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Overview of presentation

ÅIntroduction to economic evaluation
ÅWhy is it important

ÅIntroduction to methods

ÅDiscussion of rehabilitation research

ÅDesign and results of the RATULS trial

ÅConclusions/reflections/questions



The health service dilemma

ÅResources are scarce

ÅA finite/fixed health care budget means we cannot 

Řƻ ŜǾŜǊȅǘƘƛƴƎ ǿŜ ǿŀƴǘΧ

ÅWe have to make choices regarding what to do and what not to do

ÅWe have to engage in priority setting

ÅNeed for transparent decision making where costs and cost-effectiveness taken 

into consideration

ÅRole of Health Economics ςEconomic Evaluation 

ÅNeed to take into consideration cost (opportunity cost) and benefits

ÅάThe overall aim of cost-effectiveness analysis is to help decision makers choose 
interventions and programmes that maximise the health benefits given the 
resources available ςand ensure waste is minimisedέΧΦbL/9 όнлмоύ



What should be considered when setting health care priorities?

ÅEffectiveness

Improvements such as extending life and/improving aspects of 
quality of life

ÅEfficiency

Maximising benefits in the face of scarce resources

Ensure that the benefits of those activities which are pursued 
are greater than their opportunity costs (benefits foregone)

ÅEquity

Concerned with the fairness of how health care resources are 
distributed



Economic Evaluation (in a nutshell)

ÅEconomic evaluation is the comparative analysis of alternative 
courses of action in terms of both:
Åcosts ( cost of intervention, use of health services)
Åconsequences (health effects)

ÅAn economic evaluation can take many different forms

ÅThe tasks involved remain the same: 
Åto identify
Åto measure
Åto value 

ÅCosts and consequences of the interventions compared



Economic evaluation framework
Type Costs Outcomes Output Decision rule

Cost-effectiveness 

analysis

(CEA)

£ Clinical

Cases detected

Life years

Adverse events

ICER 

Cost per additional 

unit of effect

e.g. cost per fall 

avoided

?

Cost-utility 

analysis

(CUA)

£ QALYs ICER 

Cost per QALY 

gained

ICER <£20,000

Cost-benefit 

analysis

(CBA)

£ £ (WTP) Costs (C)

WTP (B)

B(£)>C(£)



/ƻǎǘ ŀƴŘ ǘƘŜ ŜŎƻƴƻƳƛǎǘΩǎ ƴƻǘƛƻƴ ƻŦ Ŏƻǎǘ

ÅIn choosing to use resources in one beneficial activity we are effectively 
choosing not to use them in some other way

Å¢ƘŜ ΨǘǊǳŜΩ Ŏƻǎǘ ƻŦ ǘǊŜŀǘƛƴƎ ƻƴŜ ǇŀǘƛŜƴǘ ƛǎ ǘƘŜ ōŜƴŜŦƛǘ ǘƘŀǘ ƳƛƎƘǘ ƘŀǾŜ ōŜŜƴ 
enjoyed if those same resources had been used to treat other patients

ÅThis is the notion underlying the concept of cost used in economics, and is 
different from that used in accountancy

ÅForegone benefit = opportunity cost



Opportunity cost in health care

ÅCost of gastric bypass £8000

ÅWhat else could £8000 buy?

ÅTreatment for 1 severe stroke

Å16 MRIs

Å266 x-rays

ÅGlaucoma treatment for 10 people

Å2000 meals for the elderly

ÅLǎ ƛǘ άǊƛƎƘǘέ ŦƻǊ ǇƘȅǎƛŎƛŀƴ ǘƻ ŘŜƴȅ мл ƎƭŀǳŎƻƳŀ ǇŀǘƛŜƴǘǎ ǘƘŜƛǊ ǘǊŜŀǘƳŜƴǘΚ

ÅThese are the very choices faced by those engaging in priority setting



Measuring costs

ÅCŀƛǊƭȅ ǎǘǊŀƛƎƘǘ ŦƻǊǿŀǊŘΧΦ

ÅPerspective of costing (health service/provider, patient, employer, wider economy)

ÅCost of intervention(s):capital equipment, staff, consumables etc.

ÅCosts over time
ÅPrimary care
ÅSecondary care
ÅSocial care

ÅParticipant costs
ÅTime off work
ÅTravel costs
ÅOut of pocket expenses

ÅDerive these from routine sources or directly from individuals



Measuring outcomes

ÅClinical
ÅPain
ÅEvents/episodes
ÅAdverse events (falls)

ÅHRQoL
ÅGeneric (EQ-5D/SF-36)           QALYs
ÅCondition specific

ÅMonetary
ÅRevealed preference e.g. private health care
ÅStated preference
ÅCV/WTP

Cost-effectiveness analysis

Cost-utility analysis

Cost-benefit analysis



Measuring benefits in QALYs

ÅQALYs take into account not only length of life, but also the quality of life

ÅMeasure health 0 to 1 scale, where 0 signifies death and 1 is equal to full health 
(possible to have negative states)

ÅEQ5D 5L ςStandardised measure of health status for use in clinical/economic 
appraisal.

Å5 dimensions each with 5 levels

Å11111 = Best health state =full health (value =1)

Å55555 = Worst health state = state worse than dead (value =-0.594   )

ÅQALYs combine time in health states with the value of the state. 



Cost Effective

Dominant

Excluded

Questionable

Health benefits

Costs WTP = £30,000

WTP = £20,000

ICER

ICER
ȟ ȟ

ICER 21,000

Cost-effectiveness

0

ICER
ȟ
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ÅLikely to be 

considered 

ógood valueô

ÅJudgement call

ÅFeatures of condition

ÅEquity judgments

ÅAvailability of treatments

ÅBudget impact

ÅUnlikely to be 

considered 

ógood valueô



Summary of Economic Evaluation

Åresources are scarce

Åneed to make difficult decisions on how to allocate resources 

ÅWhat should decisions be based on (effectiveness/efficiency/equity)

Åeconomic evaluation is one input into this decision-making process

CUACEA CBA

£

physical units 

e.g. life years 

gained

multi-dimensional

e.g. QALYs

- life years gained

- quality of life years

£ £

commensurate units

e.g. £

- health outcomes

- non-health outcomes



Economic evaluations in 
rehabilitation



ΨwŜǾƛŜǿ ƛƴǘƻ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ƛƴ CƛƴƭŀƴŘ нлмп-2020: 
ǇǊŜǇŀǊƛƴƎ ǘƘŜ ƴŀǘƛƻƴŀƭ ǊŜǎŜŀǊŎƘ ǎǘǊŀǘŜƎȅΩ aŜƭƪŀǎ Ŝǘ ŀƭΦ

ÅScoping review into rehabilitation research in Finland

ÅDescribes the current state of scientific research in field of 
rehabilitation in Finland

ÅResults:
ÅApprox 300-350 articles with a Finnish affiliation published annually
ÅMajority published in English
ÅCritically research on cost-effectiveness is scarce

ÅImplications:
ÅImpact of research on policy limited

ÅParticularly if lack evidence on clinical & cost-effectiveness



Economic Evaluations in Rehabilitation 
Research
ÅQuality of reporting of economic evaluations in rehabilitation 

research: a systematic review: Disability and Rehabilitation: Vol 44, No 
11 (tandfonline.com)

ÅThis paper examines the quality of reporting of EE in rehabilitation 
research

ÅBackground: 
ÅQuality of reporting of EEs in this field has been questioned
ÅIn turn limits the evidence base on which to make accurate decisions (cost-

effectiveness of services/treatments)

ÅAim: to conduct a systematic review off EE in rehabilitation services 
and evaluate quality using CHEERS checklist

https://www.tandfonline.com/doi/full/10.1080/09638288.2020.1830441
https://www.tandfonline.com/doi/full/10.1080/09638288.2020.1830441
https://www.tandfonline.com/doi/full/10.1080/09638288.2020.1830441


CHEERS Checklist

ÅConsolidated Health Economic Evaluation Reporting Standards

ÅReporting guideline first published in 2013
ÅΨ¢ƻ ŜƴǎǳǊŜ ƘŜŀƭǘƘ ŜŎƻƴƻƳƛŎ ŜǾŀƭǳŀǘƛƻƴǎ ŀǊŜ ƛŘŜƴǘƛŦƛŀōƭŜΣ ƛƴǘŜǊǇǊŜǘŀōƭŜΣ ŀƴŘ ǳǎŜŦǳƭ ŦƻǊ ŘŜŎƛǎƛƻƴ 
ƳŀƪƛƴƎΩ
ÅRecognises the challenges in reporting of EE ςamount of info required to allow scrutiny
ÅGoal: recommend min. amount of information required when reporting EE
ÅReporting guidelines not a review of methods

ÅRecently updated in 2022

ÅCHEERS 2022 includes a 28-item checklist that outlines how and when these reporting 
standards should be used
ÅMethods (analysis plan, population, comparators, perspective, outcomes etc)
ÅResults (main, effect of uncertainty etc)
ÅDiscussion
ÅOther relevant information
ÅConsolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS 2022) statement: 

updated reporting guidance for health economic evaluations | The BMJ

https://www.bmj.com/content/376/bmj-2021-067975
https://www.bmj.com/content/376/bmj-2021-067975


Systematic review findings (Flemminget al)

ÅReview of EE in rehabilitation (2013-2020)

Å129 papers included an EE over that time period

ÅEvaluated quality of reporting via CHEERS (2013)

ÅMajority of research conducted in UK followed by Netherlands, Australia, USA

Å<4 papers published in Finland

ÅInconsistent reporting in EEs in rehabilitation services (despite CHEERS)

ÅMean items met 17.5 (range 8-24)

ÅMost studies did not meet min. reporting standards

ÅMethods frequently underreported

ÅImplications:
ÅClear need for improvement in reporting
ÅNeed to demonstrate cost-effectiveness on rehabilitation research
ÅNeed for transparent information for effective decision making
ÅCan not assess quality and reliability if reporting is inconsistent 



RATULS TRIAL



Chief Investigator: Professor Helen Rodgers 
Professor of Stroke Care, 
Newcastle University

Funder: NIHR Health Technology 
Assessment Programme

RATULS

Robot Assisted Training for the Upper Limb after 
Stroke 

Amulti-centre randomised controlled trial comparing robot-
assisted training; an enhanced upper limb therapy programme; 

and usual care.



ÅLoss of arm function is a common and distressing consequence of stroke.

ÅCurrently its not clear which type of therapy is best to improve arm function.

22

Setting the scene



Are robot-assisted training devices clinically effective for upper limb disability in post-stroke patients?

1 Technology: wƻōƻǘƛŎǎ ƻǊ ΨŜƭŜŎǘǊƻƳŜŎƘŀƴƛŎŀƭ ŘŜǾƛŎŜǎΩΦ wŜǎŜŀǊŎƘŜǊǎ ǎƘƻǳƭŘ ƧǳǎǘƛŦȅ ǘƘŜ ŎƘƻƛŎŜ ƻŦ ƳŀŎƘƛƴŜΣ ǳǎƛƴƎ ǘƘŜ 
patient group and setting to inform their decision.
2 Patient group: Post-stroke adults with moderate-severe paretic upper limb impairment.
Researchers to define and justify which time point in the patient pathway.
3 Setting: Community or hospital based.
4 Control or comparator treatment: Treatment as usual (researchers to justify choice of
control).
5 Design: Three arm efficacy RCT: 1) treatment as usual; 2) enhanced physiotherapy; 3)
robotic device. Researchers should undertake simple modelling of costs (comprehensive cost effectiveness 
evaluation is not required).
6 Important outcomes: Hand function, arm function, and costs (including societal). Other outcomes: Rate of 
recovery, adverse events (pain or musculoskeletal injury), activities of daily living (ADL), and quality of life.
7 Minimum duration of follow-up: Six months.

HTA commissioned call - 2011



ÅThe RATULS trial aimed to determine whether robot assisted training improved 
upper limb function after stroke.

ÅThe RATULS trial is a three group randomised controlled trial:

The RATULS trial

Robot assisted 
training (RT) in 

addition to usual 
care

Enhanced upper 
limb therapy 

(EULT) in 
addition to usual 

care

Usual care (UC)OR OR



Robot Assisted Training for the Upper Limb after Stroke (RATULS): 
a multi-centre randomised controlled trial comparing robot-assisted training; an enhanced upper limb 

therapy programme; and usual care.

Helen Rodgers, Helen Bosomworth, HermanoI Krebs, Frederikevan Wijck, Denise Howel, Nina Wilson, Lydia Aird, Natasha Alvarado, SreemanAndole, David L Cohen, Jesse Dawson, Cristina 
Fernandez-Garcia, Tracy Finch, Gary A Ford, Richard Francis, Steven Hogg, Niall Hughes, Christopher I Price, Laura Ternent, Duncan L Turner, Luke Vale, Scott Wilkes and Lisa Shaw. 

Trial design Study centres



ÅThe MIT-Manus robotic gym was used incorporating the shoulder-elbow, wrist 
and hand components.

ÅPatients received therapy 45 minutes, three days per week for 12 weeks.

Robot assisted training (RT)



Enhanced upper limb therapy (EULT)
ÅA therapy programme based on goal-orientated repetitive functional task 

practice.

ÅPatients received therapy for 45 minutes, three days per week for 12 weeks.



ÅAll participants were given a 
booklet to record any therapy 
that they received for their arm 
or hand throughout the study

ÅThey were asked to fill out their 
booklet every 7 days

Recording usual care (UC)



ÅRT using the MIT-Manus robotic gym 
(shoulder-elbow, wrist and hand 
modules) did not improve upper limb 
function when compared to EULT or UC 

This project is funded by the NIHR Health Technology Assessment programme (project number 11/26/05). The views and opinions expressed here are those of the 
authors and do not necessarily reflect those of the HTA programme, NIHR, NHS or Department of Health.

ÅFor more information please visit: 
http://research.ncl.ac.uk/ratuls/

Primary outcome: ARAT success at 3 months Upper limb impairment: Fugl-Meyer motor score

Activities of daily living: Stroke Impact Scale Further information

ÅRT and EULT led to improvement in 
upper limb impairment compared to UC

ÅEULT led to improvements in ADL 
compared to RT or UC

ÅTrial results published in The Lancet

Conclusions

http://research.ncl.ac.uk/ratuls/


RATULS economic evaluation

ÅEconomic evaluation comparing the cost-effectiveness of interventions and usual 
NHS care.
ÅRobot-assisted training for the upper-limb after stroke + usual care.
ÅEnhanced upper-limb therapy + usual care.
ÅUsual care alone.

ÅObjective: to determine whether robot-assisted training is cost-effective compared 
with an enhanced upper limb therapy (EULT) programme or usual care

ÅPerspective of the analysis:
ÅNHS perspective.

ÅCosts that fall in the NHS.

ÅChange in health related quality of life (EQ-5D-5L)

Åe042081.full.pdf (bmj.com)

https://bmjopen.bmj.com/content/bmjopen/11/5/e042081.full.pdf


Outcome measures

ÅNHS resource use (intervention, primary and social care, secondary care). 

ÅAverage cost per patient by each area of resource use.

ÅQuality of life (QALYs).

ÅIncremental cost-effectiveness (ICERs).

ÅCost effectiveness acceptability curves (CEACs) created with the calculated 
ICERs to show the cost effectiveness of the interventions at different 
ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜǎ ŦƻǊ ǎƻŎƛŜǘȅΩǎ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ Ǉŀȅ ŦƻǊ ŀ v![¸Φ





Costs at 6 months post randomisation

ÅCosts included: intervention costs, primary, secondary and social 
services

ÅOn average usual care was least costly (£3785)

ÅFollowed by EULT (£4451)

ÅRobot assisted therapy was most costly (£5387)

ÅDifferences driven by intervention costs

ÅDifference in costs between UC and RT were significant



Results: Total cost per patient at 6 months

Resource use (mean costs 

per patient)

RT EULT UC

n Mean (sd) n Mean (sd) n Mean (sd)

Primary care costs and 

community based health 

care

213 743 (1,031) 215 777 (1,264) 177 1,078 (1,813)

Social care 213 1,410 (3,146)216 1,541 (3,943)178 1,890 (4,281)

Secondary care 213 733 (2,247) 216 988 (4,486) 178 668 (1,880)

Medication costs 157 149 (302) 162 154 (273) 126 198 (347)

Other NHS and social 

services

11 727 (983) 13 790 (946) 9 307 (406)

Deceased participants 1 0 (0) 3 13,953 (4,516)0 0

Intervention costs 257 2,872 (0) 259 1,399 (0) - -

Total average cost 257 5,387 (4,054)259 4,451 (6,033)178 3,785 (5,437)



Outcomes

ÅMean EQ-5D-5L scores very similar across all groups

ÅBiggest change in EQ-5D-5L scores happens between baseline and 3 
months

ÅVery small change in EQ-5D-5L scores between 3 months and 6 
months

ÅMean QALYs were highest for EULT (0.23)

ÅRT 0.21

ÅUC 0.21

ÅNo evidence of difference in QALYs between RT and UC



Results: Outcome measures, EQ-5D-5L scores

Scores from EQ-5D-5L questionnaires

Utility Scores

RT (n= 257) EULT(n=259) UC (n=254)

Mean (SD) n Mean (SD) n Mean (SD) n

Baseline EQ-5D-

5L 
0.36 (0.26) 254 0.39 (0.25) 259 0.37 (0.26) 254

3 months EQ-

5D-5L
0.45 (0.27) 232 0.48 (0.24) 236 0.42 (0.29) 207

6 months EQ-

5D-5L 
0.46 (0.29) 223 0.50 (0.27) 222 0.46 (0.27) 190



Results: Outcome measures, QALYs

Mean QALYs at6 months

RT (n= 257) EULT (n=259) UC(n=254)

Mean (SD) n Mean (SD) n Mean (SD) n

QALYs 0.21 (0.12) 254 0.23 (0.10) 259 0.21(0.11) 254



Incremental cost-effectiveness ratios

ÅInterventions compared in terms of incremental cost-
effectiveness ratios (ICERs) ςcost per unit of effect

ICER:

= (CEULT - CUC/(EEULT - EUC)

= ɲcosts/ɲeffects

ÅCEULT = cost of upper limb therapy (£)
ÅCUC = cost of usual care (£)
ÅEEULT = effect of upper limb therapy (QALYs)
ÅEUC = effect of usual care (QALYs)



ICERS

ÅIncremental cost per QALY gained at 6 months for EULT v UC

= 74,100

ÅEULT has a 19% chance of being cost-effective at a WTP threshold of 
£20,000

Å²ƘŜǊŜΩǎ ǘƘŜ wƻōƻǘΚ

ÅRobot therapy is both more costly and less effective than EULT

ÅRobot therapy is dominated by EULT

Å0% probability that Robot therapy cost-effective in RATULS



Results: CEA Base-case analysis

Randomised group

Unadjusted 

Analysis Cost 

[£]

[98.33% CI]

Adjusted 

Analysis  

Incremental 

Cost [£]

[98.33% CI]b

Unadjusted 

Analysis 

QALYs

[98.33% CI] 

Adjusted 

Analysis  

Incremental 

QALY

[98.33% CI]a

ICER [£]

Probability of each therapy being considered cost-

effective at different threshold values for societyôs 

WTP 

£0 £10,000 £20,000 £30,000 £50,000

UC (n=171)
3,785

[2,801 ï4,770]
-

0.21

[0.19 ï0.23]
- 0.90 0.85 0.81 0.74 0.62

EULT  (n=254)
4,451

[3,548 ï5,354]

0.23

[0.21 ï0.24]
0.10 0.15 0.19 0.26 0.38

RT (n=247)
5,387

[4,777 ï5,996] 
-

0.21

[0.19 ï0.23]

Dominated 

by 

Enhanced

0.00 0.00 0.00 0.00 0.00

a estimated based on adjusted analysis (n=suregn ); ICER = Incremental Cost-Effectiveness Ratio; 98.33% CI = 98.33% Confidence Interval; WTP = Willingness-to-pay 

741

[-461ï1,943]

0.010

[-0.005 ï0.025]

74,100



Value for money analysis
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Key message

ÅLowest mean costs per participant in the UC group

ÅHighest mean QALY in the EULT group.

ÅRT is dominated by EULT.

ÅAdjusted ICER: £74,100 (EULT vs UC).

ÅEULT not cost effective at any of the WTP values compared to UC.



Extrapolating from the Trial

ÅTrial F/U may not be long enough for QALY gains to off-set costs

ÅExtrapolated the trial results to 12 month time horizon

ÅAssumed that participants maintained their same utility levels

ÅUC remained the least costly option

ÅICER EULT v UC = £6095

Å55% probability of EULT being cost effective

ÅRT still dominated

ÅHigh uncertainty surrounds the assumptions made about how costs 
and utilities change beyond the trial follow-up



Discussion

ÅThe RATULS trial is the largest and first multicentre trial with sufficient power to compare robot-assisted 
training with another evidence-based therapy programme, or usual care.

ÅGiven the resource intensive nature of stroke rehabilitation and the lifelong impacts of stroke, evidence on 
the cost-effectiveness of these programmes derived from well-designed economic evaluations was needed.

ÅStrengths:

ÅTrial setting, following guidelines for best practice

ÅChallenges: 

ÅAssessing UC and its components (log books)

ÅEQ-5D has its strengths and limitations 

ÅRecommended and can be used for priority setting

ÅNot stroke specific

ÅUnknown if we adequately captured changes in HRQoL

ÅOpportunities for new research ςconfiguration of EULT and RT



Cƛƴŀƭ ǘƘƻǳƎƘǘǎΧ

ÅWe have seen from 2 systematic reviews limited evidence of cost-
effectiveness in rehabilitation research
ÅNumber

ÅStandards

ÅShown that reporting of evidence is often poor and does not meet 
minimum standards

ÅNeed for economic evaluations (alongside intervention studies or 
using exiting data) to inform policy decisions

ÅNote: Economic Evaluation is an aid to decision making
ÅImportant component in wider evidence base



Thank you for listening!

òThe drug itself has no side

effects ðbut the number of

health economists needed to

prove its value may cause
dizziness and nausea.ó
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