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Abstract: Background: Atrial fibrillation is common in patients with mitral regurgitation (MR) and has
a negative impact on the clinical outcome of patients with valvular heart disease. We aimed to evaluate
the impact of pre-procedural atrial fibrillation on the long-term clinical outcomes of patients with
MR undergoing transcatheter mitral valve repair by MitraClip implantation. Methods: We analysed
355 consecutive patients with and without atrial fibrillation with symptomatic, severe MR and
inoperability or high surgical risk undergoing MitraClip implantation in a three-year follow-up.
Results: In patients with pre-procedural atrial fibrillation undergoing MitraClip implantation,
we found advanced age, higher baseline NT-pro-BNP levels, increased left atrial diameter, and higher
rate of severe tricuspid regurgitation, compared to patients with sinus rhythm. In the three-year
follow-up after MitraClip implantation, mortality and major adverse cardiovascular and cerebral
events (MACCE) occur significantly more often in patients with atrial fibrillation, compared to
patients without atrial fibrillation. Multivariate regression analysis confirmed atrial fibrillation
(hazard ratio 2.39, 95%-confidence interval 1.06–5.41, p = 0.036) as an independent predictor for
three-year-mortality after MitraClip implantation. Conclusions: Atrial fibrillation is an independent
predictor for long-term mortality after MitraClip implantation. We demonstrate the association of
atrial fibrillation with mortality and MACCE in the long-term follow-up of patients undergoing
MitraClip implantation.
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1. Introduction

Transcatheter edge-to-edge mitral valve repair by MitraClip (Abbott, Abbott Park, IL, USA)
implantation has gained importance as alternative treatment option for high surgical risk patients
with severe, symptomatic mitral regurgitation (MR). After its successful first-in-man experience in
2003 [1], the MitraClip implantation was soon challenged in the EVEREST trials primarily in patients
with degenerative MR [1–3]. However, under real world conditions, the MitraClip system is nowadays
widely used in patients with functional mitral regurgitation and concomitant cardiac comorbidities,
such as atrial fibrillation [1].

Conversely, valvular heart disease is an independent predictor for the incidence of atrial
fibrillation [4]. Regarding MR, in recent registries and trials, atrial fibrillation was found in 31.7–67.7%
of all patients [2,5–7]. However, the impact of atrial fibrillation on the clinical outcome of patients
treated with MitraClip remains to be determined.
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In our study, we evaluate the impact of atrial fibrillation on clinical outcome in a three-year
follow-up. We analysed 355 consecutive patients with and without pre-existing atrial fibrillation
with severe MR and high surgical risk undergoing MitraClip implantation regarding mortality, major
adverse cardiovascular and cerebral events (MACCE), rehospitalization due to heart failure and
reintervention of the mitral valve.

2. Materials and Methods

2.1. Study Population

We evaluated 355 consecutive patients with high-grade MR who underwent MitraClip
implantation between January 2010 and December 2016. No exclusion criteria existed for participation
in our MiTraUlm registry. The interdisciplinary heart team made the decision for transcatheter
edge-to-edge mitral valve repair by MitraClip due to inoperability or high surgical risk. The study
complies with the principles of the Declaration of Helsinki and local regulations. The local ethics
committee approved the research protocol. All patients provided written informed consent.

2.2. Baseline and Procedural and Post-Procedural Characteristics

All baseline, procedural and post-procedural data (symptoms, electrocardiograms, echocardiography,
cardiac catheterization, blood testing) were prospectively recorded.

For further analysis, the study population of 355 patients undergoing MitraClip implantation
was evaluated for history of atrial fibrillation (paroxysmal, persistent or permanent). All patients with
a history of atrial fibrillation or evidence for atrial fibrillation in ECG or holter-ECG were allocated to
the atrial fibrillation group (AFIB). 239 patients were allocated to the AFIB. 116 patients did not have
a history of atrial fibrillation and absence of atrial fibrillation in available (current or prior) ECG and
holter-ECG (no AFIB group). Procedural success was defined as successful delivery of the MitraClip
device and the effective reduction of MR of more than two degrees.

Peri-procedural adverse events were recorded, including: in-hospital death, post-procedural
myocardial infarction, major bleeding according to Mitral Valve Academic Research Consortium
(MVARC) ≥ 2, cardiogenic shock, peri-procedural cardiopulmonary resuscitation (CPR) and stroke.

MR and measurement of mean transmitral pressure gradients by TTE was performed
intra-procedural and one day after MitraClip implantation. Intra-procedural and post-procedural
TTE was performed by cardiologists specialized for non-invasive imaging according to current
recommendations of the European Society of Cardiology [8].

2.3. Clinical Follow-Up/Outcome

Follow-up was realized by clinical visit (62.1%) or phone contact (37.9%) up to three years
after MitraClip implantation. Only one of 355 patients did not participate in follow-up visits.
The clinical outcome was assessed including all-cause mortality, cardiovascular mortality, major
adverse cardiovascular and cerebral events (MACCE), rehospitalization due to heart failure and
reintervention of the mitral valve. MACCE was defined as death of any cause, rehospitalization
due to heart failure, myocardial infarction, stroke (disabling and non-disabling) and major bleeding,
reintervention of the mitral valve and the need for mechanical circulatory support.

2.4. Statistical Analysis

Pre-procedural parameters, procedural data and post-procedural outcomes were compared
between two groups of patients: Patients with and without a history of atrial fibrillation. A value
of p < 0.05 was considered statistically significant. All statistical analyses were performed using the
Statistica software version 7.1 (Stat Soft, Inc., Tulsa, OK, USA) and medcalc Software 17.9.2 (MedCalc
Software bvba, Ostend, Belgium).
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Continuous, normally distributed variables are expressed as mean ± one standard deviation
(SD) and were compared with Student t-test. Categorical variables are presented as frequencies and
percentages. Differences between proportions were calculated by using Chi2 test. Time-to-event
analyses for 36-month follow-up were performed with the use of Kaplan-Meier estimates and were
compared with the log-rank test. Furthermore, we performed Kaplan-Meier survival analysis for
time-to-event outcome in the 36-month follow-up for functional and degenerative aetiology of
MR. Kaplan-Meier curves were generated for time-to-event outcomes regarding mortality, MACCE,
rehospitalization due to heart failure and reintervention of the mitral valve in patients with and
without atrial fibrillation.

Univariate Cox proportional-hazards regression analysis included all significant risk factors
(p < 0.05 of Student t-test and Chi2 test). Multivariate Cox proportional-hazards regression analysis
(full-model) was performed for all significant and probable variables (p < 0.1) of univariate analysis.

3. Results

We evaluated 355 consecutive patients with high-grade MR who underwent MitraClip
implantation between January 2010 and December 2016. The study population was divided into two
groups: One group consisting of 239 patients (67.3%) with atrial fibrillation (Afib) in the past medical
history and 116 patients without atrial fibrillation (no Afib). 92 patients (38.5%) had paroxysmal
Afib, 62 patients (25.9%) had persistent Afib and 85 patients (35.6%) had permanent Afib. Baseline
characteristics of patients with and without atrial fibrillation are displayed in Table 1.

Table 1. Baseline characteristics.

Afib No Afib p-Value

Number of patients 239 116
Age (years) 77.6 ± 7.6 75.5 ± 9.8 0.024
Female gender 90 (37.7%) 49 (42.2%) 0.41
BMI (kg/m2) 25.9 ± 4.3 25.4 ± 4.5 0.29
Diabetes mellitus 66 (27.6%) 38 (32.8%) 0.54
Creatinine (µmol/L) 131.9 ± 61.8 128.1 ± 79.8 0.63
Glomerular filtration rate (mL/min) 42.2 ± 15.8 46.3 ± 18.7 0.06
Hemoglobin (g/dL) 12.3 ± 1.8 12.2 ± 1.9 0.67
Troponin T (ng/L) 42.9 ± 43.9 76.9 ± 254.5 0.09
NT-pro-BNP (pg/mL) 6517.5 ± 7308.0 4153.8 ± 4682.5 0.010
Coronary artery disease 169 (71.1%) 89 (77.4%) 0.29
History of MI 52 (21.8%) 29 (25.0%) 0.33
History of cardiac bypass graft 37 (15.5%) 25 (21.6%) 0.16
Peripheral or cerebral vascular disease 63 (26.5%) 37 (32.5%) 0.25
History of stroke or intracerebral bleeding 25 (10.5%) 11 (9.7%) 0.80
Chronic obstructive pulmonary disease 34 (14.2%) 14 (12.1%) 0.57
ICD (pre-existing) 40 (16.7%) 24 (20.7%) 0.37
CRT (pre-existing) 19 (8.0%) 15 (12.9%) 0.14
NYHA class 3.2 ± 0.7 3.0 ± 0.8 0.16
EuroScore II 8.6 ± 7.7 8.9 ± 8.6 0.79
STS for mortality 4.2 ± 4.9 3.8 ± 4.1 0.37

Values are mean ± SD or n (%); BMI = Body mass index; Glomerular filtration rate (mL/min) according to
chronic kidney disease epidemiology formula; MI = myocardial infarction; ICD = Implantable Cardiac Defibrillator;
CRT = Cardiac Resynchronization Device; STS = Society of Thoracic Surgeons.

There were no statistically significant differences between patients with and without atrial
fibrillation regarding comorbidities and preoperative surgical risk. However, in the patient group with
atrial fibrillation (Afib group), the patients were older (77.6 ± 7.6 vs. 75.5 ± 9.8 years, p = 0.024) and
had higher levels of baseline NT-pro-BNP (6517.5 ± 7308.0 vs. 4153.8 ± 4682.5 pg/mL; p = 0.010).
Pre-procedural echocardiography (Table 2) revealed, that patients with atrial fibrillation had a larger
left atrial diameter and more frequently severe tricuspid regurgitation. The procedural characteristics
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were equivalent in both groups. MitraClip implantation was successful in 98.7% and 96.6% respectively
(Table 3) and post-procedural echocardiography showed similar results in both groups. The rate of in
hospital adverse events did not significantly differ between patients with and without atrial fibrillation
(Table 3). 11 patients died during hospitalization for MitraClip implantation. Two patients died of
pneumonia (one in each group), three of stroke (two in the Afib group, one in the no Afib group),
five of cardiogenic shock/low out-put failure (three in the Afib group, two in the no Afib group) and
one patient of pulmonary embolism (in the Afib group).

Table 2. Baseline echocardiographic and invasive parameters.

Afib No Afib p-Value

Number of patients 239 116
Transthoracic echocardiography

Degenerative etiology of MR 82 (35.0%) 39 (34.2%) 0.50
MR grade (0–4) 3.5 ± 0.6 3.5 ± 0.5 0.36
LVEDD (mm) 60.5 ± 11.3 63.4 ± 11.5 0.06
LVESD (mm) 45.5 ± 14.0 49.2 ± 13.7 0.07

LA diameter (mm) 56.9 ± 10.1 51.6 ± 7.0 0.00002
Transvalvular mitral gradient (mmHg) 2.1 ± 2.1 1.8 ± 1.3 0.22

Left ventricular ejection fraction (%) 44.2 ± 18.0 42.3 ± 17.0 0.43
Tricuspid regurgitation grade III/IV 118 (56.2%) 31 (33.0%) 0.0002

Cardiac catheterization
Cardiac output (L/min), Fick method 3.8 ± 1.2 3.7 ± 1.1 0.44

Cardiac index (L/min/m2) 2.0 ± 0.6 2.1 ± 0.5 0.77
Systolic pulmonary artery pressure (mmHg) 51.6 ± 15.9 47.8 ± 16.0 0.11
Mean pulmonary artery pressure (mmHg) 33.2 ± 10.6 31.3 ± 11.3 0.25

Pulmonary capillary wedge pressure (mmHg) 23.0 ± 9.1 20.2 ± 9.2 0.05
Pulmonary vascular resistance (dynxsxcm−5) 311 ± 270 285 ± 233 0.55

Values are mean ± SD or n (%). MR = Mitral Regurgitation; LVEDD = Left Ventricular End-Diastolic Diameter;
LVESD = Left Ventricular End-Systolic Diameter; LA = Left Atrium.

Table 3. Procedural and post-procedural data.

Afib No Afib p-Value

Number of patients 239 116
Implantation details
Procedural success 236 (98.7%) 112 (96.6%) 0.18

Number of clips 1.3 ± 0.5 1.3 ± 0.5 0.86
Clip detachment 5 (2.1%) 3 (2.5%) 0.78

Echocardiography
post-procedural
MR grade (0–4) 1.6 ± 0.6 1.6 ± 0.7 0.50

Transvalvular mitral gradient (mmHg) 4.0 ± 2.7 4.2 ± 2.2 0.70
In-hospital outcome

ICU stay after procedure 1.3 ± 3.7 1.0 ± 1.6 0.80
Hospital stay after procedure 7.7 ± 5.7 7.2 ± 4.9 0.80

In-hospital death 7 (2.9%) 4 (3.5%) 0.79
Post-procedural myocardial infarction 0 0 n.a.

Cardiogenic shock 5 (2.1%) 1 (0.9%) 0.37
Need for CPR 4 (1.7%) 3 (2.6%) 0.57

Need for Inotropes 32 (13.5%) 13 (11.2%) 0.55
Stroke 4 (1.7%) 2 (1.7%) 0.97

Post-procedural bleeding MVARC ≥ 2 6 (2.5%) 2 (1.7%) 0.63
Infection (any) 9 (3.8%) 7 (6.0%) 0.34

Values are mean ± SD or n (%); MR = Mitral Regurgitation; ICU = Intensive Care Unit; CPR = Cardio-
Pulmonary Resuscitation.
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The clinical outcome of both patient groups was evaluated in a three-year follow-up after MitraClip
implantation. The median follow-up period was 389 days (interquartile range 202 days–746 days).
Concomitant medication is listed in Table 4. The rate of anticoagulation remained unchanged
throughout the three-year follow-up (72.6% (25.3% vitamin K antagonist, VKA + 47.3% direct oral
anticoagulants, DOAC) at baseline and 72.4% (24.1% VKA + 49.3% DOAC) at three-year follow-up in
the Afib group vs. 12.1% (5.2% VKA + 6.9% DOAC) and 13.3% (6.7% VKA + 6.7% DOAC) in the no Afib
group). In addition, the use of anticoagulation was not different in the permanent vs. non-permanent
atrial fibrillation groups (71.7% vs. 74.1%, p = 0.69). Hence, stroke rates during three-year-follow-up
were low in both groups (6.4% vs. 4.9%, p = 0.72). Major bleeding occurred in 3.8% (N = 9) in the
Afib group compared to 0.9% (N = 1) in the no Afib group (p = 0.09). Among the patients with major
bleeding, one patient in the Afib group died 482 days after the bleeding event, thus likely unrelated
to bleeding.

Table 4. Concomitant medication during three-year follow-up.

Baseline 3 Months 12 Months 3 Years

Afib No Afib p-Value Afib No Afib p-Value Afib No Afib p-Value Afib No Afib p-Value

Beta-blocker 92.8 91.2 0.60 92.6 87.5 0.23 90.0 89.6 0.93 79.3 93.3 0.20
ACE-I or

ARB 78.9 85.7 0.12 75.0 80.3 0.39 70.5 79.2 0.11 62.1 86.7 0.08

MRA 41.0 46.4 0.34 46.3 50.7 0.55 39.2 40.3 0.88 44.8 46.7 0.91
ARNI 3.2 0 0.14 4.3 5.0 >0.89 5.4 4.3 0.77 n.a. n.a.

Regarding all-cause mortality, in the atrial fibrillation group significantly more patients died
during the three-year-follow-up after MitraClip implantation (50.3% vs. 32.2%, p = 0.032; Figure 1a,
Table 5). The rate of cardiovascular death was higher in the atrial fibrillation group throughout the
three-year follow-up after MitraClip implantation (35.1% vs. 24.2%, p = 0.10; Figure 1b, Table 5) without
reaching statistical significance. MACCE occurred significantly more often in the atrial fibrillation
group three-year-follow-up after MitraClip implantation (66.7% vs. 46.7%, p = 0.003; Figure 1c, Table 5).
Rehospitalization for heart failure decompensation occurred more often in the Afib group, but did
not reach statistical significance (p = 0.50, Figure 1d, Table 5). Likewise, NYHA functional class one
year after MitraClip did not significantly differ between patients with and without atrial fibrillation
(2.2 ± 0.9 vs. 2.2 ± 0.9, p = 0.66). The rate of reintervention of the mitral valve was low in both groups
(1.5% vs. 0; p = 0.21).

Table 5. Kaplan-Meier estimates and cumulative absolute numbers (in brackets) of three-year clinical
outcome in patients with and without atrial fibrillation.

12 Months 24 Months 36 Months p-Value
Afib No Afib Afib No Afib Afib No Afib

Mortality (47)
21.1%

(13)
11.8%

(62)
34.0%

(19)
22.3%

(74)
50.3%

(22)
32.2% 0.032

Cardiovascular mortality (29)
14.1%

(8)
7.5%

(37)
21.5%

(11)
13.0%

(45)
35.1%

(14)
24.2% 0.10

MACCE (94)
41.5%

(31)
28.5%

(112)
57.6%

(36)
36.3%

(120)
66.7%

(39)
46.7% 0.003

Rehospitalization
due to heart failure

(44)
21.9%

(21)
20.5%

(54)
31.0%

(24)
25.0%

(56)
34.6%

(25)
28.4% 0.50

Kaplan-Meier curves of all-cause mortality (A), cardiovascular (CV) mortality (B) MACCE (C) and rehospitalization
due to heart failure (D) of patients undergoing MitraClip implantation. Afib = patients with history of atrial
fibrillation, MACCE = major adverse cardiovascular and cerebral events, no Afib = patients without atrial fibrillation.
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Figure 1. Long-term clinical outcome. Kaplan-Meier analysis for death (A), cardiovascular death (B),
MACCE (C) and rehospitalization (D) in patients with atrial fibrillation (Afib) and without atrial
fibrillation (no Afib).

Comparing the three forms of atrial fibrillation (paroxysmal and persistent vs. permanent),
there was no significant difference of atrial fibrillation regarding mortality (p = 0.53), cardiovascular
mortality (p = 0.93), MACCE (p = 0.48), and heart failure rehospitalization (p = 0.67, Figure 2).
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Kaplan-Meier curves of all-cause mortality (A), cardiovascular (CV) mortality (B), MACCE
(C), rehospitalization due to heart failure (D) of patients undergoing MitraClip implantation with
paroxysmal, persistent or permanent Afib. par + pers = patients with either paroxysmal or persistent
atrial fibrillation, perm = patients with permanent atrial fibrillation; MACCE = major adverse
cardiovascular and cerebral events.

Taking the different aetiologies of MR into account, we subdivided the study population into
functional and degenerative MR. Regardless of the aetiology of MR, MACCE and mortality occurred
consistently more often in the atrial fibrillation groups throughout 3-year-follow-up (Figure 3).
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Figure 3. Functional and degenerative aetiologies of MR. Kaplan-Meier analysis for death (A),
cardiovascular death (B), MACCE (C) and rehospitalization (D) in patients with atrial fibrillation
(Afib) and without atrial fibrillation (no Afib).

Kaplan-Meier curves of all-cause mortality (A functional, B degenerative), MACCE (C functional,
D degenerative) of patients undergoing MitraClip implantation. Afib = patients with history of atrial
fibrillation, MACCE = major adverse cardiovascular and cerebral events, no Afib = patients without
atrial fibrillation.

Age, baseline NT-pro-BNP and Troponin T, left atrial diameter, pre-procedural high-grade
tricuspid regurgitation, systolic pulmonary artery pressure, pulmonary capillary wedge pressure
and atrial fibrillation were tested by univariate Cox proportional-hazards regression analysis. Baseline
NT-pro-BNP (p = 0.046) and atrial fibrillation (p = 0.052) were identified as possible risk factors of
three-year mortality and were included in further multivariate analysis. Left atrial diameter (p = 0.19),
pre-procedural severe tricuspid regurgitation (p = 0.11), systolic pulmonary artery pressure (p = 0.32),
pulmonary capillary wedge pressure (p = 0.40), baseline Troponin T (p = 0.67) and age (p = 0.49)
failed to predict mortality after MitraClip implantation. Hence, multivariate Cox proportional-hazards
regression analysis was performed for NT-pro-BNP and atrial fibrillation and identified history of atrial
fibrillation (hazard ratio 2.39, 95% confidence interval 1.06–5.41; p = 0.036, Table 6) as independent
predictor of mortality after adjustment for NT-pro-BNP (p = 0.072) levels in patients undergoing
MitraClip implantation for severe MR.
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Table 6. Predictors of 3-year mortality after MitraClip implantation by multivariate Cox proportional-
hazards regression analysis.

Beta Hazard Ratio 95% Confidence Interval p-Value

Atrial fibrillation 0.872 2.39 1.06–5.41 0.036
NT-pro-BNP 0 1.0 1.0–1.0 0.072

4. Discussion

Valvular heart disease is an independent predictor for the incidence of atrial fibrillation [4].
Atrial fibrillation negatively impacts on the clinical outcome of patients with severe heart valve
disease, valve surgery and transcatheter aortic valve implantation [9–12]. However, the impact of atrial
fibrillation on the clinical outcomes of patients with MR undergoing MitraClip implantation has not
been determined, yet. We evaluated 355 consecutive patients with severe MR and high surgical risk
treated with transcatheter MitraClip implantation.

In recent trials and registries, atrial fibrillation was found in 31.7–67.7% of patients undergoing
MitraClip implantation [2,5–7]. In our study, a history of atrial fibrillation was present in 67.3% of all
patients. Hence, the impact of atrial fibrillation on clinical outcomes after MitraClip implantation is of
great clinical relevance due to the high prevalence of atrial fibrillation in this population.

Regarding the baseline characteristics, our single-centre study population is comparable to
the population of recent multi-centred trials and registries, thus accurately reflecting contemporary
clinical practice.

In the long-term follow-up, we found all-cause mortality as well as MACCE to occur consistently
more often in patients with pre-procedural atrial fibrillation compared to patients without atrial
fibrillation throughout the three-year follow-up after MitraClip implantation. Furthermore, the form
of atrial fibrillation (paroxysmal/persistent vs. permanent) had no impact on all-cause mortality,
cardiovascular mortality, MACCE and rate of rehospitalization for heart failure decompensation.
In consistency with the “real-world” registries ACESS-EU [6], TCVT [7] and TRAMI [5] registries,
in our study population the aetiology of MR was mainly functional (62.5%). In these registries, clinical
outcomes after MitraClip vary between the different aetiologies of MR [7]. However, in our study,
atrial fibrillation is associated with increased three-year mortality and MACCE rate irrespective of the
different aetiologies of MR.

In patients with a history of atrial fibrillation we found significantly higher rates of severe
tricuspid regurgitation. Kammerlander et al. found, that patients with left heart valve procedure
with severe tricuspid regurgitation had a higher likelihood of atrial fibrillation than those patients
with non-significant tricuspid regurgitation, but was not associated with mortality [13]. Likewise,
in univariate Cox regression analysis severe tricuspid regurgitation failed to predict three-year mortality
in our cohort.

In the TRAMI registry [5] and in two smaller trials [14,15], NT-pro-BNP was found to correlate with
long-term mortality in patients after MitraClip treatment. In the patient group with atrial fibrillation in
our trial, NT-pro-BNP levels were elevated compared with patients without history of atrial fibrillation.
Conversely, elevated NT-pro-BNP levels are commonly found in atrial fibrillation patients and may
even be a predictor for the development of atrial fibrillation [4,16]. Thus, we included NT-pro-BNP in
addition to atrial fibrillation in multivariate Cox regression analysis. Importantly, baseline NT-pro-BNP
failed to predict three-year-mortality in our cohort. There are hints that NT-pro-BNP per se might not
be an optimal predictor of clinical outcome in MitraClip patients [17]. This hypothesis is supported
by the following facts: BNP is secreted belated from ventricular cardiomyocytes by gene expression
whereas atrial cardiomyocytes secrete ANP instantly from secretory granules [18]. Hence, secretion
of ANP occurs at subclinical stages, whereas BNP is secreted at end-stage. Furthermore, secretion of
ANP is mediated by rising atrial pressures (e.g., in MR patients), whereas BNP levels are paralleled
with ventricular pressures [19].
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In patients undergoing mitral valve surgery, atrial fibrillation has been shown to adversely affect
clinical outcomes in the long-term follow-up in some studies [11,12,20,21], whereas in others the
outcomes were similar regardless of atrial fibrillation [22,23]. In recent registries of transcatheter
MitraClip implantation, the rate of atrial fibrillation was higher in patients suffering post-procedural
death [1,5,7,24,25]. In addition, Velu et al. found in 618 patients association of mortality with
atrial fibrillation in a five-year follow-up, but atrial fibrillation failed to independently predict
mortality in their registry [26]. Importantly, in this Dutch cohort, patients with and without atrial
fibrillation differed with regard to prevalence of coronary artery disease and left ventricular function,
demonstrating an inhomogeneous distribution of cardiac comorbidities before MitraClip implantation
in this trial. In contrast, in our cohort, atrial fibrillation was not associated with advanced heart
disease or different aetiologies of heart failure. Left ventricular ejection fraction, and cardiac index
as well as pulmonary pressures were similar in patients with and without atrial fibrillation. Hence,
this homogenous distribution of relevant cardiac comorbidities in both patient groups (with and
without atrial fibrillation) in our cohort is of particular value for the appropriate analysis of the
influence of atrial fibrillation on mortality after MitraClip implantation. In our trial, multivariate Cox
proportional-hazards regression analysis confirmed pre-procedural atrial fibrillation as independent
predictor of mortality with a hazard ratio of 2.4 after adjustment for NT-pro-BNP levels in patients
undergoing MitraClip implantation for severe MR.

5. Conclusions

After MitraClip mortality and major adverse cardiovascular and cerebral events occur significantly
more often in the three-year follow-up in patients with atrial fibrillation, compared to patients
with sinus rhythm. Atrial fibrillation independently predicts long-term mortality after MitraClip
implantation with a hazard ration of 2.4.

Author Contributions: Conceptualization, S.M. and M.K.; Methodology, M.K.; Software, M.K. and J.W.;
Validation, A.P. and S.M.; Formal Analysis, M.K. and E.M.; Investigation, S.M., E.M., A.P., J.S. and M.K.; Resources,
W.R. and J.W.; Data Curation, S.M., J.S. and M.K.; Writing—Original Draft Preparation, M.K.; Writing—Review
& Editing, S.M., J.W. and W.R.; Visualization, M.K.; Supervision, S.M.; Project Administration, S.M.; Funding
Acquisition, W.R.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Inderbitzin, D.T.; Taramasso, M.; Nietlispach, F.; Maisano, F. Percutaneous Mitral Valve Repair with
MitraClip: Patient and Valve Selection for Optimal Outcome. Curr. Cardiol. Rep. 2016, 18, 129. [CrossRef]
[PubMed]

2. Feldman, T.; Kar, S.; Elmariah, S.; Smart, S.C.; Trento, A.; Siegel, R.J.; Apruzzese, P.; Fail, P.; Rinaldi, M.J.;
Smalling, R.W.; et al. Randomized Comparison of Percutaneous Repair and Surgery for Mitral Regurgitation:
5-Year Results of EVEREST II. J. Am. Coll. Cardiol. 2015, 66, 2844–2854. [CrossRef] [PubMed]

3. Feldman, T.; Kar, S.; Rinaldi, M.; Fail, P.; Hermiller, J.; Smalling, R.; Whitlow, P.L.; Gray, W.; Low, R.;
Herrmann, H.C.; et al. Percutaneous mitral repair with the MitraClip system: Safety and midterm durability
in the initial EVEREST (Endovascular Valve Edge-to-Edge REpair Study) cohort. J. Am. Coll. Cardiol. 2009,
54, 686–694. [CrossRef] [PubMed]

4. Kirchhof, P.; Benussi, S.; Kotecha, D.; Ahlsson, A.; Atar, D.; Casadei, B.; Castella, M.; Diener, H.C.;
Heidbuchel, H.; Hendriks, J.; et al. 2016 ESC Guidelines for the management of atrial fibrillation developed
in collaboration with EACTS. Eur. Heart J. 2016, 37, 2893–2962. [CrossRef] [PubMed]

5. Puls, M.; Lubos, E.; Boekstegers, P.; von Bardeleben, R.S.; Ouarrak, T.; Butter, C.; Zuern, C.S.; Bekeredjian, R.;
Sievert, H.; Nickenig, G.; et al. One-year outcomes and predictors of mortality after MitraClip therapy in
contemporary clinical practice: Results from the German transcatheter mitral valve interventions registry.
Eur. Heart J. 2016, 37, 703–712. [CrossRef] [PubMed]

http://dx.doi.org/10.1007/s11886-016-0809-7
http://www.ncbi.nlm.nih.gov/pubmed/27796866
http://dx.doi.org/10.1016/j.jacc.2015.10.018
http://www.ncbi.nlm.nih.gov/pubmed/26718672
http://dx.doi.org/10.1016/j.jacc.2009.03.077
http://www.ncbi.nlm.nih.gov/pubmed/19679246
http://dx.doi.org/10.1093/eurheartj/ehw210
http://www.ncbi.nlm.nih.gov/pubmed/27567408
http://dx.doi.org/10.1093/eurheartj/ehv627
http://www.ncbi.nlm.nih.gov/pubmed/26614824


Biomolecules 2018, 8, 152 10 of 11

6. Maisano, F.; Franzen, O.; Baldus, S.; Schafer, U.; Hausleiter, J.; Butter, C.; Ussia, G.P.; Sievert, H.; Richardt, G.;
Widder, J.D.; et al. Percutaneous mitral valve interventions in the real world: Early and 1-year results from
the ACCESS-EU, a prospective, multicenter, nonrandomized post-approval study of the MitraClip therapy
in Europe. J. Am. Coll. Cardiol. 2013, 62, 1052–1061. [CrossRef] [PubMed]

7. Nickenig, G.; Estevez-Loureiro, R.; Franzen, O.; Tamburino, C.; Vanderheyden, M.; Luscher, T.F.; Moat, N.;
Price, S.; Dall’Ara, G.; Winter, R.; et al. Percutaneous mitral valve edge-to-edge repair: In-hospital results
and 1-year follow-up of 628 patients of the 2011-2012 Pilot European Sentinel Registry. J. Am. Coll. Cardiol.
2014, 64, 875–884. [CrossRef] [PubMed]

8. Lancellotti, P.; Tribouilloy, C.; Hagendorff, A.; Popescu, B.A.; Edvardsen, T.; Pierard, L.A.; Badano, L.;
Zamorano, J.L.; Scientific Document Committee of the European Association of Cardiovascular Imaging.
Recommendations for the echocardiographic assessment of native valvular regurgitation: An executive
summary from the European Association of Cardiovascular Imaging. Eur. Heart J. Cardiovasc. Imaging 2013,
14, 611–644. [CrossRef] [PubMed]

9. Barbash, I.M.; Minha, S.; Ben-Dor, I.; Dvir, D.; Torguson, R.; Aly, M.; Bond, E.; Satler, L.F.; Pichard, A.D.;
Waksman, R. Predictors and clinical implications of atrial fibrillation in patients with severe aortic stenosis
undergoing transcatheter aortic valve implantation. Catheter. Cardiovasc. Interv. 2015, 85, 468–477. [CrossRef]
[PubMed]

10. Maan, A.; Heist, E.K.; Passeri, J.; Inglessis, I.; Baker, J.; Ptaszek, L.; Vlahakes, G.; Ruskin, J.N.; Palacios, I.;
Sundt, T.; et al. Impact of atrial fibrillation on outcomes in patients who underwent transcatheter aortic
valve replacement. Am. J. Cardiol. 2015, 115, 220–226. [CrossRef] [PubMed]

11. Ngaage, D.L.; Schaff, H.V.; Mullany, C.J.; Barnes, S.; Dearani, J.A.; Daly, R.C.; Orszulak, T.A.; Sundt, T.M., 3rd.
Influence of preoperative atrial fibrillation on late results of mitral repair: Is concomitant ablation justified?
Ann. Thoracic. Surg. 2007, 84, 434–442; discussion 442–443. [CrossRef] [PubMed]

12. Eguchi, K.; Ohtaki, E.; Matsumura, T.; Tanaka, K.; Tohbaru, T.; Iguchi, N.; Misu, K.; Asano, R.; Nagayama, M.;
Sumiyoshi, T.; et al. Pre-operative atrial fibrillation as the key determinant of outcome of mitral valve repair
for degenerative mitral regurgitation. Eur. Heart J. 2005, 26, 1866–1872. [CrossRef] [PubMed]

13. Kammerlander, A.A.; Marzluf, B.A.; Graf, A.; Bachmann, A.; Kocher, A.; Bonderman, D.; Mascherbauer, J.
Right ventricular dysfunction, but not tricuspid regurgitation, is associated with outcome late after left heart
valve procedure. J. Am. Coll. Cardiol. 2014, 64, 2633–2642. [CrossRef] [PubMed]

14. Boerlage-vanDijk, K.; Wiegerinck, E.M.; Araki, M.; Meregalli, P.G.; Bindraban, N.R.; Koch, K.T.; Vis, M.M.;
Piek, J.J.; Tijssen, J.G.; Bouma, B.J.; et al. Predictors of outcome in patients undergoing MitraClip implantation:
An aid to improve patient selection. Int. J. Cardiol. 2015, 189, 238–243. [CrossRef] [PubMed]

15. Triantafyllis, A.S.; Kortlandt, F.; Bakker, A.L.; Swaans, M.J.; Eefting, F.D.; van der Heyden, J.A.; Post, M.C.;
Rensing, B.W. Long-term survival and preprocedural predictors of mortality in high surgical risk patients
undergoing percutaneous mitral valve repair. Catheter. Cardiovasc. Interv. 2016, 87, 467–475. [CrossRef]
[PubMed]

16. Patton, K.K.; Ellinor, P.T.; Heckbert, S.R.; Christenson, R.H.; DeFilippi, C.; Gottdiener, J.S.; Kronmal, R.A.
N-terminal pro-B-type natriuretic peptide is a major predictor of the development of atrial fibrillation:
The Cardiovascular Health Study. Circulation 2009, 120, 1768–1774. [CrossRef] [PubMed]

17. Wohrle, J.; Karakas, M.; Trepte, U.; Seeger, J.; Gonska, B.; Koenig, W.; Rottbauer, W. Midregional-proAtrial
Natriuretic Peptide and High Sensitive Troponin T Strongly Predict Adverse Outcome in Patients Undergoing
Percutaneous Repair of Mitral Valve Regurgitation. PLoS ONE 2015, 10, e0137464. [CrossRef] [PubMed]

18. Yasue, H.; Yoshimura, M.; Sumida, H.; Kikuta, K.; Kugiyama, K.; Jougasaki, M.; Ogawa, H.; Okumura, K.;
Mukoyama, M.; Nakao, K. Localization and mechanism of secretion of B-type natriuretic peptide in
comparison with those of A-type natriuretic peptide in normal subjects and patients with heart failure.
Circulation 1994, 90, 195–203. [CrossRef] [PubMed]

19. Naruse, M.; Takeyama, Y.; Tanabe, A.; Hiroshige, J.; Naruse, K.; Yoshimoto, T.; Tanaka, M.; Katagiri, T.;
Demura, H. Atrial and brain natriuretic peptides in cardiovascular diseases. Hypertension 1994, 23, I231–I234.
[CrossRef] [PubMed]

20. Murashita, T.; Okada, Y.; Kanemitsu, H.; Fukunaga, N.; Konishi, Y.; Nakamura, K.; Koyama, T. Long-term
outcomes after mitral valve repair for degenerative mitral regurgitation with persistent atrial fibrillation.
Thoracic. Cardiov. Surg. 2015, 63, 243–249. [CrossRef]

http://dx.doi.org/10.1016/j.jacc.2013.02.094
http://www.ncbi.nlm.nih.gov/pubmed/23747789
http://dx.doi.org/10.1016/j.jacc.2014.06.1166
http://www.ncbi.nlm.nih.gov/pubmed/25169171
http://dx.doi.org/10.1093/ehjci/jet105
http://www.ncbi.nlm.nih.gov/pubmed/23733442
http://dx.doi.org/10.1002/ccd.25708
http://www.ncbi.nlm.nih.gov/pubmed/25323129
http://dx.doi.org/10.1016/j.amjcard.2014.10.027
http://www.ncbi.nlm.nih.gov/pubmed/25465936
http://dx.doi.org/10.1016/j.athoracsur.2007.04.036
http://www.ncbi.nlm.nih.gov/pubmed/17643612
http://dx.doi.org/10.1093/eurheartj/ehi272
http://www.ncbi.nlm.nih.gov/pubmed/15845559
http://dx.doi.org/10.1016/j.jacc.2014.09.062
http://www.ncbi.nlm.nih.gov/pubmed/25524343
http://dx.doi.org/10.1016/j.ijcard.2015.01.045
http://www.ncbi.nlm.nih.gov/pubmed/25897916
http://dx.doi.org/10.1002/ccd.26137
http://www.ncbi.nlm.nih.gov/pubmed/26268819
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.873265
http://www.ncbi.nlm.nih.gov/pubmed/19841297
http://dx.doi.org/10.1371/journal.pone.0137464
http://www.ncbi.nlm.nih.gov/pubmed/26368980
http://dx.doi.org/10.1161/01.CIR.90.1.195
http://www.ncbi.nlm.nih.gov/pubmed/8025996
http://dx.doi.org/10.1161/01.HYP.23.1_Suppl.I231
http://www.ncbi.nlm.nih.gov/pubmed/8282365
http://dx.doi.org/10.1055/s-0034-1383719


Biomolecules 2018, 8, 152 11 of 11

21. Coutinho, G.F.; Garcia, A.L.; Correia, P.M.; Branco, C.; Antunes, M.J. Negative impact of atrial fibrillation and
pulmonary hypertension after mitral valve surgery in asymptomatic patients with severe mitral regurgitation:
A 20-year follow-up. Eur. J. Cardio-Thorac. Surg. 2015, 48, 548–555; discussion 555–556. [CrossRef] [PubMed]

22. Lim, E.; Barlow, C.W.; Hosseinpour, A.R.; Wisbey, C.; Wilson, K.; Pidgeon, W.; Charman, S.; Barlow, J.B.;
Wells, F.C. Influence of atrial fibrillation on outcome following mitral valve repair. Circulation 2001,
104, I59–I63. [CrossRef] [PubMed]

23. Chua, Y.L.; Schaff, H.V.; Orszulak, T.A.; Morris, J.J. Outcome of mitral valve repair in patients with
preoperative atrial fibrillation. Should the maze procedure be combined with mitral valvuloplasty? J. Thorac.
Cardiovasc. Surg. 1994, 107, 408–415. [PubMed]

24. Ohno, Y.; Attizzani, G.F.; Capodanno, D.; Cannata, S.; Dipasqua, F.; Imme, S.; Barbanti, M.; Ministeri, M.;
Caggegi, A.; Pistritto, A.M.; et al. Association of tricuspid regurgitation with clinical and echocardiographic
outcomes after percutaneous mitral valve repair with the MitraClip System: 30-day and 12-month follow-up
from the GRASP Registry. Eur. Heart J. Cardiovasc. Imaging 2014, 15, 1246–1255. [CrossRef] [PubMed]

25. Jabs, A.; von Bardeleben, R.S.; Boekstegers, P.; Puls, M.; Lubos, E.; Bekeredjian, R.; Ouarrak, T.; Plicht, B.;
Eggebrecht, H.; Nickenig, G.; et al. Effects of atrial fibrillation and heart rate on percutaneous mitral
valve repair with MitraClip: Results from the TRAnscatheter Mitral valve Interventions (TRAMI) registry.
EuroIntervention 2017, 12, 1697–1705. [CrossRef] [PubMed]

26. Velu, J.F.; Kortlandt, F.A.; Hendriks, T.; Schurer, R.A.J.; van Boven, A.J.; Koch, K.T.; Vis, M.M.; Henriques, J.P.;
Piek, J.J.; Van den Branden, B.J.L.; et al. Comparison of Outcome After Percutaneous Mitral Valve Repair
With the MitraClip in Patients With Versus Without Atrial Fibrillation. Am. J. Cardiol. 2017. [CrossRef]
[PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/ejcts/ezu511
http://www.ncbi.nlm.nih.gov/pubmed/25564214
http://dx.doi.org/10.1161/hc37t1.094813
http://www.ncbi.nlm.nih.gov/pubmed/11568031
http://www.ncbi.nlm.nih.gov/pubmed/8302059
http://dx.doi.org/10.1093/ehjci/jeu114
http://www.ncbi.nlm.nih.gov/pubmed/24939944
http://dx.doi.org/10.4244/EIJ-D-16-00115
http://www.ncbi.nlm.nih.gov/pubmed/28216472
http://dx.doi.org/10.1016/j.amjcard.2017.08.022
http://www.ncbi.nlm.nih.gov/pubmed/29033048
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Baseline and Procedural and Post-Procedural Characteristics 
	Clinical Follow-Up/Outcome 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

