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1. Play of chance 
 - Volume required to detect poor performance 
 - Are surgeon volumes sufficient? 
 - What proportion of outliers have truly poor 
performance? 
 

2. Risk adjustment  
 - Why adjust? 

 - How to adjust 

 - Risk adjustment model 
 - Comorbidity 
 - Comparison to POSSUM 

Outline 

Surgeon-level reporting 



Risk adjustment 

Why adjust? 

• Trusts may have different patient characteristics 

• And surgeons may take on different risks of patients 

 - eg. older patients, more advanced tumours etc. 

 - eg. tertiary referral centres 

• Need to adjust for this “case-mix” for fair comparisons 
of postoperative mortality between surgeons 
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Risk adjustment 

How to adjust 

1. Accurately predict mortality for each patient 

2. Predict expected no. deaths for the surgeon 

3. Adjusted mortality for the surgeon = 

       Observed no. deaths for surgeon  x  overall mortality 
       Expected no. deaths for surgeon 
 
More deaths than expected       adjusted is higher 
Fewer deaths than expected       adjusted is lower 
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Risk adjustment 

Risk adjustment model 

• Developed and tested on 62,000 cases 

• Largest previous model used 7,400 cases 

• Includes predictors which: 

 - Cannot be influenced by the provider  

 e.g. not surgical access, surgical urgency, 
 procedure 

 - Are routinely available in clinical data  



Risk adjustment 

Risk adjustment model 

Age    Sex  ASA grade     TNM stage    Cancer site 
 

 Calendar year     Mode of admission    No. of comorbidities 

• Model age as continuous (with curvature) 

• Allow effect of age to differ by metastases 
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Risk adjustment 

Effect of age on mortality 

Age much less 
important in patients 
with metastases 
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Risk adjustment 

Comorbidities 

 RCS Charlson Score 

Criticisms of Charlson Score: 

1. Only includes comorbidities recorded at an admission 
in previous year (HES) 

2. Not designed as operative risk score.   

3. Not validated in non-vascular abdominal surgery 



Risk adjustment 

Comorbidities 

Only includes comorbidities recorded at an 
admission in previous year 

• Patients do not need to have been admitted to 
hospital for that comorbidity 

• Comorbidity must have been recorded at the time of 
an admission 

 - including admission for bowel resection 



Risk adjustment 

Comorbidities 

Not designed as operative risk score.   

• Score developed to predict postoperative mortality after a 
variety of common surgical procedures: 

  AAA repair   Aortic valve replacement    Total hip replacement      TURP 

• Score associated with  
       - known risk factors for comorbidity (e.g. age, type of admission) 
       - increased length of hospital stay 
       - higher mortality (in-hospital and 1-year) 

• Inclusion of score improves discrimination of models for 
mortality (in-hospital and 1-year) 



Risk adjustment 

Comorbidities 

Not validated in non-vascular abdominal surgery 

• Now validated on 60,000 patients undergoing major 
resection for bowel cancer 

• Strongly associated with 90-day mortality 
       - mortality 2x in patients with 1 comorbidity 
       - mortality 3x in patients with 2+ comorbidities 
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Risk adjustment 

Comparison to POSSUM 

• NBOCAP model discriminates well between low and 
high risk patients: c-index = 0.80 

• ACPGBI model has similar discrimination.  Includes: 

 Age-group, ASA grade, Dukes’ stage, operative urgency, procedure 

• ACPGBI model directly compared to POSSUM in 
external data has similar discrimination: 

                                   C-index 
     ACPGBI model   0.70 
     CR-POSSUM    0.69 
     POSSUM   0.63 
     P-POSSUM   0.65 

• NBOCAP model has far fewer items to collect than 
POSSUM 



Risk adjustment 

Comparison to POSSUM 

• NBOCAP model uses 9 risk-factors available in Audit / 
administrative data  

• Model discriminates well 

• Other models (e.g. CR-POSSUM) have many items. 
Some difficult to collect e.g. SBP, Urea, Haemoglobin 

• NBOCAP risk-factors likely to be more complete 
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Ferjani et al Lancet Oncol 2007; 8: 317-322 

ACPGBI vs. POSSUM reference 



Armitage et al Br J Surg 2010; 97: 772-781 

Charlson reference 



90-day postoperative mortality 

• Deaths in and out of hospital 

90-day mortality 

• Captures all 30-day deaths + more (esp. in young) 

• Short-term follow-up -> most deaths will be as a result 
of surgery  
 - Visser et al showed that most deaths within 90 
days had postop complication 

• Should they have had surgery if were going to die within 
90 days, even if not as a result of surgery? 

• Greater accuracy (more events) 

• 90-day not 30-day 



Visser et al Arch Surg 2009; 144: 1021-1027  

90-day mortality reference 



Risk adjustment 

Modelling stage 

              Dukes’     TNM 

  A 

            T1/T2             T3/T4 

  B 

       N0              N1/N2  

  C 

       M0              M1 

  D 


