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INTERVENTIONS FOR VALVULAR DISEASE AND HEART FAILURE
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Abstract

Aims: Tricuspid regurgitation (TR) is associated with high morbidity and mortality rates with limited treat-

KEYWORDS

ment options. We report one- and two-year outcomes of the Cardioband tricuspid valve reconstruction sys-
tem in the treatment of >moderate functional TR in the TRI-REPAIR study.

e femoral
e tricuspid disease

*TTVR
Methods and results: Thirty patients were enrolled in this single-arm, multicentre, prospective study.

Patients were evaluated as having >moderate, symptomatic functional TR and deemed inoperable due to
unacceptable surgical risk. Clinical, functional, and echocardiographic data were prospectively collected up
to two years (mean duration 604+227 days). At baseline, 83% were in NYHA Class III-IV, and the mean
LVEF was 58%. Technical success was 100%. At two years, there were eight deaths. Echocardiography
showed a significant reduction in septolateral annular diameter of 16% (p=0.006) and 72% of patients
(p=0.016) with <moderate TR grade; 82% of patients were in NYHA Class I-II (p=0.002). Six-minute walk
distance and KCCQ score improved by 73 m (p=0.058) and 14 points (p=0.046), respectively.

Conclusions: These results demonstrate that the Cardioband tricuspid system showed favourable results
in patients with symptomatic, >moderate functional TR. Annular reduction and TR severity reduction
remained significant and sustained at two years. Patients experienced improvements in quality of life and
exercise capacity. ClinicalTrials.gov Identifier: NCT02981953

*Corresponding author: Herzzentrum, Medizinische Klinik und Poliklinik I, Universitdtsklinikum Bonn, Sigmund-Freud-Strafse 25,
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Abbreviations
EROA effective regurgitant orifice area
KCCQ  Kansas City Cardiomyopathy Questionnaire

LVEF left ventricular ejection fraction
NYHA  New York Heart Association
PISA proximal isovelocity surface area

RCA right coronary artery

TEE transoesophageal echocardiography
TR tricuspid regurgitation

TTE transthoracic echocardiography
6MWT  six-minute walk test

Introduction

The reported US age- and sex-adjusted prevalence of moderate
or greater tricuspid regurgitation (TR) is 0.55%!. The prevalence
increases with age. This was confirmed by the OxVALVE popu-
lation cohort study which found that ~2.7% of their patients (age
74.2+6.5 years) had moderate or greater TR2. A recent meta-ana-
lysis of 70 studies showed that, compared to patients with no TR,
patients with mild, moderate, or severe TR had a progressively
increased risk of all-cause mortality>.

Functional TR accounts for 90% of patients diagnosed with TR
and is potentially caused by dilatation of the annulus as a result
of increased pulmonary and right ventricular pressure, and atrial
fibrillation*. In the USA alone, there are more than 1.6 million
cases of moderate or greater TR and only 8,000 surgical proce-
dures performed annually>®. Corrective surgery for TR in patients
who frequently have multiple comorbidities is associated with
significantly high in-hospital mortality, although improved out-
comes may be achieved with minimally invasive approaches’s.
Current guidelines recommend surgery for functional TR only in
patients undergoing left-sided valve surgery’. Most of these proce-
dures are accomplished using surgical annuloplasty.

A transcatheter approach may be a suitable option for patients
suffering from moderate or greater TR who are at high or pro-
hibitive surgical risk!®!". The Cardioband™ tricuspid valve
reconstruction system (Edwards Lifesciences, Irvine, CA, USA)
addresses TR through annular reduction and is the first CE mark-
approved transcatheter therapy for the treatment of TR. We previ-
ously reported six-month results of the TRI-REPAIR study and
herein we report two-year outcomes'>.

Editorial, see page 1213

Methods

TRIAL DESIGN AND PATIENT SELECTION

Between October 2016 and July 2017, 30 patients were deemed
eligible by the site Heart Team and enrolled at eight EU sites in
the single-arm, multicentre, prospective TRI-REPAIR study to
evaluate the safety and performance of the Cardioband tricus-
pid system in patients with functional TR. Key eligibility crite-
ria included New York Heart Association (NYHA) functional
Class II-IVa, moderate or greater chronic functional TR, sympto-

matic despite stable medical treatment at minimum on a diuretic
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regimen, tricuspid annular diameter >40 mm, and surgery pre-
cluded as a treatment option. Key exclusion criteria included left
ventricular ejection fraction (LVEF) <30%, systolic pulmonary
artery pressure >60 mmHg, echocardiographic evidence of severe
right ventricular dysfunction, and recent myocardial infarction
or known unstable angina within 30 days prior to the index pro-
cedure'>. The TRI-REPAIR study was conducted in conformity
with the ethical principles set forth in the Declaration of Helsinki,
Good Clinical Practice principles, and in accordance with ISO
14155:2011. The study was approved by local ethics committees
and the respective health authorities of the participating countries.
It is registered in clinicaltrials.gov (NCT02981953). All patients
provided written informed consent.

ECHOCARDIOGRAPHY ANALYSES

TR severity and anatomical assessment for device implanta-
tion was performed by the sites using transthoracic (TTE), trans-
oesophageal echocardiography (TEE), and cardiac computed
tomography (CT). Thereafter, the implant size was chosen accord-
ing to the preoperative measurements of the tricuspid annulus
length using a cardiac CT scan at maximal diastolic opening of the
valve. TEE and fluoroscopic guidance were performed intraproce-
durally to facilitate implantation. TTE was performed at baseline
and for all post-procedural clinical follow-up visits. To gauge right
coronary artery (RCA) proximity, intraprocedural coronary angio-
graphy was performed several times to prevent complications.

An independent core laboratory (Cardiovascular Research
Foundation, New York, NY, USA) assessed all echocardiographic
data based on American Society of Echocardiography (ASE)
guidelines'. The tricuspid annular diameter was measured from
the four-chamber view in end-diastole. Proximal isovelocity sur-
face area (PISA) was assessed using 2D colour flow Doppler
where the TR jet was aligned with the insonation beam and the
colour Doppler baseline shifted in the direction of the TR jet.
A Nyquist limit between 25 and 35 cm/sec was used to optimise
the PISA signal. The vena contracta is elliptical; therefore, its
width was calculated as an average of the measured diameters in
two orthogonal planes (simultaneous multi-plane image or from
the four-chamber view and the inflow view). Quantitation of
effective regurgitant orifice area (EROA) and regurgitant volume
was performed by PISA and Doppler volumetric methods'.

The TR was assessed using standard 2D colour Doppler meth-
ods and its severity was graded according to the five-grade scheme

proposed by Hahn and Zamorano'®.

THE CARDIOBAND TRICUSPID SYSTEM

The Cardioband tricuspid system is designed for valve recon-
struction through a transfemoral approach and delivers an adjust-
able implant for annular reduction'”. Briefly, the implant consists
of a contraction wire and polyester fabric covering with radi-
opaque markers attached to an adjustment mechanism. It is
deployed along the anterior and posterior regions of the annu-
lus and is affixed using a series of anchors in a stepwise manner

m
=
=
=
=
-
(1]
-
<
(1]
=
=
(=}
=
N
o
N
=
=
()]
o
—
N
(=]
iy
o
—_
N
~
—




m
=
=
=
=
-
(1]
-
<
(1]
=
=
o
=
N
o
N
—
=
()]
o
—
N
(=]
T
o
—_
N
~
=

under echocardiographic and fluoroscopic guidance for optimal
placement (Figure 1). Once the implant is affixed to the annulus,
the size-adjustment tool is introduced over a wire to contract the
Cardioband tricuspid implant. Reduction of the tricuspid annu-
lar diameter is assessed in real time by echocardiography under
beating heart conditions and adjusted as appropriate to minimise
TR. Once the TR is optimally reduced, the implant is detached

from the delivery system and the delivery system is removed.

Figure 1. Transcatheter Cardioband Tricuspid Valve Reconstruction
System. Cardioband tricuspid implant along the adjusted tricuspid
valve annulus. Image provided by Edwards Lifesciences with
permission.

TRIAL ENDPOINTS

The primary performance endpoint for the TRI-REPAIR study was
successful access, deployment, and positioning of the Cardioband
tricuspid implant and reduction of the septolateral annular diameter
at the end of the procedure and at discharge. The primary safety
endpoint was the rate of major serious adverse events (MSAEs;
a composite endpoint of death, myocardial infarction, cardiac
tamponade, device-related cardiac surgery, and stroke) and seri-
ous adverse device effects (SADEs) at 30 days'>. All MSAEs and
SADEs throughout the follow-up period were adjudicated by an
independent clinical events committee (Cardiovascular Research
Foundation, New York, NY, USA). We herein report one- and two-
year outcomes including the secondary endpoints septolateral annu-
lar diameter, TR severity, PISA EROA, mean vena contracta, NYHA
class, oedema as assessed by pitting oedema, six-minute walk test
(6MWT), and Kansas City Cardiomyopathy Questionnaire (KCCQ).

STATISTICAL ANALYSIS

Statistical comparison between baseline and post-procedure fol-
low-up periods was performed using paired analyses. Either the
Student’s t-test or the Wilcoxon signed-rank test was performed
post hoc. Time-to-event variables were analysed using Kaplan-
Meier survival analysis. Statistical significance was set at p<0.05
as two-tailed tests and the analyses were performed using SAS
software, version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results are presented as mean+SD.

Results

BASELINE CHARACTERISTICS

Mean patient age was 75+7 years with the majority being
female (n=22; 73%) and in NYHA Class III-IV (n=25; 83%).
All patients had functional TR, and the majority of patients had
atrial fibrillation (n=28; 93%), systemic hypertension (n=24;
80%), and chronic renal disease (n=16; 53%). Other comorbidi-
ties included diabetes (n=8; 27%) and elevated systolic pulmo-
nary artery pressure (n=15; 50%). Mean European System for
Cardiac Operative Risk Evaluation (EuroSCORE II) was 4.1%,
Society of Thoracic Surgeons (STS) mortality score was 2.6%,
and the NT-proBNP level was 2,925 ng/L (n=23) (Tahle 1). One-
and two-year follow-up was performed in 24 and 20 patients,
respectively (Figure 2). The mean duration of patient follow-up
was 604+227 days.

Table 1. Baseline characteristics.

Characteristic N=30

Age, years 75.2+6.6
Female 22 (73.3%)
EuroSCORE Il 4.1+£2.8
STS score 2.6+1.6
NYHA functional Class Il1-IV 25 (83.3%)
NT-proBNP, ng/L 2,925+3,030
TR aetiology

Functional 30 (100%)

Comorbidities

24 (80.0%)
15 (50.0%)
8 (26.7%)
16 (53.3%)
16 (53.3%)
28 (93.3%)
6 (20.0%)
2 (6.7%)
11 (36.7%)
17 (56.7%)

Systemic hypertension

Elevated pulmonary pressure (>35 mmHg)

Diabetes

Dyslipidaemia

Chronic renal disease
Atrial fibrillation/flutter

Ablation for atrial fibrillation/flutter

Ventricular tachycardia/fibrillation

Coronary artery disease

Congestive heart failure

Prior stroke/transient ischaemic attack 5(16.7%)
Prior left-sided heart surgery 4 (13.3%)
| 00w
Coronary artery bypass graft 7 (23.3%)
Percutaneous coronary intervention 6 (20.0%)
Prior LAA closure 2 (6.7%)
Prior PFO closure 1 (3.3%)
Prior carotid surgery 1 (3.3%)
Prior pacemaker/ICD/CRT 4 (13.3%)

Data presented as n (%) or mean+SD. CRT: cardiac resynchronisation
therapy; ICD: implantable cardioverter defibrillator; LAA: left atrial
appendage; MI: myocardial infarction; NYHA: New York Heart Association;
PFO: patent foramen ovale; STS: Society of Thoracic Surgeons
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Figure 2. Patient disposition diagram. ' One device-related. * Died
between one and two years.

ECHOCARDIOGRAPHIC RESULTS
The primary performance endpoint, technical success, was 100%.
At Dbaseline, the end-diastolic septolateral diameter was
41.9+4.6 mm (n=26). Multiple quantitative measurements of TR
severity assessed by parameters such as PISA EROA, mean vena
contracta, and regurgitant volume, were all elevated (Table 2).
TR severity by PISA EROA was measured by the sites and evalu-
able by the core laboratory in 25 patients: 19 (76%) were graded
severe to torrential, 5 (20%) moderate, and 1 (4%) mild TR.
Paired echocardiographic data comparing baseline measurements
to one-year and two-year measurements are provided (Table 2).
Annular diameter was significantly reduced at discharge and this
was sustained at one and two years. End-diastolic septolateral annu-
lar diameter was 41.9+4.6 mm (n=26) at baseline, 36.2+4.7 mm
(n=22) at discharge (p<0.001; paired analysis compared to base-
line), 36.5£3.3 mm (n=19) at one year (p<0.001; paired analy-
sis compared to baseline), and 35.244.6 mm (n=14) at two years
(p<0.001; paired analysis compared to baseline) (Figure 3). Along
with reduction in annular diameter after the procedure, TR severity
improved significantly. Whereas 24% of patients had <moderate
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TR at baseline, this progressively increased to 55% (p<0.001;
paired analysis compared to baseline) at discharge, 63% (p=0.007;
paired analysis compared to baseline) at one year, and 72% at two
years (p=0.016; paired analysis compared to baseline) (Figure 3).

Furthermore, PISA EROA significantly reduced from 0.8+0.5 cm?
(n=25) at baseline to 0.5+0.4 cm? (n=22) at discharge (p<0.001;
paired analysis compared to baseline), 0.4+0.2 cm? (n=16) at one
year (p=0.004; paired analysis compared to baseline), and was sus-
tained at 0.3+0.2 cm? (n=11) at two years (p=0.004; paired analysis
compared to baseline) (Table 2). Similarly, mean vena contracta
decreased from 1.2+0.4 c¢cm (n=25) at baseline to 1.0+0.5 cm
(n=20) at discharge (p=0.012; paired analysis compared to base-
line), 0.8+£0.3 cm (n=18) at one year (p=0.005; paired analysis com-
pared to baseline), and was sustained at 0.8+0.5 cm (n=10) at two
years (p=0.004; paired analysis compared to baseline) (Table 2).

FUNCTIONAL AND CLINICAL RESULTS

At one and two years, functional status was improved from base-
line. Seventeen percent (17%) of patients were in NYHA Class
I-II at baseline, which increased significantly to 78% (p<0.001;
paired analysis compared to baseline) and 82% (p=0.002; paired
analysis compared to baseline) at one year and two years, respec-
tively (Figure 4A). In addition, 37% of patients had no oedema
at baseline, which increased to 70% at one year (p=0.073; paired
analysis compared to baseline), and 88% at two years (p=0.063;
paired analysis compared to baseline) (Figure 4B).

Six-minute walk distance had increased by 42 metres at one year
(p=0.053; paired analysis) and 73 metres at two years (p=0.058;
paired analysis) when compared to baseline (Figure 4C). Similarly,
the overall KCCQ score had increased by 19 points at one year
(p<0.001; paired analysis) and 14 points at two years (p=0.046;
paired analysis) when compared to baseline (Figure 4D).

ADVERSE EVENTS
Adverse events are summarised in Table 3. The two-year survival
and freedom from heart failure (HF) hospitalisation Kaplan-Meier

Table 2. Key echocardiographic measures at baseline, one year, and two years.

Baseline
57.5+10.8 (28

TTE variables

Left ventricular ejection fraction, %

59.3+6.4 (21) 2.5+8.3 0.206

One year ‘Changea p-value"‘ Two years ‘Ghangea p-value®

57.77.0 (16) 0.2+7.6 0.907

Estimated systolic pulmonary artery pressure, mmHg

39.5+10.9(15) | 4.4x11.2 0.150

PISA EROA, cm? 0.78+0.49 (25

0.37+0.18 (16) | —0.36+0.40 | 0.004

0.34+0.23 (11) | -0.57+0.47 | 0.004

Mean vena contracta, cm 1.23+0.40 (25

(28)
35.9+10.5(29) | 38.1+9.0 (23) 1.4+9.9 0.513

(25)

)

0.85+0.30 (18) | —0.36+0.41 | 0.005

0.79+0.51 (10) | —0.55+0.40 | 0.004

TV annulus mid-diastolic septolateral diameter — 4CH view, mm | 43.4+5.0 (30) | 36.9+4.0 (21) —6.8+4.5 <0.001 34.2+4.40 (12) -9.8+4.2 <0.001
TV annulus end-diastolic septolateral diameter — 4CH view, mm | 41.9+4.6 (26) | 36.5+4.6 (19) —5.7+3.2 <0.001 35.2+4.6 (14) —6.6+6.7 0.006
RV end-diastolic diameter (mid), cm 3.8+0.6 (29) 3.5+0.5 (18) -0.1+0.5 0.294 3.2+0.6 (15) —-0.4+0.6 0.014
Fractional area change, % 35.8+6.5(29) | 35.4+5.3(16) —0.4+5.7 0.795 37.9+6.9 (15) 2.5+6.2 0.142
RV TAPSE, cm 1.4+0.3 (22) 1.4+0.4 (22) —0.1+0.3 0.462 1.4+0.4 (16) 0.1+0.2 NS

Right atrial volume, mL 127+45 (30) 11646 (20) —14+36 0.103 10449 (15) —18+41 0.112

TTE: transthoracic echocardiography; TV: tricuspid valve

Values are mean=SD (n). 2 Changes (mean=SD [n]) were calculated for paired observations. ® p-values were calculated by Student’s t-test for paired observations. CH: chamber; LV: left
ventricle; PISA EROA: proximal isovelocity surface area effective regurgitant orifice area; RV: right ventricle; TAPSE: tricuspid annular plane systolic excursion; TR: tricuspid regurgitation;
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Figure 3. Reduction in septolateral annular diameter and tricuspid regurgitation severity for the Cardioband Tricuspid Valve Reconstruction
System. A) Significant reduction in end-diastolic septolateral annular diameter. B) Mild/moderate TR was present in 24% of patients at
baseline, 63% at one year (p=0.007) and 72% at two years (p=0.016). Paired Students t-test for continuous variables or the Wilcoxon
signed-rank test for categorical variables. * Baseline vs discharge (n=22), baseline vs one year (n=17) orbaseline vs two years (n=12).

b Baseline vs discharge (n=20), baseline vs one year (n=15) or baseline vs two years (n=10). The figure reports all available data, i.e.,
unpaired. The p-values were calculated from paired data reflected in the figure legend.

A NYHA functional class B Oedema grade
p<0.0012 p=0.002 p=0.073" p=0.063"
100 v 100 pa— i o
1] n ++
80 80
g 60 g 60
% 1] 0
5 5
E 40 78% 82% 5 40
20 20
O
0 - L 0 -
Baseline One year Two years Baseline One year Two years
n=30 n=23 n=17 n=30 n=23 n=17
C Six-minute walk distance D Kcca score
3507 801
P p<0.001¢ =0.046¢
E p=0.056¢ 60- - - T
3 300 p<0.053° C'B’ =
= 296+130 2
= = 40 45+23
[ =
[S]
S 250 é’
: j |
a
200 - 0 -
Baseline One year Two years Baseline One year Two years
n=26 n=19 n=13 n=30 n=23 n=20

Figure 4. Clinical and functional improvements from baseline to two years for the Cardioband Tricuspid Valve Reconstruction System. A) New
York Heart Association (NYHA) functional Class I-1l was increased to 82% at two years. B) Oedema grade ++ or worse, classified by pitted
oedema grades, was reduced to 6% at two years. C) Six-minute walk distance increased to 309+119 metres at two years. D) Kansas City
Cardiomyopathy Questionnaire (KCCQ) scores increased to 63+26 points at two years. Paired Students t-test for continuous variables or the
Wilcoxon signed-rank test for categorical variables. “ Baseline vs one year (n=23) or baseline vs two years (n=17). * Baseline vs one year
(n=23) or baseline vs two years (n=17). ¢ Baseline vs one year (n=19) or baseline vs two years (n=12). ¢ Baseline vs one year (n=23) or
baseline vs two years (n=20). The figure reports all available data, i.e., unpaired. The p-values were calculated from paired data reflected in
the figure legend.



Table 3. Adverse events, number of patients'.

One year | Two years

n (%) n (%)
Death 5(16.7) 8(26.7)
Stroke 1(3.3) 2(6.7)
Myocardial infarction 0 0
Bleeding complications (extensive, life-threatening, 6 (200)° 7(233)
or fatal)*
Coronary complications 3(10.0) 3(10.0)
Device-related secondary intervention 1(3.3)° 2(6.7)
Device-related cardiac surgery 0 0
Renal failure” 1(3.3) 1(3.3)
Conduction system disturbance 1(33) 2(6.7)
Ventricular arrhythmia 3(10.0) 3 (10.0)

1CEC adjudicated. * Defined according to MVARC guidelines. YOccurrence in the first week
post procedure and required haemodialysis. ?None of the deaths between 30 days and two
years were cardiovascular-related. ® Patient experienced bleeding after secondary
intervention.

estimates were 73+8% (Figure 5A) and 56:10% (Figure 5B), respec-
tively. At two years, there were eight deaths. Six non-cardiovascular
deaths beyond 30 days included one patient due to progression of
chronic lymphatic leukaemia, one patient due to respiratory failure,
one patient due to worsening of chronic renal failure, one patient
who died due to multifactorial reasons primarily pulmonary artery

A KM estimate of survival
100
0l B55% 90s5%
_ 83+7% 7328%
& 60
s
S 40
p=l
[%2]
20
0 T T T T
0 30 days 6 months One year Two years
Time from implant
Patients
atrisk 30 28 21 25 10
B KM estimate of freedom from heart failure hospitalisation
100
9
= 80190+6%
o 76+8%
@ 60 o L
5 ik 56+10%
= 404
S
o
B 201
(3]
[
0 T T T T
0 30days 6 months One year Two years
Patients Time from implant
atrisk 30 27 22 20 8

Figure 5. Two-year survival and hospitalisation Kaplan-Meier
curves. A) The KM estimate of survival at two years was 73%.

B) The KM estimate of freedom from heart failure hospitalisation at
two years was 56%.
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embolism, one patient due to acute renal failure, and one patient due
to metastatic liver cancer. Two patients underwent device-related
secondary interventions as a result of worsening TR. There were
other late events that were not related to the device or procedure:
one patient experienced a late non-disabling ischaemic stroke, three
patients experienced severe bleeding complications, one patient
experienced conduction system disturbance and one patient experi-
enced ventricular tachycardia. There were no late instances of renal
failure or coronary complications. Throughout follow-up, there were
no myocardial infarctions and no device-related cardiac surgery.

Discussion

At the two-year follow-up, the TRI-REPAIR study shows signi-
ficant reduction of tricuspid annular dimension and TR, leading
to amelioration of HF symptoms and increased exercise capacity
with one- and two-year survival rates of 83% and 73%, respec-
tively. This contrasts with two-year survival rates closer to 60%
for medical therapy in prior reports®!®!7.

Although we have strong epidemiological evidence that TR
is related to poor outcomes, data which prove that dedicated
TR reduction leads to improved prognosis are lacking. Taramasso
et al compared outcomes of medical therapy and device therapy by
propensity matching a control cohort formed from two large retro-
spective registries enrolling medically managed patients with mod-
erate or greater TR with patients enrolled in the TriValve registry'c.
Transcatheter tricuspid valve intervention was associated with greater
survival and freedom from HF rehospitalisation which remained
significant after adjusting for sex, NYHA class, right ventricular
dysfunction, and atrial fibrillation (HR 0.39, 95% CI: 0.26 to 0.59;
p<0.0001) and after further adjustment for mitral regurgitation and
pacemaker/defibrillator (HR 0.35, 95% CI: 0.23 to 0.54; p<0.0001).

Annular flattening and dilatation are thought to be the earliest
morphologic changes associated with TR, with ventricular dilatation
occurring late or in association with significant pulmonary hyperten-
sion'®. Annular dilatation has been directly correlated with TR severity
and progression of disease!’. Thus, annuloplasty has long been con-
sidered the treatment of choice for most patients with severe, sympto-
matic TR, reserving replacement for patients presenting with severe
right ventricular dilatation and marked tricuspid leaflet tethering®.
Given the high in-hospital mortality associated with isolated TR sur-
gery, transcatheter options, particularly one that mimics the preferred
surgical procedure, would have a clear rationale. In-hospital mortal-
ity in the TRI-REPAIR study was 3.3%, which compares favour-
ably with the 8.8% in-hospital mortality for isolated TR surgery”'.

There remain limitations to annular repair. Severe anatomical leaf-
let defects preclude sole annular repair and may leave replacement as
the only treatment choice. The RCA is located in anatomic vicinity to
the tricuspid annulus and remains an important screening considera-
tion, but fortunately too close proximity of the artery to the annulus
is an uncommon cause for excluding patients from this procedure'.

Unfortunately, many TR patients receive appropriate clinical
attention too late in the natural history of the disease. Many patients
suffer from severe and progressive right heart dilatation, leading to
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tethering of the leaflets towards the ventricular apex. If the tenting
distance exceeds 10 mm, an isolated annular reduction may not be
the appropriate solution for TR repair, as is also known from open
heart surgery?'. In addition, progressive right heart dilatation and
impairment is associated with extensive annular dilatation, some-
times exceeding a septolateral distance of 50 mm. These annuli are
too large to be treated with the current sizes of the Cardioband
device. On the one hand, this issue may be resolved by providing
larger implant devices; on the other hand, timely identification and
earlier selection of patients in need may help to resolve this issue.

Many patients in the TRI-REPAIR study had severe right ventri-
cular and annular dilatation and almost half of the patients displayed
not just severe but massive or torrential TR. Nevertheless, annular
dimensions were reduced in all patients and, in most patients, this
was accompanied by a significant reduction of TR. The clinical
benefit as assessed by HF symptoms and exercise capacity after TR
reduction in some patients was impressive. Symptomatic relief was
seen even though we were able to reduce TR to moderate or less
in only 63% of patients at one year and 72% at two years. Similar
findings were recently reported with leaflet repair devices®?. It
may be speculated that even such a modest reduction in TR sever-
ity impacts profoundly on renal and hepatic perfusion and could
improve forward stroke volume and cardiac output.

As in other feasibility studies, patients enrolled in the TRI-
REPAIR study were selected based on protocol-defined inclusion
criteria; a wider experience is needed to determine the poten-
tial for the Cardioband tricuspid system to treat all TR patients.
Consistent with the inclusion criteria, all enrolled patients had site-
reported moderate or greater TR with a tricuspid annular diameter
of >40 mm. Some site-reported values differed from core laboratory
assessments, which reported one patient as having mild TR and six
patients as having a tricuspid annular diameter <40 mm. Regardless,
the overall interpretation of the study did not change when these
seven patients were eliminated in a sensitivity analysis'>.

Catheter-based treatment of TR is in its infancy and current
scientific activities are predominantly feasibility studies. The
Cardioband tricuspid system and leaflet repair devices are the only
CE-approved catheter-based treatment of TR in Europe. Even though
these approaches appear safe with low periprocedural complication
rates, their efficacy is limited in patients with severe or greater TR.
Catheter-based tricuspid valve replacement has the potential to elim-
inate TR, with percutaneous approaches being developed. However,
afterload mismatch has been observed subsequent to the eradi-
cation of TR in patients with impaired right ventricular function.

There are no head-to-head comparisons between devices, but at
least some initial experience with combination procedures exists.
In many patients, intense annular dilatation leads to extensive leaf-
let malcoaptation, precluding a leaflet repair approach as the pri-
mary option. On the other hand, tethering due to RV dilatation is
an additional common finding in those patients. Therefore, it is
reasonable to combine annular reduction via the Cardioband tri-
cuspid system with subsequent leaflet repair therapy. Some initial

case experiences appear promising?,

Limitations

This was a single-arm, early feasibility study with 30 patients.
Study-related limitations include different site-reported values
from core laboratory assessments (one patient had mild TR) and
missing TR quantitation (PISA EROA) due to inadequate imag-
ing despite site training. These limitations highlight the need for
standardising TR assessment, the dependence of TR on loading
conditions, and the limitations of assessing TR at a single time
point. Finally, the sustained benefit seen in this cohort of survi-
vors may reflect a survivorship bias as well as a self-selection
of patients with either less baseline TR or greater TR reduction.
Long-term TR reduction as well as durability of annular repair
with the Cardioband tricuspid system requires further study. The
next logical step is controlled randomised studies which test the
hypothesis that transcatheter treatment of TR improves patient
outcomes compared to medical therapy.

Conclusions

In the TRI-REPAIR study, in patients with moderate or greater
functional TR, annular repair with the Cardioband tricuspid system
resulted in sustained and significant TR reduction with a low com-
plication rate at two years. Survival was 73% with no late cardio-
vascular deaths. Substantial improvements in functional class,
exercise capacity and quality of life were sustained at two years.

Impact on daily practice

The Cardioband tricuspid system resulted in sustained
echocardiographic, clinical, and functional improvements at two
years in patients with moderate or greater TR, demonstrating
that annular reduction with the Cardioband tricuspid system is
a favourable option to treat patients with clinically significant
functional TR.
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