@ E S C European Heart Journal (2023) 44, 4862-4873 CLINICAL RESEARCH

European Society  ttps://doi.org/10.1093/eurheartj/ehad667 inical tri
of Cardiology P & ’ Clinical trials

Transfemoral tricuspid valve replacement
and one-year outcomes: the TRISCEND study

Susheel Kodali'*, Rebecca T. Hahn', Raj Makkar 2 Moody Makar?,

Charles J. Davidson®, Jyothy J. Puthumana?, Firas Zahr © %, Scott Chadderdon®,
Neil Fams, Geraldine Ongs, Pradeep Yadav", Vinod Thourani", Mani A. Vannan",
William W. O’Neill’, Dee Dee Wang’, Didier Tchétché?, Nicolas Dumonteil®,
Laurent Bonfils®, Laurent Lepage®, Robert Smith?, Paul A. Grayburn®'?,

Rahul P. Sharma'', Christiane Haeffele ® ', Vasilis Babaliaros'?, Patrick

T. Gleason”, Sammy Elmariah”’”, Ignacio Inglessis-Azuaje"’, Jonathan Passeri”,
Howard C. Herrmann'®, Frank E. Silvestry 13, Scott Lim'é, Dale Fowler'é,

John G. Webb'?, Robert Moss'’, Thomas Modine'®"?, Stephane Lafitte'?,

Azeem Latib?%, Edwin Ho??, Ythan Goldberg2°’21, Pinak Shah?2, Charles Nymann,
Josep Rodés-Cabau??, Elisabeth Bédard??, Nicolas Brugger?*, Anna Sannino'?,
Michael ). Mack9, Martin B. Leon', and Stephan Windecker 24;

on behalf the TRISCEND study investigators

'Division of Cardiology, Columbia University Irving Medical Center, 161 Fort Washington Avenue, NewYork, NY 10032, USA; 2Cedars-Sinai Medical Center, Los Angeles, CA, USA;
3Northwestern University Feinberg School of Medicine, Chicago, IL, USA; “Oregon Health & Science University, Portland, OR, USA; >St. Michael's Hospital, Toronto, ON, Canada; *Marcus
Heart Valve Center, Piedmont Heart Institute, Atlanta, GA, USA; 7Henr\/ Ford Hospital, Detroit, MI, USA; 8Clinique Pasteur Toulouse, Toulouse, France; 9Ba\ylor Scott & White: The Heart
Hospital Plano, Dallas, TX, USA; "Baylor Scott and White Research Institute Cardiac Imaging Core Laboratory, Plano, TX, USA; "'Stanford University, Stanford, CA, USA; "*Emory University, Atlanta,
GA, USA; "Massachusetts General Hospital, Boston, MA, USA; 14University of California San Francisco, San Francisco, CA, USA; "University of Pennsylvania, Philadelphia, PA, USA; "®University of
Virginia, Charlottesville, VA, USA; 7St. Paul's Hospital, Vancouver, BC, Canada; "®Hépital Haut Lévéque, Pessac, France; "*Bordeaux University Hospital, Bordeaux, France; *’Montefiore Medical
Center, Albert Einstein College of Medicine, The Bronx, N, USA; 21 enox Hill Hospital, New York, NY, USA; 22Brigham and Women’s Hospital, Boston, MA, USA; 23Quebec Heart & Lung Institute,
Laval University, Quebec City, QC, Canada; and **Bern University Hospital (Inselspital), Bern, Switzerland

Received 27 March 2023; revised 28 June 2023; accepted 26 September 2023; online publish-ahead-of-print 1 November 2023

See the editorial comment for this article ‘From TriValve to TRILUMINATE to TRISCEND: what have we learned?’, by S.W.
Bienstock and G.W. Stone, https://doi.org/10.1093/eurheartj/ehad622.

Abstract

Background For patients with symptomatic, severe tricuspid regurgitation (TR), early results of transcatheter tricuspid valve (TV) intervention

and Aims studies have shown significant improvements in functional status and quality of life associated with right-heart reverse remodel-
ling. Longer-term follow-up is needed to confirm sustained improvements in these outcomes.

Methods The prospective, single-arm, multicentre TRISCEND study enrolled 176 patients to evaluate the safety and performance of
transcatheter TV replacement in patients with >moderate, symptomatic TR despite medical therapy. Major adverse events,
reduction in TR grade and haemodynamic outcomes by echocardiography, and clinical, functional, and quality-of-life
parameters are reported to one year.

Results Enrolled patients were 71.0% female, mean age 78.7 years, 88.0% > severe TR, and 75.4% New York Heart Association classes

II-IV. Tricuspid regurgitation was reduced to <mild in 97.6% (P <.001), with increases in stroke volume (10.5 + 16.8 mL,
P <.001) and cardiac output (0.6 + 1.2 L/min, P <.001). New York Heart Association class | or Il was achieved in 93.3%
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(P <.001), Kansas City Cardiomyopathy Questionnaire score increased by 25.7 points (P < .001), and six-minute walk distance
increased by 56.2 m (P <.001). All-cause mortality was 9.1%, and 10.2% of patients were hospitalized for heart failure.

Conciusions In an elderly, highly comorbid population with >moderate TR, patients receiving transfemoral EVOQUE transcatheter TV
replacement had sustained TR reduction, significant increases in stroke volume and cardiac output, and high survival and low
hospitalization rates with improved clinical, functional, and quality-of-life outcomes to one year. Funded by Edwards
Lifesciences, TRISCEND ClinicalTrials.gov number, NCT04221490.

Structured Graphical Abstract

Key Question
What are the one-year outcomes of EVOQUE transcatheter tricuspid valve replacement in treating patients with = moderate
tricuspid regurgitation (TR)?

Key Finding

At one year, TR was < mild in 97.6%, with significant improvements in stroke volume, cardiac output, New York Heart Association class,
Kansas City Cardiomyopathy Questionnaire score, and six-minute walk distance. All-cause mortality was 9.1% and heart failure
hospitalization 10.2%.

Take Home Message
Patients with > moderate TR receiving EVOQUE transcatheter tricuspid valve replacement had sustained TR reduction as well as
significant improvement of hemodynamic parameters and quality-of-life at one-year follow-up.

Significant improvements at one-year follow-up
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“@: TRISCEND
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and echocardiographic

One-year results of transcatheter tricuspid valve replacement in patients with > moderate tricuspid regurgitation. The TRISCEND study
demonstrated the following for patients treated with the EVOQUE system: 9.1% all-cause mortality and 10.2% HF hospitalization; signifi-
cant TR reduction to grade < mild in 97.6% of patients; and marked improvement in functional and quality-of-life outcomes, including a
25.7-point increase in KCCQ, 56.2-m increase in 6MWD, and 93.3% of patients in NYHA class I/Il. 6MWD, six-minute walk distance;
HFH, heart failure hospitalization; KCCQ, Kansas City Cardiomyopathy Questionnaire; NYHA, New York Heart Association; TR, tricuspid
regurgitation.

Keywords Transcatheter tricuspid valve replacement « TTVR ¢ Tricuspid regurgitation « EVOQUE

Introduction and mortality.>® However, treatment options are limited: surgery is

rarely elected due to high in-hospital mortality of 10%—12% for isolated

Moderate or greater tricuspid regurgitation (TR) affects ~4% of elderly tricuspid valve (TV) surgery,”'® and medical treatment fails to stem

adults,"™* with increasingly severe TR associated with higher morbidity long-term disease progression.”’13
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Transcatheter TV interventions (TTVI) have grown exponentially
to accommodate the unmet need of patients with symptomatic, severe
TR.™ A reduction in TR severity may result in right-heart reverse remod-
elling and improvements in forward stroke volume and survival."® To that
end, tricuspid transcatheter edge-to-edge repair (TEER) devices received
commercial approval in Europe and led to positive changes in ESC/EACTS
guideline recommendations for use of TTVI."® Tricuspid TEER remains an
important treatment option. However, rates of residual TR > severe
range from 43%—48%'""® and may contribute to adverse outcomes in
some patients.'*?° Thus, the prospect of eliminating TR has led to devel-
opment of transcatheter TV replacement (TTVR) to further expand
treatment options.

Early experiences with TTVR devices have demonstrated significant TR
reduction to 98% < mild*' and associated improvements in functional status
and quality of life."* To address a paucity of longer-term data in larger co-
horts, we report interim one-year clinical and echocardiographic outcomes
of the EVOQUE TV replacement system (Edwards Lifesciences, Irvine, CA)
from the global, multicentre, prospective, single-arm TRISCEND study.

Methods

Patient selection and study conduct

The TRISCEND study evaluates the safety and performance of the
EVOQUE system in patients with >moderate symptomatic TR despite
medical therapy who are deemed appropriate for TTVR by the multidiscip-
linary local heart team and confirmed by a central screening committee and
echocardiographic core laboratory (core lab).

Key exclusion criteria were TV anatomy precluding device placement or
function, haemodynamic instability, severe pulmonary hypertension [pul-
monary artery systolic pressure (PASP)>70 mmHg or >2/3 systemic
with pulmonary vascular resistance > 5 WU after vasodilator challenge],
severe right ventricular (RV) dysfunction, refractory heart failure (HF) re-
quiring advanced intervention, and need for emergent surgery or planned
cardiac surgery within the next 12 months. Additional exclusion criteria
were left ventricular (LV) ejection fraction < 25% and severe renal insuffi-
ciency with estimated glomerular filtration rate < 25 mL/min/1.73 m? or
requiring chronic renal replacement therapy.

Patients who had a transtricuspid valve pacing lead implanted in the last
three months were excluded from the study. Patients who had a lead im-
planted more than three months prior could be enrolled, although those
who were pacemaker dependent needed to qualify for an alternative pacing
option in case of lead failure post-procedure. Removing leads prior to the
procedure was not required, although lead location across the annulus was
factored into procedure planning to avoid adverse interactions between
the lead and the device. Transoesophageal echocardiography (TEE), trans-
thoracic echocardiography (TTE), and computed tomography (CT) were
used for anatomic and functional screening and baseline assessments.
Transoesophageal echocardiography was required for intraprocedural
guidance, and TTE was assessed at discharge and follow-up. Clinical and
echocardiographic follow-up were conducted at 30 days, six months, and
one year, and will continue annually to five years.

The TRISCEND study was conducted in accordance with the Declaration of
Helsinki and its subsequent amendments, Good Clinical Practice principles, and
ISO 14155. The protocol was approved by the Institutional Review Board or
Ethics Committee at each participating centre. All patients provided written in-
formed consent. Per protocol, the sponsor funded all trial-related activities and
performed site selection, data collection and monitoring, and statistical analysis.
The principal investigator monitored all aspects of on-site trial conduct and had
access to source data. An echocardiographic core lab (Baylor Scott and White
Research Institute Cardiac Imaging Core Laboratory, Dallas, TX) analysed all
echocardiograms. A data safety monitoring board and clinical events commit-
tee oversaw and adjudicated events, respectively. Edwards Lifesciences spon-
sored the study, registered at ClinicalTrials.gov (NCT04221490).

Figure 1 The Edwards EVOQUE transcatheter tricuspid valve re-
placement system.

EVOQUE tricuspid valve replacement system
The transcatheter EVOQUE system (Figure 1, Supplementary data online,
Video S1) comprises a trileaflet bovine pericardial tissue valve implant available
in 44 mm, 48 mm, and 52 mm diameters; a 28 Fr percutaneous delivery sys-
tem; a dilator kit; and a loading system, stabilizer, stabilizer base, and stabilizer
plate. The implant features a nitinol frame, nine anchors for implantation
stability, and a sealing skirt to minimize paravalvular leak. The 28 Fr delivery
system has three planes of flexion for precise steering and positioning.

The EVOQUE valve is delivered to the right ventricle via transfemoral ven-
ous access and positioned within the native TV under real-time TEE visualiza-
tion. Once in position, the anchors are exposed to engage the native leaflets,
subvalvular anatomy, and annulus in a procedure previously described.”!

Study endpoints

The safety endpoint was a 30-day composite of major adverse events
(MAEs): cardiovascular mortality, stroke, myocardial infarction, renal com-
plications requiring unplanned dialysis or renal replacement therapy, severe
bleeding (major, extensive, life threatening, or fatal as defined by the Mitral
Valve Academic Research Consortiumzs), non-elective TV re-intervention,
major access site and vascular complications, major cardiac structural com-
plications, and device-related pulmonary embolism.

Performance endpoints were device success (analysed per device and
defined as successful device deployment and delivery system retrieval at
the patient’s exit from the catheterization laboratory), procedural success
(analysed per patient and defined as device success without clinically signifi-
cant paravalvular leak by TTE at discharge as determined by the core lab),
and clinical success (analysed per patient and defined as procedural success
without MAEs at 30 days).

The echocardiographic endpoint was reduction in TR grade from screen-
ing or baseline TTE compared with discharge TTE. Two-dimensional TTE
with Doppler was performed to assess TR using the five-grade scheme pro-
posed by Hahn and Zamorano.?® Additional TTE parameters included TV
mean gradient, cardiac output, stroke volume, right atrial volume, LV ejec-
tion fraction, inferior vena cava (IVC) diameter and respiratory variations,
RV end-diastolic diameter, PASP, tricuspid annular plane systolic excursion
(TAPSE), RV fractional area change (FAC), and hepatic vein flow reversal.

Clinical, functional, and quality-of-life endpoints were assessed at base-
line, 30 days, six months, and one year, and will continue annually to five
years. These include New York Heart Association (NYHA) classification,
Kansas City Cardiomyopathy Questionnaire (KCCQ), Short Form Health
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Table 1 Baseline characteristics (n = 176) Table 1 Continued

Variable Variable
Age years ................................................. 787 i733 .......... Leftbund|e branCh b|OCk ................................... 3 4(6) ...........
Female sex 71.0 (125) Gastrointestinal or oesophageal bleeding 16.5 (29)
TR grade > severe 88.0 (154/175) Laboratory values
TR aetiology Albumin, g/dL 40(3.7,42)
Primary 9.7 (17) Alanine transaminase, U/L 18.0 (13.0, 25.0)
Secondary 68.2 (120) Aspartate transaminase, U/L 26.0 (20.0, 35.0)
Mixed 14.2 (25) Alkaline phosphatase, U/L 110.0 (81.0, 146.0)
Pacer related 2.8 (5) Gamma-glutamy! transferase, U/L 75.0 (36.0, 137.0)
Indeterminate 5.1 (9) Brain natriuretic peptide, pg/mL 332.0 (189.0, 580.0)

STS mortality score, %
MV repair

MV replacement

74+58 (174)
10.0 +£5.3 (127)

Prothrombin time, s
INR
eGFR, mL/min/1.73 m?

16.6 (14.4,22.2)
14(12,20)
52,0 (39.5, 60.0)

EuroSCORE I, % 5.1+40 NT-proBNP, pg/mL 1465.0 (972.0, 2495.0)
NYHA classes lll-IV 75.4 (132/175) Creatinine, mg/dL 1.1(09,1.4)
Katz ADL score 57 +0.7 Uric acid, mg/dL 70(53,92)
Hypertension (treated) 84.1 (148) Values are given as % (n), mean =+ SD (n), or median (interquartile range).

. . . . ADL, activities of daily living; eGFR, estimated glomerular filtration rate; INR,
Dyslipidaemia/hyperlipidaemia 653 (115) international normalized ratio; MV, mitral valve; NT-proBNP, N-terminal pro-brain
Renal insufficienc 58.5 (103) natriuretic peptide; NYHA, New York Heart Association; PASP, pulmonary artery

4 ' systolic pressure; STS, Society of Thoracic Surgeons; TR, tricuspid regurgitation;
Diabetes 20.5 (36) LVEF, left ventricular ejection fraction.
n =176 unless otherwise noted.
Coronary artery disease > 50% stenosis 20.5 (36)
Coronary artery bypass grafting 16.5 (29)
Pri dial infarct 8.0 (14 Survey (SF-36) version 2, and six-minute walk distance (6MWD). All-cause
rior myocardial infarction 009 mortality, HF hospitalization, and non-elective TV re-intervention were as-
Carotid artery stenting/surgery 1.7 (3) sessed at one year and will continue annually to 5 years.
Prior stroke 13.6 (24 . .
9 Echocardiographic assessment
Peripheral arterial disease 63 (11) The independent core lab analysed all echocardiograms, including screening
Cancer/malignancy 28.4 (50) echocardiograms for inclusion and exclusion criteria, using American Society
) . of Echocardiography standards.”” Two-dimensional Doppler echocardiography
Cirrhosis 13.1(23) was used to assess chamber size and function and valvular regurgitation, and
Ascites 22.2 (39) proximal isovelocity surface area method (PISA) was used to measure effective
regurgitant orifice area (EROA) and regurgitant volume.
LVEF, % 55.3+10.4 (158)
Cardiomyopathy 10.2 (18) Medical therapy
Heart failure hospitalization in last 409 (72) Mfadical t'herlapy was administered at the investigator s discretion, with diur-
12 months etic medications at stable doses for 30 days prior to the procedure unless
the patient had a documented history of intolerance. Study guidelines re-
Pulmonary hypertension within past year 75.0 (132) commended maintaining patients on a pre-procedure diuretic regimen
Valve surgeryfintervention 37.5 (66) for thrlee months post-implant. Anticoagulation was recommended for
up to six months post-procedure.
Aortic valve 18.8 (33)
Mitral valve 26.1 (46) Statistical analysis
T id val 1703 Continuous variables are reported as mean + standard deviation or median
ricuspid valve 7 3) [interquartile range (IQR)], with P-values calculated by paired Student’s t-test.
Atrial fibrillation 92.0 (162) Categorical variables are summarized with patient count and percentage,
p ) 324 (57 with paired change from baseline P-values calculated by Wilcoxon signed
acemaker 467 rank test. Event rate denominators for MAEs (including cardiovascular mortal-
Right bundle branch block 22.2 (39) ity) include patients who had been in the trial for at least the specified timepoint
Continued or had an event. All-cause mortality and HF hospitalization observed rates are

calculated using the denominator of all patients enrolled in the study, and
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Kaplan—Meier estimates for time to first event are reported. Annualized HF
hospitalization compares site-reported data from 12 months before implant
to clinical events committee-adjudicated hospitalization 12 months after im-
plant. SAS software version 9.4 (SAS Institute) was used for statistical analysis.

Results

Baseline characteristics

Among 176 patients enrolled at 20 centres in North America and
Europe, 71.0% were female, mean age 78.7 years, Society of Thoracic
Surgeons mortality scores of 7.4% (mitral valve repair) and 10.0%
(mitral valve replacement), and EuroSCORE Il 5.1% (Table 7).
Tricuspid regurgitation grade was >severe in 88.0%, with aetiologies
of secondary (68.2%), mixed (14.2%), primary (9.7%), indeterminate
(5.1%), and pacer related (2.8%). Three-quarters (75.4%) of patients
were in NYHA class Ill or IV, and significant comorbidities included at-
rial fibrillation (92.0%), hypertension (84.1%), pulmonary hypertension
(75.0%), dyslipidaemia or hyperlipidaemia (65.3%), renal insufficiency or
failure (58.5%), and ascites (22.2%). At baseline, 32.4% had a pre-
existing cardiac implantable electronic device, 37.5% had a history of
valve surgery or intervention, and 16.5% had prior coronary artery by-
pass grafting (Table 7). Baseline medications included diuretics (92.0%),
anticoagulants (84.1%), beta blockers (72.7%), and antiplatelets (40.3%).

Procedural outcomes

Successful femoral access was achieved in 99.4% of patients (one case
was aborted due to stenosis in right and left iliac veins), with a
right-femoral-vein approach used in 93.8% of cases and pre-dilatation
performed in 84.7%. The mean time from skin incision to closure was
121.4 + 65.7 min, with 71.6 + 31.4 min from delivery system insertion
to removal and 34.4 + 15.2 min of fluoroscopy. The median length of
hospital stay was 3.0 (IQR: 2.0, 7.0) days, and 91.1% of patients were dis-
charged to home (4.7% with organized home-health services). Device
success was 94.4%, procedural success 93.0%, and clinical success 77.1%.

Safety outcomes

Thirty-day results

At 30 days, the composite MAE rate was 18.6% (Table 2). Cardiovascular
mortality was 1.7%, and non-elective TV re-interventions occurred in
2.3%. These were a valve-in-valve implant during the index procedure
after unsuccessful implantation due to challenging anatomy; two surgical
explants for valve embolization, as previously reported;®’ and a
valve-in-valve intervention for a partially detached valve. No patient
required RV mechanical support following TTVR.

New permanent pacemakers (not included in the pre-defined com-
posite MAE definition) were implanted in 15 patients (13.3% of patients
without a pre-existing pacemaker), all within 9 days post-procedure.
No patients received a new pacemaker after 30 days. Of those receiving
new pacemakers, 14 had baseline atrial fibrillation, eight with additional
conduction disturbances (i.e. left bundle branch block, right bundle
branch block, prolonged QT interval, and atrioventricular block).

One-year results

Major adverse event rates at one year are presented in Table 2. The all-cause
cause mortality rate (n = 176) was 9.1%, and the rate of hospitalization for
HF was 10.2%. Kaplan—Meier estimates for all-cause mortality and HF hos-
pitalization were 9.9 +2.3% and 11.6 + 2.6%, respectively (Figure 2), and
there was a 74.9% relative reduction in the rate of HF hospitalization in
the 12 months before vs. after the procedure (P < .001; Figure 3).

Table 2 Major adverse events adjudicated by the
clinical events committee at 30 days and one year

CEC-adjudicated MAEs 30 days 1 year
(n=172)* (n=149)

Cardiovascular mortality 1.7 (3) 9.4 (14)

Myocardial infarction 0.0 (0) 0.0 (0)

Stroke 0.6 (1) 13(2)

Major cardiac structural 0.0 (0) 0.0 (0)
complications

Renal complications requiring 1.7 3) 34 (5)
unplanned dialysis or renal
replacement therapy

Non-elective tricuspid valve 23 (4) 4.0 (6)
re-intervention

Major access site and vascular 2.3 (4) 2.7 (4)
complications

Severe bleeding® 16.9 (29)° 25.5 (38)°
Major 8.1 (14) 10.7 (16)
Extensive 7.0 (12) 10.7 (16)
Life threatening 17 (3) 4.7 (7)
Fatal 0.6 (1) 0.7 (1)

Device-related pulmonary embolism 0.0 (0) 0.0 (0)

Composite MAEs 18.6 (32)° 30.2 (45)°

Values are given as % (n).

CEC, clinical events committee; MAEs, major adverse events.

*Denominator includes patients who have been in the trial for at least the specified
timepoint or have had an MAE, and number of patients who have had an event is shown.
bSevere bleeding as defined by the Mitral Valve Academic Research Consortium.
“Most common causes of bleeding up to 30 days were access/puncture-site related (n
=11) and gastrointestinal (n = 8).

9Most common cause of bleeding after 30 days was gastrointestinal (n = 8).
*Composite (bold) MAE n is counted as the number of patients experiencing at least
one MAE. One-year counts are cumulative.

Echocardiographic outcomes

In paired analysis from baseline to one year, 97.6% of implanted pa-
tients had TR <mild, with 69.0% having no or trace TR (P <.001)
(Figure 4). All patients (100%) experienced at least one grade reduction
in TR severity, 97.6% had >two grade reductions, and 33.3% >four
grade reductions. The majority (88.2%) of patients had no or trace
paravalvular leak, with 10.6% mild and 1.2% moderate. Changes from
baseline to one-year follow-up TTE (Table 3) included reductions in
RV mid-ventricular end-diastolic diameter (—6.3 9.5 mm, P <.001)
and IVC diameter at end-expiration (—7.2 + 5.9 mm, P <.001). In the
setting of a stable LV ejection fraction (P =.197), there were significant
increases in LV outflow tract stroke volume (10.5 + 16.8 mL, P <.001)
and cardiac output (0.6 + 1.2 L/min, P <.001). Several parameters
associated with RV systolic function decreased, including RV FAC
(—-84+138%, P<.001) and TAPSE (-28+65mm, P=.006).
Pulmonary artery systolic pressure also decreased (—6.8 + 13.6 mmHg,
P =.003). The TAPSE/PASP ratio was 0.48 mm/mmHg at baseline with
an insignificant decrease at one year (—0.07 £0.36 mm/mmHg,
P =.439).
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Figure 2 Kaplan—Meier estimates for all-cause mortality and heart failure (HF) hospitalizations to one year. Kaplan—Meier curves show time to first

events.

Clinical, functional, and quality-of-life
outcomes

Patients experienced significant and sustained improvements in clinical,
functional, and quality-of-life outcomes in paired analyses compared
with baseline (Figure 4). At one year, 93.3% of patients were in
NYHA class | or Il, compared with 25.8% at baseline (P <.001). The
mean KCCQ overall summary score increased from 46.0 + 21.8 points
to 71.7 + 22.0 points (P < .001), with 54.9% of patients improving by at

least 20 points and 21.6% by 10-19 points; 50.0% had scores in the
range of 75 to 100 points at one year. SF-36 mental scores improved
by 5.7 +12.4 points (P < .001) and physical scores by 7.4 + 9.5 points
(P<.001) (Figure 5). There was also a significant improvement in
mean 6MWD, which increased by 56.2 +117.0 m (P <.001). Patients
lost body weight by a mean of 1.8 + 6.3 kg (P = .005), and the proportion
of patients with absent or grade 1+ oedema (assessed by standard pit-
ting) improved from 63.9% at baseline to 86.6% at one year (P <.001).
Changes in right and left ankle circumference were insignificant.
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Figure 3 Patients experienced a 74.9% annualized reduction in heart
failure hospitalizations between the 12 months before and 12 months
after EVOQUE implantation. HF, heart failure.

Discussion

This study represents the largest cohort with one-year follow-up of
patients undergoing TTVR for symptomatic TR. At one year, the
TRISCEND study demonstrated the following for patients treated
with the EVOQUE system: (i) device and procedural success of
94.4% and 93.0%, respectively; (ii) 9.1% all-cause mortality; (iii) 10.2%
HF hospitalization rate with 74.9% annualized reduction; (iv) sustained
TR reduction to grade < mild in 97.6% of patients; (v) right-heart re-
verse remodelling with improvement in forward stroke volume and
cardiac output; and (vi) marked improvement in functional and
quality-of-life outcomes (Structured Graphical Abstract).

To place these results into context, recent natural history studies of
comparable patients with symptomatic severe TR despite optimal med-
ical therapy have shown one-year mortality rates between 36% and
42%, compared with 9.1% in this study.>*® The TriValve Registry
showed that, compared with propensity-matched medically treated
patients, TTVI in selected high-risk patients with symptomatic severe
TR is associated with lower one-year mortality (23 + 3% vs. 36 + 3%;
P =.001) and hospitalization rates (26 + 3% vs. 47 + 3%; P < .0001).%®
Surgical replacement carries a 10%-12% in-hospital mortality
rate,'®?? and other TTVR therapies have reported short-term mortal-
ity rates of 13%—17%.2** The one-year mortality and HF hospitaliza-
tion rates in the TRISCEND study are the lowest reported for
transcatheter replacement therapies in this otherwise high-risk, co-
morbid population. The estimated 74.9% reduction in annualized HF
hospitalization, if confirmed by randomized controlled trials, is not
only impactful for patients but also for healthcare systems.

The MAE rate in this study was primarily driven by severe bleeding
events. Of these, all but one patient were on an antiplatelet and/or
anticoagulation regimen at baseline, elevating the risk for bleeding com-
plications. Moreover, patients had multiple comorbidities that increase
the risk for bleeding, including renal insufficiency, liver dysfunction, and
past medical history of bleeding.***" In medically managed TR patients,
of whom >80% are on chronic anticoagulation and >20% have cirrho-
sis, gastrointestinal bleeding rates are reportedly high, exceeding 15 per
100 patient-years.>* Bleeding rates in the TRISCEND study are thus
consistent with the patient population and may not be device specific.
Although not defined as an MAE, 15 patients required new pacing; how-
ever, the 13.3% rate of new pacemaker implants at 30 days is similar to
the reported rates of 10%—14% following TV surgery.'®

Of the attempted device implants, 5.6% were unsuccessful, with half of
these procedures aborted due to insufficient imaging and/or unfavourable
patient anatomy. Intraprocedural imaging should improve with increased
experience and the development of formal acquisition protocols and ad-
vanced imaging tools for TV replacement.>* This early experience with
TTVR provided insights into potential anatomical challenges, including sizing,
RV dimensions and function, and IVC-to-annulus offset, that are important
to consider when planning interventions. Future learnings will help elucidate
best approaches for diverse patient anatomies.

A general concern with TTVR therapies is an anticipated reduction in
RV function and RV stroke volume when TR is alleviated.** =’ A recent
meta-analysis of TTVI studies suggests that, for any transcatheter device
therapy, a reduction in TR is associated with a reduction in echocardio-
graphic measures of RV function yet is also associated with right-heart
reverse remodelling with an increase in forward stroke volume.'® The
echocardiographic findings from the TRISCEND study are consistent
with evidence of right-heart reverse remodelling (i.e. reduction in
mid-RV dimensions and IVC diameter) and increases in both stroke vol-
ume and cardiac output, despite a reduction in standard measures of RV
function. Right ventricular-pulmonary artery coupling, which indexes RV
function to afterload, may be a more physiologic measure of RV function
and has been shown to predict outcomes in transcatheter device therap-
ies.3>% Baseline high RV-pulmonary artery coupling, as well as a decline
in coupling measurements (suggesting RV-pulmonary artery coupling
‘reserve’), are independently associated with reduced all-cause mortality
following TTVI.® Patients in the TRISCEND study had a high baseline
ratio of TAPSE/PASP and a decline at one year (although insignificant),
consistent with normal RV-pulmonary artery coupling at baseline, and
RV functional reserve at one year. Importantly, TAPSE/PASP at both base-
line and one year suggest that RV function remains appropriately coupled
to the increase in effective afterload associated with TR reduction.

The recent publication of the TRILUMINATE Pivotal trial*® on
TEER raises questions about the clinical benefit of TR reduction.
TRILUMINATE randomized patients to tricuspid TEER or medical
therapy with a 12-month primary hierarchical outcome of (i) mortality
or TV surgery, (ii) HF hospitalization, and (iii) quality-of-life improve-
ment > 15 points assessed using the KCCQ. The primary endpoint re-
sults favoured the TEER group (P=.02), driven mainly by significant
improvement in KCCQ, without a difference in mortality, TV surgery,
or HF hospitalization, despite significant reduction in TR after the TEER
implant. Interestingly, patients who derived the most benefit in symp-
tomatic improvement had the greatest reduction in TR, suggesting
that degree of TR reduction is important in transcatheter therapy.
The reasons for lack of differences in these important endpoints are
unknown and deserve further investigation.

There are important differences in TRILUMINATE and TRISCEND
patient populations. Patients in the TRISCEND study likely had more
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Significant and sustained reductions in TR severity to one year
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Significant improvements in functional status and quality of life sustained to one year
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Figure 4 One-year results of transfemoral tricuspid valve replacement with the EVOQUE valve showed significant improvements in tricuspid regur-

gitation severity, New York Heart Association (NYHA) functional class,

Kansas City Cardiomyopathy Questionnaire (KCCQ) score, and six-minute

walk distance (6MWD) in paired analysis. The Sankey diagram, top right, shows the flow of TR grade changes among patients who completed every
echocardiographic follow-up visit; the width of the arcs between time points represents the proportion of patients who experienced a specific grade
change (e.g. severe to noneftrace). *P-values calculated by Wilcoxon signed rank test. ®P-values calculated by paired t-test. Error bars show standard

deviation. TR, tricuspid regurgitation.

advanced disease with more patients presenting in NYHA class Ill/IV
(75.4% in TRISCEND vs. 59.4% in TRILUMINATE), with renal disease
(58.5% vs. 35.4%), and with prior year HF hospitalization (40.9% vs.
25.1%). The TRILUMINATE trial showed a graded response of the

KCCQ overall score to TR reduction, and the nearly complete elimin-
ation of TR in the TRISCEND study [2.4% residual moderate TR
(0.0% > severe) in TRISCEND vs. 50.3% residual moderate or greater
TR in TRILUMINATE] may be why, compared to TEER, TTVR resulted
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Table 3 Paired changes observed on transthoracic echocardiogram at baseline and one-year follow-up

RV end-diastolic mid diameter, mm

RV fractional area change, %

TAPSE, mm

RA volume systolic, mL

IVC diameter (expiration), mm

LVEF, %

Cardiac output (LVOT), L/min

Stroke volume (LVOT), mL

RA pressure systolic, mmHg

IVC respiratory variation (derived), %

PASP, mmHg

TAPSE/PASP

TV mean gradient, mmHg

LVOT VTI

Hepatic vein flow reversal
S-dominant
D-dominant

S-reversal

Baseline

414+ 88 (69)

387 +10.1 (59)

15.3 +5.2 (46)

1444 + 541 (73)

27.6 +7.7 (76)

54.1 +11.2 (70)

40+1.1(81)

548+ 158 (81)

12.0 + 48 (75)

302+ 16.9 (74)

39.3+12.8 (40)

048+ 026 (22)

17 +10 (82)

180+4.3 (81)

n=49

0 (0)

41 (2)
95.9 (47)

35.0 + 7.4 (69)

303 + 10,6 (59)

12.5 + 4.2 (46)

1405 + 53.8 (73)

204+ 5.1 (76)

556+ 109 (70)

45+1.1(81)

653+ 17.6 (81)

8.7+ 4.7 (75)

405 +17.3 (74)

32,5+ 11.0 (40)

0414021 (22)

34414 (82)

189 +4.2 (81)

n=49
26.5 (13)
63.3 (31)
10.2 (5)

A One year—baseline P-value®

—6.0 (=120, .0)
P <.001

-84+138
—-10.0 (=17.0, =2.0)
P <.001

—28+65
~2.0 (=50, 1.0)
P =.006

—39+423
—20(-278, 25.0)
P= 434

~72+59
~7.0 (-11.0, =3.0)
P <.001

15+£97
2.0 (=5.0,7.0)
P=.197

612
4(=1,12)
P <.001

10.5+16.8
9.0 (1.0, 14.0)
P <.001

~33+59
0(=70, 0)
P <.001

10.3+242
10.0 (-5.0, 28.0)
P <.001

—68+136
~52 (129, 18)
P =.003

—-07+.36
—04(=3,.1)
P=.439

1.7+£1.6
1.7 (8, 2.8)
P <.001

9+43
10 (=20,26)
P=.054

P <.001°

Results reported that data are given as mean + SD (n), % (n), or median (IQR).
IVC, inferior vena cava; LV, left ventricle; LVEF, LV ejection fraction; LVOT VTI, LV outflow tract velocity time integral; PASP, pulmonary artery systolic pressure; RA, right atrium; RV, right
ventricle; TAPSE, tricuspid annular plane systolic excursion; TV, tricuspid valve.

?P-values calculated by paired t-test, unless otherwise noted.
®P_values calculated by Wilcoxon signed rank test.
Bold values are statistically significant.
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Figure 5 Short Form Health Survey (SF-36) scores improved significantly for mental and physical domains on paired analysis. P-values calculated by

paired t-test; error bars represent standard deviation.

in marked improvement in the KCCQ (25.7 points vs. 12.3 points) and
6MWD (+56.2 mvs. —8.1 m).39 Because the signs and symptoms of se-
vere chronic TR are related to low cardiac output, the sustained reduc-
tion in TR and the improvement in forward stroke volume after TTVR
likely explains the marked improvement in NYHA class, KCCQ, and
6MWD at one year. Indeed, the magnitude of improvements in symp-
toms, quality of life, and functional metrics are among the largest re-
ported for any transcatheter valve therapy trials,'”#0~*?

Limitations

The main limitation of this study is the single-arm design without
comparison to standard of care, which is under investigation in a rando-
mized pivotal trial. In addition, these results reflect the treatment of
a highly selected patient cohort in specialized centres with extensive
experience in transcatheter valve intervention, and outcomes may
not be generalizable. Additionally, as an interim analysis, not all enrolled
patients had yet reached their one-year follow-up. Moreover, echocar-
diographic data were incomplete due to unmeasurable variables on
some echocardiograms—a sign of the inherent challenges of TV im-
aging. Finally, TTVR is an evolving field and standardized criteria for
data collection and clinical trial definitions continue to develop.

Conclusions

In patients with significant, symptomatic TR, TTVR with the transfe-
moral EVOQUE system in the TRISCEND study demonstrated high
procedural success and sustained TR reduction to mild or none at
one year. A high burden of comorbidities contributed to risk of bleeding
and new pacemakers and underscore both the challenges and need for
treatment options for this high-risk group of patients. In this study re-
presenting the largest one-year follow-up of patients undergoing TTVR
for symptomatic TR, patients experienced marked improvements in

symptoms and functional and quality-of-life outcomes with low mortal-
ity and reduced hospitalization rates. The TRISCEND Il randomized
pivotal trial is currently enrolling (ClinicalTrials.gov, NCT04482062).
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