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Abstract

Aims: Longitudinal outcomes of transcatheter therapies for secondary mitral regurgitation (MR) have been
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variable. This study examined predictors of one-year outcome following transcatheter mitral valve implan-
tation (TMVI) with the Tendyne device.
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Methods and results: The first 100 consecutive patients with moderate-severe or severe MR enrolled
in the Tendyne CE Mark trial were examined. Multivariable analyses assessed the impact of preoperative
clinical and echocardiographic characteristics on one-year freedom from death or heart failure hospitalisa-
tion (HFH). All 100 patients underwent Tendyne TMVI without operative mortality. Univariate analysis
was performed on implanted subjects, followed by multivariate analysis in those with complete predic-
tive variable data. Patient characteristics: 76.5% male, 60.8% NYHA Class III/IV, age 75.6£7.5 years and
Society of Thoracic Surgeons predicted risk of mortality of 8.5+6.1%. Increased left ventricular end-dias-
tolic dimension was associated with one-year Tendyne benefit following univariate analysis (OR 0.35,
p=0.010). Following multivariable adjustment, only severe MR, defined as a composite of effective regur-
gitant orifice area >0.3 cm? or regurgitant volume >45 ml, was associated with freedom from death or HFH
at one year (OR 0.16, p=0.032).

Conclusions: Preoperative severe MR was predictive of improved one-year outcome following Tendyne
TMVI. These results may inform therapy selection for the management of secondary MR and left ventri-

cular dilatation.
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Abbreviations

eGFR estimated glomerular filtration rate

EROA effective regurgitant orifice area

GDMT guideline-directed medical therapy

HFH heart failure hospitalisation

Kcca Kansas City Cardiomyopathy Questionnaire
LVEDD left ventricular end-diastolic diameter
LVEDVi left ventricular end-diastolic volume index
LVEF left ventricular ejection fraction

LvoT left ventricular outflow tract

MR mitral regurgitation

NT-proBNP N-terminal pro-B-type natriuretic peptide
NYHA New York Heart Association

PCI percutaneous coronary intervention

PROM predicted risk of mortality

STS Society of Thoracic Surgeons

TOE transoesophageal echocardiography

T™MVI transcatheter mitral valve implantation

Introduction

The current management of mitral regurgitation (MR) has been
informed by evidence of both the deleterious effects of its natu-
ral history and the benefit to longitudinal outcome with success-
ful MR correction'?. For patients at high/prohibitive surgical risk,
transcatheter therapies have emerged as a promising option*s. While
surgical repair has proven to be a durable and effective standard of
care for patients with primary MR, surgical correction of severe sec-
ondary MR has not been shown to impact on survival®. Mitral valve
replacement is effective in eliminating MR and remains durable in
secondary MR. Recent experience with transcatheter mitral valve
implantation (TMVI) with the Tendyne device (Abbott Vascular,
Santa Clara, CA, USA) has shown favourable early results in
patients with high/prohibitive surgical risk>"%.

Recent randomised evidence of transcatheter edge-to-edge
repair of secondary MR has been encouraging to reduce late death
and heart failure hospitalisations (HFH) in specific risk groups®'°.
However, for patients at the extremes of disease, such as moder-
ate-severe or severe MR and ventricular dilatation with reduced
ejection fraction, outcomes of transcatheter edge-to-edge repair
have been questionable, thus introducing a potential therapeutic
and knowledge gap®'“.

The objective of this study was to examine the one-year results of
the first 100 patients receiving TMVI with the Tendyne prosthesis
to ascertain potential predictors of freedom from death and HFH.

Editorial, see page 1033

Methods

STUDY COHORT

The CE mark global feasibility clinical study of the Tendyne
Transcatheter Mitral Valve System is a single-arm open-label
clinical trial that commenced in November 2014 and continued
with expanded enrolment (NCT02321514). Patients included in
the study were those with symptomatic severe MR per Mitral

Valve Academic Research Consortium guidelines with ambulatory
NYHA Class II or greater functional class and whom the institu-
tional Heart Team have assessed as not being suitable candidates
for surgical treatment. Those with severe mitral stenosis, severe
mitral annular calcification, prior mitral or aortic valve interven-
tion, or a chest condition that prevents transapical access were
excluded. Anatomic or haemodynamic exclusions were left ventri-
cular end-diastolic diameter (LVEDD) >70 mm, fixed pulmonary
hypertension (pulmonary artery systolic pressure >70 mmHg),
severe tricuspid regurgitation, severe right ventricular dysfunction,
left ventricular ejection fraction (LVEF) <30%, or core lab adju-
dicated size and left ventricular outflow tract (LVOT) exclusions
based on transoesophageal echocardiography (TOE) and cardiac
computed tomography (CT) (Figure 1). The present study exam-
ined the first 100 consecutive patients receiving TMVI with the
Tendyne device to assess preoperative conditions associated with

clinical outcome at one year after implantation.

CE study cohort =

N=100 Cumulative death: n=0

Cumulative death: n=2
Cumulative HF hosp: n=6

Y

30-day post-op
evaluation

5 Cumulative death: n=12
A4 Cumulative HF hosp: n=18

1-year post-op
evaluation

Figure 1. CONSORT study flow diagram.

IMPLANTATION TECHNIQUE

Tendyne implantation is performed under general anaesthesia
using a 4-6 cm left anterolateral thoracotomy centred over the left
ventricular apex that is anatomically predicted by preoperative
CT and confirmed with intraoperative surface echo and TOE. The
apex is prepared coaxial to the mitral orifice, a 0.035” guidewire
is delivered across the mitral valve under TOE guidance, a 36 Fr
delivery sheath is delivered across the valve and the self-expand-
ing Tendyne prosthesis is deployed and positioned within the
mitral orifice with the prominent portion of the cuff oriented along
the aorto-mitral continuity. The delivery sheath is then removed,
and the prosthesis is secured to anatomic stability with tension on
the polyethylene tether to manufacturer and haemodynamic para-
meters and affixed with an epicardial pad.

FOLLOW-UP EVALUATION
Patients were maintained on oral warfarin for a minimum of three

months or indefinitely if patients were in atrial fibrillation. Clinical



follow-up occurred at 1, 3, 6 and 12 months and annually there-
after. Symptoms were objectively evaluated by 6-minute walk
distance, Kansas City Cardiomyopathy Questionnaire (KCCQ)
and NYHA functional class assessments. Echocardiograms were
performed at 1, 3, 6 and 12 months and annually thereafter and
prostheses were evaluated using Mitral Valve Academic Research
Consortium criteria'>!%. Core lab adjudicated performance thresh-
olds included central or paravalvular MR <1+, mitral valve gradi-
ent <6 mmHg and effective orifice area >1.5 cm>.

STUDY ENDPOINTS
The primary safety endpoint of the CE mark global feasibility
study was the 30-day composite outcome of device success and
freedom from cardiovascular death, reintervention for valve-
related dysfunction, stroke, myocardial infarction, major bleed-
ing or vascular complications, and new dialysis. Device success
was defined as freedom from mortality, stroke and need for sub-
sequent surgical or interventional procedures related to either
access or the device. The secondary safety endpoint was a com-
posite of device success and freedom from device- or proce-
dure-related serious adverse events evaluated at two years post
procedure.

In the current analysis, the composite endpoint used to assess
clinical response to Tendyne TMVI was freedom from death or
HFH one year after implantation.

STATISTICAL ANALYSIS

The preoperative baseline clinical and echocardiographic charac-
teristics of the study population were evaluated for predictive
ability of death or HFH following Tendyne implantation. In total,
41 clinical and echocardiographic variables were assessed, which
included: Tendyne valve profile implanted, age, LVEF, LVEDD,
left ventricular end-diastolic volume index (LVEDVi), prior per-
cutaneous coronary intervention (PCI) and Society of Thoracic
Surgeons (STS) predicted risk of mortality (PROM) for surgi-
cal mitral valve replacement. Thresholds for advanced disease
included LVEDVi >96 ml/m? preoperative NT-proBNP level
>1,600 pg/ml, and severe MR defined as a composite of effective
regurgitant orifice area (EROA) >0.3 cm?, or regurgitant volume
>45 ml .

A sub-cohort was identified with complete data collection for
all variables and univariate regression was applied to develop
a multivariate prediction model. Univariate logistic regression was
performed for each variable to analyse their association with one-
year outcome using open source R statistical programming lan-
guage, version 3.5.1 (R Foundation for Statistical Computing,
Vienna, Austria). Variables with p<0.2 were eligible for inclusion
in the multivariate model. Correlation and multicollinearity among
parameters were addressed, and an acceptable base model was
determined by variance inflation factors and Akaike Information
Criterion for relative fit of the model'’. Finally, stepwise regres-
sion was performed on the base model within the sub-cohort to
identify predictors of one-year clinical outcome.

Tendyne one-year predictors of outcome benefit

ETHICS STATEMENT

There were 24 centres participating in this study, 3 in Australia,
8 in Europe and 13 in the USA. At each enrolling site, institutional
review board approval and unique patient consent was obtained.

Results

All 100 patients underwent Tendyne TMVI procedure without
operative mortality. Univariate analysis was performed on the
complete cohort with the Tendyne valve successfully implanted
(N=97) (Figure 1). Multivariate analysis was performed in a sub-
cohort of 51 patients with complete data collection of predictive
variables by univariate analysis (Supplementary Table 1). The
patients were 76.5% male with an age of 75.6+7.5 years. NYHA
Class III/IV functional classification was present in 60.8%. The
STS PROM for mitral replacement was 8.546.1.

Forty-one clinical and echocardiographic characteristics under-
went univariate logistic regression analysis that identified 21 vari-
ables predictive for the study endpoint of having an impact on
one-year mortality and HFH (Table 1). Of these, nine factors
reached statistical significance. Higher one-year mortality and
HFH event rates were observed in patients with elevated age (OR
1.09, p=0.004), renal insufficiency (eGFR <60 ml/min/1.73 m?)
(OR 2.85, p=0.017), prior PCI (OR 3.31, p=0.006) and those with
a history of hypertension (OR 4.06, p=0.014). Conversely, lower
one-year event rates were observed in patients with a larger body
surface area (OR 0.16, p=0.042), severe MR (OR 0.20, p=0.016)
and a larger LVEDD (OR 0.35, p=0.010).

Multicollinearity adjustment and Akaike Information Criterion
refined the multivariable model to include 11 significant predic-
tors: age, gender, body surface area, renal insufficiency, history of
hypertension, coronary artery disease, prior PCI, LVEDD, stand-
ard or low valve profile Tendyne prosthesis, elevated NT-proBNP,
and the presence of severe MR — defined as a composite of EROA
>0.3 cm? or regurgitant volume (RVol) >45 ml.

Following multivariate logistic regression analysis (Table 2),
increased composite one-year mortality and HFH accompanied
patients with prior PCI (OR 6.44, p=0.028), renal insufficiency
(OR 8.15, p=0.021), and history of hypertension (OR 20.7,
p=0.069). Lower composite one-year mortality and HFH was
associated with those with preoperatively severe MR (OR 0.16,
p=0.032).

Less than severe MR and severe MR groups were then compared
(Table 3). Patients in the severe MR versus the less than severe MR
group had increased LVEDD (p=0.012) and LVEDVi (p=0.002)
and less composite one-year mortality and HFH (p=0.017).

Discussion

This analysis of the first 100 Tendyne TMVI procedures in the
CE mark global feasibility study defined predictors of composite
one-year outcomes of mortality and HFH. Though large base-
line ventricular size and the presence of severe MR were found
to be statistically significant univariate predictors of improved
one-year outcome following Tendyne TMVI, only severe
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Table 1. Univariate logistic regression identified 21 characteristics (p<0.2).

Predictor ‘ N ‘ 0Odds ratio ‘ OR 95% CI ‘ p-value
BSA, m? 93 0.16 0.027-0.939 0.042
Severe MR EROA >0.3 cm? or reg vol =45 ml 51 0.20 0.052-0.740 0.016
LVEDD, cm 75 0.35 0.154-0.775 0.010
Height, cm 93 0.95 0.909-0.995 0.031
LVSV, ml 73 0.97 0.950-0.996 0.023
Age 93 1.09 1.028-1.157 0.004
Renal insufficiency eGFR <60 ml/min/1.73 m? 93 2.85 1.205-6.756 0.017
Prior PCI 93 3.31 1.415-7.740 0.006
History of hypertension 93 4.06 1.335-12.376 0.014
History of coronary artery disease 93 2.60 0.983-6.880 0.054
Valve type, LP 93 2.83 0.978-8.177 0.055
LVESD, cm 75 0.55 0.290-1.022 0.059
LVEDV, mi 69 0.99 0.983-1.001 0.070
Severely dilated LV, LVEDVi >96 ml/m? 69 0.39 0.136-1.104 0.076
Elevated NT-proBNP >1,600 pg/ml 86 2.17 0.912-5.150 0.080
Body weight, kg 93 0.98 0.962-1.004 0.118
LVEDVi, ml/m? 69 0.99 0.968-1.005 0.156
KCCQ 93 1.01 0.995-1.032 0.169
Forward stroke, ml 58 0.97 0.938-1.012 0.173
VCW, cm 59 15.70 0.258-949.98 0.189
Gender, male 93 0.56 0.225-1.366 0.200
BSA: body surface area; eGFR: estimated glomerular filtration rate; EROA: effective regurgitant orifice area; KCCQ: Kansas City Cardiomyopathy
Questionnaire; LP: low profile; LV: left ventricle; LVEDD: left ventricular end-diastolic diameter; LVEDVi: left ventricular end-diastolic volume index;
LVESD: left ventricular end-systolic diameter; LVSV: left ventricular stroke volume; MR: mitral regurgitation; NT-proBNP: N-terminal pro-brain natriuretic
peptide; PCI: percutaneous coronary intervention; VCW: vena contracta width

Table 2. Multivariate stepwise regression identified four
predictors for 1-year outcome.

Predictor ‘Odds ratio‘ OR 95% CI ‘p—value

Severe MR EROA >0.3 cm?

or reg vol 45 ml 0.16 0.028-0.852 | 0.032
Prior PCI 6.44 1.219-34.08 | 0.028
Renal insufficiency eGFR

<60 mi/min/1.73 m? 8.15 1.351-49.18 | 0.022
History of hypertension 20.7 0.795-541.1 | 0.069

eGFR: estimated glomerular filtration rate; EROA: effective regurgitant
orifice area; MR: mitral regurgitation; PCI: percutaneous coronary
intervention

MR was determined to be a significant multivariate predictor.
Preoperative renal insufficiency (eGFR <60 ml/min/1.73 m?),
history of hypertension, and prior PCI were found to be signi-
ficant predictors of increased mortality and heart failure readmis-
sions at one year.

Implantation of the Tendyne transapical TMVI prosthesis has
been shown to be safe and highly effective for patients at pro-
hibitive surgical risk, and early experiences have facilitated
an expansion of adjunctive techniques and applications’®!18-2!,
Procedural mortality for the high-risk cohort receiving Tendyne
TMVI remains zero with echocardiographic results of MR <1+.

In a recent report of the first 100 patients enrolled in the Tendyne
global feasibility trial®, the mean follow-up was 13.7 months
with a one-year freedom from all-cause mortality of 72.4%. Of
the 26 deaths during follow-up, 22 were deemed cardiac deaths,
seven from heart failure. Importantly, 88.5% of survivors were in
NYHA functional Class I or II at one year. In the current study, the
composite of one-year mortality and HFH was assessed to deter-
mine if preoperative clinical and echocardiographic characteristics
might predict outcomes. Forty-one preoperative characteristics
were assessed, 21 of which were identified by univariate analysis
(p<0.2) as having an impact on composite outcome; only LVEDD
and severe MR were associated with significantly lower one-year
event rates. Intriguingly, larger LVEDD was associated with posi-
tive clinical outcomes, which may be a function of the Tendyne
system’s unique tether and apical pad. However, following multi-
variate regression, only severe MR was found to be predictive of
improved outcomes.

Though inclusion criteria for the Tendyne global feasibility
study were agnostic to the mechanism of MR, 90% of implants
were for secondary MR. The presence of LV dilatation was com-
mon (LVEDD 6.0+0.7, IQR 5.7-6.6 cm, LVEDV 168.2+52.9,
IQR 131-209 mL). The current randomised clinical trial to evalu-
ate the safety and effectiveness of using the Tendyne Mitral



Table 3. Comparison hetween less than severe MR and severe MR
in the study cohort (n=51).

Baseline Less severe | Severe MR pvalue
MR (n=35) (n=16)
Age, years 75.5+£7.6 75.7£7.5 10.950
Gender, male, % 74.3% 81.3% 0.730
f’eTpSlassgg"mfor MV 9.5:6.6 | 6.3:4.2 0.083
NYHA Class I11/1V, % 65.7% 50.0% 0.360
Prior PCI, % 54.3% 56.3% 0.999
Renal insufficiency, % 74.3% 62.5% 0.510
Hx of hypertension, % 88.6% 75.0% 0.240
LVEDVi, ml/m? 79.7+25.5 | 104.0+£20.6 |0.002
LVEDD, cm 5.9+0.6 6.4+0.6 |0.012

Composite death/HFH at

1 year, % 62.9% 25.0% |0.017
LVOT gradient, mean

(mmHg) 1.93+1.14 | 2.08+0.805 [0.6561
LVOT gradient, peak

(mmHg) 3.9+2.25 4.21+1.71 10.6572

HFH: heart failure hospitalisation; Hx: history; LVEDD: left ventricular
end-diastolic diameter; LVEDVi: left ventricular end-diastolic volume
index; LVOT: left ventricular outflow tract; MR: mitral regurgitation;

MV: mitral valve; NYHA: New York Heart Association; PCI: percutaneous
coronary intervention; STS PROM: Society of Thoracic Surgeons
predicted risk of mortality

Valve System for the treatment of symptomatic mitral regurgita-
tion (SUMMIT) focuses on patients with a principal mechanism
of secondary functional MR?%. Two recent randomised clinical
trials on transcatheter mitral valve repair with the MitraClip®
(Abbott Vascular, Santa Clara, CA, USA) examined the treat-
ment of secondary functional MR with very different results, rais-
ing significant questions as to which patients may benefit from
intervention”'°.

The cardiovascular outcomes assessment of the MitraClip per-
cutaneous therapy for heart failure patients with functional mitral
regurgitation (COAPT) trial only enrolled patients who were opti-
mised with guideline-directed medical therapy (GDMT) for three
months who were then randomised to MitraClip + GDMT versus
GDMT alone’. Importantly, patients with advanced ventricular
dilatation and those with an LVEF <20% were excluded. The
MitraClip group had a substantial reduction in all-cause mortality
at 24 months versus GDMT (29.1% vs 46.1%, HR 0.62, p=0.001).
Inferior outcomes of the MitraClip group were observed in a sub-
set of patients with larger ventricles and less than severe MR. The
multicentre study of percutaneous mitral valve repair MitraClip
device in patients with severe secondary mitral regurgitation
(MITRA-FR) trial similarly randomised patients to MitraClip
+ GDMT versus GDMT alone'’. However, MITRA-FR permit-
ted more advanced degrees of ventricular dilatation, GDMT at
baseline and follow-up was determined by the local Heart Team
instead of a central governing body, and the primary composite

Tendyne one-year predictors of outcome benefit

endpoint of death and unplanned hospitalisation was at 12 months.
This study concluded that the rate of death or unplanned hospi-
talisation for HF at one year did not differ significantly between
patients who underwent MitraClip + GDMT versus those who
received GDMT alone. Though there are significant differences
in these trials, their similarities highlight the fact that, in patients
with worse ventricles and less than severe MR, transcatheter
mitral repair may not be the ideal therapy. A pathoanatomic
assessment of patients incorporating annular dilation, ventri-
cular size and LVEF as well as leaflet tethering may be help-
ful to determine which patient may be better served by surgery,
transcatheter repair or TMVI'3. The current study supports the
evolving paradigm that, in secondary MR, valvular interventions
may provide clinical benefit for patients with more severe MR.
However, following TMVI with the Tendyne device, univariate
analysis showed that larger LV dimensions were actually assoc-
iated with lower rates of death or hospitalisation, though this did
not reach significance in the multivariable model. Importantly,
higher event rates did not appear to be related to outflow tract
obstruction in smaller ventricles as the post-implantation LVOT
gradients in patients with smaller and larger ventricles were simi-
lar (Supplementary Table 2). These unique findings of Tendyne
TMVI benefit in patients with larger ventricles and severe MR
appear congruent to the concept of potential intervention bene-
fit in patients with disproportionate MR and large LV size®.
Therefore, Tendyne TMVI may address a therapeutic gap existing
for patients with severe LV dilatation where suboptimal results
may be observed with transcatheter MV repair.

Limitations

This study has several limitations. The Tendyne CE mark
global feasibility study was a multicentre non-randomised sin-
gle-arm trial to examine the safety and early feasibility of this
TMVI device; it was not designed to demonstrate benefit over
an alternative therapy. While all participating sites were accom-
plished mitral centres, all operators were new to the implant tech-
nique and thus operator experience could not be controlled for.
Following univariate identification of one-year predictors in the
current study, the methodological rigour of the multivariate model
required patients to have baseline measurement of candidate pre-
dictors and known one-year outcome. The strict methodology of
this study required complete transthoracic echocardiographic data
to be available for accurate assessment of predictors in the univar-
iate and multivariate analysis. As such, patients with incomplete
echocardiographic variables were excluded from this portion of
the analysis. However, 30-day and one-year results of the study
population (n=51) were quite representative of the total cohort
(n=100) (Supplementary Table 3).

Conclusions

In conclusion, the Tendyne TMVI remains a safe and highly effec-
tive procedure for the management of patients with MR who are
deemed to be at prohibitive surgical risk. Risk-adjusted predictors
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of improved one-year composite outcome of mortality and HFH
include preoperative severe MR, while prior PCI, history of hyper-
tension, and renal insufficiency are associated with worse one-

year outcome.

Impact on daily practice

Tendyne TMVI applied to patients with prior PCI, history of
hypertension, and renal failure results in higher rates of one-year
mortality or heart failure hospitalisation. Conversely, Tendyne
applied to those with severe MR results in improved one-year
outcomes, with a trend to similar results in patients with more
left ventricular dilatation. These results may inform the thera-
peutic gap raised by recent transcatheter mitral repair trials that
highlight worse outcomes in patients with severe LV dilatation.

Acknowledgements
The co-authors would like to thank Lihua Li and Robert McNutt

for superb assistance in data accrual and analysis.

Funding
The Tendyne global feasibility study was supported by Abbott.

Conflict of interest statement

P. Sorajja and U. Schaefer serve as consultants for Abbott, Medtronic,
Boston Scientific, and Edwards. V. Thourani, P. Grayburn and
V. Babaliaros serve as consultants for Abbott and Edwards.
J. Leipsic, M. Chuang and D. Muller serve as consultants for
Abbott. V. Badhwar serves as a consultant for Abbott (uncompen-
sated). P. Blanke is a consultant for Abbott. The other authors have
no conflicts of interest to declare.

References

1. O’Gara PT, Grayburn PA, Badhwar V, Afonso LC, Carroll JD, Elmariah S,
Kithcart AP, Nishimura RA, Ryan TJ, Schwartz A, Stevenson LW. 2017 ACC
Expert Consensus Decision Pathway on the Management of Mitral
Regurgitation: A Report of the American College of Cardiology Task Force on
Expert Consensus Decision Pathways. J Am Coll Cardiol. 2017;70:2421-49.

2. Suri RM, Vanoverschelde JL, Grigioni F, Schaff HV, Tribouilloy C,
Avierinos JF, Barbieri A, Pasquet A, Huebner M, Rusinaru D, Russo A,
Michelena HI, Enriquez-Sarano M. Association between early surgical inter-
vention vs watchful waiting and outcomes for mitral regurgitation due to flail
mitral valve leaflets. JAMA. 2013;310:609-16.

3. Regueiro A, Granada JF, Dagenais F, Rodés-Cabau J. Transcatheter Mitral
Valve Replacement: Insights From Early Clinical Experience and Future
Challenges. J Am Coll Cardiol. 2017;69:2175-92.

4. Badhwar V, Thourani VH, Ailawadi G, Mack M. Transcatheter mitral valve
therapy: The event horizon. J Thorac Cardiovasc Surg. 2016;152:330-6.

5. Duncan A, Daqa A, Yeh J, Davies S, Uebing A, Quarto C, Moat N.
Transcatheter mitral valve replacement: long-term outcomes of first-in-man
experience with an apically tethered device- a case series from a single centre.
Eurolntervention. 2017;13:€1047-57.

6. Acker MA, Parides MK, Perrault LP, Moskowitz AJ, Gelijns AC, Voisine P,
Smith PK, Hung JW, Blackstone EH, Puskas JD, Argenziano M, Gammie JS,
Mack M, Ascheim DD, Bagiella E, Moquete EG, Ferguson TB, Horvath KA,
Geller NL, Miller MA, Woo YJ, D’Alessandro DA, Ailawadi G, Dagenais F,

Gardner TJ, O’Gara PT, Michler RE, Kron IL; CTSN. Mitral-valve repair ver-
sus replacement for severe ischemic mitral regurgitation. N Engl J Med.
2014;370:23-32.

7. Muller DWM, Farivar RS, Jansz P, Bae R, Walters D, Clarke A, Grayburn PA,
Stoler RC, Dahle G, Rein KA, Shaw M, Scalia GM, Guerrero M, Pearson P,
Kapadia S, Gillinov M, Pichard A, Corso P, Popma J, Chuang M, Blanke P,
Leipsic J, Sorajja P; Tendyne Global Feasibility Trial Investigators.
Transcatheter Mitral Valve Replacement for Patients With Symptomatic Mitral
Regurgitation: A Global Feasibility Trial. J Am Coll Cardiol. 2017;69:381-91.

8. Sorajja P, Moat N, Badhwar V, Walters D, Paone G, Bethea B, Bae R,
Dahle G, Mumtaz M, Grayburn P, Kapadia S, Babaliaros V, Guerrero M,
Satler L, Thourani V, Bedogni F, Rizik D, Denti P, Dumonteil N, Modine T,
Sinhal A, Chuang ML, Popma JJ, Blanke P, Leipsic J, Muller D. Initial
Feasibility Study of a New Transcatheter Mitral Prosthesis: The First 100
Patients. J Am Coll Cardiol. 2019;73:1250-60.

9. Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM,
Whisenant B, Grayburn PA, Rinaldi M, Kapadia SR, Rajagopal V, Sarembock 1J,
Brieke A, Marx SO, Cohen DJ, Weissman NJ, Mack MJ; COAPT Investigators.
Transcatheter Mitral-Valve Repair in Patients with Heart Failure. N Engl J
Med. 2018;379:2307-18.

10. Obadia JF, Messika-Zeitoun D, Leurent G, Iung B, Bonnet G, Piriou N,
Lefevre T, Piot C, Rouleau F, Carrié D, Nejjari M, Ohlmann P, Leclercq F, Saint
Etienne C, Teiger E, Leroux L, Karam N, Michel N, Gilard M, Donal E,
Trochu JN, Cormier B, Armoiry X, Boutitie F, Maucort-Boulch D, Barnel C,
Samson G, Guerin P, Vahanian A, Mewton N; MITRA-FR Investigators.
Percutaneous Repair or Medical Treatment for Secondary Mitral Regurgitation.
N Engl J Med. 2018;379:2297-306.

11. Sorajja P, Vemulapalli S, Feldman T, Mack M, Holmes DR Jr, Stebbins A,
Kar S, Thourani V, Ailawadi G. Outcomes With Transcatheter Mitral Valve
Repair in the United States: An STS/ACC TVT Registry Report. J Am Coll
Cardiol. 2017;70:2315-27.

12. Ailawadi G, Lim DS, Mack MJ, Trento A, Kar S, Grayburn PA,
Glower DD, Wang A, Foster E, Qasim A, Weissman NJ, Ellis J, Crosson L,
Fan F, Kron IL, Pearson PJ, Feldman T; EVEREST II Investigators. One-Year
Outcomes After MitraClip for Functional Mitral Regurgitation. Circulation.
2019;139:37-47.

13. Badhwar V, Alkhouli M, Mack MJ, Thourani VH, Ailawadi G. A pathoana-
tomic approach to secondary functional mitral regurgitation: Evaluating the
evidence. J Thorac Cardiovasc Surg. 2019;158:76-81.

14. Holmes DR Jr, Mack MIJ. Rational Dispersion for the Introduction of
Transcatheter Mitral Valve Repair Into Clinical Practice: Lessons Learned
From TAVR. JAMA. 2019;321:1043-4.

15. Stone GW, Vahanian AS, Adams DH, Abraham WT, Borer JS, Bax JJ,
Schofer J, Cutlip DE, Krucoff MW, Blackstone EH, Généreux P, Mack MJ,
Siegel RJ, Grayburn PA, Enriquez-Sarano M, Lancellotti P, Filippatos G,
Kappetein AP; Mitral Valve Academic Research Consortium (MVARC).
Clinical Trial Design Principles and Endpoint Definitions for Transcatheter
Mitral Valve Repair and Replacement: Part 1: Clinical Trial Design Principles:
A Consensus Document From the Mitral Valve Academic Research Consortium.
J Am Coll Cardiol. 2015;66:278-307.

16. Stone GW, Adams DH, Abraham WT, Kappetein AP, Généreux P, Vranckx P,
Mehran R, Kuck KH, Leon MB, Piazza N, Head SJ, Filippatos G, Vahanian AS;
Mitral Valve Academic Research Consortium (MVARC). Clinical Trial Design
Principles and Endpoint Definitions for Transcatheter Mitral Valve Repair and
Replacement: Part 2: Endpoint Definitions: A Consensus Document From the
Mitral Valve Academic Research Consortium. J Am Coll Cardiol. 2015;66:308-21.

17. Donohue MC, Overholser R, Xu R, Vaida F. Conditional Akaike informa-
tion under generalized linear and proportional hazards mixed models.
Biometrika. 2011;98:685-700.

18. Khan JM, Lederman RJ, Devireddy CM, Clements SD Jr, Kamioka N,
Yousef A, Gleason PT, Guyton RA, Babaliaros VC. LAMPOON to Facilitate



Tendyne Transcatheter Mitral Valve Replacement. JACC Cardiovasc Interv.
2018;11:2014-7.

19. Blanke P, Park JK, Grayburn P, Naoum C, Ong K, Kohli K, Norgaard BL,
Webb JG, Popma J, Boshell D, Sorajja P, Muller D, Leipsic J. Left ventricular
access point determination for a coaxial approach to the mitral annular landing
zone in transcatheter mitral valve replacement. J Cardiovasc Comput Tomogr.
2017;11:281-7.

20. Sorajja P, Bae R, Gossl M, Askew J, Jappe K, Olson S, Schneider L, Sun B.
Complementary Transcatheter Therapy for Mitral Regurgitation. J Am Coll
Cardiol. 2019;73:1103-4.

21. Sorajja P, Gossl M, Bae R, Tindell L, Lesser JR, Askew J, Farivar RS.
Severe Mitral Annular Calcification: First Experience With Transcatheter
Therapy Using a Dedicated Mitral Prosthesis. JACC Cardiovasc Interv.
2017;10:1178-9.

22. Clinical trial to evaluate the safety and effectiveness of using the Tendyne
Mitral Valve System for the treatment of symptomatic mitral regurgitation
(SUMMIT), NCT03433274, clinicaltrials.gov. Last accessed 11 March 2019.
https://clinicaltrials.gov/ct2/show/NCT03433274

Tendyne one-year predictors of outcome benefit

23. Grayburn PA, Sannino A, Packer M. Proportionate and Disproportionate
Functional Mitral Regurgitation: A New Conceptual Framework That
Reconciles the Results of the MITRA-FR and COAPT Trials. JACC Cardiovasc
Imaging. 2019;12:353-62.

Supplementary data

Supplementary Table 1. Baseline characteristics of the cohort for
multivariate regression (n=51).

Supplementary Table 2. Post-procedural 30-day left ventricular
outflow tract gradients by transthoracic echocardiography (n=51).
Supplementary Table 3. 30-day and 1-year outcomes of the study
cohort (n=51) and total cohort (n=100).

The supplementary data are published online at:
https://eurointervention.pcronline.com/
doi/10.4244/E1J-D-19-00333

m
=
=
=
=
=3
(1]
=
<
(1]
=
=
o
=
N
o
—
e
—
&
o
o
2]
T
o
—_
o
~




Supplementary data

Supplementary Table 1. Baseline characteristics of the cohort for multivariate regression (n=51).

Baseline characteristics

Cohort for multivariate regression, N=51

Age, years 75.6£7.5
Gender, male, % (n/N) 76.5% (39/51)
STS, MV replacement 8.546.1

Secondary MR, % (n/N)

92.2% (47/51)

NYHA Class H1/IV, % (n/N) 60.8% (31/51)
6MWD, m 244.7+133.2 (50)
KCCQ 51.0+24.5
BSA, m? 1.940.3
Renal insufficiency

70.6% (36/51)

(eGFR <60 ml/min/1.73 m?), % (n/N)

LVEDD, ¢cm (Q1, Q3)

6.0£0.7 (5.70, 6.55)

LVESD, cm (Q1, Q3)

4.9+0.8 (4.45, 5.45)

LVEF, %

45.8+10.3

LVSV, ml

745+21.9

LVEDV, ml (N) (Q1, Q3)

168.2+52.9 (49) (131, 209)

LVEDVi, mi/m? (N) (Q1, Q3)

87.6+26.4 (49) (73.5, 107.2)

Severely dilated LV
(LVEDVi >96 ml/m?), % (n/N)

32.7% (16/49)

EROA, cm?(N) (Q1, Q3)

0.24+0.08 (49) (0.19, 0.28)

Reg vol, ml (N) (Q1, Q3)

38.6+11.7 (51) (30.5, 43.5)

Severe MR, % (n/N) 31.4% (16/51)
History of hypertension, % (n/N) 84.3% (43/51)
History of smoking, % (n/N) 62.7% (32/51)




History of CAD, % (n/N)

76.5% (39/51)

Prior PCI, % (n/N) 54.9% (28/51)
NT-proBNP (pg/ml) 4,178.949,099.4 (47)
Elevated preoperative NT-proBNP (>1,600 0

og/mi). % (n/N) 59.6% (28/47)
Valve, LP, % (n/N) 15.7% (8/51)




Supplementary Table 2. Post-procedural 30-day left ventricular outflow tract gradients by
transthoracic echocardiography (n=51).

Smaller ventricle Larger ventricle
n=51 p-value
(LVEDVi <median) n=22 (LVEDVi >median) n=21
LVOT gradient 1.75:0.648 2.010.809 0.2589
mean (mmHg)
LVOT gradient, 3.53+1.41 4.00+1.67 0.2396

peak (mmHQ)



Supplementary Table 3. 30-day and 1-year outcomes of the study cohort (h=51) and total cohort
(n=100).

30-day 1-year

% (n) N=51 N=100 N=51 N=100
All-cause mortality 3.9% (2) 6% (6) 23.5% (12) 26% (26)
CV mortality 3.9% (2) 4% (4) 19.6% (10) 22% (22)
HF hospitalisation 11.8% (6) 12% (12) 35.3% (18) 31% (31)

Disabling stroke 3.9% (2) 2% (2) 5.9% (3) 3% (3)
Bleeding* 21.6% (11) 20% (20) 31.4% (16) 32% (32)

MV reintervention 0% (0) 1% (1) 2.0% (1) 4% (4)

*Bleeding defined as BARC 2, 3 or 5.



