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BACKGROUND: Patients with severe tricuspid regurgitation present late and are often ineligible for surgery or transcatheter
repair systems. Transfemoral venous implantation of a bicaval valved stent has been proposed as therapeutic option in
selected patients. The aim of this study was to summarize the early procedural and clinical outcomes of the novel TRICENTO
system for the treatment of patients with symptomatic severe tricuspid regurgitation.

METHODS: All consecutive patients treated with the custom-made TRICENTO implant at the participating centers were
included in this retrospective multicentre registry.

RESULTS: A total of 21 high-risk patients (mean age 76+7 years; 67% female) with severe or higher grade tricuspid regurgitation
were analyzed. The majority of the patients were in New York Heart Association class 1171V (95%), had peripheral edema (95%),
and previous hospitalization for right heart failure (67%). Technical success was 100%, and there was no case of in-hospital
mortality. During follow-up (median 61 days), symptomatic improvement was observed (65% in New York Heart Association
class I/11; /<0.001). Computed tomography revealed asymptomatic fractures of the TRICENTO prosthesis in 3 patients. Cardiac
magnetic resonance imaging obtained in 7 patients showed a significant decrease (262465 mm® at baseline versus 216+£58
mm? at follow-up, P=0.006) of right ventricular end-diastolic volume. The overall-survival rate was 76% at 1 year.

CONCLUSIONS: The present data indicate the feasibility of transfemoral bicaval valved stent implantation for the treatment of
severe tricuspid regurgitation. Functional improvement and signs of right ventricular reverse remodeling were observed. Stent
fractures did not impair valve function, but require refinement of prosthesis design and careful assessment of eligibility criteria.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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morbidity and mortality, tricuspid regurgitation (TR)  tension, and right ventricular (RV) dysfunction, patients
remains largely undertreated due to clinical and  are often ineligible for surgery. Recently, several trans-
anatomic limitations.”” Owing to age, previous cardiac ~ catheter systems have been approved for commercial

Despite its high prevalence and substantial impacton  surgery, late referral, comorbidities, pulmonary hyper-
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WHAT IS KNOWN

« Tricuspid regurgitation leads to high morbidity and
mortality.

* Many patients are ineligible for current treatment
options due to advanced disease.

WHAT THE STUDY ADDS

* Bicaval stenting is a safe and efficient treatment
strategy in selected patients.

* Besides symptomatic improvement, treatment
might lead to right ventricular reverse remodeling.

Nonstandard Abbreviations and Acronyms

CT computed tomography
NYHA New York Heart Association
RA right atrium

RV right ventricular

TR tricuspid regurgitation

use in Europe as therapeutic alternative to tricuspid sur-
gery3* Depending on valve anatomy, leaflet approxima-
tion (PASCAL, Edwards Lifesciences or TriClip, Abbott
Vascular)® or direct annuloplasty (Cardioband, Edwards
Lifesciences)® are used.

In patients at advanced stage of the disease with
severe leaflet tethering and a large coaptation gap, most
transcatheter tricuspid repair systems are unsuitable.

Transfemoral implantation of a bicaval valved stent has
been proposed as an alternative in selected patients. The
device is intended to prevent backflow into the venous
system and hence, reduce TR-related congestive symp-
toms. Owing to its custom-made design, it may overcome
anatomic and technical limitations of other transcatheter
systems. The first implantation of the TRICENTO sys-
tem (Medira AG, Balingen, Germany) has been reported
in 20187 This study summarizes the early experience
with this system in 21 patients treated at 12 European
centers.

METHODS

The authors declare that all supporting data are available within
the article.

Study Design and Patients

The study is designed as a retrospective observational registry,
including data from 12 tertiary care centers in 5 European coun-
tries (Germany, Switzerland, Austria, ltaly, and Spain). Baseline,
procedural, and follow-up data up to 1 year from 21 consecu-
tive patients treated with the TRICENTO system are reported.
Patients with symptomatic severe TR ineligible for surgery
or other transcatheter treatment systems were evaluated for
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clinical and anatomic suitability by the local Heart Team, as well
as the device manufacturer. TR severity was assessed using
echocardiography and graded according to the recently pro-
posed b-grade scheme® The study was approved by the respec-
tive local ethic committees and patients gave informed consent.

End Points and Follow-Up

The primary end point of the study was technical success
defined as absence of procedural mortality, successful access,
delivery, and retrieval of the device delivery system, success-
ful deployment and correct positioning of the device, freedom
from emergency surgery or reintervention related to the device
or access procedure assessed at the end of the procedure.
Secondary end points included all-cause and cardiovascular
mortality, cerebrovascular events, myocardial infarction, bleed-
ing complications, acute kidney injury, rehospitalization for
heart failure, as well as functional status according to New York
Heart Association (NYHA) class.

Clinical follow-ups were performed according to the center’s
schedule and consisted of a visit with transthoracic echocardiog-
raphy and, in some cases, laboratory exam, computed tomogra-
phy (CT), and cardiac magnetic resonance imaging. All patients
were followed-up 1 year after the procedure. Vital status was
obtained systematically for all patients at 1 year follow-up.

TRICENTO System

The transcatheter bicaval valved stent graft consists of a self-
expanding nitinol stent frame which is internally covered by
thin porcine pericardium. It is designed based on the individual
patient's anatomy in a custom-made fashion. Diameters of the
inferior and superior vena cava (minimum 16 mm-maximum 35
mm), right atrial length (40-80 mm), as well as the distance from
the right atrium (RA) to the liver veins (minimum 10 mm) are
considered during screening. Preprocedural evaluations include
transthoracic echocardiography and CT. The lateral bicuspid peri-
cardial valve element faces the RA, allowing diastolic inflow and
preventing systolic backflow (Figure 1A). The aim of the therapy
is to lower the pressure in the venous circulation and improve
congestive symptoms. The system is inserted via the right femoral
vein over an integrated 24 French sheath and positioned into the
superior vena cava (Figure 1B). It is then stepwise deployed in
a cranial-caudal direction (Figure 1C through 1E). Radiopaque
markers facilitate the orientation of the graft, especially of the
valve element. The procedure is mainly guided by fluoroscopy
and projection angles are derived from the preprocedural CT.
Transesophageal echocardiography may be used to monitor posi-
tion and function of the deployed system but is not mandatory.
Depending on the use of echocardiographic guiding, the implan-
tation is performed either under general or local anesthesia.
Fusion imaging has been described as a possible additional tool
to facilitate procedural visualization.'® The stent graft is resheath-
able up to 90% of its length and can be easily repositioned. Valve
position and function are assessed by RV and caval angiography
at the end of the procedure and by transthoracic echocardiogra-
phy (transthoracic echocardiography) during follow-up.

Statistical Analysis

We expressed continuous variables as mean with SD and com-
pared them using the paired ¢ test. Categorical variables were
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Figure 1. TRICENTO concept and steps of implantation.

A, Schema of the implanted stent graft, lateral bicuspid valve element facing towards right atrium allowing for diastolic inflow (blue arrows)
and prohibiting systolic backflow (red arrow). Courtesy of Medira AG. B, Insertion of sheath into the superior vena cava in a patient with
leadless pacemaker. C and D, Stepwise deployment of prosthesis to the cranial (C) and caudal (D) valve element. E, Fully deployed prosthesis.

Fluoroscopy (right anterior oblique 50°/caudal 0°).

presented as counts and percentages and were compared
using the Wilcoxon signed-rank test. All statistical tests used
the 2-sided P value of 0.05 as their significance threshold.
Statistical analysis was performed with IBM SPSS Statistics
25 (SPSS, Chicago, IL).

RESULTS

Between March 2017 and October 2019, 21 patients
(mean age 7617 years, 67% female) with symptom-
atic severe or higher grade TR and prohibitive surgical
risk (mean EuroScore Il 11£7%) were treated with the
TRICENTO system at 12 European tertiary care cen-
ters. Baseline clinical and echocardiographic charac-
teristics of the cohort are summarized in Table S1. With
the exception of 1 patient (NYHA functional class II),
all patients (95%) had NYHA functional class IIl or IV
and peripheral edema. Two-thirds of patients had previ-
ously been hospitalized for heart failure (mean 2.4+1.8
times) and 6 patients (29%) had ascites at baseline.
Thirteen patients (62%) had undergone previous
open-heart surgery, and 2 patients (10%) had under-
gone previous transcatheter aortic valve replacement.
At the time of the intervention, 3 patients (14%) had
a transvalvular pacemaker-lead and 1 patient had a
leadless pacemaker (Medtronic Micra) implanted after
explantation of a previous transvenous lead that was
suspected to have contributed to TR. Atrial fibrillation
and chronic renal failure were highly prevalent (Table
S1). Most patients were on previous anticoagulation
(=19 [90%)]).

Baseline TR was severe in 13 (62%) patients, and
massive or torrential in 8 (38%). Functional etiology was
present in the majority of the patients (n=17 [81%)]). The
mean vena contracta was 12+5 mm and the mean tri-
cuspid annular diameter was 417 mm. RV function was
impaired (tricuspid annular plane systolic excursion <17
mm) in 9 (43%) patients and the mean RV/RA-gradient
was 27 mmHg (Table S1). Mean fractional area change
was 46%12%.
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Procedural Characteristics and Outcome

Procedural details are summarized in Table 1. The proce-
dure was performed under general anesthesia with trans-
esophageal echocardiography—guidance in all but 1 case
(95%). Technical success was achieved in all patients—the
mean total procedure time was 9248 minutes and the
mean device time was 2017 minutes. Four patients (19%)
had vascular complications, requiring blood transfusion (2
units) in 1 patient. In 4 cases, postprocedural acute kid-
ney injury occurred (stage 1 in 2, stage 2 and stage 3 in
1 case each). In 1 patient with previously impaired renal
function, temporary dialysis was required. One patient
developed a systemic inflammatory syndrome of unclear
origin with hypotension 1 day after the procedure requir-
ing intensive care measures and intravenous vasopres-
sors. Blood cultures did not show any bacteremia and the
patient stabilized within 24 hours. There was no in-hospital
death. Echocardiography at discharge confirmed correct
positioning of the prosthesis in all cases and revealed
paraprosthetic leakage in 2 cases, graded as severe in 1
case. In the latter, the RA was severely dilated (198 mL),
which lead to an insufficient seal at the transition of the
prosthesis to the inferior vena cava. In patients with a pre-
vious transvalvular lead, there were no procedural aberra-
tions or lead-related events during clinical follow-up. The
median length of hospital stay was 7 days (interquartile
range [IQR], 5=12 days). Postprocedural anticoagulation
with a vitamin K antagonist was continued or started in all
patients except 1 who was maintained on a non-vitamin K
antagonist oral anticoagulant.

Follow-Up Outcomes

Clinical follow-up was obtained for all patients. One
patient died from a noncardiovascular cause (suicide)
within the first 30 days after the procedure. Within 6
months, 2 patients (10%) died from cardiovascular
causes and 1 from terminal kidney failure. The overall-
survival rate was 76% at 1 year (Figure 2). Through-
out the follow-up period, there were 4 (19%) cases of
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Table 1. Procedural Characteristics

Procedural characteristics
Type of anesthesia

General 20 (95)

Local 1(5)
Intraprocedural TEE 20 (95)
Total duration of the procedure, min 92+48
Device time, min 20+7
Technical success 21 (100)
Minor vascular complication 3 (14)
Major vascular complication 1(5)
Acute kidney injury 4 (19)

Requiring dialysis 1(5)
Conversion to surgery (0]
Cerebrovascular event 0
In-hospital mortality 0
Mean length of hospital stay, d 10+8

Values are given in n (%) or mean with SD. TEE indicates transesophageal
echocardiography.

rehospitalization for right heart failure (1 occurred in the
context of sepsis unrelated to the procedure). There was
no case of new pacemaker implantation. Events during
follow-up outcomes are shown in Table 2.

Functional outcome was available for 20 patients
(median 107 days, IOR, 50-189 days) and showed
sustained symptomatic improvement, with the major-
ity of patients in functional NYHA functional class | or
Il (n=13, 65%; F=0.001 for paired analysis; Figure 3).
No significant changes of ALT [alanine aminotransfer-
asel; 14 paired values: 22.6+10.3 versus 20.7£6.7 U/,
P=0.48), creatinine (18 paired values: 149100 versus
1712122 pymol/L, P=0.16; after exclusion of dialysis
patients 14 paired values: 106£44 versus 1156144
pmol/L, P=0.443) and pro-B-type natriuretic peptide

Bicaval Valved Stent for Severe Tricuspid Regurgitation

(14 paired values: 500616479 versus 6948%2770
mg/dL, P=0.375; after exclusion of dialysis patients
10 paired values: 210612261 versus 209812399
mg/dL, P=0.998) were observed. Clinical signs of
congestion resolved in the majority of patients with 7
patients (37%) still showing peripheral edema (ver-
sus 95% at baseline, ”<0.001), and 1 (5%) persist-
ing ascites (versus 29% at baseline, £=0.125). Body
weight decreased significantly in patients with previ-
ously elevated weight ([body mass index >25 kg/m?],
85+11 kg versus 76111 kg, P=0.022), whereas it
remained unchanged in the overall cohort (71£14 kg,
versus 68+14 kg, P=0.276). The dosage of diuretics at
follow-up was reduced in 61% of patients (n=11/18),
while it was increased in 1 patient (6%). Other heart
failure mediation (ACE [angiotensin-convertig enzyme]-
inhibitors/angiotensin Il blocker, beta-blocker, aldoste-
rone antagonist) remained unchanged.

Echocardiographic follow-up by transthoracic echo-
cardiography (median 93 days; IOR, 55-134 days) was
available for 17 patients and showed no substantial
change in left or RV function or dimensions. The patient
with post-procedurally detected severe paraprosthetic
leakage experienced no major adverse cardiac event
during the follow-up period, although severity of the leak-
age remained unchanged.

Follow-up CT was available for 6 patients (median
55 days, IOR, 356-84 days). It showed correct position-
ing in all cases but revealed evidence of stent strut frac-
tures in 3 patients who were treated for massive TR. In
2 cases, the structural damage was minor and had no
impact on device function, whereas in 1 case, increased
systolic compression of the atrial portion of the stent
was observed compared to procedural and immediate
postprocedural imaging (Figure 4). In all 3 patients, the
valve function remained intact without associated clini-
cal sequelae.

Figure 2. Kaplan-Meier curve showing
survival during follow-up.
Values are given in %.
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Table 2. Follow-Up Outcomes

Outcomes during follow-up (N=21); median 107 d, IQR 50-189 d

All-cause mortality

30d 1(5)

1y 5 (24)
Cardiovascular mortality

30d 0

1y 2(10)
Documented prosthesis fracture 3 (14)
Rehospitalization for heart failure 4 (19)
Major bleeding 0
Cerebrovascular event 0
Myocardial infarction 0

NYHA functional class (n=20)

| 6 (30)

I 7 (35)

1] 6 (30)

v 1(8)
Body weight, kg (n=16) 67114
Peripheral edema (n=19) 7 (37)
Ascites (n=19) 1(5)
Laboratory examination

Creatinine, ymol/L (n=18) 171£129

NT-proBNP, pg/mL (n=14) 6865110398

ALT, U/L (n=14) 37140

AST, U/L (n=12) 37+40

GGT (n=11) 132+96

Echocardiographic outcomes (n=17); median 93 d; IQR 55-134 d

LVEF, % 48+18
LVEDD, mm 40+9
RVEDD basal, mm 4710
TAPSE, mm 1816
FAC, % 43+14
TR severity
Moderate (2+) 2(12)
Severe (3+) 6 (35)
Massive (4+) 7 (41)
Torrential (5+) 2(12)

Values are given in n (%) or mean with SD. ALT indicates alanine amino-
transferase; AST, aspartate aminotransferase; FAC, fractional area change; GGT,
gamma-glutamyl transferase; IQR, interquartile range; LVEDD, left ventricular
end-diastolic diameter; LVEF, left ventricular ejection fraction; NT-proBNP, N-ter-
minal pro-brain natriuretic peptide; NYHA, New York Heart Association; RVEDD,
right ventricular end-diastolic diameter; TAPSE, tricuspid annular plane systolic
excursion; and TR, tricuspid regurgitation.

Cardiac magnetic resonance imaging was obtained
in 7 patients (median 188 days, IOR, 146-264 days;
Table 3). Left and RV function, as well as left ventricu-
lar dimensions, remained unchanged, whereas there
was a significant decrease of the RV end-diastolic vol-
ume (2562465 mm? at baseline versus 221+46 mm? at
follow-up, P=0.018; Figure 5). Cardiac output did not
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change significantly (3.9£1.1 versus 4.9+0.2 L/min,
P=0.172).

DISCUSSION

The salient findings of our study can be summarized as
follows (1) The TRICENTO bicaval valved stent can be
implanted with high technical success and low peri-pro-
cedural complication rate in selected patients; (2) two-
thirds of patients remained in NYHA class | or Il during
the follow-up period; (3) asymptomatic stent fractures
were observed in 3 patients but did not compromise
valve function; (4) cardiac magnetic resonance imag-
ing obtained in a subset of patients showed a significant
reduction of the RV end-diastolic volume after implanta-
tion, whereas RV function remained unchanged.

Transcatheter treatment of the tricuspid valve is an
emerging domain of the interventional cardiology. So far, leaf-
let approximation remains the most widely used method for
transcatheter treatment of the tricuspid valve.®'" The recently
reported results of the TRILUMINATE (Study With Abbott
Transcatheter Clip Repair System in Patients With Moderate
or Greater TR; TriClip)'? and TR CLASP (Edwards PASCAL
Transcatheter Valve Repair System in Tricuspid Regurgita-
tion Early Feasibility Study; PASCAL)'® study demonstrated
the feasibility and safety of the technique with improvement
of TR by at least 1 grade in the majority of cases, although
TR remained severe in 40% to 48% of patients at 30-day
follow-up. Similarly, the TRI-REPAIR study (Tricuspid Regur-
gitation Repair With Cardioband Transcatheter System; Car-
dioband)'* reported persisting severe TR in 45% and 37% of
the patients at discharge and 1 year follow-up, respectively.
Transcatheter tricuspid valve replacement either through the
transatrial’® or the transfemoral'® access is another emerg-
ing technology that has the potential advantage to achieve
effective TR reduction, irrespective of the valve anatomy
(14 in >92% of the patients). Functional improvement was
reported in all aforementioned studies.

These preliminary results illustrate the limitations of
current systems that are not yet able to treat the entire
spectrum of TR patients. Indeed, patients with a large coap-
tation gap (>10 mm), severe leaflet tethering (tenting area
>3.15 cm?), noncentral or -anteroseptal jet, pacemaker-
induced TR, previous or failed transcatheter valve repair
with resulting recurrent severe TR or iatrogenic tricuspid
stenosis, as well as those with severe RV dysfunction
and large annulus size may have suboptimal results or be
unsuitable for current transcatheter solutions.*'” For this
subgroup of usually highly symptomatic patients, hetero-
topic caval valve implantation may represent an alternative.
So far, the evidence concerning dedicated devices for this
indication essentially consisted of case reports'®29; this is
the first multicentre study on this topic.

The magnitude of functional improvement according
to NYHA class observed in our study (65% in class | or
Il at follow-up) was comparable to the one observed in
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the TriValve registry' (NYHA class | or Il in 61% at 30
days and 54% at 6 months). Although in the TriValve reg-
istry, a lower NYHA class was strongly correlated to TR
reduction after treatment, functional improvement after
TRICENTO implantation may rather relate to a decrease
of congestive signs, in particular resolution of chronic
pleural effusion and ascites (Figure b).

Similarly, cardiac magnetic resonance imaging obtained
in a subgroup of 7 patients showed significant reduction of
RV end-diastolic volume (by about 14%) in our population.
In contrast to the results of the TRILUMINATE study, no
improvement of the RV function was observed, which may
be explained by the persisting volume overload of the RV.

Previous experience of caval valve implantation was
obtained using nondedicated devices and has shown
important technical limitations. In the TRICAVAL trial,'
28 patients were randomized to caval valve implantation
in the inferior vena cava or medical treatment alone. The
study was prematurely stopped due to the occurrence of
major complications. Four patients required open-heart
surgery due to stent migration and valve dislocation,

demonstrating the challenges of safely anchoring com-
mercial transcatheter valves designed for the aortic posi-
tion in the dilated caval veins. The concept of a stent
graft with a lateral valve element may overcome these
issues, whereas the custom-made design of the pros-
thesis helps to ensure safe anchoring, even in grotesque
anatomic scenarios. However, the production of the pros-
thesis is time-consuming and delays the procedure.
Similarly to caval valve implantation, the anatomic eli-
gibility is essentially limited by the caudal landing zone,
in particular the distance from the RA to the liver veins.
Although study populations appear comparable, the 1
year all-cause mortality rate in TRICAVAL, as well as in
the North American Caval Valve Registry,?> were consid-
erably higher (67% and 58%, respectively). Furthermore,
functional improvement was less pronounced in TRICA-
VAL, where NYHA functional class remained unchanged
in 38% of the patients with only around 40% in class | or
[l at 3 to 6 months. These differences might in part relate
to insufficient reduction of the venous backflow when
implanting only 1 valve in the inferior vena cava.

Computed tomography
imaging of stent strut fractures.
Orange circle marking area of fracture.
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Table 3. CMR Baseline and Follow-Up

CMR (n=7) Baseline Follow-up P value
LVEF, % 58+4 5743 0.917
LVEDV, mm? 123149 122437 0.366
RVEF, % 54+8 5218 0.636
RVEDV, mm? 252+65 221146 0.018

Values given in mean with SD. CMR indicates cardiac magnetic resonance
imaging; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejec-
tion fraction; RVEDYV, right ventricular end-diastolic volume; and RVEF, right ven-
tricular ejection fraction.

The dedicated TricValve system (UniMedTech)
addresses this limitation by means of implantation of
2 valves in the superior and inferior vena cava, respec-
tively. Recently presented results concerning 9 patients
showed acceptable technical success (89%), despite
valve migration requiring conversion to open-heart sur-
gery in 1 case.?® In addition, asynchronous opening and
closing of the valve elements may disturb laminar blood
inflow into the RA.

The 3 observed prosthetic fractures detected in
our study occurred in patients with massive TR and
were all located in the stent segment facing the cau-
dal valve element, which is exposed to a particularly
high mechanical stress during systole. In patients with
advanced TR, ventricularization of the right atrial hemo-
dynamics may occur and therefore expose the pros-
thesis to a peak systolic pressure that comes close
to the one of the RV. As a response to the observed
technical failures, patient selection criteria have been

Bicaval Valved Stent for Severe Tricuspid Regurgitation

refined, excluding patients with a peak systolic pres-
sure in the RA exceeding 25mmHg, and the structure
of the stent has been reinforced. Furthermore, better
understanding of the anatomy, pathophysiological, and
hemodynamic aspects of advanced tricuspid disease
is needed.

Limitations

There are inherent limitations of the study due to its
observational and retrospective nature, as well as
the lack of a control group. Follow-ups were at the
discretion of the participating centers with variability
in terms of schedule and protocols, and some data
were missing. Imaging analysis was performed on-
site without independent core laboratory evaluation,
which may have introduced interobserver variability.
The small patient population, especially with regards
to advanced imaging studies (cardiac magnetic reso-
nance imaging and CT) may limit generalization of
the findings.

Conclusions

The present data show the feasibility of transfemoral
bicaval valved stent implantation for the treatment of
advanced TR. Functional improvement and signs of RV
reverse remodeling were observed. The detected stent
fractures did not impair valve function, but require refine-
ment of prosthesis design and careful assessment of
eligibility criteria.

A
350
p=0.006
300 \
250 \
mE \
= 200
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e
150
100
50
0
Baseline Follow-up

Figure 5. Cardiac magnetic resonance imaging (CMR).

A, Right ventricular end-diastolic volume (RVEDV) baseline and follow-up. Values are given in mm?®. B and C, Baseline CMR. D and E, Follow-
up CMR 2 mo after TRICENTO implantation with resolution of ascites and pleural effusion as well as visual decrease of right ventricular

dimensions.
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