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Model-based Decision Support

Patient Safety

Diagnostic Innovation
Machine 
Learning

If / Then
Guideline-oriented



From the clinic to the clinic



• Europe's only academic CDSS in routine care

• Germany's leading CDSS in terms of scope and evidence

Clinical Decision Support System (CDSS) for structured data

>10
Models

>6000
Patient alarms 

per year

>15
Publications

>5
Years of clinical 

application



Features

Evidenced
patient safety

Real-time 
monitoring

Machine Learning

Open Source

Traceable data 
streams

From research 
straight to routine



Previous Project and what we have learnt from it

● Funded project: Collaboration with an industry partner

● Goals:

○ Work on specific alarm algorithms for different medical end points

○ Design and implementation of an infrastructure

● Results:

○ >10 AMPEL algorithms

○ Infrastructure

■ Tight integration into SAP i.s.h.med.

■ No integration of AI-based algorithms

○ Strong dependence on industry partner and SAP infrastructure

○ No MDR certification



Version 2 - Design Principles

● Real-time processing of clinical data

● Based on and provided as Open Source

● Respect Medical Device Regulation (MDR)

● Support for

○ Rule-based approaches

○ AI-based solutions

○ Different data source platforms

● Performance, Scalability, Security, Traceability, Explainability…

Open Source

Medical Device

Real-time



High-Level System Architecture

Data Source(s)

Transformation
& Preparation

Topic-based Data Streams

AMPEL Service

Algorithms

AMPEL
Visualization

Request Response

Mail

Notifications

Kafka Pipes

AKI

Sepsis

…

Call

EHR



Apache Kafka - Basics and Pipes

● Open Source streaming framework: https://kafka.apache.org

● High performance and scalability

○ Many adapters for source management systems

○ Read transaction logs for performant recognition of data manipulation actions

● Topic-specific Pipes transporting messages for each new event in source system(s)

● Application in AMPEL

○ Pipes for source data → algorithms

○ Pipe for algorithm results

Lab Data

Patient Data

…

AMPEL Results

Algorithms

AMPEL Service

https://kafka.apache.org


Data Sources

● Highly depend on used EHR and related systems

● Specific solution in Leipzig

○ SAP i.s.h.med as EHR

○ Laboratory information management system

○ Data warehouse integrating relevant information

EHR

LIMS

…
Staging Area

Data Warehouse

AMPEL
Adapter

Data Transformation,
Message Building, …



AMPEL Models

● Implemented as autonomous services

○ Polling Kafka pipes for new messages

● No limitation on programming languages

● Currently available for Java

● Further programming languages 
will follow (R, Python)

Algorithms

Kafka Pipes

AKI

Sepsis

…



Alarming

● Different alarm notification modes

○ Visual alarming - user interface

○ Phone support

○ Alarm sent by e-mail

○ Messages to potentially any device

● Alarm (noise) suppression

● Logging



Visualization

● Direct integration into the clinical workplace

○ Often limited capabilities for extensions 

○ Column with aggregated information

○ Coloured coding of current patient state

● Link to separate web page providing more 
information

○ Details resulting from each algorithm & 
explanations

○ History of computed results



Medical Device Regulation (MDR)

● All algorithms with direct impact on physicians decision

● MDR risk class IIa / IIb

● Self-made development declaration

○ Cooperation with the clinic's quality management department (QM)

○ Detailed documentation and software tests 

● Cooperation with ICCAS (Innovation Center Computer Assisted Surgery, 
Leipzig)

○ Supporting medical devices from research to market readiness

○ > 100 employees



AMPEL Concept

Customisable

Medical Device

Real-time

Input
Computation

Output



AMPEL Studies

Customisable

Medical Device

Real-time

Data processing
outside of patient care

Screening

Data collection

Intervention

User-Interface

Clinical Decisions
in patient care



Refeeding Syndrome

Lara Heuft, Jenny Voigt, Lars Selig et al. (2023): Development, 
Design and Utilization of a CDSS for Refeeding Syndrome in Real 
Life Inpatient Care—A Feasibility Study. In Nutrients



Refeeding Syndrom
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Design and Utilization of a CDSS for Refeeding Syndrome in Real 
Life Inpatient Care—A Feasibility Study. In Nutrients



Sepsis

Daniel Steinbach; Paul C. Ahrens; Maria Schmidt et al.(2024): 
Applying Machine Learning to Blood Count Data Predicts Sepsis 
with ICU Admission. In Clinical Chemistry



Sepsis

Daniel Steinbach; Paul C. Ahrens; Maria Schmidt et al.(2024): 
Applying Machine Learning to Blood Count Data Predicts Sepsis 
with ICU Admission. In Clinical Chemistry



www.ampel-cdss.de

AMPEL Core Team

AMPEL@uniklinik-leipzig.de

Martin Federbusch Toralf Kirsten Maria Schmidt Alexander Twrdik Daniel Steinbach

Let’s make medical AI open and collaborative!
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