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Abstract

Aim The objective of this study was to investigate the prognostic importance of right ventricular dysfunction (RVD) and
tricuspid regurgitation (TR) in patients with moderate–severe functional mitral regurgitation (FMR) receiving MitraClip proce-
dure. RVD and TR grade are associated with cardiovascular mortality in the general population and other cardiovascular
diseases. However, there are limited data from observational studies on the prognostic significance of RVD and TR in FMR re-
ceiving MitraClip procedure.
Methods and results A systemic review and meta-analysis were performed using MEDLINE, Scopus, and Embase to assess
the prognostic value of RVD and TR grade for mortality in patients with functional mitral regurgitation (FMR) receiving
MitraClip procedure. Hazard ratios were extracted from multivariate models reporting on the association of RVD and TR with
mortality and described as pooled estimates with 95% confidence intervals. A total of eight non-randomized studies met the
inclusion criteria with seven studies having at least 12 months follow-up with a mean follow-up of 20.9 months. Among the
aforementioned studies, a total of 1112 patients (71.5% being male) were eligible for being included in our meta-analysis with
an overall mortality rate of 28.4% (n = 316). Of the enrolled patients, RVD was present in 46.1% and moderate–severe TR in
29.2%. RVD was significantly associated with mortality compared to normal RV function (HR, 1.79, 95% CI, 1.39–2.31,
P < 0.001, I2 = 0). Patients with moderate–severe TR showed increased risk of mortality compared with those in the
none-mild TR group (HR, 1.61. 95% CI, 1.11–2.33, P = 0.01, I2 = 14).
Conclusions This meta-analysis demonstrates the prognostic importance of RVD and TR grade in predicting all-cause mortal-
ity in patients with significant FMR. RV function and TR parameters may therefore be useful in the risk stratification of patients
with significant FMR undergoing MitraClip procedure.
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Introduction

Functional mitral regurgitation (FMR) is a common clinical en-
tity in patients with primary left ventricular (LV) dysfunction
with normal mitral valve anatomy. FMR has been associated
with adverse prognosis independent of both LV ejection

fraction (LVEF) and other clinical markers of heart failure.1–3

Percutaneous mitral valve repair using the MitraClip device
has been proposed to correct FMR. The COAPT (Cardiovascu-
lar Outcomes Assessment of the MitraClip Percutaneous
Therapy for Heart Failure Patients With Functional Mitral Re-
gurgitation) trial confers a survival benefit compared with
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optimal medical therapy.4 On the contrary, the MITRA-FR
(Multicentre Study of Percutaneous Mitral Valve Repair
MitraClip Device in Patients With Severe Secondary Mitral
Regurgitation) trial did not demonstrate a survival benefit.5

The difference in the results of two landmark randomized
trials have underscored the importance of correct patient
selection for this intervention. Noticeably, compared with
patients in the MITRA-FR trial, those enrolled in the COAPT
trial had less advanced stage of the LV disease with smaller
LV end-diastolic volume index (COAPT: 101 ± 34 mL/m2

vs. MITRA-FR: 135 ± 35 mL/m2) and greater LVEF (COAPT:
20–50% vs. MITRA-FR 15–40%).

In light of the available evidence, identifying patients who
will benefit from the intervention and searching for prognos-
tic predictors are of utmost importance. Right ventricular
dysfunction (RVD) and tricuspid regurgitation (TR) grade
have been demonstrated to be associated with increased
cardiovascular mortality in the general population,6 primary
MR,7,8 and other cardiovascular and respiratory diseases.9–13

Recently, Naksuk et al. showed that RVD is a significant
predictor of sudden cardiac death (SCD) irrespective of left
ventricular ejection fraction.14 However, there are limited
data from observational studies on the prognostic significance
of RVD and TR in FMR. Importantly, the two landmark
randomized trials did not account the importance of RVD
into their protocols. The ongoing clinical trial ‘A Clinical
Evaluation of the Safety and Effectiveness of the MitraClip
System in the Treatment of Clinically Significant Functional
Mitral Regurgitation’ (Reshape-HF2) has not mentioned RV
function in their inclusion and exclusion criteria.15

The objective of this study was to investigate the prognos-
tic importance of RVD, and TR in patients with moderate–
severe FMR undergoing MitraClip procedure by performing
a systematic review of the literature and meta-analysis.

Methods

Search strategy

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines when

performing our systematic review and meta-analysis.16 We
searched PubMed, Scopus, and Embase databases using
English-language references from inception through April
2020 using the search term (‘TAPSE’ OR ‘Tricuspid annular
plane systolic excursion’ OR ‘right ventricular dysfunction’
OR ‘right ventricular function’ OR ‘right ventricle’ OR ‘right
ventricular’ OR ‘tricuspid regurgitation’ OR ‘tricuspid valve re-
gurgitation’ OR ‘pulmonary hypertension’) AND (‘functional’
OR ‘secondary’) AND (‘mitral valve regurgitation’ OR ‘mitral
valve insufficiency’ OR ‘mitral regurgitation’ OR ‘mitral insuffi-
ciency’). Additional strategies involved reference searches to
ensure the identification of all relevant studies pertinent to
the topic. The search was limited to human studies published
in English. Abstracts without complete published articles,
review articles, editorial comments, and letters to the editor
were excluded.

Study selection

The PICO (the patient, population or problem, intervention,
comparison, outcomes) framework was used as a tool to out-
line the components of the research questions (Table 1).17

Studies were included if the articles met the following
criteria: (i) reporting an association between RVD or tricuspid
regurgitation and an outcome, either mortality or heart fail-
ure (HF) related hospitalization among patients with FMR;
(ii) having at least 6 month follow-up; (iii) controlling for
other important covariates in multivariable survival analysis;
(iv) having low risk of bias assessed by the
Newcastle-Ottawa scale (see Quality assessment section for
more details). In the studies that reported an association of
RVD or TR with outcomes among those with FMR mixed with
primary MR, we contacted the authors of the studies for
accessing data related to FMR.18,19 Paediatric populations
were excluded to minimize heterogeneity between studies.

Data extraction

Each eligible article meeting the inclusion criteria was
reviewed by two independent reviewers (T. N and V. T. or
T. P.). Disagreements were resolved by a consensus with a

Table 1 ‘PICOS’ approach for selecting clinical studies in the systematic search

PICOS Characteristics of clinical studies included for the qualitative synthesis and meta-analysis

1. Participants Adult patients with functional mitral regurgitation
2. Intervention Patients with right ventricular dysfunction defined as a TAPSE ≤16 mm or tissue

Doppler-derived tricuspid lateral annular systolic velocity (S0TDI) < 10 cm/s and
moderate–severe tricuspid regurgitation

3. Comparison Patients with normal right ventricular function and none-mild tricuspid regurgitation
4. Outcomes Mortality and Heart failure related hospitalization (at least 6 month follow-up)
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third investigator (K. P. or T. N.). The following data were ex-
tracted and entered into an electronic database: (i) study: first
and last authors, year of publication; (ii) socio-demographics:
number of subjects, age, and gender; (iii) clinical factors: pro-
portion of ischemic cardiomyopathy, NYHA, MitraClip proce-
dure; (iv) echocardiographic parameters: LV end-diastolic
diameter (LVEDD), LV end-systolic diameter (LVESD), LV
end-diastolic volume (LVEDV), LV end-systolic volume (LVESV),
LVEDV index, LVESV index, and LV ejection fraction (EF), sys-
tolic pulmonary artery pressure (SPAP), TAPSE, TR, and MR.
RVD was defined as a TAPSE ≤ 16 mm or tissue
Doppler-derived tricuspid lateral annular systolic velocity
(S0TDI) < 10 cm/s.20 The severity of tricuspid regurgitation
(TR) assessed in line with recommendations and TR was
graded as none, mild, moderate, moderate, or severe; and
(v) clinical outcomes: follow-up (months), mortality,
HF-related hospitalization. In situations in which we believed
that multiple articles were published using the same dataset,
the study with the largest sample size was included in our
meta-analysis.

Analysis of outcomes

Mortality and HF-related hospitalizations were the major
outcomes of interest. HF-related hospitalization was defined
as new-onset or worsening signs and symptoms of HF that
required urgent therapy and resulted in hospitalization.
Analysis of an outcome was pooled if at least two studies re-
ported that outcome.

Quality assessment

Quality assessment of the studies was performed using the
Newcastle–Ottawa scale, one of the most used tool for eval-
uating quality in meta-analyses of observational studies.21

The Newcastle–Ottawa scale, including nine items, appraises
methodological quality in three domains: selection, compara-
bility, and outcome with a maximum of 9 points. Based on
the quality assessment tool, studies were classified as having
high-risk (1–3 points), intermediate-risk (4–5 points), or
low-risk of bias (6–9 points). Two reviewers (V. T. and T. P.)
independently performed the quality assessment across all
potentially eligible studies for this systematic review and
meta-analysis. Only studies with low risk of bias (6–9 points)
were included in our meta-analysis.

Statistical analysis

All statistical analyses were performed using the Comprehen-
sive Meta-Analysis (version 3.3). For the incidence rate data,
we calculated the hazard ratio (HR) with 95% CI as reported
in the individual studies. Study-specific data were then

combined to create pooled estimates using DerSimonian–
Laird random-effects models.22 Heterogeneity among studies
was assessed using Cochrane’sQ test with P value of<0.1 con-
sidered as statistically significant heterogeneity and the I2 sta-
tistic. I2 statistic was categorized as low (<25%), moderate
(25% to 75%), or high (>75%) levels of heterogeneity.23 Publi-
cation bias was assessed using visual funnel plot and the
Egger’s and Begg’s tests, with significant bias defined as a P-
value <0.1. The ‘trim and fill’ method was used to examine
whether hypothetical missing studies substantially changed
our estimates.24

The additional sensitivity analyses were planned: the first
including studies using TAPSE to define RVD, the second using
the ‘leave-one-out-at-a-time’ approach, where one study is ex-
cluded at a time and the impact of removing each of the stud-
ies is on the pooled estimates and the between-study
heterogeneity.25

Results

Study selection

Figure 1 shows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flowchart of our study.
The search identified 446 titles on Medline, 1137 on EMBASE,
436 on Scopus. After excluding duplicate and triplicate articles
(n = 846), there were 1173 articles screened for relevance. We
further excluded articles unrelated to the topic (n = 416) or ab-
stracts without text (n = 528), reviews (n = 92), and articles not
in humans (n = 11). Searching the bibliographies did not reveal
any additional results. No ongoing studies were found in the
clinical trials registries. One hundred twenty-six full-text stud-
ies were assessed for eligibility. After removing further 117
studies due to aforementioned reasons or those with
repeated datasets, eight datasets were included in our meta-
analysis.18,19,26–31

Association of ventricular dysfunction
dysfunction and tricuspid regurgitation with
mortality in functional mitral regurgitation

The baseline characteristics of study participants and echo-
cardiographic data were shown in Tables 2 and 3. Among
the eight studies eligible to be included in our meta-analysis,
there were a total of 1112 patients (71.5% being male) with
an overall mortality rate of 28.4% (n = 316). Study-specific fol-
low-up duration was reported in Table 2 with seven studies
having at least 12 months follow-up with a mean follow-up
of 20.9 months. There were 85% of patients who presented
with NYHA class III–IV. The pooled mean LVEF among all par-
ticipants was 29.3 ± 8.8%.
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Of the enrolled patients, RVD was present in 46.1% and
moderate–severe TR in 29.2%. Our meta-analysis showed that
patients with RVD was significantly associated with mortality
compared with normal RV function (HR, 1.79, 95% CI, 1.39–
2.31, P < 0.001) (Figure 2) with low heterogeneity between
studies (Q = 3.83, P = 0.58, and I2 = 0%). Additionally, patients
with moderate–severe TR showed increased mortality rate
(HR, 1.61. 95% CI, 1.11–2.33, P = 0.01) compared with those

in the none-mild TR group (Figure 3) with low heterogeneity
between studies (Q = 4.66, P = 0.32, and I2 = 14%).

Sensitivity analysis

The first subgroup analysis was undertaken among the studies
that used TAPSE to assess the RV function. Again, RVD that was

Table 2 Clinical characteristics of included observational studies

Author Year n Age Male (%)
Ischaemic

cardiomyopathy NYHA III–IV Follow-up (months) Mortality

Gyoten et al. 2020 80 72 ± 8.7 60 (75) 39 (49) 79 (98.75) 24 (IQR, 11–34) 46 (57.4)
Bannehr et al. 2019 108 71.9 ± 9.7 84 (77.8) 72 (66.7) 108 (100) 33.3 (IQR, 14.7–46.8) 52 (48.1)
Osteresch et al. 2018 130 72.7 ± 10.7 83 (63.8) 77 (59.2) 130 (100) 10.5 ± 4 42 (32)
Godino et al. 2016 60 73 ± 8 50 (83.3) 40 (67) 42 (70) 18.6 ± 10.2 18 (32)
Kaneko et al. 2016 117 71 ± 9 92 (78.6) NR 113 (96.6) 23.2 ± 19.4 56 (47.8)
Giannini et al. 2016 169 72.1 ± 8.3 132 (78.1) 109 (64) 130 (77) 13.9 (IQR, 5.4–26.9) 53 (31.4)
Ohno et al. 2014 146 72 ± 9 93 (63.7) NR 118 (81) 12 12 (8)
Hahn and
Stone et al.

2020 302 71.7 ± 11.8 201 (66.6) 184 (60.9) 172 (57) 24.1 (IQR: 11.7 to 35.9) 83 (27.5)

Figure 1 Study design. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart demonstrating study selection process.
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defined as TAPSE ≤ 16mmwas significantly associated with in-
creased mortality (HR, 1.72, 95% CI, 1.20–2.48, P = 0.003,
I2 = 0%) (Supporting Information, Figure S1). Our sensitivity
analysis using the leave-one-out-at-a-time approach showed
the same direction of the association between mortality and
RVD (HR, ranged between 1.73 and 1.86), and so did the asso-
ciation between mortality and moderate–severe TR (HR,
ranged between 1.42 and 1.95).

Quality assessment and publication bias

All included studies were of low risk of bias with scores ≥7
points on the Newcastle–Ottawa scale (Supporting Informa-
tion, Table S1). All studies included in the meta-analysis de-
fined their study objective and outcomes, time to follow-up,
potential confounders, as well as outlined main study findings.
No evidence of significant publication bias was observed in the
funnel plots (Figures 4 and 5) and the Egger test (P = 0.15 for
RVD, P = 0.48 for moderate–severe TR). Our additional analy-
ses using the ‘trim and fill’ method suggested that hypotheti-
cal ‘missing’ studies did not substantially change our pooled
estimates for both RVD (HR, 1.74, 95% CI, 1.35–2.23) andmod-
erate–severe TR (HR, 1.61. 95% CI, 1.11–2.33).

Discussion

To the best of our knowledge, this is the first meta-analysis in-
vestigating the prognostication of RV function and TR by echo-
cardiographic assessment in patients with significant FMR
receiving MitraClip procedure. The main findings of this study
were that an increased risk of mortality was associated with
RVD, defined as TAPSE by echocardiography ≤16 mm or
S0TDI < 10 cm/s, and with moderate to severe TR. It has
been well established that RVD and TR have a negative
impact on prognosis among patients with cardiovascular
diseases,9,10,12,13 but little is known about the prognostic im-
pact of RVD and TR in patients significant FMR receiving
MitraClip procedure. Some investigators reported that RVD
and TR have been associated with adverse outcomes, but
others did not.27,26,31 Because TAPSE and S0TDI are easily
obtainable and reproducible, and these measurements have
been shown to correlate with cardiovascular magnetic reso-
nance (CMR)-derived RV ejection fraction,32–34 we pooled
the results of observational studies reporting RV function
and TR by echocardiography in this meta-analysis. Our objec-
tive was to fully understand the implications of RVD and TR
in the setting of significant FMR receivingMitraClip procedure.

Our meta-analysis suggests that those with RVD (abnormal
TAPSE was defined as ≤16 mm or abnormal S0TDI < 10 cm/s)
and with moderate–severe TR were more likely to have poor
survival outcomes in significant FMR receiving MitraClip
procedure, confirming the results of the previous studies. DiniTa
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Figure 2 The forest plot displays the hazard ratio and 95% confidence intervals (CIs) for difference between patients with and without right ventricular
dysfunction. Square markers indicate hazard ratios; horizontal lines, the 95% CIs, with marker size reflecting the statistical weight of the study using
random-effects meta-analysis. The diamond marker represents the overall hazard ratio and 95% CI for the outcome of interest.

Figure 3 The forest plot displays the hazard ratio and 95% confidence intervals (CIs) for difference between patients with and without moderate–se-
vere tricuspid regurgitation. Square markers indicate hazard ratios; horizontal lines, the 95% CIs, with marker size reflecting the statistical weight of the
study using random-effects meta-analysis. The diamond marker represents the overall hazard ratio and 95% CI for the outcome of interest.

Figure 4 Funnel plot of publications included in the meta-analysis for
right ventricular dysfunction.

Figure 5 Funnel plot of publications included in the meta-analysis for tri-
cuspid regurgitation.
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et al. demonstrated that overall survival was greater with
TAPSE ≥ 16 mm (82%) when compared with TAPSE <16 mm
(42%) at follow up of 36 months (P < 0.001).35 Importantly,
RVD was a significant predictor of all-cause mortality even af-
ter adjusting for important confounding factors or covariates
(HR, 2.64; 95% CI, 1.28–5.47, P = 0.009). Similarly, Giannini
and colleagues revealed that RVD assessed by S0TDI was an in-
dependent predictor of cardiovascular mortality in significant
FMR.29 In addition to the association between RVD and mor-
tality, moderate–severe TR has been demonstrated to be as-
sociated with adverse prognosis in significant FMR.30

Calafiore et al. demonstrated, in a propensity score analysis
of functional TR that was graded as moderate-or-severe,
when left untreated, both midterm survival and functional
status were impaired.36 In our meta-analysis, RVD and moder-
ate–severe TR at baseline posed an increased risk of poor
prognosis among patients undergoing MitraClip procedure.
RVD is a result of pressure overload or volume overload, or
a combination of both, and serves as a common final pathway
in the progression of congestive heart failure. Additionally,
RVD and the severity of TR associated with maladaptive RV re-
modelling with cardiac myocyte loss and myocardial fibrosis,
reducing the possibility of RV functional recovery after inter-
vention of FMR and impacting survival.37 Therefore, consider-
ation of RV function and the severity of TR could identify FMR
patients who may benefit from early intervention before de-
compensated RV function presents. As also discussed in Intro-
duction section, differences in the results between the COAPT
and MITRA-FR studies may lead to underscoring the impor-
tance of appropriate patient selection prior to intervention.
RV function plays an incremental role in determining survival
outcomes of patients with FMR, and this factor is important
for candidate selection for patients undergoing MitraClip pro-
cedure. RVD confers worse outcomes in significant FMR may
be explained by (i) RVD with pressure overload, in the setting
of ventricular interdependence, may compromise left ventric-
ular function; (ii) RVD may be unable to maintain the forward
output required to maintain adequate left ventricular
preload38; (iii) the presence of RVD in patients with a history
of preexisting cardiac disease is a significant predictor of
SCD irrespective of left ventricular ejection fraction.14 In light
of the differing outcomes fromMITRA-FR and COAPT trials, an
additive value of RVD indices for risk stratification in this pop-
ulation deserves further investigation. Early recognition of
RVD by using the index of RV longitudinal contraction (TAPSE)
may also be invaluable in planning and timing of intervention
for prevention or delay of irreversible RVD. Thus, a deeper in-
vestigation into the prognostication of RVD in patients with
moderate-to-severe FMR may have both clinical significance
and therapeutic implications. Importantly, FMR patients with
RVD and/or moderate and severe TR seemed to benefit less
frequently from MitraClip procedure, and randomized con-
trolled trials are necessary to provide further insight into

these parameters and their roles in identifying patients that
are most likely to benefit.

Study limitations

First, all of the eligible studies in this meta-analysis were ob-
servational with variations in the inclusion criteria, so that
heterogeneity is more likely to be present. However, we tried
to minimize the bias by carefully selecting studies with low
risk of bias, reflected by high scores on the Newcastle–Ot-
tawa scale. The heterogeneity assessed using Cochrane’s Q
test and the I2 statistic among included studies was not signif-
icant, suggesting the limitation did not greatly impact our
conclusion. Second, to minimize the risk of false positives in
association of RVD and TR with outcomes, we only included
studies that adjusted for confounders in multivariable sur-
vival analysis. Third, atrial FMR has been under-recognized
until recently as a cause of functional MR. Nevertheless,
given that included studies are not differentiated between
atrial and ventricular FMR in this analysis, we are not able
to assess the difference in prognostic impact of right ventric-
ular function and tricuspid regurgitation in these two entities
of FMR. Further studies need to be conducted to assess the
difference between these two entities. Additionally,
haemodynamics of the right ventricle and pulmonary circula-
tion are very crucial components in FMR and should be stud-
ied to assess its importance on the clinical outcome. Finally,
although our data demonstrated the prognostication of RVD
and moderate–severe TR in FMR patients undergoing mitral
clip procedure, future studies are still needed to elucidate
its role in patient selection

Conclusions

This meta-analysis demonstrates the prognostic importance
of RVD and TR grade in predicting all-cause mortality in pa-
tients with significant FMR. RV function and TR parameters
may therefore be useful in the risk stratification of patients
with significant FMR undergoing MitraClip procedure.
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Figure S1. The forest plot displays the hazard ratio and 95%
confidence intervals (CIs) for difference between patients
with and without right ventricular dysfunction using TAPSE.
Square markers indicate hazard ratios; horizontal lines, the
95% CIs, with marker size reflecting the statistical weight of
the study using random-effects meta-analysis. The diamond

marker represents the overall hazard ratio and 95% CI for
the outcome of interest.
Table S1. Newcastle-Ottawa scale for assessment of quality
of included cohort studies. Each asterisk represents fulfilment
of the acceptable criteria within each subsection.
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