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Transcatheter tricuspid valve edge-to-edge repair (T-TEER) has emerged as an option for treating patients with tricuspid

regurgitation. Few studies have explored intraprocedural maneuvers to optimize leaflet-grasping T-TEER in order to

improve technical success. This case series of 3 patients describes maneuvers that facilitated T-TEER in patients with

large coaptation gaps or short leaflet lengths. (Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep

2023;15:101850) © 2023 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/).
T reatment options for severe tricuspid regur-
gitation (TR) have been limited given a lack
of evidence-based medical therapy and the

high mortality rate of isolated tricuspid valve (TV)
surgery.1 Transcatheter TV repair has emerged as a
viable option that is safe and effective in reducing
TR while alleviating symptoms and improving quality
of life,2,3 with the potential of improving survival.4

The most common transcatheter device currently
used in Europe and in U.S. trials is transcatheter TV
edge-to-edge repair (T-TEER).5 The main anatomical
LEARNING OBJECTIVES

� To describe maneuvers that might facilitate
transcatheter tricuspid valve repair by
reducing the CG between the tricuspid
leaflets during T-TEER.

� To understand procedural T-TEER scenarios
in which these maneuvers might prove
beneficial.
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predictor of poor technical success is the coaptation
gap (CG) that is measured on transesophageal echo-
cardiography (TEE).6-8 Few studies have explored
maneuvers to reduce the CG during T-TEER.9 This
case series describes maneuvers other than table tilt
that facilitate T-TEER in patients with excessive CGs
or short leaflet lengths. The patients presented in
this case series had persistent severe, symptomatic
TR after evaluation by a multidisciplinary team and
medication optimization.

CASE PRESENTATION 1

The patient was an 84-year-old man with symptom-
atic severe TR. His medical history was significant for
remote atrial septal defect repair, recent MitraClip
NTR (Abbott Vascular) placement with residual mild
to moderate mitral regurgitation (MR), and perma-
nent atrial fibrillation (AF). He was enrolled in the
previously reported TRILUMINATE (Trial to Evaluate
Treatment With Abbott Transcatheter Clip Repair
System in Patients With Moderate or Greater
https://doi.org/10.1016/j.jaccas.2023.101850
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ABBR EV I A T I ON S

AND ACRONYMS

AF = atrial fibrillation

CG = coaptation gap

LV = left ventricle/ventricular

MR = mitral regurgitation

PEEP = positive end-expiratory

pressure

PPM = permanent pacemaker

RV = right ventricle/ventricular

TEE = transesophageal

echocardiography

TEER = transcatheter tricuspid

valve edge-to-edge repair

TR = tricuspid regurgitation

TV = tricuspid valve

VCA = vena contracta area
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Tricuspid Regurgitation; NCT03227757) early
feasibility trial for the TriClip device (Abbott
Vascular).3 Preprocedural TEE revealed
normal left ventricular (LV) function,
moderately reduced right ventricular (RV)
function, a severely enlarged RV, and leaflet
tethering consistent with ventricular func-
tional TR. The central CG was along the entire
septal commissure (4.1 cm anteroposterior
length), with septolateral CGs of 0.7 to 1.0 cm
(Figure 1A, Video 1). The 3-dimensional vena
contracta area (VCA) was 1.44 cm2, with
regurgitant volume of 61 mL (using a TR
velocity-time integral of 42.4 cm) (Figure 1B),
consistent with torrential TR. Simultaneous
and independent leaflet grasping was un-
successful. A ventilator-assisted or intra-
operative Valsalva maneuver was initiated by
increasing ventilatory gas flow and squeezing the
breathing circuit bag temporarily with the adjustable
pressure-limiting valve fully closed, increasing
intrathoracic pressure to approximately 30 mm Hg.
During the ventilator-assisted Valsalva maneuver, the
CGs reduced to 0.3 to 0.6 cm2 (Figures 1C and 1D,
Videos 2 and 3) and the initial tricuspid clip could be
placed during the 15 to 20 seconds of the maneuver.
Following initial clip placement, 2 subsequent clips
could be placed, without the need for a ventilator-
assisted Valsalva maneuver. Three tricuspid clips
resulted (Figure 1E) in a final reduction of TR to a
3-dimensional VCA of 0.13 cm2 and regurgitant vol-
ume of 11 mL (Figure 1F), consistent with mild TR.

CASE PRESENTATION 2

The patient was an 86-year-old woman with symp-
tomatic severe TR despite optimal medical therapy.
Her medical history included permanent AF and hy-
pertension. She was accepted for compassionate use
of the PASCAL device (Edwards Lifesciences). Pre-
procedural TEE showed normal LV and RV function, a
severely enlarged right atrium and RV, and torrential
mixed atrial and ventricular functional TR. The
anteroposterior CG was 4.92 cm, with a septolateral
CG of 1.5 to 1.8 cm (Figure 2A, Video 4) and
3-dimensional VCA of 3.28 cm2 (Figure 2B). T-TEER
with either simultaneous or independent leaflet
grasping was unsuccessful. With a positive end-
expiratory pressure (PEEP) of 20 mm Hg to reduce
venous return in combination with external pressure
applied to the patient’s sternum to physically narrow
the lateral-to-septal dimension, the CG was reduced
to 0.5 to 0.7 cm (Figures 2C and 2D, Video 5). A T-TEER
device was placed across the anteroseptal leaflets,
and a second T-TEER device could be placed across
the posteroseptal leaflet without need for further
maneuvers (Figure 2E), with reduction of TR by more
than 50% (Figure 2F).

CASE PRESENTATION 3

The patient was a 91-year-old woman with symp-
tomatic severe TR. Her medical history included
moderate aortic stenosis, severe MR status post
recent MitraClip implantation with residual moderate
to severe MR, chronic AF, and sinus node dysfunction
status post permanent pacemaker (PPM) implanta-
tion, complicated by PPM-related TR. She underwent
PPM lead extraction and wireless pacemaker im-
plantation, but right-sided heart failure symptoms
persisted despite optimal medical therapy. She was
admitted for compassionate use of the T-TEER de-
vice. Preprocedural TEE revealed normal LV and RV
function, with moderately increased RV size and
biatrial dilation. There was severe atrial functional TR
with a septolateral CG of 0.38 cm with dense chordae
(Figure 3A) and a short septal leaflet (Figure 3B).
Three-dimensional VCA was 0.75 cm2, with regur-
gitant volume of 75 mL (using a TR velocity-time in-
tegral of 100 cm) (Figure 3C). Attempts at
simultaneous grasping were unsuccessful, so inde-
pendent grasping was performed. After anterior
leaflet grasp (Figure 3D, Video 6), attempts to ma-
neuver closer to the septal leaflet were ineffectual,
and PEEP of 15 cm H2O was instituted, with subse-
quent narrowing of the tricuspid annulus (Figure 3E,
Video 7), and the septal leaflet was grasped. A single
T-TEER device was required for a 2-grade TR reduc-
tion from severe to mild, with a final 3-dimensional
VCA of 0.15 cm2 (Figure 3F).

DISCUSSION

Various anatomical criteria have been proposed to
determine the suitability of patients for different
categories of transcatheter devices.5 Worldwide, T-
TEER is the most common approach given its early
commercial approval in Europe and proceduralists’
familiarity. However, several anatomical criteria limit
the procedural success of these devices: large CGs,
noncentral regurgitant orifices, increased tethering
height, and greater leaflet complexity with dense
chordae.5 Atrial functional TR can result in subopti-
mal anatomy, as the leaflets are not long enough to
cover the markedly dilated annular area and thus may
be particularly difficult for TEER devices. Given the
growing use of T-TEER, site-reported techniques for
facilitating procedural success become integral, with
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FIGURE 1 Case 1: Use of Ventilator-Assisted Valsalva Maneuver

(A) Transesophageal echocardiogram with transgastric short-axis view of the tricuspid valve showing preprocedural septolateral gaps of 0.7

to 1.0 cm (yellow arrows) (Video 1). Color Doppler 3-dimensional (3D) vena contracta area (VCA) was 1.44 cm2 (B), consistent with torrential

tricuspid regurgitation. Transgastric short-axis view with biplane of the tricuspid valve during transcatheter tricuspid edge-to-edge repair (T-

TEER) after ventilator-assisted Valsalva maneuver, showing a reduction of the coaptation gaps to 0.3 to 0.6 cm (C) (Video 2), which can be

also seen on postprocessed 3D transgastric short-axis view of the tricuspid valve (D) (Video 3). After a total of 3 T-TEER clips were placed

(E), the 3D VCA was reduced to 0.13 cm2 (F), consistent with mild TR. AV ¼ aortic valve.
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greater reduction in TR associated with better
outcomes.10

In this case series, ventilatory maneuvers and
chest compression were used in 2 different scenarios:
excessive CGs and inadequate leaflet lengths
(Table 1). Intraprocedural maneuvers such as the
reverse Trendelenburg position, the Valsalva ma-
neuver, and PEEP reduce systemic venous return,
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FIGURE 2 Case 2: Use of PEEP and Chest Pressure

(A) Baseline preprocedural transesophageal echocardiographic transgastric short-axis view of the tricuspid valve (Video 4) shows an anteroposterior (AP) gap of 4.9 cm

(red arrow), with septolateral (SL) gaps between 1.5 and 1.8 cm (yellow arrows). (B) Color Doppler 3D VCA was 3.28 cm2, consistent with torrential tricuspid

regurgitation. (C,D) During T-TEER, transgastric short-axis view and postprocessed 3D short-axis view of the tricuspid valve after the use of positive end-expiratory

pressure (PEEP) and chest pressure show a reduction of the coaptation gaps to 0.5 to 0.7 cm (yellow arrows) (Video 5). After successful T-TEER with 2 devices (E), the

3D VCA was reduced to 1.5 cm2 (F), a >50% reduction from baseline. RA ¼ right atrium; RV ¼ right ventricle; other abbreviations as in Figure 1.
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FIGURE 3 Case 3: Use of PEEP

(A) Baseline transgastric short-axis view shows a septolateral gap of 0.38 cm with dense chordae. (B) Tricuspid valve leaflets close at the annular plane (midesophageal

RV inflow view with biplane) with a relatively short septal leaflet. (C) Color Doppler 3D VCA was 0.75 cm2, consistent with severe tricuspid regurgitation (TR). (D)

During T-TEER, after the anterior leaflet was grasped, the device could not be maneuvered close enough to the septum for an adequate grasp of the septal leaflet

(midesophageal RV inflow view with biplane) (Video 6). (E) PEEP was used to reduce the tricuspid annular (TA) diameter (green arrows) (Video 7). (F) After single-

device T-TEER, the 3D VCA was reduced to 0.15 cm2, consistent with mild TR. Abbreviations as in Figures 1 and 2.
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which decreases tricuspid annular size and CG,
effectively increasing the grasping lengths of the
leaflets. Preprocedural aggressive diuresis also re-
duces right heart size and CGs and may obviate the
TABLE 1 Echocardiographic and invasive patient characteristics

Patient 1:
Valsalva

RV basal: mid-dimension (ratio) 6.18 cm/4.48 cm (1.38)

TA 4-chamber dimension 6.39 cm

Tethering height 1.43 cm

LVEF 59%

Estimated PASP 31 mm Hg

RV function Moderately reduced

RV FWS pre–T-TEER -12.5%

RV FWS post–T-TEER -11.0%

Maximal S-L gap pre-maneuver 1.03 cm

Maximal S-L gap post-maneuver 0.58 cm

TR severity/3D VCA pre-TEER Torrential/1.44 cm2

TR severity/3D VCA post-TEER Mild/0.13 cm2

3D VCA ¼ 3-dimensional vena contracta area; FWS ¼ free wall longitudinal strain; LV
RV ¼ right ventricular; S-L ¼ septal-lateral; TA ¼ tricuspid annulus; TEER ¼ transcathe
need for additional intraprocedural maneuvers.
Which procedure to use may depend on the proce-
duralist’s and anesthesiologist’s comfort with each
maneuver. The reverse Trendelenburg position is safe
Patient 2:
PEEP þ Chest Compression

Patient 3:
PEEP

4.75 cm/4.57 cm (1.03) 5.27 cm/3.64 cm (1.45)

4.87 cm 3.62 cm

1.23 cm 0 cm

67% 63%

31 mm Hg 36 mm Hg

Mildly reduced Normal

-16.6% -21%

-16.4% -22.9%

1.84 cm 0.38 cm

0.74 cm 0 cm

Torrential/3.28 cm2 Severe/0.75 cm2

Severe/1.5 cm2 Mild/0.15 cm2

EF ¼ left ventricular ejection fraction; PASP ¼ pulmonary artery systolic pressure;
ter tricuspid edge-to-edge repair; TR ¼ tricuspid regurgitation.
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but requires changing the settings of the catheteri-
zation table to permit this change in angle. The Val-
salva maneuver is not commonly performed and may
require experience to achieve a consistent intratho-
racic pressure using manual methods. We have ob-
tained the most consistent results with PEEP. Finally,
in case 2, the effect of chest compression alone was
not captured by imaging, as PEEP and chest
compression were performed in close temporal
proximity, but chest compression to physically
reduce the tricuspid annular dimension and thus
leaflet gap size has led to inconsistent gap reduction
in our experience, given the variability of cardiac
position and rotation within the chest.

Importantly, the Valsalva maneuver, increased
PEEP, and chest compression can result in lung
barotrauma and chest trauma and can have detri-
mental hemodynamic effects by reducing venous re-
turn making it imperative to perform these
maneuvers with continuous hemodynamic moni-
toring. To minimize the adverse hemodynamic effect
and complications, the duration of these maneuvers
is intentionally brief (15-20 seconds at most), and any
delay to assess hemodynamic effect (either invasively
or noninvasively) is not required, as the gap reduc-
tion itself is the proof of adequate hemodynamic
effect.
CONCLUSIONS

Maneuvers for reducing the CG and improving
grasping leaflet lengths can help increase procedural
success rates for T-TEER and clinical outcomes. A
ventilator-assisted Valsalva maneuver and PEEP
should be added to other maneuvers (ie, reverse
Trendelenburg position) to improve technical out-
comes in challenging cases.
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