Supplemental Appendix

Outcome-based Hospital Quality Measures

More formally, define as a binary indicator of whether patient treated at hospital experienced the
outcome, and define x as a vector of patient-level characteristics. The current CMS model assumes

the following:

(4)

ind . ..
Yinlan, B, xin ~ Logistic(ay, + BXin)

(5)

O‘h‘,ua 02 lfl\(j N(,ua 02)

where x;, includes age and sex. Based on this model, the risk-standardized rate for hospital h

(RSRy,) is estimated as

(6)

Z?:hl E(}/ih|dhv ﬂ? /87 Xih» 62) i/
ity E(Yinlfi, B, Xin, 62)
where Y is the national average outcome and ny, is the number of patients treated in hospital h

(Ash et al. 2012).

m(xih) =

In practice, equation (4) is estimated as a hierarchical Bayes logistic regression model that
includes a hospital random effect (o). The underlying patient-level data and the estimated model
parameters (Gy, [, B, 52) are used to construct predicted values, which are then fed into equation

(6) to obtain the risk-standardized rate for each hospital.

The numerator in equation (6) is simply the sum of predicted values for each patient in the
hospital, where the predicted values are based on observed patient values, i, B , and the estimated
hospital random effect (&45). The denominator is similarly estimated as the sum of patient-level
predictions, but only i — the estimated national mean of &j — is used. This measure is then
multiplied by Y to place the risk standardized measure on the same scale as the outcome. In effect,
outcome-based quality assessments are determined primarily by how much each hospital’s estimated
random effect (&) deviates from fi. The hypothetical reference hospital in the denominator of

equation (6) has the same patient case-mix as the hospital in question, however it has average
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quality, as reflected by the use of only i to summarize hospital-level factors. In this way each
hospital is evaluated against a hypothetical reference hospital with an identical case-mix and with

average quality.
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