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Research funding relevant to care of the older person research 
are shown on this slide.

Co-inventor/author of STOPP/START
Criteria.

I've participated in the following EU / H2020 care of the 
elderly trials:
• TRUST (https://pubmed.ncbi.nlm.nih.gov/28402245/ )
• SENATOR (https://pubmed.ncbi.nlm.nih.gov/32484850/)
• OPERAM (https://pubmed.ncbi.nlm.nih.gov/34257088/)

None relevant to this talk.

Declaration
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Origins of STOPP/START
2003: First draft of STOPP criteria
2004: First draft of START criteria
2006: Refinement of STOPP/START criteria
2007: Delphi validation of STOPP/START 

criteria and preparation of manuscript for 
publication.



UCC/CUH identify
 IP in the elderly

as a problem

Draft criteria
 created

Validation of criteria
by expert panel

(Delphi consensus
Technique)

STOPP/START

Evidence from 
current literature

Clinical 
experience

9 Consultants in Geriatric 
Medicine
3 Consultants in Clinical 
Pharmacology

1 Consultant in Old Age 
Psychiatry

2 Senior Academic
Primary Care 

Physicians
3 Senior Clinical Pharmacists
with a special interest 
in elderly care

UK & 
Ireland

Inter-rater reliability
demonstrated

8 physicians based 
in geriatric units
in 6 European 
countries

5 community pharmacists
and 5 clinical pharmacists

Gallagher P et al., Int J Clin Pharmacol Ther 2008; 46: 72-83



Gallagher et al., Intern J Clin Pharm Ther 2008.





•“Any noxious, unintended and undesired effect of a drug, 
excluding therapeutic failures, intentional or accidental poisoning, 
and drug abuse.”   WHO 1969

• Severe ADE à 
 - Immediate discontinuation of suspect drug
 - Required resuscitative or antidote treatment
 - Caused or contributed to hospitalization
 - Caused or contributed to death



• 40% male; median 
age 77

• 34% taking ≤ 5 
meds; 

• 46% taking 6-10 
meds; 

• 20% taking > 10 
meds

• 329 ADEs identified 
in 158 pts (26.3%)







Cost 
Component

Description Unit 
Cost

Pharmacist Per application 
of SPRM/CDSS 

€40 

Non-
consultant 
hospital 
doctor

Per review of 
pharmaceutical 
care plan

€5.06

Inpatient 
day

Cost of care per 
hospital in 
patient day 

€850

Software 
costs

One off 
installation of 
software 
programme

€1000

• Outcome – 
Incremental cost-
effectiveness ratio 
(ICER)

• Incremental analysis – 
Multi-level mixed 
effect regression 
models

• Uncertainty – Cost-
effectiveness 
acceptability curves



Outcomes
INTERVENTION

(N = 361)                                          
CONTROL 
(N = 376)                                               

COST ANALYSIS Mean (SD) Mean (SD)

Total Cost (€) 13242 (15530) 15465 (19310)

EFFECTIVENESS ANALYSIS N (%) N (%)

ADR Event 50  (13.85) 78 (20.74)

No. of ADR Events N (%) N (%)

0 
1
2  
3

311 (86.15)
40 (11.08)

9 (2.49)
1(0.28)

298 (79.26)
65 (17.29)
12 (3.46)
0 (0.00)

Mean (SD) Mean (SD)

0.169 (0.456) 0.242 (0.503)

Incremental Analysis
Intervention  versus 

Control

Incremental Cost: 
Mean cost difference
 (95% CI’s) (p-value)

-815 
(-3451, 1820) (0.544)

Incremental Effect: 
ADR Event Odds Ratio 
(95% CI’s) (p-value)

0.655 
(0.431, 0.994)  (0.047)     

Incremental Effect: 
No. of ADR Events
Difference in Mean 
(95% CI’s) (p-value)

-0.064 
(-0.135, 0.008) (0.081) 



Incremental cost-effectiveness ratio of 
SPRM/CDSS
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Physician Pharmacist
STOPP Recommendations Implemented 237/292 100/255

% STOPP Recommendations Implemented 81.2 39.2%

START Recommendations Implemented 139/159 13/44

% START Recommendations Implemented 87.4% 29.5%

Total STOPP and START Recommendations 
Implemented

376/451 113/299

% STOPP/START Recommendations Implemented 83.4% 37.8%

p < 0.0001

p < 0.0001

p < 0.0001



SENATOR is a Collaborative Project funded by the European Commission under the 7th Framework Programme



• Multi-centre randomised controlled trial (RCT).

Intervention: 

• computer-generated recommendations 
targeting PIP to prevent in-hospital ADRs in                  
older adults.

Interim analysis:

• prescriber implementation rates: ~ 17%

ØFactors affecting implementation must be 
identified.

Background to the SENATOR study

Reykjavik

Cork

Madrid

Ghent

Aberdeen

Ancona



Category of clinical relevance

0 - Adverse 
significance

1 - No 
clinical 

relevance

2 - Possibly 
low 

relevance

3 - Possibly 
important 
relevance

4 - Possibly 
very 

important 
relevance

Total

STOPP Recommendations (% Total 
STOPP)

19 
(3.4%)

129 
(22.9%)

212 
(37.7%)

171 
(30.4%)

32 
(5.7%)

563

START Recommendations (% Total 
START)

26 
(7.2%)

70 
(19.3%)

108 
(29.8%)

114 
(31.5%)

44 
(12.2%)

362

Difference between proportion of 
STOPP and START at different 
categories of relevance

p = 0.0086 p = 0.1964 p = 0.0147 p = 0.7191 p = 0.0005 -

605

Age and Ageing 2020;49: 605–614
doi: 10.1093/ageing/afaa072
Published electronically 2 June 2020

© The Author(s) 2020. Published by Oxford University Press on behalf of the British Geriatrics
Society. All rights reserved. For permissions, please email: journals.permissions@oup.com
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Barriers / Facilitators to 
implementation



5. The hospital environment

1. Clinical relevance and complexity of the recommendation 

Results – Main Themes

2. Interprofessional communication

4. Knowing each other and developing 
trusting relationships

3. Prescriber role and identity 



1. Clinical relevance of the recommendation.

2. Method of communication and integration into 
prescriber workflow. 

3. The hospital environment.

4. Prescriber identity and Prescriber  
 inertia.

5. Source of the recommendation. 

Key factors affecting implementation



Optimal Pharmacotherapy
for older people

Optimisation of pharmacotherapy must be multi-faceted & patient-centred





Optimizing Therapy to Prevent Avoidable Hospital 
Admissions in Multimorbid Older Adults (OPERAM): 
cluster randomised controlled trial

Blum et al. BMJ. 
2022.

Blum MR; Sallevelt BTGM; Spinewine A; O'Mahony D; Moutzouri E; Feller M; 
Baumgartner C; Roumet M; Jungo KT; Schwab N; Bretagne L; Beglinger S; Aubert 
CE; Wilting I; Thevelin S; Murphy K; Huibers CJA; Drenth-van Maanen AC; Boland 
B; Crowley E; Eichenberger A; Meulendijk M; Jennings E; Adam L; Roos MJ; 
Gleeson L; Shen Z; Marien S; Meinders AJ; Baretella O; Netzer S; de Montmollin 
M; Fournier A; Mouzon A; O'Mahony C; Aujesky D; Mavridis D; Byrne S; Jansen 
PAF; Schwenkglenks M; Spruit M; Knol W; Dalleur O; Trelle S; Rodondi N



OPERAM – Across 4 Clinical Sites

Source: https://www.operam-2020.eu/index.php?id=1502, accessed 
26.08.2022

Countries participating in the OPERAM trial



Participants

§ Adults aged ≥ 70 years

§ Admitted to a participating 

hospital ward

§ Multimorbidity (≥ 3 chronic 

conditions)

§ Polypharmacy (≥ 5 daily drugs)

§ Few exclusion criteria to 

maximize generalizability

OPERAM study participants

Intervention

§ Cluster-randomisation at the level of 
attending hospital physicians

§ 1:1 randomisation to the intervention 
or control arm

§ Intervention performed by team of a 
doctor and a pharmacist

§ Structured assessment of preadmission 
medication list



§ Web-based evidence-based structured 
medication review using STRIP 
assistant
§ Based on the STOPP/START 

criteria

§ Generation of patient specific 
prescribing recommendations

§ Final report sent to general 
practitioners with all prescribing 
recommendations Excerpt from the ‘Systematic Tool to Reduce 

Inappropriate Prescribing’ (STRIP) assistant 

Sources: (1) O’Mahony et al. Age Ageing. 2015. | Drenth-van Maanen et al. J Eval Clin Pract. 2018. | Crowley et al. BMC Health Serv Res. 2020. | Adam et al. BMJ Open. 
2019

OPERAM Intervention (contd’)



Source: Blum et al. BMJ. 2021.
§ Total recruitment: 

§ 54 clusters
§ 2,008 patients

OPERAM - Study Flow Chart



Events (%)
Hazard ratio

(95% confidence 
interval)Control Intervention

First drug related hospital admission 234 (22.4) 211 (21.9) 0.95 (0.77 to 1.17)

Death 203 (19.4) 172 (17.9) 0.90 (0.71 to 1.13)

First fall 263 (25.2) 237 (24.6) 0.96 (0.79 to 1.15)

First preventable DRA 100 (9.6) 84 (8.7) 0.89 (0.63 to 1.25)

First DRA in patients with ≥1 STOPP 
recommendation implemented at 2-month 
follow-up

156/875 (17.8) 64/398 (16.1) 0.88 (0.65 to 1.19)

DRA = drug-related hospital admission

OPERAM - Clinical Outcome



Limitations

§ Perhaps some medication changes 
in the control  arm were  similar to 
the intervention, potential bias

§ Single timepoint intervention

§ Cluster randomisation at the 
level of the doctor (not 
hospital), ? potential for 
contamination in control 
clusters

Lessons learnt from OPERAM

Strengths:

§ Enrolment of >2000 patients 
with multimorbidity with 
minimal exclusion criteria

§ Few patients lost to follow-up

§ Addressing limitations of 
previous trials through 
§ Cluster randomisation
§ Maximized blinding
§ Adjudication of hospital 

readmissions



Sallevelt et al. Drugs Aging. 2022 

Frequency and acceptance of CDSS-generated
STOPP/START signals

An expert team’s involvement in 
translating population-based CDSS signals
to individual patients is essential, as more 
than half of the signals for potential
overuse, underuse and misuse were not
deemed clinically appropriate in a 
hospital setting.



Questions
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The project New Technologies for Translational Research in Pharmaceutical Sciences /NETPHARM, 
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Thank you for your attention




