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aBstract
Background: Available criteria for MitraClip implantation (MCI) are those used in the 
EVEREST trial, developed to identify patients eligible for both surgery and MCI, not 
to predict outcome of MCI. We investigated the relation between mitral valve (MV) 
anatomy and outcome of patients referred for MCI.

methods: MV anatomy was evaluated in 111 patients referred for MCI with severe 
mitral regurgitation (MR) and a transoesophageal echocardiography available. 
Successful implantation was defined as grade ≤ 2 MR at 1 month follow-up.

results: Twenty-three patients were rejected for MCI; main reasons for rejection were 
calcifications at the MR location (35%) and lack of coaptation (39%). Left ventricular 
ejection fraction ≤ 25% (30% vs 13%, p=0.055) and a flail gap > 10 mm (50% vs 3%, 
p=0.003) were more often present in rejected patients. Of the 88 accepted patients, 
MCI failed in 9 patients. At follow-up 47 patients had reduction to MR grade ≤ 2 and 
24 remained MR grade ≥3. Successfully treated patients had more often a central jet 
direction (72% vs 42%, p=0.02), less coaptation depth (7±3 vs 10±2 mm, p=0.01) and 
a shorter length of anterior MV leaflet (AMVL) (24±5 vs 27±6 mm, p=0.049) compared 
to patients with MR grade ≥ 3. EVEREST exclusion criteria were equal present in both 
groups (in 63% of these patients).

conclusion: A central jet direction, coaptation depth and AMVL length are parameters 
associated with successful outcome after MCI. More extensive anatomical selection 
criteria, beyond the EVEREST criteria, can contribute to optimize MCI results.
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introduction
Percutaneous repair of mitral regurgitation (MR) by MitraClip implantation (MCI) is a 
promising technique to treat patients with symptomatic severe MR who are rejected 
for surgery.1-4 The only available criteria to select patients for MCI are those used in the 
EVEREST trial. In this trial stringent in- and exclusion criteria were used for the selection 
of patients, especially regarding the anatomy of the mitral valve (MV)5 because patients 
should be eligible for both cardiac surgery and MCI. However in clinical practice, patients 
treated with the MitraClip are mainly elderly, considered inoperable or with high surgical 
risk and with often functional MR6-8 (in contrast with the patients in the EVEREST trial 
who had mainly degenerative MR).9 These differences in clinical presentation of current 
patients undergoing MCI implies consequential differences in MV anatomy, therefore new 
parameters might be needed for the selection of patients for MCI to improve outcome.

Therefore our aim was to analyze the MV anatomy in patients referred for MCI and 
determine which anatomic characteristics could predict outcome after MCI.

methods
Patient population and data collection
In this retrospective study we included all consecutive patients referred for evaluation for 
MCI to our institution between May 2009 and April 2013 with MR grade ≥3 in whom a 
TEE was available. We divided these patients in 3 groups: 1) patients who were rejected 
for MCI due to unsuitable MV anatomy for MCI, 2) patients in whom implantation of a clip 
failed, 3) patients who were treated with the MitraClip and in whom 1 month follow-up was 
obtained to determine success (Figure 1). All patients had symptomatic severe MR and were 
declined for surgical treatment due to anticipated high surgical risk by a multidisciplinary 
heart team. Decisions about acceptation and rejection for MCI have been made by at 
least 2 independent cardiologists (1 interventional cardiologist and 1 echocardiographer). 
The MitraClip device and the implantation procedure were described previously.10 All 
accepted patients gave written informed consent for the MitraClip procedure and to data 
being collected and utilized as per the ethical guidelines of the institute. 

Baseline characteristics including age, gender, relevant medical and surgical histories 
were collected retrospectively. New York Heart Association (NYHA) functional class was 
determined pre-procedurally. Follow-up was performed at 1 month after MCI.

Echocardographic protocol
Transthoracic echocardiography (TTE) was scheduled at 1 month follow-up with 
a Vivid 7 and 9 machine (GE Healthcare, Horten, Norway), all with 2D images. 
Echocardiographic recordings were digitalized and analyzed offline. All views 
were obtained according to the recommendations of the American Society of 
Echocardiography.11,12 The mean value of three repetitive measurements was taken 
for every variable in patients with sinus rhythm and of five measurements in case 
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of atrial fibrillation. All echocardiographic analyzes were performed retrospectively 

and were reviewed by two experienced investigators. EVEREST exclusion criteria were 

defined as: left ventricular ejection fraction  (LVEF) <25%, left ventricular end systolic 

diameter (LVESD)  >55 mm, mitral valve area (MVA) < 4cm2, coaptation length < 2mm, 

coaptation depth >11mm, flail gap >10 mm and flail width ≥ 15mm.5

Transoesophageal echocardiography
To evaluate the MV pathology we used the method described by Foster et al.13 MR 

grade, aetiology and jet origin and direction were determined. Furthermore we 

measured the annulus diameter in 0° and 120° angle and the length of both leaflets 

in 120° at the moment of the maximum length (Figure 2A). In cases of functional MR 

we measured the coaptation length (Figure 2B) and coaptation depth in 0° in the 

four chamber view where the coaptation depth is greatest (Figure 2C). In cases of 

degenerative MR with flail we measured the flail gap where the largest flail gap is 

measurable (Figure 2D) and flail width in the 0° transgastric short axis view (Figure 2E). 

If calcifications were present at the MR location this was noted. 

Primary or degenerative aetiology of MR was assumed in the presence of intrinsic 

lesions to components of the mitral valve apparatus whereas secondary or functional 

aetiology of MR was assumed when the anatomy of the mitral valve apparatus was 

intact and resulted from tethering and reduced closing forces.3 When both types of 

figure 1. Patient flow chart. Schematic representation of patients rejected and accepted for 
MitraClip implantation included in this study.
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aetiology were present and it was unclear which aetiology was the main cause of MR 
it was assumed to be mixed aetiology.

Transthoracic echocardiography
The MR grade was based on qualitative and quantitative data by the color Doppler and 
continuous wave Doppler using color flow jet area in the left atrium, pulmonary vein 
flow (in case of no atrial fibrillation), vena contracta width, effective regurgitant orifice 
area (using the proximal isovelocity surface area method), regurgitant fraction and 
regurgitant volume. MR severity was scored from 1 to 4 (1=mild, 2=mild to moderate, 
3=moderate to severe, 4=severe). Vena contracta width could not be used after clip 
placement, due to the double-orifice valve. After clip implantation we measured MR 
severity according to the MR score reported previously.14 MVA was measured using 
the pressure half time method. LVEF was measured by Simpson biplane method.15  
LVESD was measured in the apical long axis view, as a linear measurement.15

Statistical analysis
Data are expressed as mean ± SD for continuous variables and as percentages for 
categorical data. An independent-samples T-test was performed on continuous data 
to detect significant differences between groups. Chi square test or Fisher exact was 
performed for categorical data. We performed receiver-operating characteristics (ROC) 
curves and the area under the curve was determined by using the bootstrap method 
and made a 95% confidence interval for the area under the curve. Data analysis was 
performed with the SPSS (version 20, SPSS, Chicago, IL) software package.

results
Patient and procedure characteristics
In total 111 patients were referred to our institution for MCI between May 2009 and 
April 2013 (Figure 1). Eighty-eight patients were accepted for MCI; in 9 of these patients 
MitraClip implantation failed. The baseline characteristics of the 23 rejected and 88 
accepted patients are summarized in Table 1. The mean age of the rejected patients was 
76±8 years and 75±10 years for the accepted patients (p=0.8). In both groups almost 
half of the patients were male (rejected patients 48% vs accepted patients 56%, p=0.6). 
All patients had a MR grade ≥ 3 and the NYHA functional class was ≥ III/VI in 96% of the 
rejected patients and 94% of the accepted patients (p=1). Of the accepted patients with 
a MitraClip implanted, 24 (30%) had more than 1 clip implanted in 1 procedure.

Patients rejected for MitraClip implantation
Main reasons for rejection were: severe calcifications at MR location (35%) and lack 
of coaptation (39%). Other reasons were: degenerative disease not suitable for MCI 
(13%), severely dilated left ventricle (9%), posterior mitral valve leaflet (PMVL) to short 
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figure 2. Transoesophageal measurements. 2A. Measurements of both anterior and posterior mitral 
valve leaflet at maximum length in 120°. 2B. Measurements of coaptation length in four chamber 
view in 0°. Coaptation length is measured in the view where coaptation length is shortest. 2C. 
Measurements of coaptation depth in four chamber view in 0°. Coaptation depth is measured in the 
view where coaptation depth is greatest. 2D. Measurement of the flail gap where flail gap is largest. 
2E. Measurement of the flail width where flail width is largest in transgastric short axis view (0°).

for clipping (4%). The rejected patients had significantly more often calcifications 
at the MR location than the accepted patients (rejected patients 57% vs accepted 
patients 15%, p<0.001). Furthermore, coaptation depth seems less in the accepted 
patients, but the difference was not significant (8±3 mm vs 10±4 mm, p=0.07).

The majority of the rejected patients did meet at least 1 of the EVEREST exclusion 
criteria, however this was not significantly different from the accepted patients (rejected 
patients 65% vs accepted patients 59%, p=0.6). The rejected patients had more often 

▲

▲
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table 1. Baseline characteristics, patients referred for MitraClip implantation

accepted for mitraclip 
implantation (n=88)

rejected for mitraclip 
implantation (n=23) P-value

Age (y) 75 ± 10 76 ± 8 ns

Men (%) 56 48 ns

BSA (m²) 1.9 ± 0.2 1.8 ± 0.2 ns

Clinical history (%)

Hypertension 34 48 ns

Diabetes Mellitus 19 22 ns

Previous stroke 9 9 ns

Coronary artery disease 51 48 ns

Previous PCI 26 30 ns

Previous CABG 24 30 ns

Previous valve surgery 11 9 ns

Atrial fibrillation 51 57 ns

COPD 15 30 ns

NYHA class ≥ III/IV (%) 94 96 ns

SMWT (m) 322 ± 148 (n=62) NA ± NA

EuroSCORE (%) 17 ± 12 22 ± 18 ns

Use of loop diuretics (%) 84 85 ns

Laboratory findings

NT-proBNP (ug/L) 1755 (770-3488) 3266 (1222-7276) ns

Creatinin (umol/L) 125 ± 84 134 ± 67 ns

Data expressed as mean ± SD, as percentage or as median (25th -75th  percentile). ns: not 
significant; BSA: body surface area; PCI: percutaneous coronary intervention; CABG: coronary 
artery bypass grafting; COPD: chronic obstructive pulmonary disease; NYHA; New York Heart 
Association; SMWT: six minute walk test; NA: not available.

poor LV function, however this was not significant (p=0.055). Rejected patients had 
significantly more often a flail gap > 10 mm (p=0.003) as shown in Table 2.

Patients accepted for MitraClip implantation
Of the 88 accepted patients, MCI failed in case of: failure of septum puncture (3 
patients), impossibility of sufficiently grasping both leaflets (3 patients) and lack of MR 
reduction (3 patients). In 79 patients MCI succeeded. The aetiology of the MR in these 
patients was functional in 53%, degenerative in 38% and mixed in 9% of the patients. 
The majority of the patients had a MR jet originating from A2-P2 (70%) and most of 
the patients had a central jet direction (63%) (Table 3). Calcifications at the MR location 
were present in 15% of the patients. Of all accepted patients, 52 patients (59%) had at 
least one of the EVEREST exclusion criteria. 
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table 2. EVEREST exclusion criteria in patients referred for MitraClip implantation

 

rejected 
patients

n=23

all accepted patients for mitraclip implantation

all accepted 
patients

n=88

mitraclip 
implanted

n=79

mr grade ≤ 2 
at follow-up

n=47

mr grade ≥ 3 
at follow-up

n=24

LVEF < 25% (%) 30 13 13 9 21

LVESD > 55mm (%) 13 21 23 24 22

MVA < 4 cm2 (%) 40 38 40 43 35

coaptation length <2 mm (%)* 14 22 24 27 11

coaptation depth >11 mm (%)* 22 16 15 10 27

flail gap > 10 mm (%)† 50‡ 3‡ 4 0 8

flail width ≥ 15 mm (%)† NA 40 38 33 50

Data expressed in percentage. *Measured in patients with functional MR (n=8 for rejected 
patients and n=47 for all accepted patients). † Measured in patients with degenerative MR 
with flail (n=8 for rejected patients and n=32 for all accepted patients). ‡Significant differences 
between these groups (p=0.003). LVEF: left ventricular ejection fraction. LVESD: left ventricular 
end-systolic diameter. MVA: mitral valve area. NA: not available. There were no good 
transgastric short axis views (0°) available of the rejected patients to measure flail width. 

Follow-up after MitraClip implantation
In 68 patients with a MitraClip implanted we obtained follow-up at 1 month; 3 patients 
were deceased before 1 month follow-up  (1 due to end-stage heart failure with a 
moderate-severe MR after MCI and the other 2 patients due to reasons other than 
heartfailure and not related to the MCI) and 5 patients were lost to follow-up (Figure 1). 
At follow-up 24 patients (34%) had MR grade ≥ 3 on TTE (Table 3). Of these patients one 
had a partial clip detachment. In the patients with MR grade ≤ 2 at 1 month significantly 
more patients had 1 clip (77%) compared to patients with MR grade ≥ 3 (46%). A central 
jet direction (72% vs 42%, p=0.02), less coaptation depth (7±3 mm vs 10±2 mm, p=0.01) 
and a shorter AMVL length (24±5 mm vs 27±6 mm, p=0.049) seems to be favourable 
for successful MCI with MR grade ≤ 2 at one month follow-up. An anterior jet was more 
common in patients with a MR grade ≥ 3 at follow-up (25% vs 4%, p=0.02). The aetiology 
of the MR in patients with MR grade ≤ 2 was more often functional compared to patients 
with MR grade ≥ 3 at follow up, but this was not significant (p=0.2). We constructed ROC 
curves to find the optimal cutoff points for coaptation length and length of AMVL for 
optimal result of MCI at follow-up. For the analysis of the coaptation depth we included 
all patients with a functional MR. ROC analysis identified a coaptation depth of 10 mm 
as the optimal cutoff point and an AMVL length of 28 mm.

In total 45 patients (63%) with 1 month follow-up had at least one of the EVEREST 
exclusion criteria and this was equally present in both groups. 
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table 3. Mitral valve anatomy prior to MitraClip implantation and at follow-up

 

all patients 
baseline

n=79

mr grade ≤ 2  
at follow-up

n=47

mr grade ≥ 3  
at follow-up

n=24 P-value

MR grade ≥ 3 (%) 100 100 100 ns

MR etiology (%)

Functional 53 62 42 ns

Degenerative 38 30 50 ns

Mixed 9 8 8 ns

Jet origin A2-P2 (%) 70 74 71 ns

Jet direction (%)

Central 63 72 42 0.02

Posterolateral 19 17 25 ns

Anterior 10 4 25 0.02

Anterolateral 8 6 8 ns

Coaptation length (mm)* 3 ± 1 3 ± 1 3 ± 1 ns

Coaptation depth (mm)* 8 ± 3 7 ± 3 10 ± 2 0.01

Flail gap (mm)† 5 ± 3 5 ± 2 6 ± 4 ns

Flail width (mm)† 13 ± 4 13 ± 2 15 ± 2 ns

Lenght PMVL (mm) 14 ± 4 14 ± 4 15 ± 4 ns

Length AMVL (mm) 25 ± 5 24 ± 5 27 ± 6 0.049

Annulus diameter 0° 35 ± 5 35 ± 5 35 ± 4 ns

Annulus diameter 120° 34 ± 6 33 ± 6 33 ± 4 ns

Data expressed as percentage or as mean ± SD. P-value is between MR grade ≤ 2 and ≥ 3 at 
follow-up. *Measured in patients with functional MR. †Measured in patients with degenerative 
MR with flail (n= 28 for all patients baseline). ns: not significant; PMVL: posterior mitral valve 
leaflet; AMVL: anterior mitral valve leaflet.

discussion
In the present study we showed that a central jet direction, coaptation depth and 
AMVL length are associated with successful outcome after MCI. Evaluation of the MV 
anatomy of patients referred for MCI is mandatory. 

The EVEREST trial was designed to randomise patients with severe MR, eligible 
for both MV surgery and MCI. As a consequence of the design of this trail, the in- and 
exclusion criteria were created not only for appropriate use of the MitraClip but also 
for the most optimal results after surgical treatment. Data of the EVEREST trial were 
collected mainly in patients with degenerative MR, whereas the majority of patients 
currently treated with MCI have functional MR. Hence, these in- and exclusion criteria 
may be a limitation for patients only eligible for MCI due to high surgical risk. For 
example, it is conceivable that the exclusion criteria LVEF < 25% en LVESD >55 mm5 
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were adopted to achieve optimal surgical result. For successful MitraClip implantation, 
these exclusion criteria may not be necessary. For example, reversed LV remodelling 
after MCI has been demonstrated, also in patients with a (severely) reduced LVEF.16-19 
Nevertheless, in the present study LVEF ≤ 25% was more often present in rejected 
patients than in accepted patients even though this was not the main reason for 
rejection. A likely explanation is that patients with a very poor LVEF may have a limited 
prognosis that cannot be improved by MCI. A flail gap > 10 mm (one of the EVEREST 
exclusion criteria) was also more often present in patients rejected for MCI, which is 
logical because it may obviously complicate sufficient grasp of the MV leaflets.  The 
main reasons for rejection in our cohort were calcifications at the MR location and lack 
of coaptation. Overall the EVEREST exclusion criteria were not strictly used for the 
evaluation of patients referred for MCI, the cardiologists selecting the patients for MCI 
were obviously knowledgeable of these criteria and they do appear to play a role in 
rejecting patients for this procedure. 

Apparently, almost 60% of the accepted patients for MCI had at least one of the 
EVEREST exclusion criteria which thus lead to our conclusion to expand the criteria 
for MCI beyond the EVEREST criteria. Considering the reasons for failure in our cohort 
(failure of septum puncture, impossibility of sufficiently grasping both leaflets and 
lack of MR reduction) it will probably be difficult to improve selection criteria to avert 
failure. However, the small patient population (9 patients with failure of the procedure) 
precludes the detection of predictors. It would be valuable to investigate potential 
implantation predictors in a larger population. 

Success rate at one month follow-up was associated with MV anatomy, whereas the 
EVEREST exclusion criteria did not predict outcome. There were significant differences in 
baseline MV anatomy between patients with MR grade ≤ 2 and patients with MR grade ≥ 
3 at follow-up. Especially patients with a central jet direction, less coaptation depth and 
shorter AMVL length more often have a successful result. A central jet might be easier 
to reduce with placement of a MitraClip than an eccentric jet. In the EVEREST trial a 
coaptation depth of >11mm is an exclusion criteria. In our cohort, patients with MR ≥3 at 
1 month follow-up had an average coaptation depth of 10±2 mm compared to 7±3 mm 
in patients with MR grade ≤ 2 at follow-up. Thus, the average coapatation depth of the 
patients with MR grade ≥3 is close to the value of this EVEREST exclusion criterium. Also 
the ROC analysis showed a cutoff of 10 mm for coaptation depth. This may indicate that 
patients with a coaptation depth of ≥ 10 mm should be selected more meticulously prior 
to MCI. Patients with MR grade ≥3 had a significant larger AMVL, which is possibly due to 
the higher rate of degenerative MR in this group (50% vs 30%, although this difference is 
not significant). A larger AMVL might result in less reduction of MR after MCI due to less 
coaptation or more difficulty to grasp equal leaflet lengths in the clip. An AMVL length ≥ 
28 mm seems to be associated with poorer outcome at 1 month follow-up.

It might be considered to pay extra attention to these 3 MV anatomical characteristics 
(jet direction, coaptation depth and AMVL length) during selection of patients for MCI 
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to improve success rate. Especially a central jet, coaptation depth < 10 mm and AMVL 
length <28 mm, seem to be preferable for optimal result at follow-up and might be 
useful during the selection of patients for this procedure.

Patients with 1 clip implanted had more often a MR grade ≤2 than patients with 
more clips, probably due to a more simple MR mechanism.

For the analyses of this study we only used 2D TEE images, although we do use 3D 
TEE since the availability of 3D TEE for GE Vivid systems. Orientation in the left atrium 
improves with 3D TEE and provides better visualization on the MV. The use of 3D TEE 
might improve visualization during selection and the MCI procedure.20,21

limitations
The limitations of this single-center study were the limited number of patients and its 
observational design. The results may also be influenced by the initial learning curve 
of the MCI. Naturally, this study was not powered to distinguish differences between 
groups. However, to our knowledge, this is the first study that examines MV anatomy 
and the results demonstrate that some of the anatomical characteristics could be 
favourable for optimal results.

conclusion
A central jet direction, a coaptation depth < 10 mm and an AMVL length <28 mm are 
the parameters associated with successful outcome after MCI and might be useful 
during selection of patients for this procedure. This indicates that more extensive 
anatomical selection criteria, beyond the EVEREST criteria, can contribute to optimize 
MitraClip implantation results in this high risk patient population.
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