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HL7 - global interoperability standards

e HL7 provides standards for interoperability

improve care delivery, optimize workflow, reduce ambiguity and enhance knowledge transfer

e HL7 Standards

Version 2.x messaging standard

Version 3: specifications based on HL7’s Reference Information Model (RIM)

- for messaging and documents

CDA® (Clinical Document Architecture): a V3 based document markup standard that specifies
the structure and semantics of "clinical documents" - CDA implementation guides

Vocabulary Standards

CTS2 (Common Terminology Services) - services for accessing and managing terminological
content

ARDEN Syntax

e HL7 Base Standards are licensed - but that license is free (“license at no cost”)




About HL7

e Health Level Seven International (HL7), founded in 1987
e a not-for-profit, ANSI-accredited standards developing organization in healthcare-IT
e collaborates with other SDO like ISO, DICOM, IHTSDO, IHE, ...
e headquarter: USA (Ann Arbor, MI)
e >2.300 members (healthcare providers, government agencies, vendor community, ...)
e 34 affiliate organizations around the world (18 in Europe)

e HLZ7 Austria I_L1
e Founded in 2007 AUSTRIA
e Activities: information source, support, ballots (eg. CDA IG), e-Learning, courses,
meetings/conferences, “Austrian interoperability forum”

e www.hl7.at Twitter https://twitter.com/HL7 Austria



http://www.hl7.at/
https://twitter.com/HL7_Austria

ELGA & Decision Support @

ELGA has (momentary) no decision support mechanisms, but...

e ELGA gives access to a collection of relevant and highly structured and
semantic interoperable healthcare documents (HL7 CDA Rel. 2)

e ELGA provides supplemental standardized information for a patient
- Local EHR can be completed with downloaded information from ELGA

e The aggregated data pool (local EHR+ELGA) may be used for clinical decision

support!
e Example: ELGA medications, discharge diagnoses, lab results, ...




HL7 activities toward clinical decision support standards

Arden Syntax for Medical Logic Systems, Version 2.10 (May, 2014)

HL7 Version 3 Standard: Gello; A Common Expression Language, Release 2
(April 2010)

HL7 Version 3 Standard: Virtual Medical Record for Clinical Decision Support
(vMR-CDS) Logical Model, Release 2 (January 2014)

HL7 Version 3 Standard: Clinical Decision Support Knowledge Artifact
Specification, Release 1.1 (April 2014)

http://www.hl7.org/implement/standards/index.cfm?ref=nav



http://www.hl7.org/implement/standards/index.cfm?ref=nav

Arden Syntax and Health Level Seven (HL?7)

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

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

The Health Level Seven Arden Syntax for Medical Logic Systems, Version 2.9—
including fuzzy methodologies—was approved by the American National Standards
Institute (ANSI) and by Health Level Seven International (HL7) on 14 March 2013

Version 2.10---including ArdenML, an XML-based representation of Arden Syntax
MLMs---was approved on 6 May 2014

» continuous development since 1989




General MLM Layout
Maintenance Category
Library Category
Knowledge Category
Resources Category

Identify an MLM
Data Types

Operators
Basic Operators
Curly Braces
List Operators
Logical Operators
Comparison Operators
String Operators
Arithmetic Operators
Other Operators

Control Statements
Call/Write Statements and Trigger

maintenance

library

knowledge

resources




Sample MLM (excerpt)

o
105;;u1t := new bmiResult; // create an empty result ohject
weight := latest of weights; /7 get the latest weight from the 1ist
size := call mimForReadSize with patientID; // get the size of the patient calculated by another MLM
result.bmi := weight / (size ** 27; // calculation of BMI
age := currenttime - birth; // calculation of AGE

A4 ClassiTication - the classification is only valid fTor patients older than 19

if the age is Tess than 19 wears then result.classification = null;

gl=eif the result.bmi is less than 18.5 then result.classification := lTocalized 'under';
el=eif the result.bmi is Tess than 25 then result.classification = null;

gl=ze let the result.classification be localized 'over';

andif;

result.bmi := result.bmi formatted with lTocalized 'msqg'; // construct the Tocalized message

if (time of weight) is before (currenttime - & months) then

conclude false; //no bmi calculation iT the Tatest measure was & months ago
alza

conclude result.classification is present ; 4/ iT there is a classification, execute the action slot
endif;




ArdenML: Objectives and applications

e Provide a complete XML schema for Version 2.10 of the Arden Syntax to
express MLMs in XML

e Thus, Arden Syntax is now compatible with all other HL7 standards based on
XML (HL7 version 3, VmR, and others)

e Further benefit: To be able to use available XML tools




ArdenML: Example

<Library=
<Purpose=Test</Purpose=
<Explanation></Explanation>
<Keywords></Keywords=
</Library=
<Knowledge>
<Type=data_driven</Type>
<Data=</Data>
<Evoke></Evoke>
<Logic>
<Assignment>
<Identifier var= /=
<Assigned=
<Value otype= >1990-83-15T15:00:00</Value>
</Assigned=
</Assignment=
<Assignment>
<Identifier var= /=
<Assigned>
<ReplaceYearWith=
<Identifier var= /=
<Value otype= >2011</Value=>
</ReplaceYearWith=
</Assigned=
</Assignment>
<Assignment>
<Identifier var= /=
<Assigned=
<ReplaceYearWith=
<Identifier var= />
<List=>
<Value otype= >2011</Value=
<Value otype= =2010</Value>
</List=>
</ReplaceYearWith>
</Assigned>




Cross compilation/transformation of Arden Syntax to/from ArdenML

Arden Syntax
authoring component

Arden Syntax ArdenML

Arden Syntax compiler

=~ -

Team effort by Intermountain Hospital, Salt Lake City, Utah, U.S.A., and
Medexter Healthcare, Vienna, Austria




Computers in clinical medicine—steps of natural progression

» step 1: patient administration
« admission, transfer, discharge, and billing

« step 2: documentation of patients’ medical data
« electronic health record: all media, distributed, life-long (partially fulfilled)

» step 3: patient and hospital analytics
« data warehouses, quality measures, reporting and research databases,
patient recruitment
... population-specific

» step 4: clinical decision support
« safety net, quality assurance, evidence-based
... patient-specific




History

o C(Clay tablets with cuneiform writing from New Babylonian (about 650 B.C.)
— instructions to medical examination, diagnosis, and prognosis

e "Reasoning Foundations of Medical Diagnosis” by Ledley and Lusted in Science
(1959)
- computer-assisted medical diagnosis and therapy

e medical expert system MYCIN by Shortliffe et al. (Stanford University, 1975)
— diagnostic and therapeutic proposals for patients suffering from infectious
diseases (evaluation JAMA, 1979)




Antimicrobial Selection by a

Computer

A Blinded Evaluation by Infectious Diseases Experts

Victor L. Yu, MD; Lawrence M. Fagan; Sharon M. Wraith; William J. Clancey; A. Carlisle Scott, MS;
John Hannigan, MS; Robert L. Blum, MD; Bruce G. Buchanan, PhD; Stanley N. Cohen, MD

® An evaluation of a computer-based consultation system called MYCIN
was made. Eight independent evaluators with special expertise in the
management of meningitis compared MYCIN’s choice of antimicrobials with
the choices of nine human prescribers for ten test cases of meningitis.
MYCIN received an acceptability rating of 65% by the evaluators; the
corresponding ratings for acceptability of the regimen prescribed by the five
faculty specialists ranged from 42.5% to 62.5%. The system never failed to
cover a treatable pathogen while demonstrating efficiency in minimizing the
number of antimicrobials prescribed. The study design may be useful in
assessing the performance of other computer-based clinical decision-making

systems.
(JAMA 242:1279-1282, 1979)

DURING the last two decades, many
computer programs have been devel-
oped to assist physicians in the diag-
nosis or treatment of a variety of
medical disorders.! However, to our
knowledge, the medical accuracy of
these programs has not undergone
clinical evaluation by independent
experts. We present a comparison of

meningitis before the causative agent
had been identified.

The computer program, MYCIN,
provides advice for the diagnosis of
diseases and the treatment of pa-
tients with infectious diseases.® Dur-
ing the last five years, MYCIN’s
extensive knowledge base and its
therapy-selection process have been

therapy, MYCIN takes into account
the specific clinical situations (eg,
trauma, neurosurgery), host factors
(eg, age, immunosuppression), and
the possible presence of unusual path-
ogens (eg, Francisella tularensts,
Candida non-albicans). In selecting
antimicrobial therapy, the system
considers antimicrobial factors (eg,
organism susceptibility, synergistic
combinations) and relative contrain-
dications (eg, patient allergies, poor
response to prior therapy).

When knowlege about a new area of
infectious disease is incorporated into
MYCIN’s knowledge base, the sys-
tem’s performance is evaluated to
determine whether its therapeutic
regimens are as reliable as the
regimens that an infectious diseases
specialist would recommend. An eval-
uation of the system’s ability to diag-
nose and treat patients with bactere-



Artificial Intelligence (AI)—applicable to clinical medicine

e Definition: Al is the science of artificial simulation of human thought processes
with computers.

from: Feigenbaum, E.A. & Feldman, J. (eds.) (1995) Computers & Thought. AAAI Press, Menlo Park, back cover.

e It is the decomposition of an entire clinical thought process and its separate
artificial simulation—also of simple instances of “clinical thought”—that make
the task of Al in clinical medicine manageable.

e A functionally-driven science of Al that extends clinicians through computer
systems step by step can immediately be established.

U

artificial-intelligence-augmented clinical medicine




Medical information and knowledge-based systems

medical statistics
clustering & classification
data & knowledge mining

patient mical data machine learng - Physician’s daI knowledge

induction < N

biosignals
images
diagnoses
therapies

nursing data

many general

patients ®  knowledge |
[ ]

clinical decision support
medical expert systems

deduction
general

single knowledge diagnosis

patient therapy

prognosis

management

information knowledge-based
systems systems

telemem integration A’\edicine



Clinical decision support and quality assurance

patients’ structured medical data

diagnostic support
e clinical alerts, reminders, calculations
e data interpretation, (tele)monitoring
e differential diagnostic consultation
- rare diseases, rare syndromes
- further or redundant investigations
- pathological signs accounted for
e consensus-criteria-based evaluation
- definitions, classification criteria

therapy advice
e drug alerts, reminders, calculations

- indication, contraindications,
redundant medications, substitutions

- adverse drug events, interactions,
dosage calculations, consequent orders

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

prognostic prediction

e illness severity scores, prediction rules
e trend detection and visualization

patient management guidelines & quality assurance
e evidence-based reminders and processes
e computerized clinical guidelines, protocols, SOPs
e healthcare-associated infection surveillance

1

highly-structured medical knowledge




e studies in Colorado and Utah and in New York
(1997)
— errors in the delivery of health care leading to
the death of as many as 98,000 US citizens
annually

e causes of errors
error or dgid#y in diagnosis
y indicated tests

failure to act on results of testing or
monitoring

error in the performance of a test, procedure,
or operation

error in administering the treatment
error in the dose or method of using a drug
avoidable delay in treatment or in responding

T0 LRR I§ HUMAN

BULLDIN G "A SAEER HEALEH SY.S FEM

e prevention of errors
L. e e e i T . T — we must systematically design safety into

processes of care
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AMIA Board White Paper m

Perspectives' on informatics

Core Content for the Subspecialty of Clinical Informatics

REED M. GARDNER, PHD, J. MarRc OVERHAGE, MD, PHD, ELAINE B. STEEN, MA,,
BensoN S. MuNGeR, PHD, Joun H. HormEs, PHD, JerFFreY J. WiLLiamsoN, Don E. DETMER, MD, MA,

FOR THE AMIA BoARD oF DIRECTORS

ADhStract The Core Content for Clinical Informatics defines the boundaries of the discipline and informs
the Program Requirements for Fellowship Education in Clinical Informatics. The Core Content includes four major
categories: fundamentals, clinical decision making and care process improvement, health information systems, and
leadership and management of change. The AMIA Board of Directors approved the Core Content for Clinical

Informatics in November 2008.

m | Am Med Inform Assoc. 2009;16:153-157. DOI 10.1197 /jamia.M3045.

Background

The Core Content for a medical subspecialty defines the
boundaries of the discipline and informs the Program Re-
quirements for Fellowship Education. Program Require-
ments identify the knowledge and skills that must be
mastered through the course of fellowship training and
specify accreditation requirements for training programs.
The American Board of Medical Specialties considers these
two documents along with other requirements and factors
when deciding whether to establish a new medical subspe-
cialty. The Core Content for Clinical Informatics is the result
of a two-year national development process initiated by the
American Medical Informatics Association and supported

Affiliations of the authors: Department of Medical Informatics,
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by the Robert Wood Johnson Foundation.” In November
2008, the AMIA Board of Directors approved both the Core
Content and Program Requirements for clinical informatics.

Definition and Description of the Subspecialty
Clinical informaticians transform health care by analyzing,
designing, implementing, and evaluating information and
communication systems that enhance individual and popula-
tion health outcomes, improve patient care, and strengthen the
clinician-patient relationship.

Clinical informaticians use their knowledge of patient care
combined with their understanding of informatics concepts,
methods, and tools to:

® assess information and knowledge needs of health care
professionals and patients,

characterize, evaluate, and refine clinical processes,
develop, implement, and refine clinical decision support
systems, and

lead or participate in the procurement, customization,
development, implementation, management, evaluation,
and continuous improvement of clinical information
systems.

Physicians who are board-certified in clinical informatics
collaborate with other health care and information technol-
ogy professionals to promote patient care that is safe,
efficient, effective, timely, patient-centered, and equitable.
As illustrated in Figure 1, clinical informatics encompasses
three spheres of activity:

@ clinical care (i.e., the provision of clinical services to an
individual patient),

the health system (i.e., the structures, processes, and
incentives that shape the clinical care environment; this
includes major health domains such as public health,
population health, personal health, health professional
education, and clinical research, in addition to clinical
care),

A “holy grail” of clinical
informatics is scalable,
interoperable clinical decision
support.

according to

Kensaku Kawamoto

HL7 Work Group Meeting,

San Diego, CA, September 2011




Fuzzy Arden Syntax: Modelling uncertainty in medicine

e linguistic uncertainty
— due to the unsharpness (fuzziness) of boundaries of linguistic concepts;
gradual transition from one concept to another

- modeled by fuzzy sets, e.qg., fever, increased glucose level

e propositional uncertainty

due to the uncertainty (or incompleteness) of medical conclusions;
includes definitional and causal, statistical and subjective relationships

modeled by truth values between zero and one, e.g., usually, almost
confirming




Crisp sets vs. fuzzy sets

Xy

Hy

young
threshold age
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yes/no decision
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Crisp sets vs. fuzzy sets

Xy young
1
0 -
threshold age
|
Hy young
11
0 + -
threshold age

“arbitrary” yes/no decisions

e cause of unfruitful
discussions

e often simply wrong

“intuitive” gradual transitions




Clinical concepts and relationships between them

truth value
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Arden Syntax




What is Arden Syntax ?

... @ language used for representing and sharing medical knowledge.

e ... used for sharing of computerized health knowledge bases across personnel, information
systems, and institutions.

e .. organized using modules, while each module, referred to as a Medical Logic Module (MLM),
contains sufficient knowledge to make a single decision.

e ... an executable format which can be used by clinical decision support systems.




Arden Syntax - Fundamentals I

In Arden Syntax, medical knowledge is arranged
within Medical Logic Modules (MLMs)

Each MLM represents sufficient knowledge to make a
single clinical decision

One or more MLMs are stored within a file that has
the extension “.mIm”

Each MLM is well organized and structured into
categories and slots with specific content

An MLM is composed of slots, grouped into the
following four required categories: maintenance,
library, knowledge, and resources

Categories must appear in the correct order

Within each category is a set of slots that must
appear in the correct order, too

maintenance:
title:
mlmname:
arden:
version:
institution:
author:
specialist:
date:
validation:

Tibrary:
purpose:
explanation:
kevwords:
Citations:
Tinks:

knowledge:
Type:
data:
priority:
ayvoke:
Togic:

[TITLE_{needed)];;
[MLM-MAME_(needed’]; ;

Wersion 2.5;;

[MLM-VERSTION_{needed’];;
[INSTITUTION_{neededl];;

[DATE] ; ;
testing;;

data_driwven;:
H
H-

conclude true;

H-

action:

H-

urgency:
and:




Arden Syntax - Fundamentals II

MLMs are working in close contact with their host system. Ways of interaction are:

Input: By calling an MLM, an input parameter can be committed

- Curly Brace Expressions: So called “curly brace expressions” implement a special kind of
dynamic interaction between MLMs and host systems

- Write Statements: Texts can be written to destinations that are maintained by the host
system

- Output: Analogous to the input parameter, data can be committed from the MLM to the
host system after the execution of the MLM has finished

In order to start the execution of an MLM, an engine is needed that handles communication with
the host system and can tell which of the MLMs are available

Ways to start running an MLM:
- MLM call: An MLM is directly called
- Event call: Any MLM that listens to a specific event is executed




Sample MLM

e Some of the operators and concepts can be seen in the following sample MLM that calculates the
body mass index (BMI) of a patient:

maintenance:
Title: simple body mass index;;
mimname: BMI_HowToj ;
arden: Wersion 2.7;;
version: 1.00;;
institution: Medexter Healthcare GmbH;;
author: EKarsten Fehre;;
specialist: ;i
date: 2010-09-09;;
validation: Ttesting;;
Tibrary:
purpose: body mass index;;
explanation: calculation of body mass index;;
keywords: BMI, body mass index;;
citations: ;3
Tink=s: http:, " en.wikipedia.orgwiki sBody_mass_index;;




Sample MLM (cont.)

knowledge:
type: data_driven;;
data:

A4 MLM that contains the interface definition "LET get_birth BE INTERFACE {Patient.dateOfBirth}; "
mimImport 1= MLM 'interface_birthday_definition';

A& include
include mimImport:

mimForReadSize := MLM 'read_Size_MLM'; /¢ MLM which can read the current size of the patient Trom the DB
LET patientID BE argument; / Tthe patient ID is passed to the MLM
LET birth BE CALL get_birth WITH patientID; /#/ call the interface with the passed patient ID

S/ read all measured weights Trom the database
LET weights BE READ {SELECT measured_weight FROM DE WHERE patID = patientID ;

LET userEwvent BE EWENT {ogetEMIZ};

A4 object declaration
bmiResult := object [bmi, classification];

HH

priority: ;;
evoke:
userEvent;




Sample MLM (cont.)

logic:
result := new bmiResult; ./ create an empty result object
weight := Tatest of weights; /4 get the Tatest weight from the 1ist

size := call mimFarReadSize with patientID; / get the size of the patient calculated by another MLM

result.bmi := weight / (size ** 2); // calculation of EMI
age := currenttime - hirth; // calculation of AGE

S/ classification - the classification is only wvalid for patients older than 19

if the age iz less than 12 wears then result.classification = null;

2lseif the result.bmi is Tess than 18.5 then result.classification := localized 'under’';
e2lseif the result.bmi is Tess than 25 then result.classification = null;

glse let the result.classification be localized 'owver';:

endiT;

result.bmi := result.bmi formatted with localized 'msg'; // construct the localized message

it (time of weight) is before (currenttime - & months) then

conclude false; //no bmi calculation if the Tatest measure was & months ago
else

conclude result.classifTication is present ; // iT there is a classifTication, execute the action slot
endi T;




Sample MLM (cont.)

action:

write result.bmi || result.classification || ".": /9 return result

return result;
H
urgency: ;;
resources:
default: de;;
Tanguage: 2n
'msg' : "The patient's BMI ¥.1T dis not in the normal range and is classified as “;
'under' : "Underweight";
"over' @ "Overweight”
L)
Tanguage: de
'msg' : "Der BMI #¥.1T des Patienten ist nicht im normalen Bereich und wird kKlassifiziert als ";:
'under' : "Untergewicht”;
‘over' : "Ubergewicht"

end:




Arden Syntax - Fundamentals III

e Data types
e Statements, expressions (assignments, loops, variables, constants, objects)
e Operators

e List operators

e Logical operators

e Comparison operators

e String operators

e Arithmetic operators

e Temporal operators

e Aggregation operators

e Time and object operators




Primary Time

e In addition to its value part each data value has a primary time part and an applicability
e Primary time represents the value part’s time of creation or measurement
e By default, primary time is null

e Can be accessed using the time operator
2011-03-15T00:00:00 := 2 days AFTER 2011-03-13T00:00:00

e Database query results should contain both, the value and the primary time

- Might be the time when a blood test was drawn from the patient
- Might be the time when a medication order was placed

-  Which time of a database entry is taken as primary time is left to the used Arden Syntax
implementation




History

e A first draft of the standard was prepared at a meeting at the Arden Home-stead, New York, in
1989. Arden Syntax was previously adopted as a standard by the American Society for Testing
and Materials (ASTM) as document E 1460, under subcommittee E31.15 Health Knowledge
Representation.

e 1992: Arden Syntax version 1.0

e 1998: sponsorship moved to HL7 International
(Arden Syntax Work Group)

e 1999: Arden Syntax version 2.0 adopted by HL7 and
the American National Standards Institute (ANSI)

e 2014: Arden Syntax version 2.10
7Jrden House

AMERICA’S FIRST CONFERENCE CENTER




History

Version
2.1

2.5

2.6

2.7

2.8

2.9

2.10

Year
2002

2005

2007

2008

2012

2013

2014

Important changes

new string operators; reserved word “currenttime” returns the system
time

object capabilities: create and edit objects; XML representation of MLMs
(except logic, action and data slot)

UNICODE encoding; additional resources category to define text
resources for specific languages; time-of-day and day-of-week data
types; “localized” operator to access texts in specific languages
enhanced assignment statement; extended “new” operator to allow
easy and flexible object instantiation

additional operators for list manipulation; operators to manipulate parts
of given date and time values; switch statements; keyword “breakloop”
for aborting a loop; number of editorial corrections

fuzzification: fuzzy data types and fuzzy sets; adjustment of all
available operators to be able to handle fuzzy data types

XML representation of whole MLMs (including logic, action and data slot)




Fuzzy Arden Syntax




Fuzzy Sets — Background I

e Crisp border Fuzzified border

_ Defines a sharp border - Defines a gradual border

- Checking if a given measurement is

- Checking if a given measurement is greater or less than the defined fuzzified
greater or less than the defined crisp border results in a truth value between 0
border results in either true or false and 1

— Borderline cases are not detected ~ Borderline cases are detected

- Weighted results for borderline cases, all
other are as usual

|

-
37.5 38.0 temperature

fever

I
37.5 38.0 temperature




Fuzzy Sets — Background 11

Truth
Value

x 1s in BMI.normal

u(x)
normal

——

24 25 BMI

e Function that maps a given data value to a truth value between 0 and 1

e A fuzzy set represents a linguistic/clinical concept with fuzzy (non-sharp) boundaries




Fuz

zy Sets

Truth

Value _><_
1 H
uea . normal
i
o T i T } T >
18.5 X 195 24 25 BMI
e Definition of a fuzzy set
Fuzzyset u := FUZZY SET (18.5,0), (19.5,1), (24,1), (25,0);
Fuzzyset v := 7 fuzzified by 2;
e Fuzzy set based on other data types
Fuzzyset duration := FUZZY SET (3 days,0), (10 days,1), (20 days,1),

simple := 2009-10-10 fuzzified by 12 hours;

complex := FUZZY SET (2009-10-10,0), (2009-10-11,1), (2009-11-10,1),

- 11-11,0);

x 1s in BMI.normal

(25 days,0);

(2009-




Fuzzy Sets — Example I

e Usual Arden Syntax e Fuzzy Arden Syntax
fever limit := 38; fever limit := FUZZY SET (37.5,0), (38,1);
temperature := 37.9; temperature := 37.9;
message := "patient has no fever"; message := "patient has no fever";
IF temperature > fever limit THEN IF temperature > fever limit THEN

message := "patient has fever"; message := "patient has fever";
END IF END IF

- Result message: “patient has no fever” - Result message: “patient has fever” (with

applicability 0.8)
— Borderline case is not detected




Applicability

Arden Syntax contains two types of fuzziness:
e Data types: for explicit calculations e.g., truth value, fuzzy set
e Applicability: for weighting MLM evaluation and weighting of branches

All simple data types are endowed with information concerning the degree of applicability

Stores a truth value that refers to the degree to which it is reasonable to use the value of a
variable

Default applicability is 1 and the applicability is never null

Can be accessed using the applicability operator

If-then statements with a condition that evaluates to a truth value [0,1] result in a split of the
MLM execution

- Each branch will be executed under corresponding applicability
- The applicability is implicit attached to each variable of the branch




Statements - If-Then-Elself — Fuzzy Condition

Source Arden Syntax Fuzzy Arden Syntax
maintenance: [...]
knowledge: [...]
logic:
//define linguistic variable BMI B
[...]
myBMI := 24.8;
X := myBMI <= BMI.overweight;
if x then

if x then

u(x)

// this branch is executed

// with applicability 0.8 <then block> <then block> | |<else block>
<then block>

else
// this branch is executed
// with applicability 0.2
<else block> I:I |
endit; ... .. ...
[...]

end:




Statements - If-Then-Aggregate

if x then
<then block> -
else [x == |
<else block>
endif AGGREGATE; 0
e Combination of the variable values in each execution [<then block= | [<else block=

branch according to their applicability \ /

|agg regate |

e Aggregations are common in fuzzy control




ArdenML




ArdenML: Objectives and applications

e Provide a complete XML schema for version 2.10 of the Arden Syntax to express MLMs in XML

e Thus, Arden Syntax is now compatible with all other HL7 standards based on XML (HL7 version
3, VMR, and others)

e Further benefit: To be able to use available XML tools




ArdenML: Example

<Library=
<Purpose>Test</Purpose>
<Explanation></Explanation>
<Keywords=</Keywords>
</Library=
<Knowledge>
<Type=data_driven</Type>
<Data=</Data>
<Evoke></Evoke>
<Logic=>
<Assignment>
<Identifier var= /=
<Assigned>
<Value otype= >1990-03-15T15:00:00</Value>
</Assigned=
</Assignment>
<Assignment=>
<Identifier var= /=
<Assigned=
<ReplaceYearWith>
<Identifier var= /=
<Value otype= >2011</Value>
</ReplaceYearWith=
</Assigned=
</Assignment>
<Assignment=>
<Identifier var= /=
<Assigned=
<ReplaceYearWith>
<Identifier var= /=
<List>
<Value otype= >2011</Value>
<Value otype= >2010</Value>
</List>
</ReplaceYearWith=
</Assigned>




Cross compilation/transformation of Arden Syntax to/from ArdenML

Arden Syntax
authoring component

ArdenML
Arden Syntax compiler
~ - I

ArdenML

Arden Syntax




Integration




How to execute MLMs

e MLM calls: When the MLM call statement is executed, the current MLM is interrupted, and the
named MLM is called; parameters are passed to the named MLM

/* Define find allergies MLM */
find allergies := MILM 'find allergies';

(allergens, reactions):= call find allergies;

e Event calls: When the event call statement is executed, the current MLM is interrupted, and all
the MLMs whose evoke slots refer to the named event are executed; parameters are passed to
the named MLMs

allergy found := EVENT {allergy found};

reactions := call allergy found;




How to execute MLMs - Arden Syntax Engine

Arden Syntax

. Sl authoring component
Arden Syntax engine I(\:/IOLT/Ip”ed
S

Arden Syntax compiler




How to execute MLMs - Web Service Interfaces

mobile app
connected to application
integrated in application

MLM/event calls

Arden Syntax server
SOAP and REST
web services

Arden Syntax

Arden Syntax server WA authoring component

administration compiled
MLMs

Arden Syntax compiler

Arden Syntax engine




How to execute MLMs - Web Service Usage

) Medesiter Healthcare - Heparpert
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How to get data into MLMs

e MLM and event calls

- Provide data to an other MLM
- Read data provided to the actual MLM
- Return data to calling MLM or instance

e Curly brace expressions

- Read data from external data sources
- Write data to external data sources
- Call external applications or interfaces




How to get data into MLMs - Curly Brace Expressions

Arden Syntax

Arden Syntax server :
authoring component

SOAP and REST Arden Syntax server provide

administration compiled
MLMs

web services .
Arden Syntax compiler

Arden Syntax engine

Arden Syntax server connector

evaluation
result

curly brace
expression

data source




Types of Integration I

I MLM/event calls together with data
- through web-services (intranet/Internet)




Types of Integration 11

MLM/event calls
- through web-services

data access from inside MLMs
I I - through server connector as

+ ... {web-services}
+ ... {SQL statements}

+ .. {.}




Types of Integration III

Data warehouse + Arden Syntax server = autonomous CDS system
- data provided through HL7/XML/batch/... communication
I I I . - full process control (MLM triggering)
- additional analytics, reporting, benchmarking

- full legal control (legal obligation to retain data, burden of proof)




Clinical decision support with Arden Syntax

e CDS platforms
- based on Arden Syntax and Fuzzy Arden Syntax
* with data (sometimes) and knowledge services center and extended interoperability (web services,
XML data interfaces, libraries, HL7)
e integrated into or interconnected with
- PDMSs (ICCA by Philips, MetaVision by iMDsoft)
* Monitoring, reporting, and benchmarking of ICU-acquired infections (ICUs and NICUs)
- ICM (by Drager)
* ICU decision support modules (Universitatsklinikum Erlangen)
- i.s.h.med HIS and Soarian HIS (by Siemens AG)
* dosing of immunosuppressive drugs for kidney transplant patients
* prediction of metastases in melanoma patients
* standard operating procedures for chemotherapy treatment of melanoma patients
* hepatitis serology test interpretation
- medico//s HIS (by Siemens AG)
* |laboratory-based clinical reminders
- Epic
* clinical decision support
— VistA HIS (by Department of Veterans Affairs)
* service-oriented, standards-based CDS (clinical reminders and patient report cards)
— Monitoring adverse drug events (project with Salzburger Universitatsklinikum)
- Teleiatros, iPhone, iPad
* remote CDS, mHealth




m Calculation

from [2011-12-01

department / patient
Stat. 11857
Stat. 11888
Stat. 118589
Stat. 11890
Stat. 12043
Stat. 12045
Stat. 12074
Stat. 12075
Stat, 83644
Stat. 62354

Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.

Stat. 62621
Stat. 11408
Stat. 30428
Stat. 88879

Jo

Surveillance

to |2011-12-05

145107
145132
145114
145126
145124
145121
145119
145109
145130
145112
145128

Repart

show || clinic

8

£ 2 (¢

Administration  Help Lagout

hd I show department diagram ] [ fixed table width

Pat, 145114

2011-12-14 (Stat. 62354) no data
2011-12-13 (Stat. 62354) no data
2011-12-12 (Stat. 62354) no data
A2011-12-11 (Stat, 62354)
£2011-12-10 (Stat, 62354)
A2011-12-09 (Stat, 62354)
£2011-12-08 (Stat, 62354)
A2011-12-07 (Stat, 62354)
£2011-12-06 (Stat, 62354)
A2011-12-05 (Stat. 62354)
£2011-12-04 (Stat, 62354)
A2011-12-03 (Stat. 62354)
BSI-3 (KISS)
BSI-3 (Alert)
klin. Anzeichen f. Pneumonie (KISS)
klin. Anzeichen f. Pneurmonie (Alert)
2 klin. Anzeichen f. Sepsis (KISS)
2 klin. Anzeichen f. Sepsis (Alert)
2 Labor- und klin, Anz. f. Sepsis (KISS)
2 Labaor- und klin, Anz. f. Sepsis (Alert)
andere Sepsiszeichen (KIS5)
andere Sepsiszeichen (Alert)
laborchem. Zeichen fur Pneumonie (alert)
laborchem. Zeichen fur Entzindung (alert)
erhihter Beatmungsaufwand (alert)
erhidhtes CRF {abs., alert)
eitriges Trachealsekret
imp.: kein Erreger in nicht-Blut
imp.: nicht beatmet (KISS)
imp.: Antiinfektivum
imp.: Z¥K (Zentralvenenkath.)
£2011-12-02 (Stat, 62354)
A2011-12-01 (Stat. 62354)
2011-11-30 (Stat. 62354
2011-11-29 (Stat. 62354
2011-11-28 (Stat. 62354
2011-11-27 (Stat. 62354) no data
2011-11-26 (Stat. 62354) no data
2011-11-25 (Stat. 62354) no data

100 %DoC
100 %DoC
85 %DoC
85 %DoC
100 %DoC
85 %DoC
100 %DoC
100 %DoC
85 %DoC
85 %DoC
100 %DoC
100 %DoC
85 %DoC
100 %DoC
100 %Dac

LA A A A L L A A L B B L A A 4

BSI-3 (KISS)
=1 UMD
imp.: keine Blutkultur
imp.: kein Erreger in nicht-Blut
Antiinfektiva fur 5 Tage
2 Labor- und klin, Anz. . Sepsis (KISS)

2 Labor- und klin, &anz. f. Sepsis (KISS)
= MIND, 2 WOMN
pathol. Kéarpertemperatur
neue Hyperglykamie (KISS)
—-ODER
lahorchem. Zeichen fur Entzindung (KIS5)
andere Sepsiszeichen (KISS)

neue Hyperglykamie (KISS)
=1 UMD
=-MICHT
Hyperglykamie (KISS) (t-1d)
Hyperalykamie (KISS)

Hyperglykamie (KISS)
maximale Glukose

maximale Glukose
imp.: Glukose
imp.: Glukose
imp.: Glukose
imp.: Glukose

100 %Doc
ja
ja
ja
100 %Doc

100 %%Doc
100 %DoC
100 %Doc
100 %DoC
100 %Doc
85 %o

100 %DoC

100 %DoC

100 %DoC

172 mg/fdl

29 mag/dl

154 mg/dl
172 mog/dl
160 mg/fdl

v v ww



Moni output

Section of Moni screenshot for one ICU: Colors indicate patients with infection
episodes, where change in color means change in data-definition compatibility
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[ | his |2008-05-04

5tandardansicht
Dep. 21

“ I Grafik aushlenden ] | fixe Tageshraits |

[Pat 3623438

Pat 3623445

Pat. 3444535

Pat. 3623434

Pat 3444533
[Pat pe23444
Pat 3623432 |
Pat 3623440
Pat. 3623442 |
S-S S-S S S - S S AU U SR S-S S - S S U S SN S-S SN S-SR B
0 © - m o [=} - o v} + ['s} o - m @ =} - Iyl o T 10 © e fe:] e =] - o ©
- - - - - - - - — - ™ ('] ™ (3] ™ (3] ™ ™ ™ (31} m
Stationen/Patienten B
Dep. 21
Pat. 3623438
Pat. 3623446
Pat. 3444535
Pat. 3623434
Pat. 3444533
Pat. 3623444
Pat. ARPIART



A cre
A b erein 8
A b TRt

A b Thrombozyten A etiites CRF (abs., Aert

erihte 1T-Rati Gab.. e

A erites crr - S s e
>4 erinees Ierteukin &

A@ crtishtes Interizukin 4 Thrombozyten-sotall (.

eitte TR
g A emisciigte Thrombozyten (305N isbarchem. Zsichen fir Emeardbigishem. Zefchen fir Entzindung (Hert
3@ Mramazyten Tagesmin
@ emiscrigts Thrambozyten

2@ 1 borshem. foeeichen fir Preumorie (At
A it pos. Trachesisekret

2@ tborchern. Zeichen fi Pneumanie (Aert

4. Dyspnos

P ot 0oz A i ez e, bl -1
e A vemehrtes ssaugen
e . ;: Tachypnae (abs - 1. wermehite Apnoe (Pflege.
5 srhihter FiOZ (abs.. .
@ iy iabe; S ——
R gt ),::vmm: P'\P(ahs P )}.vememeﬁchyv"ve Epioder_f respir. erbesserung
in: Aemirecuens (Fervalle
78 o o e, st o B rcrpros 4905 s Tenuron >@ vermaies Tashypee
aritar PEEF (s
_® Fi02 sastieg bemmat, KISS) Gererval sg 4 emiedrigte OZ-Satigung (abe M ermkhte respir. Sekretior
A Kin: Dyspnot S _ Dyspnoe. ".\/zm\zhne #onoe-Episoden (P neus fpnos (Rflage)
A in: kibator: 02 > itz fastiea fioft beatmet, Aert) (oo file 000 Mg Bradypnoe (abs: 38 pachol. Amung (Plege
7102 dusiag G, KISS) protis ggr > repi erbesconng emissigs 02 Siigung (s (sl s i ez S B neve fonoe (masch) .
A ki semiraquen anrges Trachsaisakrat L Rotieg (. st basur NGNS Frst 02537 Episoden nason ) (DS T8 v sy racan PP AT (rsch. ol Amung (sch
A bin: sozaugen P ;:u“skmw B T <o I emEhts Teohypos 8 nsuz P (mssch.)
A\ ¥ Respistor Fi02 S b Wi Raspirate.Fi0 dhoerualgl@esece Aonos (Fiegs: i P srittar gt (g e oy @) vemeluts Ao Ensoden (rogl Pepi. \arichichianing (nasen,, et
5 T e i ook e i, \brscHeshtorung (Fc ABRHIN. fecsichen for Praumonis (ser
A v Eronchaiserst N i it b, A rtarva g Apnoe (Eisode, Pege! - SR S o s T T R — e — e
AR s o bt K155 (areataggoll kit ka2 Crervals TR e eiahl O Ste-Epizodeagiogiehd GRAEER gpisocen (rage S e sz D2 -Esodert (mash, e, Amung (Pl
M@ Fi0220stiea (ot beaime, KISS) (rterval ags 02-Sittigung-Evart ety R et (P, v > i Arzeichen f. Praumonia (M PH-H; Preumenieverdacht (et >l Preumonicuendsoht (er
A s o spnee @) et ece B Elclaion e e >
A crer B ozsiigung B prsasteg arihts Pocahl O2-S3t -Episoden (Plegs) (0SC
A Hin: bt 3@ Respirmor 01-anstieg A i Ereianis Prige: 5502 ARHRIR Ansteg Gestmet, Aen) (D€
A kin: Aemuntersitain: 4@ Verbessenng der Beatming 2 e o Eisodn e )
Wi Respirata-FiOR: arthm Mt 0-1c
AiniPiF B ciiges Trachesisekint e
I Wbt 3. htel -1
A ki Pulsoximerer it Aozl 07-52 - Episoen Prege) (ahon:
‘emiedrigte 02- Saittigung (abs.)
A in: PEEP B Lerschiechtening der Beatmung B PEEP i
in: B Pisge 3 athl, Kipsrmperan
:: S e P0G s s P10 LB o Hheon SR (i & Aol mpanempsrmr
R 107 fastieg (beatmet, Aert) (profile sgar »B erhite : emiz
9 ronsnie e, s ol A manemperaur. syt g 7@ Hyrerh B et Kompanemperatur
B Fit e e e, 1055) s 3 B by 9 >4 erihie @ g AL g e PO
A@ Fir.sosicn > Finber
A reer someg ol s

® Tachyirde . Plege

i s Pleg: ok 180 I3 (g

A lin: Ereigris Pilege: Bradylarg@ Bradykandie (el Pllege

Ao Herfeciens Bradyicante (el massh.) (profile 3ggr
@ nsus Tashykardie (Pllags
2@ Tachykardis (rel.. masoh.) (rterval agar
@ srasykandie (., masch.) nterval agg @ reue Bradykardis (Plege
B onetenpertur @ varmahita Taohylardie

@ Tachyiartie (el masch) @rofile aggr

pathol. Hertrequenz (Pilegs

@ vermetrie Bradyicanis (., P neue Eradykantie (masch.s >4 pathol. Heriraqusnz (Prisge
0’ >4 neue Bradykardie (masch.! >4 pathol. Herzfrequenz (maseh.

f® eathel. Harfraquan: imasch,

Bradykardie (rel., masch ) (OS] nietie Tachykardie (masch
2 3 "

B RS e 00O S o b o, s

B e T iz -0 e

Bradykarie (sb
kardis

@ Hin: Herirequen: cintervalle): his

B s Tyt (ah

I i Hertrequens: arthm. htel g 10
oradyiandi abe
N r— Tachicinie obs >l Tchyharse abs

T ——

A kin: Gestationsater



Arden Syntax—integration of software

Data warehouse + Arden Syntax server = autonomous CDS system
- data provided through HL7/XML/batch/... communication
I I I . - full process control (MLM triggering)
- additional analytics, reporting, benchmarking

- full legal control (legal obligation to retain data, burden of proof)




First study:

= 99 ICU patient admissions; 1007 patient days

HAI episodes correctly / falsely identified or missed by Moni-ICU

episode present episode absent
“gold standard” “gold standard”
(n= 19) (n= 78)
episode 16 0
present “Moni-ICU” (84%) (0%)
episode 3 78
absent “Moni-ICU” (16%) (100%)

Time expenditure for both surveillance techniques

conventional Moni-ICU
surveillance surveillance

time spent 82.5 h 12.5 h
P (100%) (15.2%)

Blacky, A., Mandl, H., Adlassnig, K.-P. & Koller, W. (2011) Fully Automated Surveillance of Healthcare-Associated Infections
with MONI-ICU - A Breakthrough in Clinical Infection Surveillance. Applied Clinical Informatics 2(3), 365-372.




Second study:

= 93 ICU patient admissions; 882 patient days; 30 HAI episodes over complete or
partial duration of stay; 76 stays with no HAI episodes

HAI episodes correctly / falsely identified or missed by Moni-ICU

I+

Moni-ICU
I_

gold
standard

I+

I-

26

75

30

76

sensitivity = 87%
» 3 false-negative pneumonias + 1 false-negative CVC-related
infection due to missing microbiology

specificity = 99%
* 1 false-positive CVC-related infection because of a present
concomitant leukemia (with leukocytosis)

De Bruin, 1.S., Adlassnig, K.-P., Blacky, A., Mandl, H., Fehre, K. & Koller, W. (2013) Effectiveness of an Automated Surveillance
System for Intensive Care Unit-Acquired Infections. Journal of the American Medical Informatics Association 20(2), 369-372.




Two different hyperglycemia definitions

DoC

1.0

0.5

0.0

crisp threshold

fuzzified threshold (gradual rise)

for for
surveillance alert
[ 1 1 l l [
T 1 T 1 1 T > .
50 100 150 200 250 300 glucose in

mg/dl




Moni-NICU cockpit view
m A £ wm £ 2?2 C

H
Calculation |Surveillance  Report  Administration  Help Logaut

from |2013-05-12 to 2013-05-12 ow | |all parameters ¥ I show department diagram ][fixed table width ]

department / patient B | Pat. 1464848 5 = Bhyperglycemia (KISS)
Stat. 10565 (¥ 2013-05-23 (Stat, 62354) A maximal glucose 195 maddl
(¥} 2013-05-22 (5tat, 62354
stat. 10896 5 2013-05-21 (Stat, 62354 sl glease
Stat. 10897 o 2013-05-20 (Stat. 62354) i, eluEass A1 gl 5
T — O A2013-05-19 (Stat. 62354) imp.: glucose 118 mo/dl »
O 42013-05-18 (Stat, 62354) imp.: glucose 53 mg/d »
Stat, 11051 0 42013-05-17 (Stat. 52354) imp.: glucose 105 mg/dl N
Stat, 11053 O 42013-05-16 (Stat. 62354)
Ol 42013-05-15 (Stat. 62354)
SIEEIE, LU O 42013-05-14 (Stat, 62354
Stat. 11083 G 42013-05-13 (Stat, 62354)
Stat. 39590 4 a2013-05-12 (Stat. 62354)
antiinfectives for 5 days 100 %Doc »
Stat, 52354 1 clin. sign of sepsis (KISS) 100 %Dac b
pat. 606000 new hyperglycaemia (KISS) 100 Yoo 3
pat, —— I hEEer;Iicemia (1155) 100 sonoc [l |
Pat. 1464661 maximal glucose 195 mg/dl »
Pat. 505318 minimal WBG-BE 0.1 mvalf... »
Pat. 597139 minimal WBG-PH 7.31 b
pat. 1464848 maximal VBG-PCO2Z 53.6 mmHg »
Pat, 07192 average respirator 02 21.45 % 0... b
pat, 07176 average Fio2 21.45 % F., »
Pat. 507120 mawimal Fio2 25 o FiD2 »
Pat. 697135 average PIP 632 mbar »
pat. 606553 maximal PIP 25 mbar »




MEDIZINISCHE

m

Regel zur Interpretation von klinisch relevanten Befunden
(Regelpramissen bilden Aquivalenzklassen)

UNIVERSITAT
WIEN

REGEL 103:

WENN eine der folgenden 100 Kombinationen zutrifft

HBsAg

anti-HBs

anti-HBc

IgM-anti-HBc

HBeAg

anti-HBe

teleiatros®

Hepaxpert/Interpretation

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

Interpretation

Benutzer: mxt Logout

Hepatitis-A-Serologie

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

Antikérper gegen das Hepatitis-A-Virus finden sich in drei unterschiedlichen Situationen: (3) bei rezenter
Hepatitis-A-Virusinfektion  (akute  ikterische oder anikterische Hepatitis, stille Feiung oder
Rekonvaleszenzstadium einer Hepatitis), (b) bei Immunitdt nach friherer Hepatitis-A-Virusinfektion oder (c)
nach aktiver Impfung oder passiver Immunisierung mit Gammaglobulin.

o [+ - -
e | + + e | + -

+
+

H I+
++

DANN

Das gleichzeitige Auftreten von HBe-Antigen und Anti-HBs-Antikorpern 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 Keoinzidenz
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 zurickzufiuhren. Blut und Sekrete (Speichel, Sperma,
Muttermilch) solcher Patienten sind als infektiés anzusehen.

Hepatitis-B-Serologie

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

positiv positiv - - -1

Das gleichzeitige Auftreten von HBe-Antigen und Anti-HBs-Antikdrpern ist im natdrlichen 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 oder (c) eine Reinfektion mit einem
Hepatitis-B-Virus mit unterschiedlichem HBsAg-Subtypus zuriickzufiihren. Blut und Sekrete (Speichel,
Sperma, Muttermilch) solcher Patienten sind als infektios anzusehen.

Hepatitis-C-Serologie

HCV-RNA |
negativ |

[ AntiHCV ]
[ positiv [

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

Interpretation
of
hepatitis serology test results

Wichtiger Hinweis

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

& 2007-2003 Medexter. All rights reservad. | Terms of Use | Privacy Policy | Imprint | 10/25/2010




Befund Vor-Befund Referenzbereich und Einheit
02.05.2001 (09:46)

PROTEINDIAGNOSTIK

CRP 61.5 **x 0.8-5.0 mgll
HORMONE

Schilddriisendiagnostik
TSH 3.00 0.2-3.5 mU/1

INFEKTIONSSEROLOGIE

HIV-Antikérper Negativ Negativ

HEPATITIS-SEROLOGIE test results

Anti-HAV-IgM Negativ Negativ
Anti-HAV Positiv Negativ
HBsAG Negativ

Anti-HBs Negativ

Anti-HBs (quant.) 1.42 U/l
Anti-HBc Negativ

Anti-HCV Negativ Negativ

Medizin. Kommentar/Interpretation:
HEPATITIS-SEROLOGIE:

Positive Gesamtkérper (Anti-HAV) bei negativen IgM-anti-HAV Antikdrpern beweisen Immunitit | nter p ret ati on
gegen das Hepatitis-A-Virus und schliefen eine rezente Hepatitis A aus. Diese Immunitiit

kann entweder durch eine frithere Infektion natiirlich erworben oder aber durch aktive
Impfung oder passive Immunisierung induziert sein.

Anti-HBs Titer: 1 Units/Liter

Eine bestehende oder friithere Hepatitis-B-Virusinfektion kann (mit Ausnahme des
Inkubationsstadiums) ausgeschlossen werden. Es besteht keine Immunitit gegen das
Hepatitis-B-Virus. Das Blut kann hinsichtlich Hepatitis B als nicht infektiés angesehen
werden. Impfempfehlung: Die Indikation zur Hepatitis-B-Impfung vorausgesetzt, soll in
diesem Fall bei einem Ungeimpften die Grundimmunisierung (entsprechend dem Schema des
jeweiligen Impfstoffes) durchgefiihrt und - zur Abschitzung der Immunantwort - 1-2 Monate
nach der letzten Teilimpfung der Anti-HBs Titer bestimmt werden. Bei einem Geimpften mit
abgeschlossener Grundimmunisierung soll unverziiglich eine Booster Injektion gegeben und -
falls der Verdacht eines @low responders/E besteht - eine Titerkontrolle 2 Monate nach dem
Booster erhoben werden.




Hepaxpert/Interpretation in Soarian

SIEMEN

s =
Dr. Franz Hubert, | ol e I

Nur meine Patienten

Warnungsbeschreibung -- Web Page Dialog

Datum: 23.06.05 12:52

Es bhesteht eine rezente oder chronisch protrahierte HCVinfektion
Gegebenenfalls (hei antiviraler Therapie) ist die Bestimmung des Genotypus
und der Replikationsrate zweckm?y. Das Blut solcher Personen istals

infektines anzusehen

Schlielien | Hilfe

a-F Berger, Klaus M
UKER URUZ  Bett0l flunder, Florian 49 M <
UKER CHEZ  Eettd Fritsche, Andrea 490 W -
KLINISCHE DOKUMENTATION =1 Geigerlbisintich 2" ¥

-

MEDIKATION Bett 06 Leifeld, Norbert 50 M
- - 7T Linner, Patricia 65 W
AUFTRAGE ZUR FREIGABE 7-F Mahler, Sybille 61 W
- Bett 07 Masuhr, Tanja 83 W
AUFTRAGE ZUR KENNTNISNAHME 7 Meyer, Laurenz 57 M

v 1-F Miiller, Dieter 60 M
KONSULTATIONEN 6-F Pauli, Inge 81 W




ORBIS Experter: Hepatitis serology diagnostics

# ORBIS

Expertensystem Anti-HAMA Negativ Anti-HBs Positiv Anti_HCY

Igh anti-HAY  Positiv v Anti-HBs Titr 50 HCY_RMNA Grenzwertig h

Positiv

Hay Grenzwertig - HBsAgQ Paositiv -

Anti-HBC Negativ -
IgM_anti_HBE  Megativ -
Hepaxpert 111 Hbeag Positiv -
anti_HBe Micht germessen ™
Hepatitis A Der Befund enthalt Widerspriche, da definitionsgemal bei Yorliegen von IgM-anti-HavY-aAntikdrpern auch die Gesamtkérper anti-Hav
ten positiv sein mikten,
Mathias Rucksprache mit dem Laborleiter wird empfohlen. Zur Kontrolle des nicht eindeutig negativen oder positiven Befundes wird neuerliche

Materialeinsendung empfohlen.

Hepatitis B Das gleichzeitige Auftreten von HBe-Antigen und Anti-HBs-Antikdrpern ist im natdrlichen Yerlauf einer Hepatitis-B-%irusinfektion ein
seltenes Ereignis. Diese Befundkonstellation ist entweder auf {a) zirkulierende HBsAg-Anti-HBEs-Immunkomplexe, (b} auf eine Koinzidenz
einer Hepatitis-B-Virusinfektion mit einer Hepatitis-B-Impfung oder Injektion von HB-Hyperimmunglobulin oder {c) eine Reinfektion mit

einem Hepatitis-B-%irus mit unterschiedlichem HBsAg-Subtypus zurickzufihren. Blut und Sekrete (Speichel, Sperma, Muttermilch)
solcher Patienten sind als infektios anzusehen.

Hepatitis C Es besteht eine rezente oder chronisch persistierende oder sine friher abgelaufene Hepatitis-C-virusinfektion. Die Bestimmung von
HCY-RMA bringt zusatzliche Information. Das Blut solcher Personen ist hinsichtlich Hepatitis C als infektids anzusehen,

Zur Kontrolle des nicht eindeutig negativen oder positiven Befundes wird neuerliche Materialeinsendung empfohlen.



Interpretation
of
hepatitis serology test results

anti-HBs This constellation of findings (positive Igh
anti-HEG antibodies with negative HBs- and
anti-HBe HBe-antigen and negative anti-HBs and
anil-HBe antibodies) occurs In the course of
) acute hepatllis B and Is characteristic of the
IgM anti-HBc v seroconversion both of HBs-antigen 1o anti-
HEs and of HBe-antigen to anti-HBe
HBeAg antibodies. This stage may be regarded as
atavorable prognostic sign with a view 1o a
non-chronic course of the disease. Blood
and secretions (saliva, sperm, breast milk)
of the patient are to be considered
anti-HBs titre infectious.

Parameters anti-HBs titre

11:50 AM ) 11:45 AM

anti-HBe

Hepaxpert/Interpretation Hepaxpert/Interpretation

of A,B,and C

of A, B, and C serology

Input of test results Interpretation

Hepatitis A serology Hepatitis A serology

anti-HAV © positive () negative () borderline () not tested antl-HAV gV anti-HAY HAV-RNA
-~ - positive
IgM anti-HAV ) positive  © negative borderline ) not tested Positive resulls for total anti-HAV anfibodies in combination with negative resulls for IgM anti-HAV
) i ‘ antibocies indieate immunity 1o the hepaltis virus A and exclude the possibilty of a recent hapalils
HAV-RNA ) positive  © negative borderline not tested A. This immunity may either have been acquired naturally through an eariier infection or it may have
been induced by active vaccinalion or passively acquired immunization.

B serology

i - . anliHBs  anti-HBC i anti-HB HBeAg  anli-HBe  antl-HBS titre
HBsAg () positive @ negative () borderline () not tested = P

“Thie constellation of findings (positive lgM anti-HB¢ antibodies with negative HBs- and HBe-antigen

HBs and ant-HBe antibodies) occurs in the eourse of acute hepatitis B and is
characteristic of the seroconversion both of HBs-antigen fo anti-HBs and of HBe-antigen fo anti-HBe
antibocies. This stage may be regardad as a favorable prognostic sign with a view 10 a non-chronic
course of the disease. Blood and secretions (saliva. sperm, breast milk) of the patient are 1o be:
considered infectious.

Hepatitis B serology

anti-HBs ) positive @ negative () borderline not tested
anti-HBe O positive () negative borderiine () not tested
IgM anti-HBc © positive () negative borderline () not tested

HBeAg pasitive @ negative borderline J not tested

anti-HBe () positive @ negative () borderline () not tested

anti-HBs titre un Hepatitis C serology
anti-HCV HCV-RNA
pod

There is a recent o chronic persisting o an earlier hepatitis C virus infection. An additional test for
HCV-RNA adds further information. Blood of such patients may be considered as infectious with
Hepatitis C serology regard lo hepalitis C.

anti-HCV sitive () negative () borderline () not tested
O o < Important Notice

HCV-RNA () positive () negative () borderiine € not tested The attending physician alone s responsible for the patient’s dlagnosis and therapy. Therefore,
contact & doctor af all fmes. Only the doctor wil be able f align the Hepaxpert interpretation with
he ful cinical picture of the patient.

Submit

®2007-2011 Medexter. All rights reserved. ©2007-2011 Medexer. All rghts reserved.




Arden-Syntax-Server and MLMs at Universitatsklinikum
Erlangen

Dr. Ixchel Castellanos

Interdisziplinare Operative Intensivmedizin, Andsthesiologische Klinik

and

Dipl.-Inform. Stefan Kraus

Lehrstuhl fur Medizinische Informatik




BMI Kalium Matrium Calcium pH Thrombopenie
Schockindex Leukozyten Ml Interaktionen| Anionenlicke GFR Tidalvolumen
Murrayscore MELD-Score FCT Allgemein FCT Herz |,
Diagnosen MiBi Kneg MiBi DRG MIBi 7 Tage Demo |
| Patient, *****= ===*** | |SH-Aufnahmenummer. ***** | Bettnummer: Bett 17 {5/1) | Orgeinheit AN
MLM: ICM_BMI
4 Patient ***** ****** hat einen BMI von 30.1.
Patient hat Adipositas Grad | {(E66.00).
HINWEIS: Diagnose E66.00 wurde noch nicht codiert!
1
1]
i i
= Beenden | Drucken | =
Lr =T T
\ T TR OAPEN T OSEENN OspEaN ovf T T [ =] =] N




nisth olod he Klinik-10 13:04 Arztliche Berichte kraussn anohym

Tool zur Ausfiihrung von Arden Syntax MLMs - Benutzer: kraussn_anonym - Orgeinheit: AN

Bl Kalium Matrium Calcium pH Thrombopenie
Schockindex Leukozyten MK INnteraktionen|  Anionenlicke GFR Tidalvolumen
MUrraysCcore MELD-Score PCT Allgemein PCT Herz \,
Diagnosen MIBI Kneg MIEI DRG MIEI 7 Tage Demo |

I Patignt *****= ====*= | |SH-Aufnahmenummer ****** | Bettnummer Bett 10 {4/2) | Orgeinheait AN

MLM: ICM_ANIONENLUECKE

Die Anionenliicke won #rFss Terees betr'agt4 mmlf]

Berechnungsgrundlage

Leteter Matriurmwert: 153 (Alter 3 Stunden 31 Minuten )
Letzter Chloridwert: 127 {Alter: 3 Stunden 31 Minuten )
Letzter HC O3 \Wert: 22 (Alter: 3 Stunden 31 Minuten )
Venwendete Farmel: Anionenlicke = Matrium - Chlorid - HCO3 1]

Anionenlicke sollte bei verwendster Formel zwischen 8 und 16 liegen.

=
=

Beenden | Drucken |

e B R B R I R e st L |




) ICM-Arden Weboberflache - Mozilla Firefox =] =|

Datei Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hife

| 7 hd c x TRt ||:‘] |http:,i,l’141.6?.21.?7,l’icm-ardenZ,l’mIm_medexter.php?FaIIid:163DS&m\mname=icmJ:r0caIc\t0nin&submit=AusF%FChren

|j ICM-Arden Weboberflache I =

Antwort von Medexter-Engine
Monitoring
Aktuell ist keine Precalciteninmessung erforderlich.
Glucose ) P
Kalium Patient hat 33 Procalcitonimwerte.
MO Die letzte Procalcitoninmessung erfolgte am 02.07 2011 um 06:00 Uhr und ergab den VWert 0.08.
Die letzte Procalcitoninmessung liegt also 7 hours 28 minutes 34. seconds zurick.
PCT-Studie Es wurden 13 vermeidbare Messungen gefunder: (4, 7.8, 11, 13, 16, 18, 20, 22, 24, 26, 28, 31)
Das Einsparpotential liegt bei 182 Euro
35
W PCT
2.0
2.5
2.0
1.4
1.0
0.5
0.0
3052011 262011 56,2011 862011 1162011 1462011 1762011 2062011 2362011 2662011 2962011 272011 5.7.2001
Regression tber alle Werte: -0.03
Fegression Uber die letzten beiden VWerte: 0
Trend: Veranderung pro Stunde: 0
# Wert Zeitstempel
1 322 28052011 um 06:00 Uhr
. 1B 30.05.2011 um 06:00 Uhr
. 057 31.05.2011 um 06:00 Uhr
. 055 01.06.2011 urm 06:00 Uhr
. 036 02.06.2011 um 06:00 Uhr
017 04062011 um 06:00 Uhr
. 042 05.06.2011 um 06:00 Uhr
. 0323 06.06.2011 um 06:00 Uhr
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Use Case: Hypoglycemia

» Hypoglycemia may seriously harm
- If patient is unconscious, it is difficult to notice

+ The PDMS should actively notify the physician:

If glucose is less than 50mg/dl,

then send an SMS message to the physician.

by Stefan Kraus



Use Case: Hypoglycemia

DATA:
LET glucose BE READ {..glucose..};
LET physician DECT BE DESTINATION {sms:26789};

LOGIC:
IF LATEST glucose IS LESS THAN 50 THEN

CONCLUDE true;
ENDIF ; \ CONCLUDE TRUE

- Do something

ACTION:
WRITE ,Warning..“" AT physician DECT;

by Stefan Kraus



Use Case: Hypoglycemia

Event monitors are
Ltireless observers,
constantly monitoring

clinical events"

(George Hripscak)

by Stefan Kraus



Implementation

three-step approach

e awareness by clinicians, technicians, and administration; willingness to invest
in evidence-based care, quality measures, legal confidence

e form a CDS governance committee (clinicians and technicians, backed by
administration)

e demand and install specific CDS solutions and/or a general CDS tool for
enterprise-wide knowledge authoring




Clinical perspectives




Regulatory affairs—I

e stand alone software
- Meddev 2.1/6: Guidelines on the qualification and classification of stand alone
software used in healthcare within the regulatory framework of medical devices
(MDs) (January 2012)

| stand alone software |

Is the software
performing an action on
data different from storage,
archival, lossless compression,
communication or
simple search?

Is the action for
the purpose defined
in art. 1.2a of MDD?2,

Is the action for
the benefit of
individual patients?

L
[ not a medical device ]




Regulatory affairs—1I1

e MDD 93/42/EEC
— amended by Directive 2007/47/EG (21 September 2007)

Article 1, Paragraph 2a (art. 1.2a of MDD):
Medical device (MD) means any instrument, apparatus, appliance, software,
material or other article, whether used alone or in combination, ... intended
by the manufacturer to be used for human beings for the purpose of:

- diagnosis, prevention, monitoring, treatment, or alleviation of disease

[ medical device J




Medical device certification

intended use

Y

classification of software using
MDD 93/42/EEC

A

— amended by 2007/47/EG
- effective 21 March 2010

- application of risk management to medical devices
IS0 14971

— application of usability engineering to medical devices
EN 62366:2008

- quality management system for medical products
ISO 13485

- medical device - software life cycle processes
EN 62304

conformity assessment
procedure

- notified body (e.g., TUV Austria)

A4

CE marking




Clinical medicine

patient

medication history

history data
symptoms
signs

laboratory
test results

biosignals
images

genetic data

symptomatic therapy

A 4

A 4

A 4

y

laboratory
diagnosis

A 4

radiological
diagnosis

A 4

Y

|

\ 4

symptoms
signs

test
results

findings

>

|differential

"| diagnosis

A 4

differential

therapy

\ 4

prognosis

patient

medical guidelines

|

I

examination

I

subspecialities

Y
clinic




Clinical medicine: high complexity

. sources of medical knowledge
- definitional
- causal
- statistical
- heuristic

. layers of medical knowledge
- observational and measurement level
- interpretation, abstraction, aggregation, summation
- pathophysiological states
- diseases/diagnoses, therapies, prognoses, management decisions

. imprecision, uncertainty, and incompleteness
- imprecision (=fuzziness) of medical concepts
* due to the unsharpness of boundaries of linguistic concepts
- uncertainty of medical conclusions
* due to the uncertainty of the occurrence and co-occurrence of imprecise medical concepts
- incompleteness of medical data and medical theory
* due to only partially known data and partially known explanations for medical phenomena

. “gigantic” amount of medical data and medical knowledge

- patient history, physical examination, laboratory test results, clinical findings
- symptom-disease relationships, disease-therapy relationships, ...

- terminologies, ontologies: SNOMED CT, LOINC, UMLS, ...

specialization, teamwork, quality management, computer support




Clinical medicine: hidden treasures

e holistic diagnosis
- knowledge and intuition, symptomatic vs. causal therapy, medication history
— patient's non-formalizable/non-digitizable data

e probable vs. possible diagnoses
- interpretation of findings, suspected diagnosis, clinical diagnosis, pathological
diagnosis
- pattern matching, most probable diagnosis, sensitivity, specificity, prevalence

e terminology in context
- not every diagnostic term is a diagnosis
— psychology: cold, flu, malaria, ...
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j { hide department diagram ] { fired column width
Stat. 39690

|clim:

Pat. 636041

Pat 636043
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at. 696045

Pat. 636047

636049

Pat 696052 |

1464096

Pat. 1464098

Pat 1464100

Pat 1464102

stay in hospital
stay at department
no data

[Pat. 1464104

[Pat 1454108
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Moni-ICU:
surveillance of
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pat. 1464102 high body terperature 100 %DaC »
Pat‘ 1464110 max. body temperature 30 °C »
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Pat, 1464106 systemic antibiotics yes »
pat. 1464100 pos. blood culture 100 *DoC [
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pat. 1464125 BS1-4 (primary sepsis) 100 %DoC >
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o o inflamm. symptoms in sepsis 100 *%DoC »
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imp.: not ventilated
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pathal. Breathing {autom.}

pathaol, Breathing (autorm.
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Differential diagnosis
of rheumatic diseases

atus Wirbelsaule

B Rhe

CICICSESEIEICIC IS
[& Stammdaten 1|r. Anamnt_a_se T. %tatu_;,r Labor /Réntgen
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E-I23 migliche Diagnosen

ingerbodenabstand 10 cm|

hobersche Dista 5 cm|
Chobersche Distanz Eml

eckentiefstand

enellsche Zeichen 5 E
BE

: Beinlange

Druckschmerz |
|| Beinlange: cm |
Bewegungsschmerz i |

E. werdacht auf entzindliche Gelenkerkrankung b |
periartikularer Schmerz = = |
poriphers Lehrmung  re i |

o

v

a e

% Schwellung, kndchern e a E
=

=

=

[ verdacht auf reaktive Arthritis

Schwellung, weich il 8 B
Schwellung, Ergui |

[ verdacht auf Arthropathia psoriatica

[ verdacht auf chranische Polyarthritis

Rotun
- [ Werdacht auf metabalische Gelenkerkrankung o

|
Bewegungseinschrankung :
|

E-I£5 ausgeschlossens Diagnosen ~Transparenz des Korpers -

- [l Yerdacht auf mechanische Ursache der Rickenbeschwerden || ; *g’ : 'Q§
----- [l Verdacht einer malignen Erkrankung als Ursache der Riickenbeschwerden || 2% graphische Darstellung @Mﬁj AHa WW

1 T

----- W verdacht eines Traumas als Ursache der Rickenbeschwerden 1 i
----- W verdacht auf funktionelle ader degenerative Rilckenbeschwerden | @ | e
----- W verdacht auf Nerverwurzelkompression der Wirbels3ule | ‘I‘a | e

[ verdacht auf entzindliche Wirbelsaulenerkrankung Iw@_ﬂ‘wgw
----- W verdacht auf bakkerielle Spondylarthritis | @ | G
----- W verdacht auf Spondylitis ancylosans | 'La i__,g':_#
----- W verdacht auf Spondylarthropathia psoriatica | ‘I‘a | G

[ erdacht auf Spondylarthritis bei Reiter-Syndrom | @ i e

----- W verdacht auf Spondylarthritis bei Enteropathie (Morbus Crahn usw.) | @ | @ i M D

----- W verdacht auf metabolische Wirbelsdulenerkrankung | ‘La | eu |




Clinically-oriented
of

hepatitis serology test results

11:50 AM 100

Hepaxpert/Interpretation
based of A,B,and C

Input of test results

Hepatitis A serology
anti-HAV

IgM anti-HAV
HAV-RNA

) negative () borderline () not tested
© negative

© negative

© positive

_) positive borderline () not tested

positive borderline (0) not tested

Hepatitis B serology

HBsAg O posi © negative () borderline () not tested

© negative
) negative

anti-HBs () positive borderline ) not tested

anti-HBc © positive borderline () not tested

© positive
positive

IgM anti-HBc borderline ) not tested
HBeAg

anti-HBe

) negative
borderline
borderline

) not tested

© negative
() positive ) not tested

© negative
anli-HBs titre [ Tun

Hepatitis C serology

anti-HCV © positive () negative borderfine () not tested

HCV-RNA () positive () negative borderline @ not tested

Submit

007-2011 Medexter. All ights reserved

interpretation

Carrier

Parameters anti-HBs titre

HBsAg

Results

anti-HBs This constellation of findings (positive IgM
anti-HBC antibodies with negative HBs- and
HEe-antigen and negaive anti-HBs ana
anil-HEe antibodies) oceurs In the course of
acute hepaiis B and Is characierisiic of the
seroconversion boih of HBs-antigen o anti-
HEs and of HBe-antigen to anti-HBe
antibodies. This Stage may be regarded as
& favorable prognoslic sign with  view 1o &
non-chronic course of the disease. Bload
and secretions (saliva, sperm, breast mik)
of the patient are o be considered
infectious

anti-HBc

IgM anti-HBc

11:45 AM HBeAg

anti-HBe

Hepaxpert/Interpretation

anti-HBs titre
of A, B, an

Interpretation

Hepatitis A serology

anti-HAV  Igh anti-HAV HAV-RNA
positive

Positive results for total anti-HAV antibodies in combination with negative results for Ight ani-HAY
antibocies indieate immunity o the hepaltis virus A and exclude the possibilty of a recent hapalils
A, This immunity may either have been acquired naturally through an earker infection or it may have
been induced by active vaccinalion or passively acquired immunization.

Hepatitis B serology

HBsAg anti-HBs  anti.HBe  IgM anti-HBc HBeAg
< positive

“Thie constellation of findings (positive IgM anti-HB¢ antibodies with negative HBe- and HBe-antigen
and negative anti-HBs and ant-HBe antibodies) occurs in the course of acute hepatitis B and is
characteristic of the seroconversion both of HBs-antigen fo anti-HBs and of HBe-antigen fo anti-HBe
antibocies. This stage may be regardad as a favorable prognostic sign with a view 10 a non-chronic
course of the disease. Blood and secretions (saliva. sperm, breast milk) of the patient are 1o be:
considered infectious.

anti-HBe  anti-HBs titre

Hepatitis C serology

anti-HCV  HCV-RNA
positive
There s a recent or chronic persisting or an earlier hepatiis C virus infection. An additional test for
HCV-RNA adds further information. Blood of such patients may be considered as infectious with
regard o hepalitis C.

Important Notice

The attending physician alon Is responsible for the patient’s dlagnosis and therapy. Therefare,
contact a doctor af al imes. Only the doctor will be able to align the Hepaxpert interpretation with
the full clinical picture of the patient.
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Arden Syntax software: generic technology platform for clinical
decision support

EMR

web-services client

Arden Syntax

Arden Syntax server .
authoring component

SOAP and REST Arden Syntax server upload

administration compiled

web services MLMs

Arden Syntax compiler

Arden Syntax engine

Arden Syntax server connector

curly brace evaluation
expression result

data source

x MD



Clinical reality and software artefacts: a sociotechnical,
interdependent system

clinical reality

U

decision and responsibility

substitution

support

software artefacts

U

information and risk

- depth
- computational
power

- reminders
— uncertainties

PATIENT

certification of both clinicians and software = best care through best quality
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