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Abstract

For patients with severe mitral regurgitation (MR) who cannot tolerate surgery, transcatheter
mitral valve repair (TMVR) has become a dependable therapeutic choice. Despite procedural
success, many continue to experience heart failure (HF) admissions and mortality over mid-
term follow-up. A growing body of research highlights right ventricular (RV)—pulmonary
arterial (PA) interaction as an important determinant of prognosis in HF. This investigation
explored whether the tricuspid annular plane systolic excursion (TAPSE) to pulmonary artery
systolic pressure (PASP) ratio—an echocardiographic index of RV-PA coupling—could
predict outcomes in individuals treated with the MitraClip system (Abbott, California, USA).
Data were drawn from a multicenter registry of 228 consecutive patients who underwent
successful TMVR using MitraClip. Participants were stratified into two cohorts according to a
median TAPSE/PASP ratio of 0.35. The principal composite endpoint consisted of all-cause
mortality and HF-related readmission. The mean participant age was 72.5 £ 11.5 years, and 154
(67.5%) were men. Subjects with TAPSE/PASP < 0.35 experienced significantly more frequent
HF rehospitalizations and deaths (Log-Rank = 8.844, p = 0.003). Multivariate Cox analysis
identified TAPSE/PASP, along with the STS Score, as an independent determinant of the
composite outcome. The ratio outperformed individual measures of TAPSE or PASP in
predictive value. The TAPSE/PASP ratio represents a simple yet powerful non-invasive marker
for prognostic assessment in TMVR patients and may enhance both risk evaluation and
procedural selection for MitraClip implantation.
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Introduction

Over the last decade, transcatheter mitral valve repair
(TMVR) using the MitraClip system (Abbott; Menlo Park,
CA, USA) has evolved into a well-established therapeutic
strategy for individuals with severe mitral regurgitation
(MR) who present a high surgical risk [1-4]. The
appropriateness of TMVR is determined by a Heart Team,

which performs an individualized assessment covering
procedural feasibility, anticipated clinical benefits, and
potential risks [5,6]. Conventional surgical prediction
scores contribute to this process but often lack precision
when applied to MitraClip populations [2,7].
Consequently, contemporary evaluation also considers
additional prognostic markers identified in earlier
investigations [8—11]. Despite these refinements, a
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considerable proportion of patients continue to experience
mortality and HF rehospitalization within the first post-
procedural year [2,3, 8-11], even after successful clip
implantation. Thus, improving predictive accuracy and
refining selection criteria to minimize non-beneficial
interventions remain urgent goals.

Patients with advanced MR frequently present with
pulmonary hypertension (PH) and right ventricular (RV)
impairment, both of which are established predictors of
poorer outcomes [12—14]. Although the coexistence of
these conditions sometimes leads to procedural exclusion,
prior studies have shown that carefully chosen individuals
may still benefit from TMVR, often demonstrating marked
reductions in pulmonary pressures and evidence of RV
reverse remodeling [14—16].

In recent years, the coupling between the right ventricle
and the pulmonary artery (RV—PA coupling) has gained
attention as a valuable prognostic determinant in both
heart failure (HF) and pulmonary hypertension (PH)
contexts [17-19]. This physiological parameter reflects
how effectively the RV adapts to its afterload and may
reveal early signs of impending RV failure [17-20].
Clinically, this adaptation can be quantified non-
invasively through the ratio of TAPSE to PASP [19-22].
Despite its increasing use in other cardiovascular
populations, its role as a prognostic index in patients
undergoing MitraClip implantation has not yet been
thoroughly studied.

Accordingly, the present work aimed to determine whether
the baseline TAPSE/PASP ratio could enhance prognostic
stratification in individuals undergoing successful
transcatheter mitral valve repair (TMVR) with the
MitraClip system.

Materials and Methods

Study design and participants
Between June 2012 and June 2018, 228 consecutive

individuals who underwent transcatheter mitral valve
repair (TMVR) using the MitraClip device were recruited
across 17 Spanish medical centers.

All information originated from the Spanish MitraClip
Registry, a nationwide multicenter database supervised by
the Interventional Cardiology Division of the Spanish
Society of Cardiology.

Eligible participants exhibited primary or secondary mitral
regurgitation (MR), graded 3+ (moderate—severe) or 4+
(severe) via pre-intervention echocardiography.

Only patients with persistent heart failure (HF) symptoms
despite optimal guideline-based therapy were included.
At each institution, a multidisciplinary Heart Team
reviewed every case and determined that TMVR
represented the most suitable therapeutic strategy.
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Clinical follow-up was prospectively organized and
consisted of periodic examinations, laboratory
assessments, and echocardiograms.

The analysis incorporated only those who had
comprehensive baseline imaging and successful TMVR
defined by a residual MR < 2+.

The protocol received approval from the ethics boards of
all participating hospitals, and each subject provided
written informed consent prior to inclusion.

Echocardiographic evaluation

Mitral regurgitation was classified as none, mild (1+),
moderate (2+), moderate—severe (3+), or severe (4+),
according to regurgitant volume and effective regurgitant
orifice area.

Tricuspid annular plane systolic excursion (TAPSE) was
quantified using M-mode imaging in the apical four-
chamber view, representing the longitudinal displacement
of the annulus from end-diastole to end-systole.

Right ventricular systolic pressure (RVSP) was derived
from the peak tricuspid regurgitant jet velocity, applying
the simplified Bernoulli equation.

Right atrial pressure (RAP) was estimated based on
inferior vena cava diameter and collapsibility and was
added to the trans-tricuspid gradient to obtain pulmonary
artery systolic pressure (PASP).

Each echocardiographic measure was averaged over three
cardiac cycles in sinus rhythm and three to five in atrial
fibrillation.

Right heart catheterization
A subset of patients underwent right heart catheterization

(RHC) via brachial or femoral venous access, according to
physician preference.

Standard hemodynamic data were collected following
routine invasive protocols.

Endpoint definitions and procedural criteria

The MitraClip implantation technique followed previously
reported methodology [1], performed under continuous
transesophageal echocardiographic guidance.

Procedural success was defined as achieving an MR
reduction to < 2+,

Functional capacity was recorded using the New York
Heart Association (NYHA) classification at baseline and
during follow-up.

The primary composite outcome consisted of all-cause
mortality and HF-related rehospitalization within the first
year, including in-hospital deaths.

Each event was also analyzed independently as a
secondary endpoint, with HF rehospitalizations recorded
from discharge onward.

Complications and short-term outcomes were described
following Mitral Valve Academic Research Consortium
(MVARC) definitions [23], encompassing pericardial
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effusion, air embolism, chordal rupture, catheter
thrombosis, partial clip detachment, bleeding (BARC
criteria), vascular complications, myocardial infarction,
acute kidney injury, pulmonary embolism, stroke, in-
hospital death, and 30-day HF readmission.

Statistical procedures
Categorical data were reported as numbers and

percentages, while continuous variables were expressed as
mean + standard deviation.

Participants were stratified based on the median
TAPSE/PASP ratio (0.35).

Group comparisons were performed using the Chi-square,
unpaired t-test, or Mann—Whitney U test, as appropriate.
Kaplan—Meier curves were generated for survival analysis
and compared with the Log-Rank test.

Variables with p < 0.10 in univariate testing, along with
established prognostic factors from prior studies, were
entered into a multivariate Cox regression model after
checking for collinearity.

Model discrimination was evaluated using Harrell’s C-
statistic, and proportional hazards assumptions were
confirmed.

Correlations between TAPSE/PASP and hemodynamic
measurements were analyzed using the Pearson
correlation coefficient.

A p-value < 0.05 was regarded as statistically significant.
Analyses were conducted using SPSS version 21.0 (IBM
Corp., Chicago, IL, USA).

Results

A total of 228 patients were studied, with a mean age of
72.5 £ 11.5 years; 154 (67.5%) were male.

Most were severely symptomatic (NYHA class III/IV,
86.8%) and displayed moderate procedural risk (STS score
5.8 +5.3; EuroSCORE-II 8.5 £ 7.9).

Mitral regurgitation was severe in 187 (82.1%) and
moderate-to-severe in 41 (17.9%).

Etiology was secondary in 147 of 225 (65.3%), primary in
50 (22.2%), mixed in 28 (12.3%), with 3 unclassified
cases.

Procedural success was achieved in all subjects, with an
average of 1.5 & 0.6 clips per patient.

Following repair, MR grade 0—1+ was recorded in 147
(64.5%), and 2+ in the remainder.

Baseline data by TAPSE/PASP ratio
The median TAPSE/PASP was 0.35, consistent with

previously described thresholds for RV-PA uncoupling in
heart failure cohorts [19,20,24,25].

Patients below this cutoff (< 0.35) demonstrated higher-
grade tricuspid regurgitation (3—4+), lower TAPSE,
elevated PASP, and increased left atrial v-wave pressure,
as well as higher PASP values measured via RHC (Table
1). No other significant baseline differences were detected
between groups.

Table 1. Baseline characteristics according to TAPSE/PASP

Variable TAPS(En/l;AISII‘:)S 0.35
Clinical Characteristics
Age (years) 71.8+11.8
Male sex, n (%) 81 (71.1)
Hypertension, n (%) 79 (69.3)
Diabetes mellitus, n (%) 40 (35.1)
Atrial fibrillation, n (%) 68 (59.6)
Glomerular ﬁltrati;lz)rate (mL/min/1.73 5804248
Chronic kidney disease stage 3b—5, n (%) 42 (36.8)
Ischemic heart disease, n (%) 61 (53.5)
Previous PCI, n (%) 41 (36.0)
Previous CABG, n (%) 25(21.9)
Extracardiac arteriopathy, n (%) 16 (14.0)
Prior cardiac surgery, n (%) 38 (33.3)
COPD, n (%) 25(21.9)
NYHA HI-IV/IV, n (%) 101 (88.6)
NT-proBNP (pg/mL) 4821.6 + 6364
EuroSCORE 11 8.7+83
STS Score 54+£52
Medical Therapy, n (%)

Beta-blockers 86 (76.8)
Mineralocorticoid antagonists 72 (64.3)
ACE inhibitors / ARB / ARNI 86 (76.8)

Diuretics 108 (96.4)

Baseline Echocardiography
LVEDD (mm) 60.7+9.9
LVESD (mm) 499+12.5
Indexed LVEDV (mL/m?) 93.4+343
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TAPSE/PASP >0.35(n=  Entire Cohort (n= p-
114) 228) value
733+11.2 72.5+11.5 0.327
73 (64.0) 154 (67.5) 0.258
86 (76.1) 165 (72.7) 0.250
34 (29.8) 74 (32.5) 0.396
65 (58.0) 133 (58.8) 0.893
64.0 +26.1 60.9 £25.4 0.164
33 (28.9) 75(32.9) 0.205
52 (45.6) 113 (49.6) 0.400
35(30.7) 76 (33.3) 0.699
17 (14.9) 42 (18.4) 0.156
19 (16.7) 35(15.4) 0.512
24 (21.1) 62 (27.2) 0.113
24 (21.1) 49 (21.5) 0.872
97 (85.1) 198 (86.8) 0.433
47152 £ 5715 4762.2 + 5990 0.915
82+7.6 85+79 0.589
63+55 58+53 0.244
90 (78.9) 176 (77.9) 0.695
60 (52.6) 132 (58.4) 0.076
84 (73.7) 170 (75.2) 0.589
109 (95.6) 217 (96.0) 0.754
61.0+10.4 60.9 +10.1 0.838
499+ 12.6 499+ 12.5 0.975
90.9 +34.6 92.1+344 0.623
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Indexed LVESV (mL/m?) 56.6 +31.0
LVEF (%) 39.3+14.9
Indexed LA volume (mL/m?) 58.3+21.2
MR grade IV, n (%) 94 (82.5)
Regurgitant volume (mL) 60 +24.9
Effective regurgitant orifice (mm?) 42.6+16.9
Indexed LVEDV / ERO (mL/mm?) 25+14
MR etiology, n (%)
Primary 22 (19.3)
Secondary 79 (69.3)
Mixed 13 (11.4)
Tricuspid regurgitation, n (%)
Grade 0-1 35(30.7)
Grade 2 29 (25.4)
Grade 3 29 (25.4)
Grade 4 21(18.4)
TAPSE (mm) 144+33
PASP (mmHg) 57.7+11.9
TAPSE / PASP 0.26 +0.1
Right Heart Catheterization
Right atrial pressure (mmHg) 9.8+4.8
LA mean pressure (mmHg) 25+255
LA v-wave pressure (mmHg) 429+13.8
A LA mean pressure (mmHg) 6.2+6.6
A LA v-wave pressure (mmHg) 21.6£15.7
PCW pressure (mmHg) 18.4+7.0
Mean PA pressure (mmHg) 30.7+12.4
Systolic PA pressure (mmHg) 52.7+18.9
PA pulse pressure (mmHg) 28.6 £13.6
Cardiac index (mL/min/m?) 23+0.6
Pulmonary vascular resistance (WU) 29+1.5
Transpulmonary gradient (mmHg) 12.6 +7.6
Diastolic pressure gradient (mmHg) 29+37
PA compliance (mL/mmHg) 24+1.2

552+31.3 558+31.1 0.762
41.4+155 40.4+15.3 0.283
62.3+26.8 60.3 +24.2 0.291
98 (86.7) 187 (82.1) 0.373
58.8+19.2 5954223 0.828
43.6+18.5 43.1+17.6 0.741
25413 25414 0.979
0.439
28(25.2) 50 (22.2)
68 (61.3) 147 (65.3)
15 (13.5) 28 (12.4)
<0.001
63 (55.3) 98 (43.0)
28 (24.6) 57 (25.0)
17 (14.9) 46 (20.2)
6(5.3) 27 (11.8)
19.5+3.7 16.9+ 4.3 <0.001
402+11.1 489+ 14.4 <0.001
0.52+0.16 0.39+0.18 <0.001
85+6.1 9.1+55 0.520
17.4+7.6 20.7 +18.0 0.116
29.8+15.5 36.0+ 15.9 0.010
58474 59+7.1 0.848
12.8+12.9 16.4 + 14.6 0.081
19.0+£7.9 18.7+7.3 0.833
29.5+10.9 302+ 115 0.795
41.1£13.9 471+17.4 0.016
232+6.8 26.0+ 11.0 0.214
21406 22406 0.342
32412 31+1.3 0.651
10.8 +3.7 11.8+6.1 0.442
2.6+2.5 27432 0.847
25+13 24412 0.756

* Information available for 225 patients; ¢ data derived from 26 patients; Y data derived from 51 patients.

Abbreviations:

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; ARNi = angiotensin receptor neprilysin inhibitor; CABG = coronary artery
bypass graft; COPD = chronic obstructive pulmonary disease; LA = left atrium; LVEDD = left ventricular end-diastolic diameter; LVEDV = left ventricular
end-diastolic volume; LVEF = left ventricular ejection fraction; LVESD = left ventricular end-systolic diameter; LVESV = left ventricular end-systolic
volume; MR = mitral regurgitation; PA = pulmonary artery; PASP = pulmonary artery systolic pressure; PCI = percutaneous coronary intervention; PCW =
pulmonary capillary wedge pressure; STS-Score = Society of Thoracic Surgeons score; TAPSE = tricuspid annular plane systolic excursion; WU = Wood

units.

The relationship between right ventricular to pulmonary
artery (RV—-PA) coupling and invasive hemodynamic
measures was examined using the TAPSE/PASP ratio as a
non-invasive surrogate. Correlation analyses employed
the Pearson coefficient to evaluate the strength and
direction of associations. Findings showed that patients

with higher TAPSE/PASP ratios exhibited increased PA
compliance, whereas lower ratios were associated with
elevated PA pulse pressure, higher PASP, and increased
LA v-wave pressures. These results suggest that
TAPSE/PASP provides a useful, non-invasive estimate of
RV adaptation to pulmonary afterload (Table 2).

Table 2. Correlation of TAPSE/PASP with invasive right heart catheterization parameters

RHC Parameter
Right atrial mean pressure (mmHg)
Left atrial mean pressure (mmHg)

Left atrial V-wave mean (mmHg)
Pulmonary capillary wedge pressure (mean, mmHg)
Pulmonary artery mean pressure (mmHg)
Pulmonary artery systolic pressure (mmHg)
Pulmonary artery pulse pressure (mmHg)
Cardiac index (mL/min/m?)
Pulmonary vascular resistance (Wood units)
Transpulmonary gradient (mmHg)
Diastolic pressure gradient (mmHg)
Pulmonary artery compliance (mL/mmHg)

Association with TAPSE/PASP Significance (p)
—0.102 0.606
-0.197 0.142
—0.324 0.047
—0.203 0.299
—0.236 0.246
—0.373 0.007
—0.423 0.028
—0.003 0.988
—0.103 0.615
—0.168 0.412

0.067 0.742
0.418 0.030

Abbreviations: TAPSE = tricuspid annular plane systolic excursion; PASP = pulmonary artery systolic pressure; PA = pulmonary artery; PCW = pulmonary

capillary wedge pressure; RHC = right heart catheterization; WU = Wood units.

Bull Pioneer Res Med Clin Sci, 2023, 3(1):81-89
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Clinical outcomes

During follow-up, with a median duration of 260 days
(interquartile range: 115-394), 71 of 228 patients (31.1%)
experienced the composite primary endpoint. When
analyzed by TAPSE/PASP ratio, the incidence was higher
in those with TAPSE/PASP < 0.35 (40.4%) compared to
patients with TAPSE/PASP > 0.35 (21.9%), reaching
statistical significance (p = 0.003). This composite
outcome comprised 61 hospital admissions for heart
failure (26.8%) and 22 deaths from any cause (9.6%). Of
these deaths, 12 occurred in patients with prior HF
hospitalization and 2 during the initial hospital stay, with
cardiovascular events contributing to 10 deaths (45.5%).
Certain baseline characteristics were associated with
higher event rates. Patients with diabetes mellitus had
more frequent endpoints (45.1% vs. 26.8%, p = 0.006), as
did patients with baseline NYHA functional class III-
IV/IV (94.4% vs. 83.4%, p = 0.024). The STS-Score was
slightly elevated among patients reaching the endpoint
(7.1£6.4vs. 53 £4.7, p=10.059), but this difference did
not achieve statistical significance (Table S1). Lower
TAPSE and TAPSE/PASP ratios were observed in
patients experiencing events, whereas PASP values were
similar across groups. Overall, procedural and device-

NT patients a8 rink
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related complications were uncommon and did not vary
significantly by outcome, except for in-hospital mortality
and 30-day HF readmissions (Table S2).

Follow-up data revealed that patients with baseline
TAPSE/PASP < 0.35 were more likely to remain in
advanced NYHA III-IV/IV functional class (39.5% vs.
25.7%, p = 0.045). Among those whose TAPSE/PASP
remained < 0.35 after successful TMVR, 55.9% were in
advanced functional class, compared with 27.8% for
patients whose TAPSE/PASP improved above 0.35 (p =
0.004). Notably, nearly two-thirds of patients initially
below the 0.35 threshold had a TAPSE/PASP ratio above
0.35 when reassessed post-procedure (Table S3).

Survival and multivariable analysis

Kaplan—Meier survival estimates indicated that patients
with TAPSE/PASP < 0.35 had a significantly higher
likelihood of reaching the primary composite endpoint
(Log-Rank 8.844, p =0.003; Figure 1a). When examining
heart failure hospitalizations separately, events remained
more frequent in the low TAPSE/PASP group (Log-Rank
7.810, p = 0.005; Figure 1b). In contrast, all-cause
mortality did not differ based on TAPSE/PASP ratio (Log-
Rank 0.002, p = 0.962; Figure 1c).

1¢. Al cause mortaity

45 2 g 114 &5 58 40 15

9 3 3 s 9 02 %

Figure 1. Kaplan—Meier curves illustrating the effect of TAPSE/PASP ratio on outcomes: (a) Primary composite endpoint
elevated in TAPSE/PASP < 0.35, (b) Higher HF hospitalization rates for TAPSE/PASP < 0.35, (¢) No significant

differences in all-cause mortality

A Cox proportional hazards model was employed to
evaluate the independent prognostic value of
TAPSE/PASP. Variables with p < 0.10 in univariate
analysis were included, and TAPSE and PASP were
excluded from the final model due to collinearity.

Multivariate analysis confirmed that TAPSE/PASP ratio
independently predicted the primary endpoint (HR 2.0;
95% CI: 1.13-3.53, p = 0.017), alongside STS-Score (HR
1.05; 95% CI: 1.01-1.10, p = 0.024) (Table 3).

Table 3. Multivariate Cox Regression Analysis

Factor p-Coefficient
Diabetes Mellitus 0.442
NYHA Functional Class III-IV/IV 0.722
TAPSE/PASP <0.35 0.693
STS Score 0.050
Tricuspid Regurgitation Grade III-TV/IV 0.091

Bull Pioneer Res Med Clin Sci, 2023, 3(1):81-89

Hazard Ratio 95% Confidence Interval Significance (p)
1.56 0.92-2.64 0.101
2.06 0.73-5.84 0.175
2.0 1.13-3.53 0.017
1.05 1.01-1.10 0.024
1.09 0.62-1.92 0.750
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Left Ventricular Ejection Fraction (LVEF) —0.003

0.99 0.98-1.01 0.765

Abbreviations: FC = functional class; NYHA = New York Heart Association; LVEF = left ventricular ejection fraction; PASP = pulmonary artery systolic
pressure; TAPSE = tricuspid annular plane systolic excursion; TR = tricuspid regurgitation; SE = standard error; STS-Score = Society of Thoracic Surgery

Score

Remarkably, the prognostic significance of TAPSE/PASP
persisted regardless of whether mitral regurgitation was
primary, secondary, or mixed in origin. When patients
were grouped by MR type, Kaplan—Meier curves revealed
that those with a TAPSE/PASP ratio < 0.35 experienced a
greater incidence of the composite primary endpoint
across primary MR (Figure 2a), secondary MR (Figure

2a. Primary MR

)

N? gatients at risk
BTAPSE/PASP > 0.35 8 19 16 10 8 65

BTAPSE/PASP €035 22 12 9 S 3

b Secondary MR 2¢. Mixed MR

2b), and mixed MR (Figure 2c¢) subgroups (Log-Rank =
8.749, p =0.003).

Adding MR etiology into a multivariable Cox regression
confirmed that a TAPSE/PASP < 0.35 independently
predicted the primary endpoint (HR 2.19; 95% CI 1.18—
3.85, p=0.012), together with STS-Score (HR 1.05; 95%
CI 1.01-1.10, p = 0.021).

s s 21 13 R 3 1 0

Figure 2. Kaplan—Meier survival analysis according to TAPSE/PASP < 0.35, separated by MR etiology. Panels show
primary MR (a), secondary MR (b), and mixed MR (c). In all subgroups, lower TAPSE/PASP values were linked to higher

rates of the composite endpoint

Discussion

To the best of our knowledge, this work is the first to
explore how the TAPSE/PASP ratio predicts outcomes in
individuals who successfully underwent TMVR using the
MitraClip device. Within our cohort, the TAPSE/PASP
index proved to be an independent prognostic factor for
the combined primary endpoint of heart failure
rehospitalizations and overall mortality, together with the
STS-Risk Score. More importantly, multivariate Cox
regression indicated that TAPSE/PASP provided greater
prognostic precision than TAPSE or PASP when analyzed
separately.

In recent years, the interaction between the right ventricle
(RV) and pulmonary artery (PA) has been recognized as
an essential determinant of prognosis in heart failure [19-
21]. The most accurate assessment of RV-PA coupling is
the ratio of right ventricular end-systolic elastance to
effective arterial elastance (Ees/Ea) [17,26]. However, this
method requires invasive right heart catheterization and
specialized tools, which limit its use in everyday practice.
The TAPSE/PASP ratio has been introduced as a simple,
non-invasive alternative for evaluating RV—PA interaction
[19-22,27]. This composite index reflects the RV’s ability
to generate force and adapt to pressure overload,
integrating the information provided by TAPSE

Bull Pioneer Res Med Clin Sci, 2023, 3(1):81-89

(longitudinal shortening) and PASP (afterload) [19,21].
Therefore, this ratio can identify subtle reductions in RV
functional reserve [26], explaining its superior prognostic
capability.

Our observations align with earlier research showing that
TAPSE/PASP carries prognostic significance across
multiple heart failure and pulmonary hypertension
populations [19-22], as well as in patients with severe
aortic stenosis treated with transcatheter aortic valve
replacement [28]. In our data, TAPSE/PASP demonstrated
a clear linear relationship with pulmonary artery
compliance and pulse pressure—two invasive parameters
that indicate the elasticity of the pulmonary circulation.
These correlations further validate the wuse of
TAPSE/PASP as a practical non-invasive marker of RV—
PA coupling.

The TAPSE/PASP ratio also correlated inversely with
baseline left atrial (LA) v-wave pressure. This pattern
likely reflects greater atrial stiffness in individuals with
more impaired RV-PA coupling. Previous investigations
have reported a connection between reduced LA reservoir
capacity, RV-PA uncoupling [24], and poorer functional
status [29,30]. In agreement, our data show that a
TAPSE/PASP ratio < 0.35, either before or after TMVR,
was associated with worse functional class during follow-

up.
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The identification of reliable and accessible prognostic
parameters is particularly important in patients considered
for MitraClip implantation, since they often have
advanced stages of heart failure and multiple
comorbidities. Earlier studies have linked adverse
outcomes in this group to several indicators, including bi-
ventricular  dysfunction, increased LV  chamber
dimensions, pulmonary hypertension, significant tricuspid
regurgitation, and advanced symptomatic class [3,9—
15,31].

Our findings expand upon these prior reports by
emphasizing TAPSE/PASP as a novel and valuable
measure that enhances prognostic classification in TMVR
recipients, independent of the cause of mitral
regurgitation. This is relevant in light of the inconsistent
conclusions of the COAPT and MITRA-FR trials
regarding MitraClip efficacy in secondary MR [32,33].
Several factors, including excessive LV dilatation and
smaller regurgitant volumes, may explain the lack of
benefit seen in MITRA-FR [34]. Furthermore, the COAPT
study enrolled participants with lower pulmonary
pressures and better RV function, whereas MITRA-FR
included individuals with more severe RV dysfunction and
pulmonary hypertension—differences that may account
for their contrasting results. In this context, evaluating
TAPSE/PASP as a non-invasive representation of RV-PA
interaction could help clinicians more accurately identify
which patients with secondary MR may benefit from
MitraClip therapy.

The STS-Score, which integrates multiple established risk
variables, also demonstrated independent prognostic
relevance in our analysis, though its predictive strength
was less than that of TAPSE/PASP. Combining both
metrics could improve pre-procedural evaluation and
outcome prediction in TMVR candidates. Notably,
conventional prognostic markers such as LVEF and LV
volumes did not add predictive value in this dataset—
though this should be interpreted cautiously, as most
participants exhibited only mildly reduced LVEF and
mildly to moderately enlarged LV volumes. Severe
tricuspid regurgitation, observed in 11.8% of the sample,
also failed to predict outcomes, which might relate to
smaller LV sizes and higher LVEF among these cases.
Despite these results, TAPSE/PASP alone did not predict
overall mortality, likely due to the relatively small number
of deaths and the predominance of non-cardiac causes.
Therefore, larger multicenter studies with extended
follow-up and adequate power to assess mortality and
other hard endpoints are required to substantiate these
preliminary findings.

Limitations

This study has several noteworthy limitations. To begin
with, it was an observational investigation relying on a
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retrospective review of a multicenter registry. Therefore,
typical restrictions associated with this design—such as
potential confounding variables, as well as selection or
follow-up bias—cannot be entirely ruled out.
Additionally, no centralized core laboratory was available
to evaluate imaging or procedural results, and event
adjudication was not independently  verified.
Consequently, firm conclusions regarding the prognostic
capacity of the TAPSE/PASP ratio in forecasting
cardiovascular adverse outcomes cannot be drawn solely
from this study, and further large-scale, well-powered
prospective trials are necessary to validate these findings.
Another limitation is that right heart catheterization (RHC)
was performed only in a limited portion of the overall
cohort, based on the treating physician’s judgment. While
this reflects real-world practice, it also means that a
systematic invasive evaluation of right heart pressures
through RHC was not conducted, similar to most prior
studies assessing prognostic indices in patients undergoing
MitraClip therapy. Therefore, the possibility that
hemodynamic variables exerted a stronger impact on
clinical outcomes cannot be entirely excluded.
Nevertheless, non-invasive markers used in this
research—such as the TAPSE/PASP ratio and
echocardiographic PASP estimation—have previously
been validated against invasive reference standards
[24,26,29]. In our cohort, echo-derived PASP
demonstrated a strong correlation with invasively
measured PASP (r = 0.592, p < 0.0001), supporting the
reliability of the non-invasive approach employed.

Conclusions

In this group of heart failure patients with significant
mitral regurgitation successfully treated with transcatheter
mitral valve repair using the MitraClip system, the
TAPSE/PASP ratio was identified as an important
prognostic marker for the primary composite outcome of
HF-related readmissions and all-cause mortality,
independent of MR etiology or tricuspid regurgitation
severity. Notably, TAPSE/PASP demonstrated stronger
prognostic power compared with either of its individual
components (TAPSE or PASP) when assessed separately.
Consistent with earlier studies, the TAPSE/PASP ratio
also exhibited significant correlations with other measures
of RV-PA coupling, including pulmonary artery
compliance and pulse pressure, further underscoring its
value as a non-invasive indicator of right-sided
cardiopulmonary interaction.
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