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BACKGROUND: Redo mitral valve surgery is required in up to one-third of patients and is associated with significant mortality
and morbidity. Valve-in-valve transcatheter mitral valve replacement (ViV TMVR) is less invasive and could be considered in
those at prohibitive surgical risk. Studies on comparative outcomes of ViV TMVR and redo surgical mitral valve replacement
(SMVR) remain limited. Our study aimed to investigate the real-world outcomes of the above procedures using the National
Inpatient Sample database.

METHODS AND RESULTS: We analyzed National Inpatient Sample data using the International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) from September 2015 to December 2018. A total of 495 and 2250 patients un-
derwent redo ViV TMVR and SMVR, respectively. The patients who underwent ViV TMVR were older (77 versus 68 years,
P<0.01). Adjusted mortality was higher in the redo SMVR group compared with the ViV TMVR group (7.6% versus <2.8%,
P<0.01). Perioperative complications were higher among patients undergoing redo SMVR including blood transfusions (38%
versus 7.6%, P<0.01) and acute kidney injury (36.7% versus 13.9%, P<0.01). Cost of care was higher (USD$57 172 versus
USD$52 579, P<0.01), length of stay was longer (10 versus 3 days, P<0.01), and discharge to home was lower (20.3% versus
64.6%, P<0.01) in the SMVR group compared with the ViV TMVR group.

CONCLUSIONS: ViV TMVR is associated with lower mortality, periprocedural morbidity, and resource use compared with pa-
tients undergoing redo SMVR. ViV TMVR may be a viable option for some patients with mitral prosthesis dysfunction. Studies
evaluating long-term outcomes and durability of ViV TMVR are needed. A patient-centered approach by the heart team, local
institutional expertise, and careful preprocedure planning can help decision-making about the choice of intervention for the
individual patient.
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valve surgeries in the United States, with a third of
them being mitral valve replacement." The use of
biologic valve prostheses for mitral valve replacement
has increased dramatically, from 16.8% in 1993 to
53.7% in 2013.2 Bioprosthetic valves are preferred over
mechanical valves because there are fewer thrombotic

There has been a steady rise in the volume of mitral

complications and avoidance of anticoagulation, but
they degenerate over time needing reintervention.®
Redo mitral valve surgery is required in up to one-third
of the patients and is associated with significant mor-
tality and morbidity.*® A dramatic improvement in re-
operative mortality for mitral valve surgery has been
observed in recent years.® Recent outcomes data on
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CLINICAL PERSPECTIVE
What Is New?

We report real-world data on valve-in-valve
transcatheter mitral valve replacement and redo
surgical mitral valve replacement for degener-
ating bioprosthetic valves from a large national
data set of 2745 patients.

e |n a matched cohort, valve-in-valve transcath-
eter mitral valve replacement is associated with
lower mortality, morbidity, and resource use
when compared with redo surgical mitral valve
replacement.

What Are the Clinical Implications?

e Valve-in-valve transcatheter mitral valve re-
placement may prove to be a viable treatment
option for degenerating bioprosthetic valves,
especially for prohibitive surgical risk patients.

Nonstandard Abbreviations and Acronyms

NIS National Inpatient Sample
SMVR surgical mitral valve replacement

ViV TMVR valve-in-valve transcatheter mitral
valve replacement

mitral valve reoperations from the Society of Thoracic
Surgeons database showed operative mortality of 3.4%
in patients with prior mitral valve surgery undergoing
elective nonendocarditis operations.” Despite the over-
all improving trend in mortality, the risk of redo surgical
mitral valve replacement (SMVR) can vary significantly
from patient to patient, with some being at high risk
or prohibitive risk. Learning from the experience with
valve-in-valve transcatheter aortic valve replacement
for patients with degenerative bioprosthetic valves
who are at prohibitive surgical risk, redo valve-in-valve
transcatheter mitral valve replacement (ViV TMVR) has
emerged as a less invasive alternative and has been
approved by the US Food and Drug Administration.8-°

The outcomes data on the safety of ViV TMVR
compared with redo mitral valve surgery remain lim-
ited to small retrospective studies and lack of random-
ized controlled trials.""? Registry data from the STS/
ACC TV Registry (Society of Thoracic Surgeons and
American College of Cardiology Transcatheter Valve
Therapy Registry) and the TMVR Registry (The Society
of Thoracic Surgeons/American College of Cardiology
Transcatheter Valve Therapies Registry Mitral Module)
have shown feasibility, high rates of technical success,
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and excellent short-term outcomes for ViV TMVR.!1314
Therefore, our study aimed to investigate the trends of
use, outcomes, and cost of care among patients re-
quiring repeat mitral valve intervention in a real-world
population from the National Inpatient Sample (NIS)
database.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Data

The NIS database from September 2015 to December
2018 was used. The NIS is developed through a
Federal-State-Industry partnership through the
Agency for Healthcare Research and Quality. The
NIS has over 8 million admissions and represents a
20% sample of all participating hospital admissions.
The NIS is compiled annually, which would allow
the data to be used for analysis of disease trends
over time.'® Institutional review board approval and
informed consent were not required for this study
given the deidentified nature of the database and its
public availability.

Study Design and Data Selection

We analyzed data using International Classification of
Diseases, Tenth Revision, Clinical Modlfication (ICD-
10-CM) codes. ICD-10-CM was introduced in the
fourth quarter of 2015. Therefore, NIS data from the
fourth quarter of 2015 to 2018 were used (Data S,
Table S1). Patients undergoing redo mitral valve re-
placement were identified by using ICD-10-CM codes
for prosthetic valve dysfunction (T82.01XA, T82.02XA,
T82.03XA, T82.09XA, T82.221A, T82.222A, T82.223A,
T82.228A, Z45.09, 795.2 and T82.857). ViV. TMVR
(ICD-10-CM codes 02RG37H,02RG37Z, 02RG38H,
02RG38Z,02RG3JH, 02RG3JZ, 02RG3KH, and
02RG3KZ) orredo SMVR (ICD-10-CM codes 02RG07Z,
02RG08Z, 02RGOKZ, and 02RG0JZ) were selected.
We excluded young patients (aged <50 years), those
with infective endocarditis, and those undergoing
concomitant coronary artery bypass graft surgery.
Discharge weight provided was used for analysis.
For cost of care, charge-to-cost ratio supplied by the
Healthcare Cost and Ultilization Project derived from the
Centers for Medicare and Medicaid Services were ap-
plied to total hospital charges. Cost was also adjusted
for inflation (January 2020). Charlson Comorbidity
Index scores were calculated for each group to assess
the comorbidity burden in the study groups. A flow-
chart of our selection of patients is shown in Figure 1.
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Study End Points

The primary outcomes of interest were in-hospital mor-
tality and periprocedural complications. Secondary
end points were resource use and trends over time.

Statistical Analysis
Baseline characteristics were compared using a
Pearsony? exact test for categorical variables and
independent-samples t test for continuous variables.
Categorical variables were presented as frequency
and percentage, and continuous variables were re-
ported as median with interquartile range (IQR).
Logistic regression analyses were performed for
predictors of inpatient mortality using relevant demo-
graphic and clinical variables shown in Table 1. Cases
with missing race or race other than White and Black,
or Hispanic ethnicity, were categorized as other.
Because of significant heterogeneity in the baseline
characteristics of patients (Table 1), we developed a
propensity score—matching model using logistic re-
gression to derive 2 matched groups (redo SMVR ver-
sus ViV TMVR). A nearest neighbor 1:1 variable ratio,
parallel, balanced propensity-matching model was
made using a caliper width of SD 0.2 (Figures S1-S4).
Linear regression was used for trend analysis. For all
analyses, a 2-sided P value of 0.05 was considered
statistically significant. Statistical analyses were per-
formed using SPSS version 26 (IBM, Armonk, NY) and
R version 3.5 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Between September 2015 to December 2018, 2745
patients underwent redo mitral valve procedures. A
total of 495 and 2250 patients underwent redo ViV
TMVR and SMVR, respectively (Table 1). The patients
undergoing ViV. TMVR were older at 77 years (IQR,
70-83 years) versus 68 years (IQR, 60-75 years) and
had higher White (80.9% versus 74.9%) and Black
(11.2% versus 8.7%) representation (P<0.01 for all).
Use of redo SMVR was higher among Hispanic pa-
tients (6.6% versus 3.4%) (P<0.01 for all). The median
Charlson Comorbidity Index was higher in the ViV
TMVR group compared with the redo SMVR group
(6 versus 5, P<0.01). Over the study period, the pro-
portion of redo SMVRs was reduced significantly from
87.8% to 77.6% (P<0.01) (Figure 2).

Clinical Outcomes in Matched Cohort

Adjusted mortality was much higher in the redo
SMVR group (7.6%) as compared with the ViV TMVR
group (<2.8%). A higher percentage of patients were
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National Inpatient sample for all hospitalization from
year Q42015-18 using ICD-10 code for prosthetic
valve dysfunction as well as mitral valve replacement
in all diagnosis and procedure fields

l

Patients <50 years, with infective endocarditis, transfer
from other hospital and concomitant Coronary artery
bypass graft excluded

1

2,745 cases of Mitral valve dysfunction undergoing
mitral valve replacement identified

‘L

495 Valve in valve

~

2,250 redo surgical

transcatheter mitral mitral valve
valve replacement replacement (redo
(ViV-TMVR) SMVR)
.8 =

| |

[ 1:1 Propensity score with nearest number matching with ]

caliner of 0.2(SD)

v v
395 ViV-TMVR 395 redo SMVR

Figure 1. Flowchart of derivation of the study cohort.
ICD-10 indicates International Classification of Diseases,
Tenth Revision; Q4, fourth quarter; SMVR, surgical mitral valve
replacement; ViV TMVR, valve-in-valve transcatheter mitral valve
replacement.

discharged to home after ViV TMVR as compared with
SMVR (64.6% versus 20.3%). Conversely, as com-
pared with ViV TMVR, a higher number of patients
undergoing redo SMVR were discharged to long-term
care facilities (44.3% versus 7.6%) (Table 2). Cost of
care ($57 172 [IQR, $42 215-$86 803] versus $52 579
[IQR, $37 513-$69 408]) and length of stay (10 days
[IQR, 7-16 days] versus 3 days [IQR, 1-8 days]) were
considerably higher with SMVR. Rates of blood trans-
fusion (38% versus 7.6%), acute kidney injury (36.7%
versus 13.9%), and pneumonia (10.1% versus <2.8%)
were higher in the SMVR group (Figure 3). Usage rate
of extra corporeal membrane oxygenation was ob-
served in the SMVR group (2.4% versus 0%, P<0.001).
Residual atrial septal defect needing closure was
needed in 8.9% of patients undergoing ViV TMVR.
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Table 1. Basic Characteristics of the Patients Who Underwent Redo SMVR and ViV TMVR (2015-2018)

Unmatched Propensity matched
Redo SMVR,
Variable 2250 ViV TMVR, 495 P value Redo SMVR, 395 ViV TMVR, 395 SMD
Age, y, median (IQR) 68 (60-75) 77 (70-83) <0.01 75 (67-81) 74 (68-80) -0.075
Women, n (%) 1150 (51.1) 260 (52.5) 0.57 220 (55.7) 240 (60.8) 0.101
Race/ethnicity, n (%)
White 1585 (74.9) 360 (80.9) <0.01 280 (70.9) 285 (72.2)
Black 185 (8.7) 50 (11.2) 40 (10.1) 35(8.9) 0.046
Hispanic 140 (6.6) 15 (3.4) 10 (2.5) 15 (3.8) -0.052
Other (Asians, native 205 (9.6) 20 (4.5) 65 (16.4) 60 (15.2) 0.090

Americans
or missing race
information)

Comorbidities and medical history

Deficiency anemia, 100 (4.4) <11 (<2.0) 0.01 <11 (<2.8) 15 (3.8) 0.061
n (%)

Atrial fibrillation, n (%) 1565 (69.6) 305 (61.6) <0.01 255 (64.6) 240 (60.8) -0.082
Congestive heart 1445 (64.2) 415 (83.8) <0.01 320 (81.0) 305 (77.2) -0.079
failure, n (%)

Chronic obstructive 575 (25.6) 140 (28.3) 0.21 110 (27.8) 115 (29.1) 0.029
pulmonary disease,

n (%)

Coagulopathy, n (%) 975 (43.3) 80 (16.2) <0.01 75 (19.0) 110 (27.8) 0.178
Coronary artery 950 (42.2) 345 (69.7) <0.01 250 (63.3) 225 (57.0) -0.128
disease, n (%)

Cerebrovascular 185 (8.2) 30 (6.1) 0.12 25 (6.3) <11 (<2.8) -0.139
disease, n (%)

Diabetes mellitus, 185 (8.2) 40 (8.1) 0.92 40 (10.1) 50 (12.7) 0.094
n (%)

Hypertension, n (%) 1705 (75.8) 405 (81.8) 0.004 320 (81.0) 320 (81.0) 0
Liver disease, n (%) 140 (6.2) 30 (6.1) 0.89 25 (6.3) 45 (11.4) 0.209
Obesity, n (%) 325 (14.4) 55 (11.1) 0.05 45 (11.4) 60 (15.2) 0.109
Peripheral vascular 250 (11.1) 90 (18.2) <0.01 60 (15.2) 70 (17.7) 0.081
disease, n (%)

Renal failure, n (%) 670 (29.8) 165 (33.3) 0.12 125 (31.6) 125 (31.6) 0
Smoking, n (%) 165 (7.3) 30 (6.1) 0.32 30 (7.6) 30 (7.6) 0
Charlson Comorbidity | 5 (4-7) 6 (5-8) <0.01

Index, median (IQR)

Urban/rural, n (%)

Rural <11 (<0.5) <11 (<2.0) 0.09 <11 (<2.8)

Urban, nonteaching 235 (10.4) 40 (8.1) 40 (10.1) 20 (5.1) -0.165

Urban, teaching 2005 (89.1) 455 (91.9) 355 (89.9) 365 (92.4) 0.081
Hospital size, n (%)

Small 195 (8.7) 45 (9.1) <0.01 45 (11.4) 25 (6.3)

Medium 455 (20.2) 55 (11.1) 50 (12.7) 55 (13.9) 0.032

Large 1600 (71.1) 395 (79.8) 300 (75.9) 315 (79.7) 0.084
Primary payer, n (%)

Medicare 1455 (64.7) 395 (79.8) <0.01 300 (75.9) 320 (81.0)

Medicaid 155 (6.9) 20 (4.0) 20 (5.1) 20 (5.1) 0

Private insurance 575 (25.6) 65 (13.1) 65 (16.5) 50 (12.7) -0.087

Other 65 (2.9) 15 (3.0) <11 (<2.8) <11 (<2.8) -0.078

The <11 numbers are not reported per data-provider recommendations.
IQR indicates interquartile range; SMD, standard mean difference; SMVR, surgical mitral valve replacement; and ViV TMVR, valve-in-valve transcatheter
mitral valve replacement.
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Figure 2. Trends in proportion of patients undergoing redo SMVR and ViV TMVR, fourth

quarter (Q4) of 2015 to 2018.

SMVR indicates surgical mitral valve replacement; and ViV TMVR, valve-in-valve transcatheter mitral

valve replacement.

Temporal Trends

Over the study period, mortality in the redo SMVR
group increased from 2.8% to 7.6% (P<0.01) and from
4.5% t0 5.3% in the ViV TMVR group (P<0.01) (Figure 4).
The median length of stay increased in the ViV TMVR
group (1 day to 3 days, P<0.01) and marginally de-
creased for the redo SMVR group (8.5 days to 8 days,
P<0.01) (Figure 5A). The median cost of stay remained
similar during the study period in the ViV TMVR group
($49,279-$48.230, P<0.01) but increased for the redo
SMVR group ($53,326-$57,338; P<0.01) (Figure 5B).

Predictors of Mortality

Logistic regression showed redo SMVR was associ-
ated with higher mortality (odds ratio [OR], 2.2 [95%
Cl, 1.3-3.6]; P<0.01). Factors associated with higher
mortality included liver disease (OR, 11.4 [95% Cl, 7.5—
17.4]; P<0.01), age >75 years (OR, 2.9 [95% Cl, 2-4.2];
P<0.01), peripheral vascular disease (OR, 1.8 [95% Cl,
1.2-2.9]; P<0.01), and renal failure (OR, 1.8 [95% CI,
1.2-2.5]; P<0.01) (Figure 6).

DISCUSSION

We report the following main findings in our con-
temporary real-world study of outcomes with redo

J Am Heart Assoc. 2021;10:e020948. DOI: 10.1161/JAHA.121.020948

SMVR compared with ViV TMVR. (1) The odds of
in-hospital mortality were significantly higher for pa-
tients undergoing redo SMVR. (2) Redo SMVR was
associated with increased periprocedural complica-
tions. (8) The length of stay and cost of stay were
significantly higher for patients with redo SMVR when
compared with ViV TMVR. (4) A minority of patients
underwent additional tricuspid surgery in the SMVR
group and iatrogenic atrial septal defect closure in
the ViV TMVR group.

Our study provides data on the outcomes and use
of resources of ViV TMVR compared with surgical
SMVR from a real-world sample using the NIS data-
base. The first ViV TMVR for failed bioprosthetic mitral
valve was reported in 2010, which was performed by
a transseptal approach.'® With advancements in im-
aging technology with regard to preprocedural plan-
ning using computed tomography, intraprocedural
echocardiography guidance, and the adaptation
of the transcatheter aortic valves to mitral location,
TMVR has emerged as an alternative to conventional
redo mitral valve surgery in patients at high or pro-
hibitive surgical risk."1""® In our nationally represen-
tative sample of hospitalizations in the United States,
the use of ViV TMVR for the treatment of degener-
ated bioprosthetic valves has increased steadily
over the years from 2015 to 2018, which represents
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Figure 3. Procedural outcomes in redo SMVR and ViV TMVR in the adjusted

cohort.
SMVR indicates surgical mitral valve replacement; and ViV TMVR, valve-in-valve
transcatheter mitral valve replacement.

adoption of this technique at a national level in the risk with demonstrated safety and feasibility of the
United States. Our findings are similar to the registry  procedure.'314.19.20

data that showed ViV TMVR use has increased over Similar to other studies, the phenotype of pa-
the years in patients with high or prohibitive surgical  tients undergoing ViV. TMVR group was older, with

12%

®
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Mortality

6%

2015 2016 2017 2018
Year

Redo SMVR — VIVTMVR  eeeeeees Linear (Redo SMVR) ~ «seeeeees Linear ( ViV TMVR)

Figure 4. Trends in mortality in patients undergoing redo SMVR and ViV TMVR, fourth quarter
2015 to 2018.

SMVR indicates surgical mitral valve replacement; and ViV TMVR, valve-in-valve transcatheter mitral
valve replacement.
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Figure 5. Trends in ViV TMVR and SMVR

A, Trends in the length of stay in patients undergoing ViV TMVR and SMVR, fourth quarter (Q4) 2015 to
2018. B, Trends in cost of stay in patients undergoing ViV TMVR and SMVR, Q4 2015 to 2018. SMVR
indicates surgical mitral valve replacement; and ViV TMVR, valve-in-valve transcatheter mitral valve
replacement.

higher burden of comorbidities, indicating that a higher in the redo SMVR group. Multiple previous
greater proportion of patients may be at high surgical studies have reported that redo SMVR is associ-
risk. Despite the high comorbidity burden in the ViV ated with higher periprocedural mortality.?"-?? Despite
TMVR group, in-hospital mortality was significantly ~ the higher periprocedural mortality of redo SMVR, it
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Figure 6. Predictors of mortality in redo mitral valve replacement.

has been reported that 30-day and 1-year mortality
is comparable between the 2 groups.'?® However,
the findings of these studies should be interpreted
with caution, because they were small retrospective
studies with limited sample size (Simonetto et al,
n=78; Kamioka et al, n=121)."23 The mortality rate of
5.3% in our study in the TMVR group was similar to
the in-hospital mortality of 6.3% reported between
2013 and 2017 from the STS/ACC TV Registry and
all-cause mortality of 6.2% in the ViV TMVR group
from the multicenter TMVR Registry."* ViV TMVR is
predominantly performed via a transapical approach
because of ease of technique. However, there has
been an increase in the use of transseptal access
over time.'®2425 Although not evaluated in our study,
recent data show transseptal access to be associ-
ated with lower mortality compared with transapical
access and needs confirmation in larger studies.?*
Complications like acute kidney injury contrib-
ute to morbidity and have been studied extensively
in patients undergoing mitral valve surgery.'>?% Risk
factors for acute kidney injury include the presence
of multiple comorbidities, low left ventricular systolic
function and cardiorenal syndrome, and postopera-
tive low cardiac output state. Registry data suggest
that acute kidney injury also occurs in approximately
5% of patients undergoing ViV. TMVR.'®* Redo mi-
tral valve surgery poses a nontrivial risk of com-
plete heart block requiring permanent pacemaker

J Am Heart Assoc. 2021;10:e020948. DOI: 10.1161/JAHA.121.020948

placement.?%2” On the contrary, the risk of complete
heart block with ViV TMVR appears to be trivial to
nonexistent.”® Our study complements the findings
of previous studies that reported higher use of re-
sources in terms of length and cost of stay along
with greater proportion of nonhome discharges in
patients undergoing redo SMVR. Despite the lower
mean age and the Society of Thoracic Surgeons
Predicted Risk Mortality score, total procedure time,
intensive care unit stay, and total hospital stay were
significantly higher in the surgical cohort compared
with ViV TMVR in the study reported by Kamioka et
al.

We report the rate of concomitant tricuspid valve
surgery at 2.7% in the redo SMVR group. Right-sided
valve involverment and right ventricular dysfunction are
seen in patients with mitral valve disease. The prognos-
tic impact of significant tricuspid regurgitation in those
with left-sided valve disease and after transcatheter
interventions of mitral and aortic valves is well estab-
lished.?-3° Presence of moderate tricuspid regurgi-
tation is associated with worse prognosis in patients
after redo valve surgery.?® Societal guidelines recom-
mend correction of tricuspid pathology at the time of
left-sided valve surgery, and hence, a proportion of
redo SMVR patients undergo tricuspid valve surgery.®!
Transcatheter management of tricuspid regurgitation is
evolving and may become an option for those under-
going ViV TMVR with significant tricuspid regurgitation.
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Table 2. Clinical Outcomes and Hospital Use in Patients Who Underwent Redo SMVR and ViV TMVR (2015-2018)

Unadjusted Adjusted
Variable Redo SMVR, 2250 ViV TMVR, 495 P value Redo SMVR, 395 ViV TMVR, 395 P value
In-hospital mortality, n (%) 150 (6.7) 25 (5.1) 0.18 30 (7.6) <11 (<2.8) 0.001
Home discharge, n (%) 655 (29.1) 295 (59.6) <0.01 80 (20.3) 255 (64.6) <0.01
Skilled nursing care, n (%) 640 (28.4) 45 (9.1) 175 (44.9) 30 (7.6)
Home with home health, n (%) 800 (35.6) 125 (25.9) 110 (27.8) 95 (24.1)
Cardiogenic shock, n (%) 460 (20.4) 45 (9.1) <0.01 95 (24.1) 25 (6.3) <0.01
Respiratory complications, n (%) 305 (13.6) 60 (12.1) 0.4 80 (20.3) 45 (11.4) <0.01
Acute kidney injury, n (%) 695 (30.9) 85 (17.2) <0.01 145 (36.7) 55 (13.9) <0.01
Stroke, n (%) 80 (3.6) <11 (<2.2) 012 <11 (<2.8)
Vascular complications, n (%) 40 (1.8) 30 (6.1) <0.01 <11 (<2.8) 25 (6.3) 0.01
Blood transfusion, n (%) 795 (35.3) 35 (7.1) <0.01 150 (38.0) 30 (7.6) <0.01
Cardiac arrest with CPR, n (%) 15(0.7) <11 (<2.2) 0.004
Prolong mechanical ventilation, 165 (7.3) <11 (<2.2) <0.01 45 (11.4) <11 (<2.8) <0.01
n (%)
Pneumonia, n (%) 145 (6.4) <11 (<2.2) <0.01 40 (10.1) <11 (<2.8) <0.01
Urinary tract infection, n (%) 160 (7.1) 25 (5.1) 0.1 40 (10.1) 25 (6.3) 0.05
Pericardial effusion, n (%) 30(1.3) 15 (3.0) 0.01 <11 (<2.8) <11 (<2.8) 1
PPM, n (%) 200 (8.9) <11 (<2.2) <0.01 15 (3.8) <11 (<2.8) 0.31
ECMO, n (%) 70 (3.1) <11 (<2.8)
LVAD, n (%) 20(0.9) 0.04
ASD transcatheter repair, n (%) 40 (8.1) <0.01 35 (8.9) <0.01
Tricuspid valve replacement, n (%) | 65 (2.9) <0.01 15(3.8) <0.01
Length of stay, d, median (IQR) 9 (7-15) 3(1-8) <0.01 10 (7-16) 3(1-8) <0.01
Cost of hospitalization, $, median 57 800 51 675 <0.01 57 172 52 579 <0.01
(IQR) (42 925-89 776) (3869-67 626) (42 215-86 803) (87 513-69 408)

The <11 numbers are not reported per data-provider recommendations.

ASD indicates atrial septal defect; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; LVAD,
left ventricular assist device; PPM, permanent pacemaker; SMVR, surgical mitral valve replacement; and ViV TMVR, valve-in-valve transcatheter mitral valve

replacement.

The use of transseptal access for ViV TMVR can result
in iatrogenic atrial septal defect, and a minority need
closure. The rates of atrial septal defect closure were
7% in the multicenter transcatheter valve therapy reg-
istry and are similar to the rates of atrial septal defect
closure of 8% in our study.™

Patient selection for either ViV. TMVR or redo
SMVR should be individualized to optimize out-
comes. Heart teams should also acknowledge the
lack of data on long-term outcomes and durability
of ViV TMVR. Limited data show gradients at 1 year,
which averaged around 7 mm Hg after the ViV TMVR.
Mean gradients are lower with the larger-size Sapien
valve compared with smaller-size Sapien valve.
Furthermore, the 1-year mortality was higher with
use of a smaller-size (20 and 23 mm) Sapien 3 valve
compared with the larger-size valves (26 or 29 mm)
for those undergoing ViV. TMVR.?* Nonetheless, in
the absence of advanced heart failure and futility, in-
stitutional expertise, anatomic factors such as size
of the prosthesis, and risk of left ventricular outflow
tract obstruction, the need for revascularization and

J Am Heart Assoc. 2021;10:e020948. DOI: 10.1161/JAHA.121.020948

presence of significant tricuspid regurgitation should
guide patient selection.

Our study is constrained by the inherent limita-
tions of the NIS database. The NIS is an administrative
claim-based database that uses ICD-10-CM codes for
diagnosis, which may be subject to error. NIS collects
data on inpatient discharges, and each admission is
registered as an independent event. NIS samples are
not designed to follow patients longitudinally, so long-
term outcomes could not be assessed from the pres-
ent data set. Like any retrospective database study,
association does not mean causation, and a con-
clusion should be drawn cautiously. Because of the
inherent shortcomings of the NIS database, we are
unable to assess variables such as type of valve, valve
area, and echocardiographic data. The proportion of
patients with prior mitral valve repair is not known be-
cause of the lack of a distinct ICD code for the en-
tity. Data on the rates of residual mitral regurgitation,
left ventricular outflow tract obstruction, and route
of access (transapical versus transseptal) were not
available. Similarly, pathology of tricuspid valve and
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right-heart function could not be assessed. We could
also not assess short-term outcomes such as valve
thrombosis and postprocedure gradients, and mid-
and long-term outcomes, because of the limitations
of the database. The long-term durability of ViV TMVR
also needs to be demonstrated in future studies. The
NIS provides insights into the national experience with
redo SMVR and ViV TMVR. However, it is important to
mention that outcomes vary depending on the center
where the procedure is performed, with some cen-
ters reporting an operative mortality as low as 0.75%
after isolated redo mitral valve replacement surgery.®?
Moreover, a more contemporary Society of Thoracic
Surgeons database analysis of mitral valve reopera-
tions reported an operative mortality of 3.4% for elec-
tive nonendocarditis-related mitral valve surgery.”

CONCLUSIONS

We report real-world data on in-hospital outcomes of Viv
TMVR and redo SMVR for degenerated bioprosthetic
valves in the mitral location. ViV TMVR is associated with
lower mortality, periprocedural morbidity, and resource
use compared with patients with redo SMVR. Early
data point toward elevated mean gradients, especially
with use of smaller-size valves for ViV TMVR. A patient-
centered approach by the heart team, local institutional
expertise, and careful preprocedure planning can guide
decision-making about the choice of intervention for the
individual patient. More data on the durability and long-
term outcomes of ViV TMVR are needed to extend its
candidacy beyond inoperable or prohibitive surgical risk.
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1.0 ICD 10 codes

Valve dysfunction: T82.01XA, T82.02XA, T82.03XA, T82.09XA, T82.221A, T82.222A,
T82.223A, T82.228A, Z45.09, Z795.2, and T82.857

Redo-MVR: 02RG07Z, 02RG08Z, 02RGOKZ, and 02RG0JZ
MViV: 02RG37H,02RG37Z, 02RG38H, 02RG38Z,02RG3JH, 02RG3JZ, 02RG3KH, and
02RG3KZ

Mitral clip: 35.97, 02UG3JZ

CPR procedure code: 996.0 and 5A12012

Percutaneous coronary intervention: 3601-09, 0270, 0271,0272,0273
Pericardial effusion/Hemopericardium: 423.0 and 131.2

Cardiac Tamponade: 423.3 and 1314

Pericardiocentesis: 370 And 0W9D3, 0W9D4

Cardiogenic Shock: 78551, R570, T8111XA

Need for blood products transfusion: 990x, 3023x

Pleural Effusion: 5111,51181,51189,5119, J90, J918

Pneumonia bacterial: 481-486; J13-J18

Tracheostomy: 519-, 312-,311-, 0B110--, 0B11-3-, 0B114--

PEG: 430,431-, 0DH60--, 0DH63--, 0DH67--, 0DH64--, 0ODH68--, ODHAO--, 0DHAS3--,
ODHAA4--, ODHAS8--, 0DH90--, 0DH93—

Vent: 9670-2, 5A1935Z, 5A1945Z, 5A1955Z

Co morbidity ICD-10

Congestive heart 109.9, 111.0, 113.0, 113.2, 125.5, 142.0,

failure 142.5-142.9, 143.x, 150.x, P29.0

Peripheral vascular 170.x, 171.x, 173.1, 173.8, 173.9,
177.1,179.0, 179.2, K55.1, K55.8,
K55.9,295.8, Z95.9




Cerebrovascular
disease

G45.x, G46.x, H34.0, 160.x-169.x

Chronic pulmonary
disease

127.8, 127.9, J40.x-J47 X, J60.X-J67 X,
J68.4,J70.1, J70.3

Diabetes without
chronic

E10.0, E10.1, E10.6, E10.8,
E10.9,
E11.0, E11.1, E11.6, E11.8, E11.9,
E12.0, E12.1, E12.6, E12.8, E12.9,
E13.0, E13.1, E13.6, E13.8, E13.9,
E14.0, E14.1, E14.6, E14.8, E14.9

Renal disease

112.0, 113.1, N03.2-N03.7, N05.2—
NO05.7, N18.x, N19.x, N25.0, Z49.0—
Z249.2, 794.0, Z299.2

Peripheral vascular
disorders

170.x, 171.x, 173.1, 173.8,
173.9, 177.1, 179.0,
179.2, K55.1, K55.8,
K55.9, 295.8, Z295.9

Congestive heart

109.9, 111.0, 113.0, 113.2,

failure 125.5, 142.0, 142.5—
142.9, 143.%, 150.x,
P29.0

Hypertension, 110.x

uncomplicated

Hypertension, 111.x-113.%, 115.x

complicated

Chronic pulmonary
disease

127.8, 127.9, J40.Xx-J47 X,
J60.x-J67.X, J68.4,
J70.1, J70.3

Diabetes,
uncomplicated

E10.0, E10.1, E10.9,
E11.0, E11.1, E11.9,
E12.0, E12.1, E12.9,
E13.0, E13.1, E13.9,
E14.0, E14.1, E14.9

Diabetes, complicated

E10.2-E10.8,
E11.2-E11.8, E12.2—
E12.8, E13.2-E13.8,
E14.2-E14.8

Renal failure

112.0, 113.1, N18.x,
N19.x, N25.0, Z49.0—
Z749.2,794.0, 799.2

Liver disease

B18.x, 185.x, 186.4, 198.2,
K70.x, K71.1, K71.3—
K71.5, K71.7, K72.x—
K74.x, K76.0, K76.2—
K76.9, Z94.4

coagulopathy

D65-D68.x, D69.1, D69.3—




D69.6

obesity

E66.x

Deficiency anemia D50.8, D50.9, D51.x-D53.x

Table S1. ICD-10 codes used

2.0 Variables used in Propensity match analysis
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Age

Gender

Race

Anemia

Cerebrovascular disease
Congestive heart failure
Chronic pulmonary disease
Coagulopathy
Hypertension

. Diabetes

. Obesity

. Hypertension

. Smoking

. Peripheral vascular disorders
. Weight loss

. Urban/rural setting

Rural, urban, urban teaching

. Hospital bedsize

Small, medium, large

. Payer

Medicare, Medicaid, private, others

3.0 Data Representation after propensity matching




Figure S1. Propensity scores of match and un matched cohorts.
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Figure S2. Absolute Standardized difference in means of matched and unmatched cohort.
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Figure S3. Propensity score histograms of matched and unmatched data.
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Figure S4. Standardized mean difference before and after matching.
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