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BACKGROUND Tricuspid regurgitation (TR) is a frequent disease with a progressive increase in mortality as
disease severity increases. Transcatheter therapies for treatment of TR may offer a safe and effective alternative to

surgery in this high-risk population.
OBJECTIVES The purpose of this report was to study the 1-year outcomes with the TriClip transcatheter
tricuspid valve repair system, including repair durability, clinical benefit and safety.
METHODS The TRILUMINATE trial (n ¼ 85) is an international, prospective, single arm, multicenter study
investigating safety and performance of the TriClip Tricuspid Valve Repair System in patients with moderate or greater

TR. Echocardiographic assessment was performed by a core laboratory.
RESULTS At 1 year, TR was reduced to moderate or less in 71% of subjects compared with 8% at baseline
(p < 0.0001). Patients experienced significant clinical improvements in New York Heart Association (NYHA) functional

class I/II (31% to 83%, p < 0.0001), 6-minute walk test (272.3 � 15.6 to 303.2 � 15.6 meters, p ¼ 0.0023) and Kansas

City Cardiomyopathy Questionnaire (KCCQ) score (improvement of 20 � 2.61 points, p < 0.0001). Significant reverse

right ventricular remodeling was observed in terms of size and function. The overall major adverse event rate and all-

cause mortality were both 7.1% at 1 year.
CONCLUSION Transcatheter tricuspid valve repair using the TriClip device was found to be safe and effective in
patients with moderate or greater TR. The repair itself was durable at reducing TR at 1 year and was associated with a

sustained and marked clinical benefit with low mortality after 1 year in a fragile population that was at high surgical risk.
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ABBR EV I A T I ON S

AND ACRONYMS

6MWD = 6-min walk distance

KCCQ = Kansas City

Cardiomyopathy Questionnaire

MAE = major adverse event

NYHA = New York Heart

Association

SLDA = single leaflet device

attachment

TR = tricuspid regurgitation

TTVR = transcatheter tricuspid

valve repair

Lurz et al. J A C C V O L . 7 7 , N O . 3 , 2 0 2 1

TRILUMINATE 1-Year Outcomes J A N U A R Y 2 6 , 2 0 2 1 : 2 2 9 – 3 9

230

Downloaded
F

T here is growing awareness of
tricuspid regurgitation (TR) as a rele-
vant and increasing public health

concern. Recent evidence reveals that TR is
not just a surrogate for more advanced car-
diac disease in general, but a disease entity
with independent prognostic implications
(1–3). Irrespective of left ventricular function
and pulmonary hypertension, TR is associ-
ated with increased morbidity and mortality,
partly due to the development of right heart
failure (4,5).

Due to unsatisfactory results of isolated
tricuspid valve surgery with a peri-operative
mortality rate of 8% to 10% (6,7), surgical
SEE PAGE 240
treatment is often withheld from patients, leading to
an increasingly underserved population of patients
with relevant TR.

Recently, variousminimally invasive transcatheter-
based techniques for reducing TR have been applied
(8–12). Although initially promising, most trans-
catheter tricuspid valve repair (TTVR) approaches are
still in development and robust acute or longer follow-
up data are lacking.

At present, the most widely applied technique is
edge-to-edge repair of the tricuspid valve (13).
Retrospective analyses suggest that edge-to-edge
repair reduces TR and improves symptoms (14,15).

The TRILUMINATE trial evaluated the safety and
performance of a TTVR system (TriClip [Abbott, Chi-
cago, Illinois]), for the treatment of patients with
symptomatic moderate or greater TR who were
deemed to be at high risk for tricuspid valve surgery
with valve anatomies that were considered appro-
priate for transcatheter edge-to-edge repair. Both the
primary safety (composite of major adverse events at
6 months) and performance (TR reduction at 30 days)
endpoints were successfully met and have been re-
ported previously (16).

While these relatively short-term outcomes are
promising, longer-term performance remains to be
seen. We now report on the 1-year follow-up results
assessing the durability of TR reduction, clinical ben-
efits during follow-up and explore the implications for
right heart structural and functional remodeling.

METHODS

STUDY DESIGN AND PATIENT COHORT. The
TRILUMINATE trial is a prospective, single-arm,
multicenter study evaluating the TriClip TTVR sys-
tem. This study was conducted at 21 sites in Europe
and the United States. An eligibility committee
comprised of interventional cardiologists,
 for Anonymous User (n/a) at Brazilian Society of Cardiology fro
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cardiovascular surgeons, heart failure specialists,
and echocardiographers evaluated each subject for
enrollment according to the pre-specified inclusion
and exclusion criteria (16). Briefly, symptomatic
patients at high surgical risk with moderate or
greater TR (by transthoracic and transesophageal
echocardiography) and no indications for left-sided
or pulmonary valve correction were included in
this study. Patients with severe pulmonary artery
pressure (>60 mm Hg, estimated by echocardiogra-
phy), previous tricuspid valve procedures or coap-
tation gaps >10 mm were excluded from this study.
This study complies with the Declaration of Helsinki
and was approved by local ethics committees and
the respective health authorities of the participating
countries. All patients provided written informed
consent. The study is registered in ClinicalTrials.gov
(NCT03227757).

ECHOCARDIOGRAPHIC ASSESSMENT. All echocar-
diograms were analyzed by an independent core
laboratory that followed the American Society of
Echocardiography standards for echocardiography
core laboratories (17). Tricuspid regurgitation was
assessed using standard 2D color Doppler methods
and graded using a pre-specified 5-class grading
scheme: mild, moderate, severe, massive, and
torrential (18). This expanded grading scheme was
used to capture changes in tricuspid regurgitation
even when moderate tricuspid regurgitation or less
was not achieved. A number of parameters including
vena contracta width, effective regurgitant orifice
area and regurgitant volume were also measured.
Single leaflet device attachment (SLDA) and tricuspid
valve gradient were also assessed by the echocardi-
ography core laboratory.
CLINICAL OUTCOMES. All major adverse events
(MAE) including cardiovascular mortality, myocardial
infarction, stroke, new onset renal failure, endocardi-
tis requiring surgery, and nonelective cardiovascular
surgery for tricuspid valve repair system-related
adverse events were adjudicated by an independent
events committee. Additional safety endpoints (major
bleeding, new onset liver failure etc.) and hospitali-
zations were assessed at each site according to defini-
tions provided in the clinical investigation plan.
Clinical status was assessed using New York Heart
Association (NYHA) functional class, Kansas City Car-
diomyopathy Questionnaire overall summary score
(KCCQ) and six-min walk distance (6MWD).

STATISTICAL ANALYSIS. All analyses were per-
formed in the primary analysis population, which was
m ClinicalKey.com by Elsevier on March 10, 2021.
 ©2021. Elsevier Inc. All rights reserved.
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FIGURE 1 Comparison of TR Severity at Baseline, 30 Days, and 1 Year
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At 1 year, TR severity was significantly reduced showing a sustained TR reduction of $ 1 grade in 87% of subjects, with 70% achieving

moderate or less TR. Importantly, the initial TR reduction (seen at 30 days) proved durable in a majority of patients (79%) at 1-year follow-

up. Boxed labels indicate the percentage of subjects with moderate or less TR. The p values indicate significance from Bowker’s test. TR ¼
tricuspid regurgitation.
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defined as the first 85 enrolled subjects who had an
attempted procedure upon femoral vein puncture.
Longitudinal data for continuous variables were
analyzed using a generalized linear model with un-
structured correlation to account for repeated mea-
sures. Data is presented as least-squares mean �
standard error for continuous variables. Proportions
are presented for categorical variables and Bowker’s
or McNemar’s test was used to compare paired nom-
inal data. All statistical analyses were performed
with the use of SAS software, version 9.3 or higher
(SAS Institute, Cary, North Carolina).

RESULTS

BASELINE CHARACTERISTICS. Baseline characteris-
tics are summarized in Supplemental Table 1. A total
of 85 subjects (66% female) with significant comor-
bidities and at high surgical risk were included. Mean
age was 77.8 � 7.9 years with an average EuroSCORE
II of 8.7 � 10.7%. TR etiology included functional
(84%), degenerative (12%), and mixed (4%). The most
common comorbidities were atrial fibrillation (92%),
hypertension (86%), renal disease (46%), diabetes
(22%), and prior myocardial infarction (18%). Thirty-
three percent of subjects had a prior mitral inter-
vention and 75% were classified as NYHA functional
Downloaded for Anonymous User (n/a) at Brazilian S
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class III/IV. Median follow-up time was 12
(11,13) months.

REPAIR DURABILITY. Of the 85 subjects, 63 had
evaluable TR severity at 1 year. Data were missing on
22 subjects due to death (n ¼ 7), withdrawals (n ¼ 5),
missed visits (n ¼ 4) and lack of readable echocar-
diographic data to make an assessment (n ¼ 6). One of
these subjects lacked evaluable imaging at baseline,
leaving 62 subjects with paired TR severities at
baseline and 1-year follow-up. A comparison of
baseline characteristics for those subjects with and
without 1-year echocardiographic data is provided in
Supplemental Table 2.

TTVR with the TriClip device was found to be du-
rable, with 87% (54 of 62) of subjects having a sus-
tained TR reduction of $ 1 grade at 1 year, with 70%
(44 of 63) of subjects having moderate or less TR at 1
year (compared to 8% at baseline and 60% at 30 days)
(Figure 1). In this cohort, multivariate logistic regres-
sion indicated baseline TR severity as the only sig-
nificant predictor for achieving moderate or less TR at
1 year. Both torrential (OR: 10.45; p ¼ 0.0007) and
massive TR at baseline (OR: 4.34; p ¼ 0.03) were less
likely to achieve moderate or less TR at follow-up
when compared to subjects with severe TR at base-
line. Importantly, 56% (22 of 39) of subjects with
ociety of Cardiology from ClinicalKey.com by Elsevier on March 10, 2021.
t permission. Copyright ©2021. Elsevier Inc. All rights reserved.
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TABLE 1 Summary of Echocardiographic Endpoints

Baseline 30 Days 1 Year
p Value*

Baseline Versus 1 Year
p Value*

30 Days Versus 1 Year

Tricuspid regurgitation

EROA, cm2 0.65 � 0.03 0.40 � 0.03 0.32 � 0.05 <0.0001 0.1053

Regurgitant volume, ml/beat 52.20 � 2.35 34.83 � 2.92 27.68 � 3.08 <0.0001 0.0607

Regurgitation jet area, cm2 14.28 � 0.69 9.18 � 0.64 7.55 � 0.56 <0.0001 0.0007

Vena contracta width, cm 1.73 � 0.07 1.00 � 0.06 0.78 � 0.05 <0.0001 <0.0001

PISA radius, cm 0.91 � 0.03 0.68 � 0.03 0.63 � 0.04 <0.0001 0.2092

IVC diameter, cm 2.29 � 0.06 2.20 � 0.06 2.06 � 0.06 0.0014 0.0216

Right heart remodeling

RV end diastolic dimension, cm 5.28 � 0.07 4.93 � 0.08 4.79 � 0.08 <0.0001 0.0319

Tricuspid annular diameter S-L, cm 4.34 � 0.06 4.08 � 0.06 4.03 � 0.07 <0.0001 0.4640

Right atrial volume, ml 129 � 5.84 117 � 6.03 116 � 6.55 0.0166 0.8536

RV fractional area change, % 36.00 � 0.85 36.77 � 0.74 38.19 � 0.57 0.0057 0.0649

RV systolic pressure, mm Hg 42.7 � 1.08 42.0 � 1.49 43.9 � 2.30 0.5727 0.4525

TAPSE, cm 1.44 � 0.03 1.49 � 0.03 1.59 � 0.04 0.0002 0.0069

RV global longitudinal strain, % -14.1 � 0.64 -12.9 � 0.86 -14.6 � 0.86 0.5897 0.1083

*From Z-test. Data are presented as least-squares � SE from a generalized linear model.

EROA ¼ effective regurgitant orifice area; IVC ¼ inferior vena cava; PISA ¼ proximal isovelocity surface area; RV ¼ right ventricular; TAPSE ¼ tricuspid annular plane systolic
excursion.
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baseline massive or torrential TR achieved moderate
or less TR at 1 year, with 90% (35 of 39) achieving
at least a 1-grade reduction in TR. Significant
reductions in vena contracta width (1.73 � 0.07 to
0.78 � 0.05 mm; p <0.0001), effective regurgitant
orifice area (0.65 � 0.03 to 0.32 � 0.05 cm2;
p <0.0001), regurgitant jet area (14.28 � 0.69 to 7.55 �
0.56 cm2; p <0.0001), regurgitant volume (52.20 �
2.35 to 27.68 � 3.08 ml/beat; p <0.0001) and PISA
radius (0.91 � 0.03 to 0.63 � 0.04 cm; p <0.0001)
occurred between baseline and 1-year follow-up
(Table 1). Inferior vena cava (IVC) diameter also
significantly decreased from 2.29 � 0.06 cm at base-
line to 2.06 � 0.06 cm at 1 year (p ¼ 0.0014).

Importantly, the reduction in TR achieved at
30 days was durable out to 1 year for most subjects.
Comparing 30-day and 1-year TR severity, a further
reduction was seen in 35% (22 of 62) of subjects, no
change in 44% (27 of 62) of subjects, and a 1 grade
increase in 21% (13 of 62) of subjects. Of the 13 sub-
jects with a 1 grade increase in TR between 30 days
and 1 year, 9 remained at moderate or less TR. Over-
all, the change in TR grade between 30 days and
1 year was not significant (p ¼ 0.96) (Figure 1). An
alluvial plot of TR severity through 1-year follow-up
highlights repair durability following the initial
reduction in TR (Central Illustration).
CLINICAL OUTCOMES. Significant improvements in
clinical outcomes were seen in terms of clinical sta-
tus, quality of life and hospitalization rates. The
proportion of subjects classified as NYHA functional
ownloaded for Anonymous User (n/a) at Brazilian Society of Cardiology fro
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class I/II increased from 31% at baseline to 83% at 1
year (p <0.0001) (Figure 2). Self-assessed heart failure
symptoms measured by KCCQ showed an improve-
ment of 20 � 2.61 points from baseline to 1 year
(p <0.0001) (Figure 3), with 65% (43 of 66) of subjects
experiencing $10 point improvement. 6MWD
increased from 272 � 15.6 meters at baseline to 303 �
15.6 meters at 1 year, an increase of 31 � 10.2 meters
(p ¼ 0.0023) (Figure 3B). Clinical improvements
occurred mostly within the first month post-
procedure, with no significant differences in NYHA
functional class or 6MWD between 30-day (6-month
for 6MWD) and 1-year follow-up (6MWD was
assessed at 6 months per the clinical investigation
protocol). KCCQ continued to increase (though less
drastically) from 30-day to 1-year follow-up (6 � 2.7
point improvement; p ¼ 0.0290) (Figure 3A).

One-year all-cause mortality was 7.1% (6 of 84),
with only 7.1% (6 of 84) of subjects experiencing a
major adverse event (MAE) through 1 year (Table 2).
MAEs included cardiovascular mortality (4), myocar-
dial infarction (1), stroke (1) and new onset renal
failure (1) with no cases of endocarditis requiring
surgery or nonelective cardiovascular surgery for a
device-related adverse event. MAEs are reported for
84 subjects (rather than 85) due to 1 subject
withdrawing from the study prior to any MAEs. Major
bleeding (defined as BARC 3a) occurred in 11.9% (10 of
84) of subjects. A total of 21.4% (18 of 84) of subjects
experienced either major bleeding, MAE or mortality
through 1 year. SLDA occurred in 5 subjects without
m ClinicalKey.com by Elsevier on March 10, 2021.
 ©2021. Elsevier Inc. All rights reserved.



CENTRAL ILLUSTRATION 1-Year Outcomes From the TRILUMINATE Trial

Lurz, P. et al. J Am Coll Cardiol. 2021;77(3):229–39.

Transcatheter tricuspid valve repair using the TriClip device was found to be safe and effective. A low major adverse event rate and low mortality was observed in this

fragile, high-risk population. The repair was effective. Tricuspid regurgitation (TR) was significantly reduced, with 87% of subjects achieving a $ 1 grade reduction at 1

year with a sustained reduction in tricuspid regurgitation; 70% achieving moderate or less TR. A significant reduction in overall hospitalization rate was also observed

following treatment of tricuspid regurgitation, indicating the important clinical implications of treating this disease. In the lower panel, the numbers shown at

baseline, 30 days, and 1 year are percentages.
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FIGURE 2 NYHA Functional Class Through 1-Year Follow-Up
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The proportion of subjects classified as NYHA functional class I/II increased from 31% at baseline to 83% at 1 year. Functional class im-

provements occurred mostly within the first month post-procedure, with no significant differences in NYHA class between 30-day and 1-year

follow-up. The p values indicate significance from McNemar’s test. NYHA ¼ New York Heart Association.

FIGURE 3 Clinical Outcome Measures Over 1-Year Follow-Up
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than 30 days per the clinical investigation protocol. The p values indicate significance from the z-test. Error bars represent 95% confidence

interval. Change over time is shown as mean [95% confidence interval]. KCCQ ¼ Kansas City Cardiomyopathy Questionnaire overall

summary score; 6MWD ¼ six-minute walk distance.
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TABLE 2 Major Adverse Events and Clinical Safety Endpoints at

1-Year Follow-Up

Major adverse events through 1-yr 7.1 (6/84)

Cardiovascular mortality 4.8 (4/84)

Myocardial infarction 1.2 (1/84)

Stroke 1.2 (1/84)

New onset renal failure 1.2 (1/84)

Nonelective CV surgery, TVRS device-related AE 0

Other clinical safety endpoints

All-cause mortality 7.1 (6/84)

Major bleeding* 11.9 (10/84)

Pulmonary thromboembolism 0

New onset liver failure 0

New onset atrial fibrillation 1.2 (1/84)

Single leaflet device attachment† 7.7 (5/65)

Embolization 0 (0/65)

Mean tricuspid gradient $5 mm Hg‡ 6.3 (4/64)

Values are % (n/N). *Subjects reported a drop in hemoglobin of 3–5 g/Dl (BARC
Type 3a). †Subjects’ TR severity and clinical symptoms did not worsen as compared
to baseline. No additional intervention was needed. ‡Subjects did not present with
clinical symptoms. No additional intervention was needed.

FIGURE 4 Effect of TR Reduction On Mortality and Heart Failure Hospitalization
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clinical consequence or TR worsening, with no new
cases occurring after 30 days. All SLDAs were sub-
clinical and detected by routine echo core lab review.
Four subjects showed mean tricuspid valve
gradient $5 mm Hg at 1-year follow-up with no
related clinical symptoms and no further intervention
required. Three of these subjects had mean tricuspid
gradients $5 mm Hg since 30-day follow-up and 1
since 6-month follow-up. There were no cases of
pulmonary thromboembolism, new onset liver failure
or embolization.

Among all subjects with 1-year follow-up (n ¼ 70),
hospitalization rate decreased from 1.30 to 0.78
events/patient-year 1 year prior versus one year after
TriClip repair respectively, a reduction of 40%
(p ¼ 0.0030) (Central Illustration). Reduction to
moderate or less TR was associated with reduced
mortality and heart failure hospitalizations at 1 year,
with nearly a 3-fold decrease in subjects with mod-
erate or less TR (8.8% vs. 24.5%; HR: 0.31; p ¼ 0.041)
(Figure 4). Furthermore, a death or heart failure hos-
pitalization did not occur until nearly 6 months post-
index procedure in subjects whose TR was reduced to
moderate or less.

RIGHT HEART REMODELING. Significant improve-
ments in both right heart size and function were
observed at 1-year follow-up, indicating a positive
physiologic response to TR reduction and the capacity
for right heart reverse remodeling (Table 1). Right
ventricular end diastolic diameter (RVEDD) decreased
from 5.28 � 0.07 cm at baseline to 4.79 � 0.08 cm at
1-year follow-up (p <0.0001) (Figure 5A). Similarly,
right atrial volume and tricuspid annular diameter
decreased from 129 � 5.84 ml to 116 � 6.55 ml
(p ¼ 0.0166) (Figure 5B) and 4.34 � 0.06 cm to 4.03 �
0.07 cm (p <0.0001) at baseline and 1 year respec-
tively. In terms of right ventricular function, tricuspid
annular plane systolic excursion (TAPSE) increased
from 1.44 � 0.03 cm at baseline to 1.59 � 0.04 cm at 1-
year follow-up (p ¼ 0.0002) (Figure 5C). RV fractional
area change also showed improvements from 36.00 �
0.85% to 38.19 � 0.57% (p ¼ 0.0057).

While most metrics suggest that the majority of
remodeling occurs within the first 30-days post-
procedure, both RVEDD and TAPSE show important
signals of continued reverse remodeling through 1
year. RVEDD decreased from 4.93 � 0.08 cm to 4.79 �
0.08 cm from 30-day to 1-year follow-up respectively
(p ¼ 0.0319) (Figure 5A). TAPSE showed significant
improvement between baseline and 1 year, with the
majority of improvement occurring after 30-day
follow-up (Figure 5C). RV fractional area change
and RV global longitudinal strain also showed
Downloaded for Anonymous User (n/a) at Brazilian S
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improvements between 30-day and 1-year follow-up.
Diuretic usage remained the same (defined as no
more than a 100% increase or a 50% decrease in dose
and maintained for at least 30 days) in 77.6% (66 of
ociety of Cardiology from ClinicalKey.com by Elsevier on March 10, 2021.
t permission. Copyright ©2021. Elsevier Inc. All rights reserved.



FIGURE 5 Right Heart Remodeling Through 1 Year
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Significant improvements in both right heart size and function were observed at 1-year follow-up, indicating a positive physiologic response to

TR reduction and the capacity for right heart reverse remodeling. Significant decreases in right heart size were measured by (A) right ventricle

end diastolic dimension (RVEDD) and (B) right atrial volume. Significant improvements in right ventricle function were seen as indicated by an

increase in (C) tricuspid annular plane systolic excursion (TAPSE). The p values indicate significance from the z-test. Error bars represent 95%

confidence interval.
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85), decreased in 15.3% (13 of 85) and increased in
8.2% (7 of 85) of subjects at 1 year (Supplemental
Table 3).

DISCUSSION

We present the 1-year follow-up results of the pro-
spective, multicenter, international, single-arm TRI-
LUMINATE study evaluating the safety and
ownloaded for Anonymous User (n/a) at Brazilian Society of Cardiology fro
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performance of TTVR system using the TriClip
device (Abbott, Chicago, Illinois). The results at 1 year
show: 1) a durable repair with sustained reduction
in TR and device function; 2) improvements in quality
of life and functional capacity; 3) reduced rates
of hospitalization and low mortality in a fragile
population at high risk; and 4) positive structural and
functional right ventricular reverse remodeling over
time.
m ClinicalKey.com by Elsevier on March 10, 2021.
 ©2021. Elsevier Inc. All rights reserved.
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Among the most important findings was the
observation that the initial TR reduction (seen at
30 days) proved durable in a majority of patients
(79%) at 1-year follow-up. Considering the progres-
sive nature of TR, this is an important finding.
Furthermore, 35% of subjects experienced further
reduction in TR between 30-day and 1-year follow-up.
While 13 subjects showed a 1 grade increase in TR
following the 30-day follow-up, 9 of these remained
moderate or less. These results are promising and
support the concept of TTVR as a dedicated device for
a disease that is otherwise progressive in nature
(2,14). In addition, the comparison of baseline char-
acteristics between subjects with and without echo-
cardiographic follow-up at 1 year indicates these
subjects are representative of the overall cohort.

Mortality was low in this study. The mortality rate
of 7.1% at 1 year compares favorably to real-world
data on transcatheter tricuspid valve interventions
(23%) and the previously published TRI-REPAIR
study (16.7%), which prospectively investigated the
role of an indirect annuloplasty device for treatment
of TR (19,20). The rate of major bleeding was found to
be 11.9%. Although not included in the predefined
MAEs in this study, major bleeding has been proven
to be prognostically relevant in patients undergoing
transcatheter heart valve interventions (21). Other
studies on transcatheter repair of TR report similar
rates of major bleedings underlying the need to
refine strategies to avoid this complication in the
future (20).

Despite similar age (78 vs. 78 years) and Euro-
SCORE II (8.7 vs. 10.5%), mortality in the TRILUMI-
NATE trial was 16% less than in the TriValve registry.
While procedural “success” may be defined in a
number of ways, TR reduction to moderate or less
was significantly associated with reduced mortality
and heart failure hospitalizations, supporting prior
findings and emphasizing the effects of TR reduction
on clinical outcomes (15,19,22). Importantly, this is an
observed correlation and the causal effects for low-
ered mortality can only be hypothesized. Therefore,
randomized clinical trials comparing the effects of
TTVR versus a medical control or a sham-controlled
group are warranted to further investigate the role
of TTVR in patients with severe TR. A pivotal trial
(TRILUMINATE Pivotal; NCT03904147) comparing the
clinical impact of transcatheter repair with the TriClip
system to medical therapy is currently underway.

In addition to a low mortality rate, marked clinical
improvements were observed after 30 days and
maintained through 1-year follow-up. Significant in-
creases in KCCQ score, 6MWD and the proportion of
subjects in NYHA functional class I/II were seen
Downloaded for Anonymous User (n/a) at Brazilian S
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through 1 year. Furthermore, a reduction in hospi-
talization rate by 40% following TTVR in this aging
population highlights these clinical improvements.
Exact interpretation remains difficult in the absence
of a control group; however, it is likely that given the
natural course of TR in this high-risk and fragile
population, medical management alone would not
yield similar benefits.

The pathophysiologic implications of TR reduction
can be grouped into acute and late effects. The acute
phase is mainly characterized by immediate
morphological and hemodynamic modification of the
RV and tricuspid valve apparatus (23). These changes
are driven by an acute change in RV loading condi-
tions. The second, longer-term phase is marked by an
alleviation of the vicious cycle of TR resulting in slow
but progressive RV reverse remodeling (24). We
report, for the first time, an improvement in right
ventricular systolic function during this second
phase, as indicated by an increase in TAPSE from
30 days to 1 year (Figure 5). This observation is
important and challenges some previous retrospec-
tive studies demonstrating stable or even borderline
reduced TAPSE in the acute phase after TTVR
(14,23,24).

Fundamentally, TTVR reduces RV preload at the
cost of increased afterload in the acute phase.
However, this appears to be compensated for by an
acute and late reduction in RV size with optimized
RV myocardial stretch and improved TAPSE over
time. Similar to surgical correction of valve regur-
gitation, strain initially decreases in response to the
decreased volume overload (TR reduction), and
then increases as the RV remodels to a more natu-
ral, smaller state (25). However, RV size and func-
tion are inextricably linked and RVEDD reduction
could also be a consequence of improved RV func-
tion. Therefore, the exact mechanisms remain
speculative.

It should be noted that TAPSE has not proven to be
prognostically relevant after TTVR (26). Previous
work has suggested RV longitudinal strain as a prog-
nostically more relevant marker of RV function (27).
Future studies on larger cohorts incorporating mea-
sures of global RV function, which are known to be
less susceptible to RV afterload, should enhance our
understanding of how TTVR impacts RV function and
its prognostic implications.

At present, the independent prognostic implica-
tions of relevant TR irrespective of comorbidities,
pulmonary hypertension and left heart disease are
widely recognized and accepted, yet only an
exceedingly small minority of patients with severe TR
receive treatment (28). The durable TR reduction with
ociety of Cardiology from ClinicalKey.com by Elsevier on March 10, 2021.
t permission. Copyright ©2021. Elsevier Inc. All rights reserved.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: Transcatheter treatment of

tricuspid regurgitation can be achieved safely and is

associated with favorable right ventricle remodeling

and substantial improvement in 1-year clinical

outcomes.

TRANSLATIONAL OUTLOOK: Additional random-

ized trials are warranted to compare long-term clinical

outcomes of catheter-based intervention for tricuspid

regurgitation with optimum medical therapy.
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few adverse events and significant clinical benefits
seen in this study encourages transcatheter treatment
of TR using the TriClip device. This safe and effective
option may offer substantial clinical improvements in
this undertreated population.
STUDY LIMITATIONS. This is not a randomized
controlled study and hence the results should be
interpreted with caution. Few patients with reduced
LV systolic function were included and therefore
these results may not be generalizable to patients
with heart failure and reduced ejection fraction (29).
Patients and their anatomies were evaluated by a
committee upon enrollment, focusing on the
morphological suitability to implant the device safely
into the tricuspid valve. In addition, other factors
such as imaging views, coaptation gap sizes
(<10 mm), the presence of leads across the tricuspid
valve and their interaction with the valve as well as
jet orientation were all taken into consideration.
Therefore, results of this early feasibility study may
not be applicable to the total population of patients
with significant TR. Furthermore, some patients did
not experience a clinically relevant TR reduction,
highlighting the need to refine both anatomical and
clinical patient selection in the future. Nevertheless,
these results should also be interpreted in light of the
early stage of this therapy which certainly includes a
learning curve.

While the edge-to-edge device for the mitral valve
is available in multiple sizes, only the smaller (NT)
device was used in this study. The version of the
device that was approved for CE mark does have an
additional clip size (XT), similar to the currently
approved CE marked MitraClip device.

CONCLUSIONS

We show that TTVR using the TriClip device is safe
and effective in patients with moderate or greater TR
and is associated with excellent repair durability and
a sustained and marked clinical benefit with reduced
rates of hospitalization and low mortality after 1 year
in a fragile population at high risk. Continued RV
reverse remodeling is observed even beyond the
initial phase following TTVR. These findings warrant
further randomized trials investigating the effect of
catheter-based reduction of TR in comparison to
conservative medical therapy.

AUTHOR DISCLOSURES

This study was funded by Abbott. Dr. Lurz has been a consultant

to Abbott Structural Heart, Edwards Lifesciences, and Medtronic.

Dr. von Bardeleben has received grants from Abbott Structural Heart,
ownloaded for Anonymous User (n/a) at Brazilian Society of Cardiology fro
For personal use only. No other uses without permission. Copyright
outside the submitted work. Drs. Sitges and Nickenig have received

speakers’ honoraria as well as travel and grant support from Abbott.

Dr. Nickenig has received research funding from the Deutsche For-

schungsgemeinschaft (DFG), the Federal Ministry of Education and

Research (BMBF), The European Union, Abbott, AGA Medical, Astra-

Zeneca, Bayer, Berlin Chemie, Biosensus, Biotronic, Bristol Myers

Squibb, Boehringer Ingelheim, Daiichi-Sankyo, Edwards Lifesciences,

Medtronic, Novartis, Pfizer, Sanofi, and St. Jude Medical; has received

honoraria for lectures or Advisory Boards from Abbott, AGA Medical,

AstraZeneca, Bayer, Berlin, Cardiovalve, Berlin Chemie, Biosensus,

Biotronic, Bristol Myers Squibb, Boehringer Ingelheim, Daiichi-

Sankyo, Edwards Lifesciences, Medtronic, Novartis, Pfizer, Sanofi,

and St. Jude Medical; and has participated in clinical trials for Abbott,

AGA Medical, AstraZeneca, Bayer, Berlin Chemie, Biosensus, Bio-

tronic, Bristol Myers Squibb, Boehringer Ingelheim, Cardiovalve,

Daiichi-Sankyo, Edwards Lifesciences Medtronic, Novartis, Pfizer,

Sanofi, and St. Jude Medical. Dr. Sorajja has received grants and

personal fees from Abbott Vascular, outside the submitted work. Dr.

Denti has received personal fees from Abbott and Edwards Life-

sciences, outside the submitted work. Dr. Trochu has received

speaker’s honoraria, travel and grant support from Abbott and

Novartis; has received honoraria for lectures or Advisory Boards from

Amgen, Bayer, and Resmed; and has been an unpaid member of the

Corvia Medical Scientific Advisory Group. Dr. Hausleiter has received

speaker honoraria and research support from Abbott Vascular and

Edwards Lifesciences. Dr. Nabauer has received speaker honoraria

form Abbott. Dr. Tang has received consultant fees and speakers’

honoraria from Abbott. Dr. Biaggi has received proctoring and

speaker’s honoraria from Abbott. Shih-Wa Ying and Dr. Trusty have

been employees of Abbott. Dr. Hahn has received speaker fees from

Boston Scientific Corporation and Baylis Medical; has received

consulting for Abbott Structural, Edwards Lifesciences, Medtronic,

Navigate, Philips Healthcare, and Siemens Healthcare; has received

nonfinancial support from 3mensio; and has been Chief Scientific

Officer for the Echocardiography Core Laboratory at the Cardiovas-

cular Research Foundation for multiple industry-sponsored trials for

which she has received no direct industry compensation. All other

authors have reported that they have no relationships relevant to the

contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr. Philipp Lurz,
Department of Internal Medicine/Cardiology, Heart
Center Leipzig at University of Leipzig, Strümpellstraße
39, 04289 Leipzig, Germany. E-mail: Philipp.Lurz@
medizin.uni-leipzig.de. Twitter: @philipplurz.
m ClinicalKey.com by Elsevier on March 10, 2021.
 ©2021. Elsevier Inc. All rights reserved.

mailto:Philipp.Lurz@medizin.uni-leipzig.de
mailto:Philipp.Lurz@medizin.uni-leipzig.de
https://twitter.com/philipplurz


J A C C V O L . 7 7 , N O . 3 , 2 0 2 1 Lurz et al.
J A N U A R Y 2 6 , 2 0 2 1 : 2 2 9 – 3 9 TRILUMINATE 1-Year Outcomes

239
RE F E RENCE S
1. Wang N, Fulcher J, Abeysuriya N, et al. Tricuspid
regurgitation is associated with increased mortal-
ity independent of pulmonary pressures and right
heart failure: a systematic review and meta-anal-
ysis. Eur Heart J 2019;40:476–84.

2. Bartko PE, Arfsten H, Frey MK, et al. Natural
history of functional tricuspid regurgitation: im-
plications of quantitative Doppler Assessment.
J Am Coll Cardiol Img 2019;12:389–97.

3. Benfari G, Antoine C, Miller WL, et al. Excess
mortality associated with functional tricuspid
regurgitation complicating heart failure with
reduced ejection fraction. Circulation 2019;140:
196–206.

4. Topilsky Y, Maltais S, Medina Inojosa J, et al.
Burden of tricuspid regurgitation in patients
diagnosed in the community setting. J Am Coll
Cardiol Img 2019;12:433–42.

5. Chorin E, Rozenbaum Z, Topilsky Y, et al.
Tricuspid regurgitation and long-term clinical
outcomes. Eur Heart J Cardiovasc Imaging 2020;
21:157–65.

6. Beckmann A, Meyer R, Lewandowski J, Frie M,
Markewitz A, Harringer W. German Heart Surgery
Report 2017: The Annual Updated Registry of the
German Society for Thoracic and Cardiovascular
Surgery. J Thorac Cardiovasc Surg 2018;66:608–21.

7. Kilic A, Saha-Chaudhuri P, Rankin JS, Conte JV.
Trends and outcomes of tricuspid valve surgery in
North America: an analysis of more than 50,000
patients from the Society of Thoracic Surgeons
database. Ann Thorac Surg 2013;96:1546–52.

8. Nickenig G, Kowalski M, Hausleiter J, et al.
Transcatheter treatment of severe tricuspid
regurgitation with the edge-to-edge MitraClip
technique. Circulation 2017;135:1802–14.

9. Hahn RT, Meduri CU, Davidson CJ, et al. Early
feasibility study of a transcatheter tricuspid valve
annuloplasty: SCOUT trial 30-day results. J Am
Coll Cardiol 2017;69:1795–806.

10. Barbara AR, Maurizio T, Francesco M. Trans-
catheter interventions for tricuspid regurgitation:
TriCinch (4Tech). EuroIntervention 2016;12:
Y110–2.

11. Hahn RT, George I, Kodali SK, et al. Early
single-site experience with transcatheter tricuspid
valve replacement. J Am Coll Cardiol Img 2019;12:
416–29.

12. Nickenig G, Hammerstingl C, Schueler R, et al.
Transcatheter mitral annuloplasty in chronic
Downloaded for Anonymou
For personal use o
functional mitral regurgitation: 6-month results
with the cardioband percutaneous mitral repair
system. J Am Coll Cardiol Intv 2016;9:2039–47.

13. Mehr M, Taramasso M, Besler C, et al. 1-Year
outcomes after edge-to-edge valve repair for
symptomatic tricuspid regurgitation: results from
the TriValve Registry. J Am Coll Cardiol Intv 2019;
12:1451–61.

14. Orban M, Rommel KP, Ho EC, et al. Trans-
catheter edge-to-edge tricuspid repair for severe
tricuspid regurgitation reduces hospitalizations for
heart failure. J Am Coll Cardiol HF 2020;8:265–76.

15. Besler C, Orban M, Rommel KP, et al. Pre-
dictors of procedural and clinical outcomes in pa-
tients with symptomatic tricuspid regurgitation
undergoing transcatheter edge-to-edge repair.
J Am Coll Cardiol Intv 2018;11:1119–28.

16. Nickenig G, Weber M, Lurz P, et al. Trans-
catheter edge-to-edge repair for reduction of
tricuspid regurgitation: 6-month outcomes of the
TRILUMINATE single-arm study. Lancet 2019;394:
2002–11.

17. Douglas PS, DeCara JM, Devereux RB, et al.
Echocardiographic imaging in clinical trials:
American Society of Echocardiography Standards
for echocardiography core laboratories: endorsed
by the American College of Cardiology Founda-
tion. J Am Soc Echocardiogr 2009;22:755–65.

18. Hahn RT, Zamorano JL. The need for a new
tricuspid regurgitation grading scheme. Eur Heart
J Cardiovasc Imaging 2017;18:1342–3.

19. Taramasso M, Benfari G, van der Bijl P, et al.
Transcatheter versus medical treatment of pa-
tients with symptomatic severe tricuspid regurgi-
tation. J Am Coll Cardiol 2019;74:2998–3008.

20. Nickenig G, Weber M, Schueler R, et al. 6-
Month outcomes of tricuspid valve reconstruc-
tion for patients with severe tricuspid regurgita-
tion. J Am Coll Cardiol 2019;73:1905–15.

21. Piccolo R, Pilgrim T, Franzone A, et al. Fre-
quency, timing, and impact of access-site and non-
access-site bleeding on mortality among patients
undergoing transcatheter aortic valve replace-
ment. J Am Coll Cardiol Intv 2017;10:1436–46.

22. Lurz P, Orban M, Besler C, et al. Clinical char-
acteristics, diagnosis, and risk stratification of
pulmonary hypertension in severe tricuspid
regurgitation and implications for transcatheter
tricuspid valve repair. Eur Heart J 2020;41:
2785–95.
s User (n/a) at Brazilian Society of Cardiology from
nly. No other uses without permission. Copyright ©
23. Rommel KP, Besler C, Noack T, et al. Physio-
logical and clinical consequences of right ventric-
ular volume overload reduction after transcatheter
treatment for tricuspid regurgitation. J Am Coll
Cardiol Intv 2019;12:1423–34.

24. Orban M, Braun D, Deseive S, et al. Trans-
catheter edge-to-edge repair for tricuspid regur-
gitation is associated with right ventricular
reverse remodeling in patients with right-sided
heart failure. J Am Coll Cardiol Img 2019;12:
559–60.

25. Bijnens BH, Cikes M, Claus P, Sutherland GR.
Velocity and deformation imaging for the assess-
ment of myocardial dysfunction. Eur J Echo-
cardiogr 2009;10:216–26.

26. Karam N, Mehr M, Taramasso M, et al. Value of
echocardiographic right ventricular and pulmonary
pressure assessment in predicting transcatheter
tricuspid repair outcome. J Am Coll Cardiol Intv
2020;13:1251–61.

27. Prihadi EA, van der Bijl P, Dietz M, et al.
Prognostic implications of right ventricular free
wall longitudinal strain in patients with significant
functional tricuspid regurgitation. Circ Cardiovasc
Imaging 2019;12:e008666.

28. Enriquez-Sarano M, Messika-Zeitoun D,
Topilsky Y, Tribouilloy C, Benfari G, Michelena H.
Tricuspid regurgitation is a public health crisis.
Prog Cardiovasc Dis 2019;62:447–51.

29. Kresoja KP, Lauten A, Orban M, et al. Trans-
catheter tricuspid valve repair in the setting of
heart failure with preserved or reduced left ven-
tricular ejection fraction. Eur J Heart Fail 2020
Aug 2 [E-pub ahead of print].

KEY WORDS transcatheter tricuspid valve
repair, tricuspid regurgitation, tricuspid
valve

APPENDIX For supplemental tables and a
list of TRILUMINATE investigators, roles, and
institutions, please see the online version of
this paper.

Go to http://www.acc.org/
jacc-journals-cme to take
the CME/MOC/ECME quiz
for this article.
 C
20
linicalKey.com by Elsevier on March 10, 2021.
21. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0735-1097(20)37905-5/sref1
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref1
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref1
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref1
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref1
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref2
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref2
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref2
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref2
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref3
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref3
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref3
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref3
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref3
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref4
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref4
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref4
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref4
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref5
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref5
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref5
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref5
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref6
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref6
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref6
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref6
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref6
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref7
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref7
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref7
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref7
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref7
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref8
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref8
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref8
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref8
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref9
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref9
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref9
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref9
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref10
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref10
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref10
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref10
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref11
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref11
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref11
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref11
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref12
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref12
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref12
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref12
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref12
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref13
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref13
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref13
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref13
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref13
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref14
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref14
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref14
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref14
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref15
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref15
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref15
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref15
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref15
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref16
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref16
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref16
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref16
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref16
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref17
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref17
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref17
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref17
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref17
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref17
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref18
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref18
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref18
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref19
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref19
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref19
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref19
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref20
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref20
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref20
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref20
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref21
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref21
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref21
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref21
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref21
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref22
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref22
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref22
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref22
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref22
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref22
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref23
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref23
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref23
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref23
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref23
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref24
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref24
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref24
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref24
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref24
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref24
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref25
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref25
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref25
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref25
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref26
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref26
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref26
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref26
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref26
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref27
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref27
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref27
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref27
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref27
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref28
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref28
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref28
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref28
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref29
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref29
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref29
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref29
http://refhub.elsevier.com/S0735-1097(20)37905-5/sref29

	Transcatheter Edge-to-Edge Repair for Treatment of Tricuspid Regurgitation
	Methods
	Study design and patient cohort
	Echocardiographic assessment
	Clinical outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Repair durability
	Clinical outcomes
	Right heart remodeling

	Discussion
	Study limitations

	Conclusions
	Author Disclosures
	References


