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Abstract
Introduction  Transcatheter edge-to-edge mitral valve repair using the MitraClip has been widely performed in surgical 
high-risk patients with reduced left ventricular systolic function and severe functional mitral regurgitation (FMR). Ischaemic 
heart disease is the leading aetiology of heart disease worldwide. We aimed to assess the clinical implications of ischaemic 
aetiology in patients with severe FMR who underwent MitraClip implantation.
Methods and results  From two high-volume centres in Germany, we retrospectively compared the clinical outcomes and 
clinical predictors of all-cause mortality after MitraClip implantation in patients with ischaemic (I-FMR) and non-ischaemic 
FMR (NI-FMR). In the overall FMR cohort (n = 575), there were 336 (58%) patients with I-FMR and 239 (42%) with NI-
FMR. There was no significant difference in survival between the two groups (log-rank p = 0.78). In a multivariable Cox 
regression analysis of all-cause mortality, different predictors were observed for either group. In I-FMR patients, decreasing 
tricuspid annular systolic excursion [adjusted hazard ratio (HRadj) 1.06, 95% confidence interval (95% CI) 1.01–1.14 /1 mm, 
p = 0.028] and increasing logistic EuroSCORE (HRadj 1.02, 95% CI 1.00–1.03, p = 0.037) were independent predictors, 
whereas in NI-FMR patients, NT-pro BNP (HRadj 1.05, 95% CI 1.02–1.08, p = 0.001) and age (HRadj 1.06, 95% CI 1.01–1.11, 
p = 0.013) were independently predictive of mortality.
Conclusions  Despite the similar survival between ischaemic and non-ischaemic FMR, different predictors of all-cause 
mortality were demonstrated. Further clinical studies are mandated to focus on each FMR subgroup with stratification by 
ischaemic origin.

Keywords  Transcatheter edge-to-edge mitral valve repair · MitraClip · Functional mitral regurgitation · Ischaemic 
functional mitral regurgitation · Non-ischaemic functional mitral regurgitation

Abbreviations
CABG	� Coronary artery bypass grafting
CAD	� Coronary artery disease
eGFR	� Estimated glomerular filtration rate
FMR	� Functional mitral regurgitation
HF	� Heart failure
IQR	� Interquartile range

LV	� Left ventricle/ventricular
logES	� logistic EuroSCORE
MR	� Mitral regurgitation
NT-proBNP	� N-terminal pro-brain natriuretic peptide
NYHA	� New York Heart Association
RV	� Right ventricle/ventricular
TAPSE	� Tricuspid annular plane systolic excursion

Introduction

Transcatheter mitral valve repair using the MitraClip® 
system (Abbott, Menlo Park, CA, USA) has been used 
widely in clinical settings, especially in surgical high-
risk patients with severe mitral regurgitation (MR) [1–4]. 
Functional mitral regurgitation (FMR) is an aetiology 
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arising mainly from left ventricular (LV) dysfunction and 
has been the primary focus of previously published stud-
ies [5–11] and several ongoing large prospective studies 
[12] [RESHAPE-HF 2 (NCT02444338), MATTERHORN 
(NCT02371512), COAPT (NCT01626079), and MITRA-FR 
(NCT01920698)].

Ischaemic heart disease is the leading aetiology of heart 
disease globally. The prevalence of ischaemic aetiology was 
reported to be 48–57% in patients with FMR who under-
went MitraClip treatment [10, 13–15]. In daily practice, 
although concomitant ischaemic FMR reportedly aggravates 
the symptoms of heart failure (HF) in patients with ischae-
mic cardiomyopathy [16, 17], mitral valve surgery has been 
avoided in a substantial portion of patients because of the 
high risk of perioperative mortality [18].

MitraClip implantation is an effective therapy for patients 
with severe ischaemic as well as non-ischaemic FMR [10]. 
However, the clinical background and the comorbidities 
appear to be different in these cohorts, and further investiga-
tion is required to elucidate the clinical impact of ischaemic 
origin on therapeutic strategies for individual patients with 
severe FMR. Therefore, we conducted a large cohort, ret-
rospective study at two high-volume centres in Germany to 
assess the clinical differences and outcomes of the MitraClip 
implantation in patients with ischaemic FMR vs. patients 
with non-ischaemic FMR.

Methods

Definitions of ischaemic and non‑ischaemic FMR

Ischaemic FMR is the consequence of LV dysfunction 
following an ischaemic event, without relevant structural 
abnormalities of the mitral valve (MV) apparatus, in which 
there are two different mechanisms, such as regional LV 
dysfunction with asymmetric tethering of MV leaflet 
and global LV dilatation with increased sphericity [19]. 
Asymmetric tethering is characterized by dislocation of 
the centromedial papillary muscle and its chordae, result-
ing in more tethered posteromedial scallop (P3) than 
anterolateral one (P1), typically seen in patients after 
inferior myocardial infarct. In addition, given global LV 
dysfunction based on post-infarct remodelling, increased 
LV sphericity causes dislocation of both papillary muscles 
and consequent symmetric tethering followed by malcoap-
tation of MV leaflets. The latter mechanism plays a main 
role in post-anterior infarct MR and non-ischaemic FMR 
due to non-ischaemic DCM [20–22]. Coronary artery 
disease (CAD) was considered present in patients with 
documented significant stenosis (> 75%) in at least one 
coronary artery. CAD patients with LV dysfunction and 
FMR without significantly degenerative mitral leaflets 

were defined as having ischaemic FMR. In contrast, non-
ischaemic FMR is caused by global LV systolic dysfunc-
tion and/or mitral annular dilatation due to other cardiac 
diseases rather than CAD, such as non-ischaemic DCM 
and long-standing atrial fibrillation. Some non-ischaemic 
DCM patients had also significant coronary stenosis which 
was unlikely to cause global LV dysfunction, classified as 
non-ischaemic FMR group. (n = 11).

Patients

This study had a two-centre design, representing a collabo-
ration between the Asklepios Klinik St. Georg (Hamburg, 
Germany) and the Brandenburg Heart Centre (Bernau, 
Germany). Of 934 consecutive patients who underwent 
MitraClip implantation between September 2009 and June 
2016 at either centre (557 patients from Hamburg and 387 
from Bernau), 575 patients with FMR were enrolled in 
this study. We excluded patients with degenerative MR 
(n = 307); patients who underwent previous MV proce-
dures (n = 21); patients who had undetermined aetiology 
of FMR because of lacking clinical data (n = 20); and 
patients who had incomplete information regarding pro-
cedural results (n = 11) (Fig. 1). The follow-up data were 
acquired from medical records, including clinical mani-
festation, past history, transthoracic echocardiography, 
and blood examination. We investigated baseline patient 
characteristics and echocardiographic findings as well as 
survival rates to elucidate the differences between patients 
with and without ischaemic FMR aetiology. All cases were 
discussed with the local heart team.

Fig. 1   Patient flow chart
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The MitraClip procedure and the diagnosis of MR 
severity

The details of the MitraClip device and procedure were 
published in previous reports [1, 23]. The diagnosis of 
FMR was made based on echocardiographic findings, 
according to the recent European Society of Cardiol-
ogy/European Association for Cardio-Thoracic Surgery 
guidelines for the management of valvular heart disease 
[24]. The severity of MR was classified as 1+ (mild), 2+ 
(moderate), 3+ (moderate-to-severe), and 4+ (severe). The 
indication for the MitraClip procedure was symptomatic 
HF (New York Heart Association (NYHA) class II–IV) 
related to moderate-to-severe or severe FMR despite opti-
mized medical therapy, in the presence of high surgical 
risk according to the consensus of the institutional heart 
team. Procedural success was defined as a residual MR 
grade of ≤ 2+ which was assessed by the transthoracic 
echocardiography at discharge.

Statistics

Continuous variables are expressed as mean ± standard 
deviation or as median and interquartile range (IQR; first-
to-third quartile), where appropriate. These were compared 
using unpaired Student’s t test if normally distributed or 
Mann–Whitney U test if not normally distributed. Cat-
egorical variables were expressed as counts (percentages), 
which were compared using Chi-square test or Fisher’s 
exact test (if the number of at least one cell < 5). We used 
a Cox proportional hazards model to identify clinical pre-
dictors of all-cause mortality. In multivariable analysis, the 
model was adjusted by age, estimated glomerular filtration 
rate (eGFR), logES, NYHA class IV dyspnoea, N-terminal 
pro-brain natriuretic peptide (NT-pro BNP), and tricuspid 
annular plane systolic excursion (TAPSE). Survival analysis 
was conducted using the Kaplan–Meier method. The differ-
ences in survival between subgroups were assessed with the 
log-rank test. A p value of < 0.05 was considered statisti-
cally significant. Statistical analyses were performed using 
SPSS® software, version 24 (IBM Corporation, New York, 
NY, United States).

Results

There were 336 patients (58%) with ischaemic FMR and 
239 (42%) with non-ischaemic FMR in the overall cohort 
(Fig. 1). The median follow-up was 409 (IQR 106–798) 
days. The follow-up rates were 83% at 1 year and 73% at 
2 years.

Baseline characteristics

The baseline patient characteristics of patients with suc-
cessful MitraClip implantation are shown in Table 1. In the 
ischaemic FMR group, there were fewer female patients 
(25% vs. 40%, p < 0.001); a lower prevalence of atrial fibril-
lation (61% vs. 70%, p = 0.023); a lower prevalence of car-
diac resynchronization therapy (20 vs. 29%, p = 0.017); 
a higher prevalence of hyperlipidaemia (75 vs. 38%, 
p < 0.0001), and a higher prevalence of chronic obstructive 
pulmonary disease (23 vs. 15%, p = 0.023) than in the non-
ischaemic FMR group. All patients with ischaemic FMR had 
a history of CAD, and 93% of patients had received coro-
nary revascularisation [percutaneous coronary intervention 
(74%) and coronary artery bypass grafting (CABG) (46%)]. 
All other patients without coronary revascularization (7%) 
had prior myocardial infarction. The logistic EuroSCORE 
(logES) was significantly higher in the ischaemic FMR 
group (25.3 ± 18.3 vs. 17.0 ± 12.9%, p < 0.0001). There were 
no significant differences in age, body mass index, eGFR, 
and NT-proBNP, or in the prevalence of peripheral artery 
disease, and implantable cardioverter defibrillator, between 
the two groups. M-mode parameters of the LV were similar, 
but TAPSE was significantly lower in the ischaemic FMR 
group (15.4 ± 4.5 vs. 16.6 ± 4.7 mm, p = 0.004).

Procedural results of MitraClip implantation

The distributions of the number of clips implanted in the two 
patient groups are shown in Fig. 2. Note that no clip could 
be implanted in three patients. The distributions of FMR 
severity at baseline and discharge are shown in Fig. 3. With 
FMR grade > 2 + at discharge in 26 patients (7.7%) with 
ischaemic FMR and 17 patients (7.1%) with non-ischaemic 
FMR (p = 0.78), procedural success was achieved in 310 
patients (92.3%) and 222 patients (92.9%), respectively. The 
median length of hospital stay after MitraClip was 6 (IQR 
4–9) days in the ischaemic FMR group and 5 (IQR 4–8) days 
in the non-ischaemic FMR group (p = 0.13). There were 8 
in-hospital deaths (2.4%), 17 deaths (5.1%) at 30 days, and 
111 deaths (33.0%) during follow-up in the ischaemic FMR 
group; corresponding numbers and rates were 9 (3.8%), 17 
(7.1%), and 65 (27.2%) in the non-ischaemic FMR group 
(p = 0.33, p = 0.22, and 0.14, respectively).

Survival of patients after successful MitraClip 
implantation

From the overall cohort, 310 patients who underwent suc-
cessful MitraClip implantation (MR grade ≤ 2+ at discharge) 
in ischaemic FMR and 222 in non-ischaemic FMR were 
evaluated in survival analysis. These patients were followed 
for a median of 410 (IQR 107–798) days. The Kaplan–Meier 
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curves of cumulative survival are shown in Fig. 4. There was 
no significant difference in survival (log-rank p = 0.78). The 
estimated survival rates at 1 year and 2 years were 76% (95% 
CI 71–81%) and 66% (95% CI 60–73%) in the ischaemic 
FMR group, and 82% (95% CI 77–89%) and 69% (95% CI 
61–77%) in the non-ischaemic FMR group, respectively.

In a univariate Cox proportional hazards regression 
analysis of all patients, logES, age, history of CABG, dia-
betes, eGFR, atrial fibrillation, NYHA class IV, NT-pro 
BNP, and TAPSE were significant predictors of all-cause 
mortality (Table  2). In a multivariable analysis of all 

Table 1   Baseline patient 
characteristics in patients with 
acute procedural success

Values are counts (percentage), mean ± standard deviation, or median [first-to-third quartile]
CABG, coronary artery bypass grafting; CAD, coronary artery disease; CKD, chronic kidney disease; 
COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; eGFR, estimated 
glomerular filtration rate; ICD, implantable cardioverter defibrillator; I-FMR, ischaemic functional mitral 
regurgitation; LA, left atrial; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic 
diameter; MI, myocardial infarction; MR, mitral regurgitation; NI-FMR, non-ischaemic functional mitral 
regurgitation; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; 
PAD, peripheral arterial disease; PAH, pulmonary artery hypertension; PCI, percutaneous coronary inter-
vention; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation; TRPG, tricuspid 
regurgitation pressure gradient

Ischaemic FMR Non-ischaemic FMR p value

No. of patients 310 222
Age, years 74.0 ± 9.0 73.0 ± 9.7 0.27
Female gender 77 (25) 88 (40) < 0.001
Body mass index, kg/m2 26.4 ± 4.3 26.0 ± 4.5 0.16
log. EuroSCORE, % 25.3 ± 18.3 17.0 ± 12.9 < 0.0001
log. EuroSCORE ≥ 20% 142/276 (51) 62/193 (32) < 0.0001
Heart surgery 149/305 (49) 23/218 (11) < 0.0001
CAD 310/310 (100) 9/220 (4) < 0.0001
PCI 226/306 (74) 8/219 (4) < 0.0001
CABG 143/309 (46) 0/219 (0) < 0.0001
MI 163/305 (53) 6/214 (3) < 0.0001
Hypertension 231/309 (75) 135/220 (61) 0.001
Hyperlipidaemia 139/186 (75) 48/128 (38) < 0.0001
Diabetes 157/309 (51) 98/222 (44) 0.13
eGFR, ml/min/1.73m² 51.8 ± 22.2 52.0 ± 21.2 0.92
eGFR < 30 ml/min/1.73m² 51/293 (17) 29/210 (14) 0.28
Atrial fibrillation 187/308 (61) 156/222 (70) 0.023
PAD 34/186 (18) 16/128 (13) 0.17
COPD 72/309 (23) 34/222 (15) 0.023
ICD 135/310 (44) 90/222 (41) 0.49
CRT​ 63/310 (20) 65/222 (29) 0.017
NYHA functional class 0.90
 < III 22/280 (8) 15/211 (7)
 III 186/280 (66) 144/211 (68)
 IV 72/280 (26) 52/211 (25)

NT-proBNP, 103pg/ml 4.4 [2.5–9.0] (n = 245) 4.7 [2.2–9.7] (n = 175) 0.73
LVEF, % 31.4 ± 12.0 (n = 299) 33.2 ± 14.9 (n = 217) 0.63
LVEDD, mm 63.5 ± 9.2 (n = 291) 63.4 ± 11.2 (n = 208) 0.69
LA diameter, mm 45.0 ± 5.2 (n = 94) 47.0 ± 7.6 (n = 77) 0.058
TR grade 0.54
0 or 1+ 91/227 (40) 60/162 (37)
≥ 2+ 136/227 (60) 102/162 (63)
TRPG, mmHg 43.5 ± 15.0 (n = 206) 42.7 ± 12.7 (n = 132) 0.97
TAPSE, mm 15.4 ± 4.5 (n = 288) 16.6 ± 4.7 (n = 214) 0.004
TAPSE < 17 mm 163/265 (62) 103/199 (52) 0.036
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patients, NT-proBNP, age, and TAPSE remained statistically 

significant in the model, whereas the ischaemic origin of 
FMR when forced into the model did not impact on survival 
(Table 3).

Survival analysis with stratification by ischaemic vs. 
non‑ischaemic FMR

Different predictors of mortality were observed in the two 
groups. In the univariate analysis for the ischaemic FMR 
group, logES, age, history of CABG, history of heart sur-
gery, diabetes, eGFR, NT-proBNP, and TAPSE were identi-
fied as clinical predictors of all-cause mortality; in the non-
ischaemic FMR group, age, NYHA class IV dyspnoea, and 
NT-proBNP were associated with mortality (Table 2). In 
the multivariable analysis, logES and TAPSE were indepen-
dently predictive of mortality in the ischaemic FMR group, 
indicating a 2% increase in the likelihood of death with every 
1% increase in logES, and a 6% increase in the likelihood of 
death with every 1 mm decrease in TAPSE (Table 3). NT-
pro BNP and age were independently predictive of death in 
the non-ischaemic FMR group, with an increase in NT-pro 
BNP by 1000 pg/ml associated with a 5% increase in the 
likelihood of death, and a 1-year increase in age associated 
with a 6% increase in likelihood of death (Table 3).

Discussion

In this study of 310 patients with ischaemic FMR and 222 
patients with non-ischaemic FMR having undergone suc-
cessful MitraClip implantation, we found that survival was 
not different between the two patient groups, but that the 
baseline characteristics and the predictors of mortality were 
different. We recruited patients with moderate-to-severe or 
severe FMR who presented with symptomatic heart failure 
and reduced LV function and were at high risk for cardiac 
surgery. These patients were in advanced stages of HF and 
were considered clinically challenging. The main mecha-
nisms of impaired mitral leaflet coaptation were thought 
to be different in both groups. Nevertheless, the proce-
dural results of MitraClip implantation were the same in 
both groups. MitraClip implantation enables operators to 
directly manipulate the mitral leaflets in the beating heart 
under echocardiographic guidance, and to modify treatment 
by reattempting to grasp the mitral leaflets, and to perform 
an additional implantation of MitraClip if procedural results 
appear unfavourable. These procedural advantages may have 
resulted in the similar success and survival rates after Mitra-
Clip implantation in both groups. Moreover, in terms of the 
entire clinical spectrum of HF patients with reduced EF, 
HF progression might have been similar in both groups, in 
which I-FMR demonstrated no predictive impact on survival 
after MC implantation.

Fig. 2   Distributions of clips implanted in the two study groups. Num-
bers in column segments denote numbers of patients. I-FMR ischae-
mic functional mitral regurgitation, NI-FMR non-ischaemic func-
tional mitral regurgitation

Fig. 3   Distributions of FMR severity at baseline and at discharge in 
the two study groups. Numbers in column segments denote numbers 
of patients. I-FMR ischaemic functional mitral regurgitation, NI-FMR 
non-ischaemic functional mitral regurgitation
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Fig. 4   Kaplan–Meier survival 
curves of 310 successfully 
treated patients with ischaemic 
functional mitral regurgitation 
(FMR) and 222 successfully 
treated patients with non-ischae-
mic FMR

Table 2   Univariable analysis of predictors of mortality in patients with acute procedural success

CABG, coronary artery bypass grafting; CI, confidence interval; eGFR, estimated glomerular filtration rate; FMR, functional mitral regurgita-
tion; HR, hazard ratio; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-
brain natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; TAPSE, tricuspid annular plane sys-
tolic excursion

Covariates All patients (n = 532) Ischaemic FMR (n = 310) Non-ischaemic FMR (n = 222)

HR [95% CI] p value HR [95% CI] p value HR [95% CI] p value

Ischaemic origin of FMR 1.05 [0.76–1.45] 0.78
log. EuroSCORE 1.02 [1.01–1.03] < 0.0001 1.02 [1.01–1.03] < 0.001 1.02 [1.00–1.04] 0.087
Age 1.03 [1.01–1.05] < 0.001 1.03 [1.01–1.06] 0.014 1.04 [1.01–1.07] 0.021
Female gender 0.96 [0.68–1.36] 0.81 0.72 [0.42–1.21] 0.22 1.33 [0.80–2.21] 0.27
Body mass index 0.98 [0.94–1.02] 0.36 0.99 [0.94–1.05] 0.76 0.97 [0.91–1.03] 0.29
Myocardial infarction 0.87 [0.62–1.24] 0.45 0.86 [0.57–1.30] 0.46
PCI 0.90 [0.65–1.25] 0.54 0.87 [0.56–1.37] 0.56
CABG 1.48 [1.06–2.06] 0.022 1.66 [1.10–2.50] 0.017
Heart surgery 1.33 [0.96–1.84] 0.091 1.59 [1.05–2.41] 0.028 0.82 [0.35–1.91] 0.64
Hypertension 1.21 [0.85–1.72] 0.30 1.46 [0.87–2.45] 0.15 0.96 [0.57–1.61] 0.88
Diabetes 1.62 [1.18–2.23] 0.003 1.95 [1.28–2.97] 0.002 1.20 [0.72–1.99] 0.49
eGFR 0.98 [0.98–0.99] 0.0001 0.98 [0.97–0.99] 0.001 0.99 [0.97–1.00] 0.059
Atrial fibrillation 1.56 [1.10–2.22] 0.013 1.52 [0.98–2.36] 0.059 1.69 [0.92–3.13] 0.093
NYHA class IV 1.48 [1.04–2.10] 0.028 1.13 [0.71–1.81] 0.60 2.26 [1.33–3.86] 0.003
NT-proBNP—103pg/ml increase 1.02 [1.02–1.03] < 0.0001 1.02 [1.00–1.03] 0.009 1.06 [1.03–1.08] < 0.0001
LVEF 1.00 [0.99–1.01] 0.90 0.99 [0.98–1.01] 0.53 1.01 [0.99–1.03] 0.38
LVEDD 0.99 [0.97–1.01] 0.29 1.00 [0.98–1.02] 0.85 0.98 [0.96–1.01] 0.18
TAPSE—1 mm decrease 1.05 [1.01–1.10] 0.011 1.06 [1.01–1.12] 0.012 1.03 [0.97–1.10] 0.32



270	 Clinical Research in Cardiology (2019) 108:264–272

1 3

The results of the multivariable analysis in the ischaemic 
FMR cohort suggest that their comorbidities played criti-
cal roles for survival, even though the MitraClip procedure 
may have ameliorated their HF condition in addition to cor-
onary revascularization and optimized medical treatment. 
Interestingly, the predictive impacts of NT-proBNP, eGFR, 
and age were absent. It is also statistically plausible that 
the logES might be behaving as a substitute variable, since 
age, LV function, NYHA class, and renal dysfunction are 
part of the score. Indeed, in the present study cohort, age 
(r = 0.41), NT-proBNP (r = 0.26), and eGFR (r = − 0.27) 
showed mild-to-moderate correlation with the logES. Fur-
thermore, right ventricular (RV) systolic function was recog-
nized as an independent predictor of all-cause mortality, in 
which TAPSE was significantly lower than in patients with 
non-ischaemic FMR (p = 0.003). RV dysfunction occurs 
in patients with severe FMR and advanced HF, suggesting 
worse outcomes after MitraClip implantation [8, 25–27]. In 
those with proximal right coronary artery disease, the RV 
function can be directly impaired as a result of RV branch 
ischaemia [28], and inferior MI associates with higher grade 
of ischaemic MR than anterior MI [29]. Inferior MI and 
circumflex-related infarction are associated with papillary 
muscle infarction [30]. However, any culprit coronary ves-
sels and other parameters of RV function were not inves-
tigated in the present study. Further studies are needed to 
clarify these issues.

Despite relevant differences in baseline characteristics, 
the survival rates were similar in both groups, in which 
unmeasured confounders in non-ischaemic FMR might 
have balanced out the differences affecting survival, e.g. 
long history of non-ischaemic cardiac disease and subse-
quent physical deconditioning. Indeed, in the non-ischae-
mic FMR cohort, we observed no difference in the logES 
between those with and without death during the follow-up 
(18.2 ± 13.3 vs. 16.4 ± 12.7, p = 0.39), suggesting that their 
comorbidities played no role in predicting mortality after 

successful MitraClip implantation. Thus, it should be noted 
that no other determinants, e.g. malignant disease, liver cir-
rhosis, and frailty, were taken into account to estimate the 
mortality in the logES model.

Similar to the results in the overall cohort, in the non-
ischaemic FMR cohort, NT-proBNP and age influenced 
survival after successful MitraClip implantation, while the 
marker of RV function was not predictive of death. In gen-
eral, most cardiomyopathies begin from the left side of the 
heart, and the RV may be involved only in advanced stages 
of HF. Theoretically, TAPSE reflects not only systolic func-
tion but also RV preload, and markers of RV dysfunction 
improved after the MitraClip implantation [22, 31]. It is 
possible that TAPSE might have been modified by volume 
retention in decompensated FMR patients before MitraClip 
implantation, and did not reflect the baseline HF progress. 
Although a different LV loading status can be presumed 
between the groups, further study is needed to elucidate 
this issue.

Recently, some investigators reported the clinical impli-
cations of ischaemic aetiology in an FMR cohort [10, 14, 
32]., Similar procedural outcomes and survival between 
both groups have already been reported in the study from 
the Pilot Sentinel registry of the European Society of Car-
diology [10]. Moreover, patients with ischaemic FMR have 
presented more comorbidities and higher EuroSCOREs than 
those with non-ischaemic FMR, in line with our study [10, 
14, 32].

Limitations

We are aware of several study limitations. First, though this 
registry included a large cohort of FMR patients who under-
went transcatheter mitral valve repair using the MitraClip, 
the number of participating institutions was limited, and 
both were from the same country. Therefore, it might not 
be possible to generalise these findings. Second, there was 

Table 3   Multivariable analysis of predictors of mortality in patients with acute procedural success

CI, confidence interval; eGFR, estimated glomerular filtration rate; FMR, functional mitral regurgitation; HR, hazard ratio NT-proBNP, N-termi-
nal pro B-type natriuretic peptide; TAPSE, tricuspid annular plane systolic excursion

All patients Ischaemic FMR Non-ischaemic FMR

Adjusted HR 95% CI p value Adjusted HR 95% CI p value Adjusted HR 95% CI p value

Ischaemic origin 0.72 0.47–1.12 0.15
NT-proBNP—103pg/ml increase 1.01 1.00–1.03 0.023 1.01 0.99–1.02 0.34 1.05 1.02–1.08 0.001
Age 1.03 1.00–1.06 0.038 1.01 0.97–1.05 0.54 1.06 1.01–1.11 0.013
TAPSE—1 mm decrease 1.05 1.00–1.10 0.044 1.06 1.01–1.14 0.028 1.03 0.96–1.10 0.36
eGFR 0.99 0.98–1.00 0.050 0.99 0.97–1.00 0.16 1.00 0.98–1.01 0.56
log. EuroSCORE 1.01 1.00–1.02 0.21 1.02 1.00–1.03 0.037 1.00 0.97–1.02 0.72
NYHA class IV 1.04 0.65–1.65 0.88 0.82 0.42–1.58 0.55 1.53 0.76–3.08 0.23
LVEF 1.00 0.98–1.02 0.92
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unavoidable selection bias in the investigation of the nature 
of ischaemic FMR. All patients had severe FMR and HF 
symptoms, and we excluded patients who had previously 
undergone invasive mitral valve treatment. Thus, patients 
with significant MR requiring surgical treatment at the 
time of CABG surgery were not included in this study. This 
means that almost all severe FMRs developed during the 
chronic phase after the index ischaemic event in the ischae-
mic FMR cohort with previous CABG. Third, the morpho-
logical differences in the mitral valve apparatus between the 
two groups were not determined in this study. Although the 
definition of I-FMR by echocardiography still remains chal-
lenging, future studies are mandated to pursue the definitions 
using MV tethering and LV sphericity. Finally, we did not 
assess other follow-up data including symptoms, physical 
capacity, and echocardiography.

Conclusions

We conducted this registry study of transcatheter mitral 
valve repair using the MitraClip at two centres in Germany. 
In the present study, we confirmed previous findings of dif-
ferent patient characteristics but similar survival in ischae-
mic and non-ischaemic FMR. From the survival analysis, 
we found different predictors for survival after successful 
MitraClip implantation between patients with ischaemic 
FMR and with non-ischaemic FMR. These differences were 
determined to originate from different background character-
istics between ischaemic FMR, representing multi-comor-
bidities, and non-ischaemic FMR as a result of left-sided 
HF progression. Further clinical studies are needed on each 
subgroup, stratified according to FMR origin.

Impact on daily practice

Symptomatic heart failure patients with reduced ejection 
fraction and ischaemic FMR have been targeted as the larg-
est cohort among MitraClip candidates. They have more 
comorbidities than the patients with FMR of non-ischaemic 
origin. Importantly, although the results of MitraClip treat-
ment and survival are similar in both groups, we must be 
aware of the heterogeneity in their backgrounds and survival 
predictors after the successful procedure. Thus, TAPSE and 
logES are useful to predict survival only in the ischaemic 
FMR cohort, while other parameters, such as NT-proBNP 
and age, should be taken into account in the non-ischaemic 
FMR cohort. Ischaemic origin in FMR patients should be 
addressed in future studies, to elucidate the essential dif-
ferences between two origins of FMR in morphological 
analyses of the mitral valve apparatus and in the therapeutic 
strategy of MitraClip implantation.
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