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Introduction 
• A key purpose of the national collection of PROMs is to 

facilitate comparisons of provider performance 
 

• More sensitive outcome measures should enable 
benchmarking and promote choice based on quality 
 

• Requires adequate case-mix adjustment 
– But case-mix is only partially measurable 
– And assignment of patients to providers is a non-

random process 



Independent Sector Treatment Centres 

• Have existed over many years, but have been controversial 
 

• Concerns have been expressed about: 
– Financial generosity of their contracts 
– Under-delivery 
– Poorer quality of care 
– Cherry-picking 

 

• Existing empirical evidence is mixed 



Our aims 
 

• To compare patient reported outcomes after elective surgery 
for hip replacement in ISTCs and NHS providers 

  
• To compare the results obtained using a range of methods 

for allowing for the non-random assignment of patients 
 
 



Data 
• Linked PROMs and HES records for 32,463 hip replacement 

patients admitted for treatment in 2009/10 and 2010/11 
 

• Outcome measure - Oxford Hip Score (OHS) 
 

• The OHS measures symptom severity on four-point scales 
using 12 questions on functional problems and pain 
 

• Responses are summed to create an overall score ranging 
from 0 (worst health state) to 48 (best health state) 



Patient-level case-mix variables 
• At pre-operative questionnaire: 

– Oxford Hip Score 
– Self-assessed health 
– Self-reported disability 
– Self-reported Comorbidities 
– EQ-VAS 
– Dimensions of EQ-5D 

 
• From hospital record: 

– Charlson index 



Patient-level case-mix variables 
• Personal characteristics 

– Gender 
– Age 
– Ethnic group 
– Living arrangements 
– Level of income deprivation 

 
• History 

– Length of symptoms prior to treatment 
– Whether had previous surgery on the same hip 
– Whether undergoing revision surgery 



Provider variables 
• ISTC 

– provider type is an independent sector treatment centre or a 
treatment centre at an independent sector site 

 

• Total size 
– Total volume of patients treated by a provider over two years  

 

• Volume 
– Total number of patients having hip replacement over two years 

 

• Scope  
– the number of different HRGs recorded by the provider  



Methods 
• Multivariate linear regression models 

 
1. Patient-level case-mix adjustment and provider 

characteristics, with a ‘random effect’ for each provider 
 

2. Patient-level case-mix adjustment and provider 
characteristics, with a ‘random effect’ for each provider, plus 
provider-averages of the case-mix variables 
 

3. Provider-averages of the case-mix variables and provider 
characteristics are used to estimate an expected ISTC-NHS 
differential given their characteristics and patient mix 



Unadjusted differences 

Oxford Hip 
Score 

ISTCs NHS 

Mean Std.Dev. Mean Std.Dev. 

Pre-operative 20.247 8.206 18.186 8.449 

Post-operative 40.743 7.902 37.615 9.660 

Change 20.496 9.710 19.429 10.353 

N 4,221 28,242 



Differences in case-mix 
Patient characteristic ISTCs NHS 
Age (years) 68.115 67.888 
Male 0.406 0.418 
BME  0.007 0.016 
IMD - income deprivation 0.104 0.121 
Had previous surgery 0.045 0.104 
Having a revision surgery 0.027 0.082 
Assisted with post-operative questionnaire 0.048 0.077 
Self-reported disability 0.453 0.605 
Charlson index 0.200 0.347 
EQ-VAS 69.176 64.968 



Estimated ISTC-NHS differentials 

Method 

Patient level case-mix Differential 1.651** 
Std. Error (0.62) 

Plus provider-averages of case-mix Differential 1.174 
Std. Error (0.66) 

Expected Differential 5.076 
Std. Error (3.38) 

Actual – Expected Differential -3.425 



Results - I 
• Patients at ISTCs were healthier and had less severe 

symptoms prior to treatment 
 

• Patients treated at ISTCs showed larger (unadjusted) 
outcome gains following surgery 
 

• Standard patient-level risk-adjustment shows a positive and 
significant ISTC-NHS differential = 1.65 (~8.5% larger) 



Results - II 
• Provider-averages of the case-mix variables are significant 

influences on patient-level outcomes 
 

• Controlling for provider-averages of the case-mix variables 
reduces the estimated ISTC-NHS differential to 1.17 
 

• Based on the patient and provider characteristics, the ISTC-
NHS differential is expected to be much larger, at 5.08 
– but is estimated very imprecisely   



Summary 
• Comparisons of provider performance require: 

– adequate case-mix adjustment  
– allowance for the non-random patient assignment process 

• Mixed evidence on ISTCs, despite their high profile 
• Important to develop appropriate methods for comparing 

performance when there is non-random assignment 
• Methods that assume assignment is based only on 

measured patient-level case-mix variables suggest a positive 
and significant ISTC-NHS differential 

• Alternative methods suggest differential is not statistically 
significant and may be less than expected 
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