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The surgical intervention to treat isolated severe tricuspid regurgitation (TR) is challenging due to the severe TR patients’

high-risk profile, hence associated with a high complication rate. Herein, we describe a first-in-human percutaneous

deployment of a novel transcatheter prosthetic xenograft valve to treat severe TR. (Level of Difficulty: Advanced.)

(J Am Coll Cardiol Case Rep 2021;3:1281–1286) © 2021 The Authors. Published by Elsevier on behalf of the

American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
A 71-year-old female was referred from primary
care to a tertiary medical center for tricuspid
valve replacement surgery due to massive

symptomatic tricuspid regurgitation (TR) (Video 1).
EARNING OBJECTIVES

To describe the first-in-human experience
with the percutaneous, transcatheter
tricuspid valve replacement using the novel
valve.
To show the feasibility and safety of the
novel valve implantation through the inter-
nal jugular vein.
To show the immediate effect of the
implanted novel valve on the right ventric-
ular contraction following abrupt elimination
of the severe regurgitation.
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MEDICAL HISTORY

The patient underwent surgical aortic valve replace-
ment followed 4 years later by a transcatheter aortic
“valve-in-valve” procedure. Recently she developed
overt right heart failure despite attempted medical
TABLE 1 Cardiac Hemodynamic Study Before Intervention

Systemic blood pressure, mm Hg 160/84

Pulmonary artery pressure, mm Hg 74/31

Right ventricular pressure, mm Hg 55/29

Right atrial v-wave pressure, mm Hg 40

Right atrial mean pressure, mm Hg 29

Cardiac index, l/min/m2 2

Stroke volume index, ml/m2 32

Pulmonary artery pulsatility index 1.48

Hemoglobin at time of study, g/dL 9.3
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therapy, high-dose diuretics, low-sodium
diet, and amiodarone therapy to maintain
sinus rhythm. The physical examination on
admission revealed the following findings:
blood pressure: 110/70 mm Hg; irregular
heart rate: 80 beats/min; typical signs of right
ventricular (RV) failure; extensive jugular
vein congestion; and severe lower limb
pitting edema, however, without signs of
ascites.
INVESTIGATION

Echocardiography revealed massive TR, RV dilation
with borderline systolic dysfunction, moderate
degenerative mitral valve stenosis, and normal
function of the aortic prosthesis. The tricuspid valve’s
diameters were 40 mm at the septum-lateral and
37 mm at the anterior-posterior dimensions. Invasive
cardiac hemodynamic data are shown in Table 1.

The local heart team estimated the patient’s sur-
gical risk to be significantly high, mainly due to
frailty, previous cardiac surgery, and the compro-
mised RV contraction. Hence, tricuspid valve
replacement using the novel valve (TriSol Medical,
Yokneam, Israel) was selected.

Pre-procedural imaging included a trans-
esophageal echocardiography (TEE) study explicitly
focused on the right heart. The tricuspid valve was
identified at the mid-esophageal level at 30� and the
x-plane orthogonal view to allow simultaneous im-
aging of all 3 leaflets and obtain a 3-dimensional (3D)
image of the valve through the 3D-zoom mode. The
valve was also scanned on the 0� (short-axis) gastric
E 1 The Novel Valve

frame (arrowheads), fixation arms (arrows), skirts on the ventric

dial monoleaflet in systole and diastole (*).
view and 90� (long-axis) view. Acceptable TEE image
quality was required with the patient in the supine
position as during the procedure. Data for the right
heart morphology were also obtained using cardiac
computed tomography (CT) and further processed by
using the 3mensio CT software (Esaote, Italy) to
enable the novel valve’s projection onto the tricuspid
valve’s annulus and ensure optimal adjustment be-
tween the 2. Finally, the operational staff trained on
an in vivo porcine model and an in vitro simulator
based on a 3D printed silicone heart model identical
to the patient’s cardiac CT data. The local ethical
committee and the Ministry of Health’s Ethical Com-
mittees approved the procedure.

DESCRIPTION OF THE NOVEL VALVE

The valve apparatus (Figure 1) is a bioprosthesis
consisting of a thin self-expanding nitinol alloy frame
(height: 21 mm; inflow and outflow diameters: 62.5
and 50.3 mm, respectively; and inner waist diameter:
34.8 mm). A bovine pericardial monoleaflet valve is
attached to the frame by 2 commissures. During
diastole, the valve opens, with its 2 symmetrical
segments coming into apposition on the ventricular
aspect of the annular plane, forming 2 large orifices
for the antegrade blood flow.

In systole, the ventricular contraction force pushes
the leaflets back to form a circular line of coaptation,
with the entire perimeter of the porcine pericardium-
covered nitinol frame. The valve’s closing motion
forms a closing volume approximating 5 ml (as
measured in vitro), like a mechanical double-disk
valve (Figure 2). Six arc-shaped fixation arms welded
ular side (†) (pericardial) and atrial side (‡) (polyester), and the



FIGURE 2 Color M-Mode Echocardiography of the Novel Valve

The blue jet represents the diastolic laminar inflow. The very-early systolic red jet represents the closing volume.
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to the frame anchor the valve to the native annulus
through engagement between the native leaflets and
the adjacent walls, thus reducing the risk of
compromising the right coronary artery (RCA) flow.
FIGURE 3 The Delivery System
The axial forces generated by blood flow through the
valve and the frame’s conical shape aim to avoid
impingement of the frame on the adjacent conduction
system. The bioprosthesis is crimped and loaded into



FIGURE 4 Low Transvalvular Pressure Gradients 14 Days After the Implantation
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the distal capsule of the delivery system (Figure 3).
The crimped valve is introduced from the internal
jugular vein downstream into the RV cavity. The
deployment begins with the exposure of the frame’s
ventricular edge. Once the 6 fixation arms capture the
native leaflets, the frame’s atrial edge is released. The
device is collapsible and repositionable until the fix-
ation arms are fully expanded. Currently, the proto-
type fits an annulus septum-lateral dimension in the
range of 40 to 53 mm. An endovascular pacemaker
does not prohibit the procedure but may add to its
complexity.

THE PROCEDURE

A multidisciplinary team composed of interventional
and noninvasive cardiologists, a vascular surgeon, an
Echocardiographic Characteristics Before and 2 Weeks After the

s Implanted

Pre-Implantation Post-Implantation

icular ejection fraction, % 65 70

V stroke volume, ml 64 70

smitral pressure gradient, mm Hg 3 7

m 15 –

ricular fractional area change, % 43 36

stricuspid pressure gradient, mm Hg – 1

na cava width, cm 2.6 2.6

ventricular; TAPSE ¼ tricuspid annular plane systolic excursion
anesthesiologist, and auxiliary staff performed the
procedure.

The patient was anesthetized and intubated.
External pacemaker patches were applied to the pa-
tient’s chest. TEE and fluoroscopy monitored the
procedure. An activated clotting time of 300 seconds
was maintained during the procedure.

THE PROCEDURE INCLUDED 4 MAIN STAGES

1. Wiring of the RCA served to mark the tricuspid
annulus during fluoroscopy.

2. The device was inserted into the right internal ju-
gular vein after surgical exposure and cut down in
the vein.

3. The roadmap obtained by the valve’s x-plane and
3D-zoom TEE images enabled precise steering of
the device’s fixation arms to achieve complete
motion restriction of the native leaflets. Then, the
deployment was completed by exposing the
frame’s atrial side and detachment of the valve’s
delivery system (Video 2).

4. Upon completing deployment, the TEE confirmed
the appropriate valve’s position, stability, and
function. Low transvalvular pressure gradients
(peak: 2 mm Hg; and mean: 1 mm Hg) and a trace
residual perivalvular regurgitation were noted
under stable hemodynamic conditions (Videos 3
and 4, Figure 4). The RV contraction did not dete-
riorate immediately after the abrupt elimination of
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FIGURE 5 Reduction in the Right Ventricle’s Size 24 Hours After the Procedure

J A C C : C A S E R E P O R T S , V O L . 3 , N O . 1 0 , 2 0 2 1 Vaturi et al.
A U G U S T 2 0 2 1 : 1 2 8 1 – 1 2 8 6 Transcatheter Tricuspid Valve Replacement by a Novel Valve

1285
the TR. The jugular vein was managed surgically
following retrieval of the valve delivery system.
The procedure lasted 210 minutes, requiring 41:29
minutes of fluoroscopy and 98 ml of contrast
medium.

DISCUSSION

Patients with severe TR are at high risk for heart
failure and death (1-3). However, their high-risk pro-
file (4) attenuates the survival benefit of surgical
intervention for TR (5). Hence, transcatheter alter-
natives represent an unmet need (6,7).

The abrupt elimination of severe TR may often
unmask RV decompensation due to an acute rise in
afterload. This complication significantly clouds im-
mediate and long-term procedural success (8). In the
present case, the RV did not severely decompensate
despite altered baseline function. We assumed that
the valve’s unique closing volume might have
moderated the impact of RV’s increased afterload.
This hypothesis merits further study.

FOLLOW-UP

At the end of the procedure, the patient was moni-
tored in the cardiac intensive care unit. A constant
course of clinical improvement and absence of new-
onset conductance abnormality characterized the
following days. On the sixth day, the patient was
discharged from the hospital. The patient was
instructed to continue with the pre-procedure
diuretic regime and coumadin (target international
normalized ratio of 2 to 3).
Serial echocardiograms starting from the proced-
ure and up to 2 weeks post-procedurally revealed the
following 3 insights (Table 2):

1. The novel valve remained properly positioned,
maintaining low-pressure transvalve gradients
(peak and mean: 3 and 1 mm Hg, respectively) and
a very mild residual perivalvular leak.

2. Stable RV systolic function was noticed despite the
profound reduction in TR. Furthermore, a reduc-
tion in the RV’s size was already noticed after 24
hours (Figure 5), reflecting acute reverse
remodeling.

3. The procedure was associated with a 9% rise in the
forward RV stroke volume after 14 days.

CONCLUSIONS

The successful first-in-human novel valve implanta-
tion constitutes an important milestone toward a
shifting paradigm, enabling a worthy alternative to
surgery for high-risk patients. The unique features of
this valve may potentially better adapt to the chal-
lenges of long-standing severe TR.
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