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Background

* Around 35,000 adult cardiac surgery
procedures performed each year in UK

* |In-hospital mortality rate in 2010-11 was 3.4%



What’s risk stratification used for?
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Motivation

* Total cost = £1.48m/year in England (<1% of
the total NHS spend on adult cardiac surgery)*

e Associated with a 50% reduction in risk
adjusted mortality*
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Infrastructure
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Coronary artery bypass graft operations

Operations for 3 years ending March 2009: 222 operations performed
B Survival rate as expected by UK standards

Percentage range of patients expected to survive taking into account
patients' risk factors
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Monitoring methodology

1. Funnel plot
— Fixed time period (e.g. 3 years)
— |dentify ‘outlier’ units

— Doesn’t address whether hospitals are getting
worse

2. Variable life adjusted display (VLAD) plot

— Intuitive dynamic summary
— Doesn’t identify when a unit is an outlier




Funnel plot

All elective & urgent cardiac surgery in England & Wales
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VLAD plot

Variable Life-Adjusted Display plot for an individual surgeon
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Problems to overcome

Systematic model miscalibration
Data dissemination

Pooled vs. separate models
Data quality

Gaming

Subgroup performance
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Systematic miscalibration
What’s wrong with this?

All elective & urgent cardiac surgery in England & Wales
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Systematic miscalibration

Mortality

* Observed mortality is  Proportion
decreasing S | = Observed — Actual
— EXxpected - —-- Overall average
— better surgical tools O Trend
— improvements in post- S

surgery treatment

0.06

* Predicted mortality is
Increasing

— increase in older patients

— more complex procedures

e Model validation
essential!
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Dynamical modeling vs. periodic
recalibration vs. doing nothing

Model coefficients (log-odds)

Age (adjusted) Female Pulmonary disease
----- 0.6 NN St 0.5- ORI -
0.07 . 054 oo e '. 0.4- v
! l- - : : -1 F I P Y S o N
L.'r, ‘ ] : L S SRR S '\ T
\ V7 | 1 . - - [ 1 —
— q .*-‘ — Y 04—+ i 5 PRk IEET 0.3 1 \\ 1 = ~od
0.06 - Ny -\}-‘\.:_\. .'-',___,_',"‘?"?-.:\'*“*u ,_-\_,._.\v: MooV TS A
l\\,\l\,;\,'l '""= 1 "-":L':-’-\J\A-Iz\_;"_ 0.3 I ' /-;’ I. A-:/’?‘\‘r;“*!,-\:._' 0.2 Y - ‘r‘"{v/:_‘_t.’.,.‘\.‘\'*i“.
- =TT T Sgpm it VAU SO R
— E | : ,/, ..... 1 | ': .: ' '
0.05 - 0.2 = R 0. .
e T it
----- —iy H ===t ""‘""_
-------- 0.1 gt 0.0
Unstable angina LV function: moderate LV function: poor
0.6 - R § """"" 0.7 - 3 S 1.6 - |
Lol T | 4l """ ﬁ
0.4 - E_; - b T 06 N - 149 i It
Pal o I W S AL L 0y e 5 P
L f=a 4 1 0.5 INp, o : 1 ' ‘= 27 —4 s . [ '
024 —d Y mer gt | L BN AT e 12 e,
..... PRI 044 TR TNREZ T ; AL A Lo O
- Y | T T AU L N NN R S
007 5 L 0.3 I e L R i i A
024 i : A A S A A P
0.2 084 i T e

| | | | |
2002 2004 2006 2008 2010

| | | | |
2002 2004 2006 2008 2010
Time

Model: = Model 1 == Model 2 =~ Model 3

| | | | |
2002 2004 2006 2008 2010

NIBHI



Data dissemination: past

Abandoned CQC website The SCTS ‘Blue Book’

Coronary artery bypass graft operations

Operations for 3 years ending March 2009: 222 operations performed
ER Survival rate as expected by UK standards

Percentage range of patients expected to survive taking into account
patients' risk factors

75% 80% 85% 90% 95% 00%
Actual survival rate 99.5%

Statistics calculated from patients being treated for the first time.

Factors such as ill health, increased age and lifestyle can affect a patient's char‘ce ofsurwvl
expected rates of survival we take these risk factors into account. Find ¢ No

All cardiac surgery

Operations for 3 years ending March 2009: 455 operations performed
EBR Survival rate as expected by UK standards

Percentage range of patients expected to survive taking into account 5 1 2 p d ges I
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Data dissemination: future

Cumulative mortality
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Data dissemination: future
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Number of incomplete records

Data quality
Outlier surgeon # rogue surgeon
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Pooled vs. separate models

* CABG + MVR + Tricuspid repair = AVR?
e Cardiac surgery is a ‘catch-all’ term

 We could have risk prediction models for:
1. all procedures (combinations)
2. all procedures with multiple procedure variables

3. each procedure group (e.g. CABG, Valve, CABG +
Valve, ...)

* Decision depends on application.



Gaming (+ other unexpected
extraneous variation)

Distribution of
ranks of risk
factor
prevalence
might be
expected to

~ homogenous

across hospitals

v

Further
investigation
required



Sensitivity

Subgroup performance

 Stratification does not ensure good model
performance
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Ancillary methodology

* Multiple testing
— correction adjustments (e.g. Bonferroni)

* Overdispersion
— multiplicative variance inflation

— random effects models
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