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Abstract
Aims: In patients undergoing percutaneous edge-to-edge mitral valve repair for mitral valve regurgitation 
(MR), our aim was to evaluate acute and follow-up differences with pre-existing sinus rhythm (SR) or atrial 
fibrillation (AF), as well as comparisons stratified by baseline heart rate.

Methods and results: Seven hundred and sixty patients who underwent a MitraClip procedure were 
prospectively enrolled in the TRAnscatheter Mitral valve Interventions (TRAMI) registry, and stratified 
according to baseline heart rhythm and heart rate with a cut-off value of 70 beats per minute. Technical suc-
cess, procedural characteristics and MR reduction were similar throughout the subgroups. Overall, in-hos-
pital adverse event rates were low in this high-risk patient collective. At 12 months, survival was higher in 
SR (83.5%) than AF patients (74.9%, p<0.05), while the cumulative major adverse cardio-cerebrovascular 
event rate did not differ, and a sustained improvement of NYHA functional class occurred in all subgroups.

Conclusions: These registry data, comprising the largest number of unselected “real-world” MitraClip 
patients, suggest that the intervention can be performed safely and effectively, and reduces MR in the 
majority of patients irrespective of baseline rhythm or heart rate. While 12-month survival was higher for 
patients with SR, overall MACCE and clinical improvement did not differ between the subgroups.
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Abbreviations
AF atrial fibrillation
bpm beats per minute
CRT cardiac resynchronisation therapy
ECG electrocardiogram
HR heart rate
ICD implantable cardioverter-defibrillator
LVEDD left ventricular end-diastolic diameter
LVEF left ventricular ejection fraction
MACCE major adverse cardiac and cerebrovascular events
MR mitral valve regurgitation
NYHA New York Heart Association
SR sinus rhythm
TRAMI TRAnscatheter Mitral valve Interventions registry

Introduction
A substantial number of patients with mitral regurgita-
tion (MR) in need of mitral valve repair are currently con-
sidered at high or prohibitive risk for conventional surgery. 
MitraClip® (Abbott Vascular, Santa Clara, CA, USA) therapy 
has emerged as an interventional treatment option for these 
patients, and has been successfully applied in both degenera-
tive and functional MR1-3.

Atrial fibrillation (AF) is frequently present in patients 
with MR. Pre-operative AF has been reported to be a marker 
of increased surgical risk for MR repair or replacement4,5, 
although other surgical studies reported similar outcomes for 
AF and non-AF patients6,7. Also, mitral surgery patients with 
AF were older, had more comorbidities, and a more advanced 
disease8,9. Increased heart rate has been shown to be associated 
with higher cardiovascular mortality and is a cardiovascular 
risk indicator10-13, and raised heart rate (≥70 beats per minute 
[bpm]) is a risk factor in patients with stable coronary artery 
disease, left ventricular dysfunction and heart failure12. In addi-
tion, both AF and increased heart rate could possibly affect 
the feasibility and the technical challenges of the MitraClip 
procedure.

We herein report baseline and procedural characteristics, as well 
as 30-day and 12-month follow-up in a large cohort of patients 
who underwent a MitraClip procedure, comparing patients with 
sinus rhythm (SR) to those with pre-existing atrial fibrillation 
(AF). Also, patients with a baseline heart rate equal to or below 70 
bpm (HR ≤70) are compared to those with an increased baseline 
heart rate of more than 70 bpm (HR >70).

Methods
PATIENT COLLECTIVE
The prospective cohort of the non-randomised, investigator-ini-
tiated TRAnscatheter Mitral valve Interventions (TRAMI) regis-
try comprises 760 patients treated with MitraClip who had been 
enrolled in 20 German sites. Detailed descriptions of the registry 
and follow-up schedule have recently been published14-16. Baseline 
demographics are shown in Table 1.

HEART RHYTHM AND RATE ASSESSMENT
Baseline electrocardiograms (ECGs) were analysed at each indi-
vidual centre for heart rhythm and heart rate. In case of multiple 
ECGs on a single individual, only the first ECG recorded (base-
line ECG, generally on the day of admission) was used. For all 
760 (100%) prospectively enrolled patients, heart rate was known; 
heart rhythm was determined as AF or SR for 601 patients (79%) 
(Table 1), while ECGs reported as “paced” or “other rhythm” 
were not included in the present analysis.

MITRACLIP PROCEDURE AND MR ASSESSMENT
The MitraClip system (Abbott Vascular) received CE mark 
approval in March 2008, and has been commercially available 
in Europe since September 2008. Approval by the US Food and 
Drug Administration was granted in October 2013 for percutane-
ous reduction of degenerative MR. Device and procedural details 
have already been described in detail17,18. Based on current recom-
mendations19, the severity of MR was graded as I (mild), II (mod-
erate) and III (severe), as evaluated at each individual centre.

STATISTICAL ANALYSIS
Categorical variables are presented as absolute numbers and per-
centages and are compared by the chi-square test. Continuous vari-
ables are expressed as means with standard deviations or medians 
with interquartile ranges and are compared by the Mann-Whitney-
Wilcoxon test. All tests were two-tailed, and p-values <0.05 were 
considered significant. SAS statistical package version 9.3 (SAS 
Inc., Cary, NC, USA) was used.

Results
BASELINE AND PROCEDURAL CHARACTERISTICS
A total of 760 patients who underwent a MitraClip procedure 
and who had been prospectively enrolled in the TRAMI regis-
try between January 2009 and November 2013 were included in 
the present analysis. Patients were stratified according to i) the 
presence of SR or AF, and ii) heart rate with a threshold of 70 
bpm. Heart rhythm was almost evenly distributed between SR and 
AF (52.4% and 47.6% of patients, respectively) (Table 1). While 
46.8% of patients had a heart rate of ≤70 bpm (mean 62.8±6.0 
bpm), an increased baseline heart rate of >70 bpm was found in 
53.2% of patients (mean 84.7±13.0 bpm). Patients with pre-exist-
ing AF were older on average, more patients in SR had a history of 
myocardial infarction, and diabetes was more frequent in patients 
with increased heart rate. Approximately 2/3 of patients had 
a reduced left ventricular ejection fraction (LVEF). Of these, more 
SR patients had a severe reduction in LVEF (<30%), while more 
AF patients showed a moderately reduced LVEF. Accordingly, the 
mean baseline left ventricular end-diastolic diameter (LVEDD) 
was larger in SR patients (59.0 [52.0, 69.0] versus 55.0 [49.0, 61.0] 
mm [p<0.0001]), and 47.9% (SR) versus 35.2% (AF) of patients 
had an LVEDD ≥60 mm. As expected, mean left atrial diameter 
was larger in AF patients as compared to SR (51.0 [47.0, 58.0] 
versus 48.5 [44.0, 55.0] mm [p<0.001]), while echocardiographic 
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measures of MR severity such as vena contracta width or MR jet 
area were similar throughout the subgroups. Baseline patient char-
acteristics are shown in Table 1.

PROCEDURE
The procedural technical success rate, defined as non-severe MR 
after placement of the clip(s), was high (≥97.5%) for all subgroups 
(Figure 1A). Likewise, procedural time and the number of clips 
implanted were similar for all subgroups (Table 2).

CLINICAL AND ECHOCARDIOGRAPHIC PROCEDURAL 
OUTCOMES
In-hospital major adverse event rates were low overall (Figure 1B). 
While a comparison of the mean duration of in-hospital stay between 
SR and AF patients did not show any differences (9.0 [6.0, 15.0] days, 
p=0.77), it was shorter for HR ≤70 patients as compared to the HR >70 
group (8.0 [6.0, 14.0] versus 9.0 [7.0, 15.0], p<0.05). At discharge, 
more than two out of three of all patients had an MR severity rating 
of mild or less, irrespective of initial rhythm or heart rate (Figure 2).

Table 1. Baseline characteristics.

SR AF p-value HR ≤70 bpm HR >70 bpm p-value
Number of patients (%) 315 (52.4%) 286 (47.6%) 356 (46.8%) 404 (53.2%)

Female sex, % 42.2 43.7 0.71 35.7 42.1 0.07

Age, years [IQR] 75.0 [70.0, 80.0] 77.5 [73.0, 82.0] <0.001 76.0 [71.0, 81.0] 76.0 [71.0, 81.0] 0.93

Age >75 years, % 44.9 61.3 <0.0001 50.7 51.6 0.80

Logistic EuroSCORE, % [IQR] 18.0 [11.0, 30.0] 20.0 [13.0, 33.0] 0.10 19.5 [12.0, 30.0] 20.0 [13.0, 32.0] 0.67

LVEF <30%, % 33.7 22.2 <0.01 32.3 34.4 0.53

LVEF 30-50%, % 29.4 44.4 <0.001 36.9 34.4 0.48

LVEF >50%, % 36.9 33.5 0.38 30.8 31.1 0.92

Severe MR, % 95.4 91.6 0.06 93.9 94.0 0.99

Functional MR, % 67.8 68.6 0.84 68.7 69.9 0.72

NYHA Class III/IV, % 89.2 90.6 0.58 87.3 90.3 0.19

Comorbidities

Coronary artery disease, % 81.9 79.0 0.45 77.9 78.7 0.82

Myocardial infarction, % 32.5 22.7 <0.01 29.7 26.0 0.26

Stroke, % 8.0 9.6 0.49 12.4 8.4 0.07

Dilated cardiomyopathy, % 12.1 9.4 0.37 12.0 13.0 0.70

Hypertension, % 78.3 77.0 0.73 76.6 79.3 0.40

Diabetes, % 34.5 32.0 0.52 27.6 35.2 <0.05

Renal disease, % 37.5 41.1 0.38 43.6 41.8 0.60

Chronic pulmonary disease, % 30.3 32.4 0.58 26.6 33.0 0.05

Previous coronary artery bypass, % 22.9 24.6 0.64 27.2 22.3 0.11

Previous percutaneous coronary 
intervention, % 19.1 17.9 0.70 16.9 20.3 0.22

Beta-blocker, % 88.2 84.7 0.23 86.1 86.3 0.92

Digitalis, % 10.0 25.6 <0.0001 16.8 19.8 0.32

Cardiac rhythm device implant, % 24.5 24.9 0.91 43.0 36.1 0.05

CRT, % 15.6 22.5 0.28 27.5 26.0 0.78

ICD, % 64.9 43.7 <0.01 39.9 39.0 0.88

Pacemaker, % 19.5 33.8 <0.05 32.7 34.9 0.68

Values are n (%), median with interquartile range, or %. CRT: cardiac resynchronisation therapy; ICD: implantable cardioverter-defibrillator; 
IQR: interquartile range; LVEF: left ventricular ejection fraction; MR: mitral valve regurgitation

Table 2. Procedural characteristics.

SR AF p-value HR ≤70 HR >70 p-value

Procedure time*, min 102.1±53.8 109.8±58.1 0.12 105.6±55.7 100.7±51.6 0.39

Fluoroscopy time, min 26.0±18.7 32.3±74.7 0.61 32.2±80.6 26.6±24.6 0.75

Number of clips, n 1.4±0.6 1.5±0.7 0.83 1.5±0.6 1.4±0.6 0.18

Intraprocedural complications, % 0.6 0.3 0.62 0.8 0.5 0.55

Values are mean±SD or %. *Procedure time is defined as the time from puncture of the femoral vein to closure of the femoral access site.
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Figure 1. Procedural outcome and in-hospital major adverse cardiac and cerebrovascular events (MACCE). A) Technical success (grey) of the 
MitraClip procedure was high, achieved in >97% of all patients, and was independent of heart rhythm (sinus rhythm [SR], atrial fibrillation 
[AF]) or heart rate (stratified by a baseline heart rate threshold of 70 bpm). B) In-hospital MACCE rate (death [dark red bars], stroke [light 
red bars], myocardial infarction [pink bars]) was low overall and similar throughout the subgroups (p=n.s. for all comparisons).
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Figure 2. Mitral regurgitation (MR) severity, stratified by heart rhythm and heart rate. At baseline, as expected, the vast majority of patients 
were classified as having severe MR (°III, dark red bars). At discharge, MR grade in >70% of patients was equal to or less than °I, 
irrespective of heart rhythm or heart rate (p=n.s. for all comparisons).

FOLLOW-UP OUTCOMES
The follow-up rate was high (>95% for 30 days, >90% for 
12 months), with a median follow-up time of 54 and 385 days, 
respectively. Cumulative mortality (in-hospital plus follow-
up) was within the expected range in this high-risk patient col-
lective: as shown in Figure 3A, cumulative 30-day mortality 
was 3.0 (SR), 5.8 (AF) (p=0.09), 4.3 (HR ≤70), and 4.5% (HR 
>70) (p=0.89), respectively (chi-square test). To address predic-
tors of mortality in univariate and multivariate analyses, we ran 
Cox regression using the independent variables sex, age, baseline 
heart rate, left ventricular ejection fraction, diabetes and creati-
nine. Only creatinine >2.0 mg/dl was predictive of 30-day mor-
tality (p=0.004; HR 2.11, 95% CI: 1.27-3.52). A second Cox 

analysis was run with the same parameters restricted to patients 
with known baseline heart rhythm; pre-existing AF did not reach 
statistical significance as a predictor of 30-day mortality (p=0.055; 
HR 1.74, 95% CI: 0.99-3.07). Figure 3B illustrates the cumulative 
adverse event rates for 12-month follow-up: cumulative mortal-
ity in AF patients was higher than in patients with SR at base-
line (25.1 and 16.5%, p<0.05, chi-square test). Cox regression 
using the same independent variables as described above con-
firmed pre-existing AF (p=0.002; HR 1.83, 95% CI: 1.24-2.70) 
and creatinine >2.0 mg/dl (p=0.004; HR 1.83, 95% CI: 1.22-2.74) 
as predictors of 12-month mortality. The causes of post-hospital 
deaths are shown in Table 3. Figure 4 shows the Kaplan-Meier 
survival curves during 12-month follow-up. The cumulative rate 
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Table 3. Categorisation of post-hospital deaths in TRAMI patients.

SR AF p-value HR ≤70 HR >70 p-value
Post-hospital mortality, % 15.8 24.8 <0.01 18.6 22.2 0.24

Sudden unexpected death, % 20.5 21.0 0.95 16.7 15.9 0.90

Cardiovascular death, % 29.5 25.8 0.67 30.0 26.8 0.68

Non-cardiovascular, % 13.6 16.1 0.72 6.7 20.7 <0.05

Unknown, % 36.4 37.1 0.94 46.7 36.6 0.23

of major adverse cardiac and cerebrovascular events (MACCE) 
(death, stroke, myocardial infarction) and re-hospitalisation rates 
were not different throughout the subgroups at both 30-day and 
12-month follow-up (Figure 3, Table 4). As shown in Figure 3, 
the cumulative rate of severe bleeding events was rather high, 
mainly triggered by in-hospital bleeding rates of 6.5% (SR) and 
8.0% (AF), respectively (p=0.48). Of note, 37.7% (SR) and 84.8% 
(AF, p<0.0001) of patients received anticoagulant therapy during 
follow-up, and antiplatelet therapy was given in 66.0% (SR) and 
19.9% (AF, p<0.0001) of patients, respectively. Cumulative bleed-
ing rates were not different in SR versus AF patients (p=0.62) 
(Figure 3). While severe heart failure symptoms (New York 
Heart Association [NYHA] Class ≥III) were frequently reported 

at baseline, the majority of patients had improved to an NYHA 
Class II or less at both 30-day and 12-month follow-up (Figure 5).

Discussion
In the present analysis of the investigator-initiated TRAMI registry, 
we evaluated the potential effects of pre-existing atrial fibrillation 
on procedural, in-hospital and post-discharge outcomes of percu-
taneous mitral valve repair with the MitraClip system. In addition, 
we assessed the patient collective according to baseline heart rate.

As shown in Figure 1A, the procedural technical success rate 
was high, indicating the effective applicability independent of 
baseline rhythm or heart rate. Although the irregularity of mitral 
leaflet movements in AF and/or tachycardia could increase the 
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Figure 4. Kaplan-Meier curves for post-procedural survival after 
MitraClip implantation stratified by heart rhythm and heart rate 
subgroups.

technical difficulty for leaflet “grasping”, neither acute success 
rates nor procedure or fluoroscopy times (Table 2) were different 
within the subgroups. However, since intraprocedural heart rate 
and rhythm was not assessed in TRAMI, these data do not allow 
a definite statement regarding these putative technical challenges.

Pre-existing AF was more frequent in the patients included 
in TRAMI than in the EVEREST II trial, which has shown that 
MitraClip was associated with superior safety and similar improve-
ments in clinical outcomes as compared to conventional surgery15-17. 
In contrast to EVEREST II patients20, AF in our patient collective 
was not associated with more advanced valvular disease or non-car-
diac comorbidities (Table 1). As in EVEREST II patients20, acute 
procedural success, safety, and longer-term efficacy with MitraClip 
therapy was similar for patients regardless of the initial rhythm 
(Figure 1-Figure 5). Of note, patients in our TRAMI AF subgroup 
were on average 2.5 years older than SR patients (77.5 vs. 75.0 years, 
respectively), while the mean age in EVEREST II was 67.3 years. In 
some surgical series, pre-operative AF has even been reported to be 
a marker of increased surgical risk4,21. For MitraClip patients, both 
in-hospital and 30-day cumulative MACCE (death, stroke, myocar-
dial infarction) rates were low throughout the subgroups (Figure 1B, 
Figure 3A), demonstrating the safety of the MitraClip procedure in 
both SR and AF patients. The mean duration of hospital stay was 
9.0 days for both AF and SR patients, as well as for patients with 

Table 4. Categorisation of re-hospitalisations in TRAMI patients.

SR AF p-value HR ≤70 HR >70 p-value
Re-hospitalisation, % 59.5 65.6 0.20 63.3 64.0 0.86

Decompensation, % 19.7 24.6 0.35 21.0 22.5 0.74

Other cardiovascular cause, % 28.0 24.6 0.53 27.2 27.5 0.94

Other non-cardiovascular cause, % 41.7 37.7 0.52 45.1 37.1 0.13

Number of re-hospitalisations, n [IQR] 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 0.13 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 0.51

Total length of re-hospitalisations, days [IQR] 8.5 [5.0, 19.0] 13.0 [7.0, 28.0] <0.05 10.0 [5.0, 19.0] 11.5 [6.0, 25.5] 0.23

Values are % or median with interquartile range. IQR: interquartile range
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increased baseline heart rates, while it was 8.0 days for patients with 
HR ≤70. In contrast, in the EVEREST II trial, patients with pre-
existing AF required longer post-procedural in-hospital treatment, 
with AF adding 0.8 and 3.0 days to the length of stay for MitraClip 
and MV surgery patients, respectively20. Echocardiography at dis-
charge demonstrated successful MR reduction to mild or less in 
more than 2/3 of patients (Figure 2). These results confirm find-
ings from the EVEREST II trial, where MR reduction to ≤2 in AF 
patients (n=45) was similar to non-AF patients (n=130) at 83% and 
75%, respectively19.

The relatively low cumulative 30-day MACCE rate in view of 
the high-risk patient collective (Figure 3A) again underlines the 
safety of the MitraClip procedure in “real-world” patients. Risk 
and outcomes of complications after MitraClip implantation in the 
TRAMI patient collective have recently been published15,16,22,23. In 
the present analysis, neither pre-existing AF nor baseline heart rate 
had an effect on overall MACCE at one- and 12-month follow-
up. However, the observed 12-month cumulative mortality in AF 
patients was higher than in patients with SR at baseline (Figure 3B, 
Figure 4), which may point to effects of a generally more advanced 
cardiovascular disease (AF) as well as advanced age of the AF sub-
group. Indeed, differences in survival rates were triggered by an 
increased post-hospital mortality in AF patients (Table 3).

Re-hospitalisation rates as well as severe bleeding events 
appeared rather high (Figure 3). Other than comorbidities (Table 1), 
bleeding may be in part explained by the need for antithrombotic 
and/or anticoagulant therapy in the majority of both SR and AF 
patients. However, neither bleeding nor stroke rates were statisti-
cally different in SR versus AF patients (Figure 3). Of note, the 
cumulative rate of severe bleeding depicted in Figure 3 comprises 
in-hospital and post-hospital bleeding events. By registry design, 
the definition of in-hospital severe bleeding comprised the need 
for transfusion, haemodynamic instability or intracranial bleed-
ing22. The in-hospital rate of this bleeding endpoint was 6.5% 
(SR) and 8.0% (AF), respectively. Hence, pre-existing anaemia 
may have triggered intraprocedural or post-procedural transfusion, 
adding to the reported “bleeding” rate. Likewise, bleeding events 
represent the largest portion of MACCE in analyses of the TRAMI 
patient collective22,24, similar to EVEREST II patients20.

As for symptomatic improvement, the majority of patients were 
in NYHA functional Classes II or less at one- and 12-month fol-
low-up (Figure 5), irrespective of rhythm or heart rate subgroup. 
Besides the direct haemodynamic improvements of MR reduction, 
this may in part also be due to a decrease in AF development. 
Sustained improvements of NYHA functional class were a con-
sistent finding in TRAMI as well as other interventional mitral 
valve repair registries25,26.

Limitations
The registry data presented here are limited by the observational 
registry design. In particular, with regard to comparison of SR and 
AF patients, the stratification by heart rhythm in the admission 
ECG may be simplistic, since it cannot distinguish, for example, 

different types of AF and in particular may miss cases of parox-
ysmal AF. Also, heart rate variability in both SR and AF patients 
was not assessed. This may limit the conclusive interpretation of 
possible heart rhythm or rate effects on procedural challenges, 
since no intraprocedural rhythm or heart rate assessment was 
recorded. At this point, we do not have data on the duration of 
AF before enrolment or on the conversion rates to SR during fol-
low-up. Also, success of the procedure was site-reported, without 
core lab echocardiographic assessment. In addition, site-reported 
assessment of neurological symptoms following cardiovascular 
interventions may well underestimate the actual rate of neurologi-
cal events27. Longer-term follow-up data from the TRAMI regis-
try will also have to assess, for example, changes in ventricular 
and atrial geometry and function, as well as possible effects on 
AF conversion. Indeed, as reported from EVEREST II, reductions 
in left ventricular and left atrial volumes can be expected during 
long-term follow-up, while the development of permanent or per-
sistent AF after MitraClip was less common than after MV sur-
gery20. However, in the evolving field of interventional heart valve 
therapy, large-scale registries that reflect “real-world” patients are 
of use to understand the current practice better, despite the inher-
ent limitations of registry data acquisition.

Conclusions
In summary, these registry data, comprising the largest number of 
unselected “real-world” MitraClip patients, suggest that the inter-
vention can be performed safely and effectively and reduces MR 
in the vast majority of patients, irrespective of baseline rhythm or 
heart rate. While the observed 12-month survival was higher for 
patients with SR at baseline, the overall MACCE rate and clinical 
improvement did not differ between the subgroups.

Impact on daily practice
In a “real-world” all-comers registry setting, patients who were 
considered as suitable candidates for interventional edge-to-edge 
MitraClip repair could be treated safely and effectively, with sig-
nificant clinical improvement after 12 months, irrespective of 
baseline rhythm or heart rate. However, randomised studies to re-
evaluate the possible outcome effects of atrial fibrillation and to 
verify the long-term efficacy of MitraClip therapy are still required.

Acknowledgements
We thank Margot Neuser for expert graphical assistance.

Funding
The majority of funding for TRAMI is provided by proprietary 
means of the Stiftung Institut für Herzinfarktforschung (IHF), 
Ludwigshafen, Germany.

Conflict of interest statement
R. S. von Bardeleben, B. Plicht and U. Hink have received speak-
ers’ honoraria and travel grants from Abbott Vascular. M. Puls has 



1704

EuroIntervention 2
0
17;1

2
:16

9
7-170

5

received travel grants from Abbott Vascular. E. Lubos has received 
lecture fees and grants from Abbott Vascular. H. Eggebrecht has 
received grant support from Abbott Vascular. The other authors 
have no conflicts of interest to declare.

References
 1. Feldman T, Kar S, Rinaldi M, Fail P, Hermiller J, Smalling R, 
Whitlow PL, Gray W, Low R, Herrmann HC, Lim S, Foster E, 
Glower D; EVEREST Investigators. Percutaneous mitral repair 
with the MitraClip system: safety and midterm durability in the ini-
tial EVEREST (Endovascular Valve Edge-to-Edge REpair Study) 
cohort. J Am Coll Cardiol. 2009;54:686-94.
 2. Franzen O, Baldus S, Rudolph V, Meyer S, Knap M, 
Koschyk D, Treede H, Barmeyer A, Schofer J, Costard-Jäckle A, 
Schlüter M, Reichenspurner H, Meinertz T. Acute outcomes of 
MitraClip therapy for mitral regurgitation in high-surgical-risk 
patients: emphasis on adverse valve morphology and severe left 
ventricular dysfunction. Eur Heart J. 2010;31:1373-81.
 3. Swaans MJ, Makker AL, Alipour A, Post MC, Kelder JC, de 
Kroon TL, Eefting FD, Rensing BJ, Van der Heyden JA. Survival 
of transcatheter mitral valve repair compared with surgical and con-
servative treatment in high-surgical-risk patients. JACC Cardiovasc 
Interv. 2014;7:875-81.
 4. Ngaage DL, Schaff HV, Mullanry CJ, Barnes S, Dearani JA, 
Daly RC, Orszulak TA, Sundt TM 3rd. Influence of preoperative 
atrial fibrillation on late results of mitral repair: is concomitant 
ablation justified? Ann Thorac Surg. 2007;84:434-42; discussion 
442-3.
 5. Wang B, Xu ZY, Han L, Zhang GX, Lu FL, Song ZG. 
Impact of preoperative atrial fibrillation on mortality and cardio-
vascular outcomes of mechanical mitral valve replacement for 
rheumatic mitral valve disease. Eur J Cardiothorac Surg. 2013;43: 
513-9.
 6. Lim E, Barlow CW, Hosseinpour R, Wisbey C, Wilson K, 
Pidgeon W, Charman S, Barlow JB, Wells FC. Influence of atrial 
fibrillation on outcomes following mitral valve repair. Circulation. 
2001;104:59-63.
 7. Chua YL, Schaff HV, Orszulak TA, Morris JJ. 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;107:408-15.
 8. Eguchi K, Ohtake E, Matsumura T, Tanaka K, Tohbaru T, 
Iguchi N, Misu K, Asano R, Nagayama M, Sumiyoshi T, Kasegawa H, 
Hosoda S. Pre-operative atrial fibrillation as the key determinant of 
outcome of mitral valve repair for degenerative mitral regurgitation. 
Eur Heart J. 2005;26:1866-72.
 9. Alexiou C, Doukas G, Oc M, Oc B, Swanevelder J, Samani NJ, 
Spyt TJ. The effect of preoperative atrial fibrillation on survival fol-
lowing mitral valve repair for degenerative mitral regurgitation. Eur 
J Cardiothorac Surg. 2007;31:586-91.
 10. Gillum RF, Makuc DM, Feldman JJ. Pulse rate, coronary 
heart disease and death: the NHANES I Epidemiologic Follow-Up 
Study. Am Heart J. 1991;121:172-7.

 11. Mensink GB, Hoffmeister H. The relationship between rest-
ing heart rate and all-cause, cardiovascular and cancer mortality. 
Eur Heart J. 1997;18:1404-10.
 12. Böhm M, Swedberg K, Komajda M, Borer JS, Ford I, Dubost-
Brama A, Lerebours G, Tavazzi L; SHIFT Investigators. Heart rate 
as a risk factor in chronic heart failure (SHIFT): the association 
between heart rate and outcomes in a randomised placebo-con-
trolled trial. Lancet. 2010;376:886-94.
 13. Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G, 
Cifkova R, Dallongeville J, De Backer G, Ebrahim S, Gjelsvik B, 
Herrmann-Lingen C, Hoes A, Humphries S, Knapton M, Perk J, 
Priori SG, Pyorala K, Reiner Z, Ruilope L, Sans-Menendez S, Op 
Reimer WS, Weissberg P, Wood D, Yarnell J, Zamorano JL, 
Walma E, Fitzgerald T, Cooney MT, Dudina A; European Society 
of Cardiology (ESC) Committee for Practice Guidelines (CPG). 
European guidelines on cardiovascular disease prevention in clini-
cal practice: executive summary: Fourth Joint Task Force of the 
European Society of Cardiology and Other Societies on 
Cardiovascular Disease Prevention in Clinical Practice (Constituted 
by representatives of nine societies and by invited experts). Eur 
Heart J. 2007;28:2375-414.
 14. Baldus S, Schillinger W, Franzen O, Bekeredjian R, Sievert H, 
Schofer J, Kuck KH, Konorza T, Möllmann H, Hehrlein C, 
Ouarrak T, Senges J, Meinertz T; German Transcatheter Mitral 
Valve Interventions (TRAMI) investigators. MitraClip therapy in 
daily clinical practice: initial results from the German transcatheter 
mitral valve interventions (TRAMI) registry. Eur J Heart Fail. 
2012;14:1050-5.
 15. Schillinger W, Hünlich M, Baldus S, Ouarrak T, Boekstegers P, 
Hink U, Butter C, Bekeredjian R, Plicht B, Sievert H, Schofer J, 
Senges J, Meinertz T, Hasenfuß G. Acute outcomes after MitraClip 
therapy in highly aged patients: results from the German 
TRAnscatheter Mitral valve Interventions (TRAMI) Registry. 
EuroIntervention. 2013;9:84-90.
 16. Puls M, Lubos E, Boekstegers P, von Bardeleben RS, 
Ouarrak T, Butter C, Zuern CS, Bekeredjian R, Sievert H, 
Nickenig G, Eggebrecht H, Senges J, Schillinger W. One-year 
outcomes and predictors of mortality after MitraClip therapy in 
contemporary clinical practice: results from the German trans-
catheter mitral valve interventions registry. Eur Heart J. 2016;37: 
703-12.
 17. Feldman T, Foster E, Glower DG, Kar S, Rinaldi MJ, Fail PS, 
Smalling RW, Siegel R, Rose GA, Engeron E, Loghin C, Trento A, 
Skipper ER, Fudge T, Letsou GV, Massaro JM, Mauri L; EVEREST 
II Investigators. Percutaneous repair or surgery for mitral regurgita-
tion. N Engl J Med. 2011;364:1395-406.
 18. Boekstegers P, Hausleiter J, Baldus S, von Bardeleben RS, 
Beucher H, Butter C, Franzen O, Hoffmann R, Ince H, Kuck KH, 
Rudolph V, Schäfer U, Schillinger W, Wunderlich N; Germany 
Society of Cardiology Working Group on Interventional Cardiology 
Focus Group on Interventional Mitral Valve Therapy. Percutaneous 
interventional mitral regurgitation treatment using the Mitra-Clip 
system. Clin Res Cardiol. 2014;103:85-96.



1705

EuroIntervention 2
0
17;1

2
:16

9
7-170

5

Atrial fibrillation and heart rate in MitraClip patients

 19. Lancellotti P, Moura L, Pierard LA, Agricola E, Popescu BA, 
Tribouilloy C, Hagendorff A, Monin JL, Badano L, Zamorano JL; 
European Association of Echocardiography. European Association 
of Echocardiography recommendations for the assessment of val-
vular regurgitation. Part 2: mitral and tricuspid regurgitation (native 
valve disease). Eur J Echocardiogr. 2010;11:307-32.
 20. Herrmann HC, Gertz ZM, Silvestry FE, Wiegers SE, Woo YJ, 
Hermiller J, Segar D, Heimansohn D, Gray W, Homma S, 
Argenziano M, Wang A, Jollis J, Lampert MB, Alexander J, 
Mauri L, Foster E, Glower D, Feldman T. Effects of atrial fibrilla-
tion on treatment of mitral regurgitation in the EVEREST II 
(Endovascular Valve Edge-to-Edge Repair Study) randomized trial. 
J Am Coll Cardiol. 2012;59:1312-9.
 21. Wang J, Han J, Li Y, Xu C, Jiao Y, Yang B, Meng X, Bolling SF. 
Preoperative risk factors of medium-term mitral valve repair out-
come. Interact Cardiovasc Thorac Surg. 2014;19:946-54.
 22. Eggebrecht H, Schelle S, Puls M, Plicht B, von Bardeleben RS, 
Butter C, May AE, Lubos E, Boekstegers P, Ouarrak T, Senges J, 
Schmermund A. Risk and outcomes of complications during and 
after MitraClip implantation: Experience in 828 patients from the 
German TRAnscatheter mitral valve interventions (TRAMI) regis-
try. Catheter Cardiovasc Interv. 2015;86:728-35.
 23. Ledwoch J, Franke J, Baldus S, Schillinger W, Bekeredjian R, 
Boekstegers P, Hink U, Kuck KH, Ouarrak T, Möllmann H, 
Nickenig G, Senges J, Franzen O, Sievert H. Impact of the learning 
curve on outcome after transcatheter mitral valve repair: results 
from the German Mitral Valve Registry. Clin Res Cardiol. 
2014;103:930-7.
 24. Wiebe J, Franke J, Lubos E, Boekstegers P, Schillinger W, 
Ouarrak T, May AE, Eggebrecht H, Kuck KH, Baldus S, Senges J, 
Sievert H; German Transcatheter Mitral Valve Interventions 

(TRAMI) Investigators. Percutaneous mitral valve repair with the 
MitraClip system according to the predicted risk by the logistic 
EuroSCORE: preliminary results from the German Transcatheter 
Mitral Valve Interventions (TRAMI) Registry. Catheter Cardiovasc 
Interv. 2014;84:591-8.
 25. Maisano F, Franzen O, Baldus S, Schafer U, Hausleiter J, 
Butter C, Ussia GP, Sievert H, Richardt G, Widder JD, Moccetti T, 
Schillinger W. Percutaneous mitral valve interventions in the real 
world: early and 1-year results from the ACCESS-EU, a prospec-
tive, multicenter, nonrandomized post-approval study of the 
MitraClip therapy in Europe. J Am Coll Cardiol. 2013;62: 
1052-61.
 26. Nickenig G, Estevez-Loureiro R, Franzen O, Tamburino C, 
Vanderheyden M, Luscher TF, Moat N, Price S, Dall’Ara G, 
Winter R, Corti R, Grasso C, Snow TM, Jeger R, Blankenberg S, 
Settergren M, Tiroch K, Balzer J, Petronio AS, Buttner HJ, Ettori F, 
Sievert H, Fiorino MG, Claeys M, Ussia GP, Baumgartner H, 
Scandura S, Alamgir F, Keshavarzi F, Colombo A, Maisano F, 
Ebelt H, Aruta P, Lubos E, Plicht B, Schueler R, Pighi M, Di 
Mario C; Transcatheter Valve Treatment Sentinel Registry 
Investigators of the EURObservational Research Programme of the 
European Society of Cardiology. 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;64:875-84.
 27. Messé SR, Acker MA, Kasner SE, Fanning M, Giovannetti T, 
Ratcliffe SJ, Bilello M, Szeto WY, Bavaria JE, Hargrove WC 3rd, 
Mohler ER 3rd, Floyd TF; Determining Neurologic Outcomes from 
Valve Operations (DeNOVO) Investigators. Stroke after aortic 
valve surgery: results from a prospective cohort. Circulation. 
2014;129:2253-61.


