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ABSTRACT
BACKGROUND Severe tricuspid regurgitation (TR) is frequently associated with signiﬁcant morbidity and mortality;
such patients are often deemed to be at high surgical risk. Heterotopic bicaval stenting is an emerging, attractive
transcatheter solution for these patients.
OBJECTIVES The aim of this study was to evaluate the 30-day safety and 6-month efﬁcacy outcomes of speciﬁcally
designed bioprosthetic valves for the superior and inferior vena cava.
METHODS TRICUS EURO (Safety and Efﬁcacy of the TricValve Transcatheter Bicaval Valves System in the Superior and
Inferior Vena Cava in Patients With Severe Tricuspid Regurgitation) is a nonblinded, nonrandomized, single-arm,
multicenter, prospective trial that enrolled patients from 12 European centers between December 2019 and February
2021. High-risk individuals with severe symptomatic TR despite optimal medical therapy were included. The primary
endpoint was quality-of-life (QOL) improvement measured by Kansas City Cardiomyopathy Questionnaire score and New
York Heart Association (NYHA) functional class improvement at 6-month follow-up.
RESULTS Thirty-ﬁve patients (mean age 76  6.8 years, 83% women) were treated using the TricValve system. All
patients at baseline were in NYHA functional class III or IV. At 30 days, procedural success was 94%, with no procedural
deaths or conversions to surgery. A signiﬁcant increase in QOL at 6 months follow-up was observed (baseline and
6-month Kansas City Cardiomyopathy Questionnaire scores 42.01  22.3 and 59.7  23.6, respectively; P ¼ 0.004),
correlating with a signiﬁcant improvement in NYHA functional class, with 79.4% of patients noted to be in functional
class I or II at 6 months (P ¼ 0.0006). The rates of 6-month all-cause mortality and heart failure hospitalization were
8.5% and 20%, respectively.
CONCLUSIONS The dedicated bicaval system for treating severe symptomatic TR was associated with a high
procedural success rate and signiﬁcant improvements in both QOL and functional classiﬁcation at 6 months follow-up.
(J Am Coll Cardiol Intv 2022;15:1366–1377) © 2022 by the American College of Cardiology Foundation.
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iven the clinical relevance of severe symp-

high surgical risk. We report the 30-day

ABBREVIATIONS

tomatic tricuspid regurgitation (TR), 1 signif-

safety and 6-month clinical results.

AND ACRONYMS

icant efforts are under way to establish a

range of effective transcatheter solutions that would
obviate the need for high-risk surgical tricuspid valve
(TV) surgery.2,3 Left untreated, patients with severe

TR face a dismal prognosis.4-6 Current transcatheter
TV interventions have largely focused on edge-toedge repair or orthotopic replacement strategies.7-9
The success of these therapies relies on both a suitable anatomy and effective periprocedural imaging
guidance. Many patients with severe TR are deemed
to be suboptimal candidates for these novel treatment approaches. Heterotopic bicaval stenting, or
caval valve implantation (CAVI), has emerged as a
possible transcatheter strategy for indirectly treating
the systemic effects of severe TR.

10

This approach

carries the inherent advantages of a streamlined ﬂuoroscopic procedural work ﬂow using familiar concepts
akin to transcatheter aortic valve replacement.
Following computed tomographic (CT) screening
and procedural planning, the procedure is straightforward, avoiding the challenges of periprocedural
navigation and guidance around the TV apparatus.
However, nondedicated bicaval devices present signiﬁcant limitations, such as the difﬁculty of sizing
and anchoring, the necessity of prestenting in some
cases, and the increased risk for embolization. Therefore, reproducible optimal outcomes have remained
elusive.11,12

METHODS

CAVI = caval valve
implantation

TRIAL DESIGN, INCLUSION CRITERIA, AND

CT = computed tomographic

PATIENT SELECTION. TRICUS EURO was a

IVC = inferior vena cava

nonblinded,

KCCQ = Kansas City

nonrandomized,

single-arm,

multicenter, prospective trial enrolling patients from 12 institutions in Spain and
Austria. The study enrolled adult individuals

Cardiomyopathies
Questionnaire

NT-proBNP = N-terminal pro–
brain natriuretic peptide

with symptomatic severe TR (grade $3 in a 5-

NYHA = New York Heart

grade classiﬁcation) despite optimal medical

Association

therapy (symptoms and signs of right heart

QOL = quality of life

failure and New York Heart Association

RV = right ventricular

[NYHA] functional class III or IV). These ﬁnd-

SVC = superior vena cava

ings needed to be demonstrated within
8 weeks prior to device implantation, with
echocardiography demonstrating signiﬁcant
backﬂow in the IVC and/or SVC, with a
v wave $25 mm Hg as demonstrated by right

TAPSE = tricuspid annular
plane systolic excursion

TR = tricuspid regurgitation
TV = tricuspid valve

heart catheterization (measured in the IVC and/or SVC
2-4 cm above or below right atrial inﬂow). Patients
required a left ventricular ejection fraction $40% and
needed to be able to reach a 6-minute walk distance
of $60 m. All patients needed to be ineligible for open
heart surgery and were evaluated for clinical and
anatomical suitability for CAVI by the local heart team
as well as the TRICUS EURO eligibility committee.
The main exclusion criteria included severe right
ventricular (RV) dysfunction (tricuspid annular plane
systolic excursion [TAPSE] <13 mm) and/or the pres-

SEE PAGE 1378

ence of severe pulmonary hypertension (systolic
To overcome these limitations, new speciﬁcally

pulmonary pressure >65 mm Hg) and signiﬁcant renal

designed devices have been developed using the

dysfunction (deﬁned as serum creatinine >3.0 mg/dL)

stent graft concept (Tricento, Trillium) or self-

or use of any form of dialysis within the past 4 weeks

expanding valve implantation in both caval systems.

and at time of screening. Other main exclusion

The TricValve system (Products þ Features) is a

criteria are noted in the Supplemental Appendix. The

dedicated CAVI device consisting of 2 self-expanding

TRICUS EURO ﬂowchart is summarized in Figure 1.

Nitinol stents that harbor bovine pericardial leaﬂets,

Available valve sizes were 25/29 mm for the SVC and

one speciﬁcally designed for the superior vena cava

31/35 mm for the IVC. The majority of exclusions were

(SVC) and another for the inferior vena cava (IVC).

for anatomical reasons, mainly the limited range of

TRICUS EURO (Safety and Efﬁcacy of the TricValve

diameters of the prosthesis available for the trial. The

Transcatheter Bicaval Valves System in the Superior

study was approved by the ethics committee of each

and Inferior Vena Cava in Patients With Severe

of the recruiting centers. All patients gave informed

Tricuspid

consent.

Regurgitation;

NCT04141137)

was

a

Conformité Européenne mark trial testing the safety
and efﬁcacy of this dedicated CAVI system in

THE TRICVALVE SYSTEM. The system comprises 2

patients with severe symptomatic TR deemed at

self-expanding valves speciﬁcally designed for the

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’
institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,
visit the Author Center.
Manuscript received January 18, 2022; revised manuscript received May 10, 2022, accepted May 10, 2022.
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the SVC and IVC. Length of the SVC and distance

F I G U R E 1 Flowchart of Study

from the IVC to the origin of the hepatic veins are of
high relevance to decide if the device can be accom-

64 patients assessed for eligibility
between 2019 and 2021 in 12 clinical
sites in Spain and Austria

modated in the SVC or IVC. Sizing information is
included in Supplemental Figures 1 and 2.
THE PROCEDURE. Implantation requires 3 venous

p r i n t & w e b 4 C=F P O
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29 patients not
acceptable

access sites: 1 right common femoral venous access
sites for device deployment and 2 left common
femoral venous access sites for pigtail control injections and a Swan-Ganz/multipurpose/JR catheter

35 patients with TricValve implanted

that is placed in the right pulmonary arterial branch
to serve as a landmark during SVC valve deployment.

3 patients died
1 lost follow-up

Ideally the broad portion of the SVC valve should be
placed just at the top of this landmark catheter.13
Using the pigtail (plus a multipurpose catheter to
serve as an additional marker within the innominate

Clinical, RCH and imaging follow-up
at 3 months for 31 patients

vein), an angiogram of the SVC is typically obtained to
identify the optimal level of SVC valve deployment. A
stiff wire placed in the right subclavian or internal

1 lost follow-up

jugular vein is recommended for valve deployment.
Deployment should be performed slowly, starting in a
high position with gentle downward device traction

Clinical, follow-up at 6 month
for 30 patients

until it arrives at the target position. Valves are fully
recapturable up to 80% of deployment.
For IVC deployment, a venogram of the hepatic

Thirty-ﬁve high-risk patients with tricuspid regurgitation were

veins centered on the conﬂuence of the IVC and its

treated using the TricValve system. RHC ¼ right heart

junction with the right atrium is obtained, serving as

catheterization.

a reference for deployment. The IVC prosthesis is
deployed in a similar way to the SVC prosthesis,

SVC and IVC (Central Illustration). Both devices are
premounted in a 27.5-F delivery system. The prosthetic leaﬂets are processed with anticalciﬁcation
treatments and chemically dehydrated to allow
complete

device

pre-preloading

and

packaging,

obviating the need for device loading at the time of
procedure. Caval anchoring is based on stent design,
radial force, and the degree of oversizing. The SVC
prosthesis has a “belly design” in order to better
accommodate the valve within the SVC to prevent
dislodgement. It also harbors a long skirt covering the
inferior half of the device in order to minimize paravalvular leak. The superior crown of the SVC prosthesis

has

low

radial

force,

allowing

valve

stabilization and optimal SVC alignment. This part is
uncovered to avoid interference with the venous
drainage of the innominate system. The inferior
prosthesis harbors a short skirt to avoid hepatic vein
occlusion. It has high radial force within its superior
segment, where the valve is ﬁxed, and low radial
force distally to allow soft interaction with the caval

starting in a high position, toward the right atrium,
while gently simultaneously retracting the system
until the target position (proximal edge of the
prosthesis landing between the right atrium and
suprahepatic

vein

conﬂuence).

Transesophageal

echocardiography or transthoracic echocardiography
can be useful (although not mandatory), as the
entrance or junction between the IVC and right
atrium is usually well deﬁned in the bicaval or subcostal view. An ideal IVC deployment usually
involves <15-mm inﬂow protrusion into the right
atrium. All procedural steps are performed under
anticoagulation with unfractionated heparin, aiming
for an activated clotting time of >300 seconds.
Pacemaker leads are not a contraindication to the
therapy. The SVC valve is deployed in the standard
fashion, and the lead is trapped against the SVC wall.
No lead dysfunction has been noted during procedures in the study. Normal lead function is assessed
after implantation. A pictorial description of the
procedure is shown in Figure 2.

wall. Selection of valve sizing depends on CT mea-

ENDPOINTS. The primary endpoint was the assess-

surements of both SVC and IVC. Multiple measure-

ment of change in NYHA functional class and change

ments are undertaken at different landmarks along

in quality of life (QOL) (measured using the 12-item
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C E N T R A L IL L U ST R A T I O N 6-Month Outcomes of the TricValve System for Severe TR: TRICUS EURO Study (N ¼ 35)

p r i n t & we b 4 C=FP O

Device & Procedure

Functional
• 97% Technical success
• 0% 6-month cardiac death
• Persistent functional
improvement

SVC
Ju

In.

SVC

RPA

12-KCCQ (Mean)

PA

RA

T

60
40

IVC

P = 0.0004

20

S

RA

0

J

Baseline 30 Days

3 Months 6 Months

sHV
IVC

Estévez-Loureiro R, et al. J Am Coll Cardiol Intv. 2022;15(13):1366–1377.

12-KCCQ ¼ 12-item Kansas City Cardiomyopathy Questionnaire; Be ¼ belly; In ¼ innominate vein; IVC ¼ inferior vena cava; J ¼ juntion; JU ¼ jugular vein;
PA ¼ pulmonary artery; RA ¼ right atrium; RPA ¼ right pulmonary artery; S ¼ coronary sinus; sHV ¼ suprahepatic vein; SVC ¼ superior vena cava; T ¼ tricuspid valve;
TR ¼ tricuspid regurgitation.

Kansas City Cardiomyopathy Questionnaire [KCCQ])

laboratory assessed echocardiographic and CT out-

at 6 months after TricValve implantation. Secondary

comes during follow-up.

endpoints were as follows: 1) major adverse events,

All clinical events were deﬁned according to

including death, myocardial infarction, cardiac tam-

Valve Academic Research Consortium-2 criteria.14

ponade, cardiac surgery for failed TricValve implan-

Device implantation success was deﬁned as fol-

tation, stroke, and major bleeding according to Valve

lows: 1) technical success, including successful

Academic Research Consortium-2 criteria at 30-day

percutaneous access and device positioning without

and

capacity

periprocedural major adverse events; and 2) proce-

assessed using the 6-minute walk test; 3) device im-

dural success, deﬁned as technical success plus the

plantation success (technical and procedural); 4) he-

ability of the device to provide appropriate hemo-

6-month

follow-up;

2)

functional

heart

dynamic improvement in systemic venous backﬂow

catheterization at 3-month follow-up; 5) echocardio-

(evidenced by the fall of the v wave in the SVC

graphic outcomes; and 6) laboratory parameters (liver

and/or IVC immediately after intervention). QOL

enzymes, renal function, and N-terminal pro–brain

was assessed using the 12-item KCCQ,15 which is a

natriuretic peptide [NT-proBNP])

shorter

modynamic

evaluation

assessed

on

right

An independent committee evaluated and adjudi-

version

of

the

23-item

questionnaire

assessing symptoms, function, and QOL that is more

cated all safety and efﬁcacy events. An independent

feasible to apply while preserving the instrument’s

echocardiography and computed tomography core

psychometric properties.
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F I G U R E 2 TricValve Procedure With Computed Tomographic Fusion Imaging
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(A) Both superior vena cava (SVC) and inferior vena cava (IVC) (blue) and right atrium (RA) (red). Pulmonary artery (PA) in violet. A
Swan-Ganz catheter is placed in right PA branch to serve as a landmark for SVC valve implantation. (B) SVC valve deployment. Free ﬂow
superior part is located in jugular vein. (C) Full deployment of SVC valve. Prosthesis “belly” is positioned above PA catheter. (D) Deployment of
IVC valve. (E) Valve fully deployed with small protrusion in RA and correct positioning over the hepatic veins, without obstruction. (F) Right
atrial angiogram showing abolishment of caval backﬂow.

STATISTICAL ANALYSIS. Descriptive data are pre-

enrolled. Baseline characteristics of these 35 patients

sented as mean  SD or median (IQR) depending on

are shown in Table 1. The mean age was 76  6.8

variable

are

years, and 83% were women. All patients were highly

described as frequencies and percentages. Changes in

symptomatic, most of them in NYHA functional class

exercise capacity (6-minute walk distance), NYHA

III, with a signiﬁcant burden of comorbidities, such as

functional class, and QOL (KCCQ score) (prior to and

atrial ﬁbrillation (94%), prior pacemaker leads (23%),

following implantation) were evaluated using Stu-

renal

dent’s paired t-test or the Wilcoxon test. Sensitivity

terventions (68%). The overall European System for

analyses were carried out as well using the “last

Cardiac Operative Risk Evaluation II score was 5.8 

observation carried forward” method to evaluate the

4.2. All patients presented symptoms and signs of

effect of missing values during follow-up in the main

right heart failure, such as lower limb edema, ascites,

variables of the study, showing that missing data did

and pleural effusion.

distribution.

Categorical

variables

not inﬂuence the results. All statistical tests used a

dysfunction

Baseline

(60%),

and

echocardiographic

prior

valve

characteristics

in-

are

2-sided P value of 0.05 as a signiﬁcance threshold.

shown in Table 2. The mean left ventricular ejection

Statistical

fraction was 59.2%, with most patients demonstrating

analysis

was

performed

using

IBM

SPSS Statistics 25.

dilated right-sided chambers with preserved RV
function. The tricuspid annulus was dilated as well,

RESULTS

and hepatic vein backﬂow was present in 97% of
patients.

BASELINE CHARACTERISTICS. From December 2019

Baseline hemodynamic assessment is shown in

to February 2021, 64 patients were screened for the

Supplemental Table 1. All patients demonstrated high

study, of whom 35 met the inclusion criteria and were

right atrial, SVC, and IVC pressures, with mean
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T A B L E 1 Baseline Clinical Characteristics (N ¼ 35)

Age, y
Male
BMI, kg/m2
Coronary artery disease

T A B L E 2 Baseline and 6-Month Echocardiographic Analyses

76  6.8

26.3  4.6
4 (11.4)

Atrial ﬁbrillation

33 (94.2)

Pacemaker

8 (22.8)

PAD

1 (2.8)

COPD

2 (5.7)

Estimated GFR <60 mL/min/1.73 m2

21 (60.0)

GFR, mL/min/1.73 m2

52  16

Diabetes mellitus

7 (20.0)

Cancer

5 (14.2)

Chronic liver disease

3 (8.5)

Stroke/TIA

3 (8.5)

Prior valve surgery
Aortic valve

7 (20.0)

Mitral valve

12 (34.3)

Tricuspid valve
EuroSCORE II, %

Preintervention

6 Months

P Value
Baseline vs
6 Months

LVEDV, mL

51  25

56  21

0.555

LVESV, mL

21.5  13

19  9

0.279

Left ventricular ejection
fraction, %

59.2  8

64  11

0.387

41  8

42  6

0.829

LA diameter, mm

47  12

49  10

0.761

RVEDA, cm2

22.4  7

23  7

0.998

RVESA, cm2

11.5  3

12  5

0.445

Right atrial diameter,
major, mm

68  1

69  12

0.505

Right atrial diameter,
minor, mm

55  7

55  10

0.867

47.7  8

47  9

0.829

6 (17.1)

5 (14.3)
5.8  4.2

Left ventricular
end-diastolic
diameter, mm

RV fractional area
change, %
TAPSE, mm
PASP, mm Hg

18  4

17  4

0.368

42.3  11.3

40  9

0.309

AST, IU/L

31  11

Tricuspid annulus, mm

41  9

41  6

0.595

ALT, IU/L

18  8

Hepatic vein backﬂow
present

97.0%

52.9%

<0.001

100.0%

86.4%

0.020

11.4

11  6

0.384

NT-proBNP, pg/mL

2,654  2,965

TR grades 3-5
Values are mean  SD or n (%).
ALT ¼ alanine aminotransferase; AST ¼ aspartate aminotransferase; BMI ¼ body
mass
index;
COPD
¼
chronic
obstructive
pulmonary
disease;
EuroSCORE ¼ European System for Cardiac Operative Risk Evaluation;
GFR ¼ glomerular ﬁltration rate; NT-proBNP ¼ N-terminal pro–brain natriuretic
peptide; PAD ¼ peripheral artery disease; TIA ¼ transient ischemic attack.

TR vena contracta, mm
EROA, cm2

0.82 (0.44-1.36) 0.78 (0.40-1.10)

0.555

Values are mean  SD, %, or median (IQR).
EROA ¼ effective regurgitant oriﬁce area; LA ¼ left atrial; LVEDV ¼ left
ventricular end-diastolic volume; LVESV ¼ left ventricular end-systolic volume;
PASP ¼ pulmonary artery systolic pressure; RV ¼ right ventricular; RVEDA ¼ right
ventricular end-diastolic area; RVESA ¼ right ventricular end-systolic area;
TAPSE ¼ tricuspid annular plane systolic excursion; TR ¼ tricuspid regurgitation.

v-wave pressures of 24.27  10.13, 23.03  9.04, and
23.39  7.69 mm Hg, respectively.
Median follow-up duration was 6 months (IQR:
5.8-6.2 months).
PROCEDURAL OUTCOMES. Results are shown in

Table 3. Technical success was obtained in 97% of
patients (34 of 35) and procedural success in 94% (33
of 35), with no procedural mortality or strokes. There
was 1 case of SVC prosthesis migration into the right
atrium, without embolization and without further
clinical consequences, which was managed conservatively. The same patient needed a permanent
pacemaker early after implantation of the device,

(warfarin or direct oral anticoagulant agents) at the
time of discharge.
PRIMARY

OUTCOMES. There

was

a

signiﬁcant

increase in KCCQ score from 42.01  22.3 points
at baseline to 59.7  23.6 at 6-month follow-up
(P ¼ 0.004) (Figure 3). Likewise, a signiﬁcant
improvement in NYHA functional class was observed,
with 79.4% of patients in functional class I or II at
6 months (vs 0% at baseline) (Figure 4). Sensitivity
analyses showed no inﬂuence of missing data in the
effect of the treatment in the primary outcomes.

which was carried out without any complications.

SECONDARY OUTCOMES. Major adverse events at

There were no cases of cardiac tamponade or con-

30 days, 3 months, and 6 months are shown in

versions to surgery. The median length of hospital

Table 4. No device-related mortality was observed,

stay for the cohort was 7 days (IQR: 3-9.5 days). The

and 3 patients (8.5%) had died at 6-month follow-up.

most common early postprocedural adverse event

None of the deaths was recorded as cardiovascular in

was transitory shoulder pain, which developed in

nature (subdural hematoma, kidney and respiratory

28.5% of patients and is likely related to phrenic

failure in a patient with prior severe lung and kidney

nerve compression induced by the IVC prosthesis. All

disease, and pneumonia). No cases of myocardial

patients remained under anticoagulant treatment

infarction, cardiac tamponade, or cardiac surgery for

1371
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them predominantly right heart failure and mostly

T A B L E 3 Procedural Characteristics

related to respiratory infections or renal function

In-hospital mortality

1 (2.8)

deterioration in a population with high comorbidity

Stroke/TIA

0

burden. Notwithstanding, after system implantation,

Number of valves implanted

70

complete resolution (58.6%) or partial improvement

Technical success

34 (97)

regarding ﬂuid overload signs was observed in the

Procedural success

33 (94)

72.3% of patients.

Device embolization/migration

1 (3)

Although the distance covered during the 6-minute

Conversion to surgery

0 (0)

walk test increased numerically, this difference did

Cardiac tamponade

0 (0)

not reach clinical or statistical signiﬁcance (245  86

New pacemaker implantation

1 (3)

vs 276  90 m, baseline vs 6 months; P ¼ 0.46)

7 (3.0-9.5)

(Figure 5). However, large improvements in 6-minute

Length of hospital stay, d

walk distance (>40 m) were evident in 24.1% of

Values are n (%) or median (IQR).

patients.

TIA ¼ transient ischemic attack.

Hemodynamic parameters on follow-up are shown
in Supplemental Table 1. Signiﬁcant increases in right
failed device implantation were recorded up to

atrial pressures were noted following device implan-

6-month follow-up. The most frequent complication

tation, which tended to decrease to baseline values

was major bleeding, which occurred in 17.1% of pa-

by the 3-month mark. IVC pressures signiﬁcantly

tients. We observed 2 cases of major bleeding due to

decreased compared with baseline both immediately

access-site complications, but 4 cases occurred dur-

postprocedure and at the 3-month mark. No signiﬁ-

ing follow-up, not related to access site (1 subdural

cant changes were observed in SVC pressures.

hematoma, 1 renal hematoma, and 2 cases of gastro-

Echocardiography at 6 months showed nonsigniﬁ-

intestinal bleeding). The 2 gastrointestinal bleeding

cant changes compared with baseline in the majority

events were in the context of vitamin K antagonist

of parameters (Table 2). Only hepatic vein backﬂow

overdose. All patients were receiving anticoagulation

was absent in 52.9% of the patients, and a lower

when bleeding occurred. The heart failure hospitali-

percentage of at least severe TR was noted. No loss in

zation readmission rate was 20% (7 patients), all of

valve stent integrity was observed, and no intra- or

F I G U R E 3 QOL at Baseline and During Follow-Up

QOL
70
56.5 ± 23.59

65

KCCQ12

60
p r i n t & w e b 4 C=F P O
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55
50

42.01 ± 22.3
59.7 ± 23.6

58.59 ± 26.06

45
40

P-Value = 0.0004

35
30

Baseline
n = 35

30 Days
n = 29

3 Months
n = 31

6 Months
n = 30

Patients treated showed signiﬁcant increases in quality of life (QOL) at 6-month follow-up compared with baseline. KCCQ12 ¼ 12-item Kansas
City Cardiomyopathy Questionnaire.
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F I G U R E 4 NYHA Functional Class at Baseline and During Follow-Up

NYHA Class
P = 0.0006

p r i n t & w e b 4 C=F P O

P = 0.005
P = 0.005
100
90
80
70
60
50
40
30
20
10
0

17.1

20.6
38.7

50

82.9

79.4
61.3

50

30-day
n = 30

Baseline
n = 35

NYHA I-II

3-month
n = 31
NYHA III

6-month
n = 29
NYHA IV

Patients treated showed signiﬁcant improvements in New York Heart Association (NYHA) functional class at 6-month follow-up compared
with baseline.

paravalvular

leak

was

documented.

No

leaﬂet

thrombosis or valve-related infection was detected.
In the CT analyses at 3 months, no perforation or

(Supplemental Table 2). We observed decreases in
weight at 6 months from baseline values, although
this was not signiﬁcant (65  11 kg vs 62.5  11 kg,

structural damage to the valve stents was observed.

baseline vs 6-month follow-up; P ¼ 0.695). Likewise,

There were 2 cases of device thrombosis, both in IVC

signiﬁcant reductions in the doses of loop diuretic

prosthesis but outside the stent frame, toward the

agents were observed (84  55 mg preprocedure vs 65

Eustachian valve. Both patients were receiving anti-

 38 mg at 6 months; P ¼ 0.036), which is in

coagulation, and no clinical events were recorded.

concordance with the positive effect of the therapy in

No differences were observed in renal function or

reducing congestion.

liver enzymes over time. However, at 3-month
follow-up, signiﬁcant increases in NT-proBNP values

DISCUSSION

were noted (2,654  2,965 pg/mL vs 3,056  2,554
pg/mL, baseline vs 3-month follow-up; P ¼ 0.01)

The TRICUS EURO Conformité Européenne mark
trial demonstrated the safety and efﬁcacy of the
TricValve device for patients with severe symp-

T A B L E 4 Major Adverse Cardiovascular Events

tomatic TR ineligible for surgery, with high proce-

Overall
Procedural 30 Days 3 Months 6 Months 6 Months

Death

0

2

1

0

8.5%

Myocardial infarction

0

0

0

0

0%

Cardiac tamponade

0

0

0

0

0%

Conversion surgery

0

0

0

0

0%

Stroke

0

0

1

1

5.7%

Major bleeding

1

3

2

0

17.1%

Transient
shoulder pain

7

3

0

0

28.5%

dural

technical

success,

low

periprocedural

complication rates coupled with signiﬁcant, sustained improvements in functional status and QOL
metrics to 6 months. These ﬁndings underscore the
utility of a dedicated CAVI device for successfully
treating a high-risk population that typically harbors
high short- to medium-term morbidity and mortality rates and very poor QOL.
In recent times, transcatheter edge-to-edge repair,
annuloplasty devices and orthotopic TV replacement
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F I G U R E 5 6MWD at Baseline and During Follow-Up

6MWT
320

P-Value pre vs 6-month = 0.462

300
280
M

p r i n t & w e b 4 C=F P O

1374

244.96 ± 85.96

260
240

276.13 ± 90

220
200

261.65 ± 93.06
262.48 ± 114.09
Baseline
n = 35

30 Days
n = 23

3 Months
n = 23

6 Months
n = 27

Patients treated showed a non-signiﬁcant increase in 6-minute walk distance (6MWD) at 6-month follow-up compared with baseline.

have shown promising positive results in highly

performance and sustained functional gain, making

selected TR populations.7,9,16-18 Aside from a rela-

this device appealing for patients with severe symp-

tively high screening failure rate to qualify for these

tomatic TR.

devices, relatively long procedural times and the

The current target population of transcatheter

need for advanced periprocedural imaging tech-

therapies for severe TR is typically old and frail, with

niques to visualize the TV and surrounding structures

signiﬁcant comorbidities and decreased QOL. In such

currently limit the broader application of these

individuals, the immediate goals of care are to

therapies.

improve QOL and reduce hospitalization rates.21,22

CAVI therefore offers several advantages. First, it is

TRICUS EURO demonstrated a signiﬁcant, rapid QOL

not constrained by TV or RV anatomical consider-

improvement at 30 days that was sustained at

ations, with only the size and length of the caval

6 months. The mean KCCQ score increase of 16 points

system as potential anatomical exclusions. Exclu-

observed in the present trial correlates with a signif-

sions due to a large vena cava were the most frequent

icantly large QOL improvement, which is in line with

in our study because only small prostheses were

prior observations with TV edge-to-edge repair or

available for this study. However, larger valve sizes

direct

have now been developed that cover almost all di-

magnitude than observed with cardiac resynchroni-

mensions of the vena cava.

zation therapy in heart failure, transcatheter aortic

Second,

CAVI

procedures

are

ﬂuoroscopically

annuloplasty

devices7,23

and

of

greater

valve replacement, or percutaneous mitral valve

guided, so advanced imaging is not necessary in the

repair.21,24-27

vast majority of cases implementing a familiar

relate to the differing disease substrates, medical

transcatheter aortic valve replacement–like work

management remains highly limited for patients with

ﬂow.

TR, and ameliorating the systemic TR effects typically

Third,

general

anesthesia

comparisons

likely

leads to a rapid signiﬁcant improvement in clinical

because patients can be treated under conscious

status. In a recent comprehensive analysis of QOL

sedation with transthoracic echocardiographic moni-

metrics following TV edge-to-edge repair in 115 pa-

toring. Fourth, pacing leads pose no limitation to

tients,28 the treatment was associated with a signiﬁ-

CAVI, with all direct TV therapeutic options remain-

cant improvement in SF-36 physical and mental

ing preserved should the future potential need arise.

summary scores. Importantly, an increase in the

Although prior results with nondedicated CAVI sys-

physical component score of >5 points was associated

tems were suboptimal,11,19,20 the results of TRICUS

with a reduction in the composite event of all-cause

EURO

mortality

excellent

not

these

mandatory,

demonstrate

is

Although

periprocedural

and

hospital

readmission

for

HF.
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Therefore, although speculative, the TRICUS EURO

Despite the positive clinical effects of the TricValve

results could be expected to ultimately associate with

in TRICUS EURO, we observed in the follow-up period

improvement in harder clinical events. This hypoth-

2 features that warrant further longer-term evalua-

esis requires formal evaluation in an appropriately

tion: no right heart chamber inverse remodeling and

powered prospective randomized trial. Although

increases in NT-proBNP levels. These ﬁndings likely

presently limited to 6-month follow-up, the mortality

relate to ventricularization of the right atrium and the

and heart failure readmission rates in TRICUS EURO

observed rise in pressures in this cavity. This could be

appear favorable compared with the natural history of

explained by the fact that in the early phases of

severe symptomatic TR.1

developing CAVI systems, it was thought that the

Mechanistically, implanting valved Nitinol stents

right atrium would act as a reservoir, accommodating

in both caval systems reduces IVC pressures and

the increase in pressures following CAVI.10 However,

might increase cardiac output, with the proviso that

the present study enrolled patients in an advanced

RV preload was increased in the context of normal

state of disease (all in NYHA functional class III or IV

RV

animal

with caval v waves $25 mm Hg while in a relatively

models.29,30 Caval backﬂow reduction translates

euvolemic state). It is likely that in this situation, the

into reduced liver congestion, improving liver and

adaptive capacity of the right heart chambers is

renal biochemical ﬁndings with subsequent re-

overcome. In this sense, currently the threshold of

ductions in abdominal congestion, ascites, and pe-

the v wave for device selection has dropped to

ripheral edema and eventually to a lower necessity

15 mm Hg, offering enough margin to create a trans-

of high-dose diuretic agents, as suggested by our

prosthetic caval gradient and thus maintain valve

data. Likewise, the reduction in caval regurgitant

function. Likewise, our study allowed the inclusion of

volume may increase RV stroke volume to the pul-

patients with TAPSE >13 mm. It is currently recog-

monary circulation, thus potentially increasing car-

nized that TAPSE provides less accurate correlation

diac output. The reduction in volume overload may

with the prognosis of patients undergoing trans-

induce a degree of reverse right heart remodeling. 19

catheter tricuspid interventions than RV ejection

Although still debatable, 31 the present study showed

fraction, 33 and it is therefore conceivable that we

no obvious hemodynamic beneﬁt of SVC implanta-

included patients with signiﬁcant RV dysfunction. As

function,

as

has

been

shown

in

tion, as we did not observe reduction of SVC pres-

RV function is essential for pulsatile backﬂow into the

sures. This ﬁnding may have several explanations

caval system, special attention must be paid to pa-

but is likely to be related to measurement errors by

tient selection in order to maximize the beneﬁt of

assessing the SVC pressures from femoral access

CAVI. 10 Finally, our current imaging follow-up is

with multiholed catheters (pigtail or multipurpose)

limited to 6 months, which might be too early to

through the SVC valve. In our opinion, implantation

assess the effects on right heart chamber structure

of an SVC valve is desirable, as it can help avoid the

and function. Longer imaging follow-up may unravel

deleterious effects of redirecting reﬂux into the

reverse remodeling that was observed in some prior

superior venous system with unintended conse-

studies.10,19

quences such as SVC-like syndrome. The Tricento is
the other dedicated CAVI device currently in com-

STUDY LIMITATIONS. TRICUS EURO represents an

mon clinical use. This device consists of a stent

initial experience with this system, and longer

graft that extends from the IVC to the SVC and that

follow-up is required to assess clinical beneﬁt and

presents a lateral bicuspid valve that allows ﬂow

mechanistic effects upon right-sided cardiac chamber

into the right atrium. The largest experience with

hemodynamic status and remodeling. TRICUS EURO

the device, in 21 patients, was recently published. 32

was conducted during the coronavirus disease 2019

The device was associated with a signiﬁcant func-

pandemic, with patients in lockdown. Therefore, the

tional

procedural

positive effects of the therapy could have been hin-

adverse events. Although initial results have been

dered by a restriction in physical activity during these

promising, the device is custom made and presents

periods. Despite these shortcomings, this study rep-

greater exclusion features than the TricValve, which

resents the ﬁrst comprehensive short- to mid-term

make it less generalizable. Likewise, the develop-

analysis of a dedicated CAVI system for treating pa-

ment of cases of stent fractures has led to the

tients with severe symptomatic TR deemed not suit-

redesign of the stent frame.

able for TV surgery.

improvement

and

with

few
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CONCLUSIONS

ADDRESS FOR CORRESPONDENCE: Dr Rodrigo Esté-

The dedicated TricValve CAVI system for treating

vez-Loureiro, Department of Cardiology, University

severe symptomatic TR is safe and effective in pro-

Hospital Alvaro Cunqueiro, C/ Clara Campoamor 341,

ducing rapid and sustained mid-term QOL and func-

36213 Vigo, Spain. E-mail: roiestevez@hotmail.com.

tional beneﬁts in patients with severe symptomatic
TR, with Conformité Européenne mark labeling ach-

CLINICAL PERSPECTIVES

ieved on the basis of the present results. Although
longer term clinical and imaging follow-up will be

WHAT IS KNOWN? Severe symptomatic TR is

required to enhance our understanding of the effects

associated with a grave prognosis and is rarely

of CAVI systems, a pivotal randomized trial of CAVI vs

treated.

standard medical therapy is warranted to better
establish the role of CAVI in the emerging trans-

WHAT IS NEW? The TricValve, a novel dedicated

catheter TV paradigm.

CAVI system, is safe to implant and is associated with
rapid and sustained clinical improvement.
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