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Technology & innovation in 
healthcare



Characteristics of 
device/technology development
• Develops iteratively
• Technology goes through repeated 

refinement
• Change can be fast moving – lack 

of stability
• Learning curve issues
• Difficult to know when and how to 

evaluate
• Often has multiple components 

which can affect performance



Gartner’s hype cycle
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Evaluation of innovation in healthcare

• No coordinated approach to evaluation
• New devices/technology often introduced without 

evaluation 
• When evaluation is considered:

• unclear whether RCT
• difficulties of learning curves 
• tech still evolving etc



When to evaluate?

Buxton’s Law:

“It is always too early for rigorous evaluation (of a new 
technique) until, unfortunately, it is suddenly too late” 

Martin Buxton, 1987



Evaluate across the lifecycle

General considerations:
• Single point evaluation difficult
• Evaluate across the cycle
• Tailor to the stage of development

• Designs will vary by stage of development
• Evaluation should not slow down innovation



IDEAL evaluation framework

• Framework devised by surgeons and methodologists
• Proposed evaluative designs vary by stage of development
• 5 main stages

• https://www.ideal-collaboration.net/





IDEAL framework



Extension to devices: IDEAL-D

• Parallels with device 
development noted by 
IDEAL developers

• Translated the IDEAL 
framework to IDEAL-D for 
evaluation of devices

Sedrakyan et al BMJ 2016;353:i2372 doi: 10.1136/bmj.i2372



IDEAL-D

• Same core 5-stage framework 
• “Stage 0”:

• preclinical development phase 
• main requirement – publish any safety risks; 

• Compulsory reporting/registration of new clinical 
innovations at first-in-human stage 

• Report failures as well as successes
• Refinement/development more concentrated in early 

phases – may imply direct stage 1-stage 3
• Registries and long-term surveillance to be enacted earlier 

in the life cycle



Incorporating outcomes 

• New innovations can impact on whole health 
system:

• patients, 
• health professionals, 
• health organisations
• population



Incorporating outcomes 

• Outcomes need to mirror the multiple levels
• Core outcome sets usually only patient/clinical outcomes
• Need for multi-level outcome sets
• Example:



Robot assisted surgery affects: 
• Patients
• Surgeons
• Healthcare organisations
• Population

Outcome measures needed to reflect 
full system



RoboCOS core outcome set

• 10 core outcomes
• Multi-level 

perspective built in
• More multi-level 

approaches to 
outcomes needed

Disease-specific quality of life
Overall quality of life
Overall measure of treatment effectiveness/benefit
Overall measure of complications (incl. mortality)

Precision/accuracy
Visualisation

Equipment failure
Standardisation of operative quality
Overall economic/cost-effectiveness

Equity of access

Patient
level

Surgeon
level

Organisation
level

Population
level

Robertson et al. PLOS ONE 2023; 18(3): e0283000



Conclusions

• Innovative and evolving technology can present 
difficulties for evaluation

• Evaluation must be planned across the life cycle
• Evaluation should not hamper continuing innovation
• IDEAL & IDEAL-D provide useful frameworks 
• Outcomes need to reflect the impact on multiple levels

No innovation without evaluation!



If you have any further questions, please 
contact:

Thank you
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OUTLINE PLAN

 INTRO & GENERAL BACKDROP

 Why evaluate? What is new technology?

 Threats & Considerations

 Importance of study design

 Inhibition

 Preference

 Non scientific

 Outcomes (MKC)

 ROBOTIC SURGERY

 Example, including pitfalls



THE POINT OF  EVALUATION (OF ANY INTERVENTION)

 Confirm that medical interventions 

are safe and provide benefit

 Restrict ineffective interventions
 De-implementation

 Prevent from becoming established

 Mechanism (along the way)

Does treatment work?

Is something else better?

How well does it work?

How does it work?

Generate evidence to guide DECISION MAKING



WHAT IS INNOVATION?
AND INNOVATION NOT ALWAYS A “SHINY NEW THING”

 Distinction between innovation and new tech

 Iteration?

 Testing device (hardware), procedure or both?

 Innovation - Yes

 New technology - NO

 Innovation - Yes

 New technology - NO

 Innovation - Yes

 New technology - YES



SCIENTIFIC CONSIDERATIONS

 Skill based

 Expertise dependent

 Experience dependent

 Standardisation

 Consensus

 Multi -modal

 Identifying the active agent

Practice varies, surgeons justify choice, unclear what is best

Best Treatment?
Compare 2 or more treatments

Surgery v Surgery?
Rehab v Rehab?

Surgery v Non Surg Mx

Does it work?

Surgery v No Rx (no surgery)
Rehab v No Rx (no rehab/OT)

Does it work & how?

Surgery/Rehab V Placebo



NON SCIENTIFIC CONSIDERATIONS FOR INNOVATION

 Professional Threat

 Commercial Interest / Drive

 Conflict of Interest

 Preference / Public opinion



INHIBITION  - NOT TO STIFLE INNOVATION

 Falling in Love with the Existing Solution

 Unrealistic Expectations

 Using The Same Processes & Metrics for 

All Initiatives

Gabriel Mendoza
Co-Founder at Praxie

Time (and cost) to Evaluate



PREFERENCE / EQUIPOISE

I have a strong 

opinion on 

what is right

I have a very 

strong opinion 

on what I want

Especially for innovation 

and new devices

57%24%

19%

PREFERENCE FOR RX

Pref Surgery Pref Rehab Other decline

Can be 

Challenging



OUTCOME MEASUREMENT

Not always clear for evaluation of innovation

Maybe new parameters, variables of interest

Often chosen to suit purpose!

MKC



A REAL-WORLD, IN-SITU, EVALUATION OF THE INTRODUCTION AND SCALE-UP 
OF ROBOT-ASSISTED SURGICAL SERVICES ACROSS ENGLAND: EVALUATING ITS 

IMPACT ON CLINICAL AND SERVICE DELIVERY, EFFECTIVENESS AND COST

Health Services 
& Delivery 
(HS&DR) 
Programme



RADAR
INITIATIVE

ROBOTIC And

DIGITAL 

SURGERY

What are we talking about? The adoption

• Better visualisation?
• Faster discharge?
• Fewer complications?
• Better outcome?
• Ergonomics?
• Fatigue/endurance



THE DIFFERENT STAGES – WHERE IS RAS?

WHY EVALUATE?

 New technology – innovation

 First in human?

 Safety?

 Runaway train….

 Implementation without evidence

 Questionable existing practice

 Ethical issues

 Change of practice



ROBOTIC ASSISTED SURGERY  - THREATS TO EXISTING STATUS QUO…….

De-skill

Cost (effectiveness)

£££

Efficiency (Workforce)



ROBOTIC ASSISTED SURGERY  - THREATS TO ADOPTION……. .

Obsolescence
People / Replaced?
Device

Machine Failure

EXPLORE, ASSESS & MITIGATE

Purpose/Use



KNOW THE AREA OF THE INNOVATION , KNOW WHAT PEOPLE THINK 

(STANDARD R&D)

 Pre –

 Cost

 Poor evidence for efficacy

 Champion model & relationship with procurement 
process

 Prejudice in opinion of benefit

 Acceptance it is the future

 Early –

 Role changes in theatre

 Reliance on industry

 Change in skill set and attentional processes in theatre

 Scheduling issues

 Late –

 Maintenance costs

 Institutional promotion

 Ergonomic benefits

WP1IMPLEMENTATION SCIENCE

KG



RADAR

NHS

SURGICAL 
ASSOCS

HEALTH 
EDUCATION 
ENGLAND

RESEARCH 
FUNDERS

INDUSTRY

NEED TO EMBED (NEW TECH) IN ECOSYSTEM
RCS (ENG) RADAR - TOUCHPOINT FOR KEY RAS STAKEHOLDERS

ABHI

COMMISSION FOR THE FUTURE OF SURGERY 2019

KEY THEMES: Minimally Invasive Surgery, 
immersive technologies, data & data analysis

IS HELPFUL



RADAR
INITIATIVE

ROBOTIC And

DIGITAL 

SURGERY

Integrated Programme of Research …(Aberdeen/Oxford/RCS/Birmingham)

Systematic 
review what do 
we know? 

Garfjeld Roberts/ 
Beard et al

RoboCOS
what should we 
measure? 
Shaikh/Campbell/
Beard/Gillies et al

REINFORCE 
WP1 optimise
implementation
Campbell/Gillies/
Beard/Lawrie

REINFORCE
Full scale 
evaluation 
Beard/Campbell
/Vale/Davies

Complete
Published BJS Open

Complete
Paper accept

Complete
accepted

Soomro, Vale, Bach, Kerr,
Hutchinson, Gillies, Lawrie, Davies

In SET UP

QUALITY OF RESEARCH & OUTCOMES
– ROOM FOR IMPROVEMENT!

Optimisation of 
RAS 

implementation

In-situ real-
world 

evaluation

Process 
evaluation

Economic 
impact

1 2 3 4

Measuring the quAlity

of Surgical care and 

setting benchmarks 

for training using 

InTuitive data 

recordER technologY

IS HELPFUL



Surgeon Driven (Haptic Technology)

Remote activator systemNot autonomous

PATIENT PREFERENCE

UNDERSTANDING OF THE TECHNOLOGY

A TOOL!



PAN-SURGICAL SYSTEMATIC REVIEW OF ROBOTIC ASSISTED 

INNOVATION LITERATURE: SAFETY, EFFICACY, AND OUTCOME 

7142 studies

High-level evidence: systematic 

review of 183 randomised 

studies (76 unique populations)

 Research is not high quality

 Identified most popular outcomes

 No systems research

 No obvious threat or risk

 Uncertainty still exists

 Best evidence for safety

Outcomes

Complication rate

PROMS

43% no difference

24% superior

No Harm



OUTCOMES

36% of studies no 

primary outcome



RoboCOS core outcome set

LEVEL OUTCOME NAME

Patient level Disease-specific quality of life

Overall quality of life

Overall measure of treatment effectiveness/benefit

Overall-measure of complications inc. mortality

Surgeon level Precision/accuracy

Visualisation

Organisation level Equipment failure

Standardisation of operative quality

Overall economic/cost-effectiveness

Population level Equity of access

New when needed
Learn from existing – i.e. TLX assessment of task burden (from NASA)

MKC



Design: Stepped wedge (or ITSD)
Allows evaluation whilst rolling out

3 types of transition
. 

1. Change in Delivery (Naive sites - new to RAS)
2. Change in Specialty
3. Change in Procedure

2,560 procedures

Each specialty represented?
1. Urology
2. Colorectal
3. Thoracic
4. Gynaecology
5. Orthopaedics
6. Upper GI

(plus industry representation)
Roll out model

Doesn’t stifle innovation



BEWARE

Inter-specialty differences

Upgrades and downgrades of product

Time taken for MHRA & governance

Trying to do too much

Pressures from manufacturer



SUMMARY

 Evaluation of technology – really no different to other health 
intervention evaluation

 But some nuances

 Evaluate before too mature

 Try not to stifle innovation

 Important to evaluate properly (avoid mistakes of the past)

 Important to evaluate as a whole system change



South Barrule, Isle of ManThree Cliffs Bay, Gower, Wales

Radcliffe Camera, Oxford University ▪ Acknowledgements

▪ “Several hundred people”
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WHEN AND HOW TO EVALUATE INNOVATIVE 
AND EVOLVING HEALTHCARE TECHNOLOGY
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NEW TECHNOLOGY AND SMALL POPULATIONS
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There’s a lot of “cool stuff” out there…













Bayesian Analytical Frameworks



No longer niche





More meaningful and interpretable conclusions



Posterior probability is the actual probability 
(that it works, or not)



NOT the same as a p-value



Posterior probabilities (and credible intervals) 
may be lower than you would like…

…but that may be ok!



How much proof do you need to convince 
yourself, clinicians, or patients that something 

works, or doesn’t work?



What posterior probability does matter?



Choice of (primary) outcome



How much proof do you need to convince 
regulators that something works, or doesn’t 

work?



Are you trying to convince regulators?



A lot of new technology have received (FDA) 
approval by other means



Click to edit Master title style



Click to edit Master title style

Complex intervention
Small available numbers

No “regulatory issue”



Click to edit Master title style



Click to edit Master title style



More helpful than a (“non-significant”) p-value





First (and only) randomized 
controlled trial of REBOA





Control hemorrhage
Increase cerebral/myocardial perfusion



Highly complex, sick/dying patients
Unable to give consent

Challenging clinical setting
Technically difficult procedure



16 UK Major Trauma Centers



Small available “n”… 120 patients



Bayesian group-sequential design



Would not have been possible (and been much 
less informative) with a frequentist design



Click to edit Master title style

June 15th!!



At some point, evaluation of innovative and 
evolving healthcare technology will probably 

involve a randomized clinical trial



Do all the “normal” things



Bayesian analytical frameworks have 
much to offer



jjansen@uabmc.edu
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Optimising the implementation of technology 
for evaluation – case study examples

Katie Gillies 
@GilliesKatie
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Outline

• Behaviour important for intervention optimisation

• Examples from our research

• Overarching learning



Behaviours in trials



From specification to solution

Behavioural 
solutions

treating the 
problem

Behavioural 
investigation

diagnosing the 
problem

Behavioural 
specification

defining the 
problem



Prospective optimisation of evaluation



‘Diagnosis’ - What did we do?

TDF

TDF

CFIR



‘Diagnosis’ - What did we find?

Skills8
Envir. 

context
and 

resources1

Social 
influences3



‘Treatment’ - What did we do?



‘Treatment’ – What did we propose? 



In situ optimisation of evaluation

• Recruitment of patients

• Delivery of the intervention



‘Diagnosis’ - What did we do?

TDFTDF



‘Diagnosis’ - What did we find?

• Recognising eligible patients
 linked to definition of exsanguinating haemorrhage

• Scarcity of cases vs maintenance of skills
Skills

• Waiting to see if patients needs REBOA
Memory, Attention, 

Decision making

• So few patients require REBOA
Environment, 

context, resources

• Perception of individual and colleagues equipoise
• EnthusiasmSocial influence



‘Treatment’ - What did we do?



‘Treatment’ – What did we propose? 



‘Treatment’ – What did we propose? 



How did it help?

 Evidence based plans to avoid or target 
implementation challenges

 Theory informed = ↑ replicability & 
transferability

 Provides mechanism of action/change

DISCLAIMER! Needs to be tested
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