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Abstract

Currently, physicians are using the patient electronic health record (EHR) to support their practice.
The Romanian healthcare system switched to the electronic prescription starting with 2012.
Physicians use the electronic medical record and health card to access patient data whenever available.
To improve the medical act, we propose a tool supporting the prescription process, structuring and
extracting important information from drug characteristics leaflets (prospectus). The application
processes data extracted from around 3.000 medical prospectuses using several Romanian language
Web sources. The drug leaflet data is structured on sections: therapeutic action, contraindications,
mode of administration, adverse reactions, etc. A stemming algorithm has been applied to each
section, extracting the root of the word for an easy search. The result is a text in an *.xml file. After
structuring step, the application searches in the structured file the necessary information to presctibe
the patient’s medication as closely as possible related to patient state. The application suggests all the
drugs matching the patient's disease and are not contraindicated, or enter in conflict with other
diseases, treatments or allergies of the patient, and the physician may select the best solution for the
given situation.
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Introduction

The medical prescription process plays a very important role in treating patients and has the
potential to generate health risks if the chosen drugs are not appropriate for the patient. When a
physician chooses a medication he/she must consider many factors, some of them generating
potential health hazard to the patient. Mistakes in prescribing medication are often related to poor
information about the patient’s history, current medication of the patient, allergies, contraindications
and other particularities of the prescribed medicine. In Germany in 2006, 3900 cases of malpraxis
were reported, with regards to errors in treatment prescription [1]. In Romania, electronical patient
medical records are managed by SIUI (Unique Integrated Information System) application where
physicians store patient medical data and that provides reports and statistics for CNAS (National
Health Insurance Agency). Physicians and other healthcare providers input in this system patient’s
consultations, medical history, diseases and treatments. SIUI system has three modules: Health Card,
e-Prescription and Electronic Health Record [2].
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The Health Card allows physicians to access the medical information of the patient, Electronic
Prescription is used to control drug prescription and monitor the drug consumption and the module
Electronic Health Record is in a developing state [2].

Authorized physicians and patients connected from any device to Internet may check medical
information as provided by the national Insurance House [3]: allergies and intolerances, chronic
diseases, history of diseases/diagnoses (other than allergies and chronic), interventions and
procedures, medical services, immunizations, and treatments.

The medical prescription in Romania has two formats: a hand-written prescription with basic
information of the patient — name, demographics, diagnosis and medical recommendation (Figure
1.a), for which the patient is paying all the medication, and a form generated by a medical information
system in the physician’s office (Figure 1.b) containing patient name, demographics, patient ID, QR
code, insurance status, diagnosis codes and active substance prescriptions with doses
recommendation, useful for free or compensated medicines.
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Figure 1. Romanian medical prescription — template for hand written form (a) and for electronic

use (b)

In Romania, the e-Prescription was implemented as a pilot project in 2012 and was launched and
used by all healthcare providers (hospitals, practices, pharmacies) 15t of January 2013 [4].

The problems and needs in the field of medical prescriptions are the following:

- More and more discovered diseases requiring effective treatments;

- Discovety of new treatments/medications which doctors need to access;

- Malpraxis of physicians (prescription of wrong treatments/medication);

- Accessing all information regarding the medication and diseases in a prompt manner;

The information needed to assist the physician in deciding the appropriate treatment is taken from
the Electronic Health Record of the patient and from the information provided by each drug
manufacturer.

The most important sections of a medical prospectus are: Commercial name; DCI (International
Joint Name); Pharmaceutical presentation; Weight; Active substance; Other ingredients (contained
substances); Producer; What it treats; Contraindications: Allergies, Other diseases, Other medicines;
Indications by age; Indications in pregnancy; Breastfeeding instructions; Driving alerts; Overdose;
Adverse effects.
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In conclusion, according to presented information, in the national healthcare system it would be
a real help for the doctors to have the most detailed information about the medicines considering the
progress made in the field of medical applications, especially for young practitioners and residents.

State-of-the-Art

The main source of errors in medicine is related to drugs prescriptions in spite of several resources
relating the drug prospectuses being available online [5, 6, 7]. A quatter of the total mistakes in
medical errors are produced by prescriptions and this has serious consequences to patient’s health.
50% of these errors are related to medical prescription and 50% are caused by drug-drug interactions
[8].

Several studies were conducted and different models to support physicians during the medical
prescription process were reported in the scientific literature. Luna et al. [8] developed a decision
support system to alert doctors with regards to the interactions between drugs as a tool to support
the decrease of medical errors. Keil et al. [9] presented a drug management system associated to a
smartwatch to allow physicians to manage the patient’s drugs during treatment. With this system,
doctors can control the patient’s treatment and properly recommend them, reducing errors in drug
administration.

To reduce risk of medication errors a module [10] that collects successful treatments for certain
diseases starting from patient characteristics, saving and making them available on a cloud database
for future suggestions of treatments for other patients with the same characteristics has been
developed. The physicians authorized to access these data may use it to compare situations and select
the best treatment for a certain situation.

Fung et al. [11] compared three knowledge databases in use in clinical practice for potential drug-
drug interactions. The three knowledge databases (First DataBank, Micromedex, Multum) were
mapped to RxNorm and compared from clinical and composition point of view and drug-drug
interaction levels. The developed knowledge database covered 99.8-99.9% of alerts from the Office
of the National Coordinator for Health Technology reference list of drug-drug interaction.

Deléger et al. presented a system that extract drugs and information about them from French
clinical texts after a system initially designed for English language [12]. The system has a specialized
lexicon and a set of extraction rules. The system was evaluated for 50 clinical texts and 86.7 %
accuracy in French language was obtained, a higher level than in the original English system.

The goal of our study was to develop a tool for prescribing medication through structuring and
extracting the necessary information from drug prospectuses available on Internet. The benefits
consist in having all information about drugs from multiple sources and providing a structure where
it is easier to add the information in medical applications.

Material and Method

Methods

The prospectuses have a different format and different section names (Figure 2), that makes them
hard to analyze in a coherent manner.

Each prospectus is saved as an xml file (based on the Internet source) ensuring a better
interoperability within the application. From several sources the prospectuses are collected directly
on sections, by html tags, and for others they are unstructured, available only as text. We used the
resulting structured file as a module for the clinical decision support system in medical applications
for Romanian prescriptions. For the collected unstructured prospects, we created an algorithm to
divide the content into specific sections. To prepare for implementation, we created a file with section
names that may appear in each prospectus (therapeutic action, way of administration, pregnancy and
breastfeeding, composition, dosage, etc.).

The steps required to implement the structuring algorithm on sections are:

- Create lists that save the start and end positions of each section name

- Look for section names in the prospectus text
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- Sort the names of the sections found in the text to remove the duplicates (e.g., for the text
prospectus Therapeutic action, the algorithm will interpret as sections action and also therapeutic
action and will consider the longer text).

- Delete sections with the same starting item or sections that are contained in other sections

- Delete similar words in sections

- Extract the section name and the related text to the next section of the prospectus

- Create the xml file with the prospectus with sections

Amoksikiav, pulbere pentru suspensie 9% AMPICILINA capsule

desment  Cod ATC o T

Producator 3

Compozitie

2 Indicati terapeutice Indicatii

Contraindicatil si procautii

Figure 2. Examples for 3 on-line medical prospectuses

Figure 3 shows the files obtained from the collected prospectuses, formatted with tag sections
and without sections.

The next step after completion of the splitting algorithm is to perform an uniformization of the
information in the prospectuses. As can be seen in each prospectus, for the same type of section,
different names may appear, e.g. for indications in the use of a drug, we may have one of the several
section names: action, pharmaceutical action, pharmacodynamics action, pharmacological action,
pharmaco-therapeutic action, therapeutic action, therapeutic action and indications, indications or
therapeutic indications. To reach a common name for the same type of section, we use regular
expressions and create an algorithm that performs a uniformization of the sections and creates an
xml file with the same names for all the prospectuses related to the same section content.

The newly created file contains all prospectuses with homogeneous sections names. The next step
in our application is to simplify the text that appears in different sections where the application will
look for information needed to treat a certain disease. To simplify the text (removing link words and
bringing words to a shorter form, extract the root of the word), we apply a stop word removal
algorithm and a Romanian stemming algorithm. The stemming algorithm divides text into words and
extracts its root by eliminating ending of words (e.g., Stemming in Romanian language: the words
tratamentnl, tratamente, tratamentele are transformed all in #ratament). This stemming algorithm is applied
to each section of the prospectus. There are medical terms for which, when we remove the ending
of the word, the medical term does not have the same meaning or means nothing. To avoid this error,
we created a file with medical terms for which word change makes no sense. For these words the
stemming algorithm is not applied in order not to distort the correct medical terms. The sections that
were considered so far were the therapeutic indications section, dosage and contraindications. These
sections are considered as the most important in establishing the appropriate treatment. In the
therapeutic indication section, the disease is searched for the needed treatment, and in the
contraindications section the application looks for the patient's allergies, illnesses and treatments. The
dosing section provides information about correct dosage based on age. This structure is helping the
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physician find the best drug and to prescribe the correct dosage for the patient. This is particularly
valuable in a pediatric practice setting.

<Medicamente> |
<NumeMedicament>ALDECIN, Aerosol</NumeMedicament:>
pects>

compozitie

Aldecin este un flacon presurizat dozat care contine o suspensie de microcristale de dipropionat
Indicatii

Administrarea orala: Aldecin este indicat in tratament ul astm ului bronsic , in meod special in t

Dozare si mod de administrare
A nu se depasi doza recomandata, agitati bine flaconul inainte de fiecare utilizare Administrarea

Utilizarea regulata si manipularea corecta a flaconului presurizat au o importanta deosebita.

Reactii adverse
Administrare orala: Au fost mentionate cazuri de deces prin insuficienta corticosuprarenaliana

Contraindicatii
Contraindicatii: Aldecin este indicat in trat 1l primar al starilor de rau astmatic sau

Precautii
Cu toate ca frecventa de aparitie a infectiilor clinice aparente localizate cu Candida albicans s

Sarcina si alaptare
Dipropionatul de beclometazona va fi utilizat in sarcina, pe parcursul alaptarii sau la femei in

Conditii de pastrare
Flacoanele sunt sub presiune. Evitati expunerea lor directa la soare, caldura sau foc. Expunerea

Forma de prezentare

Aldecin este un flacon presurizat care a fost special conceput cu doua piese adaptabile - una buc
<Medicamente> |
<NumeMedicament>A.T. 10.html</NumeMedicament>
<sectiuni>

<CompozitieSiModDePrezentare>1l ml (aproximativ 30 de picaturi) contine 1 ml de dihidrotahistercl
<BkctiuneTerapeuticarinsuficienta corticosuprarenaliana cu hipocalcemie; crampe musculare durerca:
<ContraindicatiiSiPrecautii>nu se wva administra in caz de: - hipercalcemie, crampe tetanice prod
<Reactiikdverse>daca se depaseste doza necesara fiecarui individ poate apare o caracterizata p!
<ContraindicatiiSiPrecautii>wva rugam sa informati medicul asupra medicatiei dumneavoastra. este

<Dozare>se va administra - intr-o lingura cu lichid. doza: - wva fi prescrisa de </Dozare>
</sectiuni>
<NumeMedicament>ABAKTAL . html</NumeMedicament>
<sectiuni>

<Substantakctiva> pefloxacina.</Substantakctiva>
<Compozitie> o contine 400 de mg de pefloxacinai,h €33 4 sub forma de dihidrat de mesilat. o £
<BctiuneTerapeutica> pefloxacina este un preparat antimicrobian semisintetic apartinand grupei ¢l
<BctiuneTerapeutica> infectii cauzate de bacterii sensibile la pefloxacina: ale aparatului urina:
<ContraindicatiiSiPrecautii> pefloxacina este contraindicatad, 8€34,3 in cazul pacientilor hipers:
<ContraindicatiiSiPrecautii> intrucat exista riscul producerii unei reactii fotosensibile, este «
<ReactiiAdverse> pot aparea tulburari digestive, mialgii sau artralgii, la lumina, tulburari n
<Dozare> doza medie de pefloxacina pentru adulti si copii 15 ani este de 800 de mg pe zi, indi
<EliberareaMedicamentului> medicamentul se va elibera numai pe baza de retetai 4€33,4 medicala.
<FormaDePrezentare />

</sectiuni>

<NumeMedicament>ABC Derm H20.html</NumeMedicament>

<sectiuni>

(b)

Figure 3. Unstructured (a) and structured (b) prospectuses

Figure 4 presents the resulting xml structured file.

ia cramp muscul durer dator hipocalcem tetan difer afectiun osoas dator actiun scazi
>administr caz de hipercalcem cramp tetan prod elimin crescut bioxid carbon sarcin pericad alapt administr a t prescr:
va administra - intr-o lingura cu lichid. doza: - va fi prescrisa de <

par s intet grupe chinolon actiun inhib ien adn influe:
autii>pefloxacin contraindicatal,beil,d in caz pactent hipersens chinolon cop ani gnvm nan Allptc.z precum prezint carent
" Geia meidia'da ‘pefloxacins pentru adulti si copii 15 ani este de 800 de mg pe zi, indi oral si

nt>ABC Derm H20</Nur
a>emuls :xmoqm nond-umd hipoalergen ideal piel delic irritat nou nascut cop mic fat main pliur zon fesier etc las film gra

>Abufene 400 Mg«

ticapeopsiet farmacodines bet alanii pu Actichens Senswin Vasodilatat parifer nen hotmeoil Mfer perimsnepus mevopsus indle
>evit eventual interactiun trebui semnal sistemat tratament curs medic farmacist dvs comprim zi fi inconvenient marit
u 2 comprimate pe zi. aceasta

afectiun respir insot secret abundent mucoas pneumolog form acut cronic afectiun respir ales bronsit acut cronic bronsiectaz
>contraindic reprezint afectiun situat anum utiliz utilizeaz prealabil medic complex caz efect benef intr o relat faw
> daca nu exista alta indicatie, se va adninistra dupa cum urmeaza: in boli acute: la copii intre 6-14 ani de 2 ori pe zi cate un comprimi

>ACC, Capsulec/Nus
a>afectiun cailor xnpu \ pneumolog form acut cronic afectiun respir deoseb bronsit acut sii cronic bronsiectaz larg ramur bro:

Figure 4. Structured prospectuses using the stemming algorithm

Figure 5 shows the flow of actions followed to structure the medical prospectuses.
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Figure 5. The flow of the actions made to structure the prospectuses

To test the effectiveness of the algorithms and structured prospectuses we created a simple
application that introduces a diagnosis and contraindication for the patient condition and the
application provides, based on the data, appropriate and inappropriate drugs. The application was
tested using around 3.000 prospects with different formatting and section names. Thus, if the
physician introduces a diagnosis, the application will look for the therapeutic action of drugs inclusive
contraindication, and possible interactions with the drug. Once a drug is selected from the list of
appropriate drugs, the dosage will be displayed in another box. The application is in development
and will be improved for a more complex structure of the information provided by the physician
(patient allergies, treatments, other diseases, age-related dosing, etc.). Figure 6 presents an interface
of the structuring application. Figure 7 presents the information flow in the application.
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Figure 6. Test structured prospectuses — work in progress
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Figure 7. Information flow for structuring the medical prospect

The functions of the application are:

- Creating a management system for drugs prospectuses for easy treatment management
- Creating functions to compatre, structure and retrieve useful information to establish the right

treatment
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- Creating functions to check for drug incompatibility with other drugs / diseases / other
characteristics
- Storing information in the cloud, in xml or owl format, for data access and interoperability

Results and Discussion

The result of our work is an application supporting physicians in prescribing medication by
structuring and extracting the necessary information from drug prospectuses. To this point, literature
reports applications for drug-drug interaction alerts, as well as applications for drug management,
with the end goal of controlling the patients’ treatment. There are authors that use extraction of
medication information from clinical texts. Before this work we developed a system that collects
successful treatments for future use in other treatments for patients according to similar
characteristics. In this article we present a method to extract drugs information from Romanian
medical prospectuses to create databases for clinical decision support application in medical
prescriptions. We did not use information from English databases and did not use English language
tools because our prospectuses are in Romanian and medical terms are different from English medical
terms. The application can be generalized for other languages prospectuses according to their
sections. Using the prospectuses, we have all the needed information about drugs: indications,
contraindications, dosage, adverse reactions, drug-drug interactions, etc. To find the best way to
structure the prospectuses we developed two methods of extracting text. One method was to browse
the html text and extract the sections with the path to the section node, and the second method was
based on browsing the text and dividing it into sections using regular expressions and section names
from the file previously created. We developed the methods for extracting data from online resources.
After completing these steps, we concluded that the most effective method is to browse the text and
split into sections of the text file because the html pages, even from the same source, can have
different paths at the same node type, so we cannot access the desired information.

We choose for first step three sources with medical prospectus: Pagina Farmacistilor [5] that has
1983 prospectuses, HelpNet [0] that has 6084 prospectuses and CSID [7] that has 3879 prospectuses.
For HelpNet we investigated both methods (extract the html sections and extract all prospectuses
for future structuring). For the first method we extracted 2672 prospectuses and for the second
method we extracted 3002 prospectuses. For the two other websites we could not use the first
method because the sections of the drugs are different. With the second method we extracted from
Pagina Farmacistilor 1630 prospectuses and from CSID 3814 prospectuses. For the prospectuses
that we could not extract we conclude that presented links with some errors, like null text or other
problems.

To evaluate our method of extraction we use F-measure method [13] and we have the following
results: for Pagina Farmacistior the accuracy is 0.90, for HelpNet — the first method (with html tags)
the accuracy is 0.61 and for the second method is 0.66, for CSID the accuracy is 0.88.

For a simpler processing, we chose the homogenization of the section names, so that after
applying the algorithms a homogencous structure of the prospectuses from all the collected sources
has been reached.

Structuring medical prospectuses and using a specific application to support it results in helping
doctors to choose the best treatments for their patients. Doctors are alerted to possible
contraindications of medicines to certain diseases or other treatments. This kind of application
reduces medical errors in prescribing medication and doctors have access to the latest products from
which they can choose the right treatment.

The application is developed for the Romanian prospectuses, but in a future work we want to
extend it to a multilingual one. The structured prospectuses can be used in medical applications to
create clinical decision support for medical prescriptions and lead to reduced medical errors. To use
the created database in a medical application, one can search the disease related to a drug with the
ICD10 codes. Some problems can appear when some medical term is altered with the stemming
algorithm. To solve this problem, we also work to build databases with the root of medical terms to
use them in the stemming algorithm.
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To improve the application, we will consider in the future to pass the structured information of
prospectuses into ontologies. Using ontologies, relationships can be created between certain
elements. Because of these relationships, an application will more easily detect the indicated or contra-
indicated drugs of a patient. The goal is to create an ontology for medical prospectuses to be used
globally. We will test the application on the prospectus in English after creating a file with English
sections. For Romanian prospectus we intend to extract prospectus from diverse sources like The
National Agency of Drugs and Medical Devices Nomenclature, where more than 30000 prospectuses
can be found, but for this source we need to investigate more because all medical prospectuses are
available for now in a PDF format. Another future development is structuring the dosing sections to
display the correct dose according to age or disease.

List of abbreviations

SIUI — Unique Integrated Information System  CNAS — National Health Insurance Agencies
e-Prescription — Electronic Prescription DCI - International Joint Name
XML — Extensible Markup Language OWL — Web Ontology Language
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