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Ideal Surgical Practice

• Accurate reporting of morbidity and 
mortality

• Validated local risk-stratification models
• Ability to compare outcome with 

international standards
• Qualities assurance program
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Patient Outcomes: Non-Risk 
Adjusted

PWH UK
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What is ‘Risk Stratification’ ?

• Risk Stratification is a method of 
predicting outcomes based upon severity 
of illness and co-morbidity of the patient 
population
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How : ‘Risk Stratification (Scoring)’ ?

• Define Quantifiable Variables in Subset
– Age, LV Function

• Determine Contribution to ‘Risk’ Event
– Death

• Assess Effect of Combinations of Variables
– Additive and Logistic

• Generate “Predictive Score”
– ‘probability’ not ‘certainty’
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EuroSCORE: 1999 (European System 
for Cardiac Operative Risk Evaluation)

128 Hospitals
20,000 patients
97 Risk Factors
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EuroSCORE

• Additive
– 13 clinical factors

• Logistic
– Same 13 clinical 

factors
– ? More Accurate
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Bayes Tables: United Kingdom 
Data
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Aim of Study

• To validate internationally recognized risk-
scoring systems :
– EuroSCORE

• Additive
• Logistic

– Complex Bayes
for the local population undergoing cardiac 
surgery in PWH

To allow continuous quality assurance
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Validating Scoring System

• Study of all cardiac surgical patients in 
consecutive 24 months

• Data entered into commercially available 
computerized system

• Allow ‘Real-time’ data access and 
automatic data transfer to analysis module

• Audit trail for data collection and validation
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Audit Trail
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Logistic Euroscore : Calculator
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Validating Scoring System

• Data from 612 patients was entered
• Allow calculation of 

– Additive and logistic EuroSCORE
– Complex Bayes

• Predictive accuracy for local population 
was assessed using Receiver Operating 
Characteristic Curve
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Direct Comparison of Risk Scoring 
Systems: Testing

• Receiver Operating Characteristic (ROC) Curves
– Area represents probability that risk predictor 

accurately discriminates between death and 
survival

– Area of 1 = Perfect Discrimination
– Area <0.5 = No Discrimination
– Area >0.7 = Validity in Predictive Accuracy
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EuroSCORE
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Performance Trends Over Time

Risk Adjusted Trends
• Risk-Adjusted CUSUM

(cumulative events 
over time)

• Variable Life Adjusted 
Display Charts (VLAD)
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Performance Trends Over Time

• Risk-Adjusted 
Outcome Trend
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RA-CUSUM 2005-2007
Logistic EuroSCORE: 612pts

Actual

Expected

Mortality

Years

0

5

10

15

20

25

30

2005 2006
2007



HA Convention 2008

Division of Cardiothoracic 
Surgery, PWH

RA-CUSUM for Isolated CABG
Complex Bayes
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RA-Trends 2005-2007
Logistic EuroSCORE

Mortality
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RA-Trends CABG 2 years
Logistic EuroSCORE
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Re-operation for bleeding vs 5%
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• Addition of ‘genetic’
predictors of outcome 
following 
complications
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Conclusion

• We have validated the discriminatory 
ability of internationally recognized scoring 
systems in cardiac surgical patients in HK 
population
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Conclusion

• Continuous “Real-time” monitoring in risk-
adjusted manner

• Quality assurance program to monitor 
outcomes with internationally published 
standards
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Special Thanks to:

• Professor MJ Underwood and Cardiac 
surgical team colleagues

• Cardiac Anaesthetists
• Perfusionists
• Dedicated Ward Nurses
• Research Assistants
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Parsonnet: Circulation 1989

• Score Mortality%
• 0-4 1
• 5-9 5
• 10-14 9
• 15-19 17
• >19 31
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Parsonnet Score
• Outdated (1985)
• 16 Variables
• Use of Subjective 

Indices
• Poor prediction in 

‘High Risk’
• ‘Over-Predicts’ for 

Today’s Population
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Euroscore: Additive

• Simple additive risk 
scoring

• 13 clinical factors
• More accurate than 

Parsonnet
• Least accurate for 

‘High Risk’ Groups
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Euroscore : Logistic Component

• Same 13 
Components

• More Accurate
– High Risk Groups

• Over-Predicts Risk in 
This Group
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Euroscore performed well for overall 
group and CABG only group
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Audit Trail
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Summary
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Isolated CABG

Patient status at discharge (CABG, Logistic Euroscore)
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Re-operation Based on 144 Cases Firm A (vs UK 5%)
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Re-operation Based on 166 Cases Firm B (vs UK 5%)
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Risk Comparison
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CABG Outcome
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Institution Use of CUSUM 
Charts

Re-operation Based on 143 Cases
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• Sample Size 143 161
• Minimum Answer 0 0
• Maximum Answer 15 23
• Mean 3.77 5.15
• Median 3 4.5
• Mode 2 5
• Sum 528 783
• Standard Deviation 2.74 4.26
• 25th Percentile 2 2
• 50th Percentile 3 4.5
• 75th Percentile 5 6.75
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Reoperation for bleeding
All CABG vs 3 %
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Summary
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Composite Quality 
Measurements

• Pre-Operative 
Medical Care

• Operative care
• Risk-Adjusted 

Mortality
• Risk-Adjusted 

Morbidity
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Complex Bayes Analysis: 
Summary

• Complex Bayes
very accurate

• Even in ‘High Risk’
Group
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