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Key questions

What is already known about this subject?
►► Functional tricuspid regurgitation (FTR) is a common 
finding in the presence of functional mitral valve re-
gurgitation, and untreated moderate-to-severe FTR 
is known as a predictor of poor survival.

What does this study add?
►► In patients with heart failure with reduced ejection 
fraction undergoing percutaneous edge-to-edge mi-
tral valve repair (pMVR), postinterventional moderate-
to-severe tricuspid regurgitation (TR) grade was an 
independent predictor of cardiac death within 1 year.

►► 77% of pre-MitraClip moderate-to-severe FTR can-
not be significantly reduced.

How might this impact on clinical practice?
►► Residual moderate-to-severe TR might require ded-
icated additional procedures (an additional TR inter-
vention) even if pMVR was successful.

Abstract
Aim  To evaluate the impact of preinterventional 
moderate-to-severe functional tricuspid regurgitation 
(FTR) on early outcome after percutaneous edge-to-edge 
mitral valve repair (pMVR) with MitraClip procedures for 
functional mitral regurgitation (FMR) in patients with heart 
failure with reduced ejection fraction (HFrEF).
Methods and results  From January 2013 to December 
2017, 80 patients with HFrEF (ejection fraction 
22%±5.3%) and FMR (grade 3.0±0.36) underwent 
successful pMVR. The 3-year actuarial survival was 
58%. However, 73% (n=22) of non-survivors died of 
cardiac failure within 1 year. Patients were categorised 
into none-to-mild (n=36) and moderate-to-severe (n=44) 
postinterventional FTR groups according to pre-MitraClip 
tricuspid regurgitation grade. Cox regression analysis on 
1-year survival demonstrated an impact of FTR severity 
(HR=1.8, 95% CI 1.01% to 3.09%, p=0.047), preoperative 
New York Heart Association class (HR=2.8, 95% CI 1.2% 
to 6.5%, p=0.015) and peripheral artery disease (HR=5.4, 
95% CI 1.6 to 18, p=0.0054). Kaplan-Meier analysis 
showed that 1-year cardiac death was higher in the 
moderate-to-severe FTR group (p=0.048). In our study, 
77% of pre-MitraClip moderate-to-severe FTR cannot be 
significantly reduced. Post-MitraClip moderate-to-severe 
FTR grade was related to lower survival (p<0.001).
Conclusion  In patients with HFrEF treated with MitraClip 
for FMR, moderate-to-severe FTR was an independent 
predictor of cardiac death within 1 year. To improve 
survival, additional therapy to residual FTR should be 
considered in early phase after MitraClip therapy.

Introduction
Functional tricuspid regurgitation (FTR) is 
a common finding in the presence of func-
tional mitral valve regurgitation (FMR).1–3 
In case of moderate-to-severe FTR, tricuspid 
valve (TV) repair is usually performed simul-
taneously when patients undergo mitral 
valve surgery. In the modern era, isolated 
percutaneous edge-to-edge transcatheter 
mitral valve repair (pMVR) with the Mitra-
Clip system (Abbott Vascular, Menlo Park, 
California) for FMR in patients with a high 

risk of perioperative mortality and comorbid-
ities is available and has become increasingly 
favoured over sMVR (surgical mitral valve 
repair), representing a less invasive beating-
heart interventional technique.4–7 According 
to a recent randomised study, early clinical 
results of pMVR were acceptable in patients 
with heart failure with reduced ejection frac-
tion (HFrEF).8 Concomitant FTR ameliorates 
by itself in some patients treated for FMR, but 
remains significant in others. Simultaneous 
TV edge-to-edge repair (transcatheter mitral 
plus tricuspid valve edge-to-edge repair) in 
addition to pMVR has been described but is 
not routinely performed in clinical practice.9 
In general, untreated moderate-to-severe 
FTR is known as a predictor of poor survival, 
yet the prognostic role of FTR severity after 
pMVR has not yet been investigated. There-
fore, the present retrospective study aimed 
to evaluate the impact of FTR severity in the 
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early phase after pMVR in patients with HFrEF and symp-
tomatic FMR.

Methods
Patient selection
Since the start of our MitraClip programme in 2013, 
individual treatment selection has been based on a 
multimodal decision-making process based on age, eval-
uation of surgical risk by logistic EuroSCORE, as well 
as adjunctive risk evaluation (liver dysfunction, during 
chemotherapy for malignancy and frailty). In addition, 
preoperative echocardiography played a critical role in 
patient selection for MitraClip implantation according to 
the German Cardiac Society (DGK) criteria.10 In selected 
cases, patients were enrolled in the programme despite 
extremely poor left ventricular (LV) function (ejection 
fraction <15%).

Echocardiography
Transthoracic echocardiography (TTE) data were avail-
able for all patients preoperatively. All patients had TEE 
(Transesophageal echocariography) during MitraClip 
implantation and at discharge. The TTE examinations 
were performed by two experienced cardiologists, and all 
evaluations were carried out according to standard tech-
niques recommended by the American Society of Echo-
cardiography.11 Assessment of right ventricular (RV) 
function was performed from the apical four-chamber 
view. The severity of tricuspid regurgitation (TR) assessed 
by Doppler echocardiography was classified as none/
trivial (0), mild (1), moderate (2), moderate-severe (3) 
or severe (4). Pulmonary artery pressure was also meas-
ured by TTE.

pMVR with MitraClip procedure
Prior to MitraClip implantation, all patients underwent 
coronary angiography to exclude relevant coronary 
artery disease necessitating revascularisation. All Mitr-
aClip procedures were performed by one experienced 
interventional cardiologist. All clips (arm length of 9 mm) 
were implanted according to standard practices under 
general anaesthesia with TEE and fluoroscopic guidance. 
Additional clips were placed until the residual mitral 
valve regurgitation (MR) corresponded to a maximum 
grade of 2 at a mean blood pressure of 60 mm Hg.

Postoperative course, endpoint and follow-up
All patients who were treated in our hospital between 
January 2013 and December 2017 were enrolled. After 
pMVR, all patients were admitted to the intensive care 
unit (ICU), before they were further moved to the 
cardiology ward. The clinical follow-up was closed on 
31 December 2018, when the last enrolled patient had 
completed 1 year of follow-up. The median follow-up was 
24 months (IQR: 11–34 months; range: 0.17–70 months). 
Follow-up data of clinical status were obtained from 
patients’ general practitioners or private cardiologists by 
phone calls and facsimile, and were completed in 98% of 

patients. The primary endpoints of the study were 1-year 
and 3-year survival.

Statistical analysis
Results are expressed as mean±SD or as median +25th–
75th percentile IQR for continuous variables, and 
frequency and percentage for categorical variables. 
Univariable comparisons were performed with Student’s 
unpaired t-test for continuous normally distributed data. 
The Mann-Whitney U test was used for comparisons of 
non-parametric continuous data and Fisher’s exact test 
for categorical data. Data for survival and freedom from 
cardiac events and all-cause death were derived using the 
Kaplan-Meier method; comparisons were made using the 
log-rank test. The association between postinterventional 
TR severity and occurrence rate of 1-year cardiovascular 
event (cardiac death) was evaluated with Cox regression 
analysis, and the results were expressed as HR with 95% 
CI. Candidate covariates were chosen based on previous 
medical knowledge; then, a backward stepwise selection 
was performed. Differences were considered statistically 
significant at p<0.05. Statistical analysis was performed 
using SPSS for Windows V.22.0.

Results
Study cohort and characteristics
Eighty-five patients with moderate-to-severe FMR and 
HFrEF (≤30%) were treated with pMVR in our hospital 
between January 2013 and December 2017. Patients 
with acute emergency treatment, redo-pMVR, organic 
mitral or TV disease and those who were lost to follow-up 
(n=2) were excluded. Moreover, three (3.5%) patients 
with unsuccessful pMVR (defined as postoperative MR 
grade of 3 or more) were also excluded for the purpose 
of surveying the accurate impact of pMVR, resulting in 
80 patients (age 72±8.7 years, 60% male) with end-stage 
cardiomyopathy (non-ischaemic n=41; ischaemic n=39) 
who underwent MitraClip therapy. Left ventricular 
ejection fraction (LVEF) showed a mean of 22%±5.3%. 
Preoperative echocardiography showed LVEF ≤15% in 
13 (16%) patients. Baseline TR had a mean grade of 
1.63±0.75. The characteristics of baseline and preopera-
tive echocardiography are shown in tables 1 and 2.

Predictors of early cardiac death
The Kaplan-Meier estimate for overall survival at 3 years 
was 57.4%. Survival rate at 1-year follow-up was 72.5%. 
All these 22 patients died of cardiac death within 1 year, 
although pMVR was successful (figure  1). Multivariate 
Cox regression analysis for 1-year survival identified 
preoperative TR grade (HR=1.765, 95% CI 1.007 to 
3.093, p=0.047), preoperative New York Heart Associa-
tion (NYHA) grade (HR=2.811, 95% CI 1.222 to 6.469, 
p=0.015) and peripheral artery disease (HR=5.376, 
95% CI 1.642 to 17.6, p=0.0054) as independent predic-
tors at 1-year survival (table 3). Other variables including 
ischaemic versus non-ischaemic origin, preoperative 
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Table 1  Baseline characteristics of the full cohort

Variables Total (N=80)

Age, mean±SD (years) 72±8.7

Male gender 60 (75)

Body mass index, mean±SD (kg/m2) 26±4.7

Diabetes mellitus 34 (43)

Arterial hypertension 72 (90)

COLD 14 (18)

PAD 9 (11)

Stroke 16 (20)

Chronic renal disease 33 (41)

Ischaemic cardiomyopathy 39 (49)

Dilated cardiomyopathy 41 (51)

Previous percutaneous coronary intervention 34 (43)

Percutaneous coronary intervention within 3 months 12 (15)

Previous cardiac surgery 25 (31)

Previous CRT 33 (41)

Previous ICD 42 (53)

NYHA functional class, mean±SD 3.3±0.46

Atrial fibrillation 49 (61)

Logistic EuroSCORE, mean±SD 34±20

EuroSCORE, mean±SD 16±13

Medication  �

 � ACE inhibitor/ARB 64 (80)

 � Beta-blocker 68 (85)

 � Mineralocorticoid receptor antagonist 59 (74)

 � Loop diuretics 76 (95)

 � Digitoxin 21 (26)

n (%) if not otherwise specified.
ARB, angiotensin receptor blocker; COLD, chronic obstructive 
lung disease; CRT, cardiac resynchronisation therapy; ICD, 
implanted cardioverter defibrillator; NYHA, New York Heart 
Association; PAD, peripheral artery disease.

Table 2  Baseline results of transthoracic echocardiography 
in the full cohort

Variables Total (N=80)

LVEF (%) 22±5.3

MR grade 3.0±0.36

LVDd (mm) 73±6.4

LVDs (mm) 66±7.1

LA (mm) 54±8.4

LVEDV (mL) 242±69

LVESV (mL) 182±64

EDVI (mL/m2) 129±39

ESVI (mL/m2) 97±35

TR grade 1.63±0.75

RVDd (mm) 39±6.4

RVDs (mm) 34±6.2

Systolic pulmonary artery (mm Hg) 54±15

TAPSE (mm) 14±4.65

RVESP (mm Hg) 44±15

Results expressed as mean±SD.
EDVI, end-diastolic volume index; ESVI, end-systolic volume 
index; LA, left atrium; LVDd, left ventricular diastolic diameter; 
LVDs, left ventricular systolic diameter; LVEDV, left ventricular end-
diastolic volume; LVEF, left ventricular ejection fraction; LVESV, 
left ventricular end-systolic volume; MR, mitral valve regurgitation; 
RVDd, right ventricular diastolic diameter; RVDs, right ventricular 
systolic diameter; RVESP, right ventricular end-systolic pressure; 
TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid 
valve regurgitation.

Figure 1  Clinical outcome of the full cohort. Kaplan-Meier 
curves for freedom from all-cause death estimated at 72.5% 
at 1 year and 57.4% at 3 years.

LVEF, and other parameters of echocardiography were 
not found as predictors.

Preprocedural characteristics and periprocedural results 
according to TR grade
According to preoperative TR severity, this cohort was 
divided into none-to-mild FTR group (36 patients, 45%) 
and moderate-to-severe FTR group (44 patients, 55%) (TR 
grade: 0.92±0.28 vs 2.2±0.42, p<0.001). When comparing 
these two groups, there were no significant differences 
in preoperative characteristics and echocardiography, 
including the parameters of RV dimension, pulmonary 
artery hypertension and tricuspid annual plane systolic 
excursion. The details of the baseline characteristics of 
the two groups are shown in table  4. In-hospital death 
occurred in two (2.5%) patients, regardless of extracor-
poreal membrane oxygenation and intra-aortic balloon 
pump, because of postoperative cardiogenic shock state, 

although postoperative MR severity was reduced to an 
MR grade of 1. Of these, one patient with a TR grade of 1 
had a preoperative high value of logistic EuroSCORE of 
44% with LVEF of 10% and died after 8 days. The other 
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Table 3  Cox regression model analysis for cardiac death at 
1-year follow-up

Univariate analysis Multivariate analysis

HR
(95% CI) P value

HR
(95% CI) P value

Preoperative TR 
grade

1.72
(0.98 to 3.00)

0.058 1.77
(1.01 to 3.09)

0.047

NYHA grade 2.54
(1.08 to 5.94)

0.032 2.81
(1.22 to 6.47)

0.015

PAD 3.11
(1.13 to 8.53)

0.028 5.376
(1.64 to 17.6)

0.0054

Preoperative 
LVEF

0.94
(0.86 to 1.02)

0.148

LogEuroSCORE 1.01
(0.99 to 1.04)

0.176

LVEF, left ventricular ejection fraction; NYHA, New York Heart 
Association; PAD, peripheral artery disease; TR, tricuspid valve 
regurgitation.

Table 4  Preprocedural characteristics and 
echocardiography between none/mild and moderate/severe 
TR grade

None/mild 
TR, n=36

Moderate/severe 
TR, n=44 P value

Age, mean±SD (years) 70±8.3 73±8.8 0.08

Male gender 25 35 0.31

PAD 3 6 0.50

Chronic renal disease 15 18 1

Diabetes mellitus 16 18 0.82

Dilated cardiomyopathy 18 23 1

Ischaemic cardiomyopathy 18 21 1

NYHA functional class, 
mean±SD

3.3±0.45 3.2±0.48 0.63

Previous CRT 16 17 0.65

Previous ICD 18 24 0.82

Logistic EuroSCORE, 
mean±SD

32±21 36±19 0.45

Echocardiography  �   �

 � LVEF, mean±SD (%) 23±5.1 22±5.5 0.56

 � MR grade, mean±SD 2.9±0.33 3.0±0.37 0.21

 � TR grade, mean±SD 0.92±0.28 2.2±0.42 <0.001

 � LVDd, mean±SD (mm) 73±7.2 73±5.7 0.98

 � LVDs, mean±SD (mm) 65±8.0 66±6.3 0.43

 � LA, mean±SD (mm) 52±6.9 55±9.3 0.12

 � EDVI, mean±SD (mL/
m2)

131±41 127±37 0.60

 � ESVI, mean±SD (mL/
m2)

97±36 96±35 0.88

 � RVDd, mean±SD (mm) 39±6.4 40±6.5 0.41

 � RVDs, mean±SD (mm) 33±6.2 34±6.2 0.27

 � Systolic pulmonary 
artery (mm Hg)

54±17 55±14 0.73

 � TAPSE, mean±SD (mm) 15±4.8 14±4.5 0.40

 � RVESP, mean±SD (mm 
Hg)

52±17 56±14 0.21

CRT, cardiac resynchronisation therapy; EDVI, end-diastolic volume 
index; ESVI, end-systolic volume index; ICD, implanted cardioverter 
defibrillator; LA, left atrium; LEVF, left ventricular ejection fraction; 
LVDd, left ventricular diastolic diameter; LVDs, left ventricular systolic 
diameter; MR, mitral valve regurgitation; NYHA, New York Heart 
Association; PAD, peripheral artery disease; RVDd, right ventricular 
diastolic diameter; RVDs, right ventricular systolic diameter; RVESP, 
right ventricular end-systolic pressure; TAPSE, tricuspid annual plane 
systolic excursion; TR, tricuspid regurgitation.

patient with a TR grade of 2 had high surgical risk of 30% 
with LVEF of 17% and died after 5 days.

There were no cases of postoperative cardiac 
tamponade or new pacemaker implantation. There was 
no significant difference in postoperative MR severity 
(p=0.37) between the two groups. However, there was a 
trend towards higher number of implanted clips in the 
moderate-to-severe TR group (2.23±0.71 vs 1.92±0.69, 
respectively; p=0.053). In addition, extubation rate in the 
hybrid room (p=0.28), duration of ICU stay (p=0.39) and 
total hospital stay (p=0.24) were not significantly different 
between the two groups. The discharge rate to home was 
similar at 89% in both groups. Intraprocedural results 
and periprocedural outcomes are presented in table 5.

Clinical impact of preprocedural TR severity
In the Kaplan-Meier analysis, the rates of freedom from 
cardiac death were significantly higher for preprocedural 
none-to-mild TR group at 1-year follow-up (p=0.048) 
(online supplementary figure 1). Clinical outcomes at 
1-year follow-up are shown in table 6. Between the two 
groups, there were significant differences in rehospitali-
sation due to heart failure (p=0.021) and trend towards 
higher cardiac death (p=0.077). A total of five patients 
required LV assist device implantation (n=2) or mitral 
valve replacement (n=3) due to clip failure at 1-year 
follow-up, but this was not significantly different between 
the two groups. NYHA grade of survivors at 1 year was not 
statistically different.

Postprocedural TR grade influencing survival
Postprocedural moderate-to-severe FTR grade was noted 
in 38 (47.5%) patients. The low TR grade in the none-
to-mild pre-MitraClip TR group was preserved post-
MitraClip (0.92±0.28 vs 1.03±0.45, p=0.103), whereas 
the TR grade of the moderate-severe group significantly 
improved (2.23±0.42 vs 1.93±0.62, p=0.0034). Online 
supplementary figure 2A,B shows the alteration of TR 

grade before and after MitraClip therapy. Overall, TR 
grade was reduced in 16 (20%) patients, preserved in 
56 (70%) and increased in 8 (10%). Preprocedural 
moderate-to-severe TR grade was decreased to mild TR 
grade in 10 (23%) patients, but no improvement in TR 
grade in 34 (77%) patients postprocedure. In the Kaplan-
Meier analysis, the rates of freedom from all-cause death 
were significantly higher for postprocedural none-to-mild 
FTR group at 1 and 3 years of follow-up (p=0.0007 and 
p=0.0020, respectively) (online supplementary figure 3). 
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Table 5  Perioperative course

None/mild 
TR, n=36

Moderate/severe, 
TR n=44 P value

In-hospital death 1 (2.8) 1 (2.3) 1

Postoperative MR 
grade, mean±SD

1.25̟±0.55 1.36±0.57 0.37

Postoperative TR 
grade, mean±SD

1.03±0.45 1.93±0.62 <0.0001

MitraClip, mean±SD 1.92±0.69 2.23±0.71 0.053

Hybrid extubation 34 (94) 38 (86) 0.28

 � ECMO 1 (2.8) 0 (0) 1

 � IABP 1 (2.8) 1 (2.3) 1

 � Tamponade 0 (0) 0 (0) 1

 � ICU stay, mean±SD 
(days)

1.22±1.2 1.55±2.0 0.39

 � Hospital stay, 
mean±SD (days)

5.3±2.2 6.2±3.8 0.24

Discharge  �   �

 � To home 32 (89) 39 (89) 1

 � To rehabilitation 0 (0) 4 (9.1) 0.12

 � To stroke unit 0 (0) 0 (0) 1

 � Cardiology 3 (8.3) 0 (0) 0.090

n (%) if not otherwise specified.
There were no cases of myocardial infarction or AV blockage.
AV, atrioventricular; ECMO, extracorporeal membrane 
oxygenation; IABP, intra-aortic balloon pump; ICU, intensive 
care unit; MR, mitral valve regurgitation; TR, tricuspid valve 
regurgitation.

Table 6  Clinical outcomes during 1-year follow-up

None/mild 
TR, n=36

Moderate/severe 
TR, n=44 P value

In-hospitalisation for 
heart failure

8 (22) 21 (48) 0.021

Cardiac death 6 (17) 16 (36) 0.077

Second MitraClip 1 (2.8) 2 (4.5) 1

Surgical mitral valve 
revision

1 (2.8) 2 (4.5) 1

LVAD implantation 0 (0) 2 (4.5) 0.50

NYHA grade of 
survivors

2.5±0.88 
(n=28)

2.37±0.69 (n=27) 0.55

LVAD, left ventricular assist device; NYHA, New York Heart 
Association; TR, tricuspid regurgitation.

Table 7  Cox regression model analysis for cardiac death at 
1-year follow-up in ICM and DCM groups

Univariate analysis Multivariate analysis

HR
(95% CI) P value

HR
(95% CI)

P 
value

ICM

Postprocedural 
TR grade

1.75
(0.6999 to 4.378)

0.2313

NYHA grade 1.56
(0.4277 to 5.702)

0.4999

LogEuroSCORE 1.008
(0.9723 to 1.046)

0.6576

DCM

Postprocedural 
TR grade

2.611
(1.287 to 5.295)

0.0078 2.611
(1.287 to 5.295)

0.0078

NYHA grade 3.579
(1.193 to 10.74)

0.0229

LogEuroSCORE 1.025
(0.9999 to 1.051)

0.0505

DCM, dilated cardiomyopathy; ICM, ischaemic cardiomyopathy; 
NYHA, New York Heart Association; TR, tricuspid regurgitation.

Moreover, in 34 patients with preoperative moderate-to-
severe TR grade, all-cause survival rate was significantly 
higher in the 15 patients with postoperatively improved 
TR grade than in the 19 patients with non-improved TR 
grade at 1 and 3 years of follow-up (p=0.031 and p=0.012, 
respectively). Meanwhile, preprocedural none-to-mild 
TR grade was increased to moderate-to-severe TR grade 
in four patients (11.1%) (online supplementary figure 
2A). One of these four patients died of heart failure 
during follow-up.

Clinical impact of postoperative moderate-to-severe TR in 
ischaemic versus non-ischaemic cardiomyopathy
Survival rate for all-cause death between the ischaemic 
and non-ischaemic groups, regardless of residual TR 
severity, was not significantly different (online supple-
mentary figure 4A,B). Multivariate Cox regression 
analysis identified postprocedural TR grade as an inde-
pendent predictor of 1-year survival in the non-ischaemic 
group, but not in the ischaemic group (table 7). In the 
Kaplan-Meier analysis, survival rate for all-cause death at 
1 and 3 years of follow-up was not significantly different 
between patients with ischaemia with postoperative none-
to-mild TR and those with postoperative moderate-to-
severe TR (p=0.125 and 0.0748, respectively), but it was 
significantly different among the non-ischaemic patients 
(p=0.00426 and p=0.00433, respectively) (online supple-
mentary figure 4C,D).

Discussion
We studied the impact of FTR in patients with HFrEF 
(LVEF ≤30%) with high surgical risk undergoing pMVR.

The main findings of the current study are as follows. 
First, the periprocedural mortality (2.5%) is acceptable 
and not affected by FTR severity in patients with HFrEF. 
Second, preprocedural moderate-to-severe FTR grade 
is an independent predictor of cardiac death at 1 year 
in patients with HFrEF, even if the MitraClip therapy is 
successful with regard to the reduction of FMR. Third, 
residual moderate-to-severe FTR grade is a predictor of 
cardiac death at 1 year and all-cause mortality at midterm 
follow-up in patients with non-ischaemic, but not in isch-
aemic cardiomyopathy.

Residual moderate-to-severe FTR grade was signifi-
cantly associated with early mortality. In our cohort, only 

https://dx.doi.org/10.1136/openhrt-2019-001203
https://dx.doi.org/10.1136/openhrt-2019-001203
https://dx.doi.org/10.1136/openhrt-2019-001203
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https://dx.doi.org/10.1136/openhrt-2019-001203
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23% of cases with preoperative moderate-to-severe FTR 
grade could be reduced to mild FTR by pMVR, leaving 
77% of patients at high risk of early mortality. As pMVR 
alone is not able to relieve FTR effectively in these 
patients, an additional intervention reducing FTR might 
be necessary in order to address left-sided and right-sided 
heart disease individually.

FTR is caused by TV annular dilation12 and is often 
related to increased tethering of tricuspid leaflets due 
to RV enlargement owing to pulmonary hyperten-
sion.13 14 A reported echocardiographic study emphasised 
that moderate-to-severe TR can increase the mortality 
rate regardless of pulmonary hypertension or low ejec-
tion fraction.15 According to the literature, dilation 
of the right ventricle correlates with poor prognosis in 
patients with severe LV dysfunction.16 In our two groups, 
none of the echocardiographic variables assessed were 
significantly different except for TR severity (table  2). 
Although there is no information about TV annulus 
diameter, we considered that these two groups might be 
different in terms of the preoperative TV annulus diam-
eter influencing the FTR severity. However, it should be 
noted that the function of the right ventricle cannot be 
easily quantified by echocardiography due to its complex 
geometry. Recent studies have described that severe FTR 
or pulmonary hypertension may increase mortality after 
MitraClip procedure.17 18 In our cohort with severely 
reduced LV systolic function, mild-to-severe preinterven-
tional FTR was a predictor of mortality after MitraClip 
therapy, but not pulmonary hypertension. Postcapillary 
pulmonary hypertension as an immediate consequence 
of MR usually decreases after the procedure, whereas 
TR, reflecting sustained RV volume and pressure over-
load, seems to represent a structural defect in itself when 
present. The relation between efficiency of MitraClip and 
pulmonary artery pressure over time needs to be further 
studied.

Although our study was performed at a single centre, 
our outcomes reflect real-world practice, at least for high-
volume centres in Germany. Our patients had severe LV 
dysfunction (mean LVEF of 22%±5.3%), as reflected by 
a high risk for surgical mortality (mean logEuroSCORE 
34%±20%). Our clinical outcomes compared well with a 
previous large cohort study.8

In our cohort, 55% of patients had preoperative 
moderate-to-severe TR grade, yet the difference in 
preoperative TR severity did not have any influence on 
perioperative mortality (table 5) or duration of ICU stay 
(1.22±1.2 vs 1.55±2.0 days, p=0.39). The proportions of 
patients with none-to-mild FTR and those with moderate-
to-severe FTR who were discharged home were 88.9% 
and 88.6%, respectively (p=ns), showing that pMVR can 
be safely performed in patients with HFrEF and high 
surgical risk.

Some authors have suggested that moderate-to-severe 
FTR in patients undergoing mitral valve surgery alone is 
strongly related to lower survival at midterm follow-up.19 
Generally, the residual MR grade after pMVR is greater 

than that after mitral valve surgery. Therefore, residual 
FTR severity is difficult to be reduced and seems to have 
more significant influence on cardiac death. In patients 
with HFrEF with postprocedural moderate-to-severe TR, 
attempts to treat FTR need to be discussed, even if pMVR 
is successful. Interestingly, 77% of patients with prepro-
cedural moderate-to-severe FTR showed no improve-
ment in FTR postoperatively and more than 40% died 
within 1 year because of heart failure. Echocardiographic 
variables of our two groups were similar, except for TR 
severity (table  4). As suggested in our study, preproce-
dural FTR severity seems to be an important predictor of 
poor survival.

Interestingly, early survival was not related to residual 
TR grade in patients with ischaemic cardiomyopathy 
(ICM), but was in patients with dilated cardiomyopathy 
(DCM). Most published reports concluded that survival 
both in patients with DCM and in patients with ICM is 
similar at midterm follow-up, which is in line with the 
findings of our study.20 However, this was not differen-
tiated by residual TR severity so far. We hypothesise that 
high-grade residual TR in DCM represents a risk factor 
in itself and should be considered a therapeutic target in 
order to improve survival in patients with DCM.

As recent studies have suggested that transcatheter 
tricuspid edge-to-edge repair (TTVR) can reduce the 
severity of FTR,21 future studies should investigate if TTVR 
can improve survival in patients with residual moderate-
to-severe FTR after pMVR in patients with HFrEF. We 
suggest that patients with moderate-to-severe preproce-
dural FTR should be observed carefully after MitraClip 
procedure. If FTR does not improve, additional interven-
tional therapy should be considered early.

Limitations
This observational study was conducted at a single centre. 
Although patients were selected from a real-world clinical 
setting, the patient population was relatively small and 
the follow-up duration was relatively short. There were no 
CMR (Cardiovascular magnetic resonance) data available 
which would have allowed for more advanced analysis of 
RV function. In our study, preoperative NYHA grade was 
identified as an independent predictor of 1-year survival. 
However, preoperative NYHA grade might not entirely 
represent heart failure because of severe frailty in this 
cohort.

Conclusion
MitraClip therapy in patients with HFrEF was safe, regard-
less of preoperative FTR severity. However, preoperative 
FTR was not significantly improved. In our study, preoper-
ative FTR was a major predictor of cardiac death at 1-year 
follow-up. Future studies are necessary to determine 
the value of additional TTVR in patients with residual 
moderate-to-severe FTR in the early phase after pMVR.
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