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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

Educatic

Complexity science

The challenge of complexity in health care

Paul E Plsek,

ha Greenhalgh

all disciplines, at all levels, and throughout the
dth care is becoming more complex. Just 30
yers ago the typical general practitioner in the United
Kingdom practised from privately owned  premises
with 2 minsimum of support stalf, subscribed 1o a single
journal, phoned up a specialist whenever he or she
needed advice, and did around an hour'’s paperwork
per week. The specialist worked in a hospital, focused
cxplicitly on a particular systerm of e bocky, was usdis-
puted leader of his or her “frm” and generally beft
administration to the adminstrators. These individuals
aften worked long hours, but most of their problems
could be described in biomedical terms and mckled
wsing the knowledge and skills they had acquired at
imecical selwol.

You wsed o go 10 the doctor when you felt ill, w0
fird ot what was wrong with you and get some medi-
i that would make you better, These days you are as
likedy 1o be there because the doctor (or the nurse, the

care coordinaor, or cven the computer) has sent
you. Your treatment will now be dictated by the
evidenoe—but this may well be imprecise, cquivocal, or
conflicting, Your declared values and preferences may
be used, formally or iformally, i oa shared
management decision abowt your illness. The solution
o your problem is
well ivolve a

ety tor come in a bottle and may
sciplinary team.

Nt s bong ago public health was the scence off

controlling infoctiows discases by identifying the

Summary points

The science of complex adaptive
important concepes and ools fo
the challenges of health care i

Clinical practice, onganisation, in
management, research, educatio
professional developicnt are in
ikt around multiple self adjusti
interacting systenss.

In comyplex systems, unpredictal
are ever prosent, and some thing
unknowahle

New conceptual framseworks tha
dynamic, emergent, creative, and
the world must replace tradition
resolve” approaches 1o dinical
g

Complex adaptive systems
concepts

Definitions and examples

A comples adaptive system is a col
agents with Freedom o act in wny
stally | and whose ac

“cumese’”™ (an alien ong: annel Eaking steps
or contain it Today's epidemics have fuzrier bounda-
ries (one is even known as “syndrome X™): they are the
resubt of the imerplay of genetic prodisposition,
emironmental context, and ifstyle cholces

necied so dat one agent’s actkons
for other agents. Examples inc
system,' @ codony of termites,” th
and just about any collection of ba

v, 4 comimitiee, oF a primary

Complexity and clinical care
Tim Wilson, Tim Holt

Biological and social systems are inherently complex,
sy it is hardly surprising that few if any homan illnesses
can be said to have a single ure” This arti-
cle applies the principl
tory article in this serie
the control of blood glucose levels o diabetes, the
management of diagnostic uncertainty, and health
PO,

complex adaptive system is a collection of
clual agents with freedom o a
not always totally predictable, and whose actions are
on of one part changes
the context for other agents” In relation w human
health and illness there are several levels of such
SySLens,
® The human body is composed of multple interact-
yr and self regulating physiological systems including
biochemical and nearoendocrine feedback loops
® The behaviour of any individual s determined
partly by an internal set of rules based on past experi-
ence and partly by unique and adaptive responses o
new stirmuli from the environment
® The web of rof
contains many varied and powerful determinants of
their beliels, expectatior
® Individuals and their it
are further embedded within wider social, political, and
cultural systems which can influence outcomes in

use’ ¢

ntroduced in the introduc-
o three specific clinical areas:

ways that are

terconnected so that the ac

aticn s inwhich individuals exi

and behaviour
ediate social relationships

Summary |

Humian being
operating with
adjusting syste
physiological,

Tlness arises f
between these
component

Health can on
through a holi
unpredictabili

forces within t

Three exampl
control in diat
diagnosis, and
these principh

solutions in cli

fully incomplete
1o predict the

General practice as a complex system: a novel
analysis of consultation data

Tom Love*® and Chris Burton®

Love T and Burton C. General practice a8 a complex system: a novel analysis of consultation

data. Family Practice 2005; 22: 347-352.

Background. Complex systems have specific properties of robustness and self organisation

which arise from interacting components within the overall systern and which govemn the

system’s behaviour. These are typically associated with a power law distribution of event sizes.

Commentators have suggested that health systems are complex, but there has been limited

guantitative investigation of this issue.

Objectives. To test the hypothesis that consultation patterns in primary care follow a power

lew distribution typical of & complex systam.

Methods. Analysis of 142 0580 episodes of non-pathelogical back pain in routinely collected

Mew Zealand national data. Calculation of the distribution of the duration and number of GP

consultations for each illness episode. Secondary analysis of a published UK dataset of

consultation rates for 44 000 patients in four general practices.

Results. Mumber of consultations per episode of back pain demonstrated excellent fit with a

power law in the full dataset {r = 0.96) and all but one subgroups ir = 0.90-0.98). The number

of consultations per patient fram four UK practices was suggestive of a power law distribution

(r? = 0.88-0.93}.

Conclusions. Consultation patterns in general practice show measurable properties of a

complex system. The consistency of the distribution across different population groups
that to manage ion patterns should focus on the whole systern of

patients, rather than upon individuals or subgroups of the patiant population.

Behavi | sci , complex systems, consultations, health sarvice manage-

ment, primary health care.



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

Intervening Variables@ ]
[ Structure ]—b Generic ——p Targeted — 5 Clinical [ Outcome @ ]
7'y processes processes processes

©

Process levels

A A
[Policy intervention] Generic Targeted Clinical
service service intervention

intervention intervention

FIGURE 1.1 Causal chain showing how interventions at different levels may impact on downstream processes
and outcomes. Reproduced from Evaluating policy and service interventions: framework to guide selection and
interpretation of study end points, Lilford RJ, Chilton PJ, Hemming K, Girling AJ, Taylor CA, Barach P, vol. 341,
p. 4413, 2016,* with permission from BMJ Publishing Group Ltd.

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 o=

- Need to measure the effect on the
whole system but also:
» consider the impact of individuals levels m?-ﬁaw;:n%mim n
- consider interactions between levels EEmmaEe
* 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

interventi ,
ntion evaluation
and evaluating complex

R .
ecognises. A new framework of developing
interventions: update of Medical Research Council guidance

. CO H
Kathryn Skiv‘mgtan,‘ Lynsay r\!\at‘(hews_1 Sharon Anne 5’\mpsar\,1 peter Craig,’ Janis Baird,’

Jjane M B\azeby,i Kathleen Anne Boyd,” Neil Craig” David P French,” Emma Mdntosh,“

L4 N health and social care services, ublic health ractice,
eed to accommodate for i e

Or Inte r_ has heen rep\aced by anew framework, are delivered and evaluated at different 1evels, from

\th Research, whic UK Medical Research Council (MRC) pubhshed a

in theory and methods and the needto  2000and ~evised guidance in 5006, Although these

‘ Need to ta ke a Mark Pett'lcrewf jo Rycroft-r\!\a\lcme,g Martin White,” Laurence Moore’

Ccou nt Of Context The UK Medical Research Council's Complex interventions are commonly used i the
W.‘dew used.gu\dance for deve\opl'ng and other areas of social and economic policy that
d e en and evaluating complex interventions  have consequences for health. Such interventions

pendenci : e e .
ncies with the wider T esioned oty by the Media iy 0 s 0
: Understa nd. System RES?&TC\'\ Counu\ and the Natlonal programme and a change in welfare poliFy. The
d H Ing the interv i mSUtUtE for Heaf d \ framework for researchers and research funders on
el Ivery key entlon takes account 0 recent eve opments developing and evaluating complex interventions in

maximise the efficiency, use, and documents continue to be widely used and are now
m t of h accompanied by a range of more detailed guidance
impac 0 researcl- on specific aspects of the research pmcess.” 8 geveral

tual. dological and theoretical

S ‘V‘ g K et al. J 2 2 1 3; . 2 1 . 7 . 7 7 .
g J ./



MRC complex intervention
framework

Feasibility

Assessing feasibility and acceptability
of intervention and evaluation design
in order to make decisions about
progression to next stage of evaluation

Develop intervention

Either developing a new intervention,
or adapting an existing intervention for
' a new context, based on research
E evidence and theory of the problem

Core elements

® Consider context
® Develop, refine, and (re)test programme theory
® Engage stakeholders

¢ |dentify key uncertainties
® Refine intervention

® Economic considerations

Assessing an intervention using
the most appropriate method to
address research questions

: OR

Identify intervention

Choosing an intervention that already
exists (or is planned), either via policy or
practice, and exploring its options for
evaluation (evaluability assessment)

Implementation

g mmmmm—————

Deliberate efforts to increase
impact and uptake of successfully
tested health innovations



Feasibility

Assessing feasibility and acceptability
of intervention and evaluation design
in order to make decisions about
progression to next stage of evaluation

Importance of feasibility work:

* Crucial to undertake ahead
of evaluation

* Identify barriers and
facilitators early

» Use to shape the evaluation



Consolidated Framework for Implementation Research (CFIR) 2.0

System level
influences:
Examples

¥ Outer Setting Implemeantation Process

;
= Teaming :
* Agsessing Needs I
* Assessing Confext :
* Planning I
* Talloring Strategies :
* Engaging :
= Daoing I
= Reflecting & Evaluating i :
lﬂ. Inner Setting » Adapting :

charactonis! = Redative priority

ol Commeio = Incantive systems
= Communicatio sion alignment
* Cultura = Available resources The THING [Innovutinn]
* Tonsion for change = Access to knowledge

= Source
= Compatibility about the Innoy

= Evidence-Base

= Relative Advantage
= Adaptability

= Trialability

= Complaxity

= Design

= Cost

) Process

Individuals

= Opinion leaders » Innowvation diliveners

"-\.\

» Innovation recipients * innovation benaficianes
* High-level leaders s implomentation faciitalors  » implementation feam members
* MicH-level leaders = Implementation leads = Other implemantation suppornt

Eron G b - "
I -I | implemeniosos  Figuite odopted by The Center lor implementation | v2024.01

Barriers and Focilitotors == Damschroder, L.J.. Rearden. C.M., Widerquist, MAC. ¢ al. The

1= updated Consolidated Framework lor Implementation Ressarnch
| =Meod =Capability * Opportunity » Motivation - | basod on user leedback. implementation S 17, 75 (2022)
/r hittps fdol crgf 0. 11885130 12-022-01 245-0




NAEREE
influences:
Examples

Normalisation Process Theory

How Practices Become Routine

Coherence
Sense-making Work

Cognitive Participation
Relational Work

+ Why does it matter? Coherence
* How is it different?

Collective Action

{ Reflexive

O/' Monitoring

+ Do people have the skills?

+ Are processes and resources aligned?

* Does the organisation support it?

Cognitive * Who drives the change?
Participation * Who needs to be involved?
+ How do we build buy-in?

. Reflexive Monitoring
Appraisal Work

Collective Action
e  lIQ

* s it working?
+ What are the outcomes?
* What needs to change?

Practical
Applications

« Implementing
Digital Health Tools

+ Embedding New
Clinical Pathways

« Organisational
Change

« Evaluating
Intervention
Sustainability



Accommodating for context - process evaluation

I
Description of intervention
and its causal assumptions
/ /

Fig 1| Key functions of process evaluation and relations among them (blue boxes are the key components of a process
evaluation. Investigation of these components is shaped by a clear intervention description and informs interpretation

of outcomes)

Moore GF et al. BMJ 2015;350:h1258. do0i:10.1136/bmj.h1258



P

*  Complex systems are unpredictable

Contingency _ re unpre
. . * Contingency planning required
pla nni ng essentlal * Plan for plausible scenarios



TIVATING EXAMPLE

REINFORCE STUDY

introduction and scale-up of robot-
assisted surgical services in the NHS:

| v
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REINFORCE OXFORD

Real-World Evaluation of Robot-Assisted Surgical Services
s | T U

DESIGNING AND DELIVERING ROBUST SYSTEM-LEVEL EVALUATIONS: ‘NDORMS

Design Principles and Considerations for the
REINFORCE Study

DAVID BEARD

PROFESSOR OF MUSCULOSKELETAL AND SURGICAL SCIENCE, UNIVERSITY OF OXFORD
RCS ROSETREES DIRECTOR/CHAIR OF SURGICAL TRIALS, SITU, OXFORD
SURGICAL & COMPLEX INTERVENTION TRIALS PROGRAM LEAD, CTC UNIVERSITY OF SYDNEY

Email: david.beard@ndorms.ox.ac.uk ﬁ Royal College of Surgeons (Eng) . .
. \\ ROBOTIC And N I H R | National Institute
RCS RA DAR DIGITAL for Health Research

david.beard@sydney.edu.au
INITIATIVE surcery




DISCLOSURES

= Institutional grants from;
= NIHR HTA
= NIHR RfPB
= NIHR HS&DR
= Versus Arthritis
= Action Research
» Royal College of Surgeons
= Rosetrees Trust

= Director of Royal College of Surgeons Surgical Trials Unit
= NIHR Senior Investigator
= Chair & Director of Research Partnerships University of Sydney (Australia)




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)

Specialties represented

= Understand current evidence for
robotically-assisted surgery;

= safety, efficacy, cost effectiveness & outcomes

1 Count of Tags in Identified Studies
71 42 StUd Ies Le’a‘mm curve studies;

Systematic review of 183
randomised studies

(76 unique populations)




Study Aims

ot
REINFeRCE

Real-World Evaluation of Robot-Assisted Surgical Services

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:

Potential benefits
and harms of RAS
across and within
specialty areas

Knowledge gain
about current RAS

Impact of RAS on
clinical & service
delivery including
mechanisms

underpinning change

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

at scale

( 0\

Economic
impact

Process
evaluation

\
N ———

4 work packages

FUNDED BY

NIHR!

National Institute
for Health Research

£ OXFORD 23

UNIVERSITY OF
ABERDEEN

- A
‘@A =72 REINFORCE

RedWorkd Balation of Robot-AsistedSugcal Senvies



SYSTEMS APPROACH TO EVALUATION!

Integrated Programme of Research Aberdeen/Oxford/Birmingham/Newcastle)

jmi=igep

4
V)

|
)
?
]

RA DA R ROBOTIC And

DIGITAL
INITIATIVE surGery

‘RoboCOS

REINFORCE
WP1 optimise

implementation
Campbell/Gillies/

what should we Beard/Lawrie

measure?
Shaikh/Campbell/

o Systematic Beard/Gillies et al

review what do
we know?

Garfjeld Roberts/
Beard et al

REINFORCE

Full scale

evaluation
Beard/Campbell
/Vale/Davies

ot
REINFeORCE

Real-World Evaluation of Robot-Assisted Surgical Services




PRE-WORK = PPl - Perceptions of patients

ROBBY THE ROBOT

i B i
ralves —

®PLOS

ONE

= Knowledge accumulation

A peer-reviewed, open access journal

= WORK PACKAGE | (“State of the Game”)

= First pass — qualitative

= Stakeholder Interviews

= Barriers, facilitators, “the Landscape”




STUDY DESIGN PRINCIPLES

INIIYTIICOOTD\/

Predicted Growth of Robotic Assisted Surgery

215 1
| = = Work with industry
e X
13%

= Stop the runaway train

Others

AT B Newrolooy = Not stifle innovation
¢ . B cardiovascular .
/, I Orthopedics [} Stay “agnostlc”
REINF. RCE e z::::rlogy

Real-World Evaluation of Robot-Assisted Surgical Services

. General Surgery
. .




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

NIHR | & reseaen

REINFORCE: Stepped wedge design and patient flow

Evaluation phase (24m; each period is 4 months) setup
Period 1 | Period 2 | Period 3 | Period 4 | Period 5 | Period 6 bef RAS. d )
{4m) {4m) {4m) (4m) (4m) (4m) ore augmented service ) ) -
— tremsiion pesiod Interrupted time series evaluation
follow-up
(3m) after RAS-augmented service
intervention
Sites 9-12 comp letion of follow-up A r
Sites 13-16 final analysis
observed trend
__ underlying trend (or

outcome counterfactual trend)
“No battle 2,560 procedures
plan ever rol : >
survives o oY e
: Colorectal
contact with Thoracic “A time series (i.e. data collected over time)

is divided into segments by a policy or

the enemy.”

RMafmodth son Meltkha che Eldar
Precka bt gl
dorn Colohar 2. 1800

ONOU WD R

Gynaecology
Orthopaedics
Upper Gl

Hep Bil

ENT (Head & Neck)

program change”




1 1
STUDY DESIGN

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

< 24m >
Example |Before RAS-
Site augmented Service

After RAS-augmented Service

A

Transition Date

Examples of site types

Site Type Example Index Procedure

|. Change in Delivery No previous provision in any specialty Hysterectomy (as first RAS procedure performed at site)
(RAS nadive)
2. Change in Specialty RAS established in one specialty, Anterior resection (new specialty, having previously only

commencing service for new specialty performed RAS prostatectomy)

3. Change in Procedure RAS established, commencing new Partial nephrectomy (same specialty, having previously only
procedure within specialty performed RAS prostatectomy)



€HaRY @

Centre for Healthcare Randomised Trials

NO oUTCOME SET - CORE OUTCOME SET

g2 UNIVERSITY OF

4 A
ABERDEEN R @) b o c S

= || interviews:

Surgeons, Nursing team, Service
managers, International health
technology assessment experts,
LMIC perspectives

= Patient & public focus group:

= 8 participants

survey meeting

* [tem Bank: 412 Patient outcomes (PROMS) -ISODeIPhi’d .
98 Surgeon outcomes (precision) n=150 respondents

180 Organisation outcomes (economic)
17 Population outcomes (equity of access)




OUTCOMES

LEVEL OUTCOME NAME

Patient level Disease-specific quality of life Procedure specific PROM Baseline, 3-months
Overall quality of life EQ-5D Baseline, 3-months
Overa'lll WO AR e Patient Questionnaire Baseline, 3-months
effectiveness/benefit
- f
Overa' m'easu're ° . Clavien-Dindo score 3-months
complications inc. mortality
Surgeon/Team  Precision/accuracy Surgeon TLX Day of surgery
level Visualisation Surgeon TLX Day of surgery

Organisation Equipment failure Surgery Form Day of surgery

level Standardisation of operative
ualit i Process Evaluation Interviews |Pre/Post RAS implementation
Cl

Overall economic/cost- . .
! Health Economics review Throughout study
effectiveness

Population level | Equity of access Health Economics review Throughout study

)‘

National Institut: UNIVERSITYOF
NIHR | fo::ll-?:aalthn;els:a(:ch “JABERDEEN @ CU) REINF. RCE

* Real-World Evaluation of Robot-Assisted Surgical Servi




EXAMPLE OF “TRICKY” DECISIONS

M2 Cavity Based V Orthopaedics

Orthopaedics in or out?




P ti nt R r itm nt i i E2 UNIVERSITY OF s AR
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Real Word xaluationof Robot Asssted Surgical Senvies

REINFORCE Projected & Actual Recruitment
4000

300
3500
250

- 3000
c )
@ 200 §
£ 2500 £
x -
S =
g 2000 150 O
o &
g 1500 =
2 100 33

1000 §°

| o
500 [ [
0 - 0
PEL ISP E STV FL IS F P I WP TIF LTS F P S
S IS N
Nl Study Months ¥’ Nl
B Actual recruitment (per month) [ Target recruitment (per month) - - Original recruitment target (n=2560)

—Actual recruitment (total) ---New projected recruitment (total)




TRANSITION TO RAS

THEORY

REALTY

.0

&
REINFORCE

Real-World Evaluation of Robot-Assisted Surgical Services

< 24m >
Example Pre-RAS /standard :
Site Service RAS-augmented Service
Transition Date
< 24m >
Example Pre-RAS /standard :
Site Service RAS-augmented Service

— T

Transition
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ANALYSIS & QUANTITY OF DATA

= Different analysis options

= Not just the quantitative data...




ACCESSTO HEALTH ECONOMICS DATA

= Difficult to access
* No public disclosures
* No “price lists” — bespoke

» Broad stroke approach




Millions more to have robotic surgery in
SIFIUENY NHS plan to cut waiting lists

Head of NHS England to say robot-assisted surgery will
become ‘the default’ for 90% of keyhole operations by 2035

0 Surgeons use a robot in an operation at University College London hospital. Photograph: Jeff
Gilbert/Alamy
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GO BEYOND BOUNDARIES

H™ UNIVERSITY OF
“ABERDEEN

Designing and delivering
robust system-level
evaluations:

Importance of contingency
planning

Graeme MacLennan
Aberdeen Centre for Evaluation

EST. > 1495



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

REINFORCE: planned stepped-wedge evaluation

Evaluation phase (24m; each period is 4 months)

Baseline

Step 1

Step 2

Step 3

Step 4

Final period

Group 1

Group 2

Group 3

Group 4

I:l Pre-RAS

I:l Transition

I:l Post-RAS




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

REINFORCE: planned centre-level evaluation timeline

[ | 2024 | 2025
Jul Aug Sep Oct Nov Dec[Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec|Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec|Jan Feb Mar Apr May Jun Jul Aug Sep Oct

2022 2023

EIERES

ERCREAE] ] £l
o @ Nolalswin|=

090‘000
£9)8\\8)8

‘«:w‘

[ ocenreid L | D Non-RAS Phase
Centre 10

[ e

E | Pre-RAS /standard :
Si)fc?amp © Service Ao RAS-augmented Service

Transition Date

< 24m >

E | Pre-RAS /standard :
Si)fcaempe Service fStangyr RAS-augmented 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

Outcome (%)

Interrupted time series design
Observed trend versus post-intervention counterfactual

Intervention

[ ) Observed monthly outcome
Pre-intervention fitted trend

Post-intervention fitted trend

..... Post-intervention counterfactual

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Month

Y; = By + BiTime; + B2PostRAS; + B3TimeAfter RAS; + &;
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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

Yy = Bo + B1Time; + B2PostRAS; + 33TimeAfterRAS; + v X; + &4



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 | 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
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Designing and delivering
robust system-level
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What we knew

PLOS ONE

RESEARCH ARTICLE
Barriers and enablers to the effective
implementation of robotic assisted surgery

Louisa Lawriers', Katie Gillies, Eilidh Duncan', Loretta Davies®, David Beard®, Marion
K. Campbell'

1 , Institute of Sciences,

and Nutriion, Unliversity of Aberdeen, Aberdeen, Scotiand, United Kingdom, 2 RCS Surgical Interventional
keletal Sciences, Universily of

Oxford, Oxferd, United Kingdom

* loisalawrie1 @abdn.ac.uk
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Accommodating for context

I
Description of intervention
and its causal assumptions
/ /

Fig 1| Key functions of process evaluation and relations among them (blue boxes are the key components of a process
evaluation. Investigation of these components is shaped by a clear intervention description and informs interpretation
of outcomes)

Moore GF et al. BMJ 2015;350:h1258. do0i:10.1136/bmj.h1258



o
REINFeORCE

Real World Evaluation of Robot Assisted Surgical Services

What is the context?
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Process Evaluation - aims and design

identify perceived challenges and solutions to RAS implementation

REINFO RCE

n of Robot Assisted Surgical Serv

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 Transition RA-augmented Service
(=5, [P=]-f-  R=. [P




Guiding theoretical framework

Normalisation Process Theory

How Practices Become Routine

Coherence
Sense-making Work

Cognitive Participation
Relational Work

* Why does it matter? Coherence
+ How is it different?

Collective Action
4 Reflexive
O/' Monitoring

« Do people have the skills?
* Are processes and resources aligned?

* Does the organisation support it?

Cognitive  * Who drives the change?
Participation * Who needs to be involved?
* How do we build buy-in?

Reflexive Monitoring
i Appraisal Work

Collective Action
< 4 1| (@}

» Is it working?
« What are the outcomes?
« What needs to change?

Practical
Applications

¢ Implementing
Digital Health Tools

Embedding New
Clinical Pathways

Organisational
Change

Evaluating
Intervention
Sustainability



Uncertainty in the system

Types of adoption
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Complex systems = complex data

Pre-RAS /

Standard Service Transition RA-augmented S

................ e e v
o REINFORCE

Real-World Evaluation of Robot-Assisted Surgical Services

| @_ﬁl‘ HD_ “ p PSP
B Vevsian:

Protocol Version: 3.0
P pt S Protocol Date: 20/03/2025
various roles O

Sites
3 types

Data QUAL QUAN/qual QUAL
type




PE summary

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

REINFORCE Process Esluston Ansiis Pln (PP)

- v
REINFORCE

@ oorvs B

Objective 1
Objective 2

Objective 3

GOAL

OUTCOME
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Designing and delivering
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Summary & key
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Summary

- Systems evaluations are complex

. ]Ic-lave dynamic properties which need to be planned
or

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
BVEEIINfEtA.thgwE site types

REINFORCE Projected & Actual Recruitment
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Data to inform nation
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
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What evidence generation is needed What evidence generation is needed
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number of procedures and robot use

total theatre time and total surgical time

.
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sting structures to procure and implement a robotic system volume of pracedures per day and

« the effect on outcomes including: implant costs
rates of conversion to open surgery « post-surgery treatment and service use including:
as 0 open § Y

B length of hospital stay
length of hospital stay

readmission rates
complications
number of physiotherapy sessions and

— health-related quality of life
revision rates (stratified by implant type)

procedure-related discomfort and ergenomics for the surgeon .
+ characterist

s of people having the procedure, such as age, bady mass index and

rates of minimally invasive surgery compared with open surgery after introduction American Society of Anesthesiologists risk score
of robot-assisted surgery into a centre + population subgroups, such as peaple from Southeast Asian backgrounds
hospital capacity and surgical waiting lists + where in the country the procedures are done.
readmissions
long-term outcomes for people having robot-assisted surgery
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GIRFT implementation report

« Inform research plans using the Evidence Generation
recommendations from NICE.

« Data on safety, cost-effectiveness and clinical effectiveness will be
required

+ Research studies should consider other areas pertinent to
expansion of RAS programmes such as:
o Implementation evaluation

Efficient pathway designs

Novel pathways in RAS

PREMSs and PROMs

Workforce benefits

Research
needs

o 0O O O
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National Robotic Registry
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f * National registry being commissioned
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Finally ...

Multi-disciplinary and stakeholder involvement essential in system
level evaluation

* Clinical - Evidence synthesis
- Statistics  Health care
- Health economics = Managers
- Qualitative - National policy
* Mixed methods mall(ers
- Health psychology  Patients
* Public

 Implementation
science . ...and more



The RoboCOS Team

* Clare Robertson  Shafaque Shaikh
* Katie Gillies e Cameron Matthew
* Marion Campbell  Terry Mackie

* David Beard * Craig Ramsay



The REINFORCE WP1 team

L& |

* 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

plus many, many more co-apps and

. * Newcastle — Luke Vale, Tomos Robinson, Giovany Orozco-Leal, Nawaraj
site staff Bhattarai



Questions and
discussion
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