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Automation at bedside

Icons made from flaticonHänninen et al., EurJHospPharm 2023; 30(3): 127–135.

Traditional ward 

dispensing

Semi-automated

Dispensing

Automated

Dispensing
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Automation at bedside

Icons made from flaticonHänninen et al., EurJHospPharm 2023; 30(3): 127–135.

Traditional ward 

dispensing

Automated

Dispensing

High risk of medication errors

Workload on nurses

Increasing risk depending on staffing

50 % reduction of medication administration errors

90 %  reduction of clinical errors

Workload shift into hospital pharmacy

Additional data on cost-effectiveness needed

Dispensing errrors occur rarely
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Automation current pitfalls

Icons made from flaticonHänninen et al., EurJHospPharm 2023; 30(3): 127–135.

Automated

dispensing
New risks

Fading ink on the package

Device outage and technological issues

Late changes in medication increase risk for errors

Scanning is priority as pouches and bags have a look a like risk

Automated dispensing has the potential to move the pharmaceutical care at bedside 

on a new level. 
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Is AI something new?

Danielle J. Williams, A brief history of AI



September 2024 | Morath 

Large computing power 

enables new technologies

https://ourworldindata.org/brief-history-of-ai
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Defining AI

Linguistics

Computer 
science
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Function of generative models

The dose makes
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Function of generative models

The dose makes
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Function of generative models

P≈ 0,04

The dose makes  a
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Function of generative models

P≈ 0,93

The dose makes the
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Function of generative models

The dose makes the
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Function of generative models

The dose makes the
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Function of generative models

The dose makes the         joy
P≈ 0,06
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Function of generative models

P≈ 0,92

The dose makes the  poison
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How are LLM trained?

flaticon: Hilmy Abiyyu A. Outline Color

Books1

Books2

Large datasets
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Unmonitored

„Pre-Training“

GPT-3.5

Monitored

Fine-Tuning

How was ChatGPT developed?

Images from freepik from flaticonThirunavukarasu AJ et al., Nat Med 2023. 29(8):1930-1940

Adapted from Ouyang et al.  2203.02155 (arxiv.org).

https://arxiv.org/pdf/2203.02155
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Unüberwachtes

„Pre-Training“

GPT-3.5

How was ChatGPT developed?

Images from freepik from flaticonThirunavukarasu AJ et al., Nat Med 2023. 29(8):1930-1940

Adapted from Ouyang et al.  2203.02155 (arxiv.org)

Monitored

Fine-Tuning

Explain the term 

antibiotics
„Antibiotics are 

a group of..“ Monitored Fine-Tuning

Monitored

Fine-Tuning

https://arxiv.org/pdf/2203.02155
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Unmonitored

„Pre-Training“

GPT-3.5

Monitored

Fine-Tuning

Reinforcement learning 

with human feedback

How was ChatGPT developed?

Images from freepik from flaticonThirunavukarasu AJ et al., Nat Med 2023. 29(8):1930-1940

Adapted from Ouyang et al.  2203.02155 (arxiv.org)

Reward model

https://arxiv.org/pdf/2203.02155
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Unüberwachtes

„Pre-Training“

GPT-3.5

Überwachtes

Fine-Tuning

Reinforcement Learning 

mit menschlichem 
Feedback

How was ChatGPT developed?

Images from freepik from flaticonThirunavukarasu AJ et al., Nat Med 2023. 29(8):1930-1940

Adapted from Ouyang et al.  2203.02155 (arxiv.org)

Reward model

Explain the term 

antibiotic

Antibiotics are 
a group of...

With Antibiotics 
one is able..

This is a term...

Antibiotics grow 
on trees…

> > =

https://arxiv.org/pdf/2203.02155
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Unmonitored

„Pre-Training“

GPT-3.5

Monitored

Fine-Tuning

Reinforcement learning 

with human feedback

How was ChatGPT developed?

Images from freepik from flaticonThirunavukarasu AJ et al., Nat Med 2023. 29(8):1930-1940

Adapted from Ouyang et al.  2203.02155 (arxiv.org)

Continous 

improvement

Reward model

https://arxiv.org/pdf/2203.02155
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ChatGPT and drug information

Images from freepik from flaticonMorath et al., Eur J Hosp Pharm 1:2023:ejhpharm-2023-

003750.

XY??

50 questions from 

clinical routine

I: Open-Access: e.g. SmPC 

II: Guidelines, standard literature
III: Commercial databases
IV: Individual answers, knowledge transfer

Rating of answers 

according complexity
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ChatGPT and drug information

Images from freepik from flaticon

Morath B et al. EurJHospPharm 1:2023:ejhpharm-2023-

003750.

Content: Complete ● | Incomplete/Inconsistent ● | False/Not applicable ●

Management: Possible ● | Insufficient ● | Not possible ●

Risk:  No risk of patient harm ● | low risk ● | no risk ●

Rating of ChatGPT-3.5

answers by 7 trained clinical 
pharmacists
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ChatGPT and drug information

11 answers had a high risk combination:

False content + possible management + high risk of patient harm

Content
26.00%  Complete
36.00%  Incomplete
38.00%  False

n = 50  questions

Management

72.00%  Possible
14.00%  Insufficient
14.00%  Not possible

n = 50  questions

Risk
46.00%  No risk
28.00%  Low risk
26.00%  High risk

n = 50  questions
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Correct answers

Morath B et al. EurJHospPharm 1:2023:ejhpharm-2023-

003750.
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Reproducibility

Morath B et al. EurJHospPharm 1:2023:ejhpharm-2023-

003750.
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Discussion

Correct answers possible, if information was openly accesible

Morath B et al. EurJHospPharm 1:2023:ejhpharm-2023-

003750.



No use in drug information currently:

▪ Answers were unspecific with a high risk of patient harm

▪ No reproducibility

▪ No references and no transparency

▪ From a legal point of view within the MDR?


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ChatGPT and drug interactions

Images from https://smart.servier.com/

Juhi A et al. Cureus. 2023 17;15(3):e36272.

40 drug interactions

Rating by two clinical 

pharmacologists

 39 von 40 answers were 

correct.

50 % were rated as 

inconclusive

The reading level needed for 

understanding was determined as 
„college-level“

ChatGPT 3.5

https://smart.servier.com/
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Drug interactions in ChatGPT 3.5

Juhi A et al. Cureus. 202317;15(3):e36272.

Disclaimer

Disclaimer

No contraindication

Reasoning false

Interaction identified
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Current papers

Better performance as hospital 
pharmacists

Integration in CDSS possible

All questions on dialysis wrong

~ 50 % of questions on renal insufficiency 
incorrect 



September 2024 | Morath 

Problems of generative models

Understanding 
of the world

Reasoning and 
planning ahead

Understanding of context
Unpartiality

Consistent answers

Correct content
-> hallucinations

Actuality



September 2024 | Morath 

Fine-Tuning of LLM

D ie D urs leys besaßen alles , was s ie wollten  
, doch s ie hatt en auch ein Geheimnis , und 
dass es jemand aufdecken könnt e , war ihr e 
größ te Sorge . Einfach uner träglich wäre es , 
wenn die Sach e mit den Pot ters 
her au skommen würd e . M rs. Pot ter war die 
Schwerst er von M rs. D urs ley ; doch die 
beiden hatt en s ich scho n s eit etlichen 
Jahr en nicht mehr geseh en . M rs. D urs ley 
behaup tete sogar , dass s ie gar keine 
Schwester hätt e , denn diese und der en 
Nicht snu tz von einem M an n waren so 
und urs leyh af t wie man es s ich nur denken 
konnt e . 

D ie D urs leys besaßen alles , was s ie wollten  
, doch s ie hatt en auch ein G eheimnis , und 
dass es jemand aufdecken könnt e , war ihr e 

größ te Sorge . Einfach uner träglich wäre es , 
wenn die Sach e mit den Pot ters 
her au skommen würd e . M rs. Pot ter war die 
Schwerst er von M rs. D urs ley ; doch die 
beiden hatt en s ich scho n seit etlichen 
Jahr en nicht mehr geseh en . M rs. D urs ley 
behaup tete sogar , dass s ie gar keine 

Schwester hätt e , denn diese und der en 
Nicht snu tz von einem M an n waren so 
und urs leyh af t wie man es s ich nur denken 
konnt e . 

D ie D urs leys besaßen alles , was s ie wollten 
, doch s ie hatt en auch ein G eheimnis , und 
dass es jemand aufdecken könnt e , war ihr e 
größ te Sorge . Einfach uner träglich wäre es , 
wenn die Sach e mit den Pot ters 
her au skommen würd e . M rs. Pot ter war die 
Schwerst er von M rs. D urs ley ; doch die 
beiden hatt en s ich scho n seit etlichen 
Jahr en nicht mehr geseh en . M rs. D urs ley 
behaup tete sogar , dass s ie gar keine 
Schwester hätt e , denn diese und der en 
Nicht snu tz von einem M an n waren so 
und urs leyh af t wie man es s ich nur denken 
konnt e . 

Medical training dataGeneral model Specific trained model

Model training
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Challenges of fine tuning

Time consuming Actuality

Large datasets Cost Access to training data
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LLM in clinical practice

https://arxiv.org/ftp/arxiv/papers/2401/2401.02851.pdf

Json file case
„Tool“

Questions and diagnostic 
procedures

Retrieval Augmented 

Generation

Output 

Poor, Fair, Good

LLM
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Workflow

https://arxiv.org/ftp/arxiv/papers/2401/2401.02851.pdf
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Workflow

https://arxiv.org/ftp/arxiv/papers/2401/2401.02851.pdf

Medical history

Assessment

Physical examination
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Workflow

Determination LVEF

Lab investigation

ECG
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Workflow

RAG
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Results

https://arxiv.org/ftp/arxiv/papers/2401/2401.02851.pdf
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Pitfalls and summary

Thirunavukarasu AJ et al., Nat Med 2023 29(8):1930-1940

Accuracy Transparency

Ethics

Recency

Coherence

Real-Time Internet Access

References

Open-Source

Reporting systems

Regulation
Fine-Tuning

Validation of use

Validation of training data

Fine-Tuning
Uncertainty indicators
Prompting methods

New model architecture

Semantic knowledge
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EU AI regulation

Busch et al., NPJ digital medicine 2024 7:210
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Defining AI

Linguistics

Computer 
science
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Machine Learning at bedside

Codde et al., Antimicrob Agents Chemother. 2024 

2;68(5):e0141523. 

Simulation of 5150 PK profiles

Training-Set 75 % 

Testing-set 25 %

Training  of 4 machine learning 

algorithms

Very good AUC estimation

Use for TDM possible with C0, C1 and 
covariates

Exposure estimation and dose adjustment 

possible
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Machine Learning at bedside

Rivals et al.,ClinPharmacokinetics 2024 63:1137–1146 
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Use for lowering the administrative workload 

is conceivable, but application of generative 

models is limited by the model architecture 

AI applications can help to digitize processes 

faster (quick wins)

The more complex the facts and the context, 

the less applicable the models are

ChatGPT is primarily a chatbot, LLM for medical applications are being 

tested. The combination with guidelines & context information appears 

promising (RAG). However, regulation increases and might slow down 

developement.
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Thank you for your attention
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