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There are limited data to support proposed increases to the minimum institutional mitral
valve (MV) surgery volume required to begin a transcatheter mitral valve repair (TMVr)
program. The current study examined the association between institutional MV procedure
volumes and outcomes. All 2017 Medicare fee-for-service patients who received a TMVr
or MV surgery procedure were included and analyzed separately. The exposure was insti-
tutional MV surgery volume: low (1 to 24), medium (25 to 39) or high (40+). Outcomes
were in-hospital mortality and 1-year postdischarge mortality and cardiovascular rehospi-
talization. For MV surgery patients, in-hospital mortality rates were 6.4% at low-volume,
8.7% at medium-volume and 9.8% at high-volume facilities. Rates were significantly
higher for low-volume [OR = 1.50, 95% CI (1.23 to 1.84)] and medium-volume [OR = 1.33,
95% CI (1.06 to 1.67)] compared with high-volume facilities. There was no statistically sig-
nificant relationship between institutional MV surgery volume and in-hospital mortality
for TMVr patients, either at low-volume [OR = 1.52, 95% CI (0.56, 4.13)] or medium-vol-
ume [OR = 1.58, 95% CI (0.82, 3.02)] facilities, compared with high-volume facilities.
Across all volume categories, in-hospital mortality rates for TMVr patients were relatively
low (2.3% on average). For both cohorts, the rates of 1-year mortality and cardiovascular
rehospitalizations were not significantly higher at low- or medium-volume MV surgery
facilities, as compared with high-volume. In conclusion, among Medicare patients, there
was a relation between institutional MV surgery volume and in-hospital mortality for MV
surgery patients, but not for TMVr patients. © 2021 The Authors. Published by Elsevier
Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/) (Am J Cardiol 2021;147:94−100)
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The Federal Drug Administration’s recent approval
expansion of transcatheter mitral valve repair (TMVr) to
patients with secondary mitral regurgitation (MR) prompted
a reconsideration of the national coverage determination
(NCD) for reimbursement by the US Medicare program. A
subsequent multisociety consensus statement1 recom-
mended an increased threshold from ≥25 to ≥40 annual
mitral valve (MV) surgeries before hospitals can establish a
new TMVr program. However, there are limited data to jus-
tify the increase. Although a volume-outcome relationship
has been shown for invasive MV surgical procedures,2−3 it
is unknown whether the same relationship exists for MV
surgical volume and outcomes of TMVr, a minimally inva-
sive procedure with a favorable safety profile compared
with open surgery and generally performed by a different
cardiac specialty.4−6 The objective of this study was to
update the analysis done by Barker et al5 that examined the
association between institutional MV procedure volumes
and outcomes in Medicare patients. First, we confirmed the
level of association between institutional MV surgery vol-
ume and in-hospital mortality for both MV surgery and
TMVr patients. Second, we examined the volume-outcome
relationship for longer-term outcomes of mortality and car-
diovascular rehospitalization up to 1 year postdischarge.
Methods

Patients enrolled in fee-for-service Medicare who
received either a TMVr or MV surgery procedure in 2017
were included in the study. Data from January 1, 2017
through December 31, 2018 were derived from the 100%
Medicare Limited Dataset Standard Analytic Files. The
Medicare files contain detailed claims and beneficiary
enrollment information including but not limited to diagno-
sis and procedure codes, facility ID, patient demographics,
and death information. This study was exempt from institu-
tional review board review under 45 CFR 46.101(b) as all
data were de-identified and accessed in compliance with
the Health Insurance Portability and Accountability Act.

The primary outcome was in-hospital mortality. Postdi-
scharge outcomes of mortality and cardiovascular rehospi-
talization up to 1 year were also examined. Cardiovascular

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2021.01.044&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Joanna_VanHouten@edwards.com
mailto:Sarah_Mollenkopf@edwards.com
www.ajconline.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.amjcard.2021.01.044


Table 1

Patient and hospital characteristics for MV surgery and TMVr patients by MV surgery institutional volume

Patient and hospital characteristics MV surgery patients TMVr patients

MV surgery institutional volume

Low (n = 2,369) Medium (n = 1,758) High (n = 12,483) Low (n = 237) Medium (n = 379) High (n = 2,819)

Age (years)a,c,d 69.7 § 8.9 70.2 § 9.0 70.1 § 8.9 77.6 § 9.4 78.7 § 8.1 80.0 § 8.7

Women 1123 (47.4%) 829 (47.2%) 5893 (47.2%) 128 (54.0%) 177 (46.7%) 1352 (48.0%)

Race*,y,z,x

White 2004 (84.6%) 1540 (87.6%) 10730 (86.0%) 205 (86.5%) 329 (86.8%) 2515 (89.2%)

Black 202 (8.5%) 119 (6.8%) 956 (7.7%) 12 (5.1%) 22 (5.8%) 165 (5.9%)

Hispanic 40 (1.7%) 20 (1.1%) 134 (1.1%) − 11 (2.9%) 23 (0.8%)

Asian 41 (1.7%) 15 (0.9%) 184 (1.5%) − − 43 (1.5%)

Unknown 82 (3.5%) 64 (3.6%) 479 (3.8%) − − 73 (2.6%)

Patient Region*,y,z,x

Midwest 766 (32.3%) 379 (21.6%) 3040 (24.4%) 66 (27.8%) 78 (20.6%) 557 (19.8%)

Northeast 279 (11.8%) 338 (19.2%) 2771 (22.2%) 33 (13.9%) 56 (14.8%) 570 (20.2%)

South 831 (35.1%) 678 (38.6%) 4610 (36.9%) 95 (40.1%) 135 (35.6%) 1038 (36.8%)

West 493 (20.8%) 363 (20.6%) 2062 (16.5%) 43 (18.1%) 110 (29.0%) 654 (23.2%)

Elixhauser scorec 5.3 § 3.7 5.4 § 3.6 5.4 § 3.7 7.8 § 4.1 7.4 § 3.8 7.2 § 3.9

Hospital Region*,y,z,x

Northeast 268 (11.3%) 337 (19.2%) 2797 (22.4%) 33 (13.9%) 57 (15.0%) 573 (20.3%)

South Atlantic 368 (15.5%) 336 (19.1%) 2479 (19.9%) 49 (20.7%) 82 (21.6%) 626 (22.2%)

East North Central 555 (23.4%) 245 (13.9%) 2044 (16.4%) 65 (27.4%) 37 (9.8%) 298 (10.6%)

East South Central 154 (6.5%) 137 (7.8%) 896 (7.2%) − 19 (5.0%) 183 (6.5%)

West North Central 207 (8.7%) 128 (7.3%) 1224 (9.8%) − 36 (9.5%) 268 (9.5%)

West South Central 330 (13.9%) 207 (11.8%) 1022 (8.2%) 41 (17.3%) 33 (8.7%) 205 (7.3%)

Mountain 205 (8.7%) 150 (8.5%) 613 (4.9%) 26 (11.0%) 50 (13.2%) 201 (7.1%)

Pacific 282 (11.9%) 218 (12.4%) 1408 (11.3%) 16 (6.8%) 65 (17.2%) 465 (16.5%)

Bed size*,y 300 § 149 370 § 179 593 § 312 323 § 183 470 § 179 583 § 289

Teaching hospital*,y,z 1303 (55.0%) 1248 (71.0%) 10511 (84.2%) 172 (72.6%) 320 (84.4%) 2451 (86.9%)

Note: Categorical baseline variables reported as frequencies (%) and continuous variables as means§ standard deviation; Numbers based on patient counts

<11 not reported per Medicare data use agreement. MV =mitral valve; TMVr = transcatheter mitral valve repair.

* Significant difference between low-volume and high-volume for MV surgery patients
y Significant difference between medium-volume and high-volume for MV surgery patients
z Significant difference between low-volume and high-volume for TMVr patients
x Significant difference between medium-volume and high-volume for TMVr patients
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rehospitalization was defined as ICD-10 codes I00-I99 in the
primary position.7 The main predictor was 2017 MV surgery
volume for the procedure hospital. Hospitals were catego-
rized into 3 groups based on the current requirements and
those recommended by the societies1 to begin a TMVr pro-
gram: low-volume (1 to 24 surgeries), medium-volume (25
to 39), and high-volume (40+). Hospital characteristics,
including volumes, were obtained using the 2017 Definitive
Healthcare Hospital & IDN Database. Definitive Healthcare
uses a proprietary algorithm derived from the Centers for
Medicare & Medicaid Services (CMS) Standard Analytical
Files to estimate all-payor procedure volumes for US hospi-
tals.8 Although only Medicare patients were examined for
outcomes, hospital volume classifications were based on all-
payer data since MV surgery is also performed on commer-
cially-insured patients.9−10

TMVr and MV surgery patients were analyzed as separate
cohorts. Baseline patient and hospital characteristics were
reported and tested for statistically significant differences at p
<0.05 using chi-squared, Fisher’s exact test, or t-test, as
appropriate. For outcomes modeling, in-hospital mortality
was analyzed using generalized estimating equations models
and accounted for clustering by institution. Odds ratios (OR),
95% confidence intervals (CI) and p values were presented as
measures of association. Postdischarge outcomes were
depicted using Kaplan-Meier curves and analyzed using a
Cox proportional hazard model with a robust sandwich esti-
mator to adjust for institutional clustering. Cumulative mar-
tingale residuals plots and Kolmogorov-type supremum tests
were used to confirm the proportional hazards assumption.
Hazard ratios (HR), 95% CIs and p values were presented as
measures of association. All outcome models were risk-
adjusted using a propensity score based on patient [age, sex,
race, region, 31 comorbidity indicators from the Elixhauser
comorbidity index (ECI)11] and hospital (bed size, teaching
status, region) characteristics, as well as two-way interactions
among the hospital characteristics. Propensity score adjust-
ment was used to allow for the inclusion of many potential
confounders without impeding model convergence. To
address the potential for underpowered analysis due to low
TMVr procedure volumes and outcome events, a sensitivity
analysis was performed using TMVr procedures in both 2017



Table 2

(a) Comorbidities for MV surgery and TMVr patients by MV surgery institutional volume

Patient and hospital characteristics MV surgery patients TMVr patients

MV surgery institutional volume

Low (n = 2,369) Medium (n = 1,758) High (n = 12,483) Low (n = 237) Medium (n = 379) High (n = 2,819)

AIDSa − − 44 (0.4%) 0 − −
Alcohol abuseb 64 (2.7%) 64 (3.6%) 266 (2.1%) − − 41 (1.5%)

Anemia 294 (12.4%) 205 (11.7%) 1527 (12.2%) 40 (16.9%) 67 (17.7%) 445 (15.8%)

Arrhythmiaa 1114 (47.0%) 873 (49.7%) 6502 (52.1%) 167 (70.5%) 269 (71.0%) 1962 (69.6%)

CHF 1098 (46.3%) 803 (45.7) 5739 (46.0%) 177 (74.7%) 282 (74.4%) 2088 (74.1%)

Chronic pulm disa 675 (28.5%) 462 (26.3) 3086 (24.7%) 93 (39.2%) 132 (34.8%) 949 (33.7%)

Coagulopathy 191 (8.1%) 154 (8.8) 1047 (8.4%) 35 (14.8%) 48 (12.7%) 365 (12.9%)

Depression 302 (12.7%) 227 (12.9) 1534 (12.3%) 40 (16.9%) 60 (15.8%) 367 (13.0%)

Diabetes (Comp)c 385 (16.3%) 275 (15.6) 1865 (14.9%) 58 (24.5%) 82 (21.6%) 538 (19.1%)

Diabetes (Uncomp) c 574 (24.2%) 387 (22.0) 2655 (21.3%) 77 (32.5%) 107 (28.2%) 675 (23.9%)

Drug abuseb 58 (2.4%) 51 (2.9) 257 (2.1%) − − 35 (1.2%)

Fluid & electrolyte 559 (23.6%) 366 (20.8) 2827 (22.6%) 80 (33.8%) 139 (36.7%) 970 (34.4%)

HTN (Comp) 848 (35.8%) 610 (34.7) 4429 (35.5%) 144 (60.8%) 221 (58.3%) 1666 (59.1%)

HTN (Uncomp) b 1470 (62.1%) 1136 (64.6) 7689 (61.6%) 174 (73.4%) 269 (71.0%) 1920 (68.1%)

Hypothyroidism c 385 (16.3%) 268 (15.2) 2113 (16.9%) 42 (17.7%) 102 (26.9%) 677 (24.0%)

Iron anemiasa 37 (1.6%) 54 (3.1) 306 (2.5%) − 17 (4.5) 103 (3.7%)

Liver disease 119 (5.0%) 106 (6.0) 671 (5.4%) − 23 (6.1) 132 (4.7%)

Lymphoma 24 (1.0%) 25 (1.4) 146 (1.2%) − − 50 (1.8%)

Metastatic cancer 15 (0.6%) - 98 (0.8%) − − 32 (1.1%)

(b) Comorbidities for MV surgery and TMVr patients by MV surgery institutional volume

Patient and hospital characteristics MV surgery patients TMVr patients

MV surgery institutional volume

Low (n = 2,369) Medium (n = 1,758) High (n = 12,483) Low (n = 237) Medium (n = 379) High (n = 2,819)

Obesity 392 (16.5%) 272 (15.5%) 1963 (15.7%) 48 (20.3%) 49 (12.9%) 359 (12.7%)

Other neuro disb 167 (7.0%) 130 (7.4%) 769 (6.2%) 19 (8.0%) 32 (8.4%) 252 (8.9%)

Peripheral vasc disa,b 501 (21.1%) 372 (21.2%) 2938 (23.5%) 111 (46.8%) 139 (36.7%) 1049 (37.2%)

Paralysis 24 (1.0%) 15 (0.9%) 125 (1.0%) − − 39 (1.4%)

Peptic ulcer 31 (1.3%) 29 (1.6%) 210 (1.7%) − − 57 (2.0%)

Psychoses 21 (0.9%) 10 (0.6%) 88 (0.7%) − − 12 (0.4%)

Pulm circ disorder a 588 (24.8%) 479 (27.2%) 3471 (27.8%) 105 (44.3%) 141 (37.2%) 1143 (40.5%)

RA or CVD c 114 (4.8%) 87 (4.9%) 685 (5.5%) 21 (8.9%) 25 (6.6%) 158 (5.6%)

Renal failure c 503 (21.2%) 370 (21.0%) 2742 (22.0%) 107 (45.1%) 149 (39.3%) 1090 (38.7%)

Tumor 139 (5.9%) 107 (6.1%) 841 (6.7%) 23 (9.7%) 32 (8.4%) 260 (9.2%)

Heart valve diseasey,z 1685 (71.1%) 1342 (76.3%) 9803 (78.5%) 213 (89.9%) 326 (86.0%) 2477 (87.9%)

Weight Loss d 130 (5.5%) 91 (5.2%) 589 (4.7%) 16 (6.8%) 23 (6.1%) 261 (9.3%)

Note: Baseline comorbidities reported as frequencies (%); Numbers based on patient counts <11 not reported per Medicare data use agreement;

CHF = congestive heart failure; Circ = circulation; Comp = complicated; CVD = cardiovascular disease; Dis = disease; HTN = hypertension; MV =mitral

valve; Neuro = neurological; Pulm = pulmonary; RA = rheumatoid arthritis; TMVr = transcatheter mitral valve repair; Uncomp = uncomplicated;

Vasc = vascular.
a Significant difference between low-volume and high-volume for MV surgery patients.
b Significant difference between medium-volume and high-volume for MV surgery patients.
c Significant difference between low-volume and high-volume for TMVr patients.
d Significant difference between medium-volume and high-volume for TMVr patients.
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and 2018 to further evaluate the relationship between MV
surgical volume and TMVr in-hospital mortality. Analytic
data sets were created using the Instant Health Data platform
from Panalgo and all statistical analyses were conducted
using SAS software version 9.4 (SAS Institute, Cary, North
Carolina).
Results

In 2017, a total of 16,610 Medicare patients underwent
MV surgery, with 14.3% of surgeries performed at low-
volume facilities, 10.6% at medium-volume facilities, and
75.2% at high-volume facilities (Table 1). The majority of
MV surgery patients were male (52.8%), white (85.9%),
and 70.1 years on average. A total of 3,435 Medicare
patients underwent TMVr (i.e., 6.9% at low-volume, 11.0%
at medium-volume, 82.1% at high-volume facilities). The
majority were white (88.8%) and the average age was
79.7 years. TMVr patients had a greater number of baseline
comorbidities than MV surgery patients (mean ECI
score = 7.2 vs 5.4, respectively). In both cohorts, there were
statistically significant baseline differences in patient age,

www.ajconline.org


Table 3

MV and TMVr patient outcomes by MV surgery institutional volume

Outcome n (%) with event Comparison Measure of associationa (95% CI) p value

MV surgery outcomes by MV surgery institutional volume (n = 16,610)

In-hospital mortality Low: 233 (9.8%)

Med: 152 (8.6%)

High: 802 (6.4%)

Low vs High 1.50 (1.23, 1.84) <0.01b

Medium vs High 1.33 (1.06, 1.67) 0.01b

Postdischarge mortality Low: 209 (9.8%)

Med: 160 (10.0%)

High: 935 (8.0%)

Low vs High 1.16 (0.95, 1.41) 0.15

Medium vs High 1.20 (0.98, 1.48) 0.08

Cardiovascular rehospitalization Low: 600 (28.1%)

Med: 436 (27.1%)

High: 3042 (26.0%)

Low vs High 1.09 (0.98, 1.21) 0.13

Medium vs High 1.05 (0.93, 1.19) 0.40

TMVr outcomes by MV surgery institutional volumes (n = 3,435)

In-hospital mortality Low: <11
Med: 12 (3.2%)

High: 62 (2.2%)

Low vs High 1.52 (0.56, 4.13) 0.41

Medium vs High 1.58 (0.82, 3.02) 0.17

Postdischarge mortality Low: 45 (19.5%)

Med: 78 (21.3%)

High: 583 (21.2%)

Low vs High 0.91 (0.57, 1.44) 0.69

Medium vs High 1.01 (0.77, 1.33) 0.93

Cardiovascular rehospitalization Low: 79 (34.2%)

Med: 137 (37.3%)

High: 1066 (38.7%)

Low vs High 0.71 (0.55, 0.92) 0.01b

Medium vs High 0.94 (0.78, 1.14) 0.52

Note: Numbers based on patient counts <11 not reported per Medicare data use agreement; Med = medium; MV =mitral valve; TMVr = transcatheter

mitral valve repair.
a Odds ratio for in-hospital mortality, hazard ratio for postdischarge mortality and cardiovascular hospitalization. CI = confidence interval.
b Statistically significant at p <0.05.
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race, region and select ECI categories (Table 2) across hos-
pital volume categories. There were also significant differ-
ences in hospital characteristics where patients at high-
volume facilities were more likely to be treated at teaching
hospitals with larger bed sizes in the Northeast or South
Atlantic regions.

Propensity score adjusted results (Table 3) found a sig-
nificant relationship between MV surgery volume and in-
hospital mortality for MV surgery patients, but did not find
a similar relationship for TMVr patients. For MV surgery
patients, adjusted analyses showed in-hospital mortality
rates to be significantly higher for both low-volume and
medium-volume facilities, as compared with high-volume
facilities. There was no statistically significant relationship
between institutional MV surgery volume and in-hospital
mortality for TMVr patients. Across all volume categories,
the observed in-hospital mortality rate for TMVr patients
was relatively low: 2.3% for all TMVr patients as compared
with 7.2% for MV surgery patients. Figure 1 displays the
differences in in-hospital mortality rates across hospital vol-
ume categories by patient cohort.

The sensitivity analysis for TMVr in-hospital mortality
inclusive of both 2017 and 2018 data confirmed the results
of the main analysis. After more than doubling the sample
size (n = 8,572), there was still no statistically significant
relationship between institutional MV surgery volume and
in-hospital mortality for TMVr patients, either at low-vol-
ume [OR = 0.95, 95% CI (0.44, 2.04)] or medium-volume
[OR = 1.04, 95% CI (0.63, 1.71)] facilities, as compared
with high-volume facilities.

For postdischarge outcomes, with respect to both MV
surgery and TMVr patients, the rates of mortality and
cardiovascular rehospitalization were not significantly
higher at low- or medium-volume institutions, as compared
with high-volume institutions (Table 3, Figure 1). Of note,
cardiovascular rehospitalization rates were significantly
lower for TMVr patients treated at low-volume compared
with high-volume institutions. There were no significant
differences in cardiovascular rehospitalization rates for
TMVr patients at medium-volume versus high-volume
institutions.
Discussion

In accordance with our previously published findings,5

this updated analysis found a significant inverse relation-
ship between hospital MV procedure volume and in-hospi-
tal mortality for MV surgery patients, but no relationship
for TMVr patients. Furthermore, no significant relation-
ships were observed between hospital MV surgical volumes
and postdischarge outcomes (mortality, cardiovascular
rehospitalizations) for both MV surgery and TMVr
patients.

This study adds to the growing body of literature2−3,5
−6,12−19 on volume-outcome relationships for MV proce-
dures and further addresses the policy implications of
imposing increased MV surgery volume requirements for
TMVr. Similar to other MV surgery volume-outcome stud-
ies,2−3,5 short-term mortality was significantly lower at
high-volume facilities. More recent volume-outcome stud-
ies2−14,20 have addressed the TMVr volume-outcome rela-
tionship. These studies were conducted using a variety of
data sources, study designs and methodologies, but all dem-
onstrated improved TMVr patient outcomes with higher



Figure 1. In-hospital mortality, postdischarge mortality and cardiac rehospitalization by MV surgery volume for MV surgery and TMVr patients. Note: Num-

bers based on patient counts <11 not reported per Medicare data use agreement; MV =mitral valve; TMVr = transcatheter mitral valve repair.
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TMVr procedure volumes. The goal of this update was to
fill a gap in the literature by examining the relationship
between MV surgical volume and TMVr outcomes.

Similar to the current study, a recent analysis by Vemu-
lapalli et al6 addressed this gap by examining 1-year mortal-
ity and heart failure hospitalization in 2017 Medicare
patients. Both studies confirmed a lack of association
between institutional MV surgery volume and TMVr out-
comes, although with notable differences in method. Vemu-
lapalli et al’s method of approximating all-payer volumes
did not account for differing payer case mix by individual
hospitals. Both studies accounted for hospital clustering,

www.ajconline.org
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although the current study additionally adjusted for hospital
characteristics (i.e., bed size, teaching status and region).
The current study also operationalized MV surgical volume
categories according to the proposed volume requirements
in the multisociety consensus statement to explicitly mea-
sure the policy implications of the change.

Currently, many patients are not offered advanced or
innovative therapies due to restrictions limiting availability.
Unlike many other current therapies, there are already rig-
orous protocols in place for the management of TMVr
patients to ensure the appropriateness, quality, and safety of
the therapy. This includes review by a multi-disciplinary
heart team, preprocedural technical review by the device
maker, intra-procedural evaluation by the interventional
imager and interventional cardiologist, and subsequent
mandatory follow-up. These components are important for
TMVr evaluation and therapy and should remain. However,
reconsideration of the association between MV surgical
volume and TMVr site eligibility is warranted as the multi-
society consensus statement proposed increase to the mini-
mum surgical volume requirement would unnecessarily
limit patient access.

Many clinical and technical requirements are already
involved in starting a successful TMVr program. Careful
patient selection, advanced procedural imaging, attention to
appropriate medical therapy (particularly for patients with
functional MR), and the ability to manage procedural com-
plications, among other factors in addition to operator skill,
are needed to achieve optimal TMVr outcomes. While high
MV surgical volume might be assumed to indicate the pres-
ence of these important programmatic supports, our data do
not suggest that surgical volume influences TMVr clinical
outcomes. Clinically, it appears that TMVr is safe regarding
in-hospital mortality rates even in centers that do not have a
high-volume MV surgery program.

There are limitations of these retrospective, claims-based
analyses. Procedural success (i.e., level and duration of MR
reduction) is a primary measure of effectiveness but is not
available in claims data. Instead, mortality and cardiovascu-
lar rehospitalizations were evaluated, which are also key
outcomes, but impacted by a variety of additional factors
and only a proxy for procedural success. Procedural success
may also be associated with both operator/institutional vol-
umes and observed patient outcomes. The Definitive
Healthcare database, used to categorize hospitals by proce-
dure volume, approximates volumes by a proprietary algo-
rithm and is not an exact count. However, all-payer
institutional volume seems to be a better proxy of hospital
experience than alternatives used in other studies such as
bed size, Medicare-only volumes, or registry data.12−14,20

This analysis does not distinguish functional from degener-
ative MR. While the majority of TMVr procedures in 2017
were for degenerative MR, the MV surgery cohort, and to a
lesser extent the TMVr cohort, is heterogenous with respect
to etiology. However, we do not expect an association
between MR etiology and hospital procedure volume that
would bias the results. While risk-adjustment accounted for
measured baseline comorbidity differences, it is possible
that residual confounding remained for patient characteris-
tics not captured in claims data (i.e., MR severity, frailty,
hemodynamics, etc.). Patients with private insurance were
not included, although the bias of excluding younger and
healthier patients with commercial coverage would be simi-
lar across patient cohorts and volume categories. Since the
current NCD requirements are based on surgical volumes at
the institutional level, the current analysis did not account
for individual operator experience, although operator vol-
ume is a likely predictor of patient outcomes and may medi-
ate the hospital volume-outcome relationship.14−15 The
lower counts of TMVr patients at low- and medium-volume
facilities and overall low outcomes rates may impact the
power and generalizability of the results, although this limi-
tation was partially addressed by conducting a sensitivity
analysis that achieved similar results after adding 2018
TMVr procedures.

These findings confirm the posited volume-outcome
relationship of MV surgery, while the lack of relationship
for TMVr patients reflects the relative safety and fundamen-
tally different risk profile of TMVr compared with surgery.
These results also indicate procedure volumes of one car-
diac specialty are not inherently associated with patient out-
comes from transcatheter procedures performed by a
different cardiac specialty. While the importance of a multi-
disciplinary heart team cannot be overemphasized, from a
policy perspective, our findings do not support increasing
the current annual MV surgery volume requirement to
begin a new TMVr program.
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