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Abstract

AIM

To investigate one-year outcomes after percutaneous
mitral valve repair with MitraClip® in patients with
severe mitral regurgitation (MR).

METHODS

Our study investigated consecutive patients with
symptomatic severe MR who underwent MitraClip®
implantation at the University Hospital Bergmannsheil
from 2012 to 2014. The primary study end-point was
all-cause mortality. Secondary end-points were degree
of MR and functional status after percutaneous mitral
valve repair.

RESULTS

The study population consisted of 46 consecutive
patients (mean logistic EuroSCORE 32% + 21%). The
degree of MR decreased significantly (severe MR before
MitraClip® 100% vs after MitraClip® 13%; 2 < 0.001),
and the NYHA functional classes improved (NYHA III/
IV before MitraClip® 98% vs after MitraClip® 35%; P
< 0.001). The mortality rates 30 d and one year after
percutaneous mitral valve repair were 4.3% and 19.5%,
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respectively. During the follow-up of 473 £ 274 d, 11
patients died (90% due to cardiovascular death). A pre-
procedural plasma B-type natriuretic peptide level > 817
pg/mL was associated with all-cause mortality (hazard
ratio, 6.074; 95%CI: 1.257-29.239; P = 0.012).

CONCLUSION

Percutaneous mitral valve repair with MitraClip® has
positive effects on hemodynamics and symptoms.
Despite the study patients” multiple comorbidities and
extremely high operative risk, one-year outcomes after
MitraClip® are favorable. Elevated B-type natriuretic
peptide levels indicate poorer mid-term survival.

Key words: Severe mitral regurgitation; Percutaneous
mitral valve repair; MitraClip®; One-year outcome
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Core tip: Percutaneous mitral valve repair with the
MitraClip® device has positive effects on hemodynamics
and symptoms. Despite the multiple comorbidities and
extremely high operative risk of the study patients,
mid-term outcomes after MitraClip® implantation are
favorable. Elevated B-type natriuretic peptide (> 817
pg/mL) levels are indicative of poorer long-term survival.
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year outcome of percutaneous mitral valve repair in patients
with severe symptomatic mitral valve regurgitation. World J
Cardiol 2017; 9(1): 39-46 Available from: URL: http://www.
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INTRODUCTION

Severe mitral regurgitation (MR) is a common valvular
heart disease that has an unfavorable prognosis'".
When possible, mitral valve repair is considered the
optimal surgical treatment™.

In the last few years, percutaneous mitral valve
repair has developed into an alternative technique
for patients with severe MR, with more than 20000
procedures worldwide™®?®, However, the Everest II
study is the only randomized trial that has compared
percutaneous repair with heart surgery, and it mainly
included patients with degenerative MR who did not
have an elevated operative risk'”. By contrast, the
current European Society of Cardiology guidelines
recommend applying MitraClip® only in symptomatic
high-risk patients with severe functional MR (level of
evidence IIb)™,

In recent years, some registry studies™ ™ and several
smaller studies”™" concerning MitraClip® have been
published. However, relatively little is known about the
long-term results of percutaneous mitral valve repair.
Therefore, the aim of this study was to assess the one-

[4-6]
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year outcome after percutaneous mitral valve repair
with MitraClip®.

MATERIALS AND METHODS

We performed a retrospective study to evaluate the
effects of percutaneous mitral valve repair using
MitraClip® (Abbott Vascular, Menlo Park, California,
United States) on symptoms, hemodynamics and
outcomes. The primary study endpoint was all-cause
mortality. The secondary endpoints were functional
status and degree of MR after percutaneous mitral valve
repair.

This study included consecutive patients with sympto-
matic severe MR who underwent MitraClip® implantation
from May 2012 to December 2014 at the University
Hospital Bergmannsheil. The risk of mitral valve surgery
was estimated using the logistic EuroSCORE I and
the logistic EuroSCORE II'"*). All patient cases were
discussed by the cardiology team. The decision to
perform percutaneous mitral valve repair was based
on: (1) a high EuroSCORE I (> 20%); and (2) serious
comorbidities with a considerable risk for heart surgery
[for example, porcelain aorta, left ventricular ejection
fraction (LVEF) < 30%, previous chest radiation and
severe chronic obstructive pulmonary disease]. The
contraindications were active endocarditis, intracardiac
thrombus, limited life expectancy (< 1 year) and
unsuitable mitral valve morphology, according to the
EVEREST criteria™.

Written informed consent was given by all patients
to receive percutaneous mitral valve repair with the
MitraClip®. The study was reviewed and approved by
the Ruhr-University Bochum Institutional Review Board.

Pre-procedural investigations

The pre-procedural examinations of study patients
comprised an anamnesis, assessment of functional
capacity (NYHA class), laboratory measurements,
transthoracic and transesophageal echocardiography
and coronary angiography. The diagnosis of coronary
artery disease was made in patients with a coronary
artery stenosis > 50% in the pre-procedural coronary
angiography, previous myocardial infarction, coronary
artery bypass grafting, or percutaneous coronary
intervention.

We measured plasma B-type natriuretic peptide
levels on the same day as clinical and echocardio-
graphical examinations. By using a chemiluminescent
immunoassay kit (Biosite Triage, San Diego, CA,
United States) we analyzed the levels of plasma B-type
natriuretic peptide.

All patients underwent transthoracic and trans-
esophageal echocardiography (Vivid 7 or Vivid 9, General
Electrics, Horton, Norway) according to the guidelines of
the American Society of Echocardiography!**., Using the
modified Devereux formula left ventricular myocardial
mass was calculated. The Simpson method (using 4-
and 2-chamber views) was applied to measure LVEF".,
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According to the American Society of Echocardiography,
MR and tricuspid regurgitation was graded as mild,
moderate or severe™!. In addition, MR was classified as
degenerative, functional or mixed™'. According to the
current recommendations, systolic pulmonary pressure
and tricuspid annular plane systolic excursion were
measured!®.,

Percutaneous mitral valve repair
Percutaneous mitral valve repair with the MitraClip®
device was executed under general anesthesia with-
out hemodynamic support using a femoral vein. The
transseptal puncture and positioning of the device were
performed under transesophageal echocardiography
and fluoroscopic guidance. After positioning a clip, the
remaining MR and mean transmitral gradient were
assessed. If the reduction in MR was unsatisfactory,
a second clip was positioned. A maximum mean
transmitral gradient of 5 mmHg was accepted.
Before and after implantation, left atrial pressure was
measured invasively. The procedure and MitraClip®
system have been previously described in detail™?.
Patients were treated with aspirin for 6 mo and with
clopidogrel for 30 d*!. When dlinically indicated (mainly
due to atrial fibrillation), patients also received oral
anticoagulation.

Postprocedural investigations
The procedural and in-hospital difficulties were reported
according to current recommendations™”. Within 48
h after the MitraClip® procedure, a transthoracic echo-
cardiography was performed.

Follow-up examinations of all surviving study
patients were conducted 3 £ 2 mo after the Mitra-
Clip® implantation and comprised an assessment of
functional capacity (NYHA class) and a transthoracic
echocardiography. Any changes in MR, left atrial
volume and diameter and left ventricular geometry and
function were documented. The follow-up of patients
was at least 12 mo and death, myocardial infarction,
stroke and hospitalization due to heart failure were
documented. During routine ambulatory visits follow-
up information was obtained. In case of patients’ death,
we contacted their physicians to get information about
reasons of death.

Statistical analysis

Numerical values were expressed as mean % SD. For the
comparison of continuous variables we used unpaired
t tests or Mann-Whitney U test, where appropriate. In
order to compare categorical variables we performed
2° analysis. To examine continuous variables before
and after MitraClip® implantation, we applied paired
Student’s t test (for normally distributed variables) or
Wilcoxon test (for non-normally distributed variables).
For categorical variables, we used McNemar’s test to
measure changes before and after MitraClip® implanta-
tion. Univariate Cox proportional hazards model was
performed to assess predictors of all-cause death. For
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this, all the parameters in Tables 1 and 2 were included
in the analysis.

In order to determine cut-off values for plasma
B-type natriuretic peptide (BNP), receiver operating
characteristic (ROC) curves were performed. The
Kaplan-Meier method was used for analysis of all-cause
mortality. A comparison of survival between different
groups of patients was assumed with log-rank tests.
A P value < 0.05 was considered to be statistically
significant. All probability values reported were two-
sided. A statistical review of the study was performed
by a biomedical statistician. The analyses were done
using SPSS software (version 20.0; SPSS Inc., Chicago,
IL, United States).

RESULTS

A total of 48 consecutive patients with native MR who
underwent percutaneous mitral valve repair with the
MitraClip® device were enrolled between May 2012 and
December 2014. During the procedures, no patients died
and no cases of stroke or myocardial infarction occurred.
In one patient, positioning of the MitraClip® was not
possible, and the procedure was thus abandoned. In
another patient, leaflet detachment occurred after
implantation of the clip. One day after the unsuccessful
procedure, this patient received surgical mitral valve
repair. Therefore, these two patients were not included
in the analysis. The final study cohort consisted of 46
patients. Clip embolization, acute conversion to open
surgery, pericardial tamponade, need for resuscitation,
need for dialysis, respiratory failure and major bleeding
did not occur after MitraClip® implantation.

Study cohort and procedure

The mean age of the study patients (21 women, 25
men) was 76.5 + 9.4 years, and the mean logistic
EuroSCORE I was 32% =+ 21%. Plasma BNP was
measured in 36 of the 46 patients. The baseline chara-
cteristics of the patients are provided in Table 1.

The mean procedure time was 143 + 34 min (door-
to-door time, including general anesthesia). One clip
was implanted in 31 patients (67%), and two clips were
implanted in 15 patients (33%). Immediately after
the percutaneous mitral valve repair, transesophageal
echocardiography revealed remaining severe MR in 2
patients (4%). There were no cases of post-procedural
mitral stenosis (the transmitral gradient was < 5 mmHg
in all patients). The invasive hemodynamic measure-
ments demonstrated a significant decrease in mean left
atrial pressure (left atrial pressure before procedure 27
+ 10 mmHg vs left atrial pressure after procedure 23 +
10 mmHg, P = 0.018).

Clinical follow-up

The mean duration of hospitalization after MitraClip®
procedure was 11 * 8 d. Within 30 d after the Mitra-
Clip® implantation, 2 patients suffered from death due
to heart failure. Follow-up examinations were done in

January 26, 2017 | Volume 9 | Issuel |



Gotzmann M et a/. One-year outcome of MitraClip®

Table 1 Clinical characteristics, laboratory values and echocardiography results

Total (» = 46)  Survivors (7 = 35) Non-survivors (7 = 11) P value

Age (yr) 76.5+9.4 764 +9.5 76.9 £ 9.6 0.871
Women, 7 (%) 21 (46) 16 (46) 5 (45) 0.988
Body mass index (kg/m?) 268+4.3 268 £4.5 26.6+3.7 0.928
NYHA class 0.818

NYHA class II, n (%) 1(2) 1(3) 0 (0)

NYHA class III, n (%) 27 (59) 20 (57) 7 (64)

NYHA class IV, n (%) 18 (39) 14 (40) 4 (36)
Hypertension, n (%) 31 (69) 23 (66) 8 (80) 0.389
Diabetes mellitus, 1 (%) 21 (47) 17 (49) 4 (40) 0.632
Coronary artery disease, n (%) 27 (60) 22 (63) 5 (50) 0.464
Previous coronary artery bypass grafting, n (%) 15 (34) 12 (35) 3 (30) 0.756
Previous heart valve surgery, 1 (%) 6 (13) 5(14) 1 (10) 0.725
Previous stroke, 1 (%) 5(11) 5(14) 0 (0) 0.205
Atrial fibrillation/flutter, n (%) 33 (73) 25 (71) 8 (80) 0.589
Implanted PM/ICD/CRT-device, 1 (%) 15 (34) 9 (26) 6 (60) 0.067
Chronic obstructive pulmonary disease, 1 (%) 14 (31) 12 (34) 2 (20) 0.389
Peripheral artery disease, 1 (%) 6 (13) 4(11) 2 (18) 0.482
Logistic EuroSCORE [ (%) 31.8+21.1 321+214 30.9+21.2 0.870
Logistic EuroSCORE II (%) 11.9+95 120+ 9.5 11.6 +9.98 0.885
Laboratory parameters

Creatinine (mg/dL) 14+05 1405 1.28 £0.39 0.476

Hemoglobin (g/dL) 121+17 123+1.6 114 +£20 0.256

Plasma BNP (pg/mL) (1 = 36) 1022 + 897 793 + 611 1710 + 1264 0.006
Echocardiography
Mitral regurgitation etiology
Organic, 1 (%) 17 (37) 14 (40) 3(27) 0.446
Functional, n (%) 21 (46) 16 (46) 5 (45) 0.988
Mixed, n (%) 8(17) 5 (14) 3(27) 0.322
Left atrial diameter (mm) 51+6 51+6 50+5 0.793
Left atrial volume (mL) 115+43 110 £ 42 134 +45 0.118
LV end-diastolic diameter (mm) 55+ 10 55+ 10 57+£10 0.498
LV end-systolic diameter (mm) 42+12 41+11 45+12 0.313
LV end-diastolic volume (mL) 159+ 70 152 + 62 181+93 0.258
LV end-systolic volume (mL) 96 + 63 88 £55 121+ 82 0.151
LV ejection fraction (%) 42+14 44+14 37+14 0.203
MAPSE (mm) 123 13+3 113 0.163
TAPSE (mm) 175 17+ 4 18+6 0.527
Tricuspid regurgitation (moderate/severe), 1 (%) 31 (67) 21 (60) 10 (91) 0.070
sPAP (mmHg) 44+12 44+12 43 +14 0.844

NYHA: New York Heart Association; PM/ICD/CRT: Pacemaker, implantable cardioverter defibrillator, Cardiac Resynchronization Therapy; BNP: B-type
natriuretic peptide; LV: Left ventricular; sPAP: Systolic pulmonary artery pressure.

the remaining 44 patients (the mean follow-up was 95
d after the percutaneous mitral valve repair).

Prior to the procedure, 98% of our study population
was considered NYHA functional class III or IV. After the
percutaneous mitral valve repairs, the NYHA functional
classes and degree of MR improved significantly (both P
< 0.001) (Figure 1). Additionally, the left atrial diameter,
left atrial volume and systolic pulmonary artery pressure
decreased. By contrast, the left ventricular dimensions
and LVEF remained unchanged (Table 2). In our study,
there were no differences in clinical course after mitral
valve repair between patients with organic and with
functional MR.

Mortality and morbidity

The all-cause mortality rate 30 d after percutaneous
mitral valve repair was 4.3% (n = 2), and this rate
increased to 19.5% (n = 9) at one year. In the first
year after the MitraClip® implantation, no cases of
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myocardial infarction occurred, but 2 patients suffered
from ischemic stroke. One of these patients had atrial
fibrillation and received aspirin and coumarin at the
time of stroke. This patient died within the first year.
The other patient was in sinus rhythm and received
monotherapy with aspirin. Hospitalization due to heart
failure occurred in 16 patients (35% of study patients),
and of these patients, 7 died within the first year after
MitraClip® implantation.

During the follow-up of 473 £ 274 d, the primary
endpoint (all-cause mortality) was attained in 11
patients (24%). Reasons for death included heart failure
(n = 7), myocardial infarction (n = 1), unknown causes
(n = 2) and malignancy (n = 1). Kaplan-Meier curves
were created for the analysis of all-cause mortality
(Figure 2A).

Predictors of outcome
In the univariate Cox analysis, only plasma BNP was
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Table 2 New York Heart Association class and hemodynamics

before and after MitraClip implantation (7 = 44)

Before After P value
MitraClip  MitraClip

NYHA class Il and IV, 1 (%) 43 (98) 16 (35) <0.001
Mitral regurgitation (severe) 44 (100) 6 (14) <0.001
Left atrial diameter (mm) 50+ 6 49+7 0.039
Left atrial volume (mL) 114+43  102+42 0.008
LV end-diastolic diameter (mm) 55+ 10 5411 0.308
LV end-systolic diameter (mm) 42+12 41+12 0.367
LV end-diastolic volume (mL) 158+69 159+75 0.866
LV end-systolic volume (mL) 95+ 63 95 + 61 0.993
LV ejection fraction (%) 42+15 44+13 0.216
Severe tricuspid regurgitation, n (%) 12 (27) 9 (20) 0.763
sPAP (mmHg) 44+13 27 +10 0.027

LV: Left ventricular; sSPAP: Systolic pulmonary artery pressure.

significantly associated to the primary study endpoint.
Patients who died after percutaneous mitral valve repair
had significantly higher pre-procedural BNP levels
compared to patients who survived (Table 1). The ability
of BNP to predict all cause-mortality was assessed using
ROC curve analysis. Using a cut-off point of BNP >
817 pg/mL, the sensitivity was 78% and the specificity
was 70% [area under the ROC curve (AUC) = 0.778,
(95%CI: 0.621-0.936; P < 0.001)]. A pre-procedural
plasma BNP level > 817 pg/mL was associated with all-
cause mortality (HR = 6.074; 95%CI: 1.257-29.239; P
= 0.012) (Figure 2B).

DISCUSSION

The main result of this study was an improvement in
hemodynamics (Figure 1A and Table 2) and symptoms
(Figure 1B) in patients with severe symptomatic MR
after receiving percutaneous mitral valve repair with
the MitraClip® system. However, the relatively high one-
year mortality rate (19.5%) observed in the present
study must be mentioned (Figure 2A). Preexisting co-
morbidities of these selected patients who had a very
high mean logistic EuroSCORE I of 31.8% (Table 1) is
the most likely explanation. Several previous studies
reported comparable mortality rates after MitraClip®
implantation®*!.

Additionally, our study suggests that pre-procedural
plasma BNP is an independent predictor of all-cause
mortality after percutaneous mitral valve repair (Figure
2B).

Symptoms and hemodynamics
Since the first description of percutaneous mitral valve
repair with the MitraClip® device, this technique has
now widely used. Today, it is a recognized treatment for
high-risk patients with severe and symptomatic MR™.
Several studies demonstrate symptomatic benefits
of percutaneous mitral valve repair in terms of changes
in NYHA functional class®**8*1, vakil et a/® found
that three-quarters of patients were in NYHA class I or
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Figure 1 Changes in mitral regurgitation and New York Heart Association
functional class. A: Degree of mitral regurgitation before and after percu-
taneous mitral valve repair with the MitraClip® system in all study patients (n
= 46); B: NYHA functional classes before and after percutaneous mitral valve
repair with the MitraClip® system in all study patients (n = 46). NYHA: New York
Heart Association functional class.

I after MitraClip® implantation. Our study confirmed a
significant enhancement in NYHA class after MitraClip®
implantation (Figure 1B and Table 2).

Other than the fact that percutaneous mitral valve
repair is beneficial for treating the symptoms of valvular
heart failure, some studies have additionally demon-
strated favorable effects of repair on reverse cardiac
remodeling®®®'%*%,

Taramasso et al'” revealed an enhancement in LVEF
after MitraClip® implantation in patients with heart failure.
By contrast, Feldman et af” reported a reduction in left
ventricular volumes and LVEF after MitraClip®. These
different findings may be explained by the fact that
patients with functional and degenerative MR have
different types of reverse remodeling. In patients with
degenerative MR, end-systolic volume remains stable,
whereas left ventricular end-diastolic volume decreases.
In contrast, in patients with functional MR, a significant
decrease in left ventricular end-diastolic and end-systolic
volume is observed™. Therefore, LVEF decreases
slightly in degenerative MR™ and remains constant or
increased in functional MR,
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Figure 2 All-cause mortality and B-type natriuretic peptide. A: Kaplan-
Meier estimates of freedom from all-cause mortality; B: Kaplan-Meier estimates
of freedom from all-cause mortality according to low pre-procedural BNP levels
(BNP =< 817 pg/mL) and high pre-procedural BNP levels (BNP > 817 pg/mL).
BNP: B-type natriuretic peptide.

In our study, the proportion of patients with fun-
ctional and degenerative MR was approximately equal
(Table 1). There were no differences in clinical course
after mitral valve repair between patients with organic
and functional MR. Potentially due to the relatively small
number of patients, we observed that the LVEF, the
left ventricular end-systolic and end-diastolic volumes
remained nearly constant (Table 2).

Our study demonstrated a clear reduction in the
severity of MR (Figure 1A), a reduction in left atrial
volume and size and a decline in systolic pulmonary
artery pressure (Table 2).

30-d and one-year outcomes

The all-cause mortality rate 30 d after percutaneous
mitral valve repair was 4.3%, and this rate was 19.5%
at one year. During the follow-up of 473 £ 274 d, 11
patients (24%) died. Cardiovascular mortality accounted
for the majority of the deaths at follow-up (90%).
Patients’ various cardiac and non-cardiac diseases may
explain the relatively high long-term mortality. Similar
one-year mortality rates have been reported in several
other studies®®*", However, it should be emphasized
that the patients in our study had an extremely high
operative risk (mean logistic EuroSCORE I > 31%).
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Thus, the risk profile of our patient cohort was less
favorable than those of most other studies®*". Our
study suggests that even patients with an extremely
high operative risk can be successfully treated with the
MitraClip® system.

BNP and outcome

Plasma BNP levels have a prognostic impact in patients
undergoing surgical mitral surgery'®. In patients
undergoing percutaneous mitral valve repair with the
MitraClip® device, Taramasso et al'*®! found that pre-
procedural pro-BNP levels (pro-BNP level = 1600 pg/mL)
were an independent predictor of mortality. Furthermore,
Neuss et al””’ demonstrated that among patients with
end-stage heart failure and NT-proBNP values > 10000
pg/mL, the mortality rate was extremely high, despite
a successful percutaneous mitral valve repair with Mitra-
Clip®. Our results are in line with these studies. Although
pre-procedural measurements of plasma BNP were
performed in only 36 of the 46 patients, we found that
BNP levels > 817 pg/mL were related with a considerably
higher long-term mortality rate (Figure 2B). Notably,
plasma BNP was the only independent predictor of long-
term mortality. On the other hand, our study suggests
that patients with plasma BNP levels < 817 pg/mL have
favorable long-term results after MitraClip® implantation
(Figure 2B).

Limitations

The main limitation of our study is the relatively
small number of patients and the fact that this study
was conducted only at one center. However, the
percutaneous repair of the mitral valve is a relatively
new technique. There are still few long-term results of
MitraClip® implantation. Another important limitation
is the absence of a control group in our study. A com-
parison with conservatively treated patients, or patients
undergoing heart surgery would give a more rigorous
investigation of the effects of percutaneous mitral valve
repair. As our study examined relatively few patients, the
associations found in this paper must still be considered
preliminary.

COMMENTS

Background

Mitral regurgitation (MR) is the most common heart valve disease and the
second most common reason for heart valve surgery. When feasible, mitral valve
repair is considered the optimal surgical treatment. However, a considerable
portion of patients with severe MR cannot receive surgical treatment because of
their co-morbidities and high surgical risks. In the last few years, percutaneous
mitral valve repair has become an alternative technique for patients with severe
MR.

Research frontiers

In the last few years, percutaneous mitral valve repair has become an alternative
technique for patients with severe MR, with more than 20000 procedures
worldwide. However, the Everest I study is the only randomized trial that has
compared percutaneous repair with heart surgery, and it mainly included patients
with degenerative MR and without an elevated operative risk. By contrast, the
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current European Society of Cardiology guidelines recommend applying the
MitraClip® only in symptomatic high-risk patients with severe functional MR (level
of evidence IIb). In recent years, some registry studies and several smaller
studies concerning MitraClip® have been published. However, relatively little is
known about the mid- and long-term results of percutaneous mitral valve repair.

Innovations and breakthroughs

The aim of the present study was to assess the mid-term outcomes after
percutaneous mitral valve repair with MitraClip®. The study demonstrates
that percutaneous mitral valve repair with MitraClip® had positive effects on
hemodynamics and symptoms. Despite the multiple comorbidities and extremely
high operative risk of the study patients, the mid-term outcome after MitraClip®
was favorable. Elevated BNP levels were indicative of a poorer long-term survival.

Applications

The data in this study suggest that patients with an extremely high risk can also
be successfully treated with the MitraClip® system. In addition, pre-procedural
plasma BNP levels > 817 pg/mL were associated with significantly higher long-
term mortality. On the other hand, the study suggests that patients with plasma
BNP levels < 817 pg/mL had favorable long-term results after MitraClip®.

Terminology

MR is a valvular heart disease that is characterized by an abnormal systolic
blood flow into the left atrium and a volume overload of the left ventricle. The
reasons for this condition include defects of the valve (usually referred to as
degenerative mitral valve regurgitation) or heart failure with dilatation of the
ventricle (usually called functional mitral valve regurgitation). Mitral valve repair
is the standard therapy. Percutaneous mitral valve repair has emerged as an
alternative technique.

Peer-review
Good article, well written, interesting for the reader, with a useful “take home
message’”.
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