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Case 1 - WHY IS IT IMPORTANT TO UNDERSTAND THE MEDICATION
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SUPERBUGS or multidrug-resistant organisms MDRO

https://www.sintef.no/

• Microorganisms (primarily 
bacteria)

• Resistant to at least one 
or more classes of 
antimicrobial drugs 
(antibiotics)

• Causing infections 
difficult or impossible to 
treat

• Tested by identifying 
bacteria from patient 
samples (blood, urine, 
swabs) 

• and for their 
susceptibility to various 
antibiotics
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Antimicrobial Stewardship: Strategy to mitigate the risk of MDRO

Responsible Use: Using antibiotics only when prescribed by a healthcare professional and 
following the regimen to completion.

Process Measures: Evaluates if interventions are effective, such as reviewing compliance with 
guidelines

Outcome Measures: Tracks decreased antibiotic resistance rates, lower pharmacy spending

Utilization Metrics: Measures the volume of antibiotic consumption, typically reported as days of 
therapy (DOT) per 1000 patient-days or defined daily doses (DDD).

Data Analysis: analyzing patterns of prescribing to provide tailored feedback to clinicians

Research: longitudinal studies using Real World Data
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Antibiotics Consumtion Report

2024: Decrease in consumption?

No! A new EHR J

Aggregated Consumption per Antibiotics Class, based on an individual administration per patient / order
per ATC category
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USE CASE Ceftazidime & Avibactam

Ceftazidime-avibactam is a β-
lactam/β-lactamase inhibitor
combination restricted for the
treatment of multidrug-resistant
infections of Pseudomonas 
aeruginosa non-susceptible to
ceftazidime and resistant to
carbapenems.

https://doi.org/10.1038/s41467-025-58597-6

https://doi.org/10.1038/s41467-025-58597-6
https://doi.org/10.1038/s41467-025-58597-6
https://doi.org/10.1038/s41467-025-58597-6
https://doi.org/10.1038/s41467-025-58597-6
https://doi.org/10.1038/s41467-025-58597-6
https://doi.org/10.1038/s41467-025-58597-6
https://doi.org/10.1038/s41467-025-58597-6
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Reality: Regulation & Distribution

https://www.flaticon.com/free-icons/manual

Product registration / marketing
authorisation Switzerland

The Anatomical Therapeutic Chemical (ATC) classification system is a 
World Health Organization (WHO) standard for classifying medicines. It 
assigns unique codes based on the organ/system acted upon, and 
therapeutic/chemical properties, organized into five levels to support 
drug research, statistics, and regulation

Hospital’s logistics

Zavicefta + ATC Code

Authorisation

Different brand names in the U.S. and in Europe
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Reality: Treatment Guidelines & Resistency Information 

Ceftazidim-Avibactam
guidelines as a free text
no standard terminology linked

Ceftazidim resistency as a free text, 
no standard terminology linked
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Reality: Resistancy Testing results EHR & Clinical Data Warehouse

Hospitals Microbiology: 
Resistancy Testing, Antibiotics Susceptibility for
Ceftazidim as a free text, 
no Standard Terminology linked

Clinical Data Warehouse: 
• Manual mapping of the Microorganism to SNOMED CT
• Manual mapping of the substance to ATC
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Reality: Medication Administration, EHR

CEFTAZIDIM-AVIBACTAM (ZAVICEFTA) INFUSION

CEFTAZIDIM-AVIBACTAM (ZAVICEFTA) AD 100 ML PERFUSOR

Masterfile EHR Medication:
• Only 80% mapping to ATC available
• Same ATC, different products

Medication Administration documentation based on an EHR ID:
• Ceftazidim-Avibactam (Zavicefta) Infusion
• Ceftazidim-Avibactam (Zavicefta) Ad 100 ml perfusor

One ATC code, but different products
with different 
• administration routes, 
• concentration, 
• substance amount

What Information Is Clinically Relevant?

Extracted core attributes:
✅ Ingredient: Ceftazidim-Avibactam
✅ Strength: 2 g / 0.5 g
⚠ Dose form: Infusion / Perfusor
❌ Less relevant for CDS: Brand (Zavicefta)
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The goal: knowledge generation
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Medication product names in Swiss electronic health records are heterogeneous 
and often encode multiple attributes (e.g., ingredient, strength, dose form, 
packaging) in German free text. This limits interoperability and reduces the 
utility of ATC codes, which do not uniquely identify products. 
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Using RxNorm standard for medication representation

RxNorm is a U.S. National Library of Medicine (NLM) standardized nomenclature for clinical 
drugs, providing normalized names and unique identifiers (RXCUI) for ingredients, strengths, 
and dosage forms. It facilitates interoperability between pharmacy, laboratory, and hospital 
systems, focusing primarily on drugs marketed in the U.S.

⚠ Brand Zavicefta is missing
(Europe) 

Rx Norm unifies standard
classifications, 
connecting ingredients
with indications, diseases
and physiologic states.  
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Building Semantic Representation
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RxNORM
Mapping

We compared two workflows for mapping Swiss medication products to RxNorm and RxNorm Extension

(i) Observational Health Data Sciences and 
Informatics (OHDSI) USAGI workflow with 
lexical similarity approach and expert curation 

(ii) a large language model (LLM) 
workflow with constrained 
synonym generation and 
candidate selection Triep K, Endrich O. Callenging Interoperability: Mapping and Validation of a Swiss Medication 

Catalogue to RxNorm. Stud Health Technol Inform. 2026 May 21;336:1822-1824. doi: 
10.3233/SHTI260550. PMID: 42175221.

CEFTAZIDIM-AVIBACTAM (ZAVICEFTA) INFUSION

CEFTAZIDIM-AVIBACTAM (ZAVICEFTA) AD 100 ML PERFUSOR
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OHDSI Workflow and ATHENA Vocabulary
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2 different concepts: Brand name, Branded Drug Form
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LLM Workflow

The pipeline takes German free-text medication strings from clinical systems and does not use proprietary 
brand names as matching keys.

Stage 1: an LLM generates up to three English synonyms per input, preserving active ingredient and 
strength when explicitly present while removing manufacturer and packaging details.

Stage 2: query RxNorm and the RxNorm Extension using the original German string plus up to three 
English synonyms, retrieving the top 20 candidates per query. Candidates are merged and deduplicated by 
concept identifier to form a consolidated candidate list per record.

Goal. From the retrieved candidate list, select the single best match for the original (German) medication
string. We call a second LLM with a strict system prompt that frames the task as a classification over a 
fixed candidate list. The model is required to output only the index of the best matching list entry, 
selected on the basis of:

1. Active ingredient match (highest priority).
2. Strength match (if present in the original name). 
3. Manufacturer match (only if present in the original name).
4. Package size match (only if present).
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Results

We evaluated 179 products; 151 products were not equally mappable at code level.

For these discordant products, the LLM workflow mapped predominantly to branded-level classes (121/151, 80.1 %), 
whereas manual/USAGI mapping more often selected clinical drug–level classes (87/151, 57.6 %).

Semantic proximity differed by target vocabulary.
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Class comparison LLM & USAGI

Class comparison of products not equally mappable on 
code level, LLM and manual USAGI workflow

The single most frequent LLM class was 
Branded Drug Form (71/151, 47.0 %)

In contrast, manual mappings
were split between Clinical Drug Form (48/151, 31.8 %) 
and Branded Drug Form (46/151, 30.5 %), 
with Clinical Drug also common (26/151, 17.2 %).
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Graph Representation - Medication
Examples illustrating both mapping approaches, 
including
cases involving combination products (multi-
ingredient formulations) and knowledge graph
representations incorporating ATC codes
Nodes: 
product = orange, 
Rx Norm = blue, 
Rx Norm Extension = red; 
Relationships: 
red = LLM mapping, 
blue manual USAGI mapping; 
Classes: Ingredient, Clinical Drug, Branded Drug)
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The Graph representation was 
extremely helpful for the visualisation, 
validation and knowledge creation!
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Evaluation of semantic proximity by using the knowledge graph

Seman]c proximity between 
mapped concepts was 
assessed using the median 
shortest path length in
the knowledge graph; 
shorter paths indicate closer 
seman]c agreement a^er 
mapping.
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Case 2 - What makes it difficult to describe variation in anatomy?
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https://clinicalpub.com/cholecystectomy/
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Variation in Method and Approach 
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https://pmc.ncbi.nlm.nih.gov/articles/PMC11426409/
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The Surgeon’s Personality
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Theodor Billroth César Roux
Roux-en-Y-bypassBillroth I & II Magenresektion

https://link.springer.com/article/10.1007/s00104-006-1267-3#Fig3

Da Vinci Roboter
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Use Case: prediction of post-surgical infection
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Guillen-Ramirez H, Sanchez-Taltavull D, 
Perrodin S, Peisl S, Triep K, Gaudet-
Blavignac C, Endrich O, Beldi G. 
PredicCon of postoperaCve infecCons by
strategic data imputaCon and 
explainable machine learning. J Am Med
Inform Assoc. 2025 Nov 1;32(11):1706-
1717. doi: 10.1093/jamia/ocaf145. 
PMID: 40886713; PMCID: 
PMC12626223.

Results: The integration of kinetics of 
laboratory values into a machine 
learning predictor achieved a recall, 
precision and ROC AUC at postoperative 
day 2 of 0.71, 0.69, and 0.83, 
respectively. Moreover, infection 
detection outperformed clinician-based 
decision-making, as reflected by the 
postoperative timing of antibiotic 
administration. 
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• Type of surgery / invasiveness is important for risk prediction

• Clustering on surgery type & invasiveness can be done by using a procedure
classification

Hypothesis
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Medical (surgical) procedures classifcations are typically:

• Country or healthcare context specific

• Often non-english

• Mapping to Standard Terminologies is generally not available

• Multiaxial, includes abbreviations, personal names and descriptions

• Semantically ambiguous

• Inconsistant in hierarchy

The Challenge – procedures classification
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USE CASE OPS (Germany) and CHOP (Switzerland)

The German Procedure Classification OPS

33’750 distinct terminal codes

1 Language: German
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The Swiss Procedures Catalogue CHOP

10,860 distinct terminal codes

3 Languages: German, French, Italian
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processing a (non-English) medical classification, 
exemplified by the Swiss Classification of 
Operations and Procedures (CHOP)

term is translated and contextually augmented using 
an LLM, Gemma2. 

enhanced description is transformed into a semantic 
numeric representation encoded into a 1024-
dimensional numeric vector that captures its 
semantic meaning using the embedding 
model mxbai-embed.

generated vectors from the complete classification are 
stored in ChromaDB,  a database designed for 
efficient vector management and retrieval.

MAP-CARE FRAMEWORK 
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GitHub - HugoGuillen/MAPCARE: MAP-CARE: Multilingual 
Approach for Procedures in Clinical and Retrieval 
Embeddings · GitHub

https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
https://github.com/HugoGuillen/MAPCARE
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Building Semantic Representation
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OHDSI Tools

SNOMED as a link
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Graph Representation of Procedures

Concept «Cholecystectomie» 
represented in OPS, CHOP and 
SNOMED CT for visual validation!

Graph allows deep understanding of
concept representation with different 
terminologies

OPS

CHOP

SNOMED CT
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Validation
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500 terms
• Accuracy in translation
• Accuracy in semantic matching
• Accuracy in cross-classification mapping
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Goal: Term-retrievement by Natural Language Search
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Building semantic layer supports knowledge generation

Clinical Data 
Warehouse
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Insel Ontology Ecosystem
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• The demonstrated processing using LLM / OHDSI workflows offers a 
flexible, scalable, and robust solution for the multilingual and cross-system 
integration of medical data. 

• The innovative usage combined with semantic embeddings sets a new 
standard for the accessibility and utility of multilingual medical information.

• Building a semantic layer supports knowledge generation

• Visualisation enables transparency, validation, insight

Summary
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Key message: Interoperability in health care 
improves outcomes and reduces adverse events

Knowledge storage and representation is a foundation for the
meaningfull data usage for care improvement and research


