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Plan for session

• System-level evaluations – key concepts
• Marion Campbell

• System evaluation in action – learnings from the 
REINFORCE study:

• David Beard, University of Oxford – REINFORCE study
• Graeme MacLennan, University of Aberdeen –

importance of contingency planning
• Katie Gillies, University of Aberdeen – the role of process 

evaluation

• Summary of  learning
• Marion Campbell

• Open discussion with Q & A



Health care systems are complex systems



Complex systems

Complex systems:
• Have dynamic properties
• Have multiple levels 
• Aggregate behaviour of the system 

arises from interactions at lower levels
• Non-linear relationships between 

elements common
• System behaviour may be more/less 

than the sum of its parts
• Can be unpredictable



Example

From: Raine R et al Challenges, solutions and future directions in the 
evaluation of service innovations in health care and public health. 

NIHR Journals Library; 2016 May. 



Evaluation in health systems

• More difficult to evaluate
• Need to measure the effect on the 

whole system but also:
• consider the impact of individuals levels 
• consider interactions between levels
• be cognisant of the effect of context
• be prepared for unanticipated changes

Raine R et al Challenges, solutions and future directions in the evaluation of service 
innovations in health care and public health. NIHR Journals Library; 2016 May. 



Frameworks/methodologies that can help

Intervention level complexity:
• MRC complex interventions framework

System level influences:
• CFIR – comprehensive framework of 

implementation research
• NPT – normalisation process theory 
• etc

Context:
• Process evaluation methodology

Unpredictability:
• Contingency planning



MRC complex intervention framework

• Framework to support complex 
intervention evaluation

Recognises:
• Complexity
• Need to take account of context
• Need to accommodate for inter-

dependencies with the wider system
• Understanding the intervention 

delivery key

Skivington K, et al. BMJ 2021; 374 :n2061 doi:10.1136/bmj.n2061



MRC complex intervention 
framework



Importance of feasibility work:
• Crucial to undertake ahead 

of evaluation
• Identify barriers and 

facilitators early
• Use to shape the evaluation



System level 
influences:
Examples



System level 
influences:
Examples



Accommodating for context – process evaluation



Contingency 
planning essential 

• Complex systems are unpredictable

• Contingency planning required
• Plan for plausible scenarios



REINFORCE STUDY
introduction and scale-up of robot-

assisted surgical services in the NHS:

MOTIVATING EXAMPLE
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BACKGROUND & CONTEXT

 RAS systems in use for several years (urology)

 Royal College Of Surgeons (England)
 Surgical Trials Initiative

 Evaluation remit for new surgical tech

 Future of Surgery Report 2018

 But …
 Driven by proponents, enthusiasts and industry

 Minimal good science



PAN-SURGICAL SYSTEMATIC REVIEW OF ROBOTIC ASSISTED SURGERY 
ACROSS ALL SPECIALITIES (2020)

 Understand current evidence for 
robotically-assisted surgery;
 safety, efficacy, cost effectiveness & outcomes

7142 studies

Systematic review of 183 
randomised studies

(76 unique populations)



S t u d y  A i m s

Knowledge gain 
about current RAS

1
Potential benefits 
and harms of RAS 
across and within 
specialty areas

2
Impact of RAS on 
clinical & service 
delivery including 
mechanisms 
underpinning change

3
Budget impact and 
cost-effectiveness to 
the NHS of the 
introduction of RAS 
at scale

4

To undertake a real-world, large-scale, multidisciplinary evaluation of the introduction and scale-up of RAS 
services evaluating its impact on NHS service delivery, clinical effectiveness, budget and cost-effectiveness. 
Objectives:

Optimisation of 
RAS 

implementation

Real-world 
effectiveness  

evaluation

Process 
evaluation

Economic 
impact

4 work packages



SYSTEMS APPROACH TO EVALUATION!
Integrated Programme of Research Aberdeen/Oxford/Birmingham/Newcastle)

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

RADAR
INITIATIVE

ROBOTIC And
DIGITAL 
SURGERY



PRE-WORK  PPI – Perceptions of patients

 Knowledge accumulation

 WORK PACKAGE 1 (“State of the Game”)
 First pass – qualitative

 Stakeholder Interviews

 Barriers, facilitators, “the Landscape”

 Especially important for PE studies …



STUDY DESIGN PRINCIPLES

Work with industry
 Stop the runaway train
 Not stifle innovation
 Stay “agnostic”



DESIGN DECISIONS (FOR REINFORCE)

 “Roll out” evaluation
 Work with current practice

 Step wedge (randomised)

 Interrupted Time Series (ITS) – procurement

Pan-specialty – wide lens – external validity

Take account of current differing levels of uptake 



INTENDED DESIGN: STEPPED WEDGE

2,560 procedures
1. Urology
2. Colorectal
3. Thoracic
4. Gynaecology
5. Orthopaedics
6. Upper GI
7. Hep Bil
8. ENT (Head & Neck)

“A time series (i.e. data collected over time)
is divided into segments by a policy or
program change”

Interrupted time series evaluation



S T U D Y  D E S I G N

Site Type Description Example Index Procedure
1. Change in Delivery
(RAS naïve) 

No previous provision in any specialty Hysterectomy (as first RAS procedure performed at site)

2. Change in Specialty RAS established in one specialty, 
commencing service for new specialty

Anterior resection (new specialty, having previously only 
performed RAS prostatectomy)

3. Change in Procedure RAS established, commencing new 
procedure within specialty

Partial nephrectomy (same specialty, having previously only 
performed RAS prostatectomy)

• Interrupted time series evaluation – multi specialty; 16+ sites; ~2560 procedures
• Index procedure chosen by site

Examples of site types

Example 
Site

Transition Date

Before RAS-
augmented Service

24m

After RAS-augmented Service



 11 interviews:
 Surgeons, Nursing team, Service 

managers, International health 
technology assessment experts, 
LMIC perspectives

 Patient & public focus group:
 8 participants

 Item Bank:

Core 
outcome 

set
Consensus 

meeting
Delphi-
surveyItem-bankInterviewsLiterature 

extraction

412     Patient outcomes (PROMS)
98 Surgeon outcomes (precision)
180 Organisation outcomes (economic)
17 Population outcomes (equity of access)

Delphi,
n=150 respondents

NO OUTCOME SET – CORE OUTCOME SET



O U T C O M E S

LEVEL OUTCOME NAME Assessment Timepoint

Patient level Disease-specific quality of life Procedure specific PROM Baseline, 3-months

Overall quality of life EQ-5D Baseline, 3-months
Overall measure of treatment 
effectiveness/benefit

Patient Questionnaire Baseline, 3-months

Overall-measure of 
complications inc. mortality

Clavien-Dindo score 3-months

Surgeon/Team 
level

Precision/accuracy Surgeon TLX Day of surgery

Visualisation Surgeon TLX Day of surgery

Organisation 
level

Equipment failure Surgery Form Day of surgery
Standardisation of operative 
quality

Process Evaluation Interviews Pre/Post RAS implementation

Overall economic/cost-
effectiveness

Health Economics review Throughout study

Population level Equity of access Health Economics review Throughout study



EXAMPLE OF “TRICKY” DECISIONS

Cavity Based V Orthopaedics

Orthopaedics in or out?



Patient Recruitment



T R A N S I T I O N  T O  R A S  

Example 
Site

Transition Date

Pre-RAS /Standard
Service

24m

RAS-augmented Service

Example 
Site

24m

RAS-augmented Service
Pre-RAS /Standard
Service

Transition 

THEORY

REALTY



TRANSITION TO RAS (THE SYSTEM!)

 RAS never arrived  Perfect!

 The rest!



ANALYSIS & QUANTITY OF DATA

Different analysis options

Not just the quantitative data…



ACCESS TO HEALTH ECONOMICS DATA

Difficult to access

No public disclosures

No “price lists” – bespoke

Broad stroke approach





THANK YOU



GO BEYOND BOUNDARIES
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Original plan 

• 16 sites over 24 months

• 8 procedures per site per month

• 2,560 procedures

• 90% power 0.3 SD 

• 80% power 0.25 SD



Why stepped wedge? 

• Rollout over time

• All sites eventually post-RAS

• Accounts for time trends

• Service-level question, not just RAS vs non-RAS



Design meets system 

Example 
Site

Transition Date

Pre-RAS /Standard
Service

24m

RAS-augmented Service

Example 
Site

24m

RAS-augmented Service
Pre-RAS /Standard
Service



Contingency by design

• Uncertainty anticipated

• Alternatives pre-planned

• ITS identified in advance

• Transition rules defined 

• SAP before analysis

• Flexibility built in  



How we planned ITS 

• Repeated outcome summaries 
over time

• Estimate the pre-RAS trend
• Compare observed post-RAS 

trend with counterfactual
• Estimate change in level and 

change in slope
• Repeat across centres, then 

combine estimates

Intervention
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Observed monthly outcome
Pre-intervention fitted trend

Post-intervention fitted trend

Post-intervention counterfactual

Observed trend versus post-intervention counterfactual
Interrupted time series design





ITS meets reality… 

• Planned approach: monthly centre-level ITS

• Problem: No pre-RAS or no post-RAS data 

Sparse data, low and empty centre-months

Aggregate monthly models unstable

• Solution: 

Individual-level segmented regression with ITS terms

Centre-level estimates pooled



Post-RAS intro comparison 

• Post-RAS period only

• RAS vs non-RAS cases

• Same broad service context

• Propensity score adjustment

• Selection into RAS very likely 



All-data comparison 

• All available cases

• RAS vs non-RAS cases

• Pre-RAS and post-RAS periods

• Regression analysis

• Adjusted for age, sex, ASA grade, specialty and site where possible

• Larger dataset, but stronger assumptions

• More vulnerable to time and service-context confounding



What have I learned? 

• Plan for the design you want

• Anticipate the design you may get

• Monitor implementation and data quality

• Adapt transparently, not opportunistically

• Be clear about what can and cannot be estimated

• Triangulate statistical analysis with process 

evaluation, health economics, and service data



GO BEYOND BOUNDARIES

Designing and delivering 
robust system-level 
evaluations: 

REINFORCE Process Evaluation

Katie Gillies
Aberdeen Centre for Evaluation

Email: k.gillies@abdn.ac.uk
Katie Gillies
@katiegillies.bsky.social

mailto:k.gillies@abdn.ac.uk


Disclosures

• Funding paid to the University of 
Aberdeen – including from NIHR, MRC, 
CIHR, Wellcome Trust & Intuitive 
Surgical European Research Board, 
Boehringer & Ingelheim



What we knew





Accommodating for context



What is the context?



Process Evaluation – aims and design 

• identify perceived challenges and solutions to RAS implementation

• explore the immediate impact of the introduction of RAS by assessing any change to process 

• assess the impact of factors on speed of roll out and adoption
• explore how individual site characteristics influence uptake and effectiveness and outcome

Pre-RAS /
Standard Service RA-augmented ServiceTransition

+ +6 
sit

es



Guiding theoretical framework



Uncertainty in the system

Types of adoption

none                                     good                                            messy



Ppts
various roles

16 75 21 42

Sites
3 types

8 14 9 11

Data 
type

QUAL QUAN/qual QUAL QUAN/qual

Complex systems = complex data

Pre-RAS /
Standard Service RA-augmented ServiceTransition

+ +



PE summary

Clinical 
effectiveness

Cost 
effectiveness

Implementation 
effectiveness

OVERALL

Objective 1 +

Objective 2 ++

Objective 3 -

• Pre-specify your plan for analysis - PEAP

• Inquiry driven – ability to pivot and be 
responsive

• Analyse as you go – mixed methods 

• Use theory/model/framework 
• Design/analysis/interpretation (logic model)

• Triangulate data to interpret findings



Summary and key messages
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Summary
• Systems evaluations are complex

• Have dynamic properties which need to be planned 
for 

• Context matters to interpret system inter-relationships
• Can be unpredictable
• Pre-planning is key
• Be prepared to adapt

• But … system level evaluations are 
important

• Drive high-level policy and practice
• Are important to understand delivery in practice



What about 
REINFORCE?

• Displayed some classic system level 
evaluation issues

• Pre-planning helped us optimise the study
• Planning for contingency was crucial
• Context was important to interpret our 

findings
• Despite issues delivered large scale study 

with robust findings



• 2836 procedures recruited involving 18 sites; 
• 7 specialties, 10 different operative procedures; 3 

site types



Data to inform national 
policy making

• Data generated:
• clinical 
• system
• surgeon 
• patient 
• process & 
• health economic

• All active robotic surgery 
systems covered

Large scale information to inform 
national policy making



NICE early value assessments



GIRFT implementation report



National Robotic Registry

• National registry being commissioned
• Informed by learnings from REINFORCE
• Aims to provide long-term data



Finally …

• Clinical
• Statistics
• Health economics
• Qualitative
• Mixed methods
• Health psychology
• Implementation 

science

• Evidence synthesis
• Health care 

managers
• National policy 

makers
• Patients 
• Public
• … and more

Multi-disciplinary and stakeholder involvement essential in system 
level evaluation



• Clare Robertson
• Katie Gillies
• Marion Campbell
• David Beard

• Shafaque Shaikh
• Cameron Matthew
• Terry Mackie
• Craig Ramsay

The RoboCOS Team



The REINFORCE WP1 team

• Louisa Lawrie
• Eilidh Duncan
• Katie Gillies
• David Beard
• Marion Campbell



The REINFORCE trial team

REINFORCE PMG

• Aberdeen – Rumana Newlands, Sharon McCann, Katie Gillies, Jemma 
Hudson, Graeme MacLennan, Mark Forrest, Suzanne Breeman, Marion 
Campbell

• Oxford – Lottie Davies, Ivy Raymundo-Wood, Emma Blackmore-Bowes, 
Sian Saul, Heidi Fletcher, Davy Byrne, David Beard

• Newcastle  – Luke Vale, Tomos Robinson, Giovany Orozco-Leal, Nawaraj 
Bhattarai

plus many, many more co-apps and 
site staff



Questions and 
discussion
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