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Commentary: So many and yet so
few—How many is not enough?
Gaetano Paone, MD, MHSA

CENTRAL MESSAGE

Small-volume programs exhibit
greater year to year variability in
outcomes, which may limit the
capacity to evaluate comparative
performance and confidently
assess the quality of care for
coronary artery bypass grafting
surgery.
Gaetano Paone, MD, MHSA

Reliable and actionable evaluation of program performance
is important for understanding quality of care, informing
patient decision making, and providing a foundation for
quality improvement. In this issue of the Journal, Mori
and colleagues1 use data from 155 centers in New York
(n ¼ 36) and California (n ¼ 119) to analyze annual vari-
ability in center-level risk-adjusted observed-to-expected
(O/E) mortality ratios for isolated coronary artery bypass
grafting (CABG) surgery between 2012 and 2016. The me-
dian annual case volume per center was 89 (range, 55-160).
The authors demonstrate significant year-to-year variation,
identifying an inflection point at which variation was
considered to have stabilized at a volume of 111 cases.
The median year-to-year O/E ratio change was 0.83 (range,
0.26-1.59) for those centers with <111 cases and 0.49
(range, 0.22-0.87) for centers with �111 cases (P<.001).

Impacting variation in the analysis of small-volume cen-
ters ultimately resides in somehow increasing the number of
cases in the denominator. By extending the analysis across a
2-year period, the number of centers reaching the volume
threshold increased from 93 to 118. However, compared
over consecutive 2-year periods (2012-2013 vs 2014-
2015), changes in the 2-year O/E ratio differences (median,
0.54; range, 0.23-1.02) were not significantly different than
the 1-year comparisons (median, 0.70; range, 0.26-1.22)
(P ¼ .095). Nonetheless, based on this information, the au-
thors hypothesize that volume-based analysis may provide
“a more reliable quality metric” of risk-adjusted mortality.
Despite extending the study period to 2 years, approxi-
mately 25% of centers remained below the threshold of
111 cases. This then leads to the further recommendation
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to analyze what I assume is a time-independent “rolling
average of the last �110 cases,” a number undoubtedly
dependent on the specifics of the procedure and the associ-
ated dataset.

For “high”-volume programs, however defined, deter-
mining which cases to select from which time frame would
be necessary. Recognizing this potential limitation, the au-
thors alternatively suggest adding this approach “to supple-
ment but not replace the conventional time-based
aggregation of the data” only for the evaluation of small-
volume programs. In 2017, 33 of 126 programs in Califor-
nia performed fewer than 50 procedures; 9 of these
performed 25 or fewer.2 Thus, for many programs, this
would necessarily require the inclusion of cases performed
over a period of 3 or more years. Given the already 3-year
delay between the procedure, data acquisition and analysis,
and finally public reporting, many programmatic changes,
for better or worse, may have occurred over this extended
time frame, limiting the contemporary relevance of the
information.3

Although the value of this proposed approach is unclear,
the authors have done a service by bringing the issue for-
ward for additional discussion. As they suggest, advances
in direct data acquisition with mapping and machine
learning techniques stand to impact at least the time delay
limitations. On the other hand, and although it is certainly
possible to be a small-volume program of high quality,4-7
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the number of low- and especially very-low-volume pro-
grams performing CABG seems unwarranted. A solution
to this problem is somewhat less obvious.
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Commentary: Safety in numbers
David M. Shahian, MD, Massachusetts General Hos-
pital and Harvard Medical School.
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Quality measures based on small
sample sizes have low statistical
David M. Shahian, MD

Using publicly reported data from New York and Califor-
nia, Mori and colleagues1 found substantial year-to-year
variation in publicly reported, hospital-level ratios of
observed to expected coronary artery bypass grafting
(CABG) mortality, which they interpret as measure insta-
bility related to small sample sizes. Based on inflection
point analyses, they recommend adding mortality metrics
derived from a hospital’s most recent 111 CABG cases
(ie, a standardized denominator sample size) as a comple-
ment to traditional annual or biennial reports.
power and reliability. Mitigation
may include multiyear samples,
standardized denominator sam-
ple sizes, composite metrics,
shrinkage estimators, or graph-
THE CURSE OF SMALL NUMBERS
Notwithstanding its methodological issues (eg, admix-

ture of 2 states with markedly different cardiac surgery
structures and oversight; attribution of all year-to-year
ical plots.
variation in
observed to

expected mortality as random “noise”) and obvious imple-
mentation challenges (eg, confusion related to simultaneous
time- and sample size–specified measures), this study illus-
trates a pervasive challenge in health care quality measure-
ment—small sample size.2-7 Annual hospital discharge
volumes for individual conditions and procedures are
often relatively low (eg, <100 discharges), which limits
accurate performance measurement. For binary outcomes
diovascular Surgery c Volume 161, Number 3 1043
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