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Identifying High Quality Care 

Can Be Challenging

Example: 

- Public ranking of 

hospitals

- Based on data 

collected across 

Canada by CIHI







• Typically used to “risk-adjust” for case-mix

• Help make group comparisons (e.g. hospitals) 

more fair while accounting for differences in 

patient diagnoses, severity of illness

• Scoring systems may also be used to identify at-

risk situations for individual patients

Scoring Systems to Assess 

and Improve Quality



Scoring Systems to Assess 

and Improve Quality



• Risk adjusted ICU mortality (APACHE II)

• SMR = Observed deaths = 185 = 0.925

Predicted deaths     200 

Interpretation: < 1 is good, >1 is bad

Standardized Mortality Ratio

= Risk Adjusted Mortality



• Risk adjusted ICU mortality (APACHE II)

• SMR = Observed deaths = 185 = 0.925

Predicted deaths     200 

Interpretation: < 1 is good, >1 is bad

Standardized Mortality Ratio

= Risk Adjusted Mortality

P.D. = Σ(individual predicted risks) / total patients



Standardized Mortality Ratio

= Risk Adjusted Mortality



APACHE

MPM

SAPS

PRISM

PIM

Other examples
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THEORY: 
ICU SMR can identify quality problems

• Care factors (e.g. VAP,CLABSI, LPV)

• Hospital factors (e.g. intensivist-staffing, CPOE, etc)



Problems with SMR
A small numerator makes a big difference

Kuzniewicz et al. CHEST 2008;133:1319

# of Patients Predicted Mortality

Observed Mortality95% CI

Stratum of Predicted Mortality



Comparing Providers:
The sample size problem

2000 Nationwide Inpatient Sample Dimick et al. JAMA 2004;292:847
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A small numerator makes a big difference



Problems with SMR
A small numerator makes a big difference

• Several studies using simulated populations

• 56 – 82% of excess deaths explained by random 

variation

• 65% of poor performing hospitals in any year due 

to chance

• Data on >1000 cases improves accuracy

• Outliers in > 1 year improves accuracy

JAMA 1990; 264: 484

Hosp Health Serv Admin 1997; 42:3

Med Care 1996;34:737



• In response to outcome assessment of 

CABG, coding of comorbidities jumped 

abruptly at some hospitals, including a 1 

year jump in “COPD” from 1.8% to 52.9%

• “Good” hospitals more likely to overcode

severity of illness.

Chassin MR, Hannan EL, DeBuono BA. N Engl J Med.1996;334(6):394-398

Problems with SMR
Don’t like your SMR? Change the denominator
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Problems with SMR
Don’t like your SMR? Use a different model

• 40 Dutch ICUs

• 3 models: APACHE II, SAPS2, MPM2



ICU SMR



ICU SMR
21 ICUs identified as performance outliers 

by one of the models

- but only 1 ICU identified by all 3!



ICU SMR
21 ICUs identified as performance outliers 

by one of the models

- but only 1 ICU identified by all 3!

For 10 ICUs, one or models classified 

ICUs as performance outliers while the 

other model did not



33 PICUs in UK and Ireland

Problems with SMR
Don’t like your SMR? Use a different model

Manktelow et al. BMJQual Saf 2014;23:782



33 PICUs in UK and Ireland

Problems with SMR
Don’t like your SMR? Use a different model

Manktelow et al. BMJQual Saf 2014;23:782

"Even if two healthcare providers are 

performing equally for each type of 

patient, if their patient populations 

differ in case-mix their SMRs will not 

necessarily take the same value”



Problems with SMR
Don’t like your SMR? Transfer patients out

• Transfer in of sick patients doubled mortality 

predicted by APACHE1

• Importing sick pts INCREASES SMR

• Transfer out, so deaths occur elsewhere

• Death attributed to receiving hospital2,3

• Exporting patients REDUCES SMR
1Rosenberg et al. Ann Intern Med 2003;138:882

2Kahn et al Chest 2007;131:68
3Hall et al. AJRCCM 2012;53



Zimmerman et al. Crit Care Med 1993:1443

• 9 ICUs

• 3,672 ICU pts

• 2-day visit by 4 experts to rate quality across multiple 

domains, then provide a ‘global’ assessment

Problems with SMR
Doesn’t always correlate with other quality measures
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Problems with SMR
Doesn’t always correlate with other quality measures

Werner et al. JAMA 2006;296:2694

3,657 US hospitals

- Rated condition-

specific SMR and 

quality measures



Problems with SMR
Doesn’t always correlate with other quality measures

Bekaert et al. AJRCCM 2011;184:1133

- VAP strongly associated 

with evolution of illness

- Attributable mortality very 

small (<4% of all deaths)

- When mortality 23%, VAP is 

responsible for 1% 



Does Measuring and 

Reporting SMRs Help?



Public reporting in California

Natural experiment: 

• California began 

reporting risk-adjusted 

ICU-mortality between 

2007-2012



Public reporting in California



Public reporting in California



Problems: Do they lead to change?

Hibbard, Stockard, Tusler. Health Affairs 2003;22:84
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• Scores (e.g. SMR ranking) for attributing 

harm are often unreliable, gameable, and do 

not correlate with other measures of quality

• Scores for attributing harm do not always 

correlate with other quality measures

• Public reporting appears safe, but may have 

unintended consequences

Discussion



• Assess outliers (based on SMR) only after 

considering multiple risk adjustment tools, 

serial status

• Quality (and attributable harm) should be 

assessed across multiple domains

• Most important is what you do with a 

measure (e.g. SMR)

Suggestions



• Big data – more granular information 

available for risk-adjustment, possibly 

accounting for illness trajectory

– Still vulnerable to the same problems: small 

event numerators, imperfect adjustment, 

confounding by evolving illness, limited 

correlation with other quality measures

… and a bigger black box for the analysis

The Future?
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