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Why is it a challenge?

• increase in susceptibility to infections
– modern medicine saves lives

• increase in antibiotic resistance
– e.g., MRSA 

• demand for benchmarking and quality assurance
– surveillance and reporting

 (1) hand hygiene
(2) information technology



ESBL – extended-spectrum beta-lactamase-producing bacteria

VRE - vancomycin-resistant enterococcus

MDR-TB - multidrug-resistant tuberculosis

increased
disposition by 
low immunity

MRSA - methicillin-resistant Staphylococcus aureus

exposure to 
pathogens

entry sites
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Information technology for infection control

• tools for
– analytics
– surveillance
– benchmarking
– monitoring
– reporting

 these tools provide solutions for various questions
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MOMO

• analysis of microorganisms with multi-dimensional table statistics

and 

• monitoring of 
– microbes and antimicrobial resistance patterns 
– cross infections 
– frequencies and trends





Zusammenstellung
der

Abfrage



Zwischenfilterung 
und 

Ergebnisberechnung



MRSA-Bericht
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Target
Development and implementation of intelligent, knowledge-based software able to 
extract and analyze healthcare-associated infection (HAI)-related surveillance 
information from structured clinical and laboratory data held in PDMSs and LISs

MONI-ICU and MONI-NICU
Monitoring (for surveillance and alerts) of HAIs in ICUs with adult patients and in NICUs 
with neonatal patients

Characteristics
(1) PDMSs and LISs as electronic data sources provide structured medical 

data
(2) medical knowledge bases containing computerized knowledge of every 

clinical entities involved
(3) processing algorithms evaluate, aggregate, and interpret clinical data 

stepwise until raw data can be mapped into the given HAI definitions







linguistic HAI definitions

basic concepts:
symptoms, signs, test results, clinical findings

intermediate concepts:
pathophysiological states

abstraction:
rules, type-1 & type-2 fuzzy sets, temporal abstraction

feature extraction:
mean values, scores, …

preprocessing: 
missing data, plausibility, …

ICU, NICU, and microbiology patient data bases

y inference steps
reasoning

symbols

data-to-symbol
conversion

raw data

x inference steps

layer n-x-y-1

layer 2

layer 1

layer n-x-y

layer n-y

layer n (goal)

layer 0 (start)

… ……

patient-specific cockpit
&

legal reporting
&

quality benchmarking





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



Standard ward reporting (I)

Denominator data

‐ admissions

‐ patient days

‐mean length of stay (days)



Standard ward reporting (II)

Device use

‐ urine catheter days

‐ central venous catheter days

‐ respirator days



Standard ward reporting (III)

healthcare‐associated infection by 
syndrome

catheter‐related infection (CRI) 
by type

central‐venous‐catheter (CVC)‐
associated CRI rate 
(n/1000 device days)
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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
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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)







Software-based clinical solutions by Medexter Healthcare

critical event, monitoring, and analytics systems medical 
expert systems

Arden Syntax 
v2.10

infection control
and 

analytics

adverse events
and

quality measures

evidence-based 
reminders and 

processes

interpretive 
and

diagnostic support

customer-accessible 
CDS 

software

• MOMO
microorganisms and 
antimicrobial resistance 

• MONI
healthcare-associated 
infections
 ICU
 NICU
 SSI

• MOAB
antimicrobial therapy

• RESI
antibiotic resistance

• MADE
adverse drug events

• TRIG
quality measures

• MOLA
critical laboratory test 
results

• OBSSOPS
safety in obstetrics

• HEPAXPERT
interpretation of 
hepatitis serology

• RHEUMADIFF
differential diagnosis in 
rheumatology

ARDENSUITE
with authoring and
administration tools

integrated generic 
technology platform

• rules, tables, 
decision trees

• pathways, 
standard operating
procedures,
guidelines

MedDW data warehouse and CDS Arden Syntax rule engine Apps CDS 
committee


