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HL7 – global interoperability standards

• HL7 provides standards for interoperability
• improve care delivery, optimize workflow, reduce ambiguity and enhance knowledge transfer

• 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
• …

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



About HL7

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

• HL7 Austria
• Founded in 2007
• Activities: information source, support, ballots (eg. CDA IG), e-Learning, courses, 

meetings/conferences, “Austrian interoperability forum”
• 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…

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

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

• The aggregated data pool (local EHR+ELGA) may be used for clinical decision 
support!
• 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 (HL7)

• 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



Sample MLM (excerpt)



ArdenML: Objectives and applications

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

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

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



ArdenML: Example



Cross compilation/transformation of Arden Syntax to/from ArdenML

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

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

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

• medical expert system MYCIN by Shortliffe et al. (Stanford University, 1975)
– diagnostic and therapeutic proposals for patients suffering from infectious 

diseases (evaluation JAMA, 1979)





Artificial Intelligence (AI)—applicable to clinical medicine

• Definition: AI 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.

• 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 AI in clinical medicine manageable.

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

⇓
artificial-intelligence-augmented clinical medicine



Medical information and knowledge-based systems

symptoms
signs

test results
clinical findings

biosignals
images

diagnoses
therapies

nursing data

•
•
•

standardization
telecommunication

chip cards

anatomy
biochemistry
physiology

pathophysiology
pathology
nosology

therapeutic knowledge
disease management

•
•
•

subjective experience
intuition

knowledge-based 
systems

patient’s medical data physician’s medical knowledge

medical statistics
clustering & classification
data & knowledge mining

machine learning 

clinical decision support
medical expert systems

many
patients

single 
patient

diagnosis
therapy

prognosis
management

general
knowledge

•
•
•

general
knowledge

telemedicine telemedicineintegration

information 
systems

induction

deduction



Clinical decision support and quality assurance

patients’ structured medical data

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

prognostic prediction
• illness severity scores, prediction rules
• trend detection and visualization

therapy advice
• drug alerts, reminders, calculations

– indication, contraindications, 
redundant medications, substitutions

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

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

diagnostic support
• clinical alerts, reminders, calculations
• data interpretation, (tele)monitoring
• differential diagnostic consultation

– rare diseases, rare syndromes
– further or redundant investigations        
– pathological signs accounted for

• consensus-criteria-based evaluation
– definitions, classification criteria

highly-structured medical knowledge

T



• 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

• causes of errors
– error or delay in diagnosis
– failure to employ indicated tests
– use of outmoded tests or therapy
– 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 

to an abnormal test
– inappropriate (not indicated) care
– failure of communication
– equipment failure

• prevention of errors
– we must systematically design safety into 

processes of care

errors

prevention



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

• linguistic uncertainty

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

‒ modeled by fuzzy sets, e.g., fever, increased glucose level

• 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

yes/no decision

gradual transition

age

1

χY young

0 threshold

U = [0, 120]
Y ⊆ U with Y = {(µY (x)/ x)x ∈ U}
µY: U → [0, 1]

1
1 + (0.04 x)2

∀ x ∈ U0 age

1

µY young

threshold
0

U = [0, 120]
Y ⊆ U with Y = {(χY (x)/ x)x ∈ U}
χ Y: U → {0, 1}

χ Y (x) = ∀ x ∈ U0 x > threshold
1 x ≤ threshold

1           x ≤ threshold

x > threshold
µY (x) =

0











Crisp sets vs. fuzzy sets

age

1

χY young

0 threshold

0 age

1

µY young

threshold
0

0

“arbitrary” yes/no decisions
• cause of unfruitful 

discussions
• often simply wrong

“intuitive” gradual transitions



Clinical concepts and relationships between them

( ) Dt
3S2S1S →¬∨∧

truth value

DoC



Arden Syntax



• … a language used for representing and sharing medical knowledge.

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

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

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

What is Arden Syntax ?



• 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 “.mlm”

• 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

Arden Syntax – Fundamentals I



• 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

Arden Syntax – Fundamentals II



Sample MLM

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



Sample MLM (cont.)



Sample MLM (cont.)



Sample MLM (cont.)



Arden Syntax – Fundamentals III

• Data types

• Statements, expressions (assignments, loops, variables, constants, objects)

• Operators

• List operators
• Logical operators
• Comparison operators
• String operators
• Arithmetic operators
• Temporal operators
• Aggregation operators
• Time and object operators



Primary Time 

• In addition to its value part each data value has a primary time part and an applicability

• Primary time represents the value part’s time of creation or measurement

• By default, primary time is null

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

• 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



• 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. 

• 1992: Arden Syntax version 1.0

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

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

• 2014: Arden Syntax version 2.10

History



Version Year Important changes
2.1 2002 new string operators; reserved word “currenttime” returns the system 

time
2.5 2005 object capabilities: create and edit objects; XML representation of MLMs 

(except logic, action and data slot)
2.6 2007 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

2.7 2008 enhanced assignment statement; extended “new” operator to allow 
easy and flexible object instantiation

2.8 2012 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 

2.9 2013 fuzzification: fuzzy data types and fuzzy sets; adjustment of all 
available operators to be able to handle fuzzy data types

2.10 2014 XML representation of whole MLMs (including logic, action and data slot)

History



Fuzzy Arden Syntax



• Crisp border

– Defines a sharp border

– Checking if a given measurement is 
greater or less than the defined crisp 
border results in either true or false

– Borderline cases are not detected

• Fuzzified border

– Defines a gradual border  

– Checking if a given measurement is 
greater or less than the defined fuzzified 
border results in a truth value between 0 
and 1

– Borderline cases are detected 

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

Fuzzy Sets – Background I



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

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

x is in BMI.normal

Fuzzy Sets – Background II



• 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;

• Fuzzy set based on other data types
Fuzzyset_duration := FUZZY SET (3 days,0), (10 days,1), (20 days,1), (25 days,0);

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

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

– 11-11,0); 

x is in BMI.normal

Fuzzy Sets



• Usual Arden Syntax

fever_limit := 38;
temperature := 37.9;

message := "patient has no fever"; 

IF temperature > fever_limit THEN

message := "patient has fever";

END IF 

– Result message: “patient has no fever”

– Borderline case is not detected

• Fuzzy Arden Syntax

fever_limit := FUZZY SET (37.5,0), (38,1);
temperature := 37.9;

message := "patient has no fever"; 

IF temperature > fever_limit THEN

message := "patient has fever";

END IF

– Result message: “patient has fever” (with 
applicability 0.8)

Fuzzy Sets – Example I



• Arden Syntax contains two types of fuzziness:
• Data types: for explicit calculations e.g., truth value, fuzzy set
• 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 

Applicability



Statements – If-Then-ElseIf – Fuzzy Condition

Source
maintenance: [...]

knowledge: [...]

logic:

//define linguistic variable BMI 

[...]

myBMI := 24.8;

x := myBMI <= BMI.overweight;

if x then

// this branch is executed

// with applicability 0.8

<then_block>

else

// this branch is executed

// with applicability 0.2

<else_block>

endif;

[...]

end:

Arden Syntax Fuzzy Arden Syntax



Statements – If-Then-Aggregate

if x then
<then_block>

else
<else_block>

endif AGGREGATE;

• Combination of the variable values in each execution 
branch according to their applicability

• Aggregations are common in fuzzy control



ArdenML



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

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

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

ArdenML: Objectives and applications



ArdenML: Example



Cross compilation/transformation of Arden Syntax to/from ArdenML



Integration



How to execute MLMs

• 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 := MLM 'find_allergies';

(allergens, reactions):= call find_allergies;

• 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



How to execute MLMs – Web Service Interfaces



How to execute MLMs – Web Service Usage



• MLM and event calls

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

• 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



How to get data into MLMs – Curly Brace Expressions



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

Types of Integration I



MLM/event calls
– through web-services

data access from inside MLMs
– through server connector as

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

II.

Types of Integration II



Data warehouse + Arden Syntax server = autonomous CDS system
– data provided through HL7/XML/batch/… communication
– full process control (MLM triggering)
– additional analytics, reporting, benchmarking
– full legal control (legal obligation to retain data, burden of proof)

III.

Types of Integration III



Clinical decision support with Arden Syntax

• 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)

• 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 Dräger)

* ICU decision support modules (Universitätsklinikum 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 Universitätsklinikum)
‒ Teleiatros, iPhone, iPad

* remote CDS, mHealth





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





Arden Syntax—integration of software

Data warehouse + Arden Syntax server = autonomous CDS system
– data provided through HL7/XML/batch/… communication
– full process control (MLM triggering)
– additional analytics, reporting, benchmarking
– full legal control (legal obligation to retain data, burden of proof)

III.



First study:

⇒ 99 ICU patient admissions; 1007 patient days

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.

conventional 
surveillance

Moni-ICU 
surveillance

time spent 82.5 h 
(100%)

12.5 h 
(15.2%)

episode present 
“gold standard”

(n= 19)

episode absent
“gold standard”

(n= 78)
episode 

present “Moni-ICU”
16

(84%)
0 

(0%)
episode 

absent “Moni-ICU”
3

(16%)
78 

(100%)

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

Time expenditure for both surveillance techniques



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

De Bruin, J.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.

Moni-ICU

gold
standard

I+ I-

I+ 26 1

I- 4 75

30 76

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

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)



Two different hyperglycemia definitions



Moni-NICU cockpit view



Interpretation 
of 

hepatitis serology test results



test results

interpretation



Hepaxpert/Interpretation in Soarian



ORBIS Experter: Hepatitis serology diagnostics



Interpretation 
of 

hepatitis serology test results



Arden-Syntax-Server and MLMs at Universitätsklinikum 
Erlangen

Dr. Ixchel Castellanos

Interdisziplinäre Operative Intensivmedizin, Anästhesiologische Klinik

and

Dipl.-Inform. Stefan Kraus

Lehrstuhl für Medizinische Informatik









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;

ACTION:

WRITE „Warning…“ AT physician_DECT;

by Stefan Kraus

CONCLUDE TRUE
 Do something



Use Case: Hypoglycemia

Event monitors are

„tireless observers,
constantly monitoring
clinical events“

(George Hripscak)

by Stefan Kraus



Implementation

three-step approach 

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

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

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



Clinical perspectives



Regulatory affairs—I

• 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)



Regulatory affairs—II

• 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 certification



Clinical medicine

medical guidelines

history data

symptoms

signs

laboratory
test results

biosignals

images

genetic data

prognosispatient patient

symptomatic therapy

differential
therapy

differential
diagnosis

symptoms

signs

test 
results

findings

examination subspecialities clinic

medication history

radiological 
diagnosis

laboratory
diagnosis

…



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

• holistic diagnosis
– knowledge and intuition, symptomatic vs. causal therapy, medication history
– patient‘s non-formalizable/non-digitizable data

• probable vs. possible diagnoses
– interpretation of findings, suspected diagnosis, clinical diagnosis, pathological 

diagnosis
– pattern matching, most probable diagnosis, sensitivity, specificity, prevalence

• terminology in context
– not every diagnostic term is a diagnosis
– psychology: cold, flu, malaria, … 



Moni-ICU: 
surveillance of 

healthcare-associated 
infections

MD



Moni-NICU: 
(surveillance of and) alerts for 

healthcare-associated 
infections

MD



Differential diagnosis 
of rheumatic diseases

MD



Clinically-oriented interpretation
of

hepatitis serology test results

MD



Arden Syntax software: generic technology platform for clinical 
decision support

MD



Clinical reality and software artefacts: a sociotechnical, 
interdependent system

⇓
clinical reality

decision and responsibility

software artefacts

information and risk
⇓

certification of both clinicians and software       best care through best quality

PATIENT

substitution

– depth
– computational 

power

support

– reminders
– uncertainties

⇓
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