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ABSTRACT

Objectives: Transcatheter approaches in heart valve disease became tremen-
dously important and are currently established in the aortic position, but transcath-
eter tricuspid repair is still in its beginning and remains challenging. Replicating
the surgical edge-to-edge technique, for example, with theMitraClip System (Ab-
bott Vascular, Santa Clara, Calif), represents a promising option and has been re-
ported successfully in small numbers of cases. However, up to now, few data
considering the edge-to-edge technique as a transcatheter approach are available.
This study aims to determine the ex vivo hydrodynamics after the central and
paracommissural edge-to-edge technique in different pathologies.

Methods: Because of basal or apical dislocation of papillary muscles, leaflet pro-
lapse or tethering was simulated in porcine tricuspid valves mounted on a flexible
holding device. Central and paracommissural edge-to-edge techniques were eval-
uated successively in these pathologies. Regurgitant volume and mean transvalv-
ular gradient were determined in a pulse duplicator.

Results: In this ex vivo model, the isolated edge-to-edge technique reduced
tricuspid regurgitation. In the prolapse model, regurgitant volume decreased
significantly after central edge-to-edge technique (from 49.4 � 13.6 mL/stroke
to 39.3 � 14.1 mL/stroke). In the tethering model, both the central and the para-
commissural edge-to-edge techniques led to a significant decrease (from
48.7� 13.9 to 43.6� 15.6 and to 41.1� 13.8 mL/stroke). In all cases, the reduc-
tion of regurgitant volume was achieved at the cost of significantly increased
mean transvalvular gradient.

Conclusions: This study provides a reduction of tricuspid regurgitation after the
edge-to-edge technique in the specific experimental setup. Whether this reduction
is sufficient to treat tricuspid regurgitation successfully in clinical practice re-
mains to be established. Transcatheter approaches need to be evaluated further,
probably with regard to concomitant annuloplasty for higher reduction of
tricuspid regurgitation. (J Thorac Cardiovasc Surg 2017;-:1-7)
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Central Message

This ex vivo model showed significant reduc-

tion but not elimination of TR, implicating po-

tential consequences for transcatheter

techniques.

Perspective

Transcatheter tricuspid repair is still in its

beginning. A clinically applied device is the

MitraClip System (Abbott Vascular, Santa

Clara, Calif) replicating the surgical EET, but

few data evaluating this strategy are available.

This ex vivo study investigated different local-

izations of edge-to-edge repair in different pa-

thologies, aiming to provide further data with

potential implications for transcatheter

techniques.

See Editorial Commentary pageXXX.

In recent years, functional tricuspid regurgitation (FTR) as a
cause of a patient’s morbidity and mortality has become an
issue of particular interest. Although severe tricuspid
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regurgitation (TR) can result in serious clinical symptoms,
it often remains undertreated.

FTR is predominantly caused secondary to left heart dis-
ease, especially mitral regurgitation, mitral stenosis, and
aortic stenosis, as well as to concomitant pulmonary artery
hypertension (PAH). In addition, chronic atrial fibrillation
favors tricuspid annular dilation and therefore the occur-
rence of FTR.1,2 Increased right ventricular pressure and
volume overload due to left heart disease and PAH induce
tricuspid annular dilation and enlargement of the right
ventricle, leading to leaflet tethering caused by dislocation
of the papillary muscles and further worsening FTR.
Because annular dilation and ventricular enlargement are
of progressive character, FTR will increase over time if it
remains untreated.2-5 The need for surgical interventions
of FTR, which represents approximately 90% of all
severe TR pathologies,1,6 has been underestimated for a
long time because of the concept that TR would recede
once the primary left heart disease had been treated.4,5

Several reports of different research groups over the past
few years refuted this hypothesis and revealed the
deteriorating character of TR, leading to an extension of
the indication for surgical tricuspid repair.1-5 According to
the most recent guidelines, surgical treatment of TR
during left heart surgery is also recommended in patients
with tricuspid annulus dilation and nonsevere TR.7,8

Nevertheless, the indications for tricuspid valve surgery
in individual cases remain a challenge in clinical practice,
and the recurrence of moderate to severe TR can be as
high as 60% at 5 years.9 Because reoperation for tricuspid
repair in these patients is associated with a mortality as high
as 35%,1,3,10,11 there is a need for less-invasive treatment
alternatives, such as transcatheter approaches.

Today, transcatheter techniques are an established alter-
native to surgery in aortic valve disease and emerging in
mitral valve disease, but still in their beginning in tricuspid
valve disease. Several devices are in clinical application to
treat severe TR and show promising results, but because of
small case numbers, these results are preliminary and there
is still no structured evaluation of the different techniques.
An appealing concept seems to be the imitation of the sur-
gical edge-to-edge technique (EET), because it shows satis-
factory results in surgical midterm follow-up.12 The
transcatheter approach in clinical practice to mimic this

technique is performed with the MitraClip System (Abbott
Vascular, Santa Clara, Calif), reported by different research
groups to reduce severe TR significantly.13-19 However, this
technique has been used only in small numbers of patients
and still needs further evaluation before broad clinical
application. In particular, only few studies investigated
postinterventional transvalvular gradients (mean
transvalvular gradient [dp]),3,14,15 which might be
elevated because of a reduced effective orifice area.

This study aims to investigate EET in a controlled ex vivo
setting, evaluating regurgitant volume (vr) and dp, consid-
ering 2 different techniques (central and paracommissural
EET), as well as 2 different pathologies (leaflet prolapse
and tethering) and simulating PAH, to evaluate the clinical
applicability of EET with regard to transcatheter tricuspid
repair.

MATERIALS AND METHODS
Tricuspid Valves

Porcine tricuspid valve complexes (n ¼ 12) were dissected out of

porcine hearts, including the tricuspid annulus, leaflets, chordae tendineae,

and papillary muscles. All porcine hearts were obtained from animals of

the butchery Pirdzuhn (Todesfelde, Germany). The tricuspid valve prepa-

rations weremounted on a supporting device, consisting of an anatomically

shaped holding ring for the fixation of the tricuspid valve annulus, height-

adjustable frames for the attachment of the papillary muscles to simulate

the different pathologies, and a spacer to stabilize the bottoms of the frames

during the measurements (Figure 1).

Simulation of Different Pathologies
Underlying pathologies causing TR in this ex vivo study were leaflet

prolapse and tethering. Both pathologies were imitated by dislocating the

papillary muscles through shifting the height-adjustable frames, in case

of prolapse in the basal direction and of tethering in the apical direction.

To validate the design of this ex vivo model, vr of the native and path-

ologically modified tricuspid valves was determined in a pulse duplicator.

This validation aimed to review whether the simulations of both pathol-

ogies (prolapse and tethering) result in significantly higher vr compared

with the native valve preparations and if a vr similar to clinical conditions

found in severe TR can be achieved. In this ex vivo study, the recommen-

dations of the European Association of Echocardiography for the assess-

ment of TR served as the basis for the definition of clinical conditions.

According to these recommendations, TR is graded severe if vr exceeds

45 mL/stroke.20

Pulse Duplicator
The physiologic circulation was imitated by a pulse duplicator allowing

for the evaluation of hydrodynamic parameters.21 It enables the adjustment

of different cardiac output volumes, afterload, and heart rates. A high-

speed camera in front of the chamber containing the tricuspid valve prep-

arations made a visual observation and pictures possible.

Experimental Procedure
In each tricuspid valve preparation, measurements were performed on

the native tricuspid valve, both pathologies (prolapse and tethering), and

central as well as paracommissural EET in both pathologies successively

(Figure 2), taking the mean value.

A tricuspid valve preparation, mounted on the supporting device, was

inserted into the pulse duplicator and hydrodynamic parameters (vr and

Abbreviations and Acronyms
EET ¼ edge-to-edge technique
FTR ¼ functional tricuspid regurgitation
dp ¼ mean transvalvular gradient
PAH ¼ pulmonary artery hypertension
TR ¼ tricuspid regurgitation
vr ¼ regurgitant volume
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