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Percutaneous Mitral Valve repair: initial Experience with MitraClip™
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ABSTRACT

Background: The aim of this study was to analyze and report the initial results of a series of patients with severe symptomatic mitral 
regurgitation (MR) and high surgical risk who underwent percutaneous mitral valve repair (PMVR) with MitraClip™.
Methods: Twelve consecutive patients with severe symptomatic MR and high surgical risk or contraindication for surgery under-
went PMVR with MitraClip™ between March 2016 and October 2018. Implant success was defined as adequate leaflet grasping, 
with mild or moderate residual MR at the end of the procedure, and 30-day procedural success as implant success without any major 
adverse cardiovascular event, including death, acute myocardial infarction (AMI), stroke, need for valve surgery, pericardial effusion, 
cardiac tamponade or major bleeding.
All patients were in functional class III-IV and with history of previous hospitalizations due to heart failure. Echocardiographic find-
ings were: left ventricular end-diastolic diameter (LVEDD): 61.8±6.4 mm, left ventricular end-systolic diameter (LVESD): 46.3±2.1 
mm and left ventricular ejection fraction (LVEF): 47.5±13.4% (25-60%). The cause of MR was degenerative in 7 patients and func-
tional in 5. Risk evaluation showed EuroSCORE of 9.6±6.8, Society of Thoracic Surgeons (STS) mortality score of 16.1±13.5 and 
STS morbidity and mortality score of 22.8±17.7
results: Implant success was achieved in all patients; a single clip was implanted in 7 patients and 2 clips in 5. Mean post-implant 
residual gradient was 3.6±0.2 mmHg. Post-procedural MR was mild in 11 patients and trivial in one. Mean hospital stay was 1.9 ± 
0.8 days (range 1-3 days).
At 30 days all patients were in FC I-II and no patient presented major events or readmission for heart failure.
Follow-up was performed in all patients for a mean period of 8.8±6.7 months (range1-30 months). Two patients died (1 from pneu-
monia 14 months after the procedure and another at 30 months due to refractory heart failure after transcatheter aortic valve 
implantation (TAVI), preserving mild MR. There were no other complications. All patients were in FC I-II, and one patient required 
readmission due to heart failure 7 months after the procedure. Echo Doppler at follow-up showed mild MR in 11 patients and moder-
ate to severe MR in one. Quality of life improved in all patients.
Conclusion: In this initial, single center series that includes the learning curve of the team, PMVR with MitraClip™ in patients with 
severe symptomatic MR and high surgical risk was safe and effective, with a significant clinical and quality of life improvement 
during follow-up.
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RESUMEN

objetivos: Reportar y analizar los resultados iniciales de una serie de pacientes con insuficiencia mitral (IM) grave sintomática y alto 
riesgo para cirugía que recibieron reparación percutánea de la válvula mitral (RPVM) con MitraClip®.
Material y métodos: Entre marzo de 2016 y octubre de 2018 recibieron RPVM con MitraClip® en forma consecutiva 12 sujetos con 
IM grave sintomática, con alto riesgo o contraindicación para cirugía. Se consideró “éxito del implante” (EI) el correcto agarre de las 
valvas con el clip que dejó una IM residual leve o moderada al finalizar el procedimiento, y “éxito del procedimiento (EP) a 30 días” 
el EI en ausencia de eventos adversos mayores, los que incluyeron muerte, infarto agudo de miocardio (IAM), accidente cerebrovas-
cular (ACV), necesidad de cirugía valvular, derrame pericárdico, taponamiento o sangrado mayor.
Todos los pacientes estaban en clase funcional (CF) III-IV, con antecedentes de internaciones por insuficiencia cardíaca (IC). Carac-
terísticas ecográficas: diámetro diastólico del ventrículo izquierdo (DDVI): 61,8±6,4 mm; diámetro sistólico (DSVI): 46,3±2,1 mm; 
fracción de eyección del ventrículo izquierdo (FEVI): 47,5±13,4% (rango: 25-60%). La causa de la IM era degenerativa en 7 pacientes 
y funcional en 5. La evaluación del riesgo mostró un EuroSCORElog de 9,6±6,8; el STS score de mortalidad fue 16,1±13,5 y el de 
morbimortalidad 22,8±17,7.
resultados: Se obtuvo EI en todos los pacientes; en 7 enfermos se implantó 1 solo clip y en los otros 5 se colocaron 2 clips; el gradi-
ente residual medio posimplante fue 3,6±0,2 mmHg. La IM posprocedimiento fue leve en 11 y mínima en 1. La estadía hospitalaria 
media fue de 1,9±0,8 días (rango: 1-3 días).
En el seguimiento, todos los sujetos se encontraban en CF I-II; ningún paciente presentó eventos mayores o reinternación por IC. 
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INTRODUCTION
Mitral regurgitation (MR) involves approximately 
25% of all prevalent heart valve diseases, (1) and in 
its advanced stage, is a strong predictor of mortality. 
(2) Currently, the treatment of choice is mitral valve 
repair instead of valve replacement surgery, but the 
number of repair cases with respect to the total num-
ber of potential cases where it could be applied is very 
low and estimated at a rate of 50%. (3) This may be at-
tributed to a population with high incidence of comor-
bidities, including advanced age, poor left ventricular 
function, prior cardiac surgery, mediastinal radiother-
apy, kidney disease, frailty and other comorbidities 
that rule out surgery. (4, 5)

In patients at high risk, medical treatment is usu-
ally efficient in the early stage of the disease, but, as 
the disease progresses, ventricular and kidney failure 
develops which increases readmissions and the risk of 
death, indicating the need for surgery. However, when 
this is not feasible, the percutaneous strategy is a val-
id option. (6) 

The percutaneous treatment aimed at grasping 
both leaflets, a technique called “edge-to-edge” in the 
literature, reproduces the surgery introduced by Dr. 
O. Alfieri several years ago, and is performed with a 
MitraClip™ device (Abbott Vascular, Santa Clara, Cal-
ifornia). The EVEREST II study (7) showed its fea-
sibility and safety with a significant improvement in 
functional class (FC), comparable to surgery at 5-year 
follow-up, at the expense of greater need for reinter-
vention, especially within the first 6 months after the 
percutaneous treatment.

This clinical study was followed by numerous pub-
lications reporting improved results with decreased 
duration of the procedure due to the “learning curve” 
both in patient selection as in the procedure itself. 
Moreover, the development of 3D-Doppler echocardi-
ography not only allowed a better selection of cases 
but has been vital for the optimization of the tech-
nique and hence of results.

METHODS
From March 2016 to October 2018, 12 patients with severe 
symptomatic MR and high surgical risk or contraindication 
for surgery, who underwent percutaneous mitral valve re-
pair (PMVR) with MitraClip™ were consecutively included 
in the study. They were all under complete and tolerable op-
timal medical treatment.

All the patients underwent 2D-3D transesophageal echo-
cardiography (TEE). Regurgitation was assessed according 
to specific guidelines. (8) Severe organic MR (primary) was 
defined as that presenting an effective regurgitant orifice 
area (EROA) ≥0.4 cm2, and functional MR (secondary) as 
that presenting EROA ≥0.2 cm2. Volumetric images were ac-
quired by 3D echocardiography. (9) Patients with flail width 
≤15 mm and flail gap ≤10 mm were included for organic MR, 
and patients with coaptation depth from the mitral annu-
lus ≤10 mm and coaptation height between leaflets ≥2 mm 
were included for functional MR. All patients should have 
a planimetry-estimated mitral valve area ≥4 cm2 and mean 
gradient ≤5 mmHg.

The EVEREST study selection criteria were used to 
evaluate the technical feasibility of the procedure. 

Mild or moderate MR at the end of the procedure defined 
implant success (IS) and procedural success (PS) at 30 days 
was IS in the absence of major adverse cardiovascular events 
[death, acute myocardial infarction (AMI), stroke, need for 
valve surgery, pericardial effusion, cardiac tamponade or 
major bleeding].

The procedure was performed under general anesthesia 
using propofol, remifentanil and dexmedetomidine as adju-
vant due to the use of TEE.

A right femoral vein access was used. In 10 cases per-
cutaneous wound closure was accomplished with Preclose 
technique (Prostar XL 10 Fr, Abbott Vascular, Santa Clara, 
California) and in 2 via a compressive cutaneous closure with 
Vycril 3.0 (using the compressive stitch called “figure-of-8”).

Then, a TEE-guided high transeptal puncture was per-
formed and anticoagulation was achieved with sodium hepa-
rin 10,000 IU. Subsequently, a Mullins sheath was advanced 
inserting a 5 Fr pigtail catheter in the left atrium to record 
the curve and pressures during the procedure, and the 24 Fr 
MitraClip™ steerable guidewire catheter (SGC).

The procedure was performed under 2D and 3D TEE 
control and once the correct grasping (>4 mm for each leaf-

EEP  Efficacy endpoint

FC  Functional class

iS  Implant success

KCCQ-12 Kansas City Cardiomyopathy Questionnaire

LVEDD  Left ventricular end-diastolic diameter

LVESD  Left ventricular end-systolic diameter

Mr  Mitral regurgitation

PMVr  Percutaneous mitral valve repair 

PS  Procedural success

SGC  Steerable guidewire catheter

tEE  Transesophageal echocardiography

abbreviations 

El seguimiento abarcó a todos los pacientes y se extendió por un tiempo medio de 8,8±6,7 meses (rango: 1-30 meses). Dos pacientes 
fallecieron: 1 de neumonía a los 14 meses y otro a los 30 meses por IC refractaria luego de un reemplazo valvular aórtico por cate-
terismo (TAVI), manteniendo IM leve. No hubo otras complicaciones. En el seguimiento todos se encontraban en CF I-II, 1 requirió 
reinternación por IC (a los 7 meses). El eco-Doppler cardíaco de seguimiento demostró IM leve en 11 pacientes y moderada a grave 
en 1. Hubo una mejoría en la calidad de vida en todos los casos.
Conclusiones: En esta serie inicial de un solo centro y que incluye la curva de aprendizaje, la RPVM con MitraClip® en pacientes 
con IM grave sintomática y alto riesgo quirúrgico fue segura y efectiva, con una mejoría clínica significativa y también en la calidad 
de vida en el seguimiento.

Palabras clave: Borde-a-borde - MitraClip® - Insuficiencia mitral
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let) and reduction of MR ≤2+ was confirmed, the clip was 
deployed. In case the maneuver was unsuccessful, a second 
clip was implanted or as many as necessary.

The pigtail catheter was used to monitor the atrial V 
wave and pressures to assess the hemodynamic impact of 
the procedure. Usually, a good leaflet clipping leads to a 
marked reduction of the left atrial V wave and pressures. 
Today this may be performed through a lateral port in the 
new SGC. Also, flow through the pulmonary veins was as-
sessed, for a better evaluation of residual MR. Patient qual-
ity of life was analyzed before the procedure and at 6-month 
follow-up with the Kansas City Cardiomyopathy Question-
naire (LCCQ). (10)

Follow-up was conducted on-site by the patient’s clinical 
cardiologist, the interventional cardiologist and the echocardi-
ologist. Echo-Doppler was performed at one month, 6 months, 
one year and thereafter, once a year. After discharge, patients 
received complete medical therapy at tolerable doses.

Statistical analysis
This was a prospective, observational, non-randomized, sin-
gle-center study. Due to the low number of patients, absolute 
numbers, and mean and standard deviations were used for 
data analysis.

Ethical considerations
The procedure was performed under international stand-
ards according to the protocol indicated. All patients were 
explained the procedure, its risks and benefits, all their ques-
tions were answered and an informed consent was signed.
 
RESULTS
Mean age of patients, including 7 men and 5 women 
was 74.1±8.9 years. The following comorbidities 
were found: hypertension and dyslipidemia (n=10), 
atrial fibrillation (n=5), EPOC (n=4), current smok-
ers (n=4), prior cardiac surgery (n=4), previous AMI 
(n=3), diabetes (n=3), prior percutaneous coronary 
intervention (PCI) (n=2) and permanent pacemak-
er (n=2). The estimated glomerular filtration rate 
(eGFR) was 73.8±34.8 ml/m2; in 2 patients it was < 
60 ml/m2 and one patient was in dialysis. No patient 
presented previous stroke. 

All patients were in FC III-IV, with history of hos-
pitalizations for heart failure within the previous year. 
The echocardiogram showed that left ventricular end-
diastolic diameter LVEDD was 61.8±6.4 mm, left ven-
tricular end-systolic diameter (LVESD) 46.3±2.1 mm 
and left ventricular ejection fraction (LVEF) 50±11%. 
Mitral regurgitation was degenerative in 7 patients 
and functional in 5.

Risk evaluation by the Heart Team showed Eu-
roSCORE of 9.6±6.8, Society of Thoracic Surgeons 
(STS) mortality score of 16.1±13.5 and STS morbidity 
and mortality score of 22.8±17.7.

Implant success was attained in all patients (Fig-
ure 1 and 2); this was accomplished with the implan-
tation of a single clip in 7 patients while 5 patients 
required 2 clips in the same procedure. Mean post-
implant residual valve gradient was 3.6±0.2 mmHg. 
Post-procedural MR was mild (≤2+) in 11 patients and 
trivial in one patient. No deaths or AMI, pericardial 

effusion, cardiac tamponade, stroke, major bleeding, 
transfusion, need for reintervention, urgent surgery 
or conversion to open surgery occurred either during 
hospitalization or after discharge. Mean hospital stay 
was 1.9 ± 0.8 days (range 1-3 days).

Procedural success at 30 days was achieved by all 
patients, as all of them preserved IS free from any 
major adverse event or readmission for heart failure. 
They all improved to FC I-II.

Clinical follow-up was conducted in all patients for 
a mean period of 8.8±6.7 months (range 1-30 months). 
Two deaths occurred during follow-up: one death due 
to pneumonia in the 14th month after the procedure 
and another after transcatheter aortic valve implan-
tation (TAVI) at 30 months of follow-up, unrelated to 
MR or clip failure. No patient suffered from stroke or 
AMI, or underwent mitral valve surgery or reinter-
vention. All patients were in FC I-II (Figure 3); a pa-
tient required hospitalization for heart failure due to 
chronic ventricular dysfunction while preserving MR 
<2 (the same patient that afterwards received TAVI 
and died). Follow-up cardiac echo-Doppler showed 
that 11 patients had mild MR and one moderate to 
severe MR (Figure 4). Quality of life improved during 
follow-up (29.09 vs. 48.97 p <0.001) (Figure 5).

DISCUSSION
Percutaneous treatment of severe symptomatic MR in 
patients at high surgical risk was feasible and safe in 
this initial series, demonstrating that after a success-
ful procedure, hospital stay is short and a significant 
clinical benefit and improved quality of life is achieved 
with a low rate of readmissions for heart failure at 30 
days and in the short-term follow-up.

The learning curve was reflected in the procedure 
times which lasted 2 hours in the first cases and ap-
proximately 1 hour in the last ones.

The procedure seems complex and the device 
scarcely friendly at the beginning, with a high de-
pendency on the good synchronization between the 
echocardiologist, the interventional cardiologist and 
the anesthesiologist.

A good start is of vital importance to achieve a good 
and easily accessible result. Therefore, the transeptal 
puncture must be performed under TEE guidance, 
since a puncture in the inadequate place may compli-
cate SGC management and the clip delivery system.

Among the possible complications is partial clip 
detachment after deployment, as was reported in the 
first studies. (11) However, this complication has dras-
tically decreased with greater operator experience and 
in our series, it did not occur in any patient.

The correct evaluation of the amount of leaflet tis-
sue that has been grasped by the clip arms is done 
by the echocardiologist, who after ensuring this step, 
authorizes the interventional cardiologist final clip 
deployment. In case this step is not certain, the clip 
should be opened and repositioned.

Although medical treatment in severe secondary 
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Fig. 1. Functional severe mi-
tral regurgitation (a-b-c) and 
trivial mitral regurgitation 
after the implantation of two 
clips (d-e-f)

Fig. 2. Organic severe mitral 
regurgitation (a-b-c) and triv-
ial mitral regurgitation after 
the implantation of one clip 
(d-e)

Fig. 3. Functional class
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MR with preserved ejection fraction has revealed its 
effectiveness, these patients have shown high mortal-
ity with the passage of time, as reported by Barakat 
et al., (12) who analyzed 400 patients with severe MR 
and LVEF ≥60%. In the 12-month and 3-year follow-
up period, mortality was 19.1% and 26.3%, respective-
ly. In addition, these patients required more frequent 
hospitalizations for heart failure and greater need of 
transapical ablation for atrial fibrillation, cardiac re-
synchronization therapy, angioplasty, ventricular as-
sist devices or heart transplantation. 

As already stated, guidelines recommend valve re-
pair or replacement surgeries for patients with severe 
symptomatic MR, but the number of patients effec-
tively undergoing surgery are few compared with the 
potential cases carrying the disease. (14) 

To reduce this deficit and offer a less invasive treat-
ment, different technologies have been developed for 
transapical mitral valve repair or valve replacement 
surgery. MitraClip™ is one of the first and most used 
device, which has been employed in >60,000 cases 

worldwide up to 2017, and is also the first registered 
in a randomized study versus surgery. 

The EVEREST II study (6) was the first study 
analyzing this strategy versus surgery in 279 patients 
randomized in a 2:1 ratio. The study showed that, in 
the initial stage, patients receiving MitraClip™ had 
less complications, especially bleeding, but required 
more surgery within the first 6 months. In the 5-year 
follow-up, the composite endpoint of survival free 
from mortality, surgery and severe MR was 44.2% vs. 
64.3% (p=0.01) in favor of surgery. This was the con-
sequence of greater incidence of MR 3+ or 4+ (12.3% 
vs. 1.8%; p=0.02) and the need for surgery (27.9% vs. 
8.9%; p=0.003). Surgery after MitraClip™ was with-
in the first 6 months in most cases (78%); after this 
period, the evolution was similar in both groups. No 
difference was found in 5-year mortality (20.8% vs. 
26.8%), and FC and quality of life were preserved.

It is interesting to point out that when this clinical 
study was carried out, 3D TEE was not available in 
daily practice, which may have influenced in the re-

Fig.  4. Baseline and follow-up 
echo-Doppler: mitral regurgi-
tation

Fig. 5. Quality of life evolution. 
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sults. Similarly, the technique employed has changed, 
as the use of multiple clips to achieve maximal reduc-
tion of MR.

Kortlandt et al. (15) performed a very interest-
ing analysis comparing the outcome of 1,036 patients 
with symptomatic MR; 568 received MitraClip™, 173 
surgery and 295 medical treatment. Although clinical 
characteristics were similar, those receiving MitraClip 
had lower LVEF and higher surgical risk scores (STS 
7.7 for MitraClip™, 2.7 for surgery and 3.5 for medi-
cal treatment). In the 5-year follow-up, survival was 
lower in patients receiving medical treatment and 
was similar in those receiving MitraClip™ or surgery, 
but we must take into account that patients receiving 
the percutaneous treatment were older, had lower left 
ventricular function and greater surgical risk.
Patients at high surgical risk, as the ones in our se-
ries, generate great management difficulty and this 
was analyzed in the EVEREST II High Risk Registry 
study, (16) which included 351 patients with STS >12. 
An important reduction of MR was found at one-year 
follow-up, with 84% of patients presenting MR ≤2+. 
Also, there was a significant reduction of ventricular 
diameters, 83% were in FC I-II, and this was accom-
panied by a decreased need of readmissions for heart 
failure and improved quality of life and mental health 
status tests. Survival free from mortality was 77.2% 
and from mitral valve surgery 97.8%.

One of the great challenges presented by either 
functional or secondary severe MR treatment is asso-
ciated with left ventricular dysfunction. Even though 
previous studies have reported a similar outcome but 
with more readmissions due to heart failure in the 
group treated with conventional medical therapy, (17, 
18) there are currently two randomized studies ana-
lyzing the percutaneous invasive strategy and the con-
ventional medical therapy.

The first is the MITRA FR study (19) including 
152 symptomatic patients with secondary MR divided 
into two groups: MitraClip™ + medical therapy vs. 
optimal medical treatment alone. The primary effica-
cy endpoint (EEP) was all-cause death and unplanned 
readmission for heart failure at 12 months. Mean age 
was 70 years and the rest of patient characteristics 
were similar in both groups: LVEF was 33%, EROA 
31 mm2 and EuroSCORE II predicted risk 6. Implant 
success was 95.8% in all cases. At one-year follow-up, 
EEP was similar in both treatment groups (54.6% vs. 
51.3%, p=0.53), and neither were differences found in 
mortality nor in new readmissions for heart failure. 

We must take into account that in this study there 
was an important loss of echocardiographic, BNP dos-
age, quality of life and clinical outcome data in the 
one-year follow-up period. Also, the minimum re-
quirement for operators was 5 previous cases, though 
expert assistance (proctoring) was allowed.

The other important study is the COAPT trial, 
which randomized 614 patients with symptomatic 
moderate or severe MR and high surgical risk (STS 

score >8): 302 patients received MitralClip™ and 312 
optimal medical treatment. The EEP was all the hos-
pitalizations for heart failure within 24 months. There 
was no difference between the two groups in terms of 
age (71 years), atrial fibrillation (present in more than 
50% of patients) and ischemic etiology (60%). Left 
ventricular ejection fraction was 31.3% and EROA 
40 mm2. Implant success was 97%. The EEP favored 
those receiving MitralClip™ (35.8 vs. 67.9, p <0.001; 
HR=0.53, 95% CI 0.40-0.70, p <0.001), with a number 
needed to treat at 24 months (NNT24 m)=3.1 (95% CI 
1.9-8.2). In addition, this group presented lower mortal-
ity (29.1% vs. 46.1%, p <0.001; HR=0.62, 95% CI 0.46-
0.82, p <0.001) with NNT24m=5.9 (95% CI 3.9-11.7) 
and significant improvement in FC, quality of life and 
the 6-minute walk test. In the echocardiographic analy-
sis, MitralClip™ treatment showed better left ventricu-
lar function, lower MR and enhanced left ventricular 
remodeling. The invasive treatment also decreased the 
need for ventricular assistance or heart transplanta-
tion during follow-up (4.4% vs. 9.5% HR=0.37, 95% CI 
0.17-0.81, p=0.01). It should be pointed out that one 
third of patients in the medical treatment group also 
received resynchronization therapy. 

There are several possible explanations for the dif-
ferences between these two studies, much discussed 
in the medical community. First, the medical treat-
ment in the COAPT trial was in charge of heart fail-
ure specialists, and patients received medical therapy 
at maximum tolerated doses before randomization, 
so patients with refractory severe MR were the ones 
who entered the study, a situation not present in the 
MITRA FR study. Also patients in the MITRA FR 
study presented less heart failure (FC I-II), more hos-
pitalizations for heart failure, higher BNP levels and 
larger end-diastolic volume. Second, EROA was high-
er in the COAPT trial (41±15 mm2 vs. 31±10 mm2) 
with a lower end-diastolic volume and third, a greater 
number of patients received more than one clip in the 
COAPT trial. (20) 

In addition, some analyses have demonstrated that 
it is very important to surgically treat patients before 
ventricular function impairment and ventricular dila-
tion begin, since it has been shown that they lead to 
the emergence of kidney failure (21) and atrial fibril-
lation, (22) generating a strong negative impact on 
the prognosis. 

Although it has been demonstrated that MR ≥+2 
is associated with poor clinical outcome, we should not 
forget the residual gradient after implantation. This 
was analyzed by Neuss et al., (23) who evaluated 200 
patients, 50 of whom presented a post MitralClip™ 
implant gradient >5 mmHg. They observed that there 
were no differences in baseline clinical characteristics 
of the two groups; however, the Kaplan-Meier analysis 
during follow-up showed higher mortality when the 
gradient measured invasively was >5 mmHg or >4.4 
mmHg when it was measured by echocardiography. 
Therefore, the number of clips to implant to eliminate 
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or maximally reduce MR is based on this residual gra-
dient. In our series, mean gradient at the end of the 
procedure was 3.6±0.2 mmHg and in no case was it 
above 5 mmHg.

Secondary MR due to left ventricular dilation is 
associated with mitral annulus dilation; in this case, 
PMVR is performed using a prosthetic mitral annulus 
together with valve and subvalvular apparatus repair. 
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