
J A C C : C A S E R E P O R T S V O L . 1 2 , 2 0 2 3

ª 2 0 2 3 P U B L I S H E D B Y E L S E V I E R O N B E H A L F O F T H E AM E R I C A N C O L L E G E O F

C A R D I O L O G Y F O U N D A T I O N . T H I S I S A N O P E N A C C E S S A R T I C L E U N D E R T H E

C C B Y - N C - N D L I C E N S E ( h t t p : / / c r e a t i v e c o mm o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 / ) .
CASE REPORT

CLINICAL CASE SERIES
Management of Volume Overload
in Severe Atrial-Functional
Tricuspid Regurgitation

Improved Feasibility of Transcatheter Edge-to-Edge Repair
Andrea Scotti, MD,a,b Jonathan Curio, MD,a Pier Pasquale Leone, MD,a Sebastian Ludwig, MD,a,b

Augustin Coisne, MD, PHD,a,b Matteo Sturla, MD,a Sandhya Murthy, MD,a Mei Chau, MD,a Juan F. Granada, MD,a,b

Ulrich P. Jorde, MD,a Edwin C. Ho, MD,a Azeem Latib, MDa
ABSTRACT
L

�

�

�

ISS

Fro

Me

Th

ins

vis

Ma
Patients with tricuspid regurgitation are often referred late in their disease course and present with volume overload, which

is a detrimental factor leading to right-sided chamber dilatation and dysfunction. Treatment of volume overload can

1) improve patient functional status; 2) avoid repeated invasive examinations; and 3) establish eligibility for

transcatheter tricuspid intervention. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2023;12:101776)

© 2023 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/).
S evere tricuspid regurgitation (TR) is common
and associated with excess mortality.1 Despite
improving in-hospital mortality rates after iso-

lated TR surgery (5%-13%), these procedures are still
EARNING OBJECTIVES

To recognize the impact of volume overload
on TR assessment and transcatheter
tricuspid valve intervention eligibility.
To acknowledge that treatment of volume
overload can reduce RA and RV volumes, TV
leaflet tethering, and coaptation gaps.
To understand that diagnostic work-up and
establishment for transcatheter tricuspid
valve intervention candidacy must be per-
formed after patient volume status is
optimized.
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offered to highly selected surgical candidates.2,3 As
a result, among more than 1.6 million patients with
clinically relevant moderate to severe or worse TR
in the United States, only about 10,000 TR procedures
are performed annually.4 The unmet clinical need
of TR treatment paved the way for the development
of several less invasive transcatheter treatment op-
tions.5 Although randomized trials are still ongoing,
multicenter real-world data suggest that transcath-
eter tricuspid valve interventions are safe and
effective.6 Among these, tricuspid transcatheter
edge-to-edge repair (T-TEER) using the MitraClip or
TriClip (Abbott Vascular) or the PASCAL (Edwards
Lifesciences) device is the most commonly performed
treatment approach.6

Despite the availability of dedicated treatment
options, referral for interventional TR treatment is
still suboptimal. Historically, TR has been considered
https://doi.org/10.1016/j.jaccas.2023.101776

tefiore Medical Center, Albert Einstein College of

tion, New York, New York, USA.

es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

er 23, 2022, accepted January 6, 2023.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaccas.2023.101776
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaccas.2023.101776&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


ABBR EV I A T I ON S

AND ACRONYMS

HF = heart failure

HFpEF = heart failure with

preserved ejection fraction

RA = right atria/atrial/atrium

RV = right ventricle/ventricular

TR = tricuspid regurgitation

T-TEER = tricuspid

transcatheter edge-to-edge

repair

Scotti et al J A C C : C A S E R E P O R T S , V O L . 1 2 , 2 0 2 3

Management of TR and Volume Overload A P R I L 1 9 , 2 0 2 3 : 1 0 1 7 7 6

2

a phenomenon secondary to left-sided heart
disease, resolving when such concomitant
pathologies are treated and being neglected
as an innocent bystander. This misconcep-
tion still leads to late referral of patients with
TR to dedicated heart valve centers that offer
multidisciplinary assessment and screening
for transcatheter treatment options.6 Such
late presentation following long-standing TR
is often associated with significant volume
overload with associated distortion of right
ventricular (RV) and right atrial (RA) cham-
bers, further increasing annular dilatation and
tricuspid valve leaflet tethering, leading to even
worse TR with large coaptation gaps.7 At this
advanced stage, surgical treatment options are asso-
ciated with high or prohibitive risk, and patients may
be even deemed ineligible for T-TEER.

The aim of this case series is to: 1) illustrate how
volume overload affects TR assessment; 2) how these
patients can be managed; and 3) how volume opti-
mization can lead to (re-)establishment of T-TEER
candidacy, allowing successful transcatheter TR
treatment.

CASE 1

An 81-year-old man with a history of hypertension,
atrial fibrillation, chronic kidney disease (estimated
glomerular filtration rate <30 mL/min), and heart
failure with preserved ejection fraction (HFpEF) pre-
sented with massive edema (anasarca) and was
admitted to the heart failure (HF) unit. His admission
weight was 118 kg (261 lb).

Initial diagnostic work-up by transthoracic echo-
cardiography confirmed HFpEF, with a left ventricu-
lar ejection fraction of 50%, and revealed severe atrial
functional TR with systolic flow reversal seen in
the hepatic veins. The tricuspid annular diameter
(4-chamber view) was 49.1 mm, with severe dilation
of the RA. After heart team assessment, including
interventional cardiology, interventional cardiac im-
aging, cardiac surgery, and advanced HF cardiology,
the patient was deemed not a good surgical candi-
date, and transcatheter treatment was considered
pending volume state optimization. The patient was
managed in the HF unit with intravenous diuretic
agents and 2 large-volume paracenteses of 14 L in
total, leading to weight loss of 45 kg (100 lb) during
the hospitalization. The prior maintenance treatment
with furosemide 160 mg once daily was subsequently
changed to torsemide 100 mg twice daily at hospital
discharge.

At a follow-up visit in the structural heart clinic,
the patient’s volume status was significantly
improved, with a dry weight of 73 kg (160 lb). A
slight improvement of exertional dyspnea was re-
ported, but the patient remained in New York Heart
Association functional class II despite optimized
and maximally tolerated guideline-directed medical
therapy. Right heart catheterization was performed,
showing RA pressure of 14 mm Hg, RV pressures of
50/14 mm Hg, and pulmonary artery pressures of
50/20/30 mm Hg. Pulmonary capillary wedge pres-
sure was 17 mm Hg, with a transpulmonary gradient
of 15 mm Hg and pulmonary vascular resistance of
2.2 WU. Despite the reversal of fluid overload,
resulting in a marked reduction of RA and RV sizes,
persistent severe atrial functional TR was still
evident (Video 1), and a T-TEER procedure was
subsequently scheduled (TRI-SCORE predicted in-
hospital mortality of isolated tricuspid valve sur-
gery 10/12, 65%).

Following right femoral venous access and with
transesophageal echocardiographic guidance, the
steerable guide catheter was advanced into the RA.
Using 3-dimensional echocardiographic guidance, a
MitraClip XT (Abbott Vascular) was positioned and
implanted between the anterior and septal leaflets. A
second XT clip was implanted posterior to the first
clip in a posteroseptal position. At the end of the
procedure, there was mild residual TR, with a mean
transvalvular gradient of 1 mm Hg (Video 2). The pa-
tient was discharged 2 days after the procedure, with
postprocedural transthoracic echocardiography con-
firming mild residual TR.

CASE 2

An 84-year-old woman presented to the HF unit
with severe bilateral leg edema and significant
functional impairment. In addition to HFpEF (left
ventricular ejection fraction 60%), the patient had
atrial fibrillation, hypertension, and nonobstructive
coronary artery disease. Initial transthoracic echo-
cardiographic evaluation revealed severe atrial
functional TR in a tricuspid valve with partially
fused anterior and posterior leaflets, creating a near
bicuspid morphology (type II morphology).8 RA and
RV volumes were increased, and mild septal leaflet
tethering was noted (Video 3). Her admission weight
was 77 kg (169 lb). To treat the massive leg edema,
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CENTRAL ILLUSTRATION Management of Volume Overload in Severe Atrial Tricuspid Regurgitation Before
Transcatheter Edge-to-Edge Repair

Scotti A, et al. J Am Coll Cardiol Case Rep. 2023;12:101776.

Patients with volume overload and severe functional tricuspid regurgitation require volume optimization before screening for transcatheter edge-to-edge repair.

The echocardiographic effects of volume reduction might improve transcatheter edge-to-edge feasibility. LV ¼ left ventricle; RA ¼ right atrium; RV ¼ right ventricle;

TR ¼ tricuspid regurgitation; T-TEER ¼ tricuspid transcatheter edge-to-edge repair; TV ¼ tricuspid valve.
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escalating doses of intravenous diuretic agents were
given during the hospital stay. Initial treatment
with furosemide 40 mg once daily was optimized to
furosemide 40 mg twice daily at discharge.

At follow-up assessment, the patient was still
symptomatic (dyspnea on exertion and limited
functional status), and severe TR was still present
despite ongoing diuretic therapy and euvolemic vol-
ume state with a dry weight of 69 kg (153 lb). Repeat
echocardiography showed improved RA and RV di-
mensions with normal RV systolic function and
reduced coaptation gaps (Video 3). A T-TEER

https://doi.org/10.1016/j.jaccas.2023.101776


FIGURE 1 Effect of Volume Optimization on Atrial and Annular Dimensions and Tricuspid Regurgitation Severity as Assessed by Transthoracic Echocardiography
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procedure was therefore planned (TRI-SCORE pre-
dicted in-hospital mortality of isolated tricuspid
valve surgery 4/12, 8%).

The procedure was performed in a similar fashion
to case 1. A MitraClip XTW was implanted in an
anteroseptal position, followed by a second XTW clip
placed between the posterior and septal leaflets. At
the end of the procedure, there was mild residual
TR, with a mean transvalvular gradient of 1 mm Hg
(Video 4).

DISCUSSION

When evaluating patients with TR for transcatheter
intervention (ie, edge-to-edge repair, annuloplasty,
and orthotopic or heterotopic valve replacement) the
following anatomical criteria play a central role in
device selection: RA and RV dimensions, coaptation
gaps, and leaflet tethering.9 Patients with TR are
often referred late in their disease course and present
with volume overload, which is a detrimental factor
leading to right-sided chamber distortion. As these
anatomical characteristics used in the screening al-
gorithm are load dependent, their assessment may be
inaccurate in presence of a hypervolemic state.
Exaggerated RA and RV dilation can increase the sizes
of coaptation gaps, regurgitant orifice, and severity of
leaflet tethering (Central Illustration). Therefore, it is
of utmost importance to evaluate patients with TR
when loading conditions are optimized.

Patients with severe TR should be evaluated for
signs of volume overload: visible and palpable pitting
edema, ascites, and increased body weight (Central
Illustration). Before proceeding further with diag-
nostic work-up, correction of the hypervolemic state
should be done first. This includes aggressive diuretic
therapy and, if appropriate, paracentesis. For patients
with advanced-stage TR and significant frailty, a
short hospitalization stay (“prehab”) in an HF unit for
intravenous diuretic therapy and clinical monitoring

https://doi.org/10.1016/j.jaccas.2023.101776


FIGURE 2 Effect of Volume Optimization on Tricuspid Leaflet Coaptation Gaps as

Assessed by Transesophageal Echocardiography
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can be considered. When volume status is optimized,
further diagnostic testing, including transesophageal
echocardiography and right heart catheterization, is
recommended. Besides acute interventions to treat
volume overload, adoption of optimized guideline-
directed medical therapy is fundamental as mainte-
nance treatment for patients with TR and should be
continued after the procedure.

As demonstrated by the presented clinical cases, a
multidisciplinary management strategy including
advanced HF specialists may have a significant
impact on final device and procedure selection.
Improvement in RV and RA volume overload can
result in reduced coaptation gaps and leaflet teth-
ering, potentially allowing patients to be eligible for
procedures previously deemed technically not
feasible (Figures 1 and 2). A recent study investigating
a standardized table-tilt maneuver showed that
lowering the feet by 10� facilitated T-TEER by
reducing leaflet gaps and allowing easier grasping.10

This technique, using venous pooling by gravity to
temporarily reduce RA and RV loading, could also be
performed during diagnostic work-up to demonstrate
load dependency and support the potential benefit
of an increase of the diuretic regimen in patients
with TR.

Patients with severe TR should be referred early to
heart valve centers with expertise in tricuspid valve
treatment. Assessment for volume overload is of
primary importance and should be performed in all
patients being evaluated for TR therapies. This may
avoid the need for repeat invasive procedures, such
as transesophageal echocardiography and right heart
catheterization, or inaccurate decisions regarding TR
intervention eligibility. Reversing volume overload
can improve patient functional status and improve
eligibility for transcatheter tricuspid intervention.
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