
“AI en farmacie in balans”

The STRIP Assistant Decade:
Artificial Intelligence for Medication Reviews

prof.dr. Marco Spruit
m.r.spruit@lumc.nl

4 November 2021
De Fabrique, Maarsen

mailto:m.r.spruit@lumc.nl?subject=nav%20NVZA2021


Disclosure belangen spreker
Potentiële belangenverstrengeling Zie hieronder

Voor bijeenkomst mogelijk relevante relaties met bedrijven Bedrijfsnamen

• “MS reports a 2011 grant and personal fees from Spru IT, before the conduct of the 
study; in addition, MS reports a settlement agreement between Spru IT and Utrecht 
University, in which all systematic tool to reduce inappropriate prescribing (STRIP) 
assistant IP is transferred to Utrecht University, in exchange for obtaining a free but 
non-exclusive right to provide STRIP assistant consultancy or support services, or 
both on a commercial basis, and to update the STRIP assistant, until June 2023.”     
(Blum et al., BMJ, 2021;374:n1585)

• Universiteit Holdings
• Spru IT B.V.
• Leids Universitair 

Medisch Centrum

https://doi.org/10.1136/bmj.n1585


At the end of this session, among others, you…
1. Understand the extent to which AI can improve the medication 

review process, by better understanding what AI could do for you
2. Remember the many reasons why it is so incredibly hard to 

implement a great AI application into your daily practices
3. Understand better how you can do a thorough medication review 

yourself, without AI support

Learning objectives
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5. STRIPA v2+: 2017-2019 
6. STRIPA v3: 2019-2021

3. Meulendijk, M. C. (2016). Optimizing medication reviews 
through decision support: prescribing a better pill to 
swallow (Doctoral dissertation, Utrecht University). [pdf]

4. Shen,Z., Meulendijk,M., & Spruit,M. (2016). A federated 
information architecture for multinational clinical trials: 
STRIPA revisited. 24th European Conference on Information 
Systems. Prototypes, 2. Istanbul, Turkey. [pdf]

5. Jungo, K., …, Rodondi,N., & Streit,S. (2021). Baseline 
characteristics and comparability of older multimorbid 
patients with polypharmacy and general practitioners 
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• 1993
– Information Retrieval programmer 

• ZyLAB Europe BV

• 1995
– Big Data system developer 

• Royal Netherlands Navy

• 1997
– Product software 

developer/entrepreneur
• Insertable Objects, Wizzer BV

• 2003
– Ph.D. researcher in Computational 

Linguistics
• University of Amsterdam

• 2007
– Assistant professor Information Science 

Associate professor Applied Data Science
• Utrecht University >> Applied Data Science Lab

• 2020
– Professor Advanced Data Science in 

Population Health
• LUMC/Leiden University
• PH Living Lab, CAIRELab, SIG Health Data Science

From Engineer to Scientist

Marco Spruit?



Foundational              
Data Science

• Basic
• Algorithms
• Data Scientists

Applied                    
Data Science

• Translational (T1)
• Packages
• Data Analysts

Self-Service                
Data Science

• Translational (T2)
• CDSS, Dashboards
• Researchers

Citizen                      
Data Science

• Applied
• Answers
• Citizens

Spruit,M., & Vries,N. de (2021). Self-Service Data Science for Adverse Event Prediction in Electronic Healthcare Records. In Visvizi,A., Lytras,M., & Aljohani,N. (Eds.), Springer Proceedings in 
Complexity, Research and Innovation Forum 2020: Disruptive Technologies in Times of Change (pp. 517–535). RII 2020, Athens, Greece: Springer. [pdf] [online]

Translational Data Science

https://drive.google.com/file/d/179UIyWlRT-mSLpfyJbC6IMnKXJmxbASo/view?usp=sharing
https://doi.org/10.1007/978-3-030-62066-0_39


Translational Data Science for Population Health
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Data Science versus Artificial Intelligence?

“Machine Learning is an approach to Achieve Artificial Intelligence”
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• 2009: Paul Janssen (UMCU) 
Prescribing Optimisation 
Method (POM)

• 2009: UU+UMCU 
Prescribing Optimisation 
Method Platform (POMP)

• 2010: Michiel Meulendijk, 
MSc  Additional funding 
required…!

1. ZonMW/Goed Gebruik Geneesmiddelen, Open Ronde 5
2. ZonMw Doelmatigheidsonderzoek Farmacotherapie
3. ZonMW/Goed Gebruik Geneesmiddelen, Open Ronde 1
4. ZonMW/Goed Gebruik Geneesmiddelen, Open Ronde 2 SA
5. AgentschapNL SBIR Preventie door sectoroverstijgende initiat
6. Fonds NutsOhra
7. ZonMW/Goed Gebruik Geneesmiddelen, Open Ronde 2 PI
8. Fonds NutsOhra
9. STW Valorisation Grant - Round 15
10.New Venture businessplancompetitie, Finaleronde 3
11.Op één lijn - derde oproep tot indiening van praktijkprojecten
12.Zorgvernieuwingsprijs
13.…

STRIPA version 0.1: POMP



• START/STOPP: European alternative for the American Beers criteria
• 80 STOPP + 34 START = 114 criteria  Need for CDSS implementation
• Example: START criterion C3

“Start acetylcholinesterase inhibitor for mild-moderate Alzheimer’s dementia or Lewy Body dementia”

UCC’s START/STOPP criteria (2008; 2015; 2023)
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https://doi.org/10.1016/j.ijmedinf.2018.12.010


• POM + < Polyfarmacie 
Optimalisatie Methode>

• GIVE = <Gebruik-Indicatie-
Veiligheid-Effectiviteit>

• STRIP <Systematic Tool to Reduce 
Inappropriate Prescribing>

• START: 
Screening Tool of Older 
Peoples’ Prescriptions

• STOPP: 
Screening Tool to Alert 
doctors to Right Treatment

2012: ZonMW [url]
“multidisciplinaire richtlijn polyfarmacie bij ouderen”

https://richtlijnen.nhg.org/download/1390/mdr-polyfarmacie-bij-ouderen-2012


STRIPA v1: A BRMS-based prototype



STRIPA v1: standards
ICPC

ATC

START

STOPP

MedDRA

LOINC

G-Standaard

ICPC: International Classification of Primary Care
ATC: Anatomical Therapeutic Chemical
STOPP: Screening Tool of Older Peoples’ Prescriptions 
START: Screening Tool to Alert doctors to Right Treatment
G-Standaard: the Dutch medicines database
LOINC: Logical Observation Identifiers Names and Codes



• Meulendijk, M. C. (2016). Optimizing medication reviews through decision support: 
prescribing a better pill to swallow (Doctoral dissertation, Utrecht University). [pdf]

– Meulendijk,M., Spruit,M., Drenth-van-Maanen,A., Numans,M., Brinkkemper,S., & Jansen,P. 
(2013). General practitioners’ attitudes towards decision-supported prescribing: an analysis of 
the Dutch primary care sector. Health Informatics Journal, 19(4), 247–263. [JIF: 2.681] [url]

1. Meulendijk,M., Spruit,M., Drenth-van Maanen,C., Numans,M., Brinkkemper,S., Jansen,P., & 
Knol,W (2015). Computerized decision support improves medication review effectiveness: an 
experiment evaluating the STRIP Assistant’s usability. Drugs & Aging, 32(6), 495–503. [JIF: 
3.923] [url]

2. Meulendijk,M., Spruit,M., Willeboordse,F., Numans,M., Brinkkemper,S., Knol,W., Jansen,P., & 
Askari,M. (2016). Efficiency of clinical decision support systems improves with experience. 
Journal of Medical Systems, 40(4), 1–7. [JIF: 4.46] [url]

STRIPA v1: key publications

Attitude/impact

https://dspace.library.uu.nl/bitstream/handle/1874/328063/meulendijk.pdf?sequence=1
https://doi.org/10.1177/1460458212472333
http://dx.doi.org/10.1007/s40266-015-0270-0
http://link.springer.com/article/10.1007/s10916-015-0423-z


STRIPA v1: effectiveness

Hypotheses Usual care STRIP Assistant Statistics 

The STRIP Assistant positively influences the number of 
appropriate decisions made in a medication review: accepted

418 (58 %; 
mean 11.44; 
SD 2.63) 

656 (76 %; mean 
15.26; SD 2.05) 

Paired t test: 
t(42) = 8.80; 
p < 0.0001 

The STRIP Assistant negatively influences the number of 
inappropriate decisions made in a medication review: accepted

302 (42 %; 
mean 9.36; SD 
2.53) 

210 (24 %; mean 
4.88; SD 2.23) 

Paired t test: 
t(42) = 8.93; 
p < 0.0001 

The STRIP Assistant negatively influences the time taken to 
perform a medication review: rejected

13 min (mean 
0.94; SD 0.40) 

24 min (mean 1.34; 
SD 0.20) 

Paired t test: 
t(42) = 7.07; 
p < 0.0001 

Users perceive using the STRIP Assistant as satisfactory: rejected SUS score 63.25 
Quality 
consensus test: 
63.25 (<70) 

Meulendijk et al. (2015)



STRIPA v1: efficiency
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STRIPA v2: Getting ready for Europe
OPERAM study (2015-2020). 6.6M EUR (UU: 280K)
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STRIPA v2: Data sources from different countries



“A walkthrough”

• Log in
• Data entry

– Personalia (anon)

– Episodes
– Medications
– Complaints
– Measurements
– Scores (hasbled 

etc)

• Screenshots by Bastiaan S.

STRIPA v2

Privacy, sources



STRIPA v2: Analysis process
1: Drag & drop medications to corresponding episodes…



STRIPA v2: Analysis
2: ACCEPT or REJECT recommendations for underprescribing



STRIPA v2: Analysis
3: ACCEPT or REJECT recommendations for overprescribing



STRIPA v2: Analysis
6: Act upon or ignore recommendations for interactions



STRIPA v2: Advice
• Add comments and Download PDF report (internal phycisian)



Decision
• PDF Report #1:1 for IP

STRIPA v2



Decision
• PDF Report #1:2 for IP

STRIPA v2



Decision
• PDF Report #2 for patient’s GP

STRIPA v2

Responsibility
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• Optimising PharmacoTherapy 
In the multimorbid elderly in 
Primary CAre: a cluster 
randomised controlled trial
(OPTICA)

– Research Plan NRP 74 “Smarter 
Health Care” Division IV, National 
Research Programmes (NRP). 
SNF: Swiss National Science 
Foundation. Complete grant 
total: 475K EUR (UU: 25K…)

STRIPA 2.6: OPTICA spin-off (2017)

• “ELAN”
• “Mondriaan”
• “IPCI”
• etc

FIRE project: the largest Swiss database collecting anonymized routine patient data from the 
electronic medical records in primary care practices since 2009 

http://www.nfp74.ch/en/projects/out-patient-care/project-rodondi


• STRIMP: Implementatie 
van de STRIP Assistent ter 
verbetering van de STRIP 
medicatiebeoordeling
(STRIMP)

– ZonMW/Goed Gebruik 
Geneesmiddelen –
Stimulering Toepassing In 
de Praktijk (GGG – STIP 
Ronde 3). Applicant(s): 
Wit,N. de, & Spruit,M. et 
al. Grant total: 350K EUR 
(UU: 120K)

STRIPA 2.9: STRIMP spin-off (2017)

Postdoc misery

Hourly billing dev

HIS dependencies

Partner bankruptcy

GDPR (AVG)

Implementation, 
Reimbursements

https://www.zonmw.nl/nl/onderzoek-resultaten/geneesmiddelen/programmas/project-detail/goed-gebruik-geneesmiddelen/strimp-implementatie-van-de-strip-assistent-ter-verbetering-van-de-strip-medicatiebeoordeling/
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• Objective To examine the effect of optimising drug treatment on drug related hospital 
admissions in older adults with multimorbidity and polypharmacy admitted to hospital.

• Design Cluster randomised controlled trial.
• Setting 110 clusters of inpatient wards within university based hospitals in four European 

countries (Switzerland, Netherlands, Belgium, and Republic of Ireland) defined by attending 
hospital doctors.

• Participants 2008 older adults (≥70 years) with multimorbidity (≥3 chronic conditions) and 
polypharmacy (≥5 drugs used long term).

• Intervention Clinical staff clusters were randomised to usual care or a structured 
pharmacotherapy optimisation intervention performed at the individual level jointly by a 
doctor and a pharmacist, with the support of a clinical decision software system deploying 
the screening tool of older person’s prescriptions and screening tool to alert to the right 
treatment (STOPP/START) criteria to identify potentially inappropriate prescribing.

• Main outcome measure Primary outcome was first drug related hospital admission within 
12 months.

BMJ article (2021)👍👍🎉🎉✌



• https://doi.org/10.1136/bmj.n1585 (contains video summary)

BMJ article (2021)👍👍🎉🎉✌ Outcome

https://doi.org/10.1136/bmj.n1585


Findings: Subgroup analysis for first drug-related hospital admission
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1. Data science versus Artificial Intelligence ML, NLP

2. “The Rejection Game”  Never give up! You can always start getting lucky
3. e-Implementation success == Effectiveness + Efficiency + Usability

4. [6, 12] years of hard work, doing most things right? 
1. Still, a negative trial ;-) RCTs… 
2. Still, no STRIPA in daily practices… No viable business model + “LURIS”
3. KISS

5. Beware hourly billing partners!
6. Impossible to beat Dutch HIS vendor dependencies bottom-up
7. Really really hard to get an AI implementation into practice…

A selection of takeaways



• Open sourcing STRIPA on GitHub
• 2021: New trial around START-STOPP v3 in 

Ireland (UCC)
• Write up this journey’s lessons in a paper
• App??  

The end? NO!

Proof-of-concept STRIPA app
Opportunities



NOW, at the end of this session, among others, you…
1. Understand the extent to which AI can improve the medication 

review process, by better understanding what AI could do for you
2. Remember the many reasons why it is so incredibly hard to 

implement a great AI application into your daily practices
3. Understand better how you can do a thorough medication review 

yourself, without AI support

🏁🏁 Learning objectives: SUCCESS??



Thanks & Don’t be shy!👍👍
prof.dr. Marco Spruit
LUMC Campus Den Haag
Turfmarkt 99, 2511 DP DEN HAAG
m.r.spruit@lumc.nl
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