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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 FEthical 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

(©2015 EuroMISE s.r.o.

EJBI - Euroeean Journal for Biomedical Informatics 1]

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
5000 words.

Kindly send the final and checked source and PDF
files of your paper to manuscripts@ejbi.org. You should
make sure that the IATEX 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 KITEX2¢
for the preparation of manuscript. The ETEX tem-
plate ejbi_template.tex can be downloaded from
www.ejbi.org/en/instructions /.

When you are not able to use IATEX, 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 TEX instead of you.

If you use BTEX 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

IThe footnote numeral is set flush left and the text follows with
the usual word spacing.
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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[T]

Program Code

Program listings or program commands in the text
are normally set in a typewriter font, e.g. CMTT10 or
Courier.

Acknowledgements

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
withdrawn.

References

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
National Library of Medicine in MEDLINE (sometimes
called the "Vancouver style"). For details see the guide-
lines from the International Committee of Medical Journal
Editors  (http://www.nlm.nih.gov/bsd /uniform require
ments.html).

Examples:

[1] Schwartze J, HaarbrandtB, Fortmeier D, Haux R, Seidel C.
Authentification systems for securing clinical documentation
workflows. Methods Inf Med 2014; 53 (1):3-13.

[2] Kalina J, Seidl L, Zvara K, Griinfeldova H, Slovak D, Zvarova
J. Selecting relevant information for medical decision sup-
port with application in cardiology. European Journal for
Biomedical Informatics 2013; 9 (1): 2-6. Available from:
http://www.ejbi.org/img/ejbi/2013/1/Kalina_en.pdf

[3] Hasman A, Blobel B, Zvarova J, editors. Data and Knowledge
for Medical Decision Support. Amsterdam: 1I0S Press; 2013.
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Multilingual Issue

The authors are asked to translate English version
of Abstract and Keywords to at least one European
languege. The translated versions of Abstract and Key-
words should be send to manuscripts@ejbi.org

Checking the PDF File

Kindly assure that the Contact Volume Editor is given
the name and email address of the contact author for your
paper. The contact author is asked to check through the
final PDF files to make sure that no errors have crept in
during the transfer or preparation of the files. Only er-
rors introduced during the preparation of the files will be
corrected.

If we do not receive a reply from a particular contact
author, within the timeframe given, then it is presumed
that the author has found no errors in the paper.

Copyright Transfer Agreement

The copyright form may be downloaded from
http://www.ejbi.org/en/downloads/. Please send your
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signed copyright form to the Contact Volume Editor, ei-
ther as a scanned pdf or by fax or by courier. One author
may sign on behalf of all the other authors of a particular
paper. Digital signatures are acceptable.

EuroMISE Copyright Permission Policy

Written permission is required to reproduce mate-
rial from EuroMISE s.r.o. publications in other pub-
lications, electronic products, or other media. To ob-
tain a copyright permission please contact Jana Zvarova:
zvarova@ejbi.org, fax: +420 241471337. You may fax or
e-mail your request along with the full citation of the jour-
nal in which the paper appears in with volume number
and page number(s) as well as what you are requesting to
use the material for. Use of copyrighted material always
requires proper citation.

Creative ~ Commons  Attribution-NonCommercial-
NoDerivs (CC-BY-NC-ND): for non-commercial pur-
poses, lets others distribute and copy the article, and
to include in a collective work (such as an anthology),
as long as credit the author(s) and provided they do not
alter or modify the article.
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Concept, Models and Implementations for Innovative

Interoperable eHealth Solutions

Bernd Blobel' and Libor Seidl?

! Medical Faculty, University Hospital Regensburg, Germany

2 HL7 Czech Republic, Prague, Czech Republic

Correspondence to:
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Medical Faculty, University of Regensburg

Address: c/o HL7 Deutschland e. V., An der Schanz 1, 50735 Kéln
E-mail: bernd.blobel@klinik.uni-regensburg.de

This Special Issue of the European Journal for Biomedical
Informatics contains selected papers presented at the 15th
International HL7 Interoperability Conference (IHIC 2015),
9-11 February 2015 in Prague, Czech Republic.

The International HL7 Interoperability Conference series
has been inaugurated in 2000 by the Board of HL7 Ger-
many and its unforgettable Chair and interoperability pio-
neer Joachim Dudeck. The first event in Dresden, Germany,
was entitled "Advanced Healthcare Information Standards”.
Over the time, the scope of those conferences has been ex-
tended, meanwhile covering — as expressed in the motto of
the this year's conference — concepts, models and practical
implementations, but also testing and certification processes
for innovative, interoperable eHealth solutions.

The concept of interoperability has dramatically changed
since the establishment of the Health Level 7 standard for of
open communication between hospital organizational units
in 1987 in the United States of America. For standardized
electronic data interchange (EDI), the data representation
at the application level, the 7th level of the ISO Open Sys-
tems Interconnection stack, has been specified for informa-
tion related to common events happening in hospital care and
management processes [I]. The development was guided by
the Marriam-Webster interoperability definition as the "abil-
ity of a system (as a weapons system) to use the parts or
equipment of another system” [2], and thereafter enhanced
towards the IEEE definition as the "ability of two or more
systems or components to exchange information and to use
the information that has been exchanged” [3]. Both defi-
nitions focus on communications between information and
communication technology (ICT) systems. Impacted by the
paradigm changes towards pervasive and ubiquitous health
services based on personalized, preventive, predictive and
participative medicine as well as technological innovations
such a mobile technologies, micro- and nanotechnologies,
cloud computing, big data and analytics, etc., we mean-
while define interoperability as motivation, willingness, in-
terest, knowledge, ability and skills to cooperate for meeting

(©2015 EuroMISE s.r.o.
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common business objectives. Simple EDI has been replaced
by information exchange, nowadays followed by knowledge
sharing. Such move requires that the consideration goes
beyond ICT, including the real world business domains of
manifold organizations and multiple disciplines as well as all
possible actors such as persons, organizations, devices, appli-
cations, and components. Here, domain-specific terminolo-
gies/ontologies and their harmonization, but also business
process modeling, management and optimization come into
play [4,5]. It is a challenge in open environments to guaran-
tee the persistence of meaning throughout the entire devel-
opment process from clinical models through their platform-
independent informational representation, the computational
aggregation and platform-specific implementation, thereby
involving domain experts such as medical professionals, busi-
ness people, informaticians and engineers.

This Special Issue tackles the entire spectrum includ-
ing EHR systems as the core application in eHealth en-
vironments, interrelations between EHR systems and CDA
repositories, CDA-based communication between services
providers, the challenge of semantics keeping, implementa-
tion guidelines, conformance testing, certification for guar-
anteeing practical interoperability.

Conformance Section

In a proof-of-concept study, Philip Scott et al., mem-
bers of The English Professional Records Standards Body
(PRSB) for health and social care, reported about the devel-
opment of a conformance methodology for clinically-defined
medical record headings. The project aims at providing user-
friendly semantic interoperability by enabling the mapping of
outpatient letters to epSOS patient summaries. The confor-
mance criteria have to be implementation-agnostic to allow
the deployment of HL7 CDA documents, HL7 Fast Health
Interoperability Resources (FHIR), IHE profiles or openEHR
archetypes, using implementation technology specific arti-
facts and tests. A generic logical information model for out-
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patient letters has been created, and a process for developing
implementation-specific technical conformance criteria has
been defined.

Boufahja et al. from the IHE Europe French Chapter ana-
lyzed the coverage of conformance of products and tools such
as Trifolia Workbench, Model Driven Health Tools (MDHT),
Eclipse Instance Editor (EIE), Art-Décor, the NIST Valida-
tion Tool, or the Gazelle ObjectsChecker Tool with require-
ments and specifications provided by the HL7 CDA R2 stan-
dard. The outcome of the different tools was quite different,
and no tool met all requirements.

Integration of Different Domains

Barbara Franz and co-authors developed a practical so-
lution for integrating different vital sign measurement de-
vices into a patient monitoring system based on the HL7
FHIR approach. An ltalian/Swiss group under the lead of
Vittorio Meloni has provided an open-source library to cre-
ate, parse, navigate and validate HL7 v2 compliant mes-
sages. Instead of Java or .NET, the Python programming
language has been used to develop the HL7apy called li-
brary, which has been practically demonstrated and deployed
in an open-source HIS. An important approach for realiz-
ing semantic interoperability is the separation of health data
models defined by domain experts from technical implemen-
tations realized by IT specialists. Marten Smits et al. from
the Netherland have implemented technology independent
models (Detailed Clinical Models — DCMs) using CDA and
FHIR. The equivalence of the outcome has been tested by
transforming one technical implementation of a specific DCM
into the other one, using XSLT. The authors could exemplify
problems, so demonstrating that the existing DCMs are not
fully technology-independent, so the resulting implementa-
tions are not necessarily fully compatible.

Business Process and System Continuance

A German group with Georg Heidenreich in the lead de-
veloped an implementation guide, combining specifications
from different SDOs such as HL7, IHE and GS1 for an eS-
upply solution. Fernando Campos et al. from Argentina

EJBI — Volume 11 (2015), Issue 2
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presented an approach to guarantee contingency support by
realizing an HL7 CDA R2 document repository fed by EHR
systems, but also by ancillary information systems such as
Laboratory IS, Radiology IS, Imaging, etc., in the case of an
EHR system failure. In case of a total impact, a paper reposi-
tory by printing the HL7 CDA R2 documents is automatically
maintained.

One paper, under the lead of Ana Estelrich jointly pre-
pared by the French Health Information Technology Stan-
dards developing organization Phast, the HL7 Foundation
Europe and liSPA Milano, addresses intercontinental interop-
erability of patient summaries between the European Union
and the USA by mapping semantic content and value sets of
the epSOS Patient Summary with those of the US Continu-
ity of Care Document. The contribution highlights a bunch
of open problems to be solved especially within the Trillium
Bridge project.

All the papers have been reviewed by two independent
reviewers.

The Guest-Editors are indebted to thank all authors and
reviewers for their excellent work. Unfortunately, not all au-
thors took the opportunity for revising their work based in the
valuable recommendation provided by the reviewers. Finally,
the Guest-Editors thank HL7 International, HL7 Austria, HL7
Czech Republic, HL7 Germany, and HL7 Switzerland for the
given logistical and financial support.
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Abstract

The pervasive use of electronic records in healthcare
increases the dependency on technology due to the lack of
a physical support for the records. Downtime in the EHR
system is unavoidable, due to software, infrastructure,
energy failures or even natural disasters, so there is
a need to develop a contingency plan ensuring patient
care continuity and minimizing risks on health care delivery.

Correspondence to:

Fernando Campos

Health Information Department,

Hospital Italiano de Buenos Aires, Argentina

Address: Juan D. Perén 4190 (C1199ABD) Buenos Aires, Argentina
E—mail: fernando.campos@hospitalitaliano.org.ar

1 Introduction

There is an increasing use of the HL7 CDA R2 (Clini-
cal Document Architecture Release 2) in implementations
requiring document level exchange, being interoperability
the main goal [1IL 2, 3]. There is also an increasing use of
the electronic health record, specifically the replacement
of the paper based health record to the use of Electronic
Health Records (EHR) [4]. Therefore, every healthcare
delivery process relies on information systems to ensure
patient care. One of the biggest documented risks for
continuity of patient care are mistakes in medication ad-
ministration [5].

Revising all the Hospital Italiano own experiences and
pertinent literature, it has been observed that when all ‘re-
dundancy’ and ‘control’” instances designed as support to
business continuity are exhausted, alternate ad-hoc meth-
ods are triggered for the protection of information which
is considered crucial [} [7].

The goal of this paper is describe the implementation
of an architecture based on the CDA R2 document repos-
itory which allows physicians and nurses retrieval of the
patient EHR in the case of partial system downtime, and

(©2015 EuroMISE s.r.o.

To mitigate these risks, an application was developed al-
lowing healthcare delivery providers to retrieve medication
prescriptions for inpatient or emergency care patients using
the CDA R2 document repository as information source. In
this paper we describe the strategy and the implementation
results.

Keywords

Electronic Health Record, CDA repository, contingency
plan.
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medication prescriptions for inpatients in case of total sys-
tem downtime.

2 Materials and Methods

The Hospital Italiano of Buenos Aires (HIBA) is a
non-profit health care academic center founded in 1853.
HIBA has a network of two hospitals with 750 beds (250
for intensive care), 800 home care patients under care, 25
outpatients care centers, and 41 surgery rooms. There
are more than 2800 healthcare agents, and 1900 admin-
istrative and support staff. During 2013-2014 there were
45,000 inpatient episodes, 3,000,000 outpatient visits an-
nually, and 45,000 surgeries (half of them for outpatients).

Since 1998 HIBA began the gradual implementation
of a Healthcare Information System (HIS) based on an
‘in-house’ development, from capture to analysis. It in-
cludes a web based, modular, problem oriented and pa-
tient centered EHR. This EHR is known as ITALICA and
allows inpatient, outpatient, domiciliary and emergency
care records. ITALICA also allows ancillary services or-
der, medication prescription, and results visualization in-
cluding Imaging through a PACS (picture archiving and
Communications system)

EJBI — Volume 11 (2015), Issue 2



The EHR has a relational database record and also
a CDA R2 document based repository, which is digitally
signed by professionals participating in healthcare deliv-
ery. This repository is used to interoperate with payers,
other EHRs and to make information portable for patients
or other external healthcare providers. Currently there
are 36.400.000 CDAs. In the document repository [§].

This kind of repository allows the organization to op-
erate without the need for a paper record, because infor-

end4 Camﬁos F. et al. — CDA R2 based document reeositorg: a true Swiss ArmK Knife

For instance, for ancillary systems like Imaging or Lab-
oratory, the order is no longer paper based but a digitally
signed CDA R2. Likewise, result reports are not printed,
but reviewed directly in the EHR through a CDA R2 sent
by the ancillary service.

Since 2012, and based on this implementation, all
the procedures and communications for business continu-
ity while systems recover from a meaningful interruption
where redesigned, mainly for the inpatient setting.

mation exchange between actors or systems is facilitated
by these documents.

Document Date:

/ClinicalDocument/effectiveTime/@low

Document Type:

/ClinicalDocument/code/@code

Service:

/ClinicalDocument/legalAuthenticator/assignedEntity/representedOrganization/id/@extension
/ClinicalDocument/legalAuthenticator/assignedEntity/representedOrganization/id/@assigningAuthorityName
Patient

id:
root:

/ClinicalDocument/recordTarget/patientRole/id/@root
/ClinicalDocument/recordTarget/patientRole/id/@extension

First Name: /ClinicalDocument /recordTarget/patientRole /patient /name/@given [I]
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Figure 2: File Explorer for Level 2 Contingency.

EJBI — Volume 11 (2015), Issue 2 (©2015 EuroMISE s.r.o.



Cameos F. et al. — CDA R2 based document reeositorz: a true Swiss ArmK Knife enb

Table 1: Downtime record and contingency use.
Date Month Year Class Motive Begin Time  End Time Total Time Contingency
level

08 March 2012 unplanned down- EHR Bug 9:15 AM 3:10 PM 5:55 Level 1
time

05 April 2012 unplanned down- database issues 11:10 PM 1:10 AM 2:00 Level 2
time

07 April 2012 planned down- Database maintenance 8:00 PM 10:00 PM 2:00 Level 2
time

27 April 2012 unplanned down- EHR Bug 9:50 AM 4:05 PM 6:15 Level 1
time

12 May 2012 planned down- Upgrade Database version 10:40 PM 6:30 AM 7:50 Level 2
time

09 June 2012 planned down- Increase Server memory 10:00 PM 5:00 AM 7:00 Level 2
time

29 December 2012 unplanned down- EHR Bug 5:30 AM 10:00 AM 4:30 Level 1
time

23 April 2013 unplanned down- Shutdown power server en- 5:30 AM 6:31 AM 25:01 Level 2
time ergy

26 April 2013 unplanned down- Router down. Areas with- 12:30 PM 1:30 PM 1:00 Level ﬂ
time out networking

27 April 2013 planned down- Server Maintenance 6:00 PM 9:00 PM 3:00 Level 2
time

25 May 2013 planned down- Server Maintenance 4:00 PM 9:05 PM 5:05 Level 2
time

15 June 2013 planned down- Server maintenance 5:00 PM 12:38 AM 7:38 Level 2
time

26 July 2013 planned down- Install new database clus- 8:00 PM 9:30 AM 13:30 Level 2
time ter

14 September 2013 planned down- Upgrade switches firmware 6:00 PM 8:00 PM 2:00 Level 2
time

11 January 2014 planned down- Upgrade switches firmware 2:00 AM 6:30 AM 4:30 Level 2
time

24 June 2014 unplanned down- Database issue 12:10 PM 1:20 PM 1:10 Level 2
time

Last name: /ClinicalDocument /recordTarget/patientRole /patient/name/@family

Two levels of contingency were identified.

First, at an application level. In this level, only the
EHR is not available. Causes may be a problem in a
new version deployment or server issues. The entire in-
frastructure is available: database, networking, electric
energy etc.

The second level is total impact. Usually this level of
contingency occurs when the database server is down or
halted during upgrades or maintenance work, data cen-
ter problems affecting the server farm or storage, network
outages or natural disasters.

The decision was to leverage the redundancy gener-
ated by the documentary repository to support contin-
gency processes.

In order to mitigate the first level of contingency, a
CDA navigator was developed, having as indexes some of
the elements in the CDA header (metadata)

Using this index, a tree is generated, and this tree is
accessed based on the patient information. From the tree
root (target patient) the timeline for the inpatient (day
by day) can be navigated. After selecting a specific date,
the caregiver can access all the documents for the visit
grouped by document type and service.

This application is deployed in a distinct server from
the EHR, and with a different and redundant database.
If by any-chance the EHR is not available, the document
based EHR at least can be retrieved.

The second level of contingency assumes total lack of

database support, application server support, energy or
network connections.

Laffected areas only

(©2015 EuroMISE s.r.o.

In this extreme case, and only for inpatient and emer-
gency care (average 720 beds) it was evaluated which in-
formation is essential for healthcare delivery without risks
for the patient.

In this regards, two elements were key: access to the
patient’s prescriptions: medications, doses, indications,
and diets, and proper labeling for samples or patient ele-
ments.

Based on this requirement, an application was de-
signed. The application access every 30 minutes to the
last indications for each inpatient.

Based on the documents, each computer running the
application stores in a local disk a folder tree organized
by service and inpatient location, where there is every in-
dication CDA for each location.

Two folders are alternatively used for this repository.
This application runs redundantly in several computers
in locations strategically selected, and can only be used
in contingency. These computers have a local printer
and connection to the backup energy line, with UPS and
printer paper stock.

In the case of natural disasters, application server
downtime, database downtime, or any other contingency,
these computers can be used to print the indications, and
deliver health care continuity for all the inpatients in the
hospital

EJBI — Volume 11 (2015), Issue 2



3 Results

Creating this backup querying the relational system
generates an average of 18 queries involving 44 tables for
patient. Since there are an average of 720 beds, 12960
queries would be needed every 30 minutes, and then the
composition of the HTML to render for the user in screen.

Using the CDA repository, only 1 query is needed,
involving a snapshot of the current active inpatients or
emergency care episodes, and the query to the document
repository for the URL for the last indications CDA for the
patient. Rendering the information only requires transfor-
mation of the XML using an XSLT stylesheet.

Since implemented, usage record is presented in Table
m

As an example, when there was a change of servers and
database servers’ operating system migration, there was a
downtime for 13.30 hours. In this episode, all indications
were printed. 1250 paper sheet were used, printing 759
indications in 1 hour 15 minutes.

The printing process has a predefined sequence, prior-
itizing critical care units, emergency care, pediatric care,
and then other services and locations.

4 Discussion

This architecture allowed information to be available
from all delivery care locations, and allows every actor
requiring the information to access it. Portability was
achieved because every record in the EHR can be shared
with any individual or organization requiring access to the
information.

The alternate folder strategy was required because in
one of the tests if networking or energy were interrupted
when the folder was being generated, its structured could

EJBI — Volume 11 (2015), Issue 2
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be corrupted. If this happens, the other folder can be

accessed.

No other experience in creating this kind of repository
was found in the literature, used as redundant repository
or contingency.
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Abstract

Introduction:In recent years several standardized mod-
eling methods have been proposed that separate health
related data models from their underlying technical
data model. These methods presuppose representation
of information independently of (or uninfluenced by)
technical considerations. Among these methods is the
Detailed Clinical Model (DCM) paradigm. One of the
pillars of this paradigm is that all representations convey
the same meaning and are independent of the technical
standard that is used and the DCM standard claims to
achieve that. In this paper we will challenge that claim
by modeling the specific DCMs in two different technical
standards (CDA and FHIR) and testing if messages based
on these models are interconvertible.

Methods: We identified and categorized the problems
that may arise when mapping or combining multiple
standards creating representations of selected DCMs in
both FHIR and CDA to determine possible fundamental
problems using a technology independent model (DCM)
to represent technical models (FHIR and CDA).
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1 Introduction

1.1 Context

Hospitals and other healthcare providing organizations
typically have many different computer systems for every-
thing from billing records to patient tracking. This soft-
ware must be able to communicate with other software
inside and outside the facility to share clinical informa-

(©2015 EuroMISE s.r.o.

To test if the theoretical problems we encountered while
creating our example messages also occur during the ac-
tual transformation, and to determine any additional prob-
lems, we attempted to transform the Clinical Document
Architecture (CDA) representations of the DCMs to the
FHIR representations using Extensible Style sheet Lan-
guage Transformations (XSLT).

Results: Most aspects of the DCMs could be properly
represented in both FHIR and CDA, and can be trans-
formed from CDA to FHIR. However, we identified funda-
mental issues where information was lost or its meaning
was changed. This results in fundamental difficulties dur-
ing the implementation of the standards and when trans-
forming one standard to another.

Conclusion: Our research shows that possible loss and
change of meaning and lack of interconvertibility occurs
when implementing two separate technical standards based
on the same DCMs. This indicates that it does matter
which technical standard is used to implement a DCM.
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tion. It is important for hospitals and patient safety in
general that exchanged information is not lost or altered.

There is general agreement that making clinical doc-
umentation uniform saves time and resources and the ex-
change of data between healthcare institutions is much
simpler when there are less different data definition stan-
dards. For research and healthcare quality indicators it is
also desirable that healthcare data is saved in a uniform
way and close to the health processes. [I]

The eight academic hospitals in the Netherlands and
the National IT Institute for Healthcare in the Nether-
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lands (Nictiz), a knowledge center for IT and innovation
in the healthcare sector, took the initiative to work to-
gether on standardization of health data. The project
Generic Data for Patient Transfers (GenOGeg — "Gener-
ieke OverdrachtsGegevens" in Dutch), was started in Jan-
uary 2012 as the first project of the collaboration. The
scope of the project is to create a national cross-specialty
exchange dataset for when a patient gets transferred be-
tween healthcare facilities. [I]

In order to secure corresponding data, the Detailed
Clinical Model (DCM) paradigm is chosen, and a siz-
able set of DCMs have been published as a result of this
project. DCMs provide a method to specify what infor-
mation is potentially relevant. DCMs combine terminol-
ogy, professional knowledge, and data specification into in-
formation models, from which various technical solutions
can be developed. [2] Nictiz is planning to use a Health
Level Seven (HL7) version 3 Clinical Document Architec-
ture (CDA) Release 2 standard based on the DCMs as a
solution for this exchange.

Meanwhile, developments of a next version of HL7
are ongoing, coined Fast Health Interoperable Resources
(FHIR), which can also be used to represent DCMs. Over
the years, a lot of effort has been put in the specification
of clinical data elements. Clinicians, regulatory agencies,
health statisticians, institutions for quality control and
others invest in clinical data standards. [3] With this
growth of standards, the demand of standards that can
exchange information with other standards also grows.

As the GenOGeg project constitutes a large effort from
many people and different organizations, it is relevant to
consider how this work will be able to cope with the in-
evitable change in landscape of data standards in health.
For this it is vital to establish whether the current chosen
implementation of DCM can be transformed into the next
generation of standards.

1.2 Research

As FHIR is based on other models than HL7v3 [4], we
aim to investigate to what extent CDA representations of
the GenOGeg DCMs are different from the FHIR repre-
sentations and which problems occur when transforming
one into the other. A review about detailed clinical mod-
els states:

"DCMs organize health information via combining knowl-
edge, data element specification, relationships between
data elements, and terminology into information models
that allow deployment in different technical formats." [5]

The research question of this article is: Do different
representations of DCMs convey the same meaning and
are DCMs indepe