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Abstract

Background and 
Aims

Intraprocedural assessment of residual mitral regurgitation (MR) is crucial for the success of transcatheter edge-to-edge mi
tral valve repair (M-TEER), yet challenging in the case of ambiguous echocardiographic findings. Monitoring left atrial (LA) 
pressure can complement the evaluation of residual MR after device placement. This study aimed to determine the prog
nostic impact of intraprocedural changes in LA pressure on the clinical outcome following M-TEER.

Methods We enrolled 299 patients undergoing M-TEER for primary or secondary MR in a prospective observational study. During the 
procedure, LA mean (LAmP) and LA v wave pressure (LAvP) were recorded before and after device implantation. The pri
mary endpoint was death or hospitalization for heart failure during a 2-year follow-up.

Results Mean age of the study population was 76.6 ± 8.2 years. Secondary mitral regurgitation was identified in 62.9% of the patients. 
Reduction to MR grade I or II was achieved in 95.3% of cases. During M-TEER, LAvP decreased from 30.5 ± 15.0 to 23.2 ±  
10.4 mmHg (P < .001) after device implantation, accompanied by a modest reduction of LAmP from 16.6 ± 6.3 to 15.3 ±  
5.9 mmHg (P = .006). LAvP post M-TEER was a strong predictor of death or hospitalization for heart failure in both univari
ate and multivariate analysis, independent of echocardiographic MR severity (hazard ratio per 10 mmHg 1.37 [1.15–1.63], 
P < .001 and 1.29 [1.06–1.57], P = .012). Residual LAvP below 25 mmHg was strongly associated with a favourable outcome 
irrespective of residual echocardiographic MR grade, including patients with residual MR grade I and II.

Conclusion High residual LAvP predicts death or hospitalization for heart failure after M-TEER. LAvP after device implantation provides 
incremental prognostic information beyond echocardiographic MR grading and may therefore assist intraprocedural deci
sion-making during M-TEER.
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Introduction
Achieving adequate reduction of mitral regurgitation (MR) is the pri
mary objective of transcatheter edge-to-edge mitral valve repair 
(M-TEER) and determines the clinical outcome of the procedure.1,2

Transoesophageal echocardiography remains the primary modality 
for evaluation of immediate MR reduction during the intervention, guid
ing clinical decisions on device positioning and deployment. However, 
due to methodical limitations or suboptimal image quality, echocardio
graphic assessment may remain ambiguous in cases of more than mild 
residual MR, requiring integration of additional clinical parameters.3,4

Modern M-TEER systems allow for invasive measurement of left atrial 
(LA) pressure by transducing the side port of the guide catheter, enab
ling clinicians to evaluate LA haemodynamics before and after device 
implantation, as well as continuously throughout the procedure.5 An 
immediate decrease in LA pressure following device placement is 
indicative of successful MR reduction and can serve as a valuable com
plement to echocardiography, thereby enhancing procedural decision- 
making.6,7 Previous studies have demonstrated that both LA mean 
pressure (LAmP) at baseline and after M-TEER are correlated with 
the clinical outcome of the intervention.8,9 However, elevation of 
LAmP is not specific to MR, but the result of various conditions which 

lead to elevated left ventricular filling pressure.10,11 High v waves in the 
LA pressure waveform are regarded as a classical and more specific sign 
of significant MR12 and can be readily detected through pressure mon
itoring during M-TEER. Nonetheless, the prognostic significance of LA v 
wave pressure (LAvP) after device implantation remains uncertain. 
Based on these considerations, we aimed to systematically investigate 
the intraprocedural changes in LAvP and their relationship with long- 
term clinical outcomes following M-TEER.

Methods
Study design
From August 2017 to March 2024, patients were consecutively enrolled in a 
prospective observational study conducted at the University Heart Center 
Regensburg. The primary inclusion criterion for enrolment was the pres
ence of symptomatic moderate-to-severe or severe MR treated with 
M-TEER. Patients with intraprocedural failure to implant a device (n = 4) 
or incomplete data on LA pressure (n = 12) were excluded from the study. 
The decision to proceed with M-TEER was made on an individual basis by an 
interdisciplinary Heart Team. All participants underwent a thorough clinical 
and echocardiographic evaluation prior to the procedure. MR grading was 
based on colour and continuous wave Doppler examination in accordance 
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with current guidelines.13,14 Regurgitation grade was scored from I to IV 
(I: mild, II: mild-to-moderate, III: moderate-to-severe, IV: severe). 
Following the procedure, patients were observed for up to 24 months to 
assess the incidence of a composite endpoint consisting of death or hospi
talization for heart failure. Informed consent was obtained from all partici
pants. The study complied with the Declaration of Helsinki and was 
approved by the local ethics committee.

Procedure
M-TEER procedures were conducted by experienced interventionalists util
izing either the MitraClip (Abbott Vascular, Menlo Park, USA) or PASCAL 
system (Edwards Lifesciences, Irvine, USA) under general anaesthesia with 
guidance from fluoroscopy and three-dimensional transoesophageal echo
cardiography. Following transseptal puncture and advancement of the guide 
sheath into the LA, pressure curves were recorded to measure LAmP and 
LAvP using the side port of the catheter. LAvP was calculated as the mean 
value across three cardiac cycles. In cases of atrial fibrillation, LAvP was mea
sured during a single cardiac cycle immediately following two consecutive 
similar R-R intervals (index beat method). To evaluate LA pressure post- 
procedure, measurements were repeated at the conclusion of the proced
ure before withdrawing the guide sheath through the interatrial septum. 
Before each measurement, vasopressor support was titrated to achieve a 
systemic pressure target corresponding to the patient’s preprocedural 
blood pressure.

Statistical analysis
Continuous variables are reported as mean ± standard deviation when nor
mally distributed, continuous variables with skewed distribution as median 
with interquartile range [first quartile-third quartile]. Categorical variables 
are presented in numbers and percentages. Differences in unpaired data 
were assessed using Student’s t-test for normally distributed data, Mann– 
Whitney U test for ordinal or skewed data, Pearson’s chi-squared test 
for nominal data, and Fisher’s exact test for dichotomous data. 
Differences in paired samples were tested using paired t-tests for normally 
distributed data, Wilcoxon signed-rank tests for skewed or ordinal data, 
and McNemar’s test for dichotomous data. To identify predictors of death 
or hospitalization for heart failure, univariate and multivariate Cox regres
sion models were calculated. Due to substantial correlations among the 
haemodynamic parameters and moderate multicollinearity (variance infla
tion factors 3.4–4.3), these variables were not entered simultaneously 
into a single multivariable Cox model. Instead, five separate multivariable 
models were constructed, each including one haemodynamic parameter 
at a time, while adjusting for the same set of clinical covariates. 
Kaplan-Meier analysis was performed to compare the incidence of death 
or hospitalization for heart failure between groups. Receiver operating 
characteristic analysis (ROC) with calculation of the Youden index was 
used to identify the optimal cutoff value of haemodynamic parameters in 
predicting the clinical endpoint. Binary logistic regression analysis was per
formed to identify predictors of elevated postprocedural LA pressure. 
Owing to its skewed distribution, NTproBNP was included in the model 
as its natural logarithm. A two-sided P-value of <.05 was considered statis
tically significant. All statistical analyses were performed using SPSS Statistics 
29 (IBM, Armonk, USA).

Results
Baseline characteristics and procedural 
outcome
A total of 299 patients were enrolled in the study. Baseline character
istics are detailed in Table 1. Most participants presented with MR grade 
IV, accounting for 76.9% of the study population. Secondary mitral re
gurgitation was identified in 62.9% of the patients. M-TEER was per
formed using one device in 57.5% of cases, while two devices were 
utilized in 39.8% of procedures (Table 2). At the time of discharge, ef
fective reduction of mitral regurgitation was achieved in most patients, 
with 95.3% attaining MR grade I or II. The mean mitral valve pressure 
gradient observed at discharge was 3.6 ± 1.5 mmHg.

Intraprocedural change in left atrial 
pressure
Following device implantation, immediate changes in LA pressures were 
observed. LAmP showed a modest decrease, shifting from 16.6 ±  
6.3 mmHg before implantation to 15.3 ± 5.9 mmHg after the proced
ure (P = .006). This represented a median relative reduction of 5.0% 
[9.1–23.1%]. In contrast, the reduction in LAvP was more pronounced, 
declining from 30.5 ± 15.0 mmHg before device deployment to 23.2 ±  
10.4 mmHg afterward (P < .001). This corresponded to a median rela
tive reduction of 21.1% [5.7–42.3%].

Both primary and secondary MR patients demonstrated reductions 
in LAmP and LAvP following device implantation (Figure 1). Notably, pa
tients with secondary MR exhibited higher LAmP than those with pri
mary MR, both before and after the procedure (before device: 17.2 ±  
6.7 vs. 15.5 ± 5.5 mmHg, P = .025; after device: 16.1 ± 6.3 vs. 14.0 ±  
4.9 mmHg, P = .003). While baseline LAvP measurements did not differ 
significantly between primary and secondary MR groups, secondary MR 
was associated with higher LAvP values following device implantation 
(23.2 ± 10.4 vs. 20.2 ± 8.5 mmHg, P = .011). Furthermore, the reduc
tion in LAvP was less pronounced among secondary MR patients, 
with a relative reduction of 17.0% [4.9%–35.3%] versus a 31.8% 
[15.2%–52.2%] reduction in those with primary MR (P < .001).

Impact of postprocedural left atrial 
pressure on clinical outcome
To evaluate the association between LA pressure and clinical outcomes 
following M-TEER, we conducted an analysis focusing on predictors of a 
combined endpoint of death or hospitalization for heart failure. Median 
follow-up time was 12 months; the endpoint was reached in 24.7% of pa
tients. The results of Cox proportional hazards regression are presented 
in Figure 2. Univariate analysis revealed that both elevated LAmP and in
creased LAvP—measured before and after device implantation—were 
significantly associated with a higher incidence of the combined endpoint. 
Among all haemodynamic parameters assessed, postprocedural LAvP 
emerged as the strongest predictor of death or hospitalization for heart 
failure. Specifically, each 10 mmHg increase in LAvP after M-TEER was 
linked to a 37% relative risk increase for the endpoint. Further, in a multi
variate analysis adjusting for comorbidities and established clinical risk fac
tors, the association remained robust. LAvP measured after device 
implantation continued to independently predict the combined endpoint, 
with a hazard ratio (HR) of 1.29 per 10 mmHg (95% confidence interval 
[CI] 1.06–1.57, P = .012).

Additional multivariable models revealed that postprocedural LAmP 
independently predicted the combined endpoint (HR per 5 mmHg 
1.21 [95% CI 1.02–1.45], P = .032; Supplementary Table S1). In contrast, 
neither baseline LAvP nor LAmP served as independent predictors of 
mortality or hospitalization for heart failure. Notably, change in LAvP fol
lowing M-TEER (ΔLAvP) also demonstrated a strong predictive value for 
the composite endpoint in multivariable analysis (HR per 10 mmHg 1.29 
[95% CI 1.01–1.69], P = .041). Overall, these results underscore that the 
reduction in LA pressure after device implantation provides robust prog
nostic information regarding procedural outcomes, independent of base
line LA haemodynamics, MR aetiology, and heart failure characteristics.

Based on ROC analysis (area under the curve 0.672, P < .001), the 
study population was stratified using a post-M-TEER LAvP cut-off va
lue of 25 mmHg. Patients with post-implantation LAvP values below 
this threshold demonstrated a significantly reduced incidence of 
death or hospitalization for heart failure during follow-up (HR 0.42 
[95% CI 0.26–0.65], P < .001; Figure 3A). Sensitivity analysis con
firmed the predictive value of postprocedural LAvP across multiple 
subgroups. The threshold remained prognostically relevant in both 
secondary and primary MR (Supplementary Figure S1), as well as 
when excluding individuals without elevated LAvP prior to device 
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implantation (Figure 3B). Importantly, maintaining a postprocedural 
LAvP below 25 mmHg was strongly associated with favourable out
comes, regardless of whether residual MR grade I or II was present 
(Figs 3C and D). Moreover, patients with residual MR grade II but 
LAvP below 25 mmHg experienced better outcomes compared to 
those with only mild residual MR but LAvP above the threshold 
(HR 0.36 [95% CI 0.17–0.76], P = .007). These results underscore 
that intraprocedural assessment of LA haemodynamics offered 
additional prognostic insight in both primary and secondary MR, 
complementing echocardiographic evaluation of MR reduction. An 
exploratory analysis of individual endpoints indicated that the ob
served difference in the composite outcome was attributable to 
similar reductions in both mortality (HR 0.41 [95% CI 0.20–0.85], 
P = .005) and hospitalization rates (HR 0.41 [95% CI 0.23–0.76], 
P = .002; Supplementary Figure S2).

Patients who had a residual LAvP of 25 mmHg or higher after 
M-TEER tended to require a greater number of devices, had more 

residual MR, and exhibited higher mitral valve pressure gradients at dis
charge. These features suggest lower procedural success and more 
complex mitral valve anatomy in this group (Table 1). Moreover, at 
baseline, these patients presented with more severe MR and tricuspid 
regurgitation, higher NTproBNP levels, and elevated systolic pulmonary 
artery pressures. For further sensitivity analysis, the association between 
LAvP ≥25 mmHg and the composite endpoint was examined across cat
egories of left ventricular ejection fraction (LVEF) and postprocedural mi
tral valve gradient (Supplementary Table S2). The association remained 
directionally consistent across all LVEF subgroups, while not reaching 
statistical significance in patients with preserved LVEF, potentially due 
to the limited number of events. Similarly, the association between ele
vated LAvP and adverse outcomes was observed in both patients with 
low (≤4 mmHg) and elevated (>4 mmHg) residual mitral valve gradients. 
Importantly, no significant interaction was observed between LAvP and 
either LVEF category (P for interaction = .41) or mitral gradient strata 
(P for interaction = .52), suggesting that the prognostic relevance of 
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Table 1 Baseline characteristics of the study population

All (n = 299) LAvP post M-TEER P-value

<25 mmHg (n = 209) ≥25 mmHg (n = 90)

Age, years 76.6 ± 8.2 76.5 ± 8.1 76.9 ± 8.3 .677
Female gender 110 (36.8) 74 (35.4) 36 (40.0) .514

BMI, kg/m2 26.2 ± 5.0 26.1 ± 4.8 26.3 ± 5.5 .693

Coronary artery disease 183 (61.2) 81 (38.8) 35 (38.9) 1.000
Atrial fibrillation 202 (67.6) 134 (64.1) 68 (75.6) .060

Diabetes mellitus 77 (25.8) 47 (22.5) 30 (33.3) .061

CRT 21 (7.0) 13 (6.2) 8 (8.9) .461
ICD 45 (15.1) 28 (13.4) 27 (18.9) .223

GFR, ml/min 48.5 ± 20.6 49.8 ± 20.5 45.4 ± 20.5 .045
NTproBNP, pg/ml 2221 [1064–4864] 1974 [881–3772] 3589 [1571–7503] .018
NYHA functional class .140

I 5 (1.7) 4 (1.9) 1 (1.1)

II 72 (24.1) 55 (26.3) 17 (18.9)
III 199 (66.6) 135 (64.6) 64 (71.1)

IV 23 (7.7) 15 (7.2) 8 (8.9)

Six-minute walk distance, m 267 [174–340] 270 [197–346] 220 [146–339] .119
Secondary MR 188 (62.9) 126 (59.8) 63 (70.0) .117

MR grade .043
III 69 (23.1) 55 (26.3) 14 (15.6)
IV 230 (76.9) 154 (73.7) 76 (84.4)

LVEF, % 47.4 ± 14.4 47.6 ± 14.7 47.0 ± 13.9 .757

LVEDD, mm 56.8 ± 9.4 56.5 ± 9.1 57.6 ± 10.1 .341
LA volume index, ml/m2 83.1 ± 38.6 82.8 ± 37.6 83.7 ± 40.8 .864

RV basal diameter, mm 39.2 ± 7.2 38.5 ± 7.1 40.9 ± 7.3 .010
TAPSE, mm 18.7 ± 4.2 18.9 ± 4.1 18.2 ± 4.3 .162
Tricuspid regurgitation grade .009

Mild 87 (29.1) 68 (32.5) 10 (21.1)

Moderate 104 (34.8) 75 (35.9) 29 (32.2)
Severe 108 (36.1) 66 (31.6) 42 (46.7)

Peak TRV, cm/s 326 ± 55 320 ± 54 339 ± 54 .007
E/e’ 14.8 ± 5.4 14.0 ± 4.9 16.6 ± 6.1 .001

Variables are expressed as n (%), mean ± standard deviation, or median [interquartile range], as appropriate. Boldface P-values denote statistical significance (P<0.05).
BMI, body mass index; CRT, cardiac resynchronization therapy; GFR, glomerular filtration rate; ICD, implantable cardioverter-defibrillator; LA, left atrial; LAvP, left atrial v wave pressure; 
LV, left ventricular; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; MV, mitral valve; NYHA, New York Heart Association; 
RV, right ventricle; TAPSE, tricuspid annular plane systolic excursion; TRV, tricuspid regurgitation velocity.
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elevated LAvP was consistent across heart failure phenotypes and inde
pendent of residual transmitral gradient.

Characteristics of patients with high 
postprocedural left atrial pressure despite 
mild residual regurgitation
Following device implantation, 46 patients (15.3%) exhibited residual 
LAvP levels of 25 mmHg or greater in the setting of only mild residual 

MR. The characteristics of this subgroup, compared with patients dis
playing low residual LAvP, are detailed in Supplementary Table S3. 
Persistent elevation of LAvP after M-TEER despite optimal correction 
of MR was associated with secondary MR aetiology, poorer baseline 
NYHA functional class, elevated baseline NTproBNP levels, and in
creased left ventricular filling pressure indices before the procedure. 
Among these parameters, elevated baseline NTproBNP and E/e’ 
(odds ratio 1.71 [1.08–2.71], P = .022 and 1.09 [1.01–1.18], P = .026) 
were found to be independent predictors of LAvP ≥25 mmHg despite 
mild residual MR. Importantly, no significant differences were observed 
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Table 2 Procedural characteristics of the study population

All (n = 299) LAvP post M-TEER P-value

<25 mmHg (n = 209) ≥25 mmHg (n = 90)

No. of implanted devices .044
1 172 (57.5) 126 (60.3) 46 (51.1)

2 119 (39.8) 83 (39.7) 36 (40.0)

3 8 (2.7) 0 8 (8.9)
Device type .134

MitraClip 206 (68.9) 138 (66.0) 68 (75.6)

PASCAL 93 (31.1) 71 (34.0) 22 (24.4)
MR grade at discharge .027

I 175 (58.5) 129 (61.7) 46 (51.1)

II 110 (36.8) 76 (36.4) 34 (37.8)
III 12 (4.0) 4 (1.9) 8 (8.9)

IV 2 (0.7) 0 2 (2.2)

Mean MV pressure gradient at discharge, mmHg 3.6 ± 1.5 3.4 ± 1.5 3.8 ± 1.5 .028

Variables are expressed as n (%), mean ± standard deviation, or median [interquartile range], as appropriate. Boldface P-values denote statistical significance (P<0.05).
LAvP, left atrial v wave pressure; MR, mitral regurgitation; MV, mitral valve.

Figure 1 Intraprocedural LA pressure before and after M-TEER, stratified by MR aetiology. While the effects of M-TEER on LA mean pressure were 
only modest, LA v wave pressure substantially decreased after device implantation, with a median relative reduction of 21%. Reduction of LA pressure 
was observed in both patients with secondary and primary aetiology. Data are shown as Tukey-style box plots. *P < .05; ***P < .001. LA, left atrial; MR, 
mitral regurgitation; M-TEER, transcatheter edge-to-edge mitral valve repair
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regarding postprocedural transmitral gradients, number of devices im
planted, baseline LVEF or LA volumes.

Discussion
This study systematically investigated LA haemodynamics during 
M-TEER and their prognostic implications. Its main findings are: 

• While intraprocedural reduction of LAmP is only modest, device implant
ation is followed by an immediate and substantial reduction of LAvP 
which can be detected by continuous pressure monitoring.

• High residual LAvP strongly predicts death or hospitalization for heart 
failure after M-TEER in both primary and secondary MR.

• Patients with LAvP ≥25 mmHg after device implantation have a markedly 
increased risk for unfavourable clinical outcome, which persists even in 
cases where adequate MR reduction has been achieved.

Prognostic significance of changes in left 
atrial pressure after M-TEER
Elevation of LA pressure accompanied by prominent or ‘giant’ v waves 
is a well-established haemodynamic hallmark of significant MR, reflect
ing atrial volume overload caused by the regurgitant flow.15 Multiple 
studies have demonstrated that successful M-TEER leads to an imme
diate reduction in LA pressure.7,9,16,17 Increasing evidence suggests 
that this haemodynamic response serves as a predictor for the long- 
term clinical outcome following M-TEER. Most previous research has 
focused on LAmP as the primary haemodynamic parameter of interest. 
Sammour et al. reported that in patients with primary MR, those whose 
LAmP post M-TEER fell within the higher two tertiles faced a signifi
cantly increased risk of death or hospitalization for heart failure. 
However, this association was not observed in secondary MR.9

Another multicentre study found that LAmP above 15 mmHg after 
M-TEER was strongly linked to worse prognosis.18 Comparable findings 
were reported by El Shaer et al., who identified a cut-off value of 
≥22 mmHg for adverse outcomes.19 The current study supports these 
observations: High LAmP after device implantation was a strong pre
dictor of unfavourable clinical outcome during follow-up. However, it 
is important to note that the immediate effects of M-TEER on LAmP 
may be modest. In the present analysis, the mean reduction in LAmP 
after device implantation was only about 1 mmHg. These subtle 
changes may be challenging to detect through continuous pressure 
monitoring, which might limit the utility of this haemodynamic param
eter for real-time assessment of procedural success.

In contrast, immediate reduction of LAvP during M-TEER appears to 
be notably more pronounced. In this study, a median reduction of ap
proximately 21% in LAvP was observed following device implantation, 
with the effect being especially significant in patients with primary MR. 
These acute changes in LAvP should be readily detectable through con
tinuous pressure monitoring during the procedure, which may enhance 
its value for real-time procedural guidance and decision-making regard
ing device placement. Despite these observations, prior data on the 
prognostic significance of residual LAvP after M-TEER are scarce. A 
retrospective study involving 50 patients evaluated the association be
tween intraprocedural reduction of LAvP and functional improvement 
post M-TEER. The findings indicated that each 5 mmHg decrease in 
LAvP after M-TEER was associated with a 49% higher likelihood of im
provement in the six-minute walk distance.16 The present study de
monstrates that residual LAvP following device implantation also 
serves as a robust predictor of long-term primary outcome, specifically 
death or hospitalization for heart failure. By applying a cut-off value of 
25 mmHg, patients at high risk for adverse outcomes could be identi
fied in both primary and secondary MR groups. Notably, achieving re
sidual LAvP below 25 mmHg was also beneficial in the subgroup of 
patients with elevated baseline v wave. In the present study, each 

10-mmHg increment in residual LAvP after device implantation was as
sociated with a 29% increase in the likelihood of death or hospitaliza
tion for heart failure during follow-up. However, residual LAvP likely 
integrates several determinants of postprocedural risk, including re
sidual regurgitant volume, LA compliance, left ventricular filling pres
sures, and transmitral gradients. Thus, LAvP should be interpreted 
primarily as a prognostic and integrative haemodynamic marker rather 
than a validated therapeutic endpoint.

Haemodynamic mismatch after 
M-TEER—persistent high left atrial 
pressure despite successful reduction 
of mitral regurgitation
In the present study, 15.3% of patients exhibited a residual LAvP of 
25 mmHg or higher after M-TEER, even though echocardiography re
vealed only mild MR. This subgroup experienced a significantly worse 
prognosis compared to patients whose LAvP decreased below 
25 mmHg with similarly mild residual MR. Therefore, for these indivi
duals, successful MR reduction did not correspond with a sufficient de
crease in LA pressure. This distinctive haemodynamic profile has 
previously been described by Shibahashi et al., who introduced the 
term ‘haemodynamic mismatch.’ In their analysis of 1477 patients 
undergoing M-TEER, 302 individuals were found to have persistently 
elevated LAmP above 15 mmHg despite only mild residual MR. 
Consistent with our findings, their results showed that, although echo
cardiography suggested a favourable procedural result, persistent eleva
tion of LA pressure was associated with a higher risk of death or 
hospitalization over five years.18 Notably, patients with elevated LA 
pressure despite mild residual MR had worse outcomes than those 
with moderate residual MR but normalized LA pressure, which was 
also observed in the results of our study. In summary, these findings 
strongly indicate that LA pressure after device implantation provides 
further prognostic information that extends beyond the echocardio
graphic assessment of MR reduction.

Several factors may contribute to the observed discrepancy between 
MR reduction and persistent elevation of LA pressure. First, high LAvP 
after device implantation could reflect an underestimation of residual 
MR by echocardiography in certain cases. However, while distinguishing 
between moderate and severe residual MR using echocardiography can 
be challenging, mild residual MR should be more reliably identified by 
the absence of broad or eccentric colour Doppler jets and flow conver
gence.3 More plausibly, sustained elevation of LAvP may be attributed 
to underlying left ventricular and LA dysfunction, which are not directly 
addressed by MR correction alone. Consistent with this consideration, 
our study found that elevated left ventricular filling pressure indices 
prior to M-TEER independently predicted high residual LAvP despite 
only mild residual MR. This finding is supported by a recent study involv
ing 22 patients with primary MR which assessed haemodynamic 
changes after M-TEER using LA and left ventricular pressure-volume 
loops.20 It found that patients with LAvP of 20 mmHg or higher after 
M-TEER had increased chamber stiffness and impaired left ventricular 
relaxation—key features of heart failure with preserved ejection frac
tion (HFpEF). Additionally, atrial fibrillation and high body mass index 
were both associated with persistent LA pressure elevation following 
M-TEER,18 and these are strong risk factors for HFpEF. As such, this 
haemodynamic pattern may help identify patients who could benefit 
from optimal HFpEF therapy after M-TEER, particularly with the use 
of SGLT2 inhibitors. Consistent with the findings of Shibahashi 
et al.,18 our study demonstrated that patients exhibiting elevated 
LAvP following device implantation also presented with a higher post
procedural transmitral pressure gradient. Similar to MR, mitral stenosis 
is characterized by increased LA pressure accompanied by prominent 
v-waves, which result from a reduction in atrial compliance.21

Residual left atrial v wave predicts clinical outcome of transcatheter edge-to-edge mitral valve repair                                                                         7
D

ow
nloaded from

 https://academ
ic.oup.com

/eschf/article/13/2/xvag086/8537397 by U
niversitaetsbibliothek R

egensburg user on 04 M
ay 2026



Fi
gu

re
 3

 D
ea

th
 o

r h
os

pi
ta

liz
at

io
n 

fo
r h

ea
rt

 fa
ilu

re
 a

fte
r M

-T
EE

R 
ac

co
rd

in
g 

to
 p

os
tp

ro
ce

du
ra

l L
A

 v
 w

av
e 

pr
es

su
re

. R
es

id
ua

l v
 w

av
e 

be
lo

w
 2

5 
m

m
H

g 
w

as
 a

ss
oc

ia
te

d 
w

ith
 su

pe
rio

r l
on

g-
te

rm
 o

ut
co

m
e.

 
Th

e 
pr

og
no

st
ic

 e
ffe

ct
 w

as
 si

m
ila

rly
 o

bs
er

ve
d 

in
 su

bg
ro

up
s s

tr
at

ifi
ed

 b
y 

ba
se

lin
e 

v 
w

av
e 

an
d 

po
st

pr
oc

ed
ur

al
 re

sid
ua

l M
R.

 C
I, 

co
nfi

de
nc

e 
in

te
rv

al
; H

R,
 h

az
ar

d 
ra

tio
; L

A
, l

ef
t a

tr
ia

l; 
M

R,
 m

itr
al

 re
gu

rg
ita

tio
n;

 
M

-T
EE

R,
 t

ra
ns

ca
th

et
er

 e
dg

e-
to

-e
dg

e 
m

itr
al

 v
al

ve
 r

ep
ai

r

8                                                                                                                                                                                                      Paulus et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eschf/article/13/2/xvag086/8537397 by U
niversitaetsbibliothek R

egensburg user on 04 M
ay 2026



Therefore, persistently elevated LAvP after device implantation, even 
when MR has been optimally reduced, may signal an excessive reduc
tion in the mitral valve area. In such cases, the development of mitral 
stenosis can negate the intended haemodynamic benefits of MR elimin
ation. Given these complexities, consideration of changes in LA pres
sure after device implantation may be used to complement the 
echocardiographic assessment of residual mitral valve area. This ap
proach might be especially valuable in circumstances where anatomical 
planimetry is challenging due to image shadowing or when 
Doppler-derived transmitral gradients are significantly affected by fluc
tuations in heart rate.22

Integration of left atrial pressure 
monitoring in intraprocedural 
decision-making
Transoesophageal echocardiography remains the primary modality for 
intraprocedural evaluation of residual MR following device implantation. 
The reduction in MR grade as assessed by echocardiography has been 
shown to predict both mortality and morbidity after M-TEER.1,2

However, intraprocedural echocardiography is not without limitations, 
particularly when interpreting findings suggestive of more than mild re
sidual MR. Commonly used methods for native valvular regurgitation as
sessment, such as proximal isovelocity surface area, are not validated for 
MR assessment after M-TEER. Alternative approaches, such as the vena 
contracta area, can be technically demanding and require high image qual
ity.3 Moreover, acoustic shadowing produced by the implantation cath
eter before device release may obscure residual regurgitation jets.

As a result, echocardiographic evaluation may remain inconclusive 
when residual MR is greater than mild following device placement. In 
such cases, assessment of changes in LA pressure can provide a valuable 
and complementary perspective for evaluating MR reduction and guid
ing intraprocedural decisions regarding device placement. Modern 
M-TEER systems facilitate continuous monitoring of LA pressure, 
which allows for real-time assessment throughout the procedure.5

Previous research suggests that continuous LA pressure monitoring 
can enhance echocardiographic outcomes of M-TEER. In a study of 
86 patients, those who received continuous LA pressure monitoring 
had significantly greater MR reduction at discharge compared to those 
with measurements only before and after clip implantation, demon
strating the effectiveness of this approach.23

Several studies consistently demonstrated that residual mild MR after 
M-TEER is associated with better clinical outcomes and less likelihood 
of MR recurrence as compared to moderate residual MR.24–27

Therefore, if significant MR persists following device implantation, fa
vourable haemodynamic parameters such as a low LAvP should not 
be interpreted as sufficient justification to accept a clearly suboptimal 
result. Instead, optimization of the echocardiographic outcome should 
be pursued, either by adjusting device position or by implanting an add
itional device. However, complex anatomical features may prevent fur
ther MR reduction by M-TEER. In such cases, the clinician must decide 
whether to accept the achieved result or to abort the intervention. In 
this study, it was shown that favourable clinical outcomes were still ob
served in patients with moderate residual MR after M-TEER, provided 
that LAvP dropped below 25 mmHg post-treatment. Thus, in situations 
where a reduction to mild residual MR cannot be achieved after device 
implantation, normalization of LA pressure may serve as an additional 
indicator that the regurgitant volume has been sufficiently reduced to 
provide clinical benefit for the patient. However, in cases of unsatisfac
tory results, transcatheter mitral valve replacement is a viable alterna
tive for patients at high surgical risk. Notably, recent studies have 
demonstrated that percutaneous transseptal mitral valve replacement 
effectively treats MR with low complication rates, particularly in pa
tients unsuitable for M-TEER.28,29

The intraprocedural endpoint of M-TEER is inherently defined by a 
trade-off: adding or repositioning of devices may further decrease re
sidual MR, yet can also narrow the effective mitral orifice, heightening 
the risk for iatrogenic mitral stenosis. Doppler-derived mean transmi
tral gradient measurement via intraprocedural echocardiography 
is widely employed to assess the impact of device implantation on 
mitral valve area, given its expediency and general applicability.30

Nevertheless, the degree to which elevated transmitral gradients fol
lowing M-TEER are tolerable without compromising clinical outcome 
remains subject to considerable debate. Earlier guidelines established 
a threshold of 5 mmHg to prevent functional mitral stenosis;31 how
ever, recent studies have reported inconsistent findings regarding the 
relationship between transmitral gradient and clinical outcomes across 
different MR aetiologies.25,27,32 Additionally, the assessment of mitral 
valve area using transmitral gradient during procedures may be affected 
by altered loading conditions and heart rate, often underestimating 
haemodynamics when the patient is awake.33

Based on our study observations, evaluating changes in LAvP during 
M-TEER may serve as an additional metric when weighing further MR 
reduction against increasing mitral valve gradient. When echocardio
graphic evaluation reveals mild-to-moderate residual MR after implant
ation of the first device, analysing the magnitude and trajectory of LAvP 
following placement of a second device may be particularly insightful. A 
concurrent decrease in both residual MR and LAvP after the second de
vice may suggest further haemodynamic benefit for the patient. 
Conversely, if the impact on residual MR is limited and no further low
ering of LAvP occurs, the advantage of a second device may not com
pensate for the reduction in mitral valve area. Likewise, an increase of 
LAvP after device implantation should raise suspicion for significant 
stenosis. Persistently elevated LAvP despite only mild residual MR 
should prompt a systematic reassessment, focusing on ruling out 
underestimation of residual MR via echocardiography and excessive 
narrowing of the mitral valve area leading to functional mitral stenosis. 
Prospective studies are warranted to determine whether targeting 
combined echocardiographic and haemodynamic endpoints during 
M-TEER can improve clinical outcomes beyond imaging-guided ap
proaches alone.

Study limitations
This study may have limitations. Given the observational design, causal
ity cannot be inferred, and it remains unknown whether actively target
ing specific LAvP thresholds during M-TEER improves clinical 
outcomes. As the investigation was conducted at a single academic ter
tiary care centre, the results may not be fully generalizable to other in
stitutions with different patient populations. Nonetheless, the 
characteristics and comorbidities of the patients in this cohort are com
parable to those documented in multicentre registries for both second
ary and primary mitral regurgitation,34,35 suggesting that the study 
population reflects real-world individuals treated with M-TEER in mod
ern clinical practice.

LA pressure measurements in this study were obtained during 
M-TEER performed under general anaesthesia and positive pressure 
ventilation, both of which are known to substantially alter cardiac load
ing conditions. Therefore, there are important limitations that need to 
be considered when interpreting our findings. General anaesthesia re
duces systemic vascular resistance, venous return, and ventricular filling 
pressures, and has been shown to underestimate the severity of MR 
compared with awake conditions.36,37 In addition, positive pressure 
ventilation increases intrathoracic pressure, thereby reducing venous 
return and LA preload, which may further lower measured LA pres
sures and alter v wave amplitude independently of residual regurgitant 
volume.38 Moreover, experimental and clinical data indicate that gen
eral anaesthesia and mechanical ventilation impair LA mechanics and 
compliance, potentially affecting the morphology of the LA pressure 
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waveform. Consequently, absolute LA pressure values obtained during 
the procedure may not fully reflect haemodynamics in the conscious 
state. However, the present study primarily focused on relative intra
procedural changes and postprocedural thresholds assessed under 
standardized procedural conditions, which preserves the internal valid
ity of the observed associations with clinical outcome. Assessing LA 
pressure in a conscious state would have required separate right heart 
catheterization, which was beyond the scope of this research.

Conclusions
High LAvP after device implantation is an independent predictor of 
mortality or hospitalization for heart failure following M-TEER in pa
tients with both primary and secondary MR. Residual LAvP below 
25 mmHg is correlated with improved clinical outcomes, both in the 
setting of mild or moderate residual MR. Monitoring changes in LA 
pressure after device implantation may offer insights into the prognos
tic effect of the achieved MR reduction, thereby assisting intraproce
dural decision-making in scenarios with complex anatomy or 
ambiguous echocardiographic findings.

Supplementary data
Supplementary data are available at ESC Heart Failure online.
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