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Improving The Accuracy Of
Hospital Quality Ratings By
Focusing On The Association
Between Volume And Outcome

ABSTRACT The Centers for Medicare and Medicaid Services (CMS) uses
hierarchical modeling to stabilize its hospital quality star ratings by
shrinking the performance of low-volume hospitals toward the
performance of average hospitals. Responding to criticism that the
methodology may distort the performance of low-volume hospitals, a
CMS expert panel recommended that the agency consider using
“shrinkage targets” to more accurately classify hospital quality
performance. To test the “shrinkage targets” approach, we created two
parallel sets of performance measures. We found that there was moderate-
to-substantial agreement between the standard CMS approach and the
approach based on shrinkage targets in hospital star ratings for all but
the lowest-volume hospitals. These findings suggest that the standard
CMS risk-adjustment methodology does not distort the star ratings of
hospitals as long as case volumes exceed the current cutoff (twenty-five
cases) used by CMS for public reporting.

P
erformancemeasurement is central
to the efforts of the Centers for
Medicare and Medicaid Services
(CMS) tomakehealth care safer and
more affordable and to allow pa-

tients to make informed choices.1 Performance
measures must be valid to avoid misleading reg-
ulators and the public.2 Two of the most impor-
tant challenges to creating valid quality mea-
sures are that serious adverse outcomes are
rare and that many hospitals have low case vol-
umes. Reporting the performance of low-volume
hospitals using the well-known observed-to-
expected ratio based on standard logistic regres-
sion can lead to wild fluctuations in hospital
ratings from year to year.3 Instead, CMS uses
hierarchical regression modeling to minimize
the large year-to-year fluctuations for low-
volume hospitals that are due to chance alone.4

This technique estimates a hospital’s perfor-
mance as the weighted average of its own out-
comes and the performance of average hospi-

tals.5 The smaller a hospital’s volume, the more
this weighted estimate is tilted toward the per-
formance of average hospitals.
But it has long been widely understood that

low-volumehospitals havehighermortality rates
for surgical procedures and common medical
conditions and that the performance of low-
volume hospitals is frequently below average.6–9

Ten years ago Jeffrey Silber and coauthors
showed that Medicare’s Hospital Compare mod-
el for acute myocardial infarctions strikingly
underestimates the risk-adjusted mortality rates
of low-volume hospitals.3 The authors showed
that adding hospital volume to the acutemyocar-
dial infarction model resulted in much more ac-
curate mortality estimates for low-volume hos-
pitals. Citing the work of Silber and coauthors, a
recent white paper commissioned by CMS and
the Committee of Presidents of Statistical Socie-
ties recommended that measure developers con-
sider incorporating shrinkage targets in hierar-
chical modeling to address this problem.10 When
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shrinkage targets based on hospital case volume
are used, a hospital’s performance is calculated
as the weighted average of its own outcomes and
the performance of other hospitals with similar
case volumes. This approach shrinks the perfor-
mance of low-volume hospitals to the overall
performance of other low-volume hospitals, in-
stead of shrinking low-volume hospitals’ perfor-
mance to that of average hospitals.
The goal of this exploratory analysis was to

examine the changes in hospital star rankings
for aortic valve replacement when shrinkage tar-
gets based on hospital case volume are used in-
stead of the standard CMS approach. We used
Medicare data to create two sets of hospital star
ratings for thirty-day mortality, one based on
conventional hierarchical modeling and the oth-
er using hospital case volume as a shrinkage
target. CMSuses a star-rating system (one to five
stars) to publicly report the overall performance
of hospitals based on a composite outcomemea-
sure that includes mortality and readmissions.11

Although aortic valve replacement mortality is
not publicly reported on Hospital Compare, we
selected this surgery because it is one of themost
common cardiac surgeries, is often performed in
low-volume hospitals, and has a strong volume-
outcomeassociation.8 For simplicity,we chose to
base our analysis on a single outcome,mortality,
instead of a composite outcome. We hypothe-
sized that shrinkage targets would shift themea-
sured performance of many low-volume hospi-
tals from average to below average, given the
strong volume-outcome association for this sur-
gery. Our study goes beyond Silber and co-
authors’ seminal report3 by illustrating the im-
pact of using shrinkage targets on hospital
quality rating. Our findings may prove useful
to CMS, the National Quality Forum, measure
developers, and other stakeholders that seek
to address the potential low-case-volume bias
inherent in hierarchical modeling that treats
low-volume hospitals as if they were average
when, for many conditions for which there is a
strong volume-outcome association, their per-
formance may be very much below average.

Study Data And Methods
Data Source This study was conducted using
data for 2013–15 from the 100 percent Medicare
Provider Analysis and Review (MedPAR) files
and theMaster Beneficiary Summary File. These
databases include beneficiary demographic in-
formation; International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-
9-CM), diagnosis and procedure codes; andmor-
tality for all fee-for-service Medicare patients.
The Institutional Review Board of the Univer-

sity of Rochester School of Medicine and Den-
tistry approved the study protocol.
Study Sample We identified 134,144 patients

who underwent aortic valve replacement in the
period January 2013–September 2015. Patients
whowere younger than age sixty-five (n= 7,422)
or who also underwent mitral valve replacement
(n=3,779)ormitral valve repair (n=7,603)were
excluded (for additional exclusion criteria, see
online appendix exhibit A1).12 The analytic data
set consisted of 115,084 observations in 1,166
hospitals.
Model Development We first estimated a

baseline nonhierarchical multivariable logistic
regression model (model 1).We adjusted for pa-
tient age, surgical urgency, concomitant coro-
nary artery bypass grafting surgery, history of
previous cardiac surgery, and coexisting dis-
eases using the Elixhauser comorbidity algo-
rithm.13 We then examined the volume-outcome
association (model 2), because the use of shrink-
age targets based on hospital case volume would
not be indicated in the absence of a clinically
significant volume-outcome association (model
details are in appendix exhibit A5).12 We used
robust variance estimators in models 1 and 2
to account for clustering of observations within
hospitals.14

Based on the baseline model, we estimated a
hierarchical logistic regression model (without
shrinkage targets) for thirty-daymortality (mod-
el 3). We specified hospitals as random effects.
We also estimated another model identical to
model 3, except that it included hospital case
volume as a shrinkage target (model 4). The
optimal specification for the volume term was
determined using fractional polynomials.15,16

Hospital Performance We used model 3 to
calculate the hospital predicted-to-expected ra-
tiousing the standardCMSapproach.17 This ratio
is ameasure of hospital performance and is anal-
ogous to the hospital observed-to-expected mor-
tality ratio based on nonhierarchical modeling.
The hospital predicted mortality rate was calcu-
lated using patient-level risk factors and includ-
ed the hospital contribution to outcomes. The
hospital expected mortality rate was calculated
using only patient-level risk factors and did not
include the hospital effect (see theMethods Sup-
plement in the online appendix).12We used boot-
strapping to estimate 95% confidence intervals
around the hospital predicted-to-expected ra-
tios.18 The risk-adjustedmortality rate was calcu-
lated by multiplying the hospital predicted-to-
expected ratio by the overall thirty-day mortality
rate for all patients.
Weusedmodel4 tocalculatehospitalpredicted-

to-expected ratios based on shrinkage targets,
as described in the CMs-commissioned white
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paper.10 The hospital predicted mortality was a
function of hospital case volume, in addition to
patient risk factors and thehospital contribution
to outcome. The hospital expectedmortality rate
was calculated using only patient-level risk fac-
tors and a calibration factor (see the Methods
Supplement in the online appendix).12

We applied k-means clustering to assign each
hospital one to five stars.11 This iterative proce-
dure partitioned hospitals into five categories by
minimizing the distance between each hospital’s
risk-adjusted mortality rate and the mean risk-
adjusted mortality rate for each star category.11,19

We applied this CMS algorithm separately to the
distribution of risk-adjusted mortality rates
based on standard shrinkage and shrinkage tar-
gets to create two sets of star ratings. We also
classified hospitals as low-performance outliers
if the lower limit of their 95% confidence inter-
val was higher than the national mortality rate
and as high-performance outliers if the upper
limit was lower than the national mortality rate.
We also calculated the overall observed-to-

expected ratio quartiles based on all of the pa-
tients ineachvolumequartile.Wechose this ratio
because it provides an estimate of the perfor-
mance of all of the hospitals together as a group
in each quartile. The observed mortality rate is
the actual mortality rate for the patients treated
by all of the hospitals in a volume quartile,
whereas the expected mortality rate is the aver-
age of the predicted mortality rates for the same
patients based on the baseline nonhierarchical
model (model 1). While hospital observed-to-
expected ratios for low-volume hospitals are fre-
quently unstable because of small sample sizes,
the overall observed-to-expected ratio based on
all patients in each of the volume quartiles, in-
cluding the lowest, was expected to provide reli-
able estimates of the overall performance of the
hospitals in each volume quartile because the
observed-to-expected ratios for each quartile
were based on large sample sizes.
Comparison Of Model FitWe evaluatedmod-

el calibration for the standard shrinkage model
using calibration plots. We first ranked the ob-
servations according to predicted risk of thirty-
day mortality and then divided the analytic sam-
ple into ten equal-size deciles of risk. We then
plotted the mean of the observed mortality rate
alongside the mean of the predicted mortality
rate for each decile as a function of the decile
of risk. To further evaluatemodel calibration, we
created separate calibration plots for hospitals
with very low (fewer than 25 cases), low (25–49
cases), medium (50–124 cases), and high (at
least 125 cases) volumes, based approximately
onhospital volumequartiles. In addition to stan-
dard calibrationplots basedondeciles of risk,we

compared the observed and predicted mortality
rates for each of the four volume quartiles using
the two-sample t-test. We also evaluated model
discrimination using the C statistic.20 We evalu-
ated the performance of the shrinkage targets
model in a similar fashion.
Analysis Our analytic plan is outlined in ap-

pendix exhibit A3.12 We first compared the dis-
tributions of hospital predicted-to-expected ra-
tios based on the standard shrinkage and
shrinkage targets to thedistributions of the over-
all observed-to-expected ratios for each hospital
volume quartile using the sign test. We then
compared hospital rankings based on standard
shrinkage (model 3) and shrinkage targets
(model 4) by assessing the agreement of star
ratings, risk-adjusted mortality rates, and per-
formance outlier status. We assessed the agree-
ment for the star ratings and outlier status using
kappa analysis,21 and we repeated this analysis
for star ratings after we stratified hospitals into
volume quartiles. We assessed agreement for
risk-adjustedmortality rates using the intraclass
correlation coefficient, and we repeated this
analysis after stratifying hospitals into volume
quartiles. Agreement was evaluated using the
Landis scale: Values less than 0.00 suggest poor
agreement, 0.00–0.20 slight agreement, 0.21–
0.40 fair agreement, 0.41–0.60 moderate agree-
ment, 0.61–0.80 substantial agreement, and
0.81–1.00 almost perfect agreement.22

All statistical analyses were performed using
Stata MP, version 15.1.
Limitations This study had several limita-

tions. First, our decision to limit this analysis
to a single surgery could lead to questions re-
garding the generalizability of our findings.
However, the extent to which shrinkage estima-
tors distort hospital profiling is a function of the
strength of the volume-outcome association, not
the procedure itself. Thus, we would expect to
see similar findings for other procedures and
conditions that exhibit a strong volume-outcome
association, such as coronary artery bypass graft
surgery, mitral valve replacement, lower extrem-
ity bypass, and acute myocardial infarction.3,8

Second, we elected to include all hospitals in
our analysis as opposed to excluding hospitals
with fewer than twenty-five cases per year. We
included these very-low-volume hospitals be-
cause excluding them would have caused one-
fourth of the hospitals to be excluded—which
arguably would have caused a large blind spot
in ameasurement system for aortic valve replace-
ments.We believe that the performance of very-
low-volume hospitals should be reported to en-
sure transparency and accountability since it is
precisely these lowest-volumehospitals that, as a
group, have the worst outcomes. Furthermore,
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our approach was consistent with the CMS-
commissioned white paper, which recom-
mended avoiding volume cutoffs in performance
reporting.10 As recommended by the white pa-
per’s expert panel,10 our study explored the use
of case volume as a shrinkage target and provid-
ed empirical evidence that this approach reduces
some of the distortion of hospital profiling
caused by standard shrinkage estimators. How-
ever, the use of shrinkage targets is not expected
to address the uncertainty around the point es-
timates for hospital predicted-to-expected ratios
for very-low-volume and low-volume hospitals
better than does the use of conventional shrink-
age estimators.
Finally, our examination of the comparative

accuracy of the standard approachversus shrink-
age targets across volume quartiles compared
the predictions of these models to the observed
mortality rate. In doing so, we assumed that the
observed mortality rate was the true rate. Al-
thoughwe did not know the true stochastic proc-
ess that generated deaths, and thus the truemor-
tality rate, the sample size in each quartile was
largeenough toprovide a reasonable approxima-
tion of the truemortality rate. Other approaches
to examining model goodness of fit, such as the
Hosmer-Lemeshow statistic,23 also assume that
the observed mortality rate is the true mortali-
ty rate.

Study Results
Volume-Outcome Association Patient demo-
graphic characteristics are shown in appendix
exhibit A4.12 Patients treated in hospitals in
the lowest-volume quartile (those with fewer
than 25 cases) had 2.6-fold higher odds of mor-
tality (adjusted odds ratio: 2.61; 95%confidence
interval: 2.19, 3.11; p < 0:001), compared to hos-
pitals in the highest-volume quartile (those with
at least 125 cases) (appendix exhibit A5).12 Pa-
tients in hospitals with case volumes of 25–49
(quartile 2) had 1.75-fold higher odds of mortal-
ity (AOR: 1.75; 95% CI: 1.51, 2.04; p < 0:001),
whereas patients in hospitals with case volumes
of 50–124 (quartile 3) had nearly 1.5-fold higher
odds ofmortality (AOR: 1.48; 95%CI: 1.32, 1.65;
p < 0:001), compared to the highest-volumehos-
pitals.

Model Performance Both the standard
shrinkage model (model 3) and the shrinkage
targetsmodel (model 4) demonstrated very good
discrimination (C statistic: 0.80). Visual inspec-
tion of the calibration plots suggests that both
models were well calibrated (appendix exhib-
it A6).12 Separate calibration graphs for each of
the four volume quartiles, however, suggest that
the shrinkage targets model was better calibrat-

ed than the model without shrinkage targets in
quartiles 1 and 2 (appendix exhibit A7).12

Appendix exhibit A8 examines model calibra-
tion in each volume quartile by comparing the
overall observed mortality to the predicted mor-
tality based on themodelswith shrinkage targets
or without shrinkage targets. The exhibit shows
that the risk-adjusted mortality rates based on
themodel without shrinkage targets substantial-
ly underestimated mortality in quartiles 1 and 2.
By comparison, the risk-adjustedmortality rates
based on themodel with shrinkage targets much
more closely approximated observed mortality
rates for quartiles 1 and 2. Both models, with
and without shrinkage targets, were well cali-
brated in quartiles 3 and 4.
Distribution Of Predicted-To-Expected

Mortality Ratios Exhibit 1 compares the distri-
bution of hospital predicted-to-expected ratios
based on the model without shrinkage targets
(model 3) to the overall observed-to-expected
mortality ratio for each volume quartile. The
medians of the hospital predicted-to-expected
ratio for quartiles 1, 2, and 3 were substantially
less than the overall observed-to-expected ratios

Exhibit 1

Box plot of hospital predicted-to-expected (PE) mortality ratios, based on model 3 (no
shrinkage targets), and overall observed-to-expected (OE) mortality ratios for each volume
quartile

SOURCE Authors’ analysis of data for 2013–15 from 100 percent Medicare Provider Analysis and
Review files and the Master Beneficiary Summary File. NOTE The box plot displays the values for
the minimum, first quartile, median, third quartile, and maximum values of the hospital PE mortality
ratios.

May 2020 39:5 Health Affairs 865
Downloaded from HealthAffairs.org by EDWARD STEHLIK on May 21, 2020.

Copyright Project HOPE—The People-to-People Health Foundation, Inc.
For personal use only. All rights reserved. Reuse permissions at HealthAffairs.org.



for each of the hospital volume quartiles
(p < 0:001): While the observed-to-expected ra-
tios for quartiles 1, 2, and 3 were 1.90, 1.37, and
1.18, the median of the hospital predicted-to-
expected ratios for quartiles 1, 2, and 3 were
1.02, 0.98, and0.99, respectively. These findings
suggest that hospital predicted-to-expected ra-
tios based on the baselinemodel without shrink-
age targets tended to underestimate the mortali-
ty of patients treated in low-volume hospitals
and that the degree of underestimation was
greatest in the lowest-volume quartiles.
Exhibit 2 compares thedistributionofhospital

predicted-to-expected ratios based on the model
with shrinkage targets (model 4) to the overall
observed-to-expected mortality ratio for each
volume quartile. In this case, themedians for the
hospital predicted-to-expected ratios for all four
quartiles were not significantly different than
the observed-to-expected ratios (p > 0:05). To-
gether, these findings suggest that predicted-
to-expected ratios based on shrinkage targets
more accurately reflect hospital performance
than predicted-to-expected ratios based on the
baseline model without shrinkage targets.

Distribution Of Hospital Star Ratings Ap-
pendix exhibit A8 displays the range of risk-
adjusted mortality rates for hospitals across
the five star-rating categories.12 Exhibit 3 dis-
plays hospital star ratings based on risk-adjusted
mortality rates estimated using shrinkage tar-
gets versus ratings estimated with no shrinkage
targets. Overall, kappa analysis revealed moder-
ate agreement (kappa = 0. 51) between the two
sets of star ratings, which disagreed 14.3 percent
of the time. Exhibit 4 and appendix exhibit A1012

also display hospital star ratings based either on
shrinkage targets or onno shrinkage targets, but
stratified by hospital volume quartile. Hospital
star ratings based on shrinkage targets exhibited
only slight agreement with ratings based on no
shrinkage targets in quartile 1 (kappa = 0.089),
and moderate-to-substantial agreement for
quartiles 2 (kappa = 0.64), 3 (kappa = 0.61),
and 4 (kappa = 0.55) (appendix exhibit A10).12

Depending on whether shrinkage targets or no
shrinkage targets were used to classify hospitals,
star ratings were discordant 29.1 percent of the
time in quartile 1, 8.5 percent in quartile 2,
10.4 percent in quartile 3, and 11.3 percent in
quartile 4. Of the ninety-three very-low-volume
hospitals classified as three stars using standard
shrinkage, thirteen were classified as one star
and forty-three as two stars using shrinkage tar-
gets (data not shown).
Comparison Of Risk-Adjusted Mortality

Rates And Outlier Status Overall, there was
substantial agreement between hospital risk-
adjusted mortality rates based on standard
shrinkage versus shrinkage targets (intraclass
correlation coefficient:= 0.64) (appendix exhib-
it A11).12 Agreement was only slight for quartile 1
(ICC: 0.085) but was substantial for quartile 2
(ICC: 0.64) and nearly perfect for quartiles 3
(ICC: 0.91) and 4 (ICC: 0.99).
Very few hospitals were identified as perfor-

mance outliers: 99.1 percent of hospitals were
classified as average using standard shrinkage,
and 98.7 percentwere classified as average using
shrinkage targets. The level of agreement be-
tween these two approaches was substantial
(kappa = 0.77).

Discussion
Because information on hospital performance is
at the center of efforts to redesign the US health
care system, the accuracy of performance mea-
surement is of paramount importance. One of
the principal criticisms of the CMS approach is
that it “masks [the] performance of small hospi-
tals”10[p2] and may provide misleading informa-
tion to patients, referring physicians, and third-
party payers.2 CMS uses a statistical methodolo-

Exhibit 2

Box plot of the hospital predicted-to-expected (PE) mortality ratios, based on model 4 (with
shrinkage targets), and overall observed-to-expected (OE) mortality ratios for each volume
quartile

SOURCE Authors’ analysis of data for 2013–15 from 100 percent Medicare Provider Analysis and
Review files and the Master Beneficiary Summary File. NOTE The box plot displays the values
for the minimum, first quartile, median, third quartile, and maximum values of the hospital PE mor-
tality ratios.
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gy that calculates a hospital’s performance as the
weighted average of its own outcomes and the
performance of average hospitals. The weight
assigned to a hospital’s actual outcomes in this
calculation decreases as its case volume de-
creases. Although this approach is less likely
to result in extreme values for hospital perfor-
mance due to chance alone compared to older
approaches based on nonhierarchical modeling,
it shrinks low-volume providers to the national
mean, ignoring the fact that formany conditions
and surgeries, hospitals with smaller case vol-
umes have worse outcomes than higher-volume
hospitals.
We created two parallel sets of performance

measures—one that assumed that low-volume
hospitals are average (no shrinkage targets),
and one that incorporated prior knowledge that
low-volume hospitals have worse outcomes than
high-volume hospitals (shrinkage targets). We
included very-low-volume hospitals in our anal-
yses because the CMS expert panel recom-
mended that low-volumehospitals notbe exclud-
ed from performance reporting.10 We found that
hospital predicted-to-expected mortality ratios
based on hierarchical modeling without shrink-
age targets were clustered around 1 for very-low-

volume and low-volume hospitals because hier-
archical modeling shrinks their performance to
the performance of the average hospital. In the-
ory, hospitals with predicted-to-expected ratios
close to 1 shouldhavemortalityoutcomes similar
to those of an average hospital. However, the
overall observed-to-expected ratios for patients
undergoing aortic valve replacement surgery in
very-low-volume and low-volume hospitals were
not close to 1: Instead, they were 1.90 and 1.37,
respectively. By comparison, the hospital pre-
dicted-to-expected ratios based on shrinkage
targets for very-low-volume and low-volume hos-
pitalswere clustered around the overall observed-
to-expected ratio. In other words, the hospital
predicted-to-expected ratios based on shrinkage
targets were consistent with the overall out-
comesof patients treated in very-low-volumeand
low-volume hospitals, while hospital predicted-
to-expected ratios based on the model without
shrinkage targets provided an overly optimistic
assessment of the performance of very-low-
volume and low-volume hospitals.
CMS assigns hospitals an overall quality star

rating of one to five stars.11,24 This approach pro-
vides patients, physicians, and other stakehold-
ers with information that allows them to differ-

Exhibit 3

Numbers of hospitals by star ratings with and without shrinkage targets

SOURCE Authors’ analysis of data for 2013–15 from 100 percent Medicare Provider Analysis and Review files and the Master Benefi-
ciary Summary File. NOTES The exhibit shows the numbers of hospitals, all four volume quartiles combined, that received each star
rating with standard shrinkage (that is, no shrinkage targets). The colors indicate which of those hospitals had different star ratings
with shrinkage targets. For example, 319 hospitals had three stars with standard shrinkage. Of these, 56 were reclassified as having
one or two stars, and 131 as having four stars with shrinkage targets. Kappa = 0.51.

May 2020 39:5 Health Affairs 867
Downloaded from HealthAffairs.org by EDWARD STEHLIK on May 21, 2020.

Copyright Project HOPE—The People-to-People Health Foundation, Inc.
For personal use only. All rights reserved. Reuse permissions at HealthAffairs.org.



entiate between high-performing hospitals
(those with four or five stars) and average (three
stars) and low-performing (one or two stars)
hospitals. After grouping hospitals into star cat-
egories using the same cluster algorithm used
by CMS,11 we found that star ratings based on
shrinkage targets exhibitedmoderate-to-substan-
tial agreement for all but the lowest-volume hos-
pitals. Star ratings for hospitals with case vol-
umes of fewer than twenty-five were different
nearly 30 percent of the time, depending on
whether or not the star ratings were based on
shrinkage targets. For example, of the ninety-
three very-low-volume hospitals assigned three
stars using the standard approach without
shrinkage targets, fifty-six were classified as hav-
ing one or two stars using shrinkage targets.
Together, these findings suggest that the star
ratings for all but the lowest-volume hospitals
are not distorted when shrinkage targets are not
used. Thus, the use of shrinkage targets may be
important if CMS choses to measure the perfor-
mance of hospitals with case volumes of fewer
than twenty-five.
In addition to star ratings for overall quality,

CMS separately reports the risk-adjusted out-
come rates as either “no different than the na-
tional rate,” “better than the national rate,” or

“worse than the national rate.” Thismetric takes
into account the statistical uncertainty related to
the estimate of the risk-adjusted outcome, as
compared to star ratings based only on the point
estimates for the risk-adjusted outcome rate. But
because more than 99.5 percent of hospitals are
identified as average for reported conditions
such as acute myocardial infarction,3 this classi-
fication system conveys little information to pa-
tients and is not used by CMS for value-based
purchasing. In our analysis, nearly 99 percent of
the hospitals were classified as average either
using or not using shrinkage targets. Although
these two approaches exhibited substantial
agreement when hospital ratings were based
on outlier status, this is not surprising since
both methods classified nearly all hospitals as
average.
Since CMS uses risk-standardized outcome

rates based on predicted-to-expected ratios for
public reporting and value-based purchasing in
programs such as theHospital Readmissions Re-
duction Program25 and the Comprehensive Care
for Joint Replacement model,26 we also investi-
gated the impact of shrinkage targets on pre-
dicted-to-expected ratios. We found that these
ratios showed poor agreement for very-low-
volume hospitals, an intermediate level of agree-

Exhibit 4

Numbers of hospitals in the very-low-volume quartile by star ratings with and without shrinkage targets

SOURCE Authors’ analysis of data for 2013–15 from 100 percent Medicare Provider Analysis and Review files and the Master Benefi-
ciary Summary File. NOTES The exhibit shows the numbers of hospitals in the lowest quartile by volume (fewer than twenty-five cases)
that received each star rating with standard shrinkage (that is, no shrinkage targets). The colors indicate which of those hospitals had
different star ratings with shrinkage targets. There were no hospitals in this group with five stars. Kappa = 0.089.
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ment for low-volume hospitals, and excellent
agreement for high-volume and very-high-
volumehospitals. In particular, the risk-adjusted
mortality rates basedon standard shrinkage con-
sistently underestimated risk-adjusted mortality
rates based on shrinkage targets for very-low-
volume and low-volume hospitals. These find-
ings are consistent with our main finding that
star rankings based on standard shrinkage for
very-low-volume hospitals provide an overly
optimistic estimate of hospital performance.
The fact that the standard methodology used

by CMS distorts the performance of low-volume
hospitals has been previously reported by Silber
and coauthors,3 as well as others,27,28 but it is not
generally well understood by the medical or
health care policy community. The use of shrink-
age targets to address this limitation was identi-
fied as a top priority in the recent white paper
commissioned by CMS.10 However, to the best of
our knowledge, measure developers have not
submitted measures using shrinkage targets to
the National Quality Forum for endorsement. In
our study we operationalized shrinkage targets
as described in the white paper and showed that
the standard methodology does not introduce
significant distortions in hospital rankings for
most hospitals, with the exception of very-low-
volumehospitals.Our studybuildsonpriorwork
by Silber and coauthors,3 as well as others,27,28 by
showing that shrinkage targets lead to major
shifts in quality rankings for very-low-volume
hospitals, compared to not using shrinkage tar-
gets. To the best of our knowledge, ours is the
first study to demonstrate the practical implica-
tions of using shrinkage targets, compared to
not using them.
In theory, one of the main advantages of hier-

archical modeling is that the performance of
very-low-volume hospitals can bemeasured. The
current CMS practice of excluding these hospi-
tals creates a blind spot in performance profiling
and makes it more difficult for patients to make
informed choices. Using the standard CMS

methodology that does not incorporate shrink-
age targets, however, distorts the performance
of very-low-volume hospitals and may provide
patients with potentially misleading informa-
tion. Although shrinkage targets result in more
accurate performance measures for very-low-
volume hospitals, these hospitalsmay argue that
incorporatinghospital volume into performance
profiling is unfair—since some small hospitals
may deliver excellent care, and using shrinkage
targets pulls their mortality rates upward. Since
the true performance of individual very-low-
volume hospitals may be unknowable because
of sample-size issues, policy makers need to
determine whether the benefit of providing pa-
tients with information on these hospitals out-
weighs the risk ofmisclassifying someof themas
low quality.We believe that CMS has an obliga-
tion to the public to report the performance of
very-low-volume hospitals for procedures where
the risk of poor outcomes is especially high.
But we also appreciate that such an approach
may unintentionally misclassify some very-low-
volume hospitals as low performance.

Conclusion
Our findings demonstrate the feasibility of im-
plementing the recommendationmadebyCMS’s
expertpanel taskedwithaddressing the criticism
that the CMS methodology masks the perfor-
mance of low-volume hospitals.10 Our findings
suggest that theuseof shrinkage targets doesnot
have a significant impact on the classification of
hospitals with case volumes above twenty-five,
which is the current cutoff used by CMS for pub-
lic reporting. Our findings are particularly im-
portant in light of the ongoing controversy sur-
rounding theuseofhierarchicalmodeling in risk
adjustment at the National Quality Forum and
the strong recommendation to CMS by its expert
panel to consider the option of using shrinkage
targets.10 ▪
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