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Abstract
Background: Recently, the Austrian Patient Summary
(APS) and Austrian Microbiology Report (AMR) document
definitions were added to the Austrian national electronic
health record repository. How to employ these standardized,
structured patient data in clinical decision support (CDS)
systems remains an interesting research subject.
Objectives: To create a proof of concept for the emergency
use of APS and AMR documents in a variety of CDS platforms
and standards in an intensive care setting, in order to
generate new insights by linking individual documents to
different CDS approaches.
Methods: APS and AMR definitions were stored using
MongoDB, a document-oriented database system. For
implementation of the clinical use case CDS, we selected
the Drools business rule management system, as well as
the ArdenSuite software for implementing the HL7 Arden
Syntax for Medical Logic Systems standard.

without the need for additional coding of technical or
algorithmic code, which results in smaller rules. In contrast,
the use case implementations in Arden Syntax using the
ArdenSuite required additional technical coding, distracting
from the medical knowledge implementation. The Arden
Syntax as a knowledge definition standard is, however,
better understandable due to its resemblance to natural
language compared to the Java-like definition language
used in Drools.
Conclusion: With the nation-wide availability of structured
documents, the foundation for the implementation of
clinical decision support systems has been laid. Commonly
used open-source platforms offer extensive possibilities
for the implementation of CDS systems. This evaluation of
modern business rule management systems will advance
the implementation of powerful clinical decision support
solutions valuable to all stakeholders.
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1 Introduction

steadily increased. Over the years, various CDS systems for
a large variety of medical specialties and purposes have been
As the volumes of medical data generated in healthcare created, with varying success, e.g., in infection control [1, 2].
become greater, and the heterogeneity of these data continues
One of the prerequisites for creating successful,
to increase as well, the need for support in evaluation and
interoperable
CDS systems is the availability of structured,
interpretation of these data increases as well. As a result,
the demand for clinical decision support (CDS) systems has standardized data sources. Structure in data improves its
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usability in digital processing, including CDS system, while
semantic standardization through the use of code standards and
value sets allow interpretation across healthcare institutes, and
even across borders. In our approach, we restricted data sources
to documents structured in the Clinical Document Architecture
(CDA), an international document markup standard that
specifies the structure and semantics of clinical documents for the
purpose of exchange between healthcare providers and patients
[3]. CDA documents are easy to use because of their in machinereadable format and well-known access methods. Furthermore,
due to their XML-based encoding, extraction of individual data
elements is quite easy as well, and supported by standardized
methods on many development platforms, including Java.
Whereas interoperability standards like CDA express
structured aspects of a patient’s health, (e.g., a test result, or an
overview of a patient’s allergies), clinical decision support can
be used to create connections between these structured data
elements in order to generate new information. In this process,
new, higher-level insights in a patient’s health or comprehensive
views on a patient’s health in a specific, expert context, e.g.,
infection control, are provided through combination and
interpretation of data element from individual documents
and medical knowledge. To this end, basic elements of a CDA
document have to be transformed - depending on the context
- for further examination and linkage with other data sources.
Furthermore, based on this kind of representation of the source
data, a formal knowledge representation system is required for
the generation of new knowledge.
In this study, we explore the use of CDA documents for
clinical decision support. To this end, we combined two types of
CDA-based document standards, the Austrian Patient Summary
and the Austrian microbiology lab report. The Austrian Patient
Summary contains essential healthcare information intended
for unscheduled (e.g. emergency) use, whereas the Austrian
microbiology laboratory report provides relevant information for
the observation and therapy of bacterial or other microbiological
infections. Given an infection control use case in an intensive care
setting, we demonstrate how decision support can be applied to
combine aforementioned data sources. To enable comparison
between different knowledge representation standards in decision
support, we implemented the use case in both Arden Syntax [4],
a knowledge-based clinical decision support system standard,
and in Drools [5], a general-purpose business rule management
framework.

structure and CDA Release 2 was stipulated as the relevant
document standard. In a nationwide specification process
for these CDA documents the main stakeholders of the
Austrian health system have developed so called “CDA
Implementation Guides” for classes of documents like the
“Physician’s Discharge Summary”, the “Nursing Discharge
Summary”, the “Laboratory Report” and the “Diagnostic
Imaging Report” on a consensual basis.
In this section we provide a short overview of other standard
documents, which are used in this study (a comprehensive
discussion falls outside of the study scope):
•

The Austrian Patient Summary document based on the
International Patient Summary document and

•

The Austrian microbiology lab report.

International and Austrian Patient Summary: According
to HL7 IPS [6], the International Patient Summary (IPS)
document is “an electronic health record extract containing
essential healthcare information intended for use in the
unscheduled or unplanned, cross-border care scenario”. In
this context, the scope of “essential healthcare information”
is defined by the required elements of the IPS dataset, which
is a specialty-agnostic, condition-independent minimal and
non-exhaustive patient summary dataset, readily usable by
clinicians.
The current IPS implementation comprises a set of
templates and profiles based on HL7 Clinical Document
Architecture (CDA) Release 2 [3] and Fast Healthcare
Interoperability Resources (FHIR) [7] resource profiles, with
value sets to support standardized coding of data elements.
As the use of IPS documents is cross-jurisdictional in nature
(both on an international and national level), this implies a
need for common templates, and supported value sets based
on international (multi-lingual) vocabularies [8].
In 2005 the foundation was laid for the establishment of
an Austrian-wide electronic health record system (German
acronym: ELGA). Since then, a variety of ELGA-supported
structured, standardized document templates [9] were
conceived and implemented in the majority of hospitals and
at general practitioners, including document templates and
resource definitions for electronic prescription, discharge
summaries, laboratory report and radiology reports.

The Austrian Patient Summary (APS) [10] document
is the latest document structure to have been developed.
A patient summary working group was formed which met
between 2016 and 2017 and, under the auspices of ELGA
2 Methods
management, harmonized the APS content requirements and
2.1 Clinical Document Interoperability Standards the terminologies to be used. The resulting APS document
definition contains provisions for general demographic
Central to this study is the combination of heterogeneous patient data (e.g. name, date of birth, gender), a summary
medical information, which is spread over different clinical of the insights and contents from the medical records of
documents. CDA is the key to the harmonization of health data the patient (e.g. current medical problems, allergies and
EJBI – Volume 14 (2018), Issue 3
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the degree of intolerance, major surgical interventions, medical The AMR implementation guide includes sections on
implants, inoculations) as well as the current medication. A general report information, information on the collected
sample of an APS document is shown in Figure 1.
test sample, and microbiological laboratory results. The
In accordance with the IPS document definition, APS general report information section provides administrative
documents are structured XML documents that comply with the information clinical context on the reported result, e.g., the
HL7 CDA R2 standard. The CDA Implementation Guide for the date of order entry, a patient’s suspected diagnosis, requested
APS was created using ART-DÉCOR [11], an open-source tool examinations, and comments on report findings. The section
that supports the creation and maintenance of HL7 templates, on the collected test sample contains information on the test
value sets, scenarios and data sets. The technical specification is specimen, e.g., its time of collection, material type, the
based on the IPS Implementation Guide [6] and was subsequently procedure with which it was extracted, as well as comments
published via a wiki.
on the specimen quality. Finally, the results section
The Austrian Microbiology Lab Report: The CDA imple- contains all relevant result information, e.g., microscopic
mentation guide for the Austrian microbiology laboratory report and macroscopic information, detected pathogens and
(AMR) is an extension of the existing CDA laboratory report, their antibiotic resistance patterns, infection serology, etc.
which is based on the Integrating the Healthcare Enterprise (IHE) A document sample of the AMR is shown in Figure 2.
Sharing Laboratory Reports (XD-LAB) Integration Profile [12]. The
For the standardization of entry values, various coding
AMR enables the caregiver to obtain relevant information for the obmechanisms
have been used, including SNOMED CT [13],
servation and therapy of bacterial or other microbiological infections
LOINC
[14],
HL7
value sets (e.g., observation-interpretation,
and to import the structured and coded data into their electronic
specimen
type,
…)
and ELGA value sets used to complement
health record (EHR). At the time of writing, the implementation
aforementioned code systems.
guide is subject to the normative ballot process of HL7 Austria.

Figure 1: Austrian patient summary document sample.
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Figure 2: Austrian microbiology lab report.

2.2 Methods and Tools for Knowledge Definition based user interface that allows authoring and management
of business rules and the underlying data model. Second, the
and Inference
For our CDS use case we created a knowledge-based CDS
system. Knowledge-based systems are production rule systems,
for which a collection of rules and restrictions are defined. These
rules are then evaluated with actual patient data (facts) using an
inference mechanism.

Drools Expert module, which is the declarative, rule based,
coding and execution environment, which implements both
forward chaining (data-driven analysis, based on the Rete /
Rete-OO algorithm [15, 16] and backward chaining (goaldriven analysis). Using these two tools and the Drools core,
we defined the data model for both the APS and the AMR and
implemented the clinical use case.

After evaluation of different tools and standards, we chose
ArdenSuite CDS platform: Arden Syntax is an HL7
to implement our CDS use case with one of the more popular
general-purpose, open-source business rule management systems standard for the computerized representation and processing
of medical knowledge, e.g., treatment rules, diagnostic
(BRMS) called Drools [5].
decision trees, and risk scores. An Arden Syntax knowledge
Apart from using a general-purpose tool, we also implemented
base commonly consists of multiple modules, called medical
our use case in a standard developed specifically for knowledge- logic modules (MLMs) [17, 18]; these MLMs partition the
based clinical decision support systems as well: the HL7 Arden knowledge base in highly-cohesive knowledge artifacts,
Syntax for Medical Logic Systems [4].
where each MLM should contain logic pertaining to a single
The Business Rule Management Platform Drools: Drools is medical decision.
an open-source BRMS platform implemented in Java. Without
In contrast to Drools, Arden Syntax makes no assumptions
going too much into the intricacies of Drools, the platform can about an underlying data model. Instead, in Arden Syntax
be described as a collection of tools that permits the decoupling external data resources can be accessed using read or write
of data and logic, and allows reasoning over data within various statements, or within curly braces, where larger data query
business processes, including medical reasoning. As such, Drools and retrieval operations can be defined. Execution of these
requires that a data model is created on which rules are applied. operations is forwarded to the host system, where it is
In turn, declarative rules are defined that express constraints on executed, after which results are returned to the Arden Syntax
the data model.
MLMs.
For this study, two Drools components are of especial
For this study, we used the ArdenSuite clinical decision
importance. First, the Drools Workbench, which is the web- support technology platform for the implementation and
EJBI – Volume 14 (2018), Issue 3
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execution of our clinical use case [19]. The ArdenSuite comprises
an ArdenSuite server which is used for the storage, management,
and execution of MLMs. Furthermore, it contains an ArdenSuite
integrated development and test environment (IDE), which
serves as an authoring and test tool for Arden Syntax MLMs. To
access external data sources, the ArdenSuite comes equipped with
a standard connector for Java Database Connectivity (JDBC)compatible databases.

2.3 Clinical Use Case
Consider the following (simplified) clinical use case: An
unresponsive patient required emergency heart surgery and was
transferred to the intensive care unit (ICU) afterwards. After
three days, the patient – still unresponsive – develops clinical
infection symptoms, i.e., fever, increased need for vasopressin
(noradrenaline). Increased infection parameters (elevated
leucocyte counts and C-Reactive protein). To confirm suspicions
of sepsis and determine its source, blood samples are taken and
sent to the department of clinical microbiology. Simultaneously,
the surgeon starts a broad-spectrum antimicrobial therapy (either
amoxicillin or meropenem). Two days later, the microbiology
test results confirm the presence of Methicillin-Resistant
Staphylococcus Aaureus (MRSA), upon which the treatment is
changed to either vancomycin or daptomycin.
The aforementioned scenario falls in the scope of intended
data use for both the IPS/APS and the AMR. In this case, essential
healthcare information is provided for unscheduled (emergency)
use. Despite the patient being in an unresponsive state, his/her
allergies to various antibiotics, if any, are available in the IPS/APS.
This provides invaluable information for both the initial broadspectrum antibiotics treatment and the later treatment for MRSA:
The AMR also provides essential, standardized information on
antibiotic susceptibility of the MRSA pathogen which can be
compared with available allergy information.
In this study, we implemented alert rules for both decision
making scenarios (with respect to antimicrobial therapy) in a
knowledge base:
1. The selection of broad-spectrum antimicrobial therapy,
motivated and informed by allergies reported in the IPS/
APS and the antimicrobial agent selected by the attending
physician, and

earlier in Figure 1) to allow the physician to make a fully
informed decision. Furthermore, in the second use case,
a second warning is generated if an antibiotic is selected to
which the pathogen has increased resistance (encoded in the
data as either “intermediary” or “resistant”).

3 Results
For document storage, we used the MongoDB Community
Edition [20], a free, open-source, document-oriented
alternative for the management of HL7 CDA documents.
Although there are various benefits to using MongoDB, our
primary reasons were both the availability of a Java driver
and a JDBC connector, its ability to store data in flexible
document that can change over time (“schema-free”), and its
consistent performance in the management of complex CDA
documents [21].
Data import from both CDA-based document and
subsequent translation to Binary JSON (BSON) format was
done using the open-source Model-Driven Health Tools
(MDHT) library [22]. Using this library, we created classes
for relevant information elements for both APS and AMR,
instantiated them for each document in our test data, and
serialized them as JSON objects to the MongoDB database.
Separate collections (collections are analogues to tables
in relational databases) were created for each document
type. Data access to the MongoDB database depended on the
CDS implementation method (Drools or Arden Syntax). A
graphical depiction of the process described above in Figure
3.
For the implementation of the use case, we used a
simplified approach as a proof of concept. In the use case
scenarios, medication names for patient allergies and pathogen
antimicrobial resistance patterns are matched against a single
antibiotic name proposed by the physician. A more advanced
approach would take into account transformation of names
to and from an ontology or thesaurus of medication families,
e.g., as is defined in the Anatomical Therapeutic Chemical
(ATC) Classification System, whereby we take into account
allergies or resistances to a family of medications or active
ingredients in a medication. This approach was deliberately
omitted in this paper, and left for publication of the clinical
use case implementation at a later stage.

2. The selection of antimicrobial therapy for MRSA, based on 3.1 Drools Implementation
the antimicrobial resistance patterns of the MRSA pathogen
For the implementation of our clinical use case in Drools,
reported in the Austrian microbiology report, the allergies
we
first
had to implement persistent objects for the underlying
reported in the IPS/APS and the antimicrobial agent
data
model
based on the APS and AMR document definitions.
selected by the attending physician.
Based on these object definitions, we automatically generated
For both scenarios, alerts are implemented that warn the facts (in the form of messages) that were inserted in the Drools
physician in case an allergy to an antimicrobial agent is present; rule engine (Figures 4a and 4b) show the message definitions
the alert also presents the severity of the intolerance (as shown for the APS and the AMR.
EJBI – Volume 14 (2018), Issue 3
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Figure 3: Data and information flow for our study use case implementation.

Figure 4(a): Austrian Patient Summary fact definition in Java / Drools (4b). Austrian Microbiology Report fact definition in
Java / Drools.
To generate facts for Drools, we wrote supporter functions
that would unravel list and other containers in Java and thus
create a number of facts by Cartesian product. An example: If a
new microbiology report was detected, in which antimicrobial
resistance patterns for m pathogens were tested with n different
antimicrobial agents, then m*n facts were inserted; each fact
contains a pathogen name, an antimicrobial substance, and a
resistance indicator.

5 shows the implementation of the first use case decision
scenario, in a rule called “Find allergy”. This rule is only fired
if an antibiotic was proposed by the physician and if this
antibiotic matches an allergy recorded in the Substance field
of the APS message. If so, an AllergyFound message is created
and passed on.

In this rule, the presence of a substance allergy (the
member
variable Substance of the message $apsm) is checked
Because of the supporter functions, the knowledge base
against
$antib,
the proposed antibiotic by the physician.
itself could be implemented in a straightforward fashion. Figure
EJBI – Volume 14 (2018), Issue 3
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Similarly, a rule for the second decision scenario (named
“Find resistance pattern”) was defined, which is shown in Figure
6. Note that only the alert for increased resistance is implemented
here; as Drools checks facts against all rules in the knowledge
base, an explicit call to the first rule is not necessary.
In this rule $antib, the proposed antibiotic by the physician, is
checked against the resistance pattern of a pathogen against the
Substance recorded in the AMRMessage $amrm.

3.2 Arden Syntax Implementation
The resulting Arden Syntax knowledge base comprises four
MLMs. Two MLMs provide supporting functions for both
document types; for each document type, we implemented
Arden Syntax object definitions, database query definitions and a
function that transforms coded database query results into their
decoded counterparts and returns those in the defined object.
The remaining two MLMs implement the decision logic for both
decision making scenarios in the use case using aforementioned

support functions. Database access was provided by
configuring the ArdenSuite DBConnector for our MongoDB
server.
Analog to our Drools implementation, we created objects
that model APS and AMR information necessary to our
decision making processes. Figures 7a and 7b show (relevant
parts of) the Arden Syntax object definitions for respectively
the APS and AMR. Using these objects, the two decision
making scenarios were implemented. The logic in the MLM
for the first scenario is shown in Figure 8. In this MLM, we
have to explicitly check for identifications, as we don’t have
an underlying persistent data model and instead need to
use queries. Furthermore, we have to perform various type
checks in order to correctly handle the data. As a result, a
(list of) allergy objects is returned if allergies were found,
otherwise the MLM returns NULL (return code not shown).
In this module, the presence of allergies is checked against
the parameter antib, again representing the antibiotic agent
proposed by the physician.

Figure 5: Drools rule “Find allergy” for the first use case decision scenario.

Figure 6: Drools rule “Find resistant pathogen” for the second use case decision scenario.
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28

Seifter P et al.- A Comparison of Business Rule Management Systems......

4 Discussion

Figure (7a): Austrian Patient Summary object definition in
Arden Syntax (7b). Austrian Microbiology Report object
definition in Arden Syntax.
Finally, in Figure 9, (part of) the MLM for the second
scenario is shown. This MLM calls the previous MLM and
additionally verifies that any pathogen found in the patient is not
(intermediary) resistant to the antimicrobial agent proposed by
the physician. Similar to the MLM in Figure 8, we again have to
perform some type handling. As a result, a (list of) allergy objects
and a list of resistance objects is returned if allergies or resistances
were found, otherwise the MLM returns NULL (return code not
shown).
In addition to calling the MLM previously discussed, this
MLM also verifies that none of the found pathogens in the
available microbiology reports are (intermediary) resistant to
antib, the antibiotic agent proposed by the physician.

In this paper we discussed the implementation of a
clinical infection-control use case that employs patient data
from two new standardized medical documents in Austria:
The Austrian Patient Summary (based on the International
Patient Summary) and the Austrian Microbiology Report.
Data from these documents were extracted, and the clinical
use case was implemented using two different knowledge
definition standards: the general-purpose platform Drools,
and HL7 Arden Syntax for Medical Logic Systems.
Both patient data document types are structured using
CDA R2, but some data entries are optional. Furthermore,
both document definitions are very recent and still subjective
to change. Because of these sources of potential variability
in document structure, we chose to store these documents
in MongoDB, as there is no rigid schema definition, and
because it allows for high loads due to its horizontal
scalability (which is useful for data-intensive epidemiological
applications). However, these benefits required that some
traditional properties of classical data base management
systems are changed or omitted (e.g., a lack of table joins). As
of yet, little research has been done on the use of MongoDB
in EHRs or for the storage of structured medical documents,
but initial results are encouraging, showing good and
consistent performance in the management of complex CDA
documents, even in a non-optimized implementation [21].

Figure 8: Medical logic module for the first decision scenario.
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Figure 9: Medical logic module for the second us case decision scenario.
Our choice for Drools as one of the platforms to implement
our clinical use case was motivated by a short online study that
we performed on popular open-source decision support tools.
In the results of our online search, Drools appeared more often
than other tools and platforms that we came across. Moreover, a
search on PubMed showed that there are various publications on
the successful implementation of CDS systems with Drools [23,
24, 25]. Our choice for Arden Syntax was a straightforward one
and follows from the description and purpose of the standard: A
clinical and scientific knowledge definition language that is used
in a computer-executable format by clinical decision support
systems [26].

allow for shorter rule definitions without the need for
additional technical or algorithmic implementations in the
knowledge base.
A comparison of the knowledge definition languages
themselves showed that the Drools rule definition language
and its conventions remind strongly of the Perl language,
and the Java programming language on which Drools is
based. As such, it has a very technical appearance and is
therefore harder to understand for those without a technical
background. In this respect, the Arden Syntax has a clear
advantage; the syntax was created for a broad, potentially
non-technical public, thereby supporting operations not
only tailored to use in the clinical realm, but also expressed
in a syntax resembling narrative, natural language [26].
This makes understanding MLMs easier, which allows the
MLMs themselves to serve as a communication device
between knowledge engineer and clinician. By avoiding an
intermediate representation, a potential source of translation
errors is avoided.

When comparing our CDS implementations we have to
distinguish between the implementation languages and their
supporting frameworks. At first sight, the Drools implementation
of our clinical use case seems shorter and easier, but this is for a large
part because of the underlying Drools platform implementation.
ArdenSuite and Drools offer similar functionalities i.e., both offer
an IDE, web-based remote deployment, facilities for database
access and workflow support in Business Process Modeling and
There are various caveats and limitations to this study.
Notation (BPMN). However, compared to the ArdenSuite, the Although the authors have a thorough understanding of
Drools platform is richer in features and offers pre-implemented CDA principles and the APS and AMR, and are proficient in
forward and backward chaining reasoning algorithms, which the use of MongoDB, Drools and Arden Syntax, the various
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data model and knowledge base implementations provided in this
the 21st century: a systematic review. J Am Med Inform
study are not guaranteed to be optimal. The comparison provided
Assoc. 2014; 21: 942-951.
in this study is a proof of concept that needs further evaluation.
[2] Freeman R, Moore LSP, García Álvarez L, Charlett
Given that only a small rule base has been implemented, the
A, Holmes A. Advances in electronic surveillance for
scalability of the used tools has to be verified, both for the data
healthcare-associated infections in the 21st Century: a
model implementation in MongoDB and certainly for the used
systematic review. J Hosp Infect. 2013; 84:106-119.
CDS platforms and standards. Nonetheless, this study yielded
useful experiences and knowledge on the implementation of CDS [3] Health Level Seven International. HL7 Standards Product
systems in combination with CDA-based document standards.
Brief - Clinical Document Architecture (CDA®) Release
Furthermore, this study generated hypotheses on combining
2.
http://www.hl7.org/implement/standards/product_
implementations, possibly using the Arden Syntax a knowledge
brief.cfm?product_id=7
engineering tool and then translating it to Drools projects to
[4] Health Level Seven International. HL7 Standards
take advantage of the strength of both the Arden Syntax and the
Product Brief - Arden Syntax v2.10 (Health Level Seven
powerful underlying Drools implementation. To the authors’
Arden Syntax for Medical Logic Systems, Version 2.10).
knowledge, a proof of concept for such an undertaking exists, but
http://www.hl7.org/implement/standards/product_brief.
was never followed up on [27].
cfm?product_id=372

5 Conclusion

[5] Red Hat, Inc. Drools-Business Rules Management System
(JavaTM, Open Source). https://www.drools.org/

The selection of methods and tools to generate new
insights in a clinical environment based on medical data is a [6] Health Level Seven International. International
Patient Summary - HL7 IPS. http://internationalkey factor for correct and efficient knowledge creation. The
patient-summary.net/mediawiki/index.php?title=IPS_
need to manage heterogeneous medical information requires
implementationguide_1
the use of interoperability standards for clinical documents.
This requirement is met due to the ELGA project and the [7] Health Level Seven International. Fast Healthcare
standardization activities in Austria.
Interoperability Resources (FHIR), Version 3 (Standard
for Trial Use). https://www.hl7.org/fhir/
With the nation-wide availability of structured documents, the

foundation for the implementation of clinical decision support [8] European Commission. International Patient Summary:
systems has been laid. Furthermore, linking individual patient
Policy, deployment, competencies and standards.
health documents enriches the quality and insight of structured
European Commission. https://ec.europa.eu/digitalpatient data.
single-market/en/news/international-patient-summarypolicy-deployment-competencies-and-standards
The implementation of the clinical use case in Drools could

be done quite efficiently, and allows for easy entry into the world [9] ELGA GmbH. Technical Basics. http://www.elga.gv.at/
of medical information management, while the implementation
index.php?id=2
in Arden Syntax produced software solutions which are easy to
[10] HL7 Austria. ILF:Patient Summary Guide. https://wiki.
understand due to its resemblance to natural language.
hl7.at/index.php?title=ILF:Patient_Summary_Guide
As future work, we plan to extend and advance this evaluation
[11] ART-DECOR Expert Group. ART-DECOR®.https://
of modern business rule management systems, in order to
www.art-decor.org/mediawiki/index.php?title=Main_
advance the implementation of more powerful clinical decision
Page
support solutions valuable to all stakeholders.
[12] Integrating the Healthcare Enterprise (IHE). Laboratory
Technical Framework. http://www.ihe.net/Technical_
6 Acknowledgement
Frameworks/#laboratory
The authors are indebted to their colleagues from SDOs such
as HL7 for open minded and kind cooperation and valuable [13] Snomed International. SNOMED CT. https://www.
snomed.org/snomed-ct
support. Furthermore, the authors would like to thank Dr. Martin
de Jonge of the Gesundheit Nord GmbH Klinikverbund Bremen [14] Regenstrief Institute. LOINC -The freely available
for his invaluable assistance in specifying the clinical use case.
standard for identifying health measurements,
observations, and documents. https://loinc.org/
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