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Clinical decision support systems

patients’ structured medical data

diagnostic support therapy advice
* clinical alerts, reminders, calculations « drug alerts, reminders, calculations
» data interpretation, (tele)monitoring - indication, contraindications,
« differential diagnostic consultation redundant medications, substitutions
- rare diseases, rare syndromes - adverse drug events, interactions,

dosage calculations, consequent
orders

« management of antimicrobial therapies
e (open-loop) control systems

— further or redundant investigations
- pathological signs accounted for
* consensus-criteria-based evaluation
— definitions
— classification criteria

prognostic prediction patient management guidelines
* illness severity scores, prediction rules e guideline-based reminders
 trend detection and visualization e computerized clinical guidelines,

protocols, SOPs
* high-level patient and hospital analytics
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Arden Syntax and Health Level Seven (HL?7)

e A standard language for writing situation-action rules that can trigger alerts based on
abnormal clinical events detected by a clinical information system.

van Bemmel, J.H., Musen, M.A. (eds.) (1997)
Handbook of Medical Informatics, Springer-Verlag,
Heidelberg, Glossary, p. 559.

e Each module, referred to as a Medical Logic Module (MLM), contains sufficient knowledge to
make a single decision.

extended by packages of MLMs for complex clinical decision support

e Contraindication alerts, management suggestions, data interpretations, treatment protocols,
and diagnosis scores are examples of the health knowledge that can be represented using
MLMs.

extended by single and differential diagnostic support, temporal monitoring, control
systems, computerized processing of clinical pathways and management guidelines

e The first draft of the Arden Syntax was prepared at the Arden Homestead, New York, in
1989.

e The Health Level Seven Arden Syntax for Medical Logic Systems, Version 2.8, was approved
by the American National Standards Institute (ANSI) and by Health Level Seven
International (HL7) on 13 March 2012.
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Arden-Syntax-based, service-oriented
clinical decision support
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Arden Syntax server and software components

e Arden Syntax integrated
development and test
environment (IDE)
including

- Medical logic module
(MLM) editor and
authoring tool

- Arden Syntax compiler
(syntax versions 2.1,
2.5,2.6, 2.7, and 2.8)

- Arden Syntax engine

- MLM test environment

- MLM export component

e command-line Arden Syntax
compiler

health care
information system

results
reporting
tools

knowledge
administration

data

Arden Syntax
development & test
environment

knowledge Arden Syntax server 1)
<:: ~ : knowledge
W o
{— 8§ ‘
e _ results
|::> @ ! | data & knowledge Arden Syntax
£ services center data rule engine

1) integrated, local, or remote
2) Jocal and web services, web frontend

medexter

clinical decision support

e web-services-based
Arden Syntax server
including
- Arden Syntax engine
- MLM manager
- XML-protocol-based
interfaces, e.g., SOAP,
REST, and HL7
- a project-specific data
and knowledge services
center may be hosted
e Java libraries
- Arden Syntax compiler
- Arden Syntax engine

Fuzzy Arden Syntax

e extension to fuzzy sets, operators, statements, and parallel execution
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Crisp sets vs. fuzzy sets
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Regel zur Interpretation von klinisch relevanten Befunden
(Regelpramissen bilden Aquivalenzklassen)

REGEL 103:

WENN eine der folgenden 100 Kombinationen zutrifft

Hepaxpert/Interpretation

teleiatros®

HBsAg anti-HBs anti-HBc IgM-anti-HBc HBeAg anti-HBe
+ + - * - e |+ - x
+ + + -+ e+ -+
DANN

Das gleichzeitige Auftreten von HBe-Antigen und Anti-HBs-Antikérpern ist im nattrlichen
Verlauf einer Hepatitis-B-Virusinfektion ein seltenes Ereignis. Diese Befundkonstellation ist
entweder auf (a) zirkulierende HBsAg-anti-HBs-Immunkomplexe, (b) auf eine Koinzidenz

Knowledge-based interpretation of hepatitis A, B, and C serology

Interpretation

Benutzer: mxt Logout

Hepatitis-A-Serologie

[ Anti-HAV | IgM-anti-HAV | HAV-RNA |
| positiv | nicht untersucht [ nicht untersucht |

Antikérper gegen das Hepatitis-A-Virus finden sich in drei unterschiedlichen Situationen: (a) bei rezenter
Hepatitis-A-Virusinfektion  (akute ikterische oder anikterische Hepatitis, stille Feiung oder
Rekonvaleszenzstadium einer Hepatitis), (b) bei Immunitat nach fruherer Hepatitis-A-Virusinfektion oder (c)
nach aktiver Impfung oder passiver Immunisierung mit Gammaglobulin.

einer Hepatitis-B-Virusinfektion mit einer Hepatitis-B-Impfung oder Injektion von HB-
Hyperimmunglobulin oder (¢) eine Reinfektion mit einem Hepatitis-B-Virus mit
unterschiedlichem HBsAg-Subtypus zurlckzufihren. Blut und Sekrete (Speichel, Sperma,
Muttermilch) solcher Patienten sind als infektios anzusehen.

Hepatitis-B-Serologie

HBsAg Anti-HBs Anti-HBc IgM-anti-HBc |
positiv positiv positiv positiv |
HBeAg Anti-HBe Anti-HBs Titer

positiv positiv - - -/

Interpretation

von

Hepatitis-Serologie-Befunden (I)

Das gleichzeitige Auftreten von HBe-Antigen und Anti-HBs-Antikérpern ist im natirlichen Verlauf einer
Hepatitis-B-Virusinfektion ein seltenes Ereignis. Diese Befundkonstellation ist entweder auf (a)
zirkulierende HBsAg-Anti-HBs-Immunkomplexe, (b) auf eine Koinzidenz einer Hepatitis-B-Virusinfektion mit
einer Hepatitis-B-Impfung oder Injektion von HB-Hyperimmunglobulin ader (c) eine Reinfektion mit einem
Hepatitis-B-Virus mit unterschiedlichem HBsAg-Subtypus zurlckzufUhren. Blut und Sekrete (Speichel,
Sperma, Muttermilch) solcher Patienten sind als infektids anzusehen.

Hepatitis-C-Serologie

[ Anti-HCV |
| positiv |

HCV-RNA |
negativ |

Der erhobene Befund spricht flr eine friher abgelaufene HCV-Infektion oder fiir eine Remission einer
bestehenden HCV-Infektion. Bei klinischem Verdacht auf Hepatitis C sind Verlaufskontrollen indiziert. Das
Blut solcher Personen ist hinsichtlich Hepatitis C als infektits anzusehen.

Wichtiger Hinweis

Die Verantwortung fur Diagnose und Therapie eines Patienten tragt ausschlieBlich der behandelnde Arzt.
Konsultieren Sie daher immer einen Arzt. Nur dieser kann die Hepaxpert-Interpretation in Einklang mit dem
gesamten klinischen Bild des Patienten bringen.

& 2007-2009 Medexter. All rights reserved. | Terms of Uss | Privacy Policy | Imprint | 10/25/2010




Interpretation |
of
hepatitis serology test results (II)

Parameters anti-HBs titre

HBsAg Results

anti-HBs

This constellation of findings (positive Igh
anti-HBc antibodies with negative HBs- anc
HBe-antigen and negative anti-HEs and
anti-HBe anlibodies) occurs in the course of

anti-HBc

acute nepatilis B and Is characteristic of the
seraccnversion both of HBs-antigen lo anti-
HBs and of HBe-anticen to anti-HBe
antbodies. This stage may e regarded as
a favorable prognastic sign with a view 1o a
Aon-chronic course ol the disease. Blood
aNng Secretions (saliva, sperm, oreast mik)
af the patient are © be considered
nfectious.

IgM anti-HBc

1150 AM

Carrier =

HBeAg

anti-HBe

Hepaxpert/Interpretation

Knowledge-based interpretation of hepatitis A, B, and C serology

Hepaxpert/Interpretation

Knowledge-based interpretation of hepatitis A, B, an

anti-HBs titre

Input of test resuits Interpretation

Hepatitis A serology Hepatitis A serology

anti-HAV © positive () negative () borderline () not tested anti-HAV  IgM anti-HAV HAV-RNA
N N posilive
’ - AE - ~ . - ~
IgM anti-HAV (O pesitive @ negative () borderline () not tested Positive resulls ‘or Iotal ant-HAY antibodiss in combination with negative results for IgM ant-HAV
- » ) N ) . antibodizs Indicate Immunity 1o the hepalitls virus A and exclude the possibility of a recent hepatitis
HAV-RNA (_J positive o negative () borderline () not tested A. This immunity may either have been acquired naturally through an earlier infection or t may have

been induced by aciive vaccination or passively acquired immunization.

Hepatitis B serology

Hepatitis B serology

—~ . . —~ . —~ HBsAg anti-HBs anti-HBe IgM anti-HBc HBeAg anti-HBe anti-HBs titre
HBsAg () positve @ negative () borderline () not tested positive positive
ant-Bs O negate (O torcrine ) not testa R e e e s e e
ani- 1B O regative. O bordrine. ©) not tested el e b b ey s Sk i
|gM anti-HBc o positwe Ir\-) negative (\-: borderline (\-) not tested ggﬁ:;ecr};;hi'g(\:s(;zs: Blood and secretions (saliva, sperm, breast milk) of the patient are lo be
HBeAg () positive @ negative () borderline () not tested
anti-HBc ) positive @ negative () borderline () not tested

Hepatitis C serology

anti-HCV
positive
There is a recent or chronic persisting or an earlier hepatitis C virus nfection. An additional test for
HCV-HNA zdds further nformabon. Blocd of such pﬂl\EﬂlE may be considered as infectious with

regard to hepatitis C.

anti-HBs titre un

HCV-RNA

Hepatitis C serology
anti-HCV © positive () negative () borderline () not tested

() borderline @ not tested

Important Notice
The attending physician alone is responsible for the patient's diagnosis and therapy. Therefore,

contact a dector at all times. Only the doctor will be able to align the Hepaxgert interpretation with
the full clinical picture of the patent.

HCV-ANA () positive () negative

Submit

®2007-2011 Medexter. All rights reserved ©2007-2011 Medexter. Al rights reserved.
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Production at the Vienna General Hospital
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Development at the Medical University of Vienna
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GELLO/vMR—Query and expression language / accessing a
virtual medical record data model
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GELLO/vMR and Health Level Seven (HL?7)

e An object-oriented (OO) query and expression language for decision support

e Originally developed as a guideline expression language for query statements and
decision rules

e Based on the existing object constraint language (OCL) and HL7's reference
information model (RIM)

e The GELLO language can be used to
— Build up queries to extract and manipulate data from medical records

— Construct decision criteria by building up expressions to reason about particular
data features/values

e Proposal to use a virtual medical record (vMR) that provides a standard interface to
heterogeneous medical record systems

e Includes using of terminologies/ontologies such as SNOMED CT and LOINC

e 2005 adopted as international standard by HL7 and the American National Standards
Institute (ANSI)
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Clinical decision support with Arden Syntax and GELLO/vMR

e CDS platforms
- based on Arden Syntax and Fuzzy Arden Syntax

O with data (sometimes) and knowledge services center and extended interoperability (web-
services, XML data interfaces, libraries)

e integrated into or interconnected with
- CareVue and ICIP PDMSs (by Philips)
[0 monitoring and reporting of ICU-acquired infections (ICUs and NICUs)
ICM (by Drager)
O ICU decision support modules (Universitatsklinikum Erlangen)
- i.s.h.med HIS (by Siemens AG)
O dosing of immunosuppressive drugs for kidney transplant patients
O prediction of metastases in melanoma patients
O standard operating procedures for chemotherapy treatment of melanoma patients
- medico//s HIS (by Siemens AG)
O laboratory-based clinical reminders
- Soarian HIS (by Siemens AG) and Orbis HIS (by Agfa)
O hepatitis serology test interpretation
- VistA HIS (by Department of Veterans Affairs)
0 service-oriented, standards-based CDS (clinical reminders and patient report cards)
- Monitoring adverse drug events (FFG project with Salzburger Universitatsklinikum)
- Teleiatros, iPhone, iPad
O remote CDS, mHealth




