transfer of data can diminish workload in the pharmacy and
speed up the process [13]. Patients have readily identified their
time savings as they can obtain a prescription without the need
to visit the physician at all [14]. Also, the electronic prescription,
contrary to the classical one, cannot be lost.

Although the above-mentioned benefits are readily identified
by patients, physicians, and politicians alike, the advanced avails
fall into entirely different realms. Firstly, there is the possibility
to exploit the gathered prescription data. Fragmentation of
health care is nowadays a serious issue and it is quite common
that the patient visits various physicians, sometimes even of the
same specializations (poetically so-called “doctor shopping” in
the literature). With no EP system in place, it is the sole respon-
sibility of the patient to inform his physicians of all medication
he/she is taking. But with a functional EP system, this can be
achieved independently as every physician can see the whole
medication list. Thus, potentially harmful interactions between
medications can be prevented [15,16]. Another important topic
is drug abuse which is not limited to opioids but usually inclu-
des also various tranquilizers. Possible misuse of such drugs can
be readily identified when there is an EP system present. The
term “primary non-compliance” describes the share of prescrip-
tions that are not even taken to the pharmacy - meaning such
drugs are certainly not taken by the patient as they were not
received by the patient in the first place. This primary non-com-
pliance is assumed between 0.28 percent and a staggering 30
percent [17]. Although no EP system can persuade the patient
to visit the pharmacy, at least the prescribing physician can see
whether the patient has received the medication.

Secondly, prescription data should be connected to other
eHealth systems, such as Electronic Medical Record (e.g., Hos-
pital Information system in one institution) or even Electronic
Health Record (EHR), such as a national system that gathers and
stores patients” health data, laboratory results, etc. Studies show
that connecting EP to other systems significantly increases the
safety of health care [18].

And thirdly, after the gathered prescription data can be ex-
ploited and EP is interconnected with EHR, Clinical Decision
System (CDS) can be introduced. Using automated decision
support extensively limits adverse events, improves antibiotics
and anticoagulant dosing, and limits polypharmacy, especially
in the elderly [19,20].

4 Development of EP in the Czech Republic

Table 1 - Czech Electronic Prescription — usage

The Law in the Czech Republic made provision for the EP at
the end of 2008. However, the State Institute for Drug Control
(SIDC) launched the first version of EP in 2011. For several years
the system was not cultivated and its usage among Czech phy-
sicians was virtually non-existent [21].

In the meantime, however, legislative steps have already been
taken to force the introduction of mandatory usage of EP for
physicians and pharmacies alike. After a three-year postponing
this obligation (except for specific situations) was introduced
for January 2018. Although seen with considerable controversy,
this move has undoubtedly “turned the table”. The main mar-
kers of use (ratio of electronic prescriptions to all prescriptions
issued and ratio of physicians using EP to all physicians) have
risen from single-digit numbers to an overwhelming majority.
Details are setin Table 1.

There was a need to expand the EP by creating the patient
drug record informing the prescriber of all the patient's medi-
cations. It was not just about making the appropriate software.
The key was to develop the relevant legislation that would accu-
rately describe all the required processes for the creation and
use of the electronic prescription and the patient drug record.

One of the tools that facilitate interdisciplinary understan-
ding is process modeling using hierarchical state diagrams [22].
In preparing legislation on electronic prescriptions and patient
records, a method and system for automated requirements mo-
deling was implemented in Craft.CASE (http://www.craftcase.
com). This system is based on software support for the BORM
methodology [23,24]. Craft.CASE program was used as a kind of
imaginary "pencil" with which the process architecture of the
electronic prescription system was drawn. The process archi-
tecture diagram was then used as a means of communication
for interdisciplinary understanding [25,26].

The Parliament of the Czech Republic approved the prepared
legislation. In the middle of 2020, the electronic shared drug
record of the patient was launched. The patient drug record
allows the attending physician, pharmacist, and patient to look
at the list of prescribed medicines and thus reveal possible du-
plications in medications or unwanted interactions.

Process modeling made it possible to quickly prepare a par-
liamentary amendment to the law, which extends the patien-
t's drug record to the record of all vaccinations and thus creates
an electronic vaccination card. In the future, this may include
other features, such as a vaccination calendar or an automatic
notification, for example, via SMS, about the need to undergo
revaccination after a specific time. The Parliament of the Czech
Republic approved the amendment, and the SIDC is currently
preparing its software implementation.

5 Current State of EP in EU

As we have already stated in the Introduction section, the scien-
tific literature lacks sufficient descriptions of EP in various coun-
tries. The following information is therefore based on our pre-
vious research. Some of the data were obtained by a literature

2013 2014 2015 2016 2017 2018 2019 2020
Electronic prescriptions / ¥ prescriptions 1% 2% 2% 2% 7 % 80 % 96 % 98 %
Physicians using EP / ¥ phycisicians 2% 4% 5% 35% 84 % 90 % 90 %
Pharmacies using EP / 3 pharmacies 29 % 37 % 49 % 57 % 94 % 100 % 100% | 100 %
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review when not only scientific literature but also other means
of “grey literature” (e.g. laws, web pages of various institutions,
news articles, etc.) were analyzed [27]. Other data was gathered
by a survey among European scientists that research EP in their
respective countries [28].

There were functional widely used EP systems in 21 of 27 EU
countries in 2018. Another two countries had a different system,
albeit with some characteristics of EP. One of them was France
with a voluntary drug record called Le Dossier Pharmaceutique
where all medication dispensed in the last four months is sto-
red. Another is Luxemburg with a national EHR system called
Dossier de soins partagé in which currently used medication
is recorded by the family physician. Its usage is also voluntary.
One country (Poland) had a running pilot study of the EP system
and there were no EP systems and no pilot programs of EP sys-
tem in the last three countries (Bulgaria, Ireland, and Germany).
There were also four different and non-compatible EP systems
in UK (England, Scotland, North Ireland, and Wales), but as UK
has already left the EU, we will not discuss it extensively.

As of 2021, the Polish EP system has been made compulsory,
so Poland has joined the rank of EU countries with a functional
and widely used EP system [29]. Starting from 1st May 2021,
all prescriptions have been made electronic in Bulgaria [30].
Due to the Covid-19 situation, a special email system (under
the name National electronic prescription transfer system) has
been introduced in Ireland in 2020. Although it falls out of the
central storage category, it meets the basic criteria for an EP sys-
tem, so we may safely count Ireland as a country with one [31].
The first pilot programs of the EP system have recently started
in Germany with plans for full usage in 2022 [32]. We have found
no information about plans to standardize different systems of
France and Luxemburg, so we may conclude they have chosen
to remain with their approach.

The first results of European eHealth Digital Service Infra-
structure (eHDSI) ePrescription came in 2019 when EP issued in
Finland could be dispensed in Croatia and medication issued in
the Croatian EP system was obtainable in Estonia. As you see, the
eHDSI project works always “one-way” meaning that scenario
A (EP prescribed in one state, medication dispensed elsewhere)
and scenario B (EP prescribed elsewhere and dispensed in that
state) are dealt with separately. The data is always routed throu-
gh a National Contact Point for eHealth of both the prescribing
and dispensing state, so national EP systems have to be conne-
cted to these national points only. However, scenarios A and B
have to be always tested with every two possible combinations
as EP systems do differ in every country. Although former plans
were much more ambitious, at present only Portugal has joined
the system, so with some exceptions [33], we can say that EPs
issued in Croatia, Estonia, Finland, and Portugal can be used in
all these states.

As already stated in previous chapters, most countries use
one national EP system with central storage, although excepti-
ons as to more independent systems with storage exist (Spain
and Italy with regional ones and Slovakia with insurance com-
panies-based ones). Also, the Irish system tends to have more
similarity to the American Surescript system than to the natio-
nal central storage.

Most of the EP systems rely on end-user applications, someti-
mes web applications are used as a supplemental solution (e.g.,
for emergency use when the main infrastructure is inoperative).
Notable exceptions are Greece, Portugal, and Italy with primary
web-based applications. Very common is nowadays also the
access to the medication list, so previously prescribed medi-
cation can be assessed by the pharmacist and/or physician.
Although mandatory usage of the EP system might be seen as
controversial, most systems in the EU are obligatory for both
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physicians and pharmacists. Sometimes this obligation is limi-
ted to insurance-covered medication only. Advanced functions
of various EP systems exist, most typically there is some kind of
automated decision support technology present in the system.

6 Conclusion

Although the basic definition of EP is quite simple and there
are humble ways how to fulfill it, to achieve significant benefits
much more complex solution should be chosen. A national EP
system with central storage is the most convenient way to do
so. However, the EP system should not be designed as a stan-
dalone system. On the contrary, great effort should be devoted
to connecting the EP system with other eHealth systems. To do
so, not only technical but also law aspects should be addressed.

Most of the EU countries are nowadays equipped with a func-
tional EP system that meets the criteria of the above-mentioned
solution. In the last few years, also under some influence of the
current Covid-19 situation, there were introduced EP systems
in additional EU countries. The last EU country that remains
without a functional EP system is Germany, although also the
French and Luxembourgian systems cannot be classified as
“full” EP systems.
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