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Abstract
Purpose of Review This review aims to provide an updated overview and a clinical perspective on novel transcatheter tricuspid
valve interventions (TTVI), highlighting potential challenges and future directions.
Recent Findings Severe tricuspid regurgitation (TR) is a predictor of mortality. However, a sizeable number of patients remain
untreated until the end–stage when cardiac surgery presents a prohibitive risk. The emergent need in finding a treatment for
patients with TR, deemed for surgery options, has encouraged the development of TTVI. These procedures mimic classical
surgery techniques and are mainly divided in four categories: annuloplasty and coaptation devices, edge-to-edge techniques and
transcatheter tricuspid valve replacement. Early studies showed promising results, but long-term follow-up data are not available.
Summary For patients with severe TR and high surgical risk, several percutaneous options are available. However, these
therapies are in a growing phase and bigger studies and long term follow-up are needed to prove their efficacy.
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Annuloplasty System (PTVAS) Also
Known as TriAlign™

SPACER Repair of Tricuspid Valve Regurgitation
Us i n g t h e Edwa r d s Tr i c uSP i d
TrAnsCa the t e r REpa iR Sys t em
(SPACER)

STTAR Study of Transcatheter Tricuspid
Annular Repair

TA Tricuspid annulus
TR Tricuspid regurgitation
TRILUMINATE Evaluation of Treatment With Abbott

Transcatheter Clip Repair System in
Patients With Moderate or Greater
Tricuspid Regurgitation

TRICAVAL Trea tment of Severe Secondary
TRIcuspid Regurgitation in Patients
With Advance Heart Failure With
CAval Vein Implanta t ion of the
Edwards Sapien XT VALve

TRI-REPAIR TrIcuspid Regurgitation RePAIr With
CaRdioband Transcatheter System

TV Tricuspid valve
TTVI Tr a n s c a t h e t e r t r i c u s p i d v a l v e

interventions

Introduction

In the past two decades, the interest in tricuspid valve treat-
ment has increased [1, 2], nevertheless only 5% of the popu-
lation with severe tricuspid regurgitation receives a surgical
treatment [3]. Patients with untreated TR have a poor progno-
sis [4, 5], and most of them receive lifetime medical therapy
until intractable right heart failure and end-organ dysfunction
appears. Regurgitation remains the principal pathology of the
tricuspid valve and it is more often secondary rather than
caused by a primary valve lesion [6]. Annular dilatation and
increased tricuspid leaflet tethering in relation to right ventric-
ular pressure and/or volume overload cause secondary TR.
Left-sided heart disease, atrial fibrillation, or pulmonary hy-
pertension are frequently involved in the pathogenesis of tri-
cuspid regurgitation [7••]. All this evidence changed the man-
agement of tricuspid regurgitation to a more aggressive surgi-
cal approach, and the most recent guidelines recommend sur-
gical repair of concomitant replacement during left valve sur-
gery also in patients with tricuspid annular dilatation or recent
signs of right heart failure with non-severe TR [8].

Despite the improvement in operative techniques, the in-
hospital mortality in patients with combined surgery or isolat-
ed tricuspid regurgitation who underwent surgical replace-
ment (12.6% respectively 7.1%) or repair (10.8% respectively
8.1%) is still high [9]. Moreover previous tricuspid valve sur-
gery recurrence of moderate or severe TR may be as high as

60% at 5 years [10], and reoperation is necessary in approxi-
mately 20% of patients within 10 years after tricuspid valve
surgery [11]. While redo surgery is the treatment of choice for
a degenerated bioprothesis or deterioration of a ring
annuloplasty, it may be associated with a very high mortality
rate, reaching 35% at 30 days [12], particularly in patients
with comorbidities.

Patients with tricuspid regurgitation, and high risk for sur-
gery, were until recently predestined to conservative treat-
ment. The promising results in aortic and mitral valve percu-
taneous interventions in high-risk patients have encouraged
the development of percutaneous tricuspid interventions.

Tricuspid Valve Anatomy

The TV is nearly vertical and oriented at approximately 45° to
the sagittal plane, so that the margins of the valve are antero-
superior, inferior and septal. Classically, three leaflets were
described. However, the advancement in the field of percuta-
neous tricuspid procedures have generated renewed interest in
the anatomy of the tricuspid valve complex. Several studies
showed an important variability of the tricuspid leaflets num-
ber [13, 14]. Lama et al. showed that only 17% of patients
presented three leaflets tricuspid valve, and most of them pre-
sented five leaflets [15]. This detail is of special interest during
the edge-to-edge techniques. Moreover, the anterior leaflet is
the largest, with a semi-circular shape and is almost always
anchored to a single papillary muscle, which is attached to the
free wall or the anterior wall of the right ventricle (RV). In
functional tricuspid regurgitation, this zone is more prone to
annular dilatation.

The tricuspid annulus (TA) is a dynamic structure, which
changes its shape and size during the cardiac cycle (approxi-
mately 20% reduction in annular circumference with atrial
systole) [16]. Changes, secondary to alterations in RV size
and function, can determine enlargement of the antero-
posterior diameter of the TA, losing the saddle shape and
becoming more circular. Malcoaptation occurs primarily be-
tween the antero-posterior and postero-septal commissures,
and this fact has therapeutic implications for TV repair, espe-
cially for leaflet-based approaches [7••].

Mechanism of Tricuspid Regurgitation

The pathophysiology of secondary or functional TR can be
divided into three phases. In the first phase, left-side heart
disease, pulmonary hypertension and atrial fibrillation may
determine impairment of RV, with progressive dilatation,
which can lead to dilatation of the tricuspid annulus. The
coaptation is not affected (“body-to-body”) and the TR is
not significant. In the second phase, the progressive dilation
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of the RVand TA can result in a poor leaflet coaptation (“edge-
to-edge”), leading to progressive, significant TR. Finally in
the third phase, continuous distortion of RV geometry, espe-
cially on the anterior wall associated with tethering of the
leaflets, will get worse with the degree of TR. The anterior
and posterior leaflets, will lose contact (“non coaptation”),
determining dilation of the TA along its antero-posterior
plane. The septal leaflet, anchored to the fibrous skeleton, is
only partially involved in the dilation of the TA [17].

Imaging Evaluation

Imaging plays a key role in both diagnostic and procedure
guiding.

Echocardiography is the main tool for TR evaluation. It
assesses the “Carpentier’s triade”, i.e. valve anatomy, lesions
and dysfunction and the severity of the regurgitation using an
integrative approach combining semi-quantitative and quanti-
tative measurements. A new scale for severity, adding “mas-
sive and torrential” degrees, has recently been proposed but
the additional prognostic value of these new grades remains to
be proven [18•].

The evaluation of RV function using cardiac magnetic res-
onance (CMR) is very important in the decision making pro-
cess. CMR imaging represents the gold standard for quantify-
ing right ventricular volumes and function [19].

Computed tomographic (CT) imaging has become one of
the most important imaging modalities during pre-procedural
planning for TTVI, because it provides valuable anatomic
information of the TV apparatus, which often is difficult to
assess by echocardiography owing to its complex geometry
and anterior position in the chest. The CT gives information
regarding tricuspid apparatus morphology, landing zone ge-
ometry, annular dimension, presence of calcification, anatom-
ic relationships with the surrounding structures, evaluation of
the risk of right ventricular outflow tract obstruction, and it
can also predict the best fluoroscopic projection [20].

Right heart catheterisation should be performed when
needed to evaluate the pulmonary vascular pressures/
resistances.

Finally, imaging during TTVI remains challenging and
multimodality imaging should be encouraged.

Target Patients for Percutaneous
Interventions

Tricuspid regurgitation is a silent disease and the symptoms
appear in later stage, which leads to a delayed referral.
Usually, those patients present advanced age, previous cardiac
surgery and often they have right ventricular dysfunction. Left
untreated, those patients with severe tricuspid regurgitation,

even isolated, have a very poor prognosis [4]. On the basis
of all this evidence, there is an emergent need to find an ade-
quate treatment and a proper moment to treat patients with
tricuspid regurgitation, deemed for surgery options. Those
treatments should take into consideration not only the tricus-
pid valve, but also the entire tricuspid apparatus.

More than 18 devices have been developed or are under
development for the pathologic tricuspid apparatus treatment
(Fig. 1).

They are mainly divided in four categories: TVannuloplasty
devices, coaptation devices, edge-to-edge techniques and trans-
catheter tricuspid valve replacement (orthotopic and
heterotopic-caval valve implantation). Principal characteristics
and early results are presented in Table 1.

A few of them were previously successfully used in percu-
taneous mitral valve interventions [26, 27], and they were
transferred to tricuspid valve. Nevertheless, the majority of
these devices are in the initial phase.

Tricuspid Valve Annuloplasty Devices

The TriCinch System Device

The 4Tech TriCinch™ Coil System (4Tech Cardio Ltd,
Galway, Ireland) is a novel percutaneous device for severe
functional TR designed to reduce tricuspid annular dimen-
sions. The device consists of an anchoring system (placed in
the TA at the level of antero-posterior commissure), a nitinol
self-expandable stent (27, 32, 37 or 43 mm) and a Dacron
band connecting both. In the PREVENT trial, the procedural
success was 75%. At the 6-month follow-up, improvements in
quality of life were reported, and 75% of patients showed
functional class I or II [28].

The second generation of the TriCinch device seems to
solve the early detachment problems (the anchoring system
is placed in the pericardial space in order to ensure a better
stability). During the device implantation, the expansion and
pericardial space visualization is obtained using a controlled
pneumopericardium with CO2 inflation [29].

Clinical trial “Evaluation of the Percutaneous 4Tech
Tr iCinch Coi l Tr icusp id Valve Repa i r Sys tem”
(NCT03294200) will include 90 patients with significant
functional TR and high risk for surgery, and the main objec-
tive is to prove safety and performance of the Tricinch Coil
System device.

Trialign Device

The Trial ign system (Mitral ign Inc. , Tewksbury,
Massachusetts) attempts to replicate the results of the current
modified Kay (conversion of an incompetent TV into a com-
petent bicuspid valve) by placing percutaneous pledgets at the
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level of the TA in the posteroanterior and posteroseptal posi-
tions [30]. In the SCOUT I trial, only one pair of pledgets were
implanted for each patient. Later, in patients with very large
annulus, multiple pledgets were implanted (“side by side” or
“in series”).

The US early feasibility study SCOUT I [26] showed 93%
acute procedural success and 80% technical success at 30-day
follow-up. The SCOUT II CE mark study (NCT03225612) is
enrolling 60 patients in different centres of Europe and the
U.S, and preliminary results are expected at the beginning of
2019.

MIA (Micro Interventional Devices, Inc) Device

MIATM is a transcatheter tricuspid annuloplasty device de-
signed to replicate tricuspid repair remotely. It is composed

of a thermoplastic elastomer (MyoLast) and low mass poly-
meric, compliant, self-tensioning anchors (PoliCor) allowing
the annular reduction. The catheter-based system provides a
customizable number of implants deployed to the target annu-
lus allowing further catheterization or surgery if it is needed.
The device is surgically implanted through a 16 F steerable
delivery system. The STTAR (Study of Transcatheter
Tricuspid Annular Repair) will enroll 40 patients to assess
the safety and efficacy of this technique [7••].

Cardioband Device

The Cardioband system (Edwards Lifesciences) was initially
designed for functional mitral regurgitation treatment, and the
results were promising [31]. Its usefulness has also been prov-
en in functional TR, becoming the only transcatheter device

Fig. 1 Transcatheter tricuspid devices. Tricuspid annuloplasty devices:
“suture” based: Tricinch, Trialign, MIA. “rings” based: Cardioband,
TRAIPTA, Millipede, Da Vingi. Coaptation devices: Forma. Edge-to
edge devices:Mitraclip, Pascal, Pasta.Replacement devices:Orthotopic
valves: Sapien*, Melody, NaviGate, Trisol, Lux-valve. Heterotopic
valves: TRICvalve, Sapiens**, Tricento. Permissions for Figure 1 are
from the following sources: For the TRICValve: (From: Lauten A,
et al. Circ Cardiovasc Interv 2018 2018;11:e006061, with permission
from Wolters Kluwer Health, Inc.) [21]. For the NaviGate valve: (From:
Navia JL, et al. JACC: Basic to Translational Science 2018;3:67-79, with

permission from Elsevier) [22]. For the TRAIPTA device: (From:
Rogers T, et al. Transatrial JACC Cardiovascular Interventions
2015;8:483-491, with permission from Elseiver) [23]. For the Pascal
device: (From: Fam NP, et al. JACC-Cardiovasc Inte. 2018;11:407-408
with permission from Elseiver) [24]. For the Triciento: (Reprinted from
EuroIntervention: Toggweiler S, et al. Eurointervention 2018, in press,
with permission from Europa Digital & Publishing) [25]. For the other
images: (From: Asmarats L, et al. JACC 2018;71:2935-2956, with
permission from Elseiver) [7••]
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for tricuspid regurgitation with CEMark approval. The results
of the TRI-REPAIR (NCT02981953) study were recently pre-
sented, showing echocardiographic and clinical parameter im-
provements at 6 months follow-up [32].

The device is designed as a percutaneous annuloplasty
band implanted in a clockwise way from the antero-septal
commissure to the first part of the septal annulus after the
coronary sinus.

TRAIPTA Device

The action mechanism of the TRAIPTA device is based on an
extracardiac tricuspid annuloplasty, and it is positioned in the
pericardial space and delivered by puncture through the right
atrial appendage (transatrial intrapericardial tricuspid
annuloplasty [23]. Pre-clinical experience in animals showed
the safety of the implant with significant annular area reduc-
tion [23]. Actually, patients with previous surgery are exclud-
ed owing to the fact that this approach requires a free pericar-
dial space.

The Millipede System

The Millipede system (Millipede, LLC, Ann Arbor,
Michigan) is a repositionable and retrievable complete ring,
which can be implanted surgically or transcatheter on the atrial
side of the native tricuspid annulus, in order to restore its
shape and diameter. Designed initially for the mitral valve, it
was used successfully in two cases for tricuspid regurgitation
with significant reduction of annulus dimension (36%) and
tricuspid regurgitation grade [33].

DaVingiTM TR System

The DaVingi TR System is a novel annuloplasty approach
using a tissue-healing process to achieve a strong
neoannulus, allowing an aggressive annular reduction. It is
a percutaneous device that enables a complete, direct
annuloplasty with a single–shot delivery of a ring implant.
Predictable annular physiologic constriction using an adjust-
ment tool take place in a second stage (90 days) after a period
of tissue healing. To date, four cases were performed in a
first-in-human study [34].

Coaptation Devices

FORMA Device

The FORMA Repair System (Edwards Lifescience, Irvine,
USA) is a valve spacer, which is positioned into the
regurgitant orifice in order to create a platform for native leaf-
let coaptation. The device is delivered through axillary venous

access and is then distally anchored to the RV apex. The
SPACER-trial included 78 patients, and the results of 1-year
follow-up are available in 18 patients. Reduction of tricuspid
regurgitation and improvement in NYHA, 6MWT was ob-
served [35].

MitraClip Device

More than 650 procedures have been performed worldwide,
and the multicentre TriValve registry showed that the
Mitraclip is so far the most common technique applied for
interventional TR treatment [36••]. Preliminary evidence
suggests it is a safe, feasible procedure. In a recent study,
the procedural rate success was of 81%. Small TR coaptation
gap size and central/antero-septal TR jet locations were iden-
tified as independent predictors of procedural success and
coaptation gap >10 mm, ERO >0.6 cm2 tenting area >2.1
cm2 and TV vena contracta >11 mm as predictors of
unfavourable TR repair [37]. In patients with severe mitral
and tricuspid regurgitation, both mitral and tricuspid
Mitraclip seems to improve functional status and
biventricular hemodynamics early after the intervention
and in mid-term follow-up [27].

The TRILUMINATE CE Mark trial is still enrolling pa-
tients from over 25 centres in Europe, Canada and the U.S.,
and preliminary results will be available at the end of 2018.

PASCAL Device

The Edwards Pascal transcatheter mitral valve repair system
(Edwards Lifesciences) integrates technical aspects from the
Forma and the MitraClip devices by combining a 10-mm cen-
tral spacer and two paddles (25 mmwidth) and clasps (10 mm
length) that attach the device to the valve leaflets, thus over-
coming possible limitations of the former devices separately.
In patients with severe mitral regurgitation, the device showed
to be a feasible option in preliminary efficacy data [38]. The
first successful case treating severe TR with PASCAL devices
was recently reported [24].

PASTA Device

PASTA device reduces the tricuspid valve orifice by opposing
septal and lateral targets on the tricuspid annulus using percu-
taneously delivered pledgeted sutures. The specific annular
targets for PASTA are the mid-anterior leaflet and the
posterior-septal leaflet commissure, avoiding the AV node
and bundle of His. The result is a double-orifice tricuspid
valve. Preliminary studies in animals showed reduction in
annular area and tricuspid regurgitation [39].

37 Page 6 of 10 Curr Cardiol Rep (2019) 21: 37



Ta
bl
e
2

Pu
bl
is
he
d
ex
cl
us
io
n
cr
ite
ri
a
fo
r
cu
rr
en
tt
ra
ns
ca
th
et
er

tr
ic
us
pi
d
in
te
rv
en
tio

ns

D
ev
ic
es
-e
nr
ol
lin

g
st
ud
ie
s

A
ny

ca
rd
ia
c

su
rg
er
y

Pr
ev
io
us

tr
ic
us
pi
d

su
rg
er
y

Se
ve
re

pu
lm

on
ar
y

hy
pe
rt
en
si
on

Se
ve
re

le
ft
ve
nt
ri
cu
la
r

dy
sf
un
ct
io
n

S
ev
er
e
ri
gh
tv

en
tr
ic
ul
ar

dy
sf
un
ct
io
n

M
as
si
ve

tr
ic
us
pi
d

re
gu
rg
ita
tio

n
A
nn
ul
us

di
am

et
er

IV
C

D
ia
m
et
er

R
V

le
ad

A
nn
ul
op
la
st
y
de
vi
ce
s

T
ri
ci
nc
h

(N
C
T
03
29
42
00
)

X
X

X
X

X
>
43

m
m

T
ri
al
ig
n

(N
C
T
03
22
56
12
)

X
>
55

m
m

M
IA

S
T
TA

R
st
ud
y

N
ot

av
ai
la
bl
e
da
ta

C
ar
di
ob
an
d

(N
C
T
03
38
24
57
)

X
X

X

T
R
IP
TA

N
ot

av
ai
la
bl
e
da
ta

D
aV

in
gi

T
R
Sy

st
em

N
ot

av
ai
la
bl
e
da
ta

T
he

M
ill
ip
ed
e
sy
st
em

X

C
oa
pt
at
io
n
de
vi
ce

FO
R
M
A

(N
C
T
02
78
74
08
)

X
X

X

E
dg
e-
to

ed
ge

te
ch
ni
qu
e

M
itr
ac
lip

(N
C
T
03
22
77
57
)

PA
SC

A
L
de
vi
ce

N
ot

av
ai
la
bl
e
da
ta

PA
S
TA

de
vi
ce

N
ot

av
ai
la
bl
e
da
ta

O
rt
ho
to
pi
c
va
lv
e
im

pl
an
ta
tio

n

Sa
pi
en
s
va
lv
e

X
X

M
el
od
y
va
lv
e

X
X

N
av
iG
at
e
va
lv
e

X
>
52

m
m

X

T
ri
so
lv

al
ve

N
ot

av
ai
la
bl
e
da
ta

L
U
X
-v
al
ve

N
ot

av
ai
la
bl
e
da
ta

H
et
er
ot
op
ic
va
lv
e
im

pl
an
ta
tio

n
(N

C
T
02
38
76
97
,N

C
T
02
33
99
74
)

SA
P
IE
N

X
X

>
30

m
m

T
R
IC
V
A
LV

E
X

X
>
35

m
m

T
ri
ce
nt
o

>
42

m
m

X
-
ex
cl
us
io
n
cr
ite
ri
a

Curr Cardiol Rep (2019) 21: 37 Page 7 of 10 37



Transcatheter Tricuspid Valve Replacement
(Orthotopic Concept)

Melody and Sapiens Tricuspid Valve for Valve-in-valve
and Valve-in-ring

Two different valves have been successfully implanted during
tricuspid valve-in-valve or valve-in-ring procedures: the
SAPIEN transcatheter aortic valve and the Melody valve
(Medtronic, Minneapolis, Minnesota, United States). The big-
gest registry of transcatheter tricuspid valve replacement in-
cluded 306 patients (284 patients with valve-in-valve and 22
patients with valve in ring) [40]. After procedure 83% of the
patients presented no trivial tricuspid regurgitation. During
follow-up (3-years), 31 patients (10%) underwent reinterven-
tion on the TV, and survival rate was 83%.

NaviGate, Trisol, LUX-valve in Tricuspid Native Valve

NaviGate Valve

The NaviGate bioprosthesis is a novel self-expanding valved
stent designed to treat functional tricuspid regurgitation.
Actually, 27 patients received the NaviGate valve with excel-
lent results and a low rate of PVL. Although the preliminary
results are promising, there are some pitfalls that still have to
be addressed, such as device anchoring and sealing (large
asymmetric annulus, minimal calcium), delivery system size
(42 OD) and leaflet durability (risk of thrombosis) [22, 41].

TRISOL Valve

TRISOL valve is a percutaneous valve design for tricuspid
regurgitation taking into consideration the right ventricle
afterload after the valve implantation.

The valve is one piece of pericardium divided into two
leaflets, and its opening starts at the periphery. During the
systole, the pericardium (one big leaflet) acquired the dome
shape, which increases the closing right ventricle volume with
pressure relief and function preservation. Further investiga-
tions are necessary before first-in-human studies [42].

LUX-valve

The LUX-valve (Jenscare Biotechnology, Ningbo, China) is a
self-expanding bovine pericardial tissue valve mounted on a
nitinol stent frame with transatrial access.

The device has a self-adaptive skirt to minimize paravalvu-
lar leak and a special anchoring mechanism for secure anchor-
ing within the right ventricle. To date, only experimental data
are available [7••].

Caval Valve Implantation (Heterotopic
Concept)

In patients with limited tricuspid therapeutic options, an alter-
native approach to percutaneous treatment of TV is to implant
transcatheter prosthesis in IVC (single valve approach) or in
combination with a superior vena cava (SVC) valve (dual
valve) to prevent caval backflow of TR and mitigate systemic
venous congestion. Actually, more than 40 patients benefited
from Caval Valve Implantation (CAVI) prosthesis using
SAPIENS valve or TRICVALVE, and the majority were im-
planted in compassionate use cases [21]. Published data [21],
in a first-in-human study, including 25 patients treated with
Sapiens or TricValve, showed improvement in NYHA class
and hemodynamic parameters. However, 1-year mortality was
high (63%).

The safety and efficacy of SAPIEN valve implantation at
the inferior vena cava is currently being studied in the
TRICAVAL (NCT02387697) and HOVER (NCT02339974)
trials.

TRICENTO Device

It is composed of a bicavally anchored covered stent with a
lateral bicuspid valve element (to the right atrium) made of
thin porcine pericardium leaflets requiring only a low closing
pressure. The device aims to abolish the systolic backflow in
both the inferior and superior caval veins. The FIM was re-
cently published showing reduction of caval vein regurgitant
volume with stable position in the follow-up [25].

Clinical Perspectives on Transcatheter
Tricuspid Interventions

There is no doubt of the emergent necessity to find treatment
options for severe tricuspid regurgitation. In the past decade,
the number of devices destined to treat severe TR multiplied.
The tricuspid valve is no longer the “forgotten valve”, and we
are witnesses of a real device parade (Fig. 1).

Some of the devices were successfully used in mitral or
aortic valve percutaneous treatment (Mitraclip, Cardioband,
Mitralign, Pascal, Millipede devices, Sapiens and Melody
valve).

Moreover, a big proportion of devices are still in early
development stages and long-term follow-up data is not avail-
able. The only device with CE Mark for treating functional
tricuspid regurgitation is Cardioband. Others as Tricinch,
Trialign, Mitraclip or Forma are still enrolling patients in CE
mark Trials.

Percutaneous annuloplasty devices reproduce well-
established surgical techniques, and they are divided into
suture-based and rings. The acute results are encouraging,
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showing reduction in annulus dimension and quality of life
and symptoms improvement (Table 1).

For those cases with massive TR and a big gap between the
leaflets, the Forma device also showed improvement in qual-
ity of life parameters and symptomatology.

The edge-to-edge technique, particularly Mitraclip, has be-
come the first-choice approach for high-risk patients with
functional TR. Two other devices (the Pascal and the Pasta
device) are still in the early stage of development.

Moreover, five valves were designed for percutaneous tri-
cuspid replacement (two of them are also available for valve-
in-valve and valve-in-ring procedures). Special precautions
are taken into consideration during valve implantation, and
different strategies were proposed to avoid AV node conduc-
tion system damage. Despite the complex anatomy of the
tricuspid annulus, only a small percentage of cases presented
with residual TR after valve implantation (Table 1).

Three heterotopic implanted valve designs were designed
to relieve the symptoms and reduce the back-flow in the caval
veins. However, this therapy was used in pluripathologic pa-
tients, the majority in compassionate use cases, and the mor-
tally rate was more than 50% at 1-year follow-up due to pa-
tient pre-existing conditions.

All these therapies showed promising results in terms of
acute procedural success, but long-term follow-up data (dura-
bility, outcomes, etc.) are not available yet. Moreover, techni-
cal details, such as sheath size, possible anatomical complica-
tions, pre-existing leads in RV and antithrombotic therapy,
should be taken into consideration before TTVI.

Finally there is a paradox between the prevalence of tricus-
pid regurgitation and the number of performed surgical and
percutaneous procedures. Only a few patients with severe tri-
cuspid regurgitations, high risk and deemed for surgery are
suitable for FIH or early feasibility studies. The majority of
the enrolling studies are excluding real symptomatic patients
with pulmonary hypertension, severe right ventricle dysfunc-
tion or severe left ventricle dysfunction and patients with
pacemaker leads (Table 2).

Conclusions

The tricuspid valve is no longer “the forgotten valve”. For
patients with severe tricuspid regurgitation and high surgical
risk, several percutaneous options are available. However, all
these therapies are in a growing phase and not all possible
candidates are suitable for these new techniques.
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