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opens new possibilities for faster transfer of scientific-
research pieces of knowledge to large international com-
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journal’s issue.
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Instructions to Authors

General Remarks

This journal follows the guidelines of the Interna-
tional Committee of Medical Journal Editors (http://
www.icmje.org/index.html) and the Committee on Publi-
cation Ethics (http://www.publicationethics.org).

Authors should especially be aware of the following
relevant issues in these guidelines:

Authorship

All authors should have made

(1) substantial contributions to conception and design,
acquisition of data, or analysis and interpretation of
data;

(2) drafting the article or revising it critically for im-
portant intellectual content; and

(3) final approval of the version to be published.

Conflicts of interest

All authors must disclose any financial and personal re-
lationships with other people or organizations that could
inappropriately influence (bias) their actions.

Protection of human subjects and animals in research

Authors who submit a manuscript on research
involving human subjects should indicate in the
manuscript whether the procedures followed were in
compliance with the ethical standards of the respon-
sible committee on human experimentation (institu-
tional and national) and with the World Medical As-
sociation Declaration of Helsinki on Ethical Princi-
ples for Medical Research Involving Human Subjects
(http://www.wma.net/en/30publications/10policies/b3/).

European Journal for Biomedical Informatics does not
publish material that has already appeared elsewhere.
Submitted manuscripts should not be submitted in paral-
lel to any other journal.

Manuscript preparation

Authors are kindly requested to carefully follow all in-
structions on how to write a paper. In cases where the
instructions are not followed, the paper will be returned
immediately with a request for changes, and the editorial
review process will only start when the paper has been
resubmitted in the correct style.

Authors are responsible for obtaining permission to
reproduce any copyrighted material and this permission
should be acknowledged in the paper.

Authors should not use the names of patients. Patients
should not be recognizable from photographs unless their

written permission has first been obtained. This permis-
sion should be acknowledged in the paper.

In general the manuscript text (excluding sum-
mary, references, figures, and tables) should not exceed
5 000 words.

Kindly send the final and checked source and PDF
files of your paper to manuscripts@ejbi.org. You should
make sure that the LATEX and the PDF files are identical
and correct and that only one version of your paper is
sent. Please note that we do not need the printed paper.

Where appropriate, the paper should be organised into
the following sections: Abstract, Introduction, Objectives,
Methods, Results, Discussion, Conclusions, Acknowledg-
ments and References. Apart from the main headings,
subheadings should be used and may be numbered.

Authors are strongly encouraged to use LATEX2ε
for the preparation of manuscript. The LATEX tem-
plate ejbi_template.tex can be downloaded from
www.ejbi.org/en/instructions/.

When you are not able to use LATEX, please use MS
Word or OO Writer and send us the unformatted text.
Kindly follow just instructions about preparing figures,
tables and references. We are going to convert your text
into LATEX instead of you.

If you use LATEX together with our template file,
ejbi_template.tex, your text is typeset automatically.
Please do not change the preset fonts. Do not use your
own macros, or styles.

Please use the commands \label and \ref for cross-
references and the commands \bibitem and \cite for
references to the bibliography, to enable us to create hy-
perlinks at these places.

Title page

The first page of the article should contain: title of the
paper (also the shorter version for running heads), initials
and last name of each author, to be followed with their in-
stitutional affiliations, the name, address, e-mail address
and telephone of the corresponding author.

Abstract and Keywords

The abstract should summarize the contents of the pa-
per and should not exceed 250 words. Authors are re-
quested to write a structured summary, adhering to the
following headings: Background (optional), Objectives,
Methods, Results, Conclusions.

At the end of the Abstract, the contents of the pa-
per should be specified by, at most, five keywords. We
recommend using MeSH keywords.

Headings

Headings should be capitalized (i.e. nouns, verbs, and
all other words except articles, prepositions, and conjunc-
tions should be set with an initial capital) and should be
aligned to the left. Words joined by a hyphen are subject
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to a special rule. If the first word can stand alone, the
second word should be capitalized.

Figures and Tables

Attach figures and tables as separate files. Do not in-
tegrate them into the text. Do not save your table as an
image file or insert a table into your manuscript text docu-
ment as an image. Figures and tables should be referenced
in the manuscript by their numbers.

Annotations belong in a (self-)explanatory legend, do
not use headings in the figure, explain abbreviations in the
legend. Label all axes. Use a uniform type size (we rec-
ommend Arial 10 point), and avoid borders around tables
and figures.

Submit graphics as a sharp printout as well as a file.
The printout and the file must be identical. Submit the
image file with clear labelling (e.g. Fig_1 instead of
joint_ap).

Image resolution is the number of dots per width of
1 inch, the "dots per inch" (dpi). Printing images require
a resolution of 800 dpi for graphics and 300 dpi for pho-
tographics.

Vector graphics have no resolution problems. Some
programs produce images not with a limited number of
dots but as a vector graphic. Vectorisation eliminates the
problem of resolution. However, if halftone images ("pho-
tos") are copied into such a program, these images retain
their low resolution.

If screenshots are necessary, please make sure that you
are happy with the print quality before you send the files.

In the printed volumes, illustrations are generally
black and white (halftones), and only in exceptional cases,
and if the author is prepared to cover the extra cost
for colour reproduction, are coloured pictures accepted.
Coloured pictures are welcome in the electronic version
free of charge. If you send coloured figures that are to
be printed in black and white, please make sure that they
really are legible in black and white. Some colours as well
as the contrast of converted colours show up very poorly
when printed in black and white.

Formulas

Displayed equations or formulas are centred and set on
a separate line (with an extra line or halfline space above
and below). Displayed expressions should be numbered
for reference. The numbers should be consecutive within
each section or within the contribution, with numbers en-
closed in parentheses and set on the right margin.

Footnotes

The superscript numeral used to refer to a footnote
appears in the text either directly after the word to be

discussed or – in relation to a phrase or a sentence – fol-
lowing the punctuation sign (comma, semicolon, or pe-
riod). Footnotes should appear at the bottom of the nor-
mal text area, with a line of about 2 cm set immediately
above them.1

Program Code

Program listings or program commands in the text
are normally set in a typewriter font, e.g. CMTT10 or
Courier.
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Scientific advice, technical assistance, and credit for fi-
nancial support and materials may be grouped in a section
headed Acknowledgements that will appear at the end of
the text (immediately after the Conclusions section). The
heading should be treated as a subsubsection heading and
should not be assigned a number.

In case that a financial support of the paper develop-
ment (e.g. sponsors, projects) is acknowledged, the fee of
50 EUR will be charged by Publisher. The accepted peer-
reviewed papers with an acknowledgement of a financial
support, where the fee was not paid, will be published
free of charge, but the financial acknowledgement will be
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The list of references is headed "References" and is
not assigned a number. The list should be set in small
print and placed at the end of your contribution, in front
of the appendix, if one exists. Please do not insert a
pagebreak before the list of references if the page is not
completely filled. For citations in the text please use
square brackets. In the text number the references con-
secutively in the order in which they first appear. Use
the style, which is based on the formats used by the US
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called the "Vancouver style"). For details see the guide-
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Editorial en1

Data and Knowledge for Medical Decision Support

Jana Zvárová1

1 Editor-in-Chief, European Journal for Biomedical Informatics, Prague, The Czech Republic

The EFMI Special Topic Conference Data and Know-
ledge for Medical Decision Support held in Prague, The
Czech Republic, April 17-19, 2013 (www.stc2013.org) re-
flected opportunities, challenges and priorities of data and
knowledge for medical decision support. The conference was
organized by the European Federation for Medical Informat-
ics (EFMI) in cooperation with the Society of Biomedical
Engineering and Medical Informatics of the Czech Medical
Society J. E. Purkyne. Nearly thirty years after the confer-
ence Computer-aided medical decision making held in Prague
1985 [1] this conference showed many new developments of
methods and systems focused on medical decision support.
Medical decision support is increasingly important. It has
spawned research in the areas of standardization, semantic
interoperability, formalization of knowledge, knowledge dis-
covery and guidelines. It also led to the development of
decision support systems that can be interfaced with clinical
information systems. It is very important that the quality of
these systems is carefully evaluated. Apart from being used
by decision support systems the current medical knowledge
also has to be managed so that it is easily accessible by physi-
cians and nurses. Medical decision support is an important
constituent in different eHealth applications. Most of the de-
veloped decision support systems can be more or less easily
integrated into clinical information systems both as part of
those systems connected through standardized interfaces or
as services to be remotely accessed.

As an outcome of the conference selected full papers
in limited number of pages were published by IOS Press
[2] and short abstracts of all submissions were published
in the International Journal for Biomedicine and Healthcare

(www.ijbh.org). In the year 2013 (Volume 9) European Jour-
nal for Biomedical Informatics is publishing selected reviewed
papers of the conference without restriction on the number
of pages. Authors are not paying an article processing fee
for the immediate release of peer-reviewed articles, but a
small financial support is required in case that the support
of projects or sponsors is acknowledged (see Instruction to
authors).

Beginning in 2013 (Volume 9) European Journal for
Biomedical Informatics will ask authors for translation of
structured abstract of the paper to at least one European
language. EJBI provides immediate open access to peer-
reviewed papers, which will be published in the running first
issue of EJBI during each calendar year. The other issues
of EJBI are special issues related to different biomedical in-
formatics topics. Topics for special issues can be proposed
to editor-in- chief of EJBI using the form Proposal of EJBI
special issue for further processing. Topic for special issue is
specified by an open call or by a special event.

We invite you to propose special topics that would help
to accelerate needed changes in health care by easy transfer
of a new information and knowledge for health care delivery.

References

[1] Jan H. van Bemmel, Francois Grémy, Jana Zvárová (eds.): Di-
agnostic Strategies and Expert Systems. Elsevier, North Holland,
Amsterdam 1985.

[2] Arie Hasman, Bernd Blobel, Jana Zvárová (eds): Data and Know-
ledge for Medical Decision Support. IOS Press, Amsterdam 2013.
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en2 Original Article

Selecting Relevant Information for Medical Decision Support

with Application in Cardiology

Jan Kalina1,2, Libor Seidl1,3, Karel Zvára1,3, Hana Grünfeldová1,4, Dalibor Slovák1,2,3, Jana Zvárová1,2,3

1 European Center for Medical Informatics, Statistics and Epidemiology
2 Institute of Computer Science of the Academy of Sciences of the Czech Republic

3 Charles University in Prague, First Faculty of Medicine
4 Municipal Hospital in Čáslav

Abstract

Objectives: The aim of our work was to implement a pro-
totype of a decision support system which has the form of a
web-based classification service. Because the data analysis
component of decision support systems often happens to
be unsuitable for high-dimensional data, special attention
must be paid to the sophisticated selection of the most
relevant variables before learning the classification rule.
Methods: We implemented a prototype of a diagnostic
decision support system called SIR. The system has the
ability to select the most relevant variables based on a set
of high-dimensional measurements by means of a forward
procedure optimizing a decision-making criterion. This al-
lows to learn a reliable classification rule.

Results: The implemented prototype was tested on a sam-
ple of patients involved in a cardiology study. We used SIR
to perform an information extraction from a cardiologi-
cal clinical study containing both clinical and gene expres-
sion data. The classification performance was evaluated by
means of a cross validation study.
Conclusions: The proposed classification system can
be useful for clinicians in primary care to support their
decision-making tasks with relevant information extracted
from any available clinical study. It is especially suitable
for analyzing high-dimensional data, e.g. gene expression
measurements.

Keywords

Decision support system, web-service, information extrac-
tion, high dimension, gene expressions
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1 Introduction

Decision support systems (DSS) offer assistance with
the decision-making processes in many areas. Their aim
is to solve a variety of tasks and to analyze different in-
formation components. In medicine, a decision support
system represents an inherent e-health technology tool for
diagnostic and prognostic purposes capable to help during
the therapy [1]. Recently proposed systems in some areas
of medicine are required to extract information also from
high-dimensional measurements in order to deduce conclu-
sions for the diagnosis, therapy, or prognosis by comparing
the risk corresponding to different alternatives. Some sys-
tems have been implemented in a web-based form [2, 3].

Decision support systems have established their place
in current healthcare. Their potential for improving the
quality of provided care and for generating economic bene-
fits by reducing financial costs and saving human resources

have been described in literature [4]. They are known to
bring the physician more comfort, a reduction of stress,
a higher effectivity, and more time for the patient. The
contribution of decision support systems to the patient
safety has been summarized in [5]. Another aspect is a
benefit for a less experienced physician in a complicated
medical case. Also, the systems allow to exploit the level
of knowledge reflecting the latest research developments
in medicine.

The analytical component within a decision support
often happens to be unsuitable for the analysis of high-
dimensional data. Decision-making within a clinical de-
cision support system is mostly based only on one of the
standard classification procedures of multivariate statis-
tics or machine learning that enables to construct objec-
tive classification rules for assigning individual observa-
tions to groups. Available classification methods include:

EJBI – Volume 9 (2013), Issue 1 c©2013 EuroMISE s.r.o.
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• Linear/quadratic discriminant analysis.

• Neural networks.

• Support vector machines.

• Classification trees.

• K-nearest neighbor.

• Cluster analysis.

• Knowledge-based rules (e.g. [6]).

However, these methods commonly suffer from a so-
called curse of dimensionality if the number of variables
(e.g. symptoms and signs) exceeds the number of patients
[7].

In this work, we have proposed and implemented a pro-
totype of a decision support system in the form of a web-
based classification service for diagnostic decision support,
which is particularly designed to address the needs for a
reliable high-dimensional information extraction. Its or-
ganic part is a dimension reduction technique performed
in the form of a variable selection. The statistical com-
ponent of the system uses a variety of sophisticated clas-
sification rules, which are reliable also for the analysis of
high-dimensional data sets.

We tested the prototype of the system on clinical data
in a cardiology study, which includes a whole-genomic
study of gene expression measurements. This paper
presents the principles and advantages of the proposed
system and summarizes results of the testing service on a
cardiology study.

2 Methods

We propose a system called SIR (System for select-
ing relevant Information for decision suppoRt), which is
an easy-to-use web-based generic service devoted to data
collection and decision support with a sophisticated in-
formation extraction component. It is proposed for being
used mainly for general practitioners in the primary care,
but it is able to handle data from any area of medicine.
The decision making of the SIR requires data from a (suf-
ficiently large) clinical study in order to construct the op-
timal classification rule for the decision making problem.

Data collected within a clinical study represent the
training database of the SIR. The SIR can import the
whole data set from the clinical study automatically to-
gether with a data model. The system cleans the data
e.g. by checking if the values of the imported quantitative
variables do not exceed given bounds required by the data
model.

The next step in the analysis of the data from the
clinical study is dimension reduction. Statistics distin-
guishes between variable selection and feature extraction
[8], where the latter searches for a smaller set of linear

combinations of all variables. Here, we perform the vari-
able selection, which reduces the set of all measured symp-
toms or laboratory measurements to a smaller set of re-
levant symptoms. This step, which is necessary especially
for high-dimensional data obtained in genetic studies [7],
is performed by a forward procedure optimizing a decision-
making criterion.

Categorized data are considered and the contribution
of a given variable (sayX) to explaining the uncertainty in
the response Y (i.e. in the separation among the groups)
is quantified by means of the conditional Shannon infor-
mation, which is denoted as d(Y |X). The first variable
(say X1) fulfils

d(Y |X1) = maxd(Y |X) (1)

over all variables X. Thus, X1 is the most relevant vari-
able for explaining the classification. Further on, the
method successively selects the most relevant variables
with the maximal value of the statistical dependence. In
other words, other variables are iteratively added to the
set with the best improvement of the conditional rele-
vance. If variables X1, . . . , Xs have been selected as the
most relevant, the next variable (say Xs+1) is selected as
the variable fulfilling the requirement

d(Y |X1, . . . , Xs, Xs+1) = maxd(Y |X1, . . . , Xs, X), (2)

where all variables X not present in the set {X1, . . . , Xs}
are considered. Finally, we consider only such variables
for the consequent analysis which contribute to explaining
more than 90 % of the inter-class variability. The system
allows quantifying the influence of an additional exami-
nation (variable) on the diagnostic decision. Additionally,
the dimension reduction procedure may take into account
the cost of obtaining each clinical or laboratory measure-
ment by using the information theoretical approach of [9].

The process of learning of the classification rule within
the SIR has the ability to decide automatically for one
of several different methods. A criterion of optimality is
adaptively chosen to minimize the risk of a wrong classi-
fication result due to special properties of the data and
the sample sizes. The implemented methods include the
linear discriminant analysis (LDA), which is a multivari-
ate statistical method for separating groups by means of a
linear function [10]. The same covariance structure is as-
sumed in each group. Another approach implemented in
the SIR is the empirical Bayes inference mechanism, which
minimizes the aposterior Bayes risk across all groups of
samples. Let us say that the task is the classification to
K groups. It uses a discretization of data and we denote
the levels of a discrete variable X by X1, . . . , Xr. The
method assumes a conditional independence of the levels
of X for each group k = 1, . . . ,K.

The construction of the classification rule in the sys-
tem SIR may additionally allow a combination of data
with medical knowledge. To be specific, a clinician may
interfere manually the system in order to incorporate ad-

c©2013 EuroMISE s.r.o. EJBI – Volume 9 (2013), Issue 1
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Figure 1: Illustration of the prototype of the system SIR.

ditional expert knowledge based on education, experience,
or intuition and can e.g. eliminate a certain diagnosis for a
specific combination of symptoms and signs, if their joint
occurrence is known to have a zero probability.

From the implementation point of view, the prototype
can be understood as four subsystems: an Administration
System, a DSS SOAP Frontend, a DSSWeb Frontend, and
a DSS Backend. The Administration System is devoted
to a model creation, data gathering and manipulation,
dimension reduction, and DSS publication. The SOAP
Frontend provides the classification of a patient on a re-
quest by an end-user system (including on-fly generation
of WSDL) by working with an internal XML description
of the decision support system, which is generated during
the process of publication in the Administration System.
The DSS Web Frontend provides a HTML Form based
user-friendly interface to the SOAP Frontend. All these
three subsystems are programmed using PHP5. The main
two tasks of the DSS Backend are to learn a new dataset
during the process of DSS publication and to classify a
new patient during a SOAP Frontend request. The com-
putation in the DSS Backend consists of several R scripts,
which are called on demand from PHP5.

A clinician as the user of the decision support service
is not required to understand the background of the meth-
ods. His/her aim is to determine the diagnosis of a new
patient (not included in the clinical study), who can be
examined on a distant place. All variables selected by the
variable selection procedure are required to enter the de-
cision support system, which can be performed through
the automatically generated interface from an electronic
health record (EHR) or health information system (HIS),
although a manual input of data is also possible, as illus-
trated in Figure 1. The clinician must specify the prior
diagnosis before entering the data to the SIR, because
he/she is the only one to carry the legal responsibility for
the clinical decision. Now the SIR can be used through
the web service to obtain a diagnosis support. Then, the
clinician is asked to manually select his/her final decision
and only if it is not in accordance with the SIR, the clin-
ician writes a short text justifying the decision.

3 Results

We implemented the prototype of the system SIR and
evaluated its performance on a real clinical study of car-
diovascular diseases, which incorporated the measurement
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Table 1: Sets of personal and clinical variables in the cardiological clinical study.

Set A Sex, height, weight, education, smoking, diabetes, systolic blood pressure, cholesterol.
Set B Height, weight, education, systolic blood pressure, cholesterol.

of gene expressions across the whole genome. The study
was performed in the years 2006-2011. The aim of the
study was to identify a small set of genes and clinical vari-
ables associated with excess genetic risk for the incidence
of a cardiovascular disease. Clinical and gene expression
measurements are measured on a set of 59 patients having
an acute myocardial infarction (AMI), 45 patients having
a cerebrovascular stroke (CVS), and 77 control persons
(CP) chosen as individuals without a manifested cardio-
vascular disease with the same risk factors as the patients.
These 181 individuals serve as a training database for con-
structing an efficient classification rule for assigning a new
individual to one of the groups (AMI, CVS, CP).

A set of 4 personal and 4 clinical variables recorded for
each patient is shown in Table 1. The gene expressions of
all genes (>39 000 gene transcripts) are measured for each
patient using Illumina BeadChip microarrays. We will de-
scribe the training of the SIR to classify the samples to
one of three groups (AMI, CVS, CP). A routine statis-
tical analysis of a subset of these data was performed in
[11]. There, gene expressions AMI patients are compared
to those of CPs and values of sensitivity and specificity
are presented.

We used the dimension reduction method to select a
set of 10 most relevant genes from the high-dimensional set
of measurements. We categorized each continuous vari-
able into 4 categories (if possible) and assume an equal
importance of each of the variable. The set A was re-
duced to 5 most relevant variables (set B) shown in Table
1. Set B contains significant instruments of the life style of
a particular patient and explains 97.9 % of the intra-class
variability of the set A.

Further, the SIR used the linear discriminant analy-
sis on the original data (without categorization) to learn

a classification rule into one of three groups (AMI, CVS,
CP). Table 2 presents results of an independent validation
study performed by leave-one-out cross-validation using
various sets of measurements. Thus, the set of all genes
has the ability to determine the diagnosis correctly for
85 % of patients.

A reduced set of variables can retain a relatively
high classification performance, which is a consequence
of redundancy of the remaining variables or their mul-
ticollinearity (cf. [12]). Moreover, we have verified the
results also with other statistical validation criteria, e.g.
leave-10-out cross-validation or bootstrap.

4 Discussion

We implemented an easy-to-use system called SIR
(System for selecting relevant Information for decision
suppoRt), which has the ability to select the variables
relevant for a reliable information extraction from high-
dimensional measurements. The system allows a diag-
nostic decision support by means of a web technology and
can be characterized as a practical tool for evidence-based
medicine [13]. We believe that a reliable decision support
system should be always equipped with a statistical com-
ponent allowing to extract information from very complex
measurements. Without the help of such specialized tool,
a clinician would never be able to extract the informa-
tion from such high-dimensional measurements e.g. in the
molecular genetic context.

The SIR simulates a decision making process as per-
formed by a clinician. The system can be used as a purely
assistive technology to the clinician, who carries the re-
sponsibility for the diagnosis decision making in combina-

Table 2: Evaluation of the system SIR in the task of a diagnostic decision support based on the data from the cardiology
clinical study. Percentage of correctly classified samples to one of three groups (AMI, CVS, controls) in the leave-one-out
cross-validation procedure using the linear discriminant analysis.

Variables used in the classification rule Classification performance
Set A (8 personal and clinical variables) 0.56
Set B (5 personal and clinical variables) 0.56
All genes 0.85
All genes + set A 0.85
All genes + set B 0.85
10 genes 0.65
10 genes + set A 0.72
10 genes + set B 0.72
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tion of a scientific and empirical knowledge to infer the
interpretation in all steps of healthcare provision. The
clinician determines a prior diagnosis and has the possi-
bility to decide for a different aposterior diagnosis based
on the recommendation of the system. In such case, how-
ever, the SIR collects a feedback from the clinician.

The prototype version of our system has not been re-
leased for a public usage on the internet yet. We plan an
intensive validation stage allowing exposing the system
repeatedly to real situations starting with formulating re-
quirements, implementation of modifications, multi-level
testing under artificial conditions, and testing. Only this
will allow tuning all parameters of the system, which must
be maintained, supervised and monitored for a long-term
period in cooperation with clinicians before introducing
a fully public version to real applications following neces-
sary rules of data safety. This will also require a secure
access in concordance to current legislation (public-key
infra-structure, service versioning, etc.).

In general, the system can be used to analyze differ-
ent data sets in various areas of medicine. The knowledge
from recent medical research can reach clinicians quickly
by means of the system, which can assist them as a sup-
porting tool within the decision making process. At the
same time, the system SIR is designed to be convenient
for a data collection e.g. within a hospital, while the
classification rule can be learned continuously during its
operation.

So far, we have applied the system SIR to real cardiol-
ogy data. The system determined a set of 10 crucial genes
among more than 39 000 gene transcripts. The selected
genes are believed to be associated with the risk of a man-
ifestation of AMI or CVS for a particular patient in the
population in the Czech Republic. The paired design of
the study allowed eliminating the influence of known risk
factors (e.g. systolic blood pressure) on the discrimina-
tion. Thus, we revealed the added value of including the
gene expression data to the study. A clinician with access
to the web classification service may obtain a prediction
of the risk of a more severe prognosis or a relapse for new
patients. The clinician has the information about the clas-
sification reliability of the system. We are preparing other
studies for validating the ability of the SIR to select the
relevant information from high-dimensional measurements
for a reliable decision support.
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Abstract

Background: One of the crucial medicolegal activity
of occupational medical service (OMS) providers is
the certification of medical fitness for work issued by
examining physician and based on knowledge of working
conditions/health risks at work and on results of occupa-
tional medical examinations.
Objective: Recommended standards for the content and
scope of preventive medical examinations in the listed
exposures and loads are available. The employers need
clear and standardized final decision about the medical
fitness for work without sensitive medical data (diagnosis)
issued by examining physician.
Material and Methods: The author analyzed the content
of 18 125 certificates of medical fitness for work in the
period 1982 – 2012 and compared different written forms
of certification based on actual legislation.

Results: In the 30 years period there were used different
written forms of certification of medical fitness for work.
From this long experience resulted necessary content of
certificate of medical fitness assessment for work which
was standardized in the new law (Czech Republic Act No
373/2011 Dig., on specific health services and Decree of
The Ministry of Health No.79/2013 Dig., on occupational
medical services).
Conclusion: Although the content of certificate of me-
dical fitness assessment for work was standardized, differ-
ent written or electronic forms of certification of medical
fitness for work should be unified and standardized for prac-
tical needs of OMS providers and employers.
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1 Introduction

The Czech Republic Act No 373/2011 Dig., on specific
health services (valid since April 1, 2012) [2] defines in
paragraphs 53 - 60 Occupational Medical Services (OMSs)
as preventive services, which include the impact assess-
ment of work, working environment and working condi-
tions on health, workplace inspections and preventive me-
dical fitness assessment for work aimed at protecting the
health and protection against occupational accidents, oc-
cupational diseases and work-related diseases, training in
first aid and regular surveillance in the workplace.

Providers of occupational medical services are general
practitioners (GP´s) or occupational health specialists
(certified/recognized occupational physicians)[6]. The
employee is obliged to undergo all preventive medical oc-
cupational examinations indicated by OMS provider for

the evaluation of health status. The employer is obliged
to assign of employees to work in compliance with the
conclusions of the medical report/certificate about their
medical fitness.

2 Methods and Materials

2.1 Competence of OMS Providers

The provider of occupational medical services is re-
quired [1, 3, 8]:

• to inform employee about the possible influence of
factors of working conditions on his/her health, and
with knowledge of the development of his/her state
of health,
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Figure 1: Medical fitness assessment 1982 – 2012 (18 125 certificates).

• to inform employers about the possible influence of
factors of working conditions on the health of em-
ployees,

• to perform periodic monitoring of the workplace
conditions,

• to cooperate with the employer, employee, safety
and health at work specialist, governmental inspec-
tion authorities and trade unions,

• to notify promptly the employer of serious or re-
peated facts adversely affecting health and safety at
work

• through employer to ensure the measure-
ment/expertise and analysis of the working con-
ditions, working environment including the results
of categorization of health risks

Standardized certificate of medical fitness as-
sessment for work must include

• identification of the employer’s,

• identification of medical provider and physi-
cian/signature, Nr. of certificate,

• identification of the persons employed or seeking em-
ployment: the name or names and surname, date of
birth, address of permanent residence in the Czech
Republic or the address of the registered place of
temporary residence,

• details of the job position or employee data of the ex-
pected job title of person applying for employment,
further information on the nature of work,

• mode of operation, the risk factors in relation to
specific work, the degree of working risk factors, job
categories expressed by the key risk factors of work-
ing conditions,

• the term an extraordinary examination, if such a
procedure is justified,

• date of issue of certificate,

• information about the possibility of appeal proce-
dure,

• final assessment (4 possibilities):

– is medically fit,
– is medically fit with the certain condi-

tion/medical restriction,
– is medically unfit,
– lost permanently medical fitness.

2.2 Principles of Medical Fitness
Assessment for Work and Analyzed
Data

One of the crucial medicolegal activity of OMS
providers is the certification of medical fitness for work
issued by examining physician and based on knowledge of
working conditions, knowledge of health risks of work and
on results of occupational medical examinations [4].

A keystone of quality performance by an occupational
physician is the familiarity with specific working condi-
tions and demands of the respective job and the knowledge
of the state of health of individual workers. Occupational
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medical examinations of individuals (workers and employ-
ees) are initial/entry, periodic, extraordinary, output and
consequential [5].

System of categorization of work operations estab-
lished in the Czech Republic is based on monitoring
13 harmful factors in the workplace (dust, chemical sub-
stances, noise, vibrations, electromagnetic fields, physical
load, working position, thermal exposure, cold exposure,
psychical burden, visual burden, biological agents, high
air pressure). Special guidelines for assessment of various
types of risks are available.

The category of the work operation and the most im-
portant risk factor determine the frequency and range of
periodic medical examination of workers and frequency
of periodic measurements of different harmful factors at
workplaces.

Some occupations (drivers, railway workers, firemen
etc.) have besides the examinations above special content
of preventive medical examinations [7].

Working population in the Czech Republic currently
totals about 4.5 million people working in 74 731 sub-
jects/enterprises (in 2011). Because there is not central
register of certificates of medical fitness for work, author
based this analysis on his own data (18 125 certificates)
since 1982 till 2012 (at about 600 certificates per year).
The whole database was not in the electronic form so it
was necessary to compare forms and final assessment data
from paper health records (Fig. 1).

3 Results and Discussion

Problem of medical fitness assessment for work is not
only in the content and scope of preventive medical exa-
mination (their effectiveness), but in the amount and form
of the legal aspects of certificate of medical fitness as-
sessment for work too, what is utterly incomparable with
the simplified situation decades ago (the latest legislation
originated in 2013 after 46 years). The list of obligatory
requirements of the employer’s request and certificate of
medical fitness for work is unnecessarily large and ambigu-
ous in details (see part 2.1).

The terms used in law are often very far from an ex-
pert terminology (e.g. hazard versus risk). There is only
exceptionally available standard form in law (standard-
ized certificate form for medical fitness assessment for road
drivers), so the practice is diverse, confusing and legally
problematic. The result is a series of cancellations of me-
dical fitness certificates for work in appeal procedures for
formal defects. There is another problem: the combina-
tion of two approaches to the medical fitness assessment
for work – evaluation of working risk factors on one side
(e.g. noise, dust) and claims of the job on the other side
(eg firemen, vehicle drivers).

There exists an integrated approach called “occupa-
tional health characteristics” - maybe less precise, but
perhaps more useful for practice. Indeed, many aspects

of the medical fitness assessment for work undergo cer-
tain rationalization in medical practice.

The content of preventive medical examinations de-
pended on grade of risk of different occupations of exa-
mined persons and was not the aim of analysis. The
data analysis was focused on the form of the certificate
(the form was influenced by unpredictable current require-
ments and changes in legislation during the analyzed pe-
riod for different occupations, f.i. drivers) and its conclu-
sions (medically fit, medically fit with the certain condi-
tion/medical restriction, medically unfit/lost permanently
medical fitness). The main limitation of medical fitness to
work was represented by allergic diseases in history and
impaired vision. Other limitations (for shift work, work
at heights etc.) occurred less frequently (Fig. 1).

4 Conclusions

The certificate of medical fitness for work does not con-
tain sensitive medical data (diagnosis). On the other side
there must be clearly expressed that the assessed person
is medically fit for the job or medically fit for the job with
the certain condition/medical restriction or medically un-
fit (sometimes permanently) for the job [6]. There are
different written or electronic forms for certification of me-
dical fitness for work that should be unified and standard-
ized for practical needs of OMS providers and employers.
The introduction of the standard of employer´s request
and certificate of medical fitness for work would be useful
for the current practice, the correct use of this standard
would largely eliminate risk of the annulment of certifi-
cate from formal mistakes in appeal procedure. Concep-
tual unification and cohesion of existing legislation is an
obvious prerequisite for the success of standardization [9].
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Abstract

Background: The odds of death of patients with acute
coronary syndromes (ACS) in non-PCI (percutaneous
coronary intervention) hospitals in the Czech Republic
change depending on a number of factors (age, heart
rate, systolic blood pressure, creatinine, Killip class, the
diagnosis, and the number of recommended medications
and treatment of ACE-inhibitor or sartan).
Objectives: We present a detailed description of mul-
tilevel logistic regression applied in the derivation of
the conclusion described in the Background, namely
we compare multilevel logistic regression with logistic
regression.
Methods: The above mentioned clinical findings have
been derived on the basis of data from the three-year
(7/2008-6/2011) registry of acute coronary syndromes
ALERT-CZ (Acute coronary syndromes – Longitudinal
Evaluation of Real-life Treatment in non-PCI hospitals in
the Czech Republic). A total of 32 hospitals contributed
into the registry.

The number of patients with ACS (n=6013) in the hospi-
tals varied from 15 to 827.
Results: The likelihood ratio test showed that the in-
dependence of medical outcomes across hospitals cannot
be assumed (p<0.001, the variance partition coefficient
VPC=8.9%). For this reason, we chose multilevel logis-
tic regression to analyse data, specifically logistic mixed
regression (the hospital identity was a random effect).
The calibration properties of this model were very good
(Hosmer-Lemeshow test, p=0.989). The total discrimi-
nant ability of the model was 91.8%.
Conclusions: Considering some differences among hospi-
tals, it was appropriate to take into account patient af-
filiation to various hospitals and to use multilevel logistic
regression instead of logistic regression.
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1 Introduction

During the past more than 10 years two important
algorithms that estimate the risk scores in patients with
acute coronary syndromes (ACS) have been derived [1].

The first is the risk score TIMI (Thrombolysis in My-
ocardial Infarction), which estimates the risk of death,
myocardial infarction, or recurrent ischemia occurred by
14 days after hospitalization [2]. The risk score is avail-
able on the Web at http://www.timi.org/. The value of
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the risk is estimated based on the following seven risk
(binary) variables: at least 65 years of age, at least three
risk factors for coronary artery disease (CAD) present (di-
abetes, cigarette smoking, hypertension, low HDL choles-
terol, family history of premature CAD), known CAD, at
least two episodes of angina chest pain in the last 24 hours,
the use of aspirin in the last seven days, ST-segment de-
viation of 0.05 mV or more, and elevated serum markers
for myocardial necrosis.

The second algorithm is the risk score of GRACE
(Global Registry of Acute Coronary Events), which
is available on the Web http://www.outcomes-
umassmed.org/grace/acs_risk/acs_risk_content.html
[3]. To estimate the risk of death or myocardial infarction
during hospitalization and in the following six months,
eight variables are used: age, Killip class (a classification
of seriousness of heart failure), systolic blood pressure,
ST-segment deviation, cardiac arrest at admission, serum
creatinine, elevated serum markers for myocardial necrosis
and heart rate.

Monhart et al. [4] found that the odds of death in non-
PCI (percutaneous coronary intervention) hospitals in the
Czech Republic in patients with ACS change depending on
a number of factors, on which are also based the risk scores
TIMI and GRACE. Specifically, the odd of death depends
on age, heart rate, systolic blood pressure, creatinine, Kil-
lip class, the diagnosis (ST-segment elevation myocardial
infarction (STEMI), non-STEMI, unstable angina pec-
toris (UAP)), the number of the received recommended
medications (aspirin, clopidogrel, unfractionated and low
molecular weight heparin or fondaparinux, statin, beta-
blocker) and treatment of angiotensin-converting-enzyme
inhibitor (ACEI) or sartan. In this paper we present a
detailed description of statistical analysis by multilevel lo-
gistic regression deriving these conclusions.

2 Material

ALERT-CZ (Acute coronary syndromes – Longitudi-
nal Evaluation of Real-life Treatment in non-PCI hospi-
tals in the Czech Republic) is a three-year registry of acute
coronary syndromes (1 June 2008 - 30 July 2011), which
had been organised by Cardiocentrum of 3rd Faculty of
Medicine of Charles University in Prague under the aus-
pices of the Czech society of cardiology. The participation
of hospitals in the registry was voluntary. However, none
of the hospitals was allowed to have any department of
interventional cardiology (non-PCI hospitals). The inter-
vention treatment (if indicated) was provided in any other
PCI hospital. A total of 32 non-PCI hospitals from the
Czech Republic were involved into the registry for a short
time or over a long period.

Data collection was conducted using an electronic
form. The application for data collection was created by
European Centre for Medical Informatics, Statistics and
Epidemiology, which also centrally collected anonymous
data. In addition to the basic characteristic of patients

(sex, age and cardiovascular risk factors), drug therapy
(chronic, acute, at discharge), the severity of the disease,
the clinic course of the disease, its complications and the
treatment outcomes were recorded in the registry. A to-
tal of 7240 disease cases are in the registry. If a person
has had more cases of ACS in the reference period, only
the data of the first ACS (primarily admitted to non-PCI
hospitals) was included in the present analysis (6013 pa-
tients).

3 Statistical methods

The influence of potential factors on in-hospital death
was analysed using multilevel logistic regression (also
called hierarchical logistic regression), and specifically us-
ing logistic regression with mixed effects (the identity of
the hospital was a random effect), which belongs to ge-
neralized linear mixed models (GLMM). When estimat-
ing log-likelihood, Laplace and Gauss-Hermite approxi-
mations were used. In addition to multilevel logistic re-
gression we also applied traditional logistic regression. To
compare the two models we used likelihood ratio test
and variance partition coefficient (VPC). Statistical sig-
nificance of the individual predictors in the model was
established using Wald test and likelihood ratio test. The
overall fit of the model was assessed on the basis of the
values of deviance, Akaike information criterion (AIC),
Hosmer-Lemeshow test and ROC (receiver operating cha-
racteristic) curve with c-index. We also graphically anal-
ysed standardized Pearson residuals and estimated the co-
efficient of dispersion. In the text the symbol n indicates
the number observations. For statistical analysis we used
statistical software R version 2.8.0 (libraries lme4, MASS)
[5].

4 Results

A total of 32 hospitals contributed into the registry.
The number of patients with ACS (n=6013) in hospitals
ranged between 15-827 and the time involvement in the
registry varied between 0.2-3.0 years (media 2.6 years).
The basic characteristics of the patients are shown in Ta-
ble 1.

Our study was a multicentre study because patients
were recruited from the different hospitals (centres). From
this reason of hierarchical data organization (hospital-
patient) there are possible two kinds of way of the sta-
tistical analysis, either to take account of the hierarchical
data structure or not to take into account. Table 2 sum-
marizes the results of multilevel logistic regression (taking
into account the hierarchical structure of data) and logis-
tic regression (not reflecting the hierarchical structure of
data). Laplace approximation was used to estimate the
parameters of multilevel logistic regression in Table 2 (the
Gauss-Hermite approximation yielded the similar results).

When comparing the 95% confidence intervals in Table
2 it is seen at the first sight that there are not substan-
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Table 1: Patients characteristics at admission.

Characteristic Relative number n
Age ≤ 70 years 53.5% 5987
Heart rate ≤ 80 pulses/min. 51.6% 5999
Systolic blood pressure ≤ 80 mmHg 58.9% 5985
Creatinine ≤ 100 µmol/l 39.3% 5907
Women 41.0% 6013
Diabetes mellitus 36.9% 5996
Hypertension 77.7% 5994
Hyperlipidemia 52.9% 5957
Smokers 28.0% 5925
Recurrence IM 29.5% 5990
Killip class I 74.3% 5996
STEMI 19.0% 5989
Five recommended drugs 41.1% 5922

tial differences between the results of both methods, at
least in terms of significance. The intercept represents
the odds of death in the “average” hospital, i. e. when
the values of the explanatory variables are not taken into
account. Specially, the continuous explanatory variables
(age, systolic blood pressure) take on the value 0 and the
categorical explanatory variables (heart rate, creatinine,
Killip class, diagnosis, number of recommended drugs,
ACEI/Sartan) are kept at the baseline level (hear rate
≤80 pulses/min, creatinine ≤100 µmol/l, Killip class = I,
diagnosis = STEMI, number of recommended drugs = 5,
ACEI/Sartan = Yes). The odds of in-hospital death were
increased with increasing age. Patients with heart rate 80-
155 pulses/min had the higher odds of death than patients

with heart rate ≤80 pulses/min. Unlike persons with
heart rate 80-155 pulses/min, whose the odds of death
was not significantly different from persons with heart rate
≤ 80 pulses/min. Higher values of creatinine (over 100
µmol/l) increased the odds of death in comparison with
creatinine 100 µmol/l and less. The odds of death were
also increased with a higher Killip class, with decreasing
number of recommended drugs (aspirin, clopidogrel, un-
fractionated and low molecular weight heparin or fonda-
parinux, statin, beta-blocker) received at admission, and
if ACE-inhibitor or sartan therapy was not started early.
On the other hand, the odds of death were decreased with
increasing systolic blood pressure, and the lower odds of
death were also observed among persons with final diag-

Table 2: Variables that influence the odds of in-hospital death.

Variables+) n Multilevel logistic regression Logistic regression
Odds ratio 95% CI Odds ratio 95% CI

Intercept 5734 0.002 0.002 0.006 0.003 0.001 0.010
Age [by 10 years] 5734 1.92 1.69 2.19 1.90 1.68 2.16

Heart rate [pulses/min]
≤80 3265 1.00 1.00
(80-155] 2408 1.46 1.13 1.89 1.44 1.12 1.84
>155 61 0.56 0.21 1.49 0.53 0.20 1.39

Systolic blood pressure [by 10 mmHg] 5734 0.81 0.78 0.85 0.81 0.77 0.84

Creatinine [µmol/l] ≤100 3567 1.00 1.00
>100 2167 2.29 1.76 2.97 2.41 1.87 3.11

Killip class
I 4251 1.00 1.00
II 1145 2.26 1.72 2.98 2.55 1.96 3.31
III-IV 338 2.99 2.07 4.31 3.34 2.34 4.77

Diagnosis
STEMI 983 1.00 1.00
non-STEMI 3205 0.65 0.48 0.86 0.71 0.54 0.94
UAP 1546 0.02 0.01 0.05 0.03 0.01 0.09

Number of recommended drugs

5 2362 1.00 1.00
4 1560 1.52 1.04 2.23 1.16 0.80 1.66
3 1039 2.83 1.93 4.14 2.08 1.46 2.96
2 532 2.91 1.86 4.55 1.77 1.17 2.68
0-1 241 8.07 4.90 13.30 5.36 3.37 8.52

ACEI/Sartan Yes 3995 1.00 1.00
No 1739 1.82 1.37 2.42 1.78 1.36 2.33

+) If we applied to the ordinal explanatory variables (heart rate, Killip class, diagnosis and number of recommended drugs) the orthogonal polynomial

contrasts (under the assumption that the levels are equally spaced), there was also significant polynomial effects of those variables on the odds of death.
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Table 3: Akaike information criterion (AIC), deviance and degree of freedom (df).

Model AIC Deviance df Reduction p
Deviance df

Multilevel logistic regression
Intercept 3152.9 3148.9 5732
Age 2849.1 2843.1 5731 305.8 1 < 0.001
Heart rate 2787.5 2777.5 5729 65.6 2 0.004
Systolic blood pressure 2471.6 2459.6 5728 317.8 1 < 0.001
Creatinine 2325.7 2311.7 5727 147.9 1 < 0.001
Killip class 2211.0 2193.0 5725 118.7 2 < 0.001
Diagnosis 2053.5 2031.5 5723 161.5 2 < 0.001
Number of recommended drugs 1913.3 1883.3 5719 148.1 4 < 0.001
ACEI/Sartan 1898.5 1866.5 5718 16.9 1 < 0.001
Logistic regression
Intercept 3174.3 2988.9 5733
Age 2861.0 2699.9 5732 289.0 1 < 0.001
Heart rate 2799.0 2652.4 5730 47.5 2 < 0.001
Systolic blood pressure 2484.6 2371.7 5729 280.7 1 < 0.001
Creatinine 2333.3 2283.8 5728 87.8 1 < 0.001
Killip class 2213.6 2173.8 5726 110.0 2 < 0.001
Diagnosis 2082.9 2039.3 5724 134.5 2 < 0.001
Number of recommended drugs 1968.6 1940.6 5720 98.6 4 < 0.001
ACEI/Sartan 1953.2 1923.2 5719 17.4 1 < 0.001

noses non-STEMI and UAP (compared with the diagno-
sis STEMI). The only substantial difference between both
methods was in the number of the received recommended
drugs. Logistic regression did not identify significantly

higher odds of death in persons with four received re-
commended drugs compared with persons with five drugs
(OR=1.16; p=0.435). In contrast, multilevel logistic re-
gression showed this difference as a significant (OR=1.52;

Figure 1: 95% confidence intervals of the natural logarithm of odds ratio of in-hospital death in the 32 hospitals (multilevel
logistic regression).
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p= 0.031). With the exception of this single difference in
significance, let us note that the values of the estimated
odds ratio are strongly shifted between both methods in
some cases (e.g. in the number of recommended drugs).

The Akaike information criterion in Table 3 is the in-
dex that is used for the evaluation of the complexity of
the model. Lower values of AIC indicate better model.
Deviance measures the appropriateness of the model. The
reduction in deviance for each variable, added sequentially
first to last, is shown in Table 3. Each variable reduced
the deviance significantly. Overall, the significant part of
deviance was explained by the final multilevel logistic and
logistic regression models (in both cases p<0.001).

Figure 2: ROC curve - dotted lines mark sensitivity of 83.9%
and specificity of 84.0% with threshold risk value of 8.5% (mul-
tilevel logistic regression).

When we compare the log-likelihoods of both model,
the log-likelihood of multilevel logistic regression (-933.2;
df=16) is significantly higher than that of logistic regres-
sion (-961.6; df=15), p<0.001. From this reason, we main-
tain that there is a statistically significant difference in the

odds of death among hospitals. Because the VPC is 0.089,
we estimate that 8.9% of the total residual variance is due
to just hospitals. Although from the statistical point of
view, this is a significant difference, from a clinical point
of view, the difference may not be significant.

Let us go specify the differences among hospitals.
Model of multilevel logistic regression includes, in addi-
tion to the intercept of Table 2, which is common for all
hospitals, yet another intercepts specific to each hospital
(hospital random intercept). Figure 1 illustrates the esti-
mated natural logarithms of odds of in-hospital death in
individual hospitals compared to zero value representing
the “average” hospital. For a large part of the hospitals,
their 95% confidence intervals overlap zero. In fact this
means that the odds of in-hospital death in these hospitals
did not differ from the average at the 5% significance level.
The hospitals, whose 95% confidence intervals do not over-
lap zero and are above (bellow) the zero line, have the
above-average (below-average) odds of in-hospital death.
It is, however, necessary to realise that the hospitals with
the small sample size have the wide confidence intervals
(their estimates values are less accurate) compared with
the hospitals with the large sample size. For example, the
95% confidence interval of 10th hospital (n=15) is much
wider than 32nd hospital (n=827).

Let us examine in detail the predictive properties of
multilevel logistic model. Table 4 shows the observed and
expected numbers of in-hospital death across the groups
defined on the basis of the percentiles of the estimated
risk (probability) of death. There was not any significant
difference (Hosmer-Lemeshow test, p=0.989) between the
observed and expected numbers of death, and therefore
the calibration properties of the model are very good. The
highest observed (44.6%) and expected (44.8%) numbers
of death were in the group of people with a calculated risk
higher than 21.5% (tenth percentile). The discrimination
property of multilevel logistic regression model was evalu-
ated by ROC curve, Figure 2. The curve for each value of
risk represents the proportion of people with the positive
test in the group of the not dead people (1-specificity),

Table 4: Observed and expected relative numbers of in-hospitality deaths (multilevel logistic regression).

Relative number
Risk percentile Risk n Observed Expected

1 <=0.03% 574 0.0% 0.0%
2 (0.03%, 0.13%] 573 0.0% 0.1%
3 (0.13%, 0.37%] 573 0.2% 0.2%
4 (0.37%, 0.75%] 574 0.5% 0.5%
5 (0.75%, 1.38%] 573 0.9% 1.0%
6 (1.38%, 2.53%] 573 1.7% 1.9%
7 (2.53%, 4.66%] 574 3.5% 3.5%
8 (4.66%, 9.07%] 573 6.3% 6.6%
9 (9.07%, 21.50%] 573 15.0% 13.7%
10 >21.50% 574 44.6% 44.8%
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and the ratio of people with the positive test in the group
of the dead people (sensitivity). The best results were
achieved for the threshold risk value of 8.5%, when the
values of sensitivity (83.9%) and specificity (84.0%) were
high. This means that 83.9% of the dead patients had
the risk at least 8.5% (positive test), and 84.0% of the not
dead patients had the risk under 8.5% (negative test). The
total discriminant ability of the model was 91.8% (size of
the area under the curve, c-index=0.918).

5 Discussion

The task of our study was to determine what factors
influence whether a patient with ACS dies or does not dur-
ing his/her stay in non-PCI hospital. Because mortality in
some studied subgroups was larger than 10% (e.g. Killip
class IV), we preferred (binary) logistic regression to Pois-
son regression. To be able to apply the traditional logistic
regression model, observations within a sample must be
independent. In our case, this means that the entries in
the registry are not correlated with each other. Our study,
however, was a multicenter study (a total of 32 hospitals
contributed to the registry). If we did not take into ac-
count of hierarchical (hospital-patient) data structure, we
would automatically assume that therapeutic results (and
hence the medical procedures) are not dependent on which
hospital the patient resides. Is it possible to make this as-
sumption? Statistical tests showed that the independence
of the outputs cannot be entirely assumed among hospi-
tals. Although the differences between hospitals were not
essential from our point of view, it was preferable to apply
multilevel logistic regression, namely the logistic mixed
regression, which took into account of patient affiliation
to various hospitals. Hospital equipment, its accessibility,
quality medical personnel and adherence to guidelines can
have influence on the medical results.

Principles of multilevel modelling were published e.g.
in [8, 9, 10, 11, 12]. Other papers on multilevel modelling
can be found at the UCLA website (University of Califor-
nia, Los Angeles, Institute for digital research and edu-
cation) and at the web sites of the Centre for multilevel
modelling in Bristol. Austin et al. compared traditional
logistic regression with multilevel logistic regression for
patients hospitalized with acute myocardial infarction in
Ontario, Canada [13]. The authors emphasize that false
inferences can be caused by ignoring data structure. Their
logistic regression models increased a level of significance
for the effects of variables measured at the hospital-level
compared a level of significance indicated by the multilevel
model. Multilevel models have been applied for statistical
analysis in a number of studies dealing with cardiovascular
indicators across hospitals, e.g. [14, 15].

Multilevel models are equivalently called hierarchical
models. The term of multilevel models is the term general.
It reflects that the model works with some levels of data
dependencies, either in the framework of the clusters (in
our case they are hospitals), or repeated measurements

of individuals. Multilevel model estimates individual-
specific effects so called random effects for each level of
dependence. If there are both fixed effects, which are the
same across all levels of dependencies, and random effects,
we are talking about mixed models. Models involving just
random effects are called random effect models (variance
components model). Models without random effects are
called fixed effect models. These are based on the assump-
tion that the observations are independent. Generalized
linear models, which are estimated using the maximum
likelihood method, belong to fixed effect models. If the
assumption of independence of data cannot be made, we
can use instead of the maximum likelihood method the
generalized estimating equations (GEE) method. GEE
is able to take account of data dependence, although in
a different way than multilevel models [9]. Unlike them,
the dependencies are incorporated into the parameter es-
timates (fixed effects), which then represent the so-called
population-average effects. Population-average model is
often referred to as marginal model in contrast to mixed
model called individual-specific model. GEE method ex-
tends the application of GLM to correlated data. Because
our goal was to estimate the effects of predictors on the
fate of specific individuals (individual-specific effects) and
to quantify the impact of the hospitals, we preferred mixed
regression model to GEE.

Let us go back to the conclusions of this model. An
adverse effect on our findings may be the fact that many
hospitals were not involved in the registry for all-time du-
ration of the registry and in some hospitals there was a
small number of patients (for this reason we could not
analyse the data in a more complex model, such as with
random effect of the trend of the age). The majority of
patients (89%) did not have at disposal time from first
symptoms of ACS to medical facility contact. The results
may be also influenced by the length of stay in hospital
(median 5 days, range 0-120 days), which can be depen-
dent not only on the patient’s health but also the strate-
gic practices in hospitals. However, when we restrict to
the odds of death in first 14 days from hospital admis-
sion (87% of deaths were registered in the first 14 days),
the results were similar. Despite these shortcomings, our
conclusions are more or less in the accordance with the
risk scores TIMI and GRACE. Odds of death in patients
with ACS in non-PCI hospitals influenced age, heart rate,
systolic blood pressure, creatinine, Killip class, diagno-
sis, the number of the received recommended drugs and
ACE-inhibitor or sartan treatment. More detailed clini-
cal description of these conclusions is presented in another
publication [4].
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Abstract

Objectives: The paper presents a framework and tools for
developing models useful for implementing complex Infor-
mation Systems. It presents a case study for an Obstetrics-
Gynecology Department and connected departments. The
advantages of using models for creating complex OGD In-
formation Systems together with a standardized commu-
nication will lead to an advanced interoperability and also
will have benefits in patient care and in time will reduce
the medical errors.
Methods: This paper presents the modeling process us-
ing the Generic Component Model (GCM) in four steps.
The real OGD system is described based on the five RM-
ODP (Reference Model of Open Distributed Processing)
views. The paper presents the Obstetrics-Gynecology De-
partment model based on the real workflow using Business
Process Modeling and Notation and a specialized software
- Bizagy. Communication between OGD and other medi-
cal units is based on HL7 Clinical Document Architecture
CDA. The Obstetrics-Gynecology Department Information
System (OGD IS) is developed based on the model, in Vi-
sual Studio.NET 2010, using ASP.NET pages and C]

language, and Microsoft SQL Server 2008.
Results: The paper presents a model represented with
Business Process Modeling and Notation and its possibili-
ties to offer support for software developers to create flexi-
ble and portable information systems. Based on the work-
flow in the OGD, including the communication between
OGD and other medical units, was developed a model and
consequently the OGD IS.
Conclusions: For the future, the OGD IS will be ex-
tended with new functionalities: possibilities to introduce
medication related to a Database in the cloud to receive
suggested treatments. The advantages of using the OGD
IS are reflected in a better patient care, and the treatments
will be more documented which will determine less medical
errors.
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1 Introduction

Interoperability between different medical information
systems facilitates access to information and enhances the
safety and quality of patient care despite its location. In-
formation about patients is available much easier electro-
nically and at the same time provides patients and medical
professionals with updated and relevant information.

To meet the challenge for efficient, high quality, safe
and sustainable care in developing countries, there is a
need to extend and improve communication and coope-
ration between all actors participating in better patients’
care by creating interoperable health information systems.

Communication between different systems and their
components in a complex and highly dynamic environ-
ment must fulfill several requirements [1, 2]: openness,
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scalability, flexibility, portability; distribution at Internet
level; standard conformance; business process orientation;
consideration of timing aspects of data and information
exchanged; user acceptance; lawfulness; appropriate secu-
rity and privacy services.

The paper [3] presents the possibilities offered by Busi-
ness Process Modeling and Notation in healthcare, based
on examples. The paper [4] presents a BPMN model for
home peritoneal dialysis. The current paper presents the
model and for the model based development process for an
Obstetrics-Gynecology Department Information System.

An information system in obstetrics – gynecology de-
partment is very helpful in maintaining patient data. It
is very helpful for medical staff to have information about
the patient in real time. Because its specific characte-
ristics, it can include medical data, ultrasound analysis,
monitored information from pregnant’s lady home and
other relevant information about the patient.

The paper presents the possibility to create complex
healthcare information systems using models using as case
study the current workflow in OGD modeled using Busi-
ness Process Modeling and Notation. The communication
between OGD and other medical units is ensured using
HL7 CDA.

2 The Generic Component Model

The GCM is: “an architecture framework that enables
the representation of any real or virtual system; includes
the system architecture from its business prospective and
the system’s development process for ICT solution sup-
porting or enabling that business” [1] which was developed
by professor Bernd Blobel from University Hospital Re-
gensburg, Regensburg, Germany. The GCM is presented
in Figure 1.

The Generic Component Model (GCM) provided the
modeling framework for an obstetrics-gynecology depart-
ment [5].

The steps reflecting the system development process
based on the RM-ODP views are:

• defining the analyzed system, in this particular case
the OGD IS,

• separation of the domain of current interest (here
the medical one) from other domains which are not
relevant for the moment (e.g., financial, administra-
tive, security),

• composition/decomposition of the analyzed system,
considering four granularity levels (business con-
cepts, relations network, aggregations and details),

Figure 1: Generic Component Model.
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Figure 2: The real workflow in OGD.
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• model-driven development of the real OGD system
based on the five RM-ODP views previously men-
tioned.

The OGD system is modeled using Business Process
Modeling and Notation, and using Bizagy software. The
paper [8] presents a previous version of the model of OGD
workflow, and the current paper presents a new model
which has more actions, including a monitoring compo-
nent of the patient status. The OGD IS design and de-
velopment process was presented in [6, 7]. For the future
new functionalities will be available for the system. The
model described in the following represents the Enterprise
View.

3 Modeling the
Obstetrics-Gynecology
Department

Figure 2 presents the real workflow in the OGD using
Business Process Modeling and Notation language using
Bizagy Software [8].

The model connects several actors: Doctor, Nurse, Pa-
tient, Administrator, Patient monitoring system and Ex-
ternal Hospital.

In Process 1 the main actor is the doctor. If he wants
to introduce new data about a patient the first step is
to authenticate and after the system verifies if the actor
has access to introduce new data about a patient, pro-
ceeds. In the correct role he/she can input patient data
(demographic, gynecology and obstetrics) into a Patient
Record (this record is previously created) which has the
data stored on a cloud or a server [8].

In Process 2 the main actor is the nurse that has access
to the report for patient data and the monitoring report.
She can add information about patient medication admi-
nistration. Firstly, she has to authenticate herself and af-
ter the system checks that she has the appropriate rights,
she can visualize the reports or input information about
medication [8].

In Process 3 the main actor is the Patient monitoring
system. The hospital can receive information about the
patient monitored from home. If the patient monitoring
system will send monitored information, the first step for
the user is to authenticate himself/herself and after the
system verifies if the actor has correct access rights, the
data will be received and recorded in Patient Record.

In Process 4 the main actor is the administrator. If
changes are needed into the system the first step is au-
thentication and after the system verifies if the actor has
access, the changes into the system are operated. If the
actor has the correct role then he/she has the possibility
to create new accounts, delete accounts, to confirm the
created or the deleted accounts [8].

In Process 5 the main actor is the patient who can cre-
ate a new account after the authentication and the system
verifies if the actor has access. If the actor has the correct

role then he/she can express the will to delete an account
or request a report about monitored information about
the pregnancy [8].

In Process 6 the main actor is an external hospital
which requests data about a patient. Firstly, it has to
authenticate and the system checks the rights and if they
are correct sends a request to OGD. If he has rights to
access the information and if the information is available,
the OGD IS will send an XML in HL7 CDA format or in
the case if the information are not available than the ex-
ternal hospital will receive a message were will be written
that the information about the patient requested are not
available [8].

4 Obstetrics-Gynecology
Department Information System

OGD IS is an application developed in Visual Stu-
dio.NET 2010, using ASP.NET and C] language. The
database is using Microsoft SQL Server 2008. In the fu-
ture the system will provide the possibility to receive data
from systems which are for monitoring the patient from
home (a mobile cardiotocography will give the possibility
to send information about the pregnant woman to the doc-
tor). There will be available a possibility to send patient
medication to a database in a cloud connected to an ap-
plication suggesting treatments based on previous doctors
experience. The current doctor will have the possibility
to choose that treatment or not.

Figure 4 presents an image from OGD IS where the
doctor can add a consultation regarding gynecology data.

Figure 3 presents a screen shot from Obstetrics-
Gynecology Department Information System where the
doctor can add information about the examination.

Figure 3: Entering system examination.

It is important that the OGD IS has the possibility
to communicate with other medical units, based on im-
plemented interoperability between medical information
systems. Figure 5 presents the communication framework
between the OGD IS with other medical units.

To achieve interoperability we use XML files based on
HL7 CDA standard. An example is in the case of OGD
IS and Pediatrics Department communication. When the
data of a new born child is added in the database of the
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Figure 4: Entering gynecology data.

pediatrician, the physician will be asked if he/she wants
to add the data manually or retrieve it from the database
of the hospital, which technically is located in the server
or private cloud of the Obstetrics and Gynecology unit,
where the baby was born. When the data acquisition
from the Obstetrics and Gynecology unit option is cho-
sen, the Pediatrics application will create an XML file
with the Personal Identification Number of the mother,
date of birth of the child. The XML file with these data
will be sent to the data server from the private cloud of
the unit of Obstetrics and Gynecology. When these dates
are available in the server, via a specific application it will
check the validity of the received message will analyze the
request and if the data exists in the server the application
will form another XML file which contains the medical
data record of the baby from birth until to the day of dis-
charge. These XML file is created in HL7 CDA standard

format, and it will be sent to the unit who requested the
data [9].

Once received, the required medical data in XML for-
mat, the Pediatrics application will read the XML file
and will display the medical records to the location point
where the physician adds the patient. The received medi-
cal data will be saved in the database server of the private
cloud of the Pediatrics unit. The pediatrician will have
access to the medical history of the baby from birth and
during pregnancy, information important for monitoring
and treating the child [9].

In Figure 3 the communication is realized using web
server, but in the future will be uploaded in the cloud. The
advantage of using the cloud solution is that information
is always and anywhere available.

Applications communicate with each other better and
more effectively using the HL7 CDA standard, due to its

Figure 5: Communication between OGD IS and other medical units.
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features structuring the medical data on several levels and
with certain codes that can be read by any application
that uses these medical standards [9].

5 Conclusions

The paper presents the possibility to create complex
healthcare information systems using models. It presents
a case study for OGD IS modeled using Business Process
Modeling and Notation with its processes. [8] presents a
previous version of the model for the OGD workflow, and
this paper presents a newer version which brings more ac-
tions related to the OGD. Based on the previous model
the OGD IS basic system was developed, and in the fu-
ture the new actions described by this paper model will be
implemented. The communication between OGD IS and
other medical units is using HL7 CDA with examples pre-
sented in the paper. A new component that will be added
in the future is the possibility to use a specialized software
tool that has as functionalities receiving treatments from
different specialist from different locations and checking
between given treatments, and suggesting a treatment.
The doctor may or may not use the suggestion, having
the possibility to approve it or not.

The paper [10] presents the steps and metrics for eva-
luating the interoperability of an Obstetrics-Gynecology
Department Information System used in this paper and
applied in Bega Clinic Timisoara regarding its readiness
for interoperability in relation with similar systems. [10]
presents also the amount of data related to the current
system exchanged between the Obstetrics-Gynecology De-
partment and other medical units. The obtained results
were relatively good for the investigated data and struc-
ture of the system.

The work presented in this paper prepares a frame-
work for flexible and quick development of OGD infor-
mation systems supported by increased interoperability.
Using the OGD IS medical staff will have a support for
better patient care, the access to patient information will
be in real time in the case of an emergency.

Using models before implementing an application im-
proves the quality of the software, increases development

speed, leads to a better maintainability and reusability,
and also ensures better portability and interoperability.
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