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ABSTRACT

BACKGROUND
During the introduction of transcatheter aortic-valve replacement (TAVR) in the United
States, requirements regarding procedural volume were mandated by the Centers for
Medicare and Medicaid Services as a condition of reimbursement. A better under-
standing of the relationship between hospital volume of TAVR procedures and pa-
tient outcomes could inform policy decisions.

METHODS

We analyzed data from the Transcatheter Valve Therapy Registry regarding proce-
dural volumes and outcomes from 2015 through 2017. The primary analyses exam-
ined the association between hospital procedural volume as a continuous variable
and risk-adjusted mortality at 30 days after transfemoral TAVR. Secondary analysis
included risk-adjusted mortality according to quartile of hospital procedural volume.
A sensitivity analysis was performed after exclusion of the first 12 months of trans-
femoral TAVR procedures at each hospital.

RESULTS

Of 113,662 TAVR procedures performed at 555 hospitals by 2960 operators, 96,256
(84.7%) involved a transfemoral approach. There was a significant inverse associa-
tion between annualized volume of transfemoral TAVR procedures and mortality.
Adjusted 30-day mortality was higher and more variable at hospitals in the lowest-
volume quartile (3.19%; 95% confidence interval [CI], 2.78 to 3.67) than at hospitals
in the highest-volume quartile (2.66%; 95% CI, 2.48 to 2.85) (odds ratio, 1.21; P=0.02).
The difference in adjusted mortality between a mean annualized volume of 27 pro-
cedures in the lowest-volume quartile and 143 procedures in the highest-volume
quartile was a relative reduction of 19.45% (95% CI, 8.63 to 30.26). After the exclu-
sion of the first 12 months of TAVR procedures at each hospital, 30-day mortality
remained higher in the lowest-volume quartile than in the highest-volume quartile
(3.10% vs. 2.61%; odds ratio, 1.19; 95% CI, 1.01 to 1.40).

CONCLUSIONS
An inverse volume—mortality association was observed for transfemoral TAVR pro-
cedures from 2015 through 2017. Mortality at 30 days was higher and more variable
at hospitals with a low procedural volume than at hospitals with a high procedural
volume. (Funded by the American College of Cardiology Foundation National Cardio-
vascular Data Registry and the Society of Thoracic Surgeons.)
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RANSCATHETER AORTIC-VALVE REPLACE-

ment (TAVR) was approved in 2011 in the

United States. As a condition of reimburse-
ment, the Centers for Medicare and Medicaid
Services (CMS) requires TAVR programs to per-
form a minimum of 20 TAVR procedures per year
or 40 over a period of 2 years.! Although other
cardiovascular** and cardiac surgical® procedures
have shown an association between procedural
volume and outcomes, no data were available to
document a TAVR volume—outcome relationship
at the time that CMS established the policy.

Carroll et al. subsequently found a TAVR vol-
ume—outcome association in the United States.®
Since then, outcomes have improved with better
technology and techniques, and indications for
TAVR have expanded to include intermediate-risk
patients. A recent analysis questioned whether
there is a volume—outcome association for balloon-
expandable TAVR.”

The purpose of this study was to update the
analysis by Carroll et al. The objectives were to
examine the association between hospital or op-
erator volume of TAVR procedures and 30-day
unadjusted and risk-adjusted outcomes, to deter-
mine the effect of hospital “start-up” period and
assess whether volume—outcome associations
persist after the first 6 months and 12 months
of TAVR experience at a hospital, and to assess
whether patient characteristics and hospital char-
acteristics differ according to hospital procedural
volume.

METHODS

STUDY POPULATION
CMS coverage requires hospitals to submit in-
hospital, 30-day, and 1-year data for patients
receiving a commercially approved TAVR device
to the Society of Thoracic Surgeons (STS)-Amer-
ican College of Cardiology (ACC) Transcatheter
Valve Therapy (TVT) Registry. Standardized data
elements® and quality checks are implemented by
the National Cardiovascular Data Registry and
Duke Clinical Research Institute (DCRI). Partici-
pating sites are randomly selected for yearly in-
dependent audits. Institutional review boards at
Chesapeake Research Review and Duke Univer-
sity approved this study and granted a waiver of
informed consent.

All TAVR procedures that were performed be-
tween January 1, 2015, and December 31, 2017,

were included in the analysis to represent TAVR
performed with the latest devices in high-risk and
intermediate-risk patients.*'® The primary popu-
lation comprised patients undergoing transfem-
oral TAVR for symptomatic severe aortic stenosis.
The secondary population of interest comprised
patients undergoing nontransfemoral access TAVR.

Site-reported hospital characteristics included
U.S. Census region, facility type, teaching status,
rurality, and number of certified beds (see the
Supplementary Appendix, available with the full
text of this article at NEJM.org). Patient and
procedure characteristics were defined according
to the TVT Registry data dictionary.!’ Annual-
ized hospital or operator procedural volume was
calculated as the total number of TAVR proce-
dures performed at a hospital or by an operator
from January 1, 2015, through December 31,
2017, divided by the number of months between
the first and last cases by that hospital or opera-
tor during the study period, and then multiplied
by 12. This allowed for calculation of procedural
volumes for both established and new TAVR op-
erators or hospitals, even if they did not meet
CMS requirements regarding procedural volume.
If two operators were present during TAVR, each
operator was given credit for the case.

OUTCOMES
The primary outcome was risk-adjusted mortality
at 30 days. Secondary outcomes included a 30-day
composite complication outcome (stroke, mod-
erate or severe paravalvular leak, major vascular
access-site complications or Valve Academic Re-
search Consortium major or life-threatening or
disabling bleeding, or acute kidney injury) and
outcomes for each component of the composite
outcome (see the Supplementary Appendix).

STATISTICAL ANALYSIS

As per the statistical analysis plan (included in the
Supplementary Appendix), annualized hospital
volume of TAVR procedures was analyzed both
as a continuous variable and as a categorical vari-
able (in quartiles). Quartiles were chosen to
ensure an adequate number of hospitals in each
volume category and to protect hospital identity.
Descriptive, unadjusted 30-day outcomes accord-
ing to quartile of annualized hospital procedural
volume are provided in Table S1 in the Supple-
mentary Appendix. Categorical variables are pre-
sented as frequencies and percentages. Continu-
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ous variables are summarized as medians with
interquartile ranges. There was no prespecified
plan to adjust for multiple comparisons. Except
for the primary analyses, results are reported
with 95% confidence intervals without P values.
A P value of less than 0.05 was considered to
indicate statistical significance; 95% confidence
intervals were not adjusted for multiple compari-
sons, and inferences drawn from them may not
be reproducible.

The primary prespecified analysis examined the
association between hospital procedural volume
as a continuous variable and risk-adjusted 30-day
mortality. Generalized linear mixed models were
developed to assess hospital TAVR volume—out-
come relationships. Marginal estimates are re-
ported.’? Restricted cubic splines were used to
explore potential nonlinear relationships between
continuous case volume and outcomes (see the
Supplementary Appendix). Relationships were
plotted as curves for annualized hospital proce-
dural volume versus outcome. A three-level (pa-
tients, operators, and hospitals) hierarchical struc-
ture was adopted with the use of random intercepts
with a covariance matrix that accounted for inter-
hospital variability and interoperator variability
nested within sites, to reflect clustering of TAVR
outcomes.

Analyses were repeated after adjustment of out-
comes for relevant covariates (see the Supplemen-
tary Appendix). Covariates for adjusted models
were derived from the expert consensus list con-
sidered for the TVT Registry in-hospital risk mod-
el’® plus operator case number. Operator case
number was included as a covariate to account
for operator “learning curve” while we assessed
volume—outcome relationship at the hospital lev-
el. Interaction terms for year of procedure perfor-
mance and patient risk (see the Supplementary
Appendix) were included initially in the hospital-
level model, and there was a prespecified plan to
remove these variables if no interaction was found.
All risk factors for each outcome were first com-
bined into a single risk score before construction
of the hierarchical model.* To create this score,
we performed an ordinary logistic-regression mod-
el and used predicted log odds of the outcome.
The risk score was then added as a single inde-
pendent variable in the subsequent hierarchical
model. Missing covariate data were handled with
single imputation (see the Supplementary Appen-
dix). Data on death within 30 days were missing
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for 7858 patients (8.2%), and data on the 30-day
composite outcome were missing for 12,773
(13.3%) (Table S1 in the Supplementary Appen-
dix). Missing outcome data were handled by in-
verse probability weighting to increase the weight
of patients who were most like those with miss-
ing follow-up data (see the Supplementary Ap-
pendix).”® A post hoc secondary analysis of the
unadjusted and adjusted relationship between
annualized operator procedural volume and out-
comes was performed by means of the methods
described above. For transfemoral TAVR, we pre-
specified multiple sensitivity analyses to allow for
hospital “start-up” by excluding procedures with-
in 6 months and 12 months after the date of the
first TAVR procedure at the hospital.

The relative difference in adjusted risk of out-
come was calculated as follows: [(risk of outcome
with annualized procedural volume of x)— (risk
of outcome with annualized procedural volume
of y)1/ (risk of outcome with annualized proce-
dural volume of x). The delta method was used
to calculate 95% confidence intervals for relative
risk and for the difference in the adjusted risk of
an outcome between an annualized procedural
volume of x and a volume of y.® All analyses were
performed at DCRI with the use of SAS software,
version 9.4 (SAS Institute), and R software, version
3.4.2 (R Foundation for Statistical Computing).

RESULTS

HOSPITAL AND OPERATOR PROCEDURAL VOLUMES
Between January 1, 2015, and December 31, 2017,
a total of 113,662 TAVR procedures with com-
mercially approved devices were performed at 555
hospitals by 2960 operators (Fig. S1 in the Supple-
mentary Appendix). The main analysis popula-
tion included 96,256 transfemoral TAVR proce-
dures performed at 554 sites by 2935 operators.
The spectrum of annualized hospital and opera-
tor volumes of transfemoral TAVR procedures
is shown in Figure 1. The median annualized
hospital procedural volume was 54 (interquartile
range, 36 to 86) and operator procedural volume
was 27 (interquartile range, 17 to 43).

HOSPITAL CHARACTERISTICS ACCORDING TO
QUARTILE OF PROCEDURAL VOLUME

The majority of hospitals that performed TAVR
were urban (Table 1). A greater percentage of hos-
pitals in the lowest-volume quartile than in the
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Figure 1. Annualized Hospital and Operator Volume of Transfemoral

Transcatheter Aortic-Valve Replacement (TAVR) Procedures.

Shown are histogram distributions for 96,256 transfemoral TAVR proce-
dures performed at 554 hospitals (Panel A) by 2935 operators (Panel B).
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highest-volume quartile were rural (13.6% vs. 2.9%)
or suburban (30.7% vs. 22.3%), private or com-
munity hospitals (90.7% vs. 64.0%), and located
in the western United States or the Midwest.

PATIENT AND PROCEDURAL CHARACTERISTICS
ACCORDING TO HOSPITAL QUARTILE

There were no clinically significant differences
in sex or age between quartiles, but a higher per-
centage of patients treated at hospitals in the
lowest-volume quartile than in the highest-vol-
ume quartile were black or Hispanic (12.1% vs.
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7.8%) (Table 2). However, of the 8031 black or
Hispanic patients who underwent TAVR, the ma-
jority (6194) were treated at hospitals in the two
highest-volume quartiles.

Heart-team classification showed a greater
proportion of inoperable or extreme-risk patients
and high-risk patients with increasing quartile
of procedural volume. The median STS Predicted
Risk of Mortality (PROM) score (which estimates
each patient’s risk of death within 30 days after
isolated aortic-valve replacement, with scores of
0 to 100%) ranged from 5.2% in the lowest-vol-
ume quartile to 5.5% in the highest-volume quar-
tile. The use of surgical cutdown for femoral access
was more common in the lowest-volume quartile
than in the highest-volume quartile (26.7% vs.
9.1%), as was the use of general anesthesia
(81.1% vs. 54.8%).

HOSPITAL PROCEDURAL VOLUME AND OUTCOMES
There was a significant nonlinear association
between mortality (unadjusted and adjusted) and
annualized hospital volume of transfemoral TAVR
procedures. The difference in adjusted mortality
between a mean annualized volume of 27 proce-
dures in the lowest-volume quartile and 143 pro-
cedures in the highest-volume quartile was a rela-
tive reduction of 19.45% (95% confidence interval
[CI], 8.63 to 30.26) (Fig. 2A and 2C). Adjusted
30-day mortality was higher and more variable
in the lowest-volume quartile (3.19%; 95% CI,
2.78 to 3.67) than in the highest-volume quartile
(2.66%; 95% CI, 2.48 to 2.85) (odds ratio, 1.21;
P=0.02) (Table S2 in the Supplementary Appen-
dix). Only seven hospitals performed at least 250
cases per year. There was no significant interac-
tion between the volume—mortality relationship
and year of procedure or patient risk. Observed
individual hospital mortality and modeled confi-
dence intervals in Figure 2A show a wide variation
in hospitals with low procedural volumes.

SENSITIVITY ANALYSIS EXCLUDING HOSPITAL
START-UP PERIOD

In a sensitivity analysis that excluded data from
the first 6 months of TAVR performance at each
hospital, adjusted 30-day mortality remained high-
er in the lowest-volume quartile (3.19%; 95% CI,
2.77 to 3.68) than in the highest-volume quartile
(2.63%; 95% CI, 2.45 to 2.82) (odds ratio, 1.22;
95% CI, 1.04 to 1.43) (Fig. S2 and Table S2 in the
Supplementary Appendix). After exclusion of the
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Table 1. Hospital Characteristics According to Quartile of Annualized Volume of Transfemoral TAVR Procedures.*

Quartile 1: Quartile 2: Quartile 3: Quartile 4:
Overall 5-36 Procedures/Yr 37-54 Procedures/Yr 55-85 Procedures/Yr 86-371 Procedures/Yr

Characteristic (N=554) (N=140) (N=138) (N=137) (N=139)
Location of facility (%)

Urban 63.9 55.7 60.1 65.0 74.8

Suburban 26.7 30.7 29.0 24.8 22.3

Rural 9.4 13.6 10.9 10.2 2.9
Type of facility (%)

Private or community 80.7 90.7 90.6 77.4 64.0

University 18.4 8.6 8.7 22.6 33.8

Government 0.9 0.7 0.7 0.0 2.2
Teaching hospital (%) 57.8 43.6 51.4 59.9 76.3
Region (%)

Northeast 17.7 7.9 15.9 19.0 28.1

West 21.5 23.6 23.2 19.7 19.4

Midwest 235 243 26.8 21.2 21.6

South 36.8 42.9 333 40.1 30.9

Missing data 0.5 1.4 0.7 0.0 0.0
No. of certified bedsT

Median 459.0 395.0 402.0 522.0 623.0

IQR 333.0-637.0 296.5-477.5 296.0-547.0 374.0-653.0 438.0-819.0
No. of nontransfemoral TAVR

procedures/yr

Median 4 1 3 5 11

IQR 1-8 0-2 1-5 3-8 7-16
No. of valve-in-valve TAVR

procedures/yr
Median 3 1 2 4 9
IQR 1-6 0-2 1-3 2-5 5-12

* Percentages may not total 100 because of rounding. IQR denotes interquartile range, and TAVR transcatheter aortic-valve replacement.

7 A “certified” bed is a bed in a health care facility approved by authorities for use by patients on a permanent basis and that a governing
body deems to have sufficient staffing to support its unqualified use.

first 12 months of TAVR performance, adjusted
30-day mortality was 3.10% (95% CI, 2.68 to 3.58)
in the lowest-volume quartile and 2.61% (95% CI,
2.43 to 2.81) in the highest-volume quartile (odds
ratio, 1.19; 95% CI, 1.01 to 1.40) (Fig. 3, and
Table S2 in the Supplementary Appendix).
There was no association between annualized
hospital procedural volume and the 30-day com-
posite complication outcome, both adjusted and
unadjusted, or its nonfatal components, except
for the outcome of major vascular complications
or major bleeding (Figs. S3 and S4 in the Supple-
mentary Appendix). The adjusted percentage of
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patients who had major vascular complications
or major bleeding was 10.03% (95% CI, 8.99 to
11.18) at hospitals in the lowest-volume quartile,
as compared with 8.21% (95% CI, 7.58 to 8.89)
at hospitals in the highest-volume quartile (odds
ratio, 1.25; 95% CI, 1.08 to 1.45).

OPERATOR PROCEDURAL VOLUME AND OUTCOMES

There was a nonlinear association between mor-
tality (unadjusted and adjusted) and annualized
operator volume of transfemoral TAVR procedures.
The difference in adjusted mortality between a
mean annualized volume of 11 procedures in the
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Figure 2. Relationship between Procedural Volume and Mortality.

Panel A shows the relationship between annualized hospital volume of transfemoral TAVR procedures and 30-day mortality, with specific
estimates (black dots) for all 554 hospitals completing at least 1 TAVR procedure from 2015 through 2017. Panel B shows the relationship
between annualized operator volume of transfemoral TAVR procedures and 30-day mortality, with specific estimates (black dots) for all
2935 operators completing at least 1 TAVR procedure from 2015 through 2017. Panel C shows the relative difference (expressed as a reduc-
tion) in 30-day mortality with respect to hospital procedural volume, with data for all hospitals completing at least 1 transfemoral TAVR
procedure from 2015 through 2017. The mean procedural volume was 27 in the lowest-volume quartile and 143 in the highest-volume quar-
tile. Panel D shows the relative difference (expressed as a reduction) in 30-day mortality with respect to operator procedural volume, with
data for all operators completing at least 1 transfemoral TAVR procedure from 2015 through 2017. The mean procedural volume was 11 in
the lowest-volume quartile and 70 in the highest-volume quartile. The shaded areas indicate 95% confidence intervals.

lowest-volume quartile and 70 procedures in the
highest-volume quartile was a relative reduction
of 24.25% (95% CI, 10.40 to 38.10) (Fig. 2B and
2D). Adjusted 30-day mortality was 3.54% (95% CI,
2.59 to 4.84) in the lowest-volume quartile and
2.84% (95% CI, 2.68 to 3.01) in the highest-volume
quartile (odds ratio, 1.26; 95% CI, 0.91 to 1.75)
(Table S2 in the Supplementary Appendix). Only
200 operators performed at least 75 cases per year.
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NONTRANSFEMORAL TAVR
There were 8644 nontransfemoral TAVR cases at
486 sites (Fig. S5 in the Supplementary Appendix).
There was a nonlinear relationship between vol-
ume of nontransfemoral TAVR procedures and
mortality (unadjusted and adjusted), with adjusted
30-day mortality of 10.13% (95% CI, 7.76 to 13.11)
in the lowest-volume quartile and 6.40% (95% CI,
5.56 to 7.35) in the highest-volume quartile (odds

NEJM.ORG JUNE 27, 2019

The New England Journal of Medicine
Downloaded from nejm.org by wwW ASD on July 3, 2019. For persona use only. No other uses without permission.
Copyright © 2019 Massachusetts Medical Society. All rights reserved.

2547



The NEW ENGLAND JOURNAL of MEDICINE

—— Unadjusted —— Adjusted

A Hospital Procedural Volume and 30-Day Mortality

5_
& 4
£
®
kv
[<]
=
3l
e
o
o
2_
O T T T T T 1
1 50 100 150 200 250 300

Annualized Hospital Procedural Volume

B Mortality with Respect to Hospital Procedural Volume

30
g
>
2
= 204
€
o
=
£ 10|
<
2
-
< 0
L7
(-3
)
2
& -10+ Relative reduction in adjusted mortality
& between volume of 30 and volume of 151,
17.89% (95% Cl, 6.08 to 29.70)
204
T T T T T 1
0 50 100 150 200 250 300

Annualized Hospital Procedural Volume

Figure 3. Sensitivity Analysis Excluding 12-Month Start-up Period at Each
Hospital.

Panel A shows the relationship between annualized hospital volume of
transfemoral TAVR procedures and 30-day mortality, after exclusion of all
procedures in the 12 months after the initial transfemoral TAVR procedure
at each hospital. Panel B shows the relative difference (expressed as a re-
duction) in 30-day mortality with respect to hospital procedural volume,
after exclusion of all procedures in the 12 months after the initial trans-
femoral TAVR procedure at each hospital. The mean procedural volume was
30 in the lowest-volume quartile and 151 in the highest-volume quartile.
Data in the figure are for 88,592 procedures at 488 hospitals. The shaded
areas indicate 95% confidence intervals.
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ratio, 1.65; 95% CI, 1.20 to 2.27) (Fig. S5 and
Table S2 in the Supplementary Appendix). Only
2 hospitals performed more than 50 cases per year.
There was no association between procedural
volume and the composite complication outcome.
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DISCUSSION

Five new findings are presented in this analysis
of a database of more than 100,000 TAVR proce-
dures in a 3-year period in the United States. First,
higher annualized hospital and operator proce-
dural volumes were associated with significantly
lower 30-day mortality. Second, there was substan-
tial variability in mortality among low-volume
programs. Third, the inverse relationship between
procedural volume and mortality remained after
the exclusion of patients from the 6-month and
12-month start-up period at each hospital. Fourth,
nontransfemoral TAVR also showed an inverse
relationship between procedural volume and mor-
tality. Fifth, hospitals with a lower procedural
volume were more likely to be located in rural
areas than those with a higher volume, and they
treated a greater proportion of black and His-
panic patients.

These results are from current practice in the
United States and illustrate the major improve-
ment in 30-day mortality with TAVR, from 7.5%
in 2012 to a modeled rate that now approaches
2.5 to 3.0% in transfemoral TAVR. A previous
study showed that higher TAVR case volumes were
associated with lower in-hospital mortality and
lower rates of vascular complications and bleed-
ing.° However, intervening advancements in de-
livery-system size, valve design, national experi-
ence, and expansion of TAVR to intermediate-risk
patients might be expected to blunt or eliminate
any volume—outcome relationship. In addition,
low-volume and new TAVR programs may espe-
cially benefit from extensive industry support in
planning and performing TAVR. Yet in this com-
prehensive study, the absolute change in risk-
adjusted mortality across the continuous spectrum
of hospital procedural volume was significant and
corresponded to a clinically relevant relative dif-
ference in mortality between the lowest and high-
est annualized procedural volume. Despite reduc-
tions in major vascular and bleeding complications
over time,”” we also observed a nonlinear inverse
relationship between procedural volume and major
bleeding or vascular complications. This is con-
sistent with continued operator variation in vas-
cular complications of percutaneous coronary
intervention despite technology improvements.'®

Hospitals in the lowest-volume quartile also
had procedure characteristics that were different
from those of hospitals in the highest-volume
quartile, with greater use of femoral cutdown
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(26.7% vs. 9.1%) and general anesthesia. This pro-
vides insight into the otherwise paradoxical find-
ing that the rate of unplanned surgery or inter-
vention for vascular complications was lower at
hospitals in the lowest-volume quartile than at
hospitals in the highest-volume quartile (2.6%
vs. 3.4%).

We found persistent hospital and operator vol-
ume—mortality relationships even after account-
ing for operator learning curve in our models and
a hospital start-up time of 6 months or 12 months
in our sensitivity analyses. This finding suggests
that the volume—mortality association is not sim-
ply related to operator learning or reasonable hos-
pital start-up time. A recent analysis by Wassef
et al. of international sites showed that both learn-
ing curve and annual case volume affect TAVR
outcomes.?

Hospitals with greater volumes of TAVR pro-
cedures were also larger hospitals, and they per-
formed more nontransfemoral forms of TAVR
than smaller hospitals. Thus, they may have bet-
ter outcomes from both more experience and the
availability of other services that would be nec-
essary to treat the coexisting conditions that are
common in the population of patients undergo-
ing TAVR. Non-TAVR services may be important
because post-TAVR death is due to a combination
of both cardiovascular and noncardiovascular
causes.”*?!

Observed mortality was highly variable for hos-
pitals with lower procedural volumes (0 to >12.5%)
and operators with lower procedural volumes (0 to
>10%). This variability highlights the difficulties
of performance estimation at low procedural vol-
umes and suggests that some threshold volume
may be needed to accurately measure outcomes.*

We found that hospitals in the lowest-volume
quartile treat a greater proportion of poten-
tially underserved racial or ethnic groups and
patients in rural regions, although by absolute
numbers the majority of these patients are
treated at hospitals in the highest-volume quar-
tile. This raises the key issue of measuring ac-
cess to TAVR. The present study presents data
on those receiving TAVR and does not address
the number of patients who may benefit from
TAVR but may not have access to care. There is
a paucity of evidence characterizing access bar-
riers and evaluating solutions in the complex
U.S. health care system.

An updated TAVR National Coverage Deter-

mination (NCD) should promote and ensure a
high quality of patient care. Currently, TAVR pro-
grams receive quarterly reports with national
benchmarks, but there is no system for external
review and assessment if corrective actions are
needed. A transition from procedural volume to
direct quality metrics is being proposed, but with-
out an external certification or accreditation sys-
tem an updated NCD may not have the intended
effect. In addition, we think an updated NCD
should include an effective mechanism to require
hospitals to submit complete and accurate data
for quality metrics to be valid.

This is a retrospective observational study and
is therefore potentially subject to residual con-
founding. Our adjusted models incorporated a
multitude of factors but did not assess patients’
social factors or frailty, used outcome data to
estimate patient risk score and assess the vol-
ume—outcome relationship, and did not consider
variance in inverse probability weighting. Para-
valvular leak was assessed by sites and not a core
laboratory. The TVT Registry collects data only
on commercially performed TAVR cases under the
current CMS requirements regarding procedural
volume. As a result, we probably underestimated
the procedural volumes of hospitals enrolling pa-
tients into clinical trials, especially at centers with
higher procedural volumes. We were not able to
assess whether current CMS requirements reduced
mortality after TAVR or whether continuing or
removing the current thresholds would affect
mortality.

A volume—mortality association persists in the
United States for transfemoral TAVR, as well as
TAVR using nontransfemoral approaches, de-
spite improved patient selection, technology, and
techniques as well as expansion of indications to
intermediate-risk patients. Hospitals with lower
procedural volumes have greater variability in
outcomes than those with higher volumes. In ad-
dition, hospitals with lower procedural volumes
are more likely to be rural, and they perform
TAVR on a higher percentage of racial and ethnic
minorities.
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