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Performance measurement 

 STS has been a leader in advocating direct 
measures of quality and public reporting 

 STS has 35 NQF-endorsed quality metrics, most 
of which are risk-adjusted outcomes 

 We prefer outcomes over structure or process 
measures, although we have used all three 





   
  

 
      

   

     
   

       
    

   

      
    

   

     
    

   

      
    

   

 
 

     
          

  

Table 3a : TAVR Program Performance Requirements: 
Minimum quality benchmarks for TAVR sites 

2018 Criteria 

Primary Outcome Metrics Performance Measure 
In-hospital risk-adjusted all-cause mortality Based on 95% CI and national benchmark data, program’s 

performance “as expected” or “better than expected” 

30-day risk-adjusted all-cause mortality Based on 95% CI and national benchmark data, program’s 
performance “as expected” or “better than expected” 

30-day all-cause neurologic events including TIAs Funnel plots: performance within 95% upper control limits 
(outlier); programs exceeding 90% upper control limits 
(warning) merit further internal study * 

30-day major vascular complication Funnel plots: performance within 95% upper control limits 
(outlier); programs exceeding 90% upper control limits 
(warning) merit further internal study * 

30-day major bleeding Funnel plots: performance within 95% upper control limits 
(outlier); programs exceeding 90% upper control limits 
(warning) merit further internal study * 

30-day moderate or severe AR Funnel plots: performance within 95% upper control limits 
(outlier); programs exceeding 90% upper control limits 
(warning) merit further internal study * 

Primary Outcome Metrics In Development 
1-year risk-adjusted all-cause mortality 

*Risk-adjusted measures for all major complications (transition to statistical hypothesis testing) 
Patient reported health status (KCCQ) at 30 days and 1 year versus baseline 
30-day and 1-year risk-adjusted mortality and morbidity composite measure 



   

 
  

  
  

   

Why volume thresholds for TAVR? 

 Expertise: the volume-outcome association 
• Volume during procedural adoption--learning curve 
• Volume of established procedures--generally 
correlates with outcomes for complex procedures 

 Measurement challenges with low volumes 
• Randomness—inherent uncertainty of small sample 
estimates 

• Measure reliability 
• Statistical power to detect outliers 





   

 

    
      

Prediction Intervals (used for funnel plots) 
Given known population parameters (mean, distribution), what 
can we say about estimates from future samples of size n? 

Spiegelhalter. Statist. Med. 2005; 24:1185–1202 



  
    
  

Two statistical tools, same message 
Estimates from small samples have 
substantial random variation 

Funnel Plot (Prediction intervals) 



 
 

 
Measure reliability (signal to noise ratio) 

Merkow et al Ann Surg 2013;257: 483–489 
(Event rate 20%) 

highly dependent on sample size 



  

 
 

Statistical Power Decreases with Smaller Sample Size 
Type II errors more likely 

Walker et al Lancet 2013;382(9905):1674-7 



 
     

 

TAVR Quality: 
How many, how well, or both? 

 Outcome measure statistics are problematic with 
small sample sizes (low volume) 

 Adequate volume is associated with expertise and 
facilitates accurate, reliable outcome measurement 
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