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ABSTRACT

Objective: We evaluated whether volume-based, rather than time-based, annual
reporting of center outcomes for coronary artery bypass grafting may improve
inference of quality, assuming that large center-level year-to-year outcome vari-
ability is related to statistical noise.

Methods: We analyzed 2012 to 2016 data on isolated coronary artery bypass graft-
ing using statewide outcome reports from New York and California. Annual changes
in center-level observed-to-expected mortality ratio represented stability of year-
to-year outcomes. Cubic spline fit related the annual observed-to-expected ratio
change and center volume. Volume above the inflection point of the spline curve
indicated centers with low year-to-year change in outcome. We compared
observed-to-expected ratio changes between centers below and above the volume
threshold and observed-to-expected ratio changes between consecutive annual
and biennial measurements.

Results: There were 155 centers with median annual volume of 89 (interquartile
range, 55-160) for isolated coronary artery bypass grafting. The inflection point
of observed-to-expected ratio variability was observed at 111 casesfyear. Median
year-to-year observed-to-expected ratio change for centers performing less than
111 cases (62 centers) was greater at 0.83 (0.26-1.59) compared with centers per-
forming 111 cases or more (93 centers) at 0.49 (022-0.87) (P <.001). By aggregating
the outcome over 2 years, centers above the 111-case threshold increased from 93
centers (60%) to 118 centers (76 %), but the median observed-to-expected change
for all centers was similar between annual aggregates at 0.70 (0.26-1.22) compared
with observed-to-expected change between biennial aggregates at 0.54 (0.23-1.02)

(P =.095).

Conclusions: Center-level, risk-adjusted coronary artery bypass grafting mortality
varies significantly from one year to the next. Reporting outcomes by specific
case volume may complement annual reports. (J Thorac Cardiovasc Surg
2021;161:1035-41)
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Year-to-year variability in risk-adjusted CABG mor-
tality is associated with center volume.

CENTRAL MESSAGE

Risk-adjusted CABG mortality
varies significantly from one year
to the next in low-volume cen-
ters. Reporting based on volume
may improve inference.

PERSPECTIVE

Annual outcomes of low-volume centers may be
susceptible to irregular clustering of adverse
events. We analyzed statewide isolated CABG
data and showed that center-level, risk-adjusted
mortality varied significantly between consecu-
tive years, and variation was more pronounced
at centers with annual volume less than 111 cases.
Volume-based aggregation of outcomes may
provide a better inference of quality.

Profiling outcomes of small hospitals and low-volume sur-
geons is challenging, because erratic concentration of adverse
events could make the inference of true quality challenging for
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low-volume centers and providers.' Public reporting of such
performance profiles has implications to patients and provider
care choices, as well as guiding quality-improvement efforts.
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Abbreviations and Acronyms
CABG = coronary artery bypass grafting
O-E = observed-to-expected
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Hierarchical treatment of the data by certain volume thresh-
olds and setting the minimum volume for the measured entity
to qualify for public reporting have been proposed, although
such approaches harbor concerns for gaming.” Reliability
adjustment is a potential method that could reduce the measure
variability based on empirical Bayes methods,” although not
commonly in use in public reporting. An alternative may be
to prolong the measurement period to increase the denomina-
tor size for a more reliable outcome measurement. However, it
remains unknown above what case volume that rare outcomes,
such as operative mortality, may become a reliable metric.
In cardiac surgery, publicly reported outcomes often use
1-year worth of data to infer quality,”” resulting in a wide
range of hospital or surgeon-level volumes included in the
measured period. One-year duration may be administra-
tively convenient but is arbitrary and may not yield suffi-
cient case volume for many centers to function as a
predictor of future performance, even for a case type with
relatively large volume such as coronary artery bypass
grafting (CABG).® Using New York and California state-
wide outcome reports, we aimed to (1) characterize the rela-
tionship between annual center volume and year-to-year
outcome variability for isolated CABG; (2) identify case
volume above which center-level year-to-year outcome
variability stabilizes; and (3) evaluate whether increasing
the measurement period from 1 year (annual) to 2 years
(biennial) improves the inference of quality. We hypothe-
size that increasing the measurement period reduces
outcome variability between 2 consecutive periods, thereby
making such publicly reported outcomes more representa-
tive of the actual quality of the hospitals and providers.

MATERIALS AND METHODS
Data Source and Outcome

We used data on isolated CABG from publicly available statewide car-
diac surgery outcome reports in New York and California for cases per-
formed from 2012 to 2016.>° Of 171 centers, we included centers
performing 1 or more isolated CABG every year between 2012 and 2016
with the only exclusion criterion being centers not performing at least 1 iso-
lated CABG every year between 2012 and 2016 (Figure 1). Annual case
volume for each center was calculated as the average of annual volume
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from 2012 to 2016. The Yale Institutional Review Board exempted the
study, and individual consent was waived.

Because the risk models developed by New York and California differed
slightly in their model specifications,”® we used observed-to-expected (O-
E) operative mortality ratio as the standardized metric of risk-adjusted
outcome. The differences between the 2 states’ approaches to data collec-
tion, model specifications, and response to poor performing outliers are
summarized in the Appendix E1. Regardless of the differences in variable
definitions, both states’ models had similar discriminatory ability with c-
statistics ranging from 0.80 to 0.82.”'" Additionally, use of different risk
models to risk adjust outcomes have yielded a high correlation between
different models, especially at the center level, provided that important
risk factors are captured in both models.”'® This has been demonstrated be-
tween clinical and claims datasets, which differ significantly in the nature
of variables included. On the basis of such reports, we elected to combine
the outcomes of 2 states that were generated by slightly different risk
models. O-E ratio is defined as the ratio of observed and expected mortality
rates for each center, with O-E ratio of 1 representing expected outcomes
given the case-mix at the center. Expected mortality is calculated from
state-specific risk models that accounted for patient factors.™"

Measure of Outcome Stability and Analysis

Annual changes in O-E ratio for each center represented the stability of
year-to-year outcomes. We interpreted a small O-E ratio to represent stable
outcome measures, meaning that the measures were likely a reliable quality
metric for that center. Annual changes in O-E ratio were calculated by taking
the absolute value of the O-E ratio difference in consecutive years. To define
the case-volume threshold above which year-to-year changes in outcomes
stabilize, we obtained restricted cubic spline fit of the annual O-E ratio
change and center volume distribution, plotting the center-level mean O-E
ratio changes and mean center volumes. The knots were defined at 50,
100, and 200 cases arbitrarily. Second-order derivative of the spline curve
identified the inflection point of volume, above which the O-E ratio change
is interpreted to be stable. We chose to use the inflection point in a spline
curve to objectively define a threshold, as adopted by prior studies.' "'

To examine whether the biennial aggregate of outcomes serves as a more
reliable metric of performance, we calculated O-E ratio changes between 2
consecutive biennial aggregates (2012-2013 vs 2014-2015). We then
compared the magnitude of O-E ratio differences between annual and biennial
aggregates. Values were reported as median with interquartile range. Contin-
uous variables were compared using the Wilcoxon rank-sum test. Considering
the difference between the distribution of case volumes in New York and Cal-
ifornia, we fitted linear regression models for case volume and O-E ratio vari-
ability to evaluate whether a similar relationship between the 2 variables exists
in both states. Analyses were conducted using SAS 9.4 (SAS Institute, Inc,
Cary, NC) and Python 3.6 (Python Software Foundation, Wilmington, Del).

RESULTS

There were 155 centers (119 in California and 36 in New
York) with median annual isolated CABG volume of 89
(55-160) cases per center (Table 1). Restricted cubic spline
curve demonstrated an inverse relationship between volume
and outcome variability, with the inflection point of O-E ratio
variability occurring at 111 cases (Figure 2). Median year-to-
year O-E ratio change for centers performing less than 111
cases (62 centers) was 0.83 (0.26-1.59), and those with 111
cases or more (93 centers) was 0.49 (0.22-0.87) (P <.001).

By aggregating the outcome over 2 years, centers above
the 111-case threshold increased from 93 centers (60%) to
118 centers (76%), but the median O-E change for all
centers was similar between biennial aggregates at 0.54
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States

Total

129 CA centers
42 NY centers

171 centers performing at least 1
CABG between 2012-2016

Excluded centers with
no CABG case reported
for = 1 year between
2012-2016

A

10 CA centers
6 NY centers

Y

Analyzed:
119 CA centers
36 NY centers

Y

Analyzed:

155 centers performing at
least 1 CABG every year
between 2012-2016

FIGURE 1. Flow diagram for included centers. The figure summarizes the exclusion of centers for each state. CABG, Coronary artery bypass grafting.

(0.23-1.02) compared with O-E change between annual
aggregates at 0.70 (0.26-1.22) (P = .095).

Comparing the relationship of annual O-E variability and
case volume in the 2 states, the linear regression model
demonstrated that California centers had a 0.13 (0.03-
0.22; P = .012) decline in O-E ratio variability and
New York centers had 0.18 (0.06-0.30, P = .003) decline
in O-E ratio variability per 50-case increase.

DISCUSSION

Using statewide datasets for 2 large states, we demon-
strated that year-to-year risk-adjusted CABG mortality varied
widely and was associated with center volume. The year-to-
year variation in mortality measure stabilizes at center volume
above 111 cases per year. Extending the measurement dura-
tion from 1 year to 2 years increased the number of centers
above the volume threshold, but the O-E ratio difference
was similar between 2 consecutive biennial measurement pe-
riods compared with 2 annual measurement periods
(Figure 3). These findings suggest that standardizing the re-
porting frame by cumulative volume, rather than time
elapsed, may reduce outcome variability related to small sam-
ple size and improve inference of quality. Additionally, the re-
sults imply larger year-to-year variability in surgeon-level
measurements, which have a lower volume as a denominator.

The findings are important, because although low center
volume has been known to limit the accuracy of estimates, >
to our knowledge this is the first study to characterize the
relationship between year-to-year outcome variations and

TABLE 1. Annual center-level outcomes from 2012 to 2016

case volume specific to CABG. The quantification of the
case threshold below which the outcome varies dramatically
from year to year also provides a tangible case volume above
which the risk-adjusted mortality measure may become a
more reliable quality metric. These results argue for comple-
mentarily aggregating the data for hospital and surgeon per-
formance based on cumulative volume in addition to the
current approach, which is based on timeframe (ie, per
year) and is applied indiscriminately to both high- and low-
volume entities. By estimating all entities’ performances
based on the last 111 CABG cases performed, the profiling
may represent the quality more accurately. This approach,
which standardizes the size of the denominator, may also
improve profiling of hospitals based on nonmortality out-
comes that may have poor reliability in discriminating hospi-
tal performances.'* We suggest this approach to supplement
but not replace the conventional time-based aggregation of
the data, which has appealing features such as a more intui-
tive interpretation. The conventional approach likely pro-
vides reliable outcome estimates for high-volume centers,
although it is difficult to objectively define above which vol-
ume should be considered to be high-volume. This challenge
also supports concurrent use of these measures.

Reliability adjustment is a statistical technique based on
empirical Bayes methods that can “shrink™ the variations
in risk-adjusted outcomes as a function of sample size.!
Although such approaches to shrinking the variability may
be appealing for the purpose of tempering erratic extreme
outcomes, the technique suffers from the inherent problem

Year 2012 2013 2014 2015 2016
Total isolated CABG volume 19,212 19,415 19,350 19,987 20,716
Median center volume (IQR) 87 (56-149.5) 86 (56.5-161) 89 (56-160.5) 92 (57-168) 97 (54.5-170.5)
Observed mortality rate 1.88% 2.11% 1.70% 2.15% 2.09%
Median O-E ratio difference from prior year (IQR) - 0.56 (0.24-1.25) 0.7 (0.26-1.20)  0.81 (0.27-1.44)  0.59 (0.21-1.09)

CABG, Coronary artery bypass grafting; IQR, interquartile range; O-E, observed-to-expected.
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FIGURE 2. Center-level annual and biennial O-E ratio changes by CABG volume. Scatter plot of center-level annual (A) and biennial (B) O-E ratio
changes by center CABG volume. Each circle represents a center. Volume and O-E ratios change were center-level means during the study period. Solid

lines are the cubic spline fits. Dotted vertical line indicates 111-case threshold where inflection of the annual spline curve occurred. The figure shows that
increasing the measurement period from annual to biennial increased the number of cases above 111-case threshold from 93 (60%) to 118 (76%) centers.
Blue triangles indicate inflection points derived from the biennial data. O-E, Observed-to-expected; CABG, coronary artery bypass grafting.

that the inference of quality at low volume is poor, and the
apparent null difference in performance measures due to
such shrinkage of variability may not be informative because
it makes many centers look alike in terms of performance.'”

Because the stability of outcome relates not only to the to-
tal case volume but also to the incidence of event, it is likely
that the 111-case threshold that we identified is unique to
isolated CABG when the mean operative mortality is
approximately 2%. This threshold is likely different for
case types with a higher mortality rate, such as mitral valve
replacement with a mean operative mortality of 6%,'® or
when evaluating an event of a higher incidence, such as com-
posite morbidity or sternal wound infection rate.

A potential use case may be that such supplementary re-
porting based on a standardized cumulative case volume
may be updated on a rolling basis, continuously reporting
the average of the last 111 cases, for example. Our data

1038

indicated that it would take longer than 2 years for 25%
of the centers to accrue 111 cases, but reporting the rolling
average would circumvent this potential delay of more than
2 years. As the current 3-year delay in publication already
makes such reports less relevant and actionable, '’ timely
processing and dissemination of the data are important.
Additionally, the high number of relatively low-volume
centers and difficulty in inferring the quality for such cen-
ters may be additional angles to consider in the ongoing
debate surrounding volume regionalization. Any imple-
mentation of such a reporting approach is likely to be highly
context-specific, considering the available resources and the
acceptance by the public.

In terms of reporting frame, there are organizations such as
the Scientific Registry of Transplant Recipients that
have successfully reported time-based (12-month) rolling
average of outcomes,'® and examination of the efficacy of
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Association between CABG center volume and year-to-year outcome
variability: New York and California statewide analysis
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FIGURE 3. Summary of the study using statewide data from 2 large states to evaluate the relationship between outcome variability and center case volume.

CABG, Coronary artery bypass grafting; O-E, observed-to-expected.

reporting the rolling frame based on case volume is needed.
The variable frequencies of report updates by different organi-
zations suggest that the delay may be related to logistic issues
rather than something inherent to public reporting itself. Vali-
dation of the data is critical, because there are reports suggest-
ing that hospitals tend to underreport mortalities.'” As for
possible ways to shorten this interval, data mapping and vali-
dation based on artificial intelligence and machine learning al-
gorithms have reported promising results,”” and larger-scale
implementation of such approaches may enable timely report-
ing of such results. Although controversial and costly,”’ qual-
ity measures and public reporting mechanisms will continue to
exist. It is imperative to improve confidence in such measures
because the implications are far-reaching, influencing referral
patterns, surgeons’ risk aversion behavior,”> patient prefer-
ence,” and hospital payment.”*

Study Strengths and Limitations

This study used statewide data from 2 large states in the
United States representing approximately 15% of the US
population. The inclusion of a wide range of patient popu-
lation afforded by the statewide data, in contrast to
age-restricted payer-specific claims data such as Medicare
data, increases generalizability of the results. The risk-
adjusted mortality rate reported in the publicly available
documents was estimated by state-specific models that
were rigorously developed and validated.”

Limitations of this study include the lack of patient-level
data, which may have provided additional insights into
case-mix variations across centers. Additionally, it is

The Journal of Thoracic and Cardiovascular Surgery * Volume 161, Number 3

possible that centers truly changed in their qualities from
one year to the next, and that the year-to-year variation in
the reported outcomes mostly represents the change in
quality with relatively small contribution of the statistical
noise. However, it is unknown that rather sizable changes,
in terms of true performance surrogated by the O-E ratio
in this study, occur on a year-to-year basis in a large number
of centers. Furthermore, the nature of the dataset precluded
the assessment of nonclinical changes occurring at centers,
such as large turnover of surgeons during the study period.
Analyses at the surgeon level were not conducted, and the
potential interactions between surgeon-level outcome
variability and surgeons operating at multiple hospitals
require further investigation. The inflection point in the
center volume identified through the cubic spline function
is dependent on the dataset. Although our analysis included
a wide distribution of center volume from 2 large states to
improve generalizability, the volume threshold reported
may be more appropriately interpreted as a range around
which the outcome stabilizes. Two states differ in the states’
reaction to poor reported outcomes, in that New York
requires regular review of outcomes and response from
the program describing improvement efforts where needed,
whereas such response is not required in California.
Although evidence is limited to determine whether such
difference in the reaction to the report affects subsequent
outcomes differently between the 2 states, this difference
may have confounded the relationship between case volume
and variability, as California centers tended to be lower
volume.
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CONCLUSIONS

Center-level, risk-adjusted CABG mortality varies signif-
icantly from one year to the next, especially in centers
performing less than approximately 110 cases per year.
Aggregating the outcome data by volume, instead of time
period, may improve the reliability of performance measures.

Webcast @

You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/media/
20AM/Presentations/Association % 20Between % 20CABG
%20Center%20Volu.mp4.
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Discussion

Presenter: Dr Arnar Geirsson
Dr Clifford W. Barlow (Southampton,
United Kingdom). My first question re-
lates to combining data from California
and New York. There are important dif-
ferences between the 2 states including
the number of centers, but also their
methodology, analysis, and reporting
of data. Could you comment on that?
Second do the results still apply when the states are
analyzed separately?
Dr Arnar Geirsson (New Haven, Conn).
The 2 states have several key differences
in factors pertinent to the studies. First,
the number of centers is lower in New
York—36 versus 119 in California. We
didn’t really focus on the difference in
the article. The mean annual case volume
\ is also different; there were 60 cases per
year in Cahforma versus 220 in New York.
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Perhaps this relates to the differences in geographical con-
centration of the 2 states. Both states use clinical registry, but
the variables included differ slightly between the 2 states, as
well as the inclusion criteria in the model. For example, New
York excludes patients with preoperative shock, although it’s
a small portion of the patients. California also excludes what
they define as salvage status undergoing active cardiopulmo-
nary resuscitation.

In considering these differences, we elected to use O/E ratio
rather than metrics of performance such as risk-standardized
mortality rates, which is common, meaning in both states the
OJE ratio of 1 indicates as expected performance giving pa-
tients risk, whereas risk-standardized mortality rate of, for
example, 2%, may be above the state average in one or below
in the other. In other words, the risk-standardized mortality rate
would be at risk to the overall mortality rates within the state,
and using this value would not allow us to compare the out-
comes of centers between 2 different states. In short, we
certainly acknowledged the differences and accounted for
them, we believe, by using the ratio measures.

Dr Barlow. That’s a very thorough answer. This is such an
important and topical subject because public reporting of per-
formance profiles has such major implications to hospitals
and surgeons. One of the positive implications, for example,
is that suboptimally performing centers are sometimes
inspired and learn from the presentation of public data. On
the other hand, of course, low-volume centers are protected
when time-based reporting takes place by the presence of
wide confidence intervals if the data is potentially wrong.

So, if you perceive using your method with volume report-
ing, will the protection provided by wide confidence intervals
potentially disappear? Could hospitals and surgeons then be
wrongly labeled as being poorly performing for many of the
other reasons that outcome data are frequently wrong?

Dr Geirsson. I'd say that a relevant analogy may be that
you would consider it unethical to conduct an underpow-
ered experiment by sacrificing 50 animals 3 times and not
achieving meaningful interrogation of the result. Whereas
if you do a single 150-animal experiment that would be
adequately powered to provide adequate power of analytic
statistics and get meaningful results.

In that sense, we propose that the protection of the low-
volume centers by truncating the data annually and not
powering them sufficiently to achieve a statistically signif-
icant difference is perhaps depriving the centers from
knowing whatever is actually going on that could be
improved once the problem is identified analytically as a
problem. At the same time, your point is well taken: Let’s
say it takes a long time—Ilet’s say it takes 5 years for a
low-volume center to achieve sufficient denominator case
volume. Let’s say 100 cases. Then it’s possible that poor
outcomes concentrating the first 2 years may lead hospitals
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to make changes to improve outcomes yet still be penalized
for the initial poor outcomes.

So we agree that a volume-based approach is limited in
that sense. We would propose that reporting both time-
based and volume-based analysis may paint the better pic-
tures. You would think that resource-wise, it would not be
prohibited in addition to what’s already being done, using
various outcomes measures reporting this.

Dr Barlow. That makes sense but leads to my last ques-
tion, which relates to the practical implications of the re-
porting of outcomes by volume. Reporting by time
periods is understandable to the public—a 1-year period
for example. How would you practically propose reporting
every 110 cases? Some centers could be reporting several
times a year but others only every 3 years potentially. By
the same token, what would the delay be in the data release
upgrade? One of the reasons that the current delay of up to
1 year, and sometimes 2, takes place before the upgrade is
because we’re checking the data. How would you confirm
that the data are valid?

Dr Geirsson. That’s another important question—to
address the limitation related to the issues we propose.
The practical output of the data is important. Our stance
is to advocate for reporting of both the current time-based
aggregation in addition to volume-based aggregation of
data.

As for the mechanics, we may propose, for example, us-
ing a rolling average of the last X number of cases as an op-
tion. The question is how often one should update these
data. Ideally, it is obviously a real-time update. It’s probably
not practical at this stage because it only takes actually
3 years for these 2 state reports to report the outcomes.
The 2016 report for both of those states actually published
in 2019.

There are some other studies. The Scientific Registry of
Transplant Recipients updates results twice a year, and
the Society of Thoracic Surgeons provides quarterly
reports. We think that reporting the last X number of cases
at the frequencies around that range should be practical and
reasonable. Once we start using artificial intelligence—based
data mapping or natural language processing, there may be
a time that real-time reporting becomes a possibility. I don’t
think we’re there quite yet, though. Ensuring the fidelity of
the data is certainly important, but the variations in
delay (several months vs 3 years across various
organizations) make us think it’s really more of a logistic
and resource issue than something inherent to the
process itself. So we should continue to acknowledge it as
an important problem that requires attention and
improvement.

Dr Barlow. Thank you, Dr Geirsson, for your presenta-
tion and thorough answers.
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APPENDIX E1. DIFFERENCES AND SIMILARITIES
BETWEEN CALIFORNIA AND NEW YORK
STATES’ RISK MODEL SPECIFICATIONS
Covariate Specifications and Model Performances

California treats ejection fraction as a continuous vari-
able, whereas New York categorizes ejection fraction to
more than 40%, less than 30%, and 30% to 39%.
California model uses body mass index, although it was
not a significant risk factor, whereas New York model
uses body surface area and found it to be a significant
risk factor.

California model incorporated liver disease and found it
to be a significant risk factor, whereas the New York
model does not report liver disease.

New York model uses 5 categories of renal failure,
whereas California only reports binary use of dialysis.
New York distinguishes recent myocardial infarction be-
tween less than 6 hours and 6 to 23 hours, whereas Cal-
ifornia groups them together in less than 24 hours

o California considers myocardial infarction more than
7 days before surgery and New York does not.

California distinguishes between percutaneous coronary
intervention less than 6 hours or more than 6 hours before
surgery, whereas New York only specifies percutaneous
coronary intervention in “same episode of care.”
California C-Statistic = 0.816 versus New York C-
Statistic = 0.804

Data Collection, Validation, and Exclusion

Cardiogenic shock is excluded from New York (<1% of
the entire cohort).

Salvage status is excluded in California.

Mortality definition: New York also counts death
anytime within the same hospitalization. California

specifies a 90-day cutoff for death within the same hos-
pitalization. Both states specify a 30-day cutoff for
death after discharge.

Both states review unusual reporting frequencies and
validate cardiac surgery data against Department of
Health databases.

Death after discharge data:

o New York Data on deaths after discharge obtained
from Department of Health, New York City Depart-
ment of Health and Mental Hygiene Bureau of Vital
Statistics, and National Death Index

o California data on deaths after discharge obtained
from California Department of Public Health

e Both states conduct audits

o In 2017, California audited 27 hospitals and a total of
2316 patient records.

m California audits hospitals chosen
randomly + hospitals, which are identified as
“Better” and “Worse” performers based on prelim-
inary risk models.

o New York conducts review of medical records for “a
selected sample of cases.”

m Does not specify how many hospitals/patient re-
cords were audited.

o New York excluded 166 patients who resided outside the

United States.

Reaction to High Mortality Outlier Hospitals

e High mortality outliers New York State receive interven-

tions from the Cardiac Advisory Committee in the form
of an initial notification letter requesting a response based
on raw data, whereas no such response mechanism was
described in California report.
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