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1
introduction
Mitral regurgitation (MR) and aortic valve stenosis (AS) are the two most frequently 

encountered cardiac valve diseases1, especially in the elderly patient population.2 The 

standard treatment for both valvular diseases is open heart valve surgery.3 At least one 

third of the patients are denied for surgical treatment due to comorbidities, such as 

advanced age, impaired left ventricular function and the presence of severe coexisting 

conditions.1,4 It is well known that by conservative treatment, these patients remain 

symptomatic and have a poor prognosis.5-9 In order to provide less invasive options to 

treat this mainly elderly high risk population, percutaneous devices for treatment of 

MR and AS were developed. 

MitraClip
The MitraClip was developed based on the surgical edge-to-edge technique of Alfieri.10 

This technique consists of leaflet apposition via a percutaneous transvenous and 

transseptal route. The procedure is performed in a cardiac catheterization laboratory under 

general anesthesia and the delivery and placement of the MitraClip is performed under 

transoesophageal echocardiographic guidance. A good evaluation of the mitral valve 

anatomy by an experienced center is very important, before the decision for MitraClip 

implantation can be taken. Mitral valve leaflets with severe calcifications, very short leaflets, 

no coaptation and rheumatic disease are all contra-indications for the MitraClip procedure. 

Appropriate evaluation requires specific transoesophageal echocardiography images.

The EVEREST I trial was designed to prove safety and feasibility of MitraClip 

implantation. A total of 107 patients with MR ≥ grade 3 were enrolled in this multicenter 

prospective study. The mid-term results of the study showed a reduced MR ≤ grade 2+ 

in 74% of the patients and very low rates of mortality and morbidity.11 

The EVEREST II trial is the only randomized clinical trial which compares the MitraClip 

procedure with conventional surgery. For the inclusion of this study all patients had to 

be eligible for both conventional surgery and MitraClip implantation. In both EVEREST 

I and II strict criteria had to be met for the mitral valve anatomy with the regurgitant jet 

originating from the A2-P2 leaflet position. All patients had MR ≥ grade 3+ (functional 

or degenerative) and were symptomatic or asymptomatic with new atrial fibrillation or 

pulmonary hypertension.12 A total of 279 patients were included in this trial, with a 

randomization ratio of 2:1 (MitraClip: conventional surgery). The results of this study 

showed that the primary efficacy endpoint (freedom from death, surgery for valve 

dysfunction and from MR > 3+ at 12 months) was obtained in 55% of the patients 

treated with a MitraClip and in 73% of the patients treated by conventional surgery. This 

difference was caused primarily by the higher rate of referrals for surgical treatment after 

MitraClip implantation. In a subgroup analyses for this primary end point, patients aged 

70 or older and patients with functional MR scored significantly better when treated 

with a MitraClip. There was a better improvement of mitral regurgitation in the surgical 
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1
group than in the MitraClip group before hospital discharge and at 12 months follow 
up. After MitraClip implantation there were significantly less major adverse events, but 
this was mainly due to the need of more blood transfusions after surgical treatment.13 
This trial shows that MR reduction with a MitraClip is safe and effective, but less effective 
in reducing MR than conventional surgery. MitraClip implantation seems to be more 
effective in functional rather than degenerative MR. Since surgery is less successful in 
functional MR most patients enrolled had degenerative MR. 

In the EVEREST II High Risk Study patients with severe symptomatic MR and high 
surgical risk were enrolled for MitraClip implantation. There was also a concurrent 
comparator group enrolled in this study of patients with severe symptomatic MR and 
high surgical risk who were not eligible for MitraClip implantation. Fifty-nine percent 
of the patients in the MitraClip implantation group had a functional MR, which is 
a notable difference compared to the patients enrolled in the EVEREST II trial. MR 
reduction was achieved in 83% of the patients, NYHA class improved and the MitraClip 
group had a better one-year survival than the comparator group.14

In Europe, prospective studies and registries were performed with the MitraClip 
device, but all in patients who were considered inoperable or with a high surgical risk. 
Another notable difference between these European studies and the EVEREST trials 
is that most patients had functional MR. These studies showed that treatment with a 
MitraClip for severe symptomatic MR in patients with serious co-morbidity was safe 
and reduced MR in the majority of the treated patients. After implantation of one 
or more clips, patients showed improvement in functional status demonstrated by a 
decrease in NYHA functional class and Quality of life.15-20  

Research is ongoing in order to optimize success of this safe and promising technique.

Transcatheter aortic valve implantation
Since the first TAVI in 200221, there has been a rapid growth of the use of this technique 
worldwide. Currently there are several different types of devices developed for TAVI. 
The two most frequently used and studied devices are the balloon expandable Edwards 
Sapien prosthesis and the self-expanding CoreValve prosthesis. The Edward Sapien 
prosthesis can be placed by the transfemoral, transapical and transaortic approach. 
The CoreValve prosthesis can be placed by transfemoral and subclavian approach.

TAVI procedures can be performed in a cardiac catheterization laboratory or in an 
operating room equipped with fluoroscopy. The procedures are performed (depending on 
the type approach) under general anesthesia (all type of approaches) or local anesthesia 
with or without sedation (transfemoral approach). Before implantation a balloon aortic 
valvuloplasty is performed under rapid ventricular pacing (160-220 bmp). Thereafter the 
prosthesis can be placed under fluoroscopic guidance. The balloon expandable Edwards 
Sapien prosthesis is crimped on a ballooncatheter and deployed under rapid ventricular 
pacing with a balloon. The self-expanding CoreValve prosthesis is deployed by retracting 
the outer sheath from the delivery catheter with or without rapid ventricular pacing. 
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Many registry and prospective/retrospective studies were performed in the TAVI 

field world-wide. However, safety and feasibility are best represented in the three 
largest randomized clinical trials. The first randomized trial performed with TAVI was 
the PARTNER trial. In 2010 results were first reported about the PARTNER B cohort of 
patients with symptomatic severe AS who were considered inoperable. The 358 included 
patients were randomized to either TAVI treatment with an Edwards Sapien prosthesis 
by transfemoral approach or standard therapy (medical treatment and in the majority of 
the patients a balloon aortic valvuloplasty). This study showed that TAVI was superior to 
standard therapy by reducing the rate of all-cause mortality, cardiovascular mortality and 
repeat hospitalization. Furthermore, TAVI resolved the AS and resulted in improvement 
of cardiac symptoms. On the other hand, TAVI resulted in more frequent complications 
at 30-days ( major vascular complications, major bleeding episodes and major strokes) 
compared to standard therapy.22 The results of the PARTNER A cohort, consisting of high 
surgical risk, but operable patients, were reported in 2011. These 699 included high 
surgical risk patients with symptomatic severe AS were randomized to either TAVI with 
an Edwards Sapien prosthesis (by transfemoral or transapical approach) or surgical aortic 
valve replacement (SAVR). TAVI and SAVR showed similar rates of survival. However, there 
were some differences in adverse events. In the TAVI group major vascular complications 
were more common, whereas major bleeding and new-onset atrial fibrillation were more 
frequently seen in the SAVR group. At 30 days significantly more patients in the TAVI 
group had symptomatic improvement and the patients in this group performed better 
in the 6-minute walk test than the SAVR group. At 1 year both groups had symptomatic 
improvement without a significant difference between groups. Also the days on the 
intensive care unit and index hospitalization were shorter in the TAVI group.23

More recently the results of the randomized trial with the CoreValve prosthesis were 
reported. In this trial 795 high-surgical risk patients with symptomatic severe AS were 
randomized to either TAVI with the self-expanding CoreValve prosthesis or to SAVR. 
Patients treated by TAVI had a significant higher rate of one-year survival than patients 
treated by SAVR, suggesting that TAVI may be superior to SAVR in high-surgical risk 
patients. The TAVI group in this trial had a lower rate of major adverse cardiovascular 
and cerebrovascular events compared to SAVR and no differences between groups 
were found in stroke rates. However, patients treated by TAVI had more major vascular 
complications, permanent pacemaker implantations, paravalvular regurgitation and 
cardiac perforation compared to SAVR. On the other hand the following conditions 
were more frequently seen in patients treated by SAVR compared to TAVI: bleeding, 
acute kidney injury, new-onset and worsening of atrial fibrillation.24

Ongoing research is performed to reduce the rate of the most common 
complications, such as permanent pacemaker implantation, paravalvular regurgitation, 
stroke and major vascular complications and to improve the devices and procedure. 
Also the Valve Academic Research Consortium has been developed to standardize 
endpoint definitions and to unify reporting to simplify comparing of clinical trials.25
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1
outline of the thesis
Both percutaneous therapies (MitraClip implantation and TAVI) have shown to be 

safe and feasible. Since both techniques are relatively new, many questions are raised 

about which patients will benefit the most from these new techniques and what 

complications are to be expected after treatment with one of these less invasive, 

percutaneous devices. The objective of this thesis is to evaluate the success of these 

two novel interventions by obtaining a better insight into appropriate patient selection 

by analyzing the success, failures and complications of these techniques.

Part I Percutaneous Mitral Valve Repair by MitraClip Implantation
chapter 2 reviews the diagnostic work-up and treatment options for severe mitral 

regurgitation according to the most recent guidelines to clarify clinical decision 

making. chapter 3 focuses on the predictors of survival and functional status after 

MitraClip implantation. Data to determine the benefit from MitraClip implantation for 

an individual patient are limited. We present clinical characteristics and their influence 

on survival and determine how these characteristics could play a role in selecting 

patients for this procedure. Other selection criteria for MitraClip implantation are 

evaluated in chapter 4. Current available criteria for this procedure are those used in 

the EVEREST trial, developed to identify patients eligible for both surgery and MitraClip 

implantation, not to predict outcome of MitraClip implantation. We investigated the 

relation between mitral valve anatomy and outcome of patients referred for MitraClip 

implantation. In chapter 5 hemodynamics during and after MitraClip implantation 

are studied, since MitraClip implantation will result in some degree of iatrogenic 

mitral stenosis. During the procedure mitral valve pressure gradient is measured 

to determine whether it is safe to place more clips. We investigated whether these 

intraprocedural measurements represent postprocedural measurements and whether 

the stenosis is affected by exercise. The effect of MitraClip implantation on the right 

ventricular function is described in chapter 6.

Part II Transcatheter aortic valve implantation
Concomitant mitral regurgitation is common in patients with severe aortic valve stenosis. 

In chapter 7 we analyzed the clinical course of mitral regurgitation and assessed its 

influence on survival and clinical status after TAVI. chapter 8 discusses predictors for 

occurrence of left bundle branch block and permanent pacemaker implantation after 

TAVI with a CoreValve prosthesis. Furthermore, the necessity of pacing at follow-up 

is evaluated. In chapter 9 the prevalence and prognostic relevance of chronic kidney 

disease prior to TAVI are evaluated. Furthermore the incidence and predictors for acute 

kidney injury after TAVI are assessed. TAVI by transfemoral approach is performed 

under general anesthesia in the majority of the centers. chapter 10 reports the safety 

and feasibility of transfemoral TAVI procedures under local anesthesia. 
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In chapter 11 the major findings presented in this thesis are summarized and 

future perspectives are discussed.
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aBstract
Mitral regurgitation is the second most frequent valvular heart disease. Echocardiography 
is the principal examination to determine severity, mechanism and hemodynamic 
consequences of mitral regurgitation and consequently contributes to the assessment 
and accurate timing of the best treatment strategy. To clarify clinical decision making in 
severe mitral regurgitation, this review will discuss the diagnostic work-up and treatment 
options according to the most recent guidelines. Mitral valve surgery, preferably repair, 
is indicated in symptomatic patients with severe, organic mitral regurgitation. Chronic, 
severe functional mitral regurgitation is often medically treated (including cardiac 
resynchronization therapy if indicated), but surgery (preferably annuloplasty) can be 
recommended. Percutaneous MitraClip implantation may be considered as an alternative 
option in symptomatic patients with severe mitral regurgitation who are considered 
inoperable. At present, there is no consensus on the optimal care in asymptomatic 
patients with severe, organic mitral regurgitation and preserved left ventricular function. 
A prospective trial is highly needed to elucidate this best treatment strategy.
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introduction
In this manuscript we will discuss the current status concerning the diagnostic work-up 

and treatment options of chronic mitral regurgitation (MR). MR is, after aortic valve 

stenosis, the most common heart valve disease. The prevalence of heart valve 

abnormalities in Europe and North America is on average 2% (less than 1% at the 

age of 18-44 years, more than 13% at the age of 75 years and older and 32% of those 

abnormalities is MR).1,2 In the year 2000 about 2-2.5 million persons had MR in the 

United States; in Europe nowadays 3-3.5 million persons have MR and the prevalence 

will probably increase as a consequence of the aging of the population.3 The left 

ventricle can often overcome the hemodynamic consequences of the regurgitant heart 

valve in order to preserve the heart function, but in the long term this chronic volume 

overload will lead to compensatory enlargement of the left side of the heart and 

eventually to insufficient contractile function. At this stage symptoms of heart failure 

will occur.4 Of the patients of 50 years and older who use medication due to moderate 

to severe MR caused by an abnormality of the valve leaflet annually 3-6% die, the 

majority due to heart failure and sudden heart death. 3-5 Mortality and morbidity rates 

do improve with adequate treatment started at the right time.3,6,7

Organic or functional
According to etiology organic (primary) and functional (secondary) MR are distinguished. 

Organic MR is caused by an abnormality of the mitral valve apparatus. The mitral 

valve apparatus consists of valve leaflets, chordae tendineae, papillary muscles and 

the annulus (Figure 1a). A common abnormality is myxomatous degeneration, which 

results in protrusion of the valve leaflet (Figure 1b) or chordae tendineae rupture. 

Furthermore, volume overload of the left atrium and the left ventricle leads to 

compensatory dilatation, contractile dysfunction, atrial fibrillation and pulmonary 

hypertension.4 In functional MR the valve is normal: an abnormal mitral valve function 

is caused by dysfunction of the left ventricle, for example after ischemic remodeling or 

by a dilated cardiomyopathy due to hypertension. This can cause annulus dilatation or 

restriction of a valve leaflet, resulting in MR. Atrial fibrillation can also lead to annulus 

dilatation resulting in MR.

Medical history and physical examination
A careful medical history and physical examination are important elements in the 

diagnostics of MR. Possible complaints are shortness of breath, fatigue, reduced 

exercise tolerance, orthopnoea and palpitations. Some patients may have severe MR 

without any complaints. Whether a patient is either symptomatic or asymptomatic has 

serious consequences for the initial treatment.

At physical examination signs of left sided and eventually right sided heart 

failure can be found such as lung crepitations, increased central venous pressure, 
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hepatomegaly and edema. A mid-to-high frequent holosystolic murmur at the apex is 
a classic sign during auscultation and could be best heard when the patient is laying 
on the left side. The intensity of the murmur and the presence of a third heart sound 
can give an indication about the severity of the regurgitation, but also a soft murmur 
can be an indication of severe MR. The murmur will be less loud when the systolic 
pressure difference between atrium and ventricle decreases, for example in case of 
acute severe MR, a small left atrium or severe left ventricular dysfunction. Both MR and 
aortic valve stenosis are characterized by a systolic murmur; they can be distinguished 
based on the following: the murmur of aortic valve stenosis is not linked to the first 
and second heart sound, can be heard best at the right second intercostal space and 
varies in loudness after an extra systole or during atrial fibrillation 

Additional examinations
Additional examinations that may be performed by the general practitioner includes 
an ECG and chest X-ray. Increased voltages of the left atrium (the terminal part of the 
P-wave) and increased voltages of the left and right ventricle in case of pulmonary 
hypertension may be noticeable on the ECG. An increase of the left atrium and 
ventricle and pulmonary edema with redistribution on the chest X-ray are an indication 
of left sided heart failure. If MR is actually diagnosed, further investigations should be 
performed by the cardiologist to determine the cause and severity.8 Keystone in the 
diagnostics of MR is transthoracic echocardiography (TTE). Several variables can be 
determined such as regurgitant volume, rate of early left ventricular filling and reversal 
of pulmonary venous flow. Based on cut off values from international guidelines, severity 
of MR can be expressed on a scale from grade 1 (trivial) to grade 4 (severe).6-8  The 
interpretation of the TTE parameters in relation to the effects of  the regurgitation on 
the left atrium, left ventricle and pulmonary pressures makes accurate and reproducible 
quantification of MR a difficult process which requires quite some expertise.

TTE does not always provide sufficient insight in the underlying mechanism and 
hemodynamic consequences of MR. Often transoesophageal echocardiography 
(TEE) is necessary, but this is an unpleasant procedure which will only be performed 
when TTE does not provide a definite answer about the treatment strategy.7 To 
determine severity of the regurgitation and the stress on the left and right ventricle 
during hemodynamic changes, stressechocardiography may be of additional value, 
especially in patients with functional MR. 5,6,9 If there still remains lack of clarity after 
above stated tests, MRI can supply information about severity of MR, ventricular 
volumes, heart function and possible myocardial fibrosis.7,10,11 Heart catheterization 
provides extra information about cardiac and pulmonary vascular pressures, cardiac 
output and pulmonary resistance.6,7 For the following patients who undergo a surgical 
treatment a pre-operative coronary angiogram is recommended: males older than 40 
years, postmenopausal women, patients with at least one risk factor for coronary artery 
disease and patients with angina or a myocardial infarction in the medical history.7
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Heart valve team
If mitral valve replacement or repair is necessary, involvement of a specialized center 
with a so called ‘heart valve team’ is advisable. This team consists of cardiologists 
specialized in interventional cardiology and cardiac imaging and cardiac thoracic 
surgeons. They are best fitted to consider surgical risks and the expected results after 
the treatment, taking into account comorbidities, previous heart surgeries and the 
overall condition of the patient.

treatment oPtions for symPtomatic mitral 
regurgitation
Mitral valve surgery
Mild to moderate MR with a preserved left ventricular function is often no indication 
for surgery. An annual check-up at the cardiologist including echocardiography once 
every two years is recommended.4,6,7 Surgery is indicated in case of symptoms due 
to severe, chronic, organic MR.6,7 Valve repair is preferred due to lower mortality and 
morbidity on long term compared to valve replacement. The mitral valve apparatus 
and geometry of the left ventricle are maintained and there are less thromboembolic 
and bleeding events after repair.7,8 

In case of valve replacement there are two options: a mechanical valve or a 
bioprosthesis of animal origin. There is no difference in survival between both 
valve types, but mechanical valves are preferred in younger patients due to the 
deterioration of the bioprosthesis over time. The disadvantage of mechanical valves 
is the need for lifelong use of anticoagulants.7,8 When a bioprosthesis is used, the use 
of anticoagulants can be discontinued after 3 months if there are no other indications.

Valve repair (Figure 2) is a more complex intervention than valve replacement 
and success depends on surgical expertise and morphology of the mitral valve.  The 
morphology determines the repair strategy.6,7 The sliding plasty (Figure 2c) is the most 
applied approach in case of organic MR.

In case of functional MR choices are less clear. There is no ideal reconstruction technique 
and sometimes it is better to choose for medical treatment. According to the guidelines a 
surgical intervention -preferably valve repair- is indicated in patients with severe functional 
MR and a left ventricular ejection fraction of more than 30%  who undergo bypass surgery.7 
The MR can be treated by placement of a relatively small ring (restrictive annuloplasty). 
Coaptation of the valve leaflets will be restored and valve regurgitation is reduced which 
can lead to remodeling of the left ventricle, even in a severely disturbed left ventricular 
function.12 Randomized trials have shown alternating results after surgery in functional 
MR and surgery does not always have a beneficial influence on survival.13,14 The classic 
approach in valve repair or replacement is a median sternotomy, although currently a 
minimal invasive video guided intervention via a lateral mini-thoracotomy is possible. In 
both approaches extracorporeal circulation by a heart-lungmachine is necessary.6
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MitraClip
Despite an indication for surgery, almost half of the symptomatic patients with severe 
MR in Europe will not undergo surgery due to high age, poor left ventricular function 
or comorbidity.15 Percutaneous implantation of a MitraClip is sometimes possible in 
these patients. These are patients with mitral valve prolapse or functional MR in whom 
the valve leaflets are not severely affected and considered inoperable or with high 
surgical risk. Via the femoral vein, right atrium, intra-atrial septum and left atrium one 
or more clips are placed at the position of the most severe regurgitation (Figure 3). 
Consequently, a double orifice of the mitral valve is created (Figure 1E), resulting in a 
reduction of the MR. The procedure is performed in a cardiac catheterization laboratory 
under general anesthesia and is monitored by three-dimensional transoesophageal 
echocardiographic guidance. In several randomized trials and European registries the 

figure 2. Repair of the posterior leaflet of the mitral valve according to the method of Carpentier. 
(a) From the prolapsed part (often P2) a three- or four sided area will be excised. (b) Image of 
resection area after four sided (quadrangular) resection. (c) With a sliding plasty the remaining 
parts of the posterior valve leaflet- P1 or the left part of P2 and P3 or right part of P2- are stitched 
together and stitched back on the annulus. (d) The procedure will be completed by consolidating 
the annulus with a ring.
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MitraClip was proved to be safe and regurgitation was effectively reduced, although 

this reduction was less compared to surgery.16-20 European guidelines consider this 

procedure possible for patients with above stated indications.7 

Medical treatment
Symptomatic patients with chronic organic MR in whom no other intervention is possible, 

receive medical treatment similar to heart failure patients: ACE-inhibitors, loopdiuretics, 

spironolactone and beta-blockers. Anticoagulants are indicated in case of a systemic 

embolus, thrombus in the left atrium and atrial fibrillation.6,7 In chronic functional MR, 

for example due to dilated cardiomyopathy, medical treatment is often the first choice 

treatment. In case of systolic left ventricular dysfunction, ACE-inhibitors and beta-blockers 

are effective, and in case of heart failure this is completed with loopdiuretics, aldosterone 

antagonists and nitrates. 6,7 In acute, severe MR medical therapy can realize hemodynamic 

stabilization. Nitrates improve forward output due to reduction of the afterload and 

regurgitation, whereas diuretics reduce filling pressures and pulmonary resistance. In case 

of hypotension and signs of reduced organ perfusion, inotropes are indicated.6

Cardiac resynchronization therapy
Many patients with heart failure have a functional MR due to dyssynchrony of the 

left ventricle.21 Sometimes dyssynchrony can recover with cardiac resynchronization 

therapy, when the right and left ventricle are stimulated simultaneously via the coronary 

sinus. This treatment may improve left ventricular function and symptoms of heart 

failure and can be complementary to medical therapy or valve surgery. The guidelines 

suggest cardiac resynchronization therapy in patients with severe functional MR, a left 

ventricular ejection fraction < 35% and a QRS duration > 120ms who maintain severely 

symptomatic despite optimal medical therapy.7,22

treatmentoPtions asymPtomatic mitral 
regurgitation
‘Watchful waiting’ or surgery
Patients with severe organic MR and preserved left ventricular function can be 

asymptomatic. Opinions about the best treatment strategy for these patients 

vary. European guidelines prefer ‘watchful waiting’, with every 6 months a cardiac 

evaluation at the cardiologist and echocardiography every year to detect any potential 

dysfunction of the left ventricle at an early stage. ‘Watchful waiting’ seems safe and in 

case of dysfunction, surgery can still be performed with good post-operative results 

and recovery of the left ventricle afterwards.7,23 In contrast, the American guidelines 

suggest early valve surgery to prevent left ventricular dysfunction.6 The finding that 

90% of the patients within 10 year of ‘watchful waiting’ have an indication for surgery 
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is in favor for the American point of view.24 However, this percentage is debated: other 

research revealed 50%.23 Pleading also against the American point of view is the risk 

of complications in asymptomatic patients, although surgery has a very low mortality 

and morbidity rate. 25,26  In case of severe functional MR,  there is left ventricular 

dysfunction most of the time. These patients are usually not asymptomatic.

Medical treatment
There is no proven effective medical treatment for patients with asymptomatic chronic 

MR.6,27 Also vessel dilating drugs, including ACE-inhibitors, have no effect on the 

volume of the left ventricle or the severity of the regurgitation in these patients. 6,27

new develoPments in diagnostics
In 2D-echocardiography – transthoracic or transoesophageal- there can be a 

discrepancy between the severity of symptoms and the observed severity of  MR. In 

patients with many or atypical complaints, 2D-echo sometimes shows not more than 

mild MR, other patients are asymptomatic although echocardiography shows severe 

regurgitation. Often 2D-echocardiography does not supply sufficient information. 

Nevertheless, imaging techniques are becoming more accurate.

3D-echocardiography
With 3D-echocardiography, the morphology of the mitral valve and the volume and 

dimensions of the left atrium and left ventricle can provide very useful additional 

information on anatomy, severity and chronicity of the MR. Therefore it is a useful tool 

and it may lead to more insight into the right timing of a possible surgical procedure.6,7

Stressechocardiography
Stressechocardiography is of additional value when a patient has recognizable 

complaints during exercise, to determine the hemodynamic severity of the MR and the 

stress of the left and right ventricle. Also the exercise induced increase of the MR can 

be assessed and the left ventricular function and systolic pressure in the pulmonary 

artery can be measured during stress.28`Pulmonary hypertension is associated with a 

poor prognosis when left ventricular dysfunction is present.29

BNP assessment
Assessment of the brain natriuretic peptide (BNP) can provide information about the 

risk of left ventricular dysfunction, heart failure and mortality in asymptomatic severe 

MR. It may be useful in the decision making of valve surgery. It is not clear which cut-off 

value can be used for the indication of a surgical procedure and the prognostic value of 

the BNP-serum concentration on long term is unknown.30-32 Moreover, the BNP-value 
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can be influenced by pre-existent atrial fibrillation, hypertension and renal failure.31,32 

There are no clear cut-off points for the BNP-concentration in severe, asymptomatic 

MR, although a BNP increase can be interpreted as a potential deterioration of the left 

ventricular function or the functional capacity.

New developments in treatment strategies
No prospective randomized trials have been performed to determine the best 

treatment strategy in asymptomatic patients with severe organic MR and preserved 

left ventricular function which prevents a clear opinion about this clinical challenge. 

Therefore a prospective randomized trial has been started in the Netherlands: the 

Dutch Asymptomatic Mitral Regurgitation trial (www.dutchamr.nl).33 For patients with 

severe functional MR and a revascularization option the optimal treatment strategy is 

debated: only revascularization, restrictive annuloplasty or mitral valve replacement? 

Also for this question randomized trials are needed.6,7

conclusion
Which treatment can be used in a patient with MR, will depend on the severity, cause 

and effects of MR. Echocardiography is the keystone in diagnostics and discussion in 

a ‘heart valve team’ is important to determine the best treatment strategy.

Appropriate treatment of symptomatic patients with severe organic MR is surgical 

valve repair. In an inoperable patient with severe functional MR medical treatment 

will be often used, possibly with cardiac resynchronization therapy. When surgery is 

indicated,  restrictive annuloplasty can be a good option. In patients with severe MR 

who are considered inoperable or with high surgical risk, MitraClip implantation can 

be a treatment option. 

Patients who are considered for one of the above mentioned interventions need to 

be referred to a center with verifiable expertise in the area of these treatment options. 

This is also true for asymptomatic patients. 
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aBstract
Background: MitraClip implantation (MCI) reduces mitral regurgitation (MR) and 
symptoms in patients considered inoperable or with high-surgical risk. Data to 
determine the benefit from MCI for an individual patient are limited. The aim of this 
study is to determine predictors associated with the prognosis after MCI to improve 
the patient selection for this procedure.

methods: We included 84 consecutive patients (age: 76±10 years, 51% male) who 
underwent MCI in our institution for symptomatic severe MR. All patients underwent 
transthoracic echocardiography before MCI; clinical and echocardiographic follow-up 
was obtained after MCI.

results: The 2-year survival was 81%. Predictors for two-year mortality in multi-variate 
analysis were baseline NT-proBNP ≥ 5000 ug/L (HR: 5.4, 95% CI: 1.8-16.2), previous 
valve surgery (HR: 4.5, 95% CI: 1.7-12.2), tricuspid regurgitation (TR) ≥ grade 3 prior 
to MCI(HR: 2.8, 95% CI: 1.2-6.8) and absence of MR reduction after MCI (HR: 2.1, 
95% CI: 1.2-3.8). The 2-year survival of patients with 0, 1 or ≥2  of these predictors 
present is: 87%; 78% and 38% respectively (log-rank p<0.001). The functional class 
at 1 month and mid-term follow-up was worse in patients with two or more of these 
predictors present at baseline compared to patients with zero or one of these 
predictors (1 month: p=0.007 and mid-term: p<0.001).

conclusion: Pre-procedural NT-proBNP, previous valve surgery, TR grade and the 
amount of MR reduction are the main predictors of survival and functional status after 
MCI, which may be taken into account to optimize patient selection. 
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introduction
Mitral regurgitation (MR) is a common valvular heart disease with high morbidity and 
mortality rates, especially in the ageing population.1-4 Surgical mitral valve repair is the 
preferred treatment for severe MR5, but not all patients are eligible for this treatment 
because the often high age and vitality reducing comorbidities6 which carry a high 
surgical risk and contribute to a poorer prognosis. For this specific patient population 
the less invasive, transcatheter MitraClip implantation (MCI) was developed, based 
on the surgical Edge-to-Edge repair technique.7 Several studies have already 
demonstrated that MCI  is a safe procedure by which a reduction to MR grade ≤ 2 and 
functional improvement is achieved in most of the treated patients.8-12 Even in selected 
patients with severe systolic heart failure MCI can reduce MR significantly and result 
in an increase in both left ventricular ejection fraction and functional improvement.13 
According to the current European guidelines, MCI is optional for inoperable or high 
surgical risk patients.5 However, it is unclear which patient category will benefit the 
most from this novel catheter based technique. The aim of the present study is to 
determine independent predictors of functional and clinical outcome in order to 
improve the selection of patients eligible for this procedure.

methods
Study population and screening
Between May 2009 and July 2013, 84 patients underwent a MitraClip procedure 
in our institution. Prior to the procedure, all patients had severe symptomatic MR 
(despite optimal medical therapy and chronic resynchronization therapy (n=6)) of 
functional, degenerative or mixed origin and were declined for surgical treatment 
due to anticipated high surgical risk by a multidisciplinary heart team. High surgical 
risk was defined as a logistic European System for Cardiac Operative Risk Evaluation I 
(EuroSCORE I) mortality of >15% or specific surgical risk factors associated with excessive 
morbidity and mortality which are not included in the EuroSCORE. Subsequently, all 
patients were evaluated for eligibility of MitraClip implantation. Patients considered 
suitable on transoesophageal echocardiography (TEE) underwent a standard pre-
procedural screening (including: assessment of functional capacity (New York Heart 
Association (NYHA) functional class), laboratory measurements (including NT-proBNP), 
transthoracic echocardiography (TTE) and when indicated coronary angiography). 
Baseline characteristics such as age, gender, relevant medical and surgical history were 
collected from medical records. All patients gave written informed consent for MCI and 
to data being collected and utilized as per the ethical guidelines of the institute.
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MitraClip procedure
The MitraClip device and the implantation procedure were described previously.14 

The procedure was performed under general anesthesia with TEE- and fluoroscopic 

guidance. In cases where a further reduction of MR after the first clip was desirable, 

a second or third MitraClip was implanted if the mean mitral valve pressure gradient 

(MVPG) remained < 5 mmHg.

Post-procedure and follow-up
All patients underwent a TTE 1-2 days after MCI in order to determine the exact 

severity of MR without anesthesia. Clinical and echocardiographic follow-up was 

obtained 1 and 6-12 months (mid-term follow-up)after the procedure (including 

assessment of NYHA status). Patients were invited for a 6 month and 12 month follow-

up. If there was follow-up available at both 6 and 12 months, data of  12 months 

follow-up were used for our analyses (of 20 patients (32%) we have echocardiographic 

data at 6 months follow-up and of 43 patients (68%) we have echocardiographic data 

is 12 months follow-up). Information on vital status is present up to 2 years after MCI in 

all 84 patients;  3 patients were deceased at 1 month follow-up and 12 patients were 

deceased at mid-term follow-up .

Echocardiographic protocol
TTE and TEE were performed using a Vivid 7 and 9 machine (GE Healthcare, Horten, 

Norway). All views were obtained according to the recommendations of the American 

Society of Echocardiography. 15,16 The MR grade was based on qualitative and 

quantitative data by the color Doppler and continuous wave Doppler interrogation of 

the regurgitant jet in 2 orthogonal views; 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 were used in our institution.5,17 MR severity was scored from 1 

to 4 (1: mild, 2: mild-moderate, 3: moderate-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.18 

Left ventricular (LV) function and left atrial volumes were measured using the biplane 

Simpson’s method.19 The right ventricular (RV) systolic pressure (RVSP) was obtained 

from the systolic RV-right atrial gradient, using the modified Bernoulli equation 

(calculated from the peak velocity of the systolic trans-tricuspid regurgitant flow). From 

the dimension of the inferior vena cava and its collapsibility the right atrial pressure 

was calculated (measured in the subcostal view).20 Due to the absence of pulmonary 

valve or pulmonary artery stenosis in all patients, the RVSP is corresponding well to 

the systolic pulmonary pressure (sPAP). Tricuspid regurgitation (TR) was qualitatively 

graded using color-flow Doppler according to the guidelines of the American Society 
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of Echocardiography as follows: normal/trivial (grade 1), mild (grade 2), moderate 
(grade 3) or severe (grade 4).20

All echocardiographic measurements were reviewed by two experienced investigators.

Statistical analysis
Categorical data are reported as percentages and counts, continuous data as mean ± 
standard deviation. Comparison of categorical data was conducted with a Chi square 
(two-sided p-value was used), Fischer’s exact or McNemar test where appropriate. A 
two-tailed paired T-test test was performed on continuous data to detect significant 
differences presuming that the normality assumption has been met. Non parametric tests 
were used for data that were not normally distributed and these data were presented as 
median with the 25th and 75th percentile. With uni- and multivariate analyses (all variables 
with a p-value <0.1 were in univariate analysis were included in the multivariate analysis) 
determinants for all-cause mortality were determined by a Cox model. We used a NT-
proBNP  level ≥ 5000 ug/L in our analyses as cut-off point because this level is also used 
as risk-marker in patients with decompensated heart failure.21 We created a model in 
which all predictors of the multivariate analysis were included; every available predictor 
was weighted 1 point. In this model with predictors we reduced the determinant ‘MR 
reduction’ to 0-1 grade MR reduction and 2-3 grades MR reduction and 0-1 grade MR 
reduction was counted as 1 predictor. The Kaplan-Meier method was used for survival 
analysis and the log-rank test was used to compare groups. 

A p-value < 0.05 was considered statistically significant for all tests. Data analysis 
was performed with the SPSS (version 20, SPSS, Chicago, IL) software package.

results
Patient and procedure characteristics
Between May 2009 and July 2013, 84 consecutive patients underwent MCI at our 
institution. The mean age was 76±10 years and 51% of the patients were male. All 
patients had pre-procedural MR grade 3 or 4 and the aetiology was functional in 54% 
, degenerative in 38%  and mixed in 8% . The majority of patients were NYHA class 
≥ III (96%) prior to the MitraClip procedure. The mean EuroSCORE of all patients was 
16±11 %. The remainder of the patient baseline characteristics is given in Table 1. In 
the majority of the patients (68%) one MitraClip was implanted, 2 clips were implanted 
in 31% of the patients and 3 clips in 1% of the patients. In 76% of the patients the MR 
was reduced to grade ≤ 2 on the post-procedural TTE. 

Echocardiographic and functional follow-up data
The median time of the echocardiographic mid-term follow-up is: 364 days. MR was 
significantly reduced at follow-up compared to baseline; 63% of the patients had MR grade 
≤ 2 (p <0.001) at 1 month follow-up and 56% (p < 0.001) at mid-term follow-up. Compared 
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to baseline NYHA class also significantly improved at follow-up, 71% of the patients was 
NYHA class I or II at 1 month (p < 0.001) and 70%  at mid-term follow-up (p < 0.001).

Not much echocardiographic parameters had a significant difference between 
baseline and follow-up except for the mean MVPG which significantly increased 
(baseline: 2.5±1.7 mmHg, 1 month follow-up: 4.0±2.1 mmHg (p<0.001, compared to 
baseline), mid-term follow-up: 4.3±2.8 mmHg (p=0.003 compared to baseline)) and 
the sPAP was significantly decreased at 1 month follow-up (Table 2).

table 1.Baseline characteristics (n=84)

Age at procedure, years 76 ± 10

BSA (m2) 1.89 ± 0.20

Men 43 (51%)

Clinical history

Hypertension 27 (32%)

Diabetes Mellitus 15 (18%)

Previous stroke 9 (10%)

Coronary artery disease 39 (46%)

Previous PCI 20 (24%)

Previous CABG 18 (21%)

Previous valve surgery 8 (10%)

Atrial fibrillation 45 (54%)

COPD 14 (17%)

NYHA class ≥ III 81 (96%)

Logistic EuroSCORE (%) 15.7 ± 10.5

Use of loop diuretics 70 (83%)

Laboratory findings

NT-proBNP (ug/L) 1755 (769-3227)

Creatinine (umol/L) 121 ± 82

Echocardiographic variables

MR grade ≥ 3 84 (100%)

MR etiology

Degenerative 32 (38%)

Functional 45 (54%)

Mixed 7 (8%)

LV ejection fraction (%)* 41 ± 14

sPAP (mmHg)† 45 ± 15

Data expressed as mean ± SD, number (percentage) or median (25th - 75th percentile). * n = 68, 
† n = 65. BSA: body surface area; PCI: percutaneous coronary intervention; CABG:coronary 
artery bypass graft; COPD: chronic obstructive pulmonary disease; NYHA: New York Heart 
Association; MR: mitral regurgitation; LV: left ventricular; sPAP:systolic pulmonary artery pressure
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Factors associated with survival after MitraClip implantation 
The 30-day survival is 96% (of the 3 patients who died within 1 month, 2 patients died 
in-hospital), 6-month survival is 87% and 2-year survival is 81%. In univariate analysis the 
pre-procedural patient characteristics that were associated with the endpoint survival 
within two years after MCI were a NT-proBNP  level ≥ 5000 ug/L, previous valve surgery 
(all aortic valve replacement), tricuspid regurgitation (TR) ≥ grade 3 prior to MCI (Table 3). 
The only procedural characteristic that has an  influence on survival was the amount of 
MR reduction after MCI; the more grades of MR reduction the better the survival. (Table 3 
and Figure 1) Other factors, such as device time and total amount of clips implanted 
did not affect survival. Multivariate analysis demonstrated that patients with NT-proBNP  
levels ≥ 5000 ug/L, previous valve surgery, TR ≥ grade 3 prior to MCI or absence of MR 
reduction after MCI had significantly higher mortality rates (Table 3). Patients with two 
or more of these patient characteristics had a significantly lower survival than patients 
without these characteristics prior to MCI. The 2-year survival of patients with 0, 1 or ≥2 of 
these predictors is: 87%; 78% and 38% respectively (log-rank p<0.001, Figure 2). Also, the 
NYHA class at 1 month follow-up was significantly worse in patients with two or more of 
these predictors compared to patients with zero or one of these characteristics, (p=0.007, 
Figure 3A). This was also true for mid-term follow-up (p=0.001, Figure 3B).

table 2. Comparison of baseline and follow up after MitraClip implantation

echocardiographic 
parameters

baseline 
(n=84)

1 month 
follow-up 

(n=77) p-value

mid-term 
follow-up 

(n=63) p-value

MR grade <3 0% 64% <0.001 54% <0.001

LVEF (%) 41 ± 14 40 ± 13 0.5 40 ± 14 0.6

LVEDV (ml) 135 ± 62 143 ± 60 0.03 137 ± 52 0.9

LVESV (ml) 86 ± 53 89 ± 51 0.2 88 ± 47 0.9

LVEDD (mm) 56 ± 10 58 ± 15 0.4 55 ± 11 0.3

LVESD (mm) 47 ± 17 46 ± 15 0.3 43 ± 13 0.048

LAVI (ml/m2) 62 ± 23 62 ± 20 0.1 64 ± 21 0.1

mean MVPG (mmHg) 2.5 ± 1.7 4.0 ± 2.1 <0.001 4.3 ± 2.7 0.001

CO 4.2 ± 1.6 4.4 ± 2.6 0.5 4.3 ± 2.3 0.4

sPAP (mmHg) 45 ± 15 40 ± 10 0.02 41 ± 12 0.7

Data expressed as percentage or as mean ± SD. P-value is comparison to baseline (at 1 month 
and mid-term follow-up (mean± SD of pairwise complete observations were used). MR: mitral 
regurgitation; LVEF: left ventricular ejection fraction; LVEDV: left ventricular end-diastolic 
volume; LVESV: left ventricular end-systolic volume; LVEDD: left ventricular end-diastolic 
diameter; LVESD: left ventricular end-systolic diameter; LAVI: left atrial volume indexed; MVPG: 
mitral valve pressure gradient; CO: cardiac output; sPAP: systolic pulmonary artery pressure.
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figure 1. Reduction of mitral regurgitation after MitraClip implantation. Kaplan-Meier survival analysis 
after MitraClip implantation. The amount of MR reduction after MCI influenced survival significantly. 

figure 2. Predictors for survival after MitraClip implantation. Kaplan-Meier survival analysis after 
MitraClip implantion with endpoint all-cause mortality. Pre-procedural NT-proBNP >5000 ug/L, 
previous valve surgery, TR ≥ grade 3 and amount of MR reduction are the independent predictors 
of survival. Patients with ≥ 2 of these predictors had a significantly poorer survival.
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table 3. Predictors for 2-year survival in univariate and multivariate analysis (Cox model)

outcome univariate analysis multivariate analysis

n death, % hr (95% ci) p-value hr (95% ci) p-value

Male gender 43 33 1.7 (0.7-4.2) 0.2

Age > 80 years 39 31 1.6 (0.7-3.6) 0.3

NYHA functional class IV 12 42 2.2 (0.8-6.0) 0.1

LVEF < 30% 24 29 1.2 (0.5-2.8) 0.7

Functional etiology 45 24 0.8 (0.3-1.8) 0.6

NT-proBNP >5000 ug/L 10 50 3.4 (1.2-9.2) 0.02 5.4 (1.8-16.2) 0.003

Previous valve surgery 8 75 4.8 (1.9-12.2) 0.001 4.5 (1.7-12.2) 0.003

TR > grade 2 24 42 2.6 (1.1-6.0) 0.03 2.8 (1.2-6.8) 0.02

Absence of MR reduction 
(graded)*

1.9 (1.1-3.3) 0.03 2.1 (1.2-3.8) 0.01

HR: hazard ratio; CI: confidence interval; NYHA: New York Heart Association; LVEF: left 
ventricular ejection fraction; TR: tricuspid regurgitation; MR: mitral regurgitation
. *Graded by 0 grades/1 grade/2 grades/3 grades reduction of MR after MitraClip implantation

discussion

Our study shows that both survival and functional class after MCI are determined by 

the severity of heart failure (indicated by NT-proBNP levels) prior to the procedure, a 

history of previous valve surgery, the co-presence of severe TR and the degree of MR 

reduction after MCI. We presented a multivariate model that can be of help for clinical 

decision making to improve patient selection for MCI.

We demonstrated that a reduction of MR to grade ≤ 2 after MCI was achieved in almost 

80% of the cases; this result is comparable to other studies in high-risk populations.9,22,23 

Also the NYHA functional class was, on average, significantly improved at follow-up. 

Nineteen percent of the patients were deceased within two years after MCI. 

Our study found three pre-procedural predictors which influenced survival: baseline 

NT-proBNP ≥ 5000 ug/L, previous valve surgery or the presence of TR ≥ grade 3 prior 

to MCI. The only post-procedural determinant that influences survival was the amount 

of MR reduction after MCI. Factors such as poor left ventricular function and functional 

etiology of MR had no effect on survival.

The neurohormones NT-proBNP are released by the ventricles in response to wall 

stretch. High levels of NT-proBNP are related to the severity of heart failure, which is 

a sign of poor prognosis. Accordingly, it is known that patients with MR (degenerative 

and functional) and increased levels of NT-proBNP have a poor outcome.24,25  For 

example Neuss et al. showed that patients with NT-proBNP levels of > 10000 ug/L 

prior to MCI had high mortality rates after clip MCI 26; while our data indicated a 

significantly increased mortality rate at a level of ≥ 5000 ug/L. As such, one may 
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figure 3. NYHA functional class at 1 month and mid-term follow-up. NYHA functional class at 1 
month follow-up (A) and mid-term follow-up (B), patients divided in: no predictors, 1 predictor 
or ≥ 2 predictors available prior to MitraClip implantation. The predictors are: NT-proBNP ≥ 5000 
ug/L, previous valve surgery, tricuspid regurgitation grade ≥ 3 and 0-1 grade MR reduction after 
MitraClip implantation. The functional class at 1 month and mid-term follow-up was worse in 
patients with  ≥ 2 predictors predictors present compared to patients with ≤ 1  of these predictors 
(1 month: p=0.007 and mid-term: p<0.001). At both follow-up moments there was no significant 
differences in functional class between patients with 0 or 1 predictor.

A

B

conclude that patients in end-stage heart failure might not benefit sufficiently from 
MCI and that MCI should be considered at less advanced stages of heart failure.

According to both the EuroSCORE and the Society of Thoracic Surgeons score, 
previous valve surgery is considered a risk factor. It is conceivable that a higher mortality 
risk with a history of previous valve surgery and  new cardiac valve pathology could 
be averted by MCI due to avoidance of sternal re-entry and  risk of injury to cardiac 
structures. Apparently from our study it also determines outcome after MCI, even-
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though MCI was successful. Previous valve surgery therefore most likely represents a 
worse cardiac or clinical condition of the patient.

TR is a common finding in patients suffering from valve disease, especially in 
combination with long-standing left sided heart disease, such as MR. Severe TR is known 
to be associated with a poor prognosis (one-year survival 64% in case of severe TR).27,28  
However, tricuspid valve repair for TR during mitral valve surgery has no influence on late 
clinical outcome compared to patients who underwent mitral valve surgery alone.29 In our 
cohort a TR ≥ grade 3 prior to MCI was associated with a higher mortality rate after MCI, 
although pulmonary artery pressure and right ventricular dysfunction were not associated 
with survival. This indicates that the poor prognosis in patients with severe TR might not 
be influenced by MCI and that significant TR may be a contraindication for MCI.

The 2-year survival improved in relation to the extent of MR reduction. Of the patients 
with no reduction in MR grade on the post-procedural TTE, 50% was deceased after two 
years compared to 8% of the patients with reduction of 3 grades post procedurally. This 
indicates the importance to aim for the maximum reduction of the MR. 

Patients with two or more of the predictors prior to the MCI (NT-proBNP ≥ 5000 
ug/L, previous valve surgery, TR ≥ grade 3 and none or 1 grade of MR reduction) 
have a significantly higher mortality. The two-year survival was 87% in patients without 
these predictors, 78% in patients with 1 predictor available and 38% in patients 
with ≥ 2 predictors. This demonstrates the usefulness of our model to assess the 
life expectancy after MCI; for functional class this holds true as well. These findings 
indicate that the benefit of MCI in patients with severe heart failure and multiple valve 
disease is limited and that careful selection for MCI in patients with more than one of 
these predictors is warranted; and that decisions should be individualized.

Limitations
The main limitation of this single-center study is the limited number of patients; the 
sample size may be underpowered for explicit conclusions. Furthermore, the main 
finding of the study is based on a multivariate analysis that might be overfitted. A 
longer follow-up period of the patients would provide more solid data to compensate 
the limited number of patients. Moreover we described a cohort of consecutive patients 
without a control group. Our data were collected prospectively but were analyzed 
retrospectively, therefore there is a possibility that other potential confounding 
variables might have affected the results. Furthermore, our data were not validated 
externally. The results of our study should be considered as exploratory and hypothesis-
generating. However, our results demonstrate a benefit of this procedure in most of the 
treated patients and show clear results regarding patient characteristics associated with 
survival, therefore these results may be helpful to establish patient selection criteria.
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conclusion
Heart failure, previous valve surgery, co-presence of TR and the amount of MR reduction 

after MCI are the independent predictors of survival and functional status after MCI in high 

risk patients. The pre-procedural characteristics may be used to optimize patient selection, 

while the maximum MR reduction is to be attempted to optimize the outcome of MCI.

references

1. Agricola E, Ielasi A, Oppizzi M, et al. Long-term prognosis of medically treated patients with 
functional mitral regurgitation and left ventricular dysfunction. EurJHeart Fail 2009;11:581-7.

2. Enriquez-Sarano M, Akins CW, Vahanian A. Mitral regurgitation. Lancet 2009;373:1382-94.

3. Otto CM. Clinical practice. Evaluation and management of chronic mitral regurgitation. 
NEnglJMed 2001;345:740-6.

4. Trichon BH, Felker GM, Shaw LK, Cabell CH, O’Connor CM. Relation of frequency and severity 
of mitral regurgitation to survival among patients with left ventricular systolic dysfunction and 
heart failure. AmJCardiol 2003;91:538-43.

5. Vahanian A, Alfieri O, Andreotti F, et al. Guidelines on the management of valvular heart 
disease (version 2012): The Joint Task Force on the Management of Valvular Heart Disease of 
the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic 
Surgery (EACTS). EurJCardiothoracSurg 2012.

6. Mirabel M, Iung B, Baron G, et al. What are the characteristics of patients with severe, 
symptomatic, mitral regurgitation who are denied surgery? EurHeart J 2007;28:1358-65.

7. Alfieri O, Maisano F, De BM, et al. The double-orifice technique in mitral valve repair: a simple 
solution for complex problems. JThoracCardiovascSurg 2001;122:674-81.

8. Feldman T, Foster E, Glower DD, et al. Percutaneous repair or surgery for mitral regurgitation. 
NEnglJMed 2011;364:1395-406.

9. Franzen O, Baldus S, Rudolph V, et al. Acute outcomes of MitraClip therapy for mitral 
regurgitation in high-surgical-risk patients: emphasis on adverse valve morphology and severe 
left ventricular dysfunction. EurHeart J 2010;31:1373-81.

10. Pleger ST, Mereles D, Schulz-Schonhagen M, et al. Acute safety and 30-day outcome after 
percutaneous edge-to-edge repair of mitral regurgitation in very high-risk patients. AmJCardiol 
2011;108:1478-82.

11. Tamburino C, Ussia GP, Maisano F, et al. Percutaneous mitral valve repair with the MitraClip 
system: acute results from a real world setting. EurHeart J 2010;31:1382-9.

12. Van den Branden BJ, Swaans MJ, Post MC, et al. Percutaneous edge-to-edge mitral valve repair 
in high-surgical-risk patients: do we hit the target? JACCCardiovascInterv 2012;5:105-11.

13. Franzen O, van der Heyden J, Baldus S, et al. MitraClip(R) therapy in patients with end-stage 
systolic heart failure. EurJHeart Fail 2011;13:569-76.

14. Feldman T, Kar S, Rinaldi M, et al. Percutaneous mitral repair with the MitraClip system: safety 
and midterm durability in the initial EVEREST (Endovascular Valve Edge-to-Edge REpair Study) 
cohort. JAmCollCardiol 2009;54:686-94.

15. Schiller NB, Shah PM, Crawford M, et al. Recommendations for quantitation of the left ventricle 
by two-dimensional echocardiography. American Society of Echocardiography Committee 
on Standards, Subcommittee on Quantitation of Two-Dimensional Echocardiograms. 
JAmSocEchocardiogr 1989;2:358-67.

16. Zamorano JL, Badano LP, Bruce C, et al. EAE/ASE recommendations for the use 
of echocardiography in new transcatheter interventions for valvular heart disease. 
JAmSocEchocardiogr 2011;24:937-65.

44



3

17. Zoghbi WA, Enriquez-Sarano M, Foster E, et al. Recommendations for evaluation of the 
severity of native valvular regurgitation with two-dimensional and Doppler echocardiography. 
JAmSocEchocardiogr 2003;16:777-802.

18. Foster E, Wasserman HS, Gray W, et al. Quantitative assessment of severity of mitral 
regurgitation by serial echocardiography in a multicenter clinical trial of percutaneous mitral 
valve repair. AmJCardiol 2007;100:1577-83.

19. Lang RM, Bierig M, Devereux RB, et al. Recommendations for chamber quantification: 
a report from the American Society of Echocardiography’s Guidelines and Standards 
Committee and the Chamber Quantification Writing Group, developed in conjunction with the 
European Association of Echocardiography, a branch of the European Society of Cardiology. 
JAmSocEchocardiogr 2005;18:1440-63.

20. Rudski LG, Lai WW, Afilalo J, et al. Guidelines for the echocardiographic assessment of the 
right heart in adults: a report from the American Society of Echocardiography endorsed 
by the European Association of Echocardiography, a registered branch of the European 
Society of Cardiology, and the Canadian Society of Echocardiography. JAmSocEchocardiogr 
2010;23:685-713.

21. Salah K, Kok WE, Eurlings LW, et al. A novel discharge risk model for patients hospitalised for 
acute decompensated heart failure incorporating N-terminal pro-B-type natriuretic peptide 
levels: a European coLlaboration on Acute decompeNsated Heart Failure: ELAN-HF Score. 
Heart 2014;100:115-25.

22. Surder D, Pedrazzini G, Gaemperli O, et al. Predictors for efficacy of percutaneous mitral valve 
repair using the MitraClip system: the results of the MitraSwiss registry. Heart 2013.

23. Whitlow PL, Feldman T, Pedersen WR, et al. Acute and 12-month results with catheter-based 
mitral valve leaflet repair: the EVEREST II (Endovascular Valve Edge-to-Edge Repair) High Risk 
Study. JAmCollCardiol 2012;59:130-9.

24. Detaint D, Messika-Zeitoun D, Avierinos JF, et al. B-type natriuretic peptide in organic mitral 
regurgitation: determinants and impact on outcome. Circulation 2005;111:2391-7.

25. Dini FL, Fontanive P, Conti U, Andreini D, Cabani E, De Tommasi SM. Plasma N-terminal 
protype-B natriuretic peptide levels in risk assessment of patients with mitral regurgitation 
secondary to ischemic and nonischemic dilated cardiomyopathy. AmHeart J 2008;155:1121-7.

26. Neuss M, Schau T, Schoepp M, et al. Patient selection criteria and midterm clinical outcome 
for MitraClip therapy in patients with severe mitral regurgitation and severe congestive heart 
failure. EurJHeart Fail 2013.

27. Nath J, Foster E, Heidenreich PA. Impact of tricuspid regurgitation on long-term survival. 
JAmCollCardiol 2004;43:405-9.

28. Varadarajan P, Pai RG. Tricuspid regurgitation in patients with severe mitral regurgitation and 
normal left ventricular ejection fraction: risk factors and prognostic implications in a cohort of 
895 patients. JHeart Valve Dis 2010;19:412-9.

29. Ro SK, Kim JB, Jung SH, Choo SJ, Chung CH, Lee JW. Mild-to-moderate functional tricuspid 
regurgitation in patients undergoing mitral valve surgery. The Journal of thoracic and 
cardiovascular surgery 2013;146:1092-7.

45





4mitral valve anatomy Predicts 
outcome after mitracliP imPlantation

Boerlage-van Dijk K, Yamawaki M, Wiegerinck EMA, Meregalli PM,  
Bindraban NR, Vis MM, Koch KT, Piek JJ, Bouma BJ, Baan J Jr

Adapted from Int J Cardiol 2014 2014 Jul 1;174(3):724-6



4

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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aBstract
Background: MitraClip implantation reduces mitral regurgitation (MR) effectively, but 
decreases mitral valve area, creating iatrogenic mitral stenosis (MS). Evaluation with 
transoesophageal echocardiography (TEE) intra-procedurally is necessary to measure 
MR and mitral valve pressure gradient (MVPG) as to determine whether it is necessary 
and safe to place more clips. We investigated whether these intra-procedural 
hemodynamics represent post-procedural measurements and whether exercise is 
affected by the stenosis.

methods: In this retrospective single-center study we included 51 patients who 
underwent MitraClip implantation. Measurements were performed intra-procedurally 
by TEE and post-procedurally by transthoracic echocardiography (TTE). In 23 of these 
patients exercise echocardiography was performed at follow-up. 

results: Intra-procedural mean MVPG was 3.0 ± 1.6 mmHg and increased to 4.3 
± 2.2 mmHg post-procedurally (p < 0.001). During exercise mean MVPG increased 
significantly compared to rest conditions (from 3.6 ± 1.7 vs 6.3 ± 2.7 mmHg, p < 
0.001). Six patients had a mean MVPG ≥ 5 mmHg at follow-up at rest and had higher 
systolic pulmonary artery pressure (sPAP) than patients with a mean MVPG < 5 mmHg 
(47 ± 7 mmHg vs 35 ± 12 mmHg, p = 0.035). Higher MVPG and sPAP did not lead to 
more heart failure symptoms. Receiver operating characteristic (ROC) curve analysis 
showed an estimated cut-off point for intra-procedural pressure half time (PHT) of 91 
msec to identify patients with MS and sPAP ≥50 mmHg post-procedurally.

conclusion: Mean MVPG during MitraClip implantation measured by TEE 
underestimates the hemodynamics in daily life of which operators should be aware 
of when deciding on placing one or more clips. PHT seems to be the most robust 
parameter compared to mean and maximum MVPG and may add to this decision.

Patients with a higher mean MVPG after MitraClip have a higher sPAP at follow-up. 
However, we did not detect more heart failure symptoms at follow-up.
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Background
Patients with severe symptomatic mitral valve regurgitation (MR) have increased 
mortality and morbidity.1-3 In patients denied for surgical repair or replacement, 
MitraClip implantation may be a good option to reduce symptoms.4-9 However, 
MitraClip implantation decreases mitral valve area (MVA),10,11 creating an iatrogenic 
mitral stenosis (MS). This decrease in MVA is without significant mitral obstruction 
and surgery for left ventricular inflow obstruction has not been reported.10 During 
MitraClip implantation, mitral inflow patterns are measured by transoesophageal 
echocardiography (TEE) to determine whether effective reduction of MR is achieved 
and whether the degree of MS is acceptable. Both the amount of MR reduction (i.e. 
a grade > 2 MR is considered a suboptimal result) and the mitral valve pressure 
gradient (MVPG) are measured. MS is usually considered significant in case of a mean 
MVPG ≥ 5 mmHg.12 Thus, intra-procedural TEE is necessary to determine whether it is 
effective and safe to place one or more clips. Which TEE measurements are capable 
of predicting hemodynamics in daily life and thereby able to guide decision making 
during the procedure is unknown.

In this single-center study we aimed to investigate the effect of hemodynamic 
conditions of MitraClip implantation on the occurrence of iatrogenic MS both intra-
procedurally and in daily life. Because data on change of hemodynamic parameters 
at rest and exercise echocardiography contribute to decision making during the 
procedure, a subgroup of our patients performed exercise echocardiography during 
follow-up in order to quantify the increase in MV inflow patterns during exercise and 
to evaluate whether this would impair the functional status of the patients.

methods
Study population 
Between May 2009 and December 2012, 76 consecutive patients underwent MitraClip 
implantation at our institution. Prior to MitraClip implantation, all patients had severe 
symptomatic MR and were declined for surgical treatment by a multidisciplinary heart 
team. The MitraClip device and the implantation procedure were described previously. 5 

Of these 76 patients, 51 had echocardiographic measurements available of mitral inflow 
patterns both intra- and post-procedurally. MVPG was measured during the procedure by 
TEE and in case of an acceptable reduction of the MR or an intra-procedural mean MVPG 
≥ 5 mmHg measured at equal blood pressures, no second clip was implanted. 

Between January and May 2012, 23 patients underwent an extra exercise 
echocardiography, which was taken at a median follow-up period of 13 months after 
MitraClip implantation. All patients that underwent MitraClip implantation in our 
institution and were alive at January 2012, were informed about the exercise study. 
We have selected 23 consecutive patients (Supplementary figure 1) who gave written 
informed consent, were physically able to perform bicycle exercise echocardiography 
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and had good windows on echocardiography, according to the in- and exclusion criteria 
of our protocol. The exercise study was approved by the Medical Ethical Committee.

Echocardiographic protocols
All patients underwent TEE during the MitraClip implantation and resting TTE pre- 
and post-procedurally (1 or 2 days after implantation) with a Vivid 7 machine (GE 
Vingmed Ultrasound AS, Horten, Norway. Echocardiographic recordings were taken 
with a 1.6-3.2 MHz transducer (System 7; GE Healthcare, Milwaukee, WI), digitalized 
and analyzed offline. All views were obtained according to recommendations of 
the American Society of Echocardiography.13,14 The mean value of three repetitive 
measurements was taken of every variable in patients with sinus rhythm and of five 
measurements in case of atrial fibrillation. The MR grade was based on qualitative and 
quantitative data by the color Doppler and continuous wave Doppler interrogation 
of the regurgitant jet in 2 orthogonal views; 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 were used in our institution.7,15  MR 
severity was scored from 1 to 4 (1: mild, 2: mild-moderate, 3: moderate-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.16 Mean and maximum MVPG were determined with 
continuous-wave Doppler. When one or more MitraClips were placed (and a double 
orifice is created) we measured the highest gradient resulting in measurements of 
the smallest orifice. MVA was measured using the pressure half time (PHT) method. 
Right ventricular systolic pressure (RVSP) was obtained from the systolic RV- right atrial 
gradient, calculated from the peak velocity of the systolic trans-tricuspid regurgitant 
flow using the modified Bernoulli equation. Right atrial pressure was estimated from 
the dimension of the inferior vena cava and its collapsibility measured in the subcostal 
view according to the guidelines of the American Society of Cardiology.17 In the 
absence of pulmonary valve or pulmonary artery stenosis, RVSP corresponds well to  
systolic pulmonary artery pressure (sPAP) (none of the patients had pulmonary artery 
stenosis). Left ventricle ejection fraction, left ventricular end-systolic and end-diastolic 
volumes (LVESV and LVEDV) were measured by Simpson biplane method. Cardiac 
output was calculated using the left ventricular outflow tract diameter, pulsed Doppler 
velocity-time integral measurements and heart rate.18

TEE during MitraClip implantation was performed by three experienced 
cardiologists. Mean and maximum MVPG were determined with continuous-wave 
Doppler at 0 and 120 degrees.

In a subgroup of patients a TTE at rest and during exercise was performed 
during follow-up. TTE was performed on a left lateral tilted semirecumbent bicycle-
ergometer. Patients on beta-blockers were asked to discontinue those 24 hours before 
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the exercise. Baseline measurements of systolic blood pressure, heart rate (HR) and 
peripheral blood oxygen saturation were performed before and at peak exercise.  
Initial workload started at 25 Watts and was increased every two minutes by 20 Watts  
until either 70% of the age-predicted maximum HR (maximum HR = 220-age) was 
reached or when symptoms of fatigue or dyspnea developed. All TTE examinations 
during rest and exercise were performed by a single experienced sonographer. 

Data collection
Baseline characteristics including age, gender, relevant medical and surgical histories 
were collected from medical records.

Both New York Heart Association (NYHA) functional class and N-terminal pro-brain 
natriuretic peptide (NT-proBNP) values were determined pre-procedurally and at 
follow up according to standard patient care.

All echocardiographic analyzes were performed retrospectively and were reviewed 
by two experienced investigators.

Statistical analysis
Data are expressed as mean ± SD for continuous variables and as percentages with 
counts for categorical data. A paired T-test was performed on continuous data to detect 
significant differences between peri-procedural and post-procedural measurements 
and rest and exercise parameters. McNemar, chi square test or Fisher exact were 
performed for categorical data. Non parametric tests were used for data that were not 
normally distributed.

Since moderate MS was defined as a mean MVPG ≥ 5 mmHg at rest, the same 
cut-off value was used to divide the patients into two groups (a mean MVPG of < 5 
and ≥ 5 mmHg at rest).

Hemodynamic parameters were compared between the groups. Receiver-operating 
characteristic (ROC) curve analysis was preformed  using the bootstrap method and 
the area under the curve with its 95% confidence interval, was determined. We used 
the value 50 mmHg as cut off point for sPAP, because our study population already 
had a pre-procedural mean sPAP of 34 ± 23 mmHg. A p-value < 0.05 was considered 
statistically significant.

results
Patient and procedure characteristics
The baseline characteristics are summarized in Table 1. The overall mean age was 75 
± 10 years and 51% of the patients were male. All patients had a MR grade ≥ 3 before 
the implantation and the MR etiology was functional in 74% of the cases. The NYHA 
functional class was ≥ III in 96% of the patients. MR was reduced to grade 1 in 28% of 
the patients, to grade 2 in 43% and to grade 3 in 29% of the 51 patients. 
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table 1. Baseline characteristics

 
total group

(n=51)
follow up group

(n=23)

Age at procedure (y) 75 ± 10 76 ± 8

BSA (m2) 1.88 ± 0.2 1.87 ± 0.24

Male gender 26 (51%) 10 (44%)

Clinical history

Hypertension 15 (29%) 6 (26%)

Diabetes Mellitus 9 (18%) 4 (17%)

Previous stroke 3 (6%) 2 (9%)

Coronary artery disease 27 (53%) 6 (26%)

Previous PCI 14 (28%) 4 (17%)

Previous CABG 11 (22%) 1 (4%)

Atrial fibrillation 27 (53%) 16 (70%)

COPD 6 (12%) 4 (17%)

NYHA class ≥ 3 49 (96%) 21 (91%)

EuroSCORE 15 ± 10 13 ± 10

STS score 4.28 ± 3.62 3.4 ± 2.22

echocardiographic variables

MR grade ≥ III 51 (100%) 23 (100%)

MR etiology

Degenerative 12 (24%) 6 (26%)

Functional 39 (74%) 17 (74%)

Mixed 1 (2%)

Mean MVPG (mmHg) 2.2 ± 1.5 2.2 ± 1.9

Max MVPG (mmHg) 6.3 ± 4.4 5.6 ± 4.3

PHT (msec) 74 ± 27 67 ± 18

MVA by PHT (cm2) 3.3 ± 1.2 3.2 ± 1.1

Poor LV Function (<30%) 16 (31%) 6 (26%)

sPAP (mmHg) 34 ± 23 31 ± 20

Data expressed as mean ± SD or as number (percentage). BSA: body surface area; PCI: 
percutaneous coronary intervention; CABG: coronary artery bypass graft; COPD: chronic 
obstructive pulmonary disease; NYHA: New York Heart Association; STS: society of thoracic 
surgeons; MR: mitral regurgitation; MVPG: mitral valve pressure gradient; PHT: pressure half 
time; MVA: mitral valve area; LV: left ventricular

In the total group of 51 patients, 16 (31%) had more than one MitraClip implanted 
(63% of these patients had a functional MR). Of the 23 patients that also underwent 
exercise echocardiography, four (17%) had received more than one MitraClip. 
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Echocardiographic data
Echocardiographic parameters intra- and post-procedurally are shown in Table 2 and 
Figure 1A. In all included patients, the mean MVPG was lower intra-procedurally than 
post-procedurally  (2.95 ± 1.6 vs 4.25 ± 2.20 mmHg, p < 0.001). Maximum MVPG (7.9 
± 3.2 vs 10.2 ± 4.3 mmHg; p < 0.001) and HR (69 ± 18 vs 81 ± 25 BPM; p < 0.001) 
were also lower intra-procedurally compared to post-procedurally; while PHT (99 ± 40 
vs 95 ± 30 msec, p = 0.3) did not differ significantly. Iatrogenic MS, defined as a mean 
MVPG ≥ 5 mmHg measured post-procedurally at resting conditions 12, occurred in 18 
(35%) of these patients.

The 23 patients who underwent exercise echocardiography were divided into two 
groups according to the presence of iatrogenic MS in resting conditions. Patients 
with a mean MVPG ≥ 5 mmHg at follow-up (n = 6) had already shown a higher intra-
procedural mean MVPG at TEE (3.56 ± 0.67 vs 2.39 ± 1.34 mmHg; p = 0.054) and a 
higher PHT (130 ± 56 vs 86 ± 30 msec; p = 0.03) than the patients with a mean MVPG 
< 5 mmHg (n = 17) (Table 3). 

Exercise echocardiography
Table 4 shows the changes in hemodynamic and echocardiographic parameters 
between rest and exercise. Prior to the exercise echocardiography, 48% of the 
patients showed sinus rhythm and 52% atrial fibrillation (4% had a pacemaker). Most 
of the patients (74%) were in functional status NYHA class II/IV at the time of this 
investigation, 22% was class I/IV and 4% was class III/IV. 

Mean MVPG increased significantly during exercise (3.6 ± 1.7 vs 6.3 ± 2.7 mmHg, 
p < 0.001 Figures 1B and 2). In three patients there was no increase in mean MVPG 
during exercise due to accidental intake of beta-blocker the morning prior to exercise 
test (one patient) and atrial fibrillation with severely varying heart rate during exercise, 
which influenced the measurement of MVPG although measuring five cycles (two 
patients). In six patients (26%) the MR grade increased during exercise. Also, the 
systolic blood pressure (142 ± 22 vs 155 ± 35 mmHg, p = 0.03) and the estimated 
sPAP increased significantly during exercise (38.8 ± 12 vs 51.9 ± 11 mmHg, p < 0.001). 

table 2. Mitral valve pressure gradient after MitraClip implantation intra- and post procedurally (n=51)

  intra-procedurally Post-procedurally P-value

Mean MVPG (mmHg) 2.95 ± 1.58 4.25 ± 2.2 <0.001

Max MVPG (mmHg) 7.90 ± 3.25 10.25 ± 4.32 <0.001

PHT (msec) 99 ± 40 95 ± 30 0.3

Heart rate (BPM) 69 ± 18 81 ± 25 <0.001

Data expressed as mean ± SD. MVPG: mitral valve pressure gradient; PHT: pressure half time; 
BPM: beats per minute. Intra-procedural measurements were performed using TEE and post-
procedural measurements were performed using TTE. 
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A B

figure 1. A. MitraClip implantation and mean mitral valve pressure gradient (MVPG) intra- and 
post-procedurally (n = 51). Patients with pressure half time (PHT) < 91 mmHg are presented in 
black and patients with PHTs ≥ 91 mmHg are presented in red. B. Mean MVPG at rest and during 
exercise after MitraClip implantation (n = 23). Patients with a PHTs < 91 msec are presented in 
black and patients with PHTs ≥ 91 msec are presented in red.

table 3. Mitral valve pressure gradient after MitraClip and differences intra- and post-procedural 
in follow-up group

mean mvPg < 5 mmhg 
(n=17)

mean mvPg ≥ 5 mmhg 
(n=6) P-value

mean MVPG intra-procedural 2.39 ± 1.34 3.56 ± 0.67 0.05

max MVPG intra-procedural 6.55 ± 2.71 8.33 ± 1.3 0.07

PHT intra-procedural 86 ± 30 130 ± 56 0.03

mean MVPG post-procedural 4.00 ± 2.4 6.4 ± 2.4 0.08

max MVPG post-procedural 8.77 ± 3.2 14.4 ± 3.85 0.02

PHT post-procedural 89 ± 28 112 ± 44 0.07

Data expressed as mean ± SD. MVPG: mitral valve pressure gradient; PHT: pressure half time 

The 23 patients were divided in two groups (Table 5): patients with a mean MVPG 
< 5 mmHg (n = 17) and a mean MVPG ≥5 mmHg (n = 6) at resting conditions. A higher 
mean MVPG resulted in a significant higher sPAP (p = 0.035) in resting conditions, but not 
during exercise. There were no differences in NYHA class or NT- proBNP measurements 
between the two groups. The mean duration of exercise did not differ between both 
groups (p = 0.4), with a mean duration of exercise of 15.3 ± 2.3 min (MVPG < 5 mmHg) 
compared to 14.3 ± 2.3 min (MVPG ≥ 5 mmHg).In patients who received more than one 
MitraClip, hemodynamic parameters in resting conditions and during exercise did not 
significantly differ from patients who received a single MitraClip.
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table 4. Hemodynamics and mitral valve parameters during exercise (n=23)

  rest during exercise P-value

Heart rate (BPM) 80 ± 15 100 ± 24 0.001

SBP (mmHg) 142 ± 22 155 ± 35 0.03

O2 sat (%) 97 ± 2 96 ± 3 0.01

Mean MVPG (mmHg) 3.6 ± 1.7 6.3 ± 2.7 <0.001

Max MVPG (mmHg) 8.9 ± 4.0 13.7 ± 4.6 <0.001

MR grade 0.1

None 1 (4%) 1 (4%)  

Grade 1 3 (13%) 1 (4%)  

Grade 2 12 (52%) 11 (48%)  

Grade 3 7 (31%) 10 (44%)  

PHT (msec) 98 ± 30 81 ± 26 <0.001

MVA by PHT (cm2) 2.46 ± 0.73 3.04 ± 0.94 <0.001

LV EDV (ml) 137 ± 71 134 ± 66 0.7

LV ESV (ml) 83 ± 56 80 ± 50 0.6

LVEF (%) 43 ± 14 41 ± 15 0.4

sPAP (mmHg) 38.8 ± 12 51.9 ± 11 <0.001

Cardiac output 4.2 ± 1.1 6.1 ± 2.0 0.001

Data expressed as mean ± SD or as number (percentage). SBP: systolic blood pressure; O2: 
oxygen MVPG: mitral valve pressure gradient; PHT: pressure half time; MVA: mitral valve area; 
MR: mitral regurgitation; LV: left ventricular; EDV: end diastolic volume; ESV: end systolic 
volume; EF: ejection fraction; sPAP: systolic pulmonary artery pressure

Pressure half time
A ROC curve was constructed to find the optimal cut off-point of the intra-procedural 
PHT to identify patients with MS (mean MVPG ≥ 5 mmHg) and a higher sPAP (sPAP ≥ 50 
mmHg) post-procedurally. For this ROC curve we analyzed all 51 included patients for 
the analysis with MS and 50 patients for the sPAP analysis (in one patient sPAP could not 
be measured properly). ROC analysis showed an area under the curve (AUC) of 0.8 (95% 
CI, 0.65-0.95; p<0.001) and identified a PHT of 91 msec as the optimal cut-off point for 
predicting postoperative MS (Figure 3A). This same cut-off point was also predicting 
postoperative sPAP ≥ 50 mmHg (AUC, 0.75; 95% CI, 0.58-0.92; p=0.03) (Figure 3B).

discussion
In this study, we investigated mitral inflow patterns during MitraClip implantation 
compared to measurements performed post-procedurally and at follow-up during 
rest and exercise echocardiography. A small but significant increase was found in 
MVPG measured post-procedurally compared with intra-procedurally (from 3.0 ± 1.6 

69



5

to 4.3 ± 2.2 mmHg). PHT seems to be the most robust parameter compared to mean 
and maximum MVPG since these parameters change substantially post-procedurally. 
Furthermore, mean MVPG increased significantly during exercise (from 3.6 ± 1.7 to 
6.3 ± 2.7 mmHg). We observed that a mean MVPG ≥ 5 mmHg measured by TTE at 
follow-up resulted in a significant higher sPAP (35 ± 12 vs 47 ± 7 mmHg). However, we 
did not detect more heart failure symptoms at follow-up.

Interventions on the mitral valve apparatus are known to influence the hemodynamic 
conditions. Mitral valve replacement with a prosthetic valve causes some degree of 
obstruction to the blood flow through the orifice, depending on prosthesis type and 
size.19 In patients undergoing restrictive annuloplasty because of functional MR, an 

figure 2. Continuous wave Doppler measurements of mean and maximum mitral valve pressure 
gradient (MVPG). (A) at rest and (B) during exercise.
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figure 3. A. The receiver-operating characteristics (ROC) curve of intra-procedural pressure half 
time (PHT) and post-procedural mean mitral valve pressure gradient (MVPG (< 5 mmHg or ≥ 5 
mmHg) is shown (n = 51). The area under the curve is 0.80 (95% CI 0.65-0.95). The estimated 
cut-off point for PHT is 91 msec. B. ROC curve of intra-procedural PHT and post-procedural sPAP 
(< 50 mmHg or ≥ 50 mmHg) (n = 50). The area under the curve is 0.75 (95% CI 0.58-0.92). The 
estimated cut-off point for PHT is 91 msec.

A

B
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increase in mean MVPG was found, but this had no effects on echocardiographic 
or clinical endpoints.20,21 Rubino et al.21 suggested that an increase in MVPG after 
restrictive annuloplasty may not affect the clinical status, because there is an increase 
in cardiac output after MR reduction. Another study compared the results of surgical 
mitral valve repair combined with restrictive ring with surgical repair without restrictive 
ring. Although a smaller MVA in patients who received a ring was found, there was 
no significant difference in maximal MVPG between these groups.22 Maisano et al. 
developed a 3D computational model to evaluate the hemodynamic effects of a 
double-orifice mitral valve after surgical Edge-to-Edge repair. They demonstrated that 
the flow through two orifices together was equal to the flow that would be obtained 
through a single orifice.23 After MitraClip implantation in humans, Herrmann et al. 
showed a decrease in MVA and an increase in MVPG at resting conditions, however 
there was no occurrence of clinical significant MS.10 In the present investigation there 
is a similar increase in mean MVPG after MitraClip implantation compared to pre-
procedural measurements. In addition, the MVPG was also measured during the 
procedure and it was significantly lower than the post-procedure MVPG. 

This finding may be explained by the different hemodynamic conditions under 
general anesthesia (intra-procedurally) and by a significantly higher HR post-
procedurally (when the patients are awake; see Table 2). Patients with a mean MVPG 
≥ 5 mmHg at follow-up are characterized by higher values of MVPG and PHT intra-
procedurally. Moreover, a mean MVPG ≥ 5 mmHg resulted in a significant higher sPAP 
at follow up. There seemed to be no relation between the number of clips that were 
implanted since placement of two or more clips did not lead to a higher MPVG. The 
cut-off point for PHT intra-procedurally is 91 msec to identify patients with a post-
procedural mean MVPG ≥ 5 mmHg and this same cut-off point for PHT was also found 
to sort out patients with a post-procedural sPAP ≥ 50 mmHg.

Although the differences between the procedural and follow-up measurements seem 
logical, it is important to be aware of these differences when deciding for multiple clip 
placement. Therefore it may be useful to pharmacologically increase the HR during the 
procedure in order to obtain a MVPG measurement together with a PHT measurement 
that is as similar as possible to the real life situation. This is especially important in cases 
in which the mean MVPG is already around 3.5-4 mmHg under general anaesthesia.

It is important to mention that MVPG is influenced by several factors, including mitral 
regurgitation.12 In the subgroup of patients with a mean MVPG ≥ 5 mmHg at follow-up, 
50% had an MR grade 3, which can contribute to the persistence of a higher gradient. 
Post-procedural measurements of MVPG are performed in a double orifice which could 
lead to differences in velocity and gradient between the two orifices. We have measured 
the highest gradient, which means that the smallest orifice was measured. Furthermore, 
most of our patients had their MitraClips placed in a rather central position (78% of the 
patients in the exercise group had a central MR-jet, originated from A2-P2). Therefore 
we do not expect to find large differences between both orifices in the majority of our 
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patients. Furthermore, MVA by the PHT method has limitations in the case of a mitral 
valve prosthesis and tends to overestimate MVA because this measurement does not 
measure the true anatomic orifice area of the prosthesis, but instead is calculated by 
analyzing blood flow through the valve.24-26 If this is also true for MitraClip implantation 
is not evaluated yet. In this study, 14 patients had post-procedural MR grade 1, for 
whom calculation of MVA by continuity method is appropriate.  In only five patients we 
had measurements of the MVA of both the continuity method and the PHT method. 
The mean MVA was 1.8 ± 1.2 cm2 by continuity method, while it was 3.2 ± 1.0 cm2 
by the PHT method. This suggests that the PHT method overestimates the MVA for 
patients with MitraClip, but confirmation requires study of a larger number of patients 
with mild or less residual MR following the clip implantation procedure. For the time 
being, until studied further, the PHT method should not be used to calculate the MVA 
for MitraClip patients. Nevertheless, analogous to use of PHT for mitral prostheses,26 it 
is mandatory to measure the PHT as a stand-alone measure of mitral obstruction and in 
order to compare with follow-up measurements.

Studies on exercise-induced changes in cardiac output in healthy volunteers have 
shown that during exercise an increase in transmitral blood flow occurs and that this 
was possible due to an increase in cross-sectional area at the mitral valve orifice.27 
This may indicate the importance to preserve the native mitral valve orifice as much as 
possible to maintain unrestricted transmitral blood flows during exercise conditions. 
Another study reported data on exercise testing after mitral valve replacement with 
prostetic valves (Starr-Edward and Björk-Shiley prosthesis) and showed a significant 
increase in mean MVPG during exercise (Starr-Edwards increased from 5±1 to 13±4 
mmHg and Björk-Shiley from 5 ± 2 to 10 ± 3 mmHg).28 In patients who underwent 
surgical Edge-to-Edge repair combined with ring annuloplasty an increase in both 
mean and maximum MVPG at peak exercise was observed.29,30   Furthermore, Hori 
et al. compared the classical Carpentier repair with the surgical Edge-to-Edge 
repair (both equipped with a ring annuloplasty) and found a significant increase in 
MVPG during exercise in both groups. However, no differences between these two 
techniques were found.31  In our study, mean MVPG during exercise increased from 
3.6 ± 1.7 to 6.3 ± 2.7 mmHg compared to resting conditions, but without symptoms 
or signs of decompensated heart failure. The mean MVPG at rest and during exercise 
in our study are comparable to the values found by Hori et al. (mean MVPG at rest: 
2.3 ± 1.4 mmHg and during exercise: 5.2 ± 2.4 mmHg) and Borghetti et al. (mean 
MVPG at rest: 3.5 ± 2.5 mmHg and during exercise: 8.0 ± 6.1 mmHg) after surgical 
Edge-to-Edge repair and to those found by Grimaldi et al. in patients who underwent 
undersized ring annuloplasty for functional MR (mean MVPG at rest: 3.2 ± 1.2 mmHg 
and during exercise: 6.3 ± 2.3 mmHg during exercise). 30-32

In our study population the sPAP also increased significantly during exercise (from 
39 ± 12 at rest to 52 ± 11 mmHg during exercise). Our patients showed on average 
higher sPAP values in comparison with the results of the three exercise studies after 
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surgical Edge-to-Egde repair discussed before. 29-31 This is not surprising since our 
patient population is older and has been refused for surgical options due to high 
surgical risk, chronic disease or a history of heart failure. The subgroup of patients 
with a mean MVPG ≥ 5 had a substantial, but not significant increase in sPAP during 
exercise (rest: 47 ± 7 mmHg, exercise: 55 ± 7 mmHg; p = 0.5). This might be explained 
by the small number of patients and the small rise in cardiac output during exercise. 
Likewise, the rise in mean MVPG in this subgroup (rest: 5.9 ± 1.2 mmHg, exercise: 9.0 
± 2.7 mmHg; p = 0.3) shows a clear, albeit non-significant, tendency.

Study limitations
The main limitation of the present study is the relatively small sample size and the fact 
that the exercise study was performed at different months of follow-up after MitraClip 
implantation. In addition, there was no homogeneity in etiology of MR. Nevertheless, this 
is the first study, to our knowledge, to investigate exercise-related effects on hemodynamic 
parameters of MitraClip implantation, and showed that even in the patients with iatrogenic 
MS, an improvement in NYHA class due to the reduction of MR was still achieved. 

conclusion
Mean MVPG during MitraClip implantation measured by TEE underestimates the 
hemodynamics in daily life of which operators should be aware of when deciding on 
placing one or more clips. PHT seems to be the most robust parameter compared to 
mean and maximum MVPG and may add to this decision. However, the diagnostic value 
of the PHT cut-off values identified in our study will need independent confirmation 
in future studies.

Patients with a higher mean MVPG after MitraClip have a higher sPAP at follow-up. 
However, we did not detect more heart failure symptoms at follow-up.
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supplementary figure 1. Patient flowchart

Assessed for eligibility MitraClip 
(n=76)

Included in analysis 
(n=51)

Excluded (n=25) 
- No MitraClip implanted (n=9) 
-Incomplete echocardiography data (n=21) 

Excluded from follow up study (n=28) 
-Died (n=7) 
-Declined or unable to participate  (n=21) 

Exercise echocardiography 
(n=23)
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Preserves right ventricular function
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aBstract
Background: Chronic mitral regurgitation (MR) often leads to diminished right 
ventricular (RV) function due to long-standing pressure and volume overload. Surgical 
intervention often adds to the pre-existent RV dysfunction. Percutaneous mitral valve 
(MV) repair can reduce MR, but to what extent this affects the right ventricle is unknown. 

methods: Consecutive patients scheduled for percutaneous MV repair using the 
MitraClip system, underwent transthoracic echocardiography at baseline and at 1- and 
6-month follow up.  RV systolic function was evaluated using five echocardiographic 
parameters. RV afterload was evaluated using systolic pulmonary arterial pressure 
(sPAP) and mean MV pressure gradient. Residual MR was defined as grade ≥  3 and 
mitral stenosis (MS) as mean MV pressure gradient of ≥ 5mmHg.

results: Sixty-eight patients (52% male, mean age 75 ± 10 years) were included. Six 
months after MitraClip implantation there were no significant changes in any of the RV 
parameters. MR decreased (p < 0.01) and the mean MV pressure gradient increased 
during follow-up (2.3 ± 1.4 mmHg at baseline vs 4.5 ± 2.7 mmHg at six months, P < 
0.01). Patients with both residual MR and MS six months after MitraClip implantation 
showed significant higher sPAP values (P < 0.01) and lower New York Heart Association 
(NYHA) functional classes (P < 0.01) compared to patients without residual MR or MS.

conclusions: Percutaneous MV repair, in contrast to surgical repair or replacement, 
does not negatively affect RV function. After repair, RV afterload and NYHA functional 
class are improved in case of successful repair, but adversely affected in the presence 
of both residual MR and MS.
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introduction
Right ventricular (RV) dysfunction is an important predictor of survival and exercise capacity 
in various cardiovascular diseases.1–4 In patients with chronic severe mitral regurgitation 
(MR), RV function may be impaired due to the longstanding pressure overload, caused 
by the increase in left atrial pressure and changes in the pulmonary vasculature. This 
gives rise to remodeling of the RV, which leads to decreased contractile performance 
and RV dysfunction that affects patient prognosis. If concomitant tricuspid regurgitation 
(TR) is present, this volume overload may further add to the RV dysfunction.5–9 Without 
intervention, symptomatic patients with severe MR have an annual mortality rate of ≥ 5%.10

After surgical repair or replacement of the mitral valve (MV), the right ventricle 
plays an important role in the postoperative course and functional recovery8,11,12. RV 
impairment after mitral valve replacement significantly increases 5-year mortality 
compared to patients without right heart failure.13 Other studies have shown that 
especially during the early postoperative period, there is a pronounced decrease in 
RV function, with only partial recovery even after long term follow up.14–16 

Percutaneous MV repair is considered a feasible and safe procedure to reduce MR 
in patients not suitable for surgical MV repair or replacement.17–23 Previous studies 
have shown the beneficial effect of percutaneous MV repair on left ventricular (LV) 
remodeling and clinical outcomes, along with a reduction in the rate of major adverse 
events compared to surgery.17,24,25 However, data on how percutaneous MV repair 
affects RV function and RV remodeling are lacking. In the present study RV function 
and pulmonary pressures after percutaneous MV repair with the MitraClip system were 
assessed in a cohort of high surgical risk patients.

methods
Study population
Data from consecutive patients who were referred to our tertiary centre between May 
2009 and September 2013 for percutaneous MV repair with the MitraClip system 
(Abbott, Abbott Park, IL, USA), have been prospectively collected in a dedicated 
database. All patients gave written informed consent to data being collected and used, 
per the ethical guidelines of the institute. Before MitraClip implantation, all patients 
had symptomatic severe MR and were denied surgical treatment and accepted for 
percutaneous treatment by our multidisciplinary heart team. The MitraClip system and 
the implantation procedure were described previously.17 In this retrospective analysis, 
all patients in whom MitraClip implantation was not successful and those without 
analyzable baseline or follow up echocardiograms were excluded. 

Echocardiographic examination
All included patients underwent transthoracic echocardiography (TTE) before MitraClip 
implantation and after 1- and 6-months follow up, performed by experienced and ESC 
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certified sonographers, using high-quality commercially available ultrasound systems 
(Philips IE33 or GE Vivid 7 and 9). Echocardiographic recordings were taken with a 1.6-3.2 
MHz transducer (System 7; GE Healthcare), digitalized and analyzed offline. All views were 
obtained according to recommendations of the American Society of Echocardiography.26 

RV function was assessed using five different echocardiographic measurements: 
the tricuspid annular plane systolic excursion (TAPSE), peak systolic velocity of the 
lateral tricuspid valve annulus (DTI-S’), the RV index of myocardial performance (RIMP), 
RV fractional area change (FAC) and the myocardial acceleration during isovolumetric 
contraction (IVA).26,27  TAPSE was measured by placing an M-mode cursor through 
the lateral tricuspid valve annulus in the apical four-chamber view, and measuring 
the total systolic excursion distance of the tricuspid annulus. DTI-S’ was measured 
by spectral Doppler tissue imaging within an apical four-chamber view. The pulsed 
Doppler sample volume was placed in either the tricuspid annulus or the middle of 
the basal segment of the RV free wall, to enable measurements of the instantaneous 
spectrum of velocities and to allow determination of peak velocities. RIMP was 
calculated as the sum of isovolumetric contraction and relaxation times divided by 
the RV outflow ejection time. RIMP measurements were taken using the spectral 
tissue Doppler method, whereby all time intervals are measured from a single beat 
by pulsing the tricuspid annulus. RV FAC was calculated as (RV end-diastolic area - RV 
end-systolic area)/ RV end-diastolic area x 100. These measurements were obtained 
by tracing the RV endocardium both in systole and diastole from the annulus, along 
the free wall (beneath the trabeculations) to the apex, and then back to the annulus, 
along the interventricular septum. IVA was measured by dividing the myocardial 
velocity during isovolumetric contraction by the time until peak velocity of this wave 
and was measured by Doppler tissue imaging at the lateral tricuspid annulus. For the 
calculation of IVA, the onset of myocardial acceleration was at the zero crossing point 
of myocardial velocity during isovolumetric contraction.

The following cut-off values were used for assessment of RV function based on the 
echocardiographic indices: a TAPSE value of < 16mm, RIMP of > 0.55, DTI-S’ of < 10 
cm/s, RV-FAC of < 35% and IVA of < 2.2 m/s2.26,28 Furthermore, RV function was divided 
into normal and impaired RV function, using these cut-off values and the presence of 
impaired RVF was defined when at least two major criteria were present or one major 
criterion combined with two minor criteria. The following parameters were taken as 
major criteria for impaired RV function based on echocardiographic indices: TAPSE, 
RIMP and DTI-S’. Minor criteria for impaired RV function were RV-FAC and IVA.26,28 

Values of TAPSE are suggested to be load dependent; therefore these values were 
not taken into account if moderate or severe TR was present.29

Systolic pulmonary arterial pressure (sPAP) was calculated using RV systolic pressure 
derived from continuous wave Doppler interrogation of TR, with addition of right atrial 
pressure estimated with measurement of inferior vena cava size and collapsibility.26  
No patient had 2D or Doppler evidence of pulmonary valve stenosis or RV outflow 
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tract obstruction. TR was qualitatively graded using color-flow Doppler according to 
American Society of Echocardiography guidelines as follows: normal or trivial (grade 
1), mild (grade 2), moderate (grade 3), or severe (grade 4).26

Other echocardiographic parameters included LV end-diastolic diameter, LV end-
systolic diameter, LV end-diastolic volume and LV end-systolic volume. LV ejection fraction 
was measured using the biplane Simpson’s method.  By using the quantified length and 
area measurements, the left atrial (LA) and right atrial (RA) volumes were calculated. 
Atrial diastole was determined by selecting the last frame in ventricular systole before 
MV opening. The long-axis lengths of the left and right atria were defined by measuring 
the distance from the center of the mitral annulus to the posterior atrial wall. The atrial 
endocardial area was traced to exclude the atrial appendages and pulmonary or caval 
veins. For the LA volume, we used the biplane area-length formula: volume = (0.848 × 
area4ch × area2ch/[(length4ch + length2ch)/2], where 4ch and 2ch are the four-chamber and 
two-chamber views, respectively30. For the RA volume, the monoplane area-length formula 
was used: volume = 0.848 × (area4ch)

2/length4ch. RA area was measured in the apical four-
chamber view by planimetry. RA area was traced at the end of ventricular systole (largest 
volume) from the lateral aspect of the tricuspid annulus to the septal aspect, excluding 
the area between the leaflets and annulus, following the RA endocardium, excluding the 
inferior and superior vena cava and RA appendage26. The mean MV pressure gradient 
was determined with continuous-wave Doppler. After MitraClip implantation, a mean MV 
pressure gradient ≥ 5mmHg, at a heart rate < 100 beats/min was considered to indicate 
(iatrogenic) mitral stenosis (MS). Cardiac output was calculated using the LV outflow tract 
diameter, pulsed Doppler velocity-time integral measurements, and heart rate. 

MR grade was based on qualitative and quantitative data by color Doppler and 
continuous wave Doppler interrogation of the regurgitant jet in two orthogonal views; 
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 were used at our 
institution.20,31  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 by Foster et al.,32 and presence 
of grade ≥ 3 was considered to indicate significant residual MR. 

The mean value of three repetitive measurements was taken for every variable in 
patients with sinus rhythm and of five measurements in case of atrial fibrillation or flutter. 
All echocardiographic measurements were reviewed by two experienced investigators.

Statistical analysis
Data are summarized as number (percentage) for categorical variables, mean ± SD 
for continuous variables with normal distribution, and median (interquartile range) 
for continuous data with skewed distribution. The change of continuous variables was 
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evaluated using a two-tailed paired t test or Wilcoxon matched-pairs signed rank test as 
appropriate. Independent sample t-tests were used for comparison of continuous variables 
between two groups. One-way ANOVA was used to compare continuous variables among 
more than two groups. Categorical data were evaluated using the chi-square statistic. All 
reported P values are two-sided, and P-values < 0.05 were considered significant. 

results
Patient cohort
Between May 2009 and September 2013, 94 patients underwent MitraClip implantation 
in our institution. A total of 26 patients had to be excluded from the analysis because 
these patients were lost to follow up, died before the first follow up measurement, 
or had no baseline measurement available (Figure 1). The final cohort consisted of 
68 patients (mean age 74.8 ± 10.3 years, 52% male), who had echocardiographic 
measurements available both preprocedurally and at 1-month follow up. Of this 
cohort, 58 patients had also echocardiographic measurements available at 6-months 
follow up. The remaining ten patients were either lost to follow up (n = 5) or died 
before reaching the 6-months measurement. 

figure 1. Flow chart of study population. PMVR – percutaneous mitral valve repair; MR – mitral 
regurgitation; TTE – transthoracic echocardiography
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Baseline characteristics
Demographic and clinical characteristics of the study cohort are summarized in Table 1. 

The etiology of MR was functional in 46 patients (68%), degenerative in 21 (31%) and 

mixed in one (2%). All patients were symptomatic with New York Heart Association 

(NYHA) functional classes ≥ II, with the majority of patients (96%) in NYHA class III 

and IV. Exercise capacity measured by means of the 6-minute walk test was available 

in 50 patients, who walked a mean distance of 363 ± 127 meters. The vast majority of 

patients had several comorbidities, with atrial fibrillation and coronary artery disease 

being the most common, which contributed to a high logistic European System for 

Cardiac Operative Risk Evaluation scores (mean 15.1 ± 10.1%). The mean Society 

of Thoracic Surgeons score was calculated at 4.1 ± 3.3%. Impaired RV function was 

present in 31 patients (46%) before MitraClip implantation.

Echocardiographic parameters
A paired comparison of baseline, 1-month and 6-months follow up echocardiographic 

characteristics is presented in Table 2. MitraClip implantation significantly reduced MR 

at 1- and 6-month follow-up compared to baseline (P < 0.01 for both) and a MR grade 

of ≤ 2 was achieved in almost two-third of all patients (Table 2). Furthermore, placement 

of the MitraClip led to an increase in mean MV pressure gradient, with a mean of 2.3 

± 1.4 mmHg at baseline versus 3.9 ± 2.3 mmHg at 1-month follow-up (p < 0.01) and 

remained equally elevated at 6-months follow-up (4.5 ± 2.7 mmHg, p < 0.01). All left 

ventricular (LV) dimensions, volume measurements and cardiac output parameters 

remained unchanged at one and six months after MitraClip placement (Table 2).

RA volume and RA area, both indexed for body surface area, did not significantly 

change after MitraClip implantation (Table 2). RA pressure, as estimated by inferior 

vena cava collapsibility, also remained unchanged with 61 ± 12% at baseline vs. 58 

± 18% at 6-months follow up (p = 0.58). Moderate to severe TR was present in 16 

patients (31%)  at baseline and was not significantly reduced at one month (n = 14 

[27%], p = 0.85) or at six months (n = 16 [33%], p = 0.37) after MitraClip implantation.

Right ventricular function
Paired analysis of baseline, 1-month and 6-months follow up data revealed that four out 

of five RV echocardiographic parameters (TAPSE, RV-S’, RIMP and RV FAC) were not 

significantly affected by MitraClip implantation (Table 2). At the last echocardiographic 

measurement, eight patients (12%) with a previous normal RV function now showed 

impaired RV function.  On the other hand, 12 patients (18%) with an impaired RV function 

at baseline returned to a normal function after MitraClip implantation. The remaining 

patients did not show a change in RV function after the procedure, with 19 patients 

(28%) exhibiting poor RV function and 29 patients (43%) with a preserved RV function 

both before and after MitraClip implantation. In Table 3 the results of the comparison 
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table 1. Baseline characteristics (n=68)

Age (y) 74.8 ± 10.3

Age > 75 y 40 (59%)

Men 35 (52%)

BMI (kg/m²) 26.3 ± 3.9

BSA (m²) 1.9 ± 0.2

Comorbidities

Hypertension 21  (31%)

Diabetes 12 (18%)

Stroke 5 (7%)

Atrial Fibrillation 36 (53%)

COPD 9 (13%)

Coronary artery disease 30 (44%)

Logistic Euroscore (%) 15.1 ± 10.1

STS score (%) 4.1 ± 3.3

NYHA functional class

II 3 (4%)

III 57 (84%)

IV 8 (12%)

SMWT distance, m 363 ± 127

MR severity

3 (moderate) 20 (29%)

4 (severe) 48 (71%)

MR etiology

functional 46 (68%)

degenerative 21 (31%)

mixed 1 (2%)

Impaired RV function 31 (46%)

Data expressed as mean ± SD or number (percentages).
BMI - body mass index; BSA - body surface area; CVA - cerebrovascular accident
COPD - chronic obstructive pulmonary disease; STS - society of thoracic surgeons
NYHA - new york heart association functional class; SMWT - six minute walk test
MR - mitral regurgitation; RV - right ventricle

of patients with impaired and normal RV function post-procedure are reported. There 
were no significant differences regarding age, gender, body size, European System for 
Cardiac Operative Risk Evaluation score Society of Thoracic Surgeons score, NYHA 
functional class and MR etiology or severity at baseline. Patients with impaired RV function 
at follow-up had a shorter 6-min walk distances at baseline (318 vs 395 meter, p = 0.03) 
and more often already an impaired RV function before clip implantation (70% vs 29%, p = 
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table 3. Clinical characteristics related to post procedure RV function

impaired rvf
(n = 27)

normal rvf
(n = 41) P value

Age procedure (y) 75 ± 10 74 ± 10 0.69

Men 15 (56%) 20  (49%) 0.58

BMI (kg/m²) 25 ± 3.4 27 ± 4.0 0.06

BSA (m²) 1.8 ± 0.2 1.9 ± 0.2 0.08

Death 9 (33%) 5 (12%) 0.04

Logistic Euroscore (%) 16.8 ± 9.2 13.8 ± 11 0.23

STS score (%) 3.9 ± 1.9 4.2 ± 3.9 0.82

Preprocedural NYHA class

II 0 3 (7%) 0.35

III 24 (89%) 33 (81%)

IV 3 (11%) 5 (12%)

Preprocedural SMWT distance (m) 318 ± 136 395 ± 112 0.03

History

Hypertension 4  (15) 17  (42%) 0.02

Diabetes 5  (19) 7 (17%) 0.88

Stroke 2  (7) 3  (7%) 0.99

Atrial Fibrillation 15 (56) 21 (51%) 0.73

COPD 3 (11) 6 (15%) 0.68

Coronary artery disease 15 (56) 15 (37%) 0.12

MR etiology

degenerative 6 (25%) 13 (37%) 0.19

functional 17 (71%) 17 (49%)

mixed 1 (4%) 5 (14%)

MR severity

3 (moderate) 8 (30%) 12 (29%) 0.97

4 (severe) 19 (70%) 29 (71%)

Implantation of >1 MitraClip 11 (41%) 13 (32%) 0.45

Preprocedural impaired RV function 19 (70%) 12 (29%) 0.001

Data expressed as mean ± SD or number (percentage).
BMI - body mass index; BSA - body surface area; STS - society of thoracic surgeons;
NYHA - new york heart association functional class; SMWT - six minute walk test; 
CVA - cerebrovascular accident; COPD - chronic obstructive pulmonary disease;
MR - mitral regurgitation; RV - right ventricle

0.001). The number of clips implanted during the procedure did not affect the RV function 
during follow-up. However, patients with impaired RV function had a higher prevalence of 
mortality compared to patients with a normal RV function (33% vs 12%, p = 0.04).

90



6

Individual box plots with reference values (indicated by the dashed line) of the five 
parameters used for the assessment of RV function and the sPAP are shown in Figure 2. 
This figure shows that all RV parameters, except for IVA, are around (or above) the 
reference value, both for baseline, as well as for follow up measurements. Only IVA 
was significantly decreased at 1-month follow-up (1.80 ± 0.85 vs. 1.37 ± 0.81, p < 
0.01), but returned to baseline values at 6-months follow-up (1.66 ± 0.72, p = 0.08). 
The afterload of the RV, as expressed by sPAP, significantly decreased one month after 
MitraClip implantation, however remained within the upper range of normal,33 with a 
mean of 44 ± 13 mmHg at baseline vs. 40 ± 10 mmHg at 1-month follow-up (p<0.01). 
Six months after MitraClip implantation, there was no significant difference in sPAP 
values, compared to baseline with a mean of 41 ± 12 mmHg (p = 0.46). 

Patients with residual MR or iatrogenic MS
A total of 31 patients (46%) still had significant residual MR at the last echocardiographic 
evaluation after MitraClip implantation, defined as a MR grade ≥3. Significant 
(iatrogenic) MS (defined as mean MV pressure gradient ≥ 5mmHg) was present in 21 
patients (31%) at last echocardiographic evaluation. Of these patients, a total of eight 
(12%) had both residual MR and significant MS present at the last echocardiographic 
evaluation after MitraClip implantation.

Pulmonary pressures were further evaluated, according to presence of residual MR 
or MS after the procedure. There was a significant increase in sPAP in patients with 
both residual MR and MS present, compared to patients without residual MV sequelae 
(p < 0.01), or to patients with only MR (p < 0.01) or only MS present (p = 0.04), shown 
in Figure 3 and further illustrated in Figure 4.

Furthermore there was a significant difference in NYHA functional class 
improvement in patients with and without residual MR or MS. NYHA functional class 
was significantly improved at 1- and 6-months follow-up compared to baseline in 
patients without mitral valve sequelae, or only residual MR or MS present (p < 0.01). 
In patients with both residual MR and iatrogenic MS, NYHA functional class did not 
significantly improve after MitraClip implantation, both at 1- and 6-months follow-up 
(Figure 5). This indicates that the functional class is mainly improved in patients where 
the MitraClip placement was successful, with a significant reduction in MR or without 
an increase in mean MV pressure gradient. 

All five RV parameters were evaluated with regard to the presence of MR or MS 
after MitraClip implantation. We evaluated values separately as well as the change 
in RV parameters during follow up, which yielded no significant differences between 
patients with or without MR and MS. 
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figure 2. Box plots presenting follow up data for right ventricular parameters and sPAP. The 
dashed lines indicate normal reference values. P-values are the result of paired t-test analysis. 
TAPSE – tricuspid annular plane systolic excursion; DTI-S’ – peak systolic velocity of the lateral 
tricuspid valve annulus; RIMP – RV index of myocardial performance; RV-FAC – RV fractional 
area change; IVA – myocardial acceleration during isovolumetric contraction; sPAP – systolic 
pulmonary arterial pressure
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figure 3. Difference in sPAP according to presence of residual MR or MS at last echocardiographic 
evaluation. P-values are the result of Bonferroni post hoc tests. sPAP -  systolic pulmonary arterial 
pressure; MR - mitral regurgitation; MS - mitral stenosis

figure 4. Change in tricuspid regurgitation velocity following percutaneous MV repair. (a) 
Tricuspid regurgitation velocity before and after successful MitraClip implantation, with reduction 
of MR and no (iatrogenic) MS. (B) Tricuspid regurgitation velocity before and after less successful 
MitraClip implantation, with residual MR and creation of (iatrogenic) MS. PMVR – percutaneous 
mitral valve repair; TRV – tricuspid regurgitation velocity; MVPG – mean mitral valve pressure 
gradient; MR – mitral regurgitation; MS – mitral stenosis.
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discussion

The results of our study demonstrated that percutaneous MV repair with the MitraClip 

system, in contrast to surgical repair or replacement, does not affect the LV or RV 

function parameters at 1- and 6-months follow-up. Overall there was a reduction in 

pulmonary pressures and an improvement in NYHA functional class. However, patients 

with residual MR (grade > 3) and iatrogenic MS had a significant higher sPAP and no 

significant improvement in NYHA functional class, compared to patients without MS 

and reduction of the MR. This is comparable to previous results from surgical MV 

repair, in which creation of MS after a restrictive MV annuloplasty resulted in higher 

sPAP and worse functional capacity.34,35 RV function prior to MitraClip implantation 

seemed reasonably preserved in most patients and did not improve in the first month 

and six months after percutaneous MV repair. Approximately one in 5 patients had 

grade ≥ 3 TR both prior and after placement of the MitraClip.

In patients with chronic severe MR, the RV function may be altered due to the 

longstanding increased afterload and changes in pulmonary vasculature. Currently 

Doppler echocardiography plays a key role in the management of patients with MR, 

and also allows an evaluation of RV function; however, such studies in patients with 

MR are sparse. In two previous studies on patients with severe MR undergoing surgical 

correction, neither showed right-sided heart amelioration in terms of PAP, RVEF, TAPSE 

figure 5. Change in NYHA class after MitraClip implantation. Grouped according to presence 
of residual MR or MS at last echocardiographic evaluation. MR - mitral regurgitation; MS - mitral 
stenosis; MVPG –mitral valve pressure gradient; NYHA – New York Heart Association; BL – 
baseline; 1M – one month; 6M – six months.
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or MPI. RV function remained either similar to baseline measurements or showed a slight 
reduction,16 especially when recurrent MR or severe TR was present.11,36  In contrast, 
a recent study on RV size and function after percutaneous MV repair in 35 patients 
observed improvement in RV function at discharge and 6-months follow-up compared 
to baseline, in terms of TAPSE and RV-S.37 Despite the equal follow up period compared 
to this study, no additional improvement in RV function from discharge to the 6-month 
follow-up period was found. Furthermore, there were no significant differences in RV 
size after the procedure. In this study, on a larger patient population, neither a clear 
improvement nor deterioration was found in RV function after MitraClip implantation at 
both the 1- and 6-months follow up. There was a decrease in isovolumetric acceleration 
at 1-month, however this is considered only a minor criterion of RV function and 
recovered to baseline values at 6-months. All other parameters (TAPSE, RIMP, RV-S 
and RV FAC), showed no significant change at 1- and 6-months follow-up. This could 
be explained by the fact that the right ventricle tolerates volume overload better than 
pressure overload and therefore may remain well adapted to valvular regurgitation for 
extended periods of time.36 Furthermore, the preconditioning by the prior volume load 
might also contribute to the preserved RV function in these patients.38 Accordingly, as 
indicated by previous literature, some patients with increased RV afterload are capable 
of maintaining a nearly normal cardiac output for prolonged periods of time, while 
others experience rapid deterioration and death.39 

Finally, the RV function in our cohort was not affected by presence of residual MR or 
MS after MitraClip implantation. This could be partly explained by the relatively good 
RV function of our patient cohort at baseline (Figure 3). Moreover, the unaffected high 
prevalence of moderate to severe TR after MitraClip implantation could prohibit the 
process of RV remodeling.

The MitraClip device has been shown to be a promising interventional tool for 
percutaneous MV repair and MR reduction in selected high surgical risk patients17,21. 
However, interventions on the mitral valve are known to influence the hemodynamic 
conditions. The decrease of MV area tends to lead to an increase in MV pressure 
gradient, nonetheless without concomitant effects on clinical status40,41. In line with these 
findings, a similar reduction in MR grade and an increase in mean MV pressure gradient 
after MitraClip implantation were demonstrated. Furthermore, MitraClip implantation 
resulted in an overall decrease in sPAP, which is comparable to previous reported 
findings37. However the sPAP values in our cohort remained within the upper limits of 
normal33. This could be explained by the increase in MV pressure gradient, prolonged 
recovery time of the pulmonary vasculature exceeding our 6-months follow-up time or 
irreversible changes in the pulmonary vasculature. Furthermore, the high age of our 
patient population with extensive comorbidities could further account for these findings. 

In patients with residual MR and MS after percutaneous MV repair, we documented 
a significantly higher pulmonary pressure and lower NYHA functional class. This effect 
was most pronounced in patients who exhibited both residual MR and iatrogenic MS, 
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suggesting an incremental effect of these hemodynamic changes on the RV afterload 

and thereby the functional class. 

Nevertheless the preserved RV function, improved NYHA functional class and 

reduction in sPAP after successful percutaneous MV repair are important findings 

for future guidance in mitral valve repair strategies. Where surgical repair has a 

higher success rate in reducing MR,  it is associated with a reduction in RV function 

directly postoperative. During follow up RV function usually recovers, but it never 

reaches preoperative levels.15,42,43 This selective RV impairment after cardiac surgery 

was already described three decades ago and was present irrespective of the use of 

cardiopulmonary bypass in these patients.44  However, until today the exact mechanism 

behind this decline remains to be elucidated. Several hypotheses have been put 

forward, including ischemia, air emboli and cytokine release, but none provides a 

solid explanation for this postoperative RV dysfunction. 

Study limitations
A primary limitation of the study was that, despite being the largest investigation 

reported to date, only 68 patients were enrolled. Hence, determinants of RV 

function may have been missed due to lack of power. A second limitation is that the 

echocardiographic evaluation of RV function remains challenging, and to date there is 

no absolute gold standard. Further studies using magnetic resonance imaging, three-

dimensional echocardiography or right ventricular strain may be of interest. Finally 

the follow up period is a limitation of the present study. Whether RV function might 

change during longer follow up deserves further investigation, as does the prognostic 

value of the RV parameters measured before and after MitraClip implantation.

conclusion

Percutaneous mitral valve repair, in contrast to surgical repair or replacement, does 

not negatively affect RV function. After repair, RV afterload and NYHA functional class 

are improved in case of successful repair, but adversely affected in the presence of 

both residual MR and MS.
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aBstract
Background: Current data about the impact of concomitant mitral regurgitation (MR) 
on outcome in patients who undergo transcatheter aortic valve implantation (TAVI) 
are conflicting. Therefore, our purpose was to analyze the clinical course of MR and to 
assess the influence of MR on survival and clinical status after TAVI.

methods : We included 375 consecutive patients who underwent TAVI. MR grade and 
NYHA class were determined before TAVI and at follow-up.

results: In total 171 patients (46%) had MR grade ≥ 2 at baseline and 29% improved 
to MR grade ≤ 1 after TAVI.  MR grade ≤ 1 at baseline was present in 204 patients 
(54%) and 17% worsened to grade ≥ 2 after TAVI. Improvement of MR was associated 
with absence of atrial fibrillation (AF) (OR: 2.35, 95%CI: 1.17-4.71, p=0.02) at baseline. 
Worsening of MR was associated with moderate or more aortic valve regurgitation 
after TAVI (OR: 4.2, CI: 1.83-9.49, p=0.001). NYHA class improved at follow-up. 
Baseline MR grade did not determine the degree of clinical improvement (MR grade ≤ 
1: NYHA ≥3  from 67% to 17%; MR grade ≥ 2: NYHA ≥3 from 69% to 14%). Mortality 
at two years was higher in patients with MR grade ≥ 2 at baseline compared to those 
with MR grade ≤1(37% vs 26%; HR 1.99; 95% CI 1.27-3.13; p=0.003).

conclusion: In patients who undergo TAVI almost half have MR grade ≥ 2 prior to the 
procedure. Despite of reduced two year survival, patients with MR grade ≥ 2 at baseline 
equally improved symptomatically after TAVI compared to patients with MR grade ≤ 1.
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introduction
Mitral regurgitation (MR) is frequently present in patients with aortic valve stenosis; 
(AS) 13% to 75% of patients undergoing surgical aortic valve replacement (SAVR) 
or transcatheter aortic valve implantation (TAVI) has concomitant MR.1-11 MR in TAVI 
patients is usually treated conservatively. MR is often functional and thought to be 
related to the hemodynamic changes in aortic stenosis. Intuitively, it is expected that this 
MR improves after treatment of the aortic stenosis. Nevertheless, both improvement 
and worsening of MR have been reported after TAVI. Data about survival of patients 
with significant MR prior to TAVI are conflicting.1,3,7,10,12 The effect of MR grade on 
outcomes after TAVI and the influence of TAVI on MR has not been elucidated yet. 

Therefore the aim of this study was to study the clinical effect of TAVI on MR and to 
identify determinants for improvement and worsening of MR and analyze the influence 
of MR on functional class and survival after TAVI.

methods
Patient population and TAVI procedure
In this single-center study we included consecutive patients who underwent a TAVI 
procedure, either by transfemoral, transapical or transaortic approach, between 
October 2007 and December 2013. All patients had symptomatic severe AS and were 
declined for surgical aortic valve replacement by our multidisciplinary heart-team due 
to high age and other severe comorbidities. Patients who had undergone any form 
of mitral valve surgery in the medical history and patients without proper pre- and/
or post-procedure transthoracic echocardiographic images of the mitral valve were 
excluded from the analysis. All patients gave written informed consent prior to the 
TAVI procedure and to data being collected and utilized as per the ethical guidelines 
of the institute. The transfemoral procedures were performed with the selfexpandable 
Medtronic CoreValve bioprosthesis (Medtronic Inc; Minneapolis, MN) or the balloon 
expandable Edwards SAPIEN bioprosthesis (Edwards Lifesciences LLC; Irvine, CA); 
all transapical and transaortic procedures were performed with the Edwards Sapien 
bioprosthesis. The procedures have been described in detail previously13-16 

Baseline characteristics including age, gender, relevant medical and surgical 
histories were systematically collected. New York Heart Association (NYHA) class 
was determined pre-procedurally and during follow-up. All patients were invited 
for a follow-up visit between 1-6 months after TAVI. Follow-up was obtained in 198 
patients of the 325 surviving patients. Missing echocardiographic exams were mainly 
attributable to the distance between living area of the patients and our institution. If 
data of multiple visits between 1-6 months were available, the latest follow-up data 
were used for our analyses.
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Echocardiography
Transthoracic echocardiography (TTE) was performed prior to the TAVI procedure 
and post-procedurally (1-7 days after the procedure, before discharge) and during 
follow-up with a GE Vivid Dimension machine (GE Healthcare, Horten, Norway), 
all with 2D images. All views were obtained according to the recommendations of 
the American Society of Echocardiography.17,18 All echocardiographic analyzes were 
performed by qualified senior echocardiographers of our institution and the following 
parameters were reviewed retrospectively by two experienced investigators: MR 
grades and aetiology, left ventricular ejection fraction (LVEF), left ventricular end 
systolic and diastolic volumes (LVESV and LVEDV) and left atrial volumes. 

The MR grade was based on qualitative and quantitative data by 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 0 to 4 (0:none, 1: trace, 2: mild, 
3: moderate, 4: severe). Primary or degenerative aetiology of MR was assumed when 
intrinsic lesions to components of the mitral valve apparatus were present. Secondary 
or functional aetiology of MR was assumed when the anatomy of the mitral valve 
apparatus was intact and MR resulted from tethering and reduced closing forces.19

Left ventricular (LV) function and left atrial volumes were measured using the 
biplane Simpson’s method.20 The severity of aortic valve regurgitation (AR) after TAVI 
was determined (including both central and paravalvular jets). We used color-flow 
Doppler to visually estimate severity of AR based on % left ventricular outflow tract 
diameter18,19 and was graded as: mild, moderate, severe.

Statistical analysis
All patients were divided in two groups: patients with baseline MR grade ≤1 and 
patients with a baseline MR grade ≥ 2. Categorical data are reported as percentages 
and continuous data as mean ± SD or as median (25th and 75th percentile). Comparison 
of categorical data was conducted with a Chi square, Fischer’s exact or McNemar 
test, whichever was appropriate. An independent T-test test was performed for 
continuous data to detect significant differences presuming normality assumption. 
Non parametric tests were used for not normally distributed data. For identification 
of independent predictors of improvement and worsening of MR backwards step-wise 
logistic regression analysis was used in which all variables with a p value of <0.05 
in univariate analysis were entered. The Kaplan-Meier method was used for survival 
analysis and the log-rank test was used to compare two groups. A p-value  <0.05 was 
considered statistically significant for all tests. Data analysis was performed with the 
SPSS (version 20, SPSS, Chicago, IL) software package.

106



7

results
Patients characteristics
Between October 2007 and December 2013 375 consecutive patients underwent TAVI 
in our institution. The mean age of these patients was 80±7 years and 40% of the 
patients were male. The patient baseline characteristics are given in Table 1. The total 
cohort was subdivided in two groups: MR grade ≤ 1 and MR grade ≥ 2. MR grade ≥ 2 
at baseline was present in 171 patients (46%). Compared to patients with MR grade 
≤ 1, patients with MR grade ≥ 2 had (at baseline) significantly: a higher incidence of 
atrial fibrillation and cerebro vascular accidents in the cardiovascular history, higher 
NT-proBNP levels, higher creatinine levels, a higher EuroSCORE, a higher STS score, 
a smaller aortic valve area, a poorer LV function, a higher LV end-systolic and diastolic 
volume and a larger left atrial volume indexed. 

Mitral regurgitation
In total 171 patients had MR grade ≥ 2 prior to TAVI. In the majority of patients the 
aetiology of MR was secondary (92%). Of these 171 patients, 49 patients improved 
to MR grade ≤ 1 after TAVI ( 29% of all patients with MR grade ≥ 2 at baseline; 13% 
of the total population, Figure 1). Of the 204 patients with MR grade ≤ 1, 34 patients 
worsened to MR grade ≥ 2 ( 17% of all patients with MR grade ≤ 1 at baseline; 9% of 
the total population). Post-procedural improvement to MR grade ≤ 1 was associated 
with absence of atrial fibrillation at baseline (AF: 33% (MR improved) vs 53% (MR 
unchanged), p=0.02) (Table 2). The aetology of MR at baseline had no influence on 
improvement of MR after TAVI. In multivariate analysis improvement of MR was also 
predicted by the absence of AF at baseline (OR: 2.35, 95% CI: 1.17-4.71, p=0.02). 
Worsening of MR to grade ≥ 2 was associated with AR after TAVI (moderate or severe 
AR: 38%  vs 13% (in patients with worsening and unchanged MR respectively), p=0.001) 

figure 1. Mitral regurgitation and changes post TAVI. This figure represents the percentages of 
patients that do not change in MR group after TAVR and the percentages of patients that improve 
from MR grade ≥ 2 to MR grade ≤1 and worsen from MR grade ≤1 to MR grade ≥ 2 after TAVR. 
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table 1. Baseline characteristics 

 
all patients 

(n=375)
mr grade ≤ 1 

(n=204)
mr grade ≥ 2 

(n=171) P-value

Age (y) 80 ± 7 80 ± 8 81 ± 7 0.04

BMI (kg/m2) 27.7 ± 5.3 28.1 ± 5.6 27.1 ± 5.0 0.07

BSA, (m2) 1.87 ± 0.21 1.88 ± 0.21 1.86 ± 0.20 0.2

Men (%) 40 42 39 0.5

Clinical history (%)

Hypertension 59 60 57 0.5

Diabetes 30 32 28 0.4

AF (paroxismal and chronic) 36 26 47 <0.001

Previous myocardial infarction 20 20 20 1

Previous PCI 31 30 32 0.8

Previous aortic valve procedure 2 1 2 0.7

CABG 17 17 16 0.9

CVA 14 9 21 0.002

COPD 33 31 35 0.5

NYHA class ≥ 3 (%) 68 67 69 0.7

NT-proBNP (ug/L) 1760 (711-4300) 1129 (525-2587) 3315 (1284-6926) <0.001

Creatinine (umol/L) 104 68 97 ± 57 112 ± 78 0.03

EuroSCORE 18.9 ± 12 16.3 ± 10.5 22.2 ± 13.6 <0.001

STS score 5.4 ± 4.3 4.9 ± 3.9 6.0 ± 4.8 0.03

Preoperative variables

AVA (cm2) 0.76 ± 0.22 0.79 ± 0.23 0.74 ± 0.22 0.04

AVPG max (mmHg) 70 ± 23 72 ± 24 67 ± 22 0.06

AVPG mean (mmHg) 45 ± 16 46 ± 16 44 ± 15 0.2

LVEF (%) 48 ± 13 51 ± 12 45 ± 14 <0.001

LVESV (ml) 40 ± 25 35 ± 18 46 ± 30 <0.001

LVEDV (ml) 75 ± 32 70 ± 27 80 ± 36 0.004

LAVI (ml/m2) 35 ± 15 31 ± 13 40 ± 15 <0.001

Procedure 0.2

Transfemoral (CoreValve) (%) 30 28 31

Transfemoral (Edwards) (%) 37 34 40

Transapical (Edwards) (%) 18 23 13

Transaortal (Edwards) (%) 15 15 16  

Data expressed as mean ± SD, as percentage or as median. BMI, body mass index; BSA, body 
surface area; AF: atrial fibrillation; CAD, coronary artery disease; PCI, percutaneous coronary 
intervention; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary 
disease; NYHA: New York Heart Association; STS, society of thoracic surgeons; AVA, aortic 
valve area; AVPG, aortic valve pressure gradient; LVEF, left ventricular ejection fraction; LVESV: 
left ventricular end-systolic volume; LVEDV: left ventricular end-diastolic volume; LAVI: left atrial 
volume indexed;  MR, mitral regurgitation
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(Table 2), multivariate analysis (OR: 4.2, 95% CI: 1.83-9.49, p=0.001). The grade of MR 
(grading from 0 to 4) at follow-up did not significantly change compared to baseline 
and post MR grade (Figure 2). 

Mitral regurgitation and outcome
At baseline almost 70% of all patients were NYHA class ≥ 3 (Table 1), which improved at 
follow-up (NYHA class ≥ 3 baseline: 68% vs NYHA class ≥ 3 follow-up: 15%, p<0.001). 

In patients with MR grade ≥ 2 at baseline, NYHA class improved significantly at follow-up 
compared to baseline (NYHA class ≥ 3 baseline: 69% vs NYHA class ≥ 3 follow-up: 14%, 
p<0.001). In patients with MR grade ≤ 1 at baseline, NYHA class also improved significantly 
at follow-up (NYHA class ≥ 3 baseline: 67% vs NYHA class ≥ 3 follow-up: 17%, p=0.047). 

table 2. Improvement and worsening of mitral regurgitation after TAVI 

mr reduced to 
grade ≤1 (n=49)

mr unchanged 
grade ≥2 (n=122) P-value

logistic regresion

odds ratio 
(95% ci) P-value

Age 82 ± 6 81 ± 7 0.1

Male gender (%) 43 37 0.5

LVEF (%) 46 ± 15 45 ± 14 0.7

LAVI (ml/m2) 38 ± 12 40 ± 17 0.3

Atrial fibrillation (%) 33 53 0.02 2.35 (1.17-4.71) 0.02

Functional MR (%) 94 92 1

STS score 7.9 ± 7.0 5.4 ± 3.6 0.07

EuroSCORE 23 ± 13 22 ± 14 0.6

CoreValve prosthesis (%) 22 34 0.1

Moderate-severe AR (%) 22 29 0.5    

mr worsened to 
grade ≥2 (n=34)

mr unchanged 
grade ≤1 (n=170)      

Age 80 ± 7 77 ± 9 0.1

Men (%) 44 42 0.9

LVEF (%) 54 ± 11 50 ± 12 0.2

LAVI (ml/m2) 34 ± 16 31 ± 13 0.4

Atrial fibrillation (%) 21 27 0.5

STS score 4.3 ± 3.7 5.0 ± 3.9 0.4

EuroSCORE 14 ± 12 17 ± 10 0.1

CoreValve prosthesis (%) 32 28 0.7

Moderate-severe AR (%) 38 13 0.001 4.2 (1.83-9.49) 0.001

Data expressed as mean ± SD or percentage. TAVI: transcatheter aortic valve replacement; 
LVEF: left ventricular ejection fraction;  LAVI: left atrial volume indexed; NYHA; New York Heart 
association; MR: mitral regurgitation; STS: society of thoracic surgeons; AR: aortic regurgitation
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MR grade at follow-up did not influence the NYHA class (Figure 3).
Median NT-proBNP at baseline (n=358) was: 1760 (711-4300) ug/L and decreased 

significantly at follow-up (n=163) to: 1118 (502-2756) ug/L (for pairwise complete 
observations p<0.001). Patients with baseline MR grade ≥ 2 had a significantly higher 
NT-proBNP than patients with a baseline MR grade ≤ 1(Table 1). This difference 
remained significant at follow-up (1732 (915-3890) ug/L vs 909 (403-1461) ug/L, 
p<0.001). A significant difference in follow-up NT-proBNP levels was also evident 
between follow-up MR grade ≥ 2 and MR grade ≤ 1 ( 1843 (1071-4613) ug/L vs 792 
(402-1145) ug/L, p<0.001).

figure 2. Degree of mitral regurgitation prior to and post TAVI and at follow-up. There were no 
significant differences between MR grade at baseline, post TAVI and at follow-up.

figure 3. Mitral regurgitation and NYHA class. NYHA class at follow-up is divided in two groups: 
NYHA class I and II and NYHA class III and IV. This figures shows that NYHA class at follow-up is neither 
influenced by pre-procedural mitral regurgitation (MR) grade, nor by the MR grade at follow-up.
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The overall survival within two years is 79%. There was no significant difference in 
30-day mortality between the groups of baseline MR grade ≤ 1 and ≥ 2 post (5% vs 
8%, log-rank p=0.3). Mortality at two years was higher in patients with MR grade ≥ 2 
at baseline compared to those with MR grade ≤1 (37% vs 26%; HR 1.99; 95% CI 1.27-
3.13; p=0.003) (Figure 4). There was no significant difference in mortality between 
patients with post TAVI MR grade ≤ 1 and ≥ 2 (18% vs 25%, log-rank p=0.07).  

discussion
The current study shows that MR grade ≥ 2 is present in almost half of the patients 
undergoing TAVI. From the 171 patients with MR grade ≥ 2, 29% improved to MR 
grade ≤ 1. This improvement was associated with the absence of atrial fibrillation in 
the cardiovascular history. Worsening of MR in the 204 patients with MR grade ≤ 1 to 
grade ≥ 2 occurred in 17% and was associated with AR after TAVI. Furthermore this 
study demonstrates that TAVI results in improvement of NYHA class, even in patients 
with MR grade ≥ 2 at baseline. Concomitant  MR is however, associated with reduced 
two-year survival.

Mitral regurgitation (MR) is a common finding in patients with aortic valve stenosis 
(AS), especially functional MR due to a hypertrophic or dilated left ventricle (LV) or 

figure 4. Kaplan Meier curve. Kaplan-Meier survival analysis after TAVI with endpoint all-cause 
mortality. Pre-procedural MR grade ≥ 2 is associated  with a significantly reduced survival.
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a dilated annulus. Co-existing MR is frequently found in the high-risk population of 
patients who undergo TAVI. MR at different levels of severity prior to TAVI is reported 
in 19-54% of the patients.1,5-7,10,11,16 In our study population 46% had MR grade ≥ 2 prior 
to TAVI and in most of the cases this was a secondary MR. In our study, absence of atrial 
fibrillation was associated with improvement of MR. Atrial fibrillation is known to be 
associated with left atrial enlargement, which is associated with MR. In our population, 
patients with unchanged MR did not have a significant larger atrial volume. The absence 
of AF might be a sign of less advanced stage of MR with chance of improvement. The 
aetiology of MR had no influence on possible improvement of MR grade in our study 
population. However, the majority of our patients had secondary MR (92%) which may 
prohibit to find any association. This might in part be a result of the selection of the 
patients appropriate for TAVI in our multidisciplinary heartteam, since it is generally 
believed that secondary MR might improve after TAVI and primary MR not. In this 
study we also showed that AR grade after TAVI was associated with worsening of MR 
which might be related to the increased left ventricle volume overload in this situation.

Data about improvement and worsening of MR after an aortic valve procedure 
for aortic valve stenosis (SAVR and TAVI) are inconclusive. It is suggested that co-
existing MR in patients with severe AS might improve after SAVR due to acute reverse 
remodeling of the LV and also aetiology (secondary MR) is associated with reduction of 
MR grade after SAVR .2,21,22 Various pre-procedural factors were found to be associated 
with improvement of MR after TAVI:  LV ejection fraction and diameters6, transaortic 
gradient10, functional MR, absence of pulmonary hypertension and atrial fibrillation3,10 
and valve type (Edwards Sapien)5.  Bedogni et al. explained that improvement of 
MR after TAVI might be a multifactorial process due to: 1) afterload reduction after 
treatment of the aortic valve stenosis which results in a reduction of retrograde flow 
through the mitral valve; 2) an improved hemodynamic balance by removing the aortic 
valve stenosis and their by reducing neurohormonal activity caused by the heart failure 
status 3) recovery of the normal contraction pattern of the LV by treatment of the aortic 
valve stenosis, resulting in a better function of the mitral valve apparatus.3 Some studies 
were however not able to identify factors associated with improvement of MR.1,11 

MR (without surgical or transcatheter interventions) is known to increase the risk 
of mortality.23-25 Current data about survival after SAVR and TAVI in patients with a 
significant MR prior to the procedure are conflicting. Impaired survival after SAVR1,2,4,8 
and TAVI3,10 has been reported in patients with significant MR, this negative impact 
on survival has not been reported uniformly in other studies for both SAVR26,27 and 
TAVI1,7,12 The various ways of grading MR (none/trivial/mild/moderate/severe1,5,6,10 and 
none/mild/moderate/severe3,11) and the different severities of MR that were used for 
the survival analyses might partly explain the conflicting outcomes. 

Our data showed a significant decrease in long-term survival, but not in 30-day 
survival of patients with MR grade ≥ 2 prior to TAVI compared to patients with MR 
grade ≤ 1.  Interestingly, MR grade after TAVI did not affect survival. The preexisting 

112



7

physical condition of patients with MR grade ≥ 2  prior to the procedure, such as 

more atrial fibrillation, more cerebro-vascular accident, higher NT-proBNP levels, 

higher creatinine levels, higher EuroSCOREs, higher STS scores, a poorer LV 

function, a higher LV end-systolic and diastolic volume and a larger left atrial volume 

indexed could offer an explanation. At least part of these conditions are the result of 

significant MR. Although significant MR was associated with a decrease in survival, 

an improvement in NYHA class in the majority of the patients was observed. Despite 

the functional improvement, MR grade ≥ 2 at baseline is associated with a worse 

prognosis. It is conceivable that MR grade ≥ 2 at baseline reflects an advanced stage 
of aortic stenosis. This suggests that early selection of patients is warranted (before 
development of more severe MR) in order to increase their prognosis. 

The improved symptoms despite reduced survival in patients with significant MR prior 
to TAVI are important considerations for the fragile mainly elderly population, during the 
process of selection for TAVI which should be an individualized patient based decision. 

Limitations
This single-center study was  part of a registry study and was therefore not randomized. 
We describe a cohort of consecutive patients without a control group. Our data were 
collected prospectively but some data were analyzed retrospectively, which is more 
sensitive to potential confounding. Furthermore the echocardiographic data were not 
analyzed in a core-lab but were reviewed retrospectively by two experienced investigators. 
Unfortunately not all patients did return to our institution for follow-up, which might lead 
to bias. A longer follow-up period of the patients could provide more solid data.

conclusion
Almost half of the patients who undergo TAVI have MR grade ≥ 2 prior to the procedure. 
These patients have a higher likelihood of improvement of MR if they have no AF prior 
to TAVI. Worsening of MR was associated with the development of AR grade ≥ 2  after 
TAVI. Despite of the reduced two year survival, patients with MR grade ≥ 2 at baseline 
equally improved symptomatically after TAVI compared to patients with MR grade ≤ 1.
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aBstract
Background: Transcatheter Aortic Valve Implantation (TAVI) with the Medtronic-
CoreValve bioprosthesis is associated with a high incidence of new-onset left bundle 
branch block (LBBB) and cardiac conduction disorders (CCDs) requiring permanent 
pacemaker (PPM) implantation. Our objective was to investigate the predictors and 
permanency of CCDs after TAVI and specifically to evaluate the necessity for pacing.

methods: In this single-center study we included patients who underwent TAVI with the 
Medtronic-CoreValve bioprosthesis. Electrocardiographic evaluation was performed pre-, 
and post TAVI and at follow-up. Pacemaker follow-up data were obtained and analysed.

results We included 121 patients (age 81±8 years). LBBB developed in 47 patients, 
for which prosthesis size (26 mm) (OR: 4.1, 95%CI: 1.32-12.34, p=0.01) and prosthesis 
depth (OR: 1.3, 95% CI: 1.09-1.57, p=0.004) were independent predictors. In 19% 
this new onset LBBB was temporary. Requirement for a PPM occurred in 23 patients, 
for which mitral annular calcification (MAC) (OR: 1.3, 95% CI: 1.05-1.56, p=0.02) and 
pre-existing RBBB (OR: 8.5, 95%CI: 1.61-44.91, p=0.01) were independent predictors. 
At follow-up 52% of the patients were continuously paced, but 22% of the patients 
had adequate AV conduction without the necessity for pacing. In the other 26% of the 
patients there was intermittent pacing.

conclusion: There is a high incidence of new-onset LBBB and PPM implantation 
following TAVI with a Medtronic-CoreValve bioprosthesis. Prosthesis depth and size 
were predictors for new LBBB, while mitral annular calcification and pre-existent RBBB 
were predictors for PPM implantation. In approximately one fifth of the patients new 
onset LBBB and the necessity for pacing are only temporary.
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Background
Transcatheter aortic valve implantation (TAVI) has evolved as a viable treatment option 
for patients with severe symptomatic aortic valve stenosis and serious co-existing 
morbidity, who are considered inoperable due to their high risk for surgical aortic 
valve replacement (AVR).1-6

Despite favourable clinical outcomes, TAVI is associated with cardiac conduction 
disorders (CCDs) often requiring permanent pacemaker (PPM) implantation.7-12 The 
reported incidence of PPM implantation  after TAVI is, on average, 14% and is higher 
for patients treated with a Medtronic-CoreValve prosthesis (19-33%) than for patients 
treated with an Edwards SAPIEN prosthesis (0-27%).4,7,9-11,13-19 Cardiac conduction 
problems after TAVI are related to the close proximity of the calcified aortic valve 
to the cardiac conduction system. The cardiac conduction system is subject to many 
compressing and stretching forces during TAVI caused by balloon aortic valvuloplasty 
and by deployment of the frame of the bioprosthesis, which may result in injury of 
the conducting tissue. Whether these CCDs remain and whether full pacemaker 
dependency remains over time has not been investigated.

We have previously reported the incidence of CCDs and PPM implantation 
following TAVI in a small cohort.7 Since the experience has increased with increasing 
numbers of patients treated with TAVI in our institution, we could investigate the 
incidence of CCDs in a larger patient cohort with longer follow up and therefore were 
able to perform multivariate analysis to assess its predictors. Furthermore we were 
able to investigate the permanency of the CCDs over time.

methods
Patients and TAVI treatment
In this single-center, prospective observational study 125 consecutive patients were 
treated between October 2007 and June 2011. All patients underwent TAVI with 
the self-expandable Medtronic CoreValve bioprosthesis (CoreValve Inc, Irvine, CA) 
by transfemoral approach. All patients had symptomatic severe aortic valve stenosis 
and were considered inoperable due to their high risk for surgical AVR and were 
declined for surgical aortic valve replacement (AVR) by a multidisciplinary heart 
valve team. The implantation procedures where performed under local or general 
anesthesia and have previously been described in detail.3,20,21 After each procedure 
an aortogram was performed directly post-implantation. All patients gave written 
informed consent for TAVI.

At the start of each procedure a temporary transvenous pacemaker was positioned 
in the right ventricle transfemorally. This pacemaker remained in position for at 
least 24 hours after TAVI and was removed when there were no signs of high grade 
atrioventricular (AV) block or bradycardia. In case the high grade AV block or severe 
bradycardia remained at least 24 hours post-procedurally, a permanent pacemaker 
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was implanted according to the guidelines of the Heart Rhythm Society.22 Patients 
were telemetrically monitored during their hospital stay. 

Twelve-lead electrocardiography (ECG) was performed pre-, peri- and post-
procedurally, almost daily during hospitalization and at follow up in the outpatient 
clinic 1 and 3 and 12 months after the procedure. Post procedural ECGs were scored 
for high grade AV block, left bundle branch block (LBBB), right bundle branch block 
(RBBB), bradycardia and left axis deviation. 

Transthoracic echocardiography (TTE) was performed before and directly after valve 
implantation, before discharge and at follow-up with a GE Vivid Dimension Machine 
(GE Healthcare, Horten, Norway). Pre-procedurally, aortic annulus size was measured 
by TTE and/or cardiac CT. Aortic valve effective orifice area (EOA), left ventricular 
outflow tract (LVOT) diameter and mean and maximum aortic valve pressure gradient 
(AVPG) were measured before and after the valve implantation. 

Study population and data collection
We included 121 patients in our study; 4 of the 125 patients were excluded; one patient 
died during the procedure and 3 had a valve in valve procedure (CoreValve in CoreValve). 

Baseline characteristics were collected from medical history (age, gender, indication 
for implantation).

ECGs pre- and post-procedural, before discharge  and at follow-up were analyzed 
independently by 2 experienced investigators with regard to rhythm disturbances, 
PR- and QRS duration, LBBB, RBBB, degree of AV block and heart axis. RBBB and 
LBBB were defined according to the diagnostic criteria recommended by the World 
Health Organization and International Society and Federation of Cardiology Task 
Force.23 Pacemaker data (percentage of ventricular pacing and intrinsic rhythm) were 
obtained from our own database or from the referring hospital. We used the most 
recent data within 1 year after PPM implantation. Of 4 patients the pacemaker data 
were incomplete. If possible the pacemaker was reprogrammed to a DDI/VVI mode at 
30 bpm to truly rule out pacemaker necessity.

For the analysis of new LBBB, 34 patients were excluded because of pre-procedural 
LBBB or a ventricular paced rhythm. For the analysis of PPM implantation, 16 patients 
were excluded: 10 patients because of pre-procedural pacemaker implantation, 
5 patients because they died before the required observation period for possible 
pacemaker indication and 1 because the patient needed PPM implantation due 
to a sick sinus syndrome which was not related to TAVI and was discovered in the 
observation period after TAVI. One patient developed a LBBB which caused ventricular 
dyssynchrony for which a biventricular pacemaker was implanted. This patient was 
included in our PPM implantation  analysis because of the AV conduction origin and 
the relation to the TAVI procedure of the CCD. 

Pre-procedurally, mitral annular calcification (MAC) was measured with transthoracic 
echocardiography by an experienced investigator. Mitral annular calcification was calculated 
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by measurements of the largest echodens calcium diameter positioned in the posterior 
part of the mitral annulus in the apical four chamber view, as previously described.7,24

The prosthesis depth was measured angiographically by 1 experienced investigator 
and defined as the distance between the native aortic valve annulus and the lower 
margin of the prosthetic frame (Figure 1).

Statistical analysis
The endpoints of this study were the development of LBBB and of conduction disorders 
requiring PPM implantation. We analyzed factors that were potentially associated with 
LBBB and pacemaker implantation after TAVI. To determine the risk factors associated 
with the development of new onset LBBB and PPM implantation, patient- and peri-
procedural characteristics were compared.

Descriptive data for continuous variables are expressed as mean ± SD or as 
medians with range. Categorical variables are expressed as numbers with percentage.

The χ2 test was performed for comparison of categorical data. For within group 
comparison of continuous or binary data, the paired-samples t-test or McNemar test 
was applied, where appropriate. For the identification of independent predictors of 

figure 1. Angiographic measurement of prosthesis depth. This figure demonstrates an example 
of a measurement of the (a) distance between the native aortic valve annulus and the (b) lower 
margin of the prosthetic frame.
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new LBBB and PPM implantation , backwards step-wise logistic regression analysis was 
used in which all variables with a p value of <0.1 in univariate analysis were entered. 

In the group of patients with a new onset LBBB after TAVI we analysed follow-up 
ECGs (1-3 months after TAVI) for LBBB and divided patients in 3 groups: 1) persistent 
LBBB: if LBBB was persistent during follow up; 2) temporary LBBB: if LBBB continued 
at least 24 hours after TAVI, but was not persistent until discharge or at follow-up; 3) 
unknown, if deceased before discharge or follow-up and LBBB was present before 
death, lost to follow up or if the patient had a pacemaker rhythm. We analysed factors 
associated with the permanency of LBBB and patients with the status ‘unknown’ were 
excluded from these analyses. 

results
Baseline and procedural characteristics
The baseline characteristics of the 121 patients included between October 2007 and 
June 2011 are shown in Table 1.

Eighty-three patients (69%) were treated with a 26 mm prosthesis and 38 patients 
(31%) with a 29 mm prosthesis. The aortic valve area (AVA) was increased from 0.76 ± 
0.22 cm2 pre-procedurally to 1.98±0.46 cm2  post-procedurally. 

Occurrence of cardiac conduction disorders
Table 2 shows the occurrence of cardiac conduction disorders over time. At baseline, first 
degree atrioventricular block was the most frequent CCD followed by left axis deviation 
(18%), LBBB (12%) and RBBB (12%). After TAVI, there was a significant increase in LBBB 
(p<0.001), left axis deviation (p=0.007) and QRS duration (p<0.0001). QRS angle decreased 
after TAVI (p=0.04). During follow-up, the mean PQ interval increased significantly (p=0.01) 
from 184±41 ms to 199±67 ms between directly post TAVI and 1 week follow-up. 

For all the other electrocardiographic parameters no differences compared to 
discharge (median = 6 days after TAVI) were seen at 1 and 3 months follow-up.

After TAVI, 23 patients required a PPM implantation (Figure 2). Total AV block 
was the most frequent reason for PPM implantation  (21 patients), sinusarrest in one 
patient and new LBBB which caused ventricular dyssynchrony in one other patient; 
70% of these patients developed a CCD directly post TAVI or within a few hours after 
the procedure and the other patients between 1 to 4 days (Figure 3). In 1 patient total 
AV block developed between 2 and 4 days post TAVI in the referring hospital. Twelve 
patients underwent PPM implantation within 3 days, 6 patients within 4-7 days and 5 
patients within 1-3 weeks. In 3 patients a complication occurred after PPM implantation: 
1 atrial lead dislocation which required atrial lead repositioning, 1 pacemaker pocket 
hematoma for which blood transfusion was necessary and 1 cerebro vascular accident 
3 days after PPM implantation, in this patient anticoagulants (indication chronic atrial 
fibrillation (AF)) were discontinued for PPM implantation . 
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table 1. Baseline characteristics (n=121)

Age (y) 80.5 ± 7.8

BMI (kg/m2) 27.8 ± 5.6

BSA (m2) 1.86 ± 0.20

Male gender 48 (40%)

Clinical history

Hypertension 60 (50%)

Diabetes Mellitus 34 (28%)

Hypercholesterolemia 15 (12%)

CAD 62 (51%)

Previous PCI 36 (30%)

CABG 15 (12%)

Atrial fibrillation 36 (30%)

Permanent PM 9 (7%)

COPD 43 (36%)

NYHA class ≥ 3 88 (73%)

Rejected for surgery 87 (72%)

EuroSCORE 18.5 ± 12.3

STS score 4.5 ± 2.4

Heart rate limiting medication

Betablocker 65 (54%)

Digoxin 23 (19%)

Preoperative variables

AVA (cm2) 0.76 ± 0.22

Ind-EOA (cm2/m2) 0.41 ± 0.11

AVPG max (mmHg) 77 ± 22

AVPG mean (mmHg) 49 ± 16

AR grade ≥ II 18 (15%)

Impaired systolic LVF 27 (22%)

Procedural data

Sedative anaesthesia 57 (47%)

29 mm prosthesis 38 (31%)

Balloon diameter (mm) 22 ± 2

Prosthesis depth (mm) 7.3 ± 3.0

Postdilatation 4 (3%)

Procedural duration (min) 80 ± 24

Data expressed as mean ± SD or number (percentage). BMI, body mass index; BSA, body 
surface area; CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, 
coronary artery bypass graft; PM, pacemaker; COPD, chronic obstructive pulmonary disease; 
NYHA, New York Heart Association; STS, society of thoracic surgeons; AVA, aortic valve area; 
EOA, effective orifice area; Ind, indexed for body surface area; AVPG, aortic valve pressure 
gradient; AR, aortic regurgitation; LVF, left ventricular function.
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figure 2. Schematic representation of patients with and without a permanent pacemaker 
implantation and time of implantation after implantation with a CoreValve prosthesis. SSS: Sick 
sinus syndrome; AV block: atrioventricular block; LBBB: left bundle branch block

figure 3. Onset of cardiac conduction disorders requiring pacemaker implantation. Most of the 
patients (70%) developed a cardiac conduction disorder directly post TAVI or a few hours after 
the procedure and the other patients between 1 to 4 days. In 1 patient total AV block developed 
between 2 and 4 days after TAVI in the referring hospital.
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Predictors for occurrence of LBBB
Eighty-seven patients qualified for this analysis; 47 of these developed a new LBBB after 
TAVI. The absence of pre-existing RBBB (p=0.045), heart axis (p=0.07), QRS duration 
(p=0.06), 26 mm CoreValve prosthesis (p=0.07) and prosthesis depth (p=0.009) were 
associated with the development of a new LBBB (Table 3). A new LBBB was independently 
predicted by the 26 mm prosthesis size (OR: 4.1, 95%CI: 1.32-12.34, p=0.01) and by 
prosthesis depth (OR: 1.3, 95%CI: 1.09-1.57, p=0.004) as shown in Table 4. 

table 3. New left bundle branch block and associated factors (n=87)

 no lBBB 
(n=40)

new lBBB 
(n=47) P-value

Men 15 (38%) 16 (34%) 0.8

Age (y) 82 ± 6 80 ± 8 0.4

Logistic EuroSCORE (%) 18.3 ± 11.2 17.6 ± 13.9 0.8

Preprocedural variables

LVOT (mm) 21.5 ± 1.6 21.1 ± 1.7 0.2

MA calcification (mm)* 5 ± 2 5 ± 3 0.3

Preprocedural ECG

Atrial fibrillation 11 (28%) 15 (32%) 0.8

RBBB 6 (15%) 1 (2%) 0.045

First degree AV block† 6 (21%) 6 (18%) 1

Heart axis (º)‡ 4 ± 37 19 ± 37 0.07

PQ interval (ms) 180 ± 42 183 ± 37 0.7

QRS duration (ms) 101 ± 22 93 ± 14 0.06

Periprocedural variables

29 mm prosthesis 16 (40%) 10 (21%) 0.07

26 mm prosthesis 24 (60%) 37 (79%)

Prosthesis depth (mm) 6 ± 3 8 ± 3 0.009

Data expressed as number (percentage) or mean ± SD. LBBB: left bundle branch block; LVOT, 
left ventricular outflow tract; MA: mitral annular; RBBB: right bundle branch block; AV: atrio 
ventricular. * For MA calcification there were 82 patients included, instead of 87. † For first 
degree AV block there were 62 patients included, instead of 87. ‡ For heart axis there were 86 
patients included, instead of 87.

table 4. Independent predictors for a new left bundle branch block after transcatheter aortic 
valve implantation

variable odds ratio 95% ci P-value

Prosthesis size (26 mm) 4.1 1.32-12.43 0.01

Prosthesis depth (mm) 1.3 1.09-1.57 0.004
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LBBB and follow up
Of the 47 patients with a new LBBB after TAVI, 9 patients (19%) had a temporary LBBB, 

29 patients (62%) had a persistent LBBB and in 9 patients (19%) the permanency of 

the LBBB was unknown. The mean time of recovery of the LBBB was 53±43 days. The 

only factor associated with temporary LBBB was the absence of AF prior to the TAVI 

procedure (temporary LBBB: 0 patients with AF vs permanent LBBB: 12 patients with 

AF, p=0.04). Although prosthesis depth seemed to have influence on the permanency 

of a LBBB, this was not significant (temporary LBBB: prosthesis depth= 6±3 mm vs 

permanent LBBB: prosthesis depth 8±3 mm, p=0.09)

Predictors for permanent pacemaker implantation
We included 105 patients for this analysis; 23 patients required a PPM implantation  

after TAVI. LVOT diameter (p=0.048), pre-existing mitral annular calcifications (MAC) 

(p=0.006), previous RBBB (p=0.06), heart axis (p=0.04) and prosthesis depth (p=0.05) 

were potential influencing factors for PPM implantation (Table 5). Logistic regression 

identified mitral annular calcification (MAC) (OR: 1.3, 95%CI: 1.05-1.56, p=0.02) and 

pre-existing RBBB (OR: 8.5, 95%CI: 1.61-44.91, p=0.01) as independent predictors for 

PPM implantation after TAVI (Table 6).

Pacemaker dependency
Most of the patients with a PPM implantation after TAVI had a ventricular paced rhythm 

on their ECG within 1 year after TAVI. The median follow-up time of the pacemaker 

data after PPM implantation was 340 days. The intrinsic rhythm according to the 

pacemaker recordings varied, but most patients had a persistent total AV block (30%). 

Half of the patients (52%) were fully ventricular paced due to total AV block or sinus 

bradycardia with an AV block. In 1 patient reason for pacemaker dependency and high 

ventricular pacing rate (78%) was AF with slow ventricular rate response. One patient 

had a biventricular pacemaker implanted due to a new LBBB after TAVI with mechanical 

dyssynchrony. In 5 patients (22%) a normal intrinsic AV conducted rhythm occurred 

after pacemaker implantation; 3 of these patients had a ventricular pacing rate of ≤ 

20% indicating normal AV conduction. In the other 2 patients the pacing rate was 

probably higher than necessary because of inability of the pacemaker to program long 

PR intervals in a patient with a prolonged AV interval and a programmed lower rate limit 

at 80 beats per minute in a patient with conducted AF with an average rate of 70 bpm. 

In 1 patient intrinsic rhythm was AF with intermittent total AV block with a ventricular 

pacing rate of 83%. The pacemaker settings are given in Table 7. In 3 patients the 

ventricular pacing rate and intrinsic rhythm was unknown because these patients were 

deceased shortly after PPM implantation (not related to PPM implantation). 

There were no factors found to be associated with recovery of the CCD for which 

PPM implantation after TAVI was performed. 
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table 5. Permanent pacemaker implantation and associated factors (n=105)

 
no PPm  
(n=82)

PPm  
(n=23) P-value

Men 34 (41%) 6 (26) 0.2

Age (y) 80 ± 8 81 ± 8 0.4

Logistic EuroSCORE (%) 17.2 ± 11.2 19.2 ± 12.9 0.5

Preprocedural variables

LVOT (mm) 21.5 ± 1.9 20.8 ± 1.2 0.048

MA calcification (mm)* 5 ± 2 7 ± 3 0.006

Preprocedural ECG

Atrial fibrillation 23 (28%) 7 (30%) 0.8

RBBB 6 (7%) 5 (22%) 0.06

LBBB 13 (16%) 1 (4%) 0.3

First degree AV block† 14 (23%) 5 (31%) 0.5

Heart axis (º)‡ 9 ± 38 -10 ± 33 0.04

PQ interval (ms) 181 ± 43 189 ± 35 0.5

QRS duration (ms) 104 ± 28 110 ± 27 0.3

Periprocedural variables

29 mm prosthesis 28 (34%) 5 (22%) 0.3

26 mm prosthesis 54 (66%) 18 (78%)

Prosthesis depth (mm) 6.9 ± 2.9 8.3 ± 3.3 0.05

Data expressed as number (percentage) or as mean ± SD. LVOT: left ventricular outflow tract; 
MA: mitral annular; RBBB: right bundle branch block. LBBB: left bundle branch block * For MA 
calcification there were 99 patients included, instead of 105. †For first degree AV block there were 
76 patients included, instead of 105.‡ For left axis there were 103 patients included, instead of 105.

table 6. Independent predictors for a permanent pacemaker implantation after transcatheter 
aortic valve implantation

variable odds ratio 95% ci P-value

MA calcification (mm) 1.3 1.05-1.56 0.02

RBBB 8.5 1.61-44.91 0.01

MA: mitral anular; RBBB: Right bundle branch block

discussion
The incidence of new-onset LBBB and PPM implantation following TAVI with the 
Medtronic-CoreValve bioprosthesis is high, but interestingly, only temporary in 
approximately one fifth of the patients.
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Occurrence of new LBBB after TAVI
We observed that 54% of the patients developed a new onset LBBB after TAVI. 

Prosthesis size and prosthesis depth were independent predictors for the occurrence 

of new LBBB. In 19% of the patients new onset LBBB was temporary.

The frequency of new LBBB after TAVI is comparable with other studies. 7,9-11 Almost 

all new LBBBs developed directly after the deployment of the CoreValve prosthesis. 

The study of Piazza et al. showed that patients with a lower implantation of the 

CoreValve prosthesis developed more new LBBB and this was thought to be due to 

compression of the left bundle branch (LBB) by the frame of the prosthesis.17 Bleiziffer 

et al. found that the use of a larger prosthesis (Medtronic CoreValve and Edwards 

SAPIEN) in relatively smaller annulus resulted in more conduction disorders leading 

to more PPM implantation 8, while in our study a smaller CoreValve prosthesis (26mm) 

only led to more new LBBB but not to more PPM implantation . 

table 7. Pacemaker settings

 
Baseline  
(n=23)

follow-up pacemaker 
dependency  

(n=14)

follow-up normal intrinsic 
av conducted rhythm 

(n=5)

Dual chamber pacemaker 83%

CRT 4%

DDD mode* 83% 56% 75%

VVI mode 13% 44% 25%

Lower rate (bpm) 65 ± 20 63 ± 9 58 ± 5

MTR (bpm) 129 ± 11 126 ± 12 130 ± 0

MSR (bpm) 125 ± 8 123 ± 10 134 ± 28

AV intervals

paced AV delay (ms) 173 ± 36 144 ± 25 217 ± 47

sensed AV delay (ms) 158 ± 46 172 ± 3 193 ± 50

Adaptive AV on† 86% 20% 67%

Mode switch on 70% 56% 40%

Mode switch (bpm) 170 ± 3 172 ± 3 165 ± 7

Sensor on‡ 32% 67% 50%

Atrial pacing (%) 13 ± 18 36 ± 34 5 ± 0

Ventricular pacing (%) 84 ± 30 93 ± 9 26 ± 27

Data expressed in percentages or mean ± SD. CRT: Cardiac resynchronization therapy; bpm: beats 
per minute; MTR: maximum tracking rate; MSR: maximum sensor rate. * For DDD mode, of the 
patients with normal intrinsic AV conducted rhythm there were 4 patients included, instead of 5.† 
For adaptive AV on, there were 14 patients included (5 with pacemaker dependency and 3 with 
normal intrinsic AV conducted rhythm), instead of 23.‡ For sensor on, of the patients with  normal 
intrinsic AV conducted rhythm there were 4 patients included, instead of 5.
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In the present study new onset LBBB was temporary in 19% of the patients. 
The recovery of the LBBB occurred between discharge and the first follow-up in 
our institution. Temporary LBBB after TAVI has been described in a previous study, 
where 43% of the patients had new onset LBBB, but only 27% at discharge.25 The 
development of a new onset LBBB following TAVI can probably be explained by direct 
contact between the frame of the CoreValve prosthesis and the left bundle branch. The 
temporary LBBB may be explained by the fact that the prosthesis causes some edema 
and/or inflammation, which decreases over time. Interestingly, none of the patients 
with temporary LBBB had AF in the clinical history prior to the TAVI procedure. Why 
these patients are less prone to CCD than the patients with AF is unknown.

TAVI and permanent pacemaker implantation
The need for PPM implantation after TAVI was 22% in our study and in most cases a complete 
atrioventricular block was the reason to implant a permanent pacemaker. Independent 
predictors for PPM implantation after TAVI were more mitral annular calcification and pre-
existing RBBB. At follow-up 52% of these patients were still paced permanently, but 22% of 
the patients have adequate AV conduction without the necessity for pacing.

The incidence of PPM implantation after TAVI with the Medtronic-CoreValve device 
in our analysis corresponds with previous reports.7,9-11,14,17 

One of the independent predicting factors for PPM implantation is more mitral 
annular calcification, as reported before by our institution.7 Annular calcification has 
also been reported as a predictor after surgical valve replacement and is probably 
related to the close position to the AV node and the His bundle.24,26 Furthermore, 
mitral- and aortic-annular calcification is a diffuse process in which the cardiac 
conduction system may be involved, making it more vulnerable for damage by balloon 
valvuloplasty or due to prosthesis implantation. 

Pre-existent RBBB predicted PPM implantation in our study. This may be caused 
by a more severe conduction disorder after additional TAVI-induced compression of 
the left bundle.9,11,14,27 

Most of the patients remain pacemaker dependent at follow-up (52% was still 
permanently ventricular paced). However, in some patients (22%) adequate AV 
conduction without the necessity for pacing occurred over time, which may indicate 
that in some cases the CCD is temporary. We could not predict which patients remain 
pacemaker dependent and in which patients adequate AV conduction without necessity 
for pacing occurs. There seems to be a trend to a larger mean MAC in the patients who 
stay pacemaker dependent over time, however this was not significant. The number of 
patients with PPM implantation in our cohort is small which may prohibit finding any 
association. Improvement of conduction has also been reported in patients with PPM 
implantation after cardiac surgery (in the study by Glikson et al. 40% and in that by Merin 
et al. 37% of the patients was not pacemaker dependent at follow-up).28,29  After cardiac 
surgery it is generally considered to perform PPM implantation (when CCD develops) 
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between 5-9 days post-surgery.28-30 In our study PPM implantation was performed at a 

median of 4 days after TAVI. This was in accordance with the current ESC guidelines.31 

There was no significant difference in time of implantation of the pacemaker and patients 

who were permanently paced and patients with an adequate AV conduction without the 

necessity for pacing at follow-up. In the fragile TAVI population it can be considered 

to remove the temporary pacemaker and perform PPM implantation early after the 

TAVI procedure to prevent prolonged immobilisation with the risk of thromboembolic 

complications, infections, delirium and further fragility. Nevertheless, the complication 

rate of PPM implantation  is 12-13%, which was also found in our high-risk population 

with 3 complications (13%).32-34 Especially when considering that in 22% of the patients 

adequate AV conduction without the necessity for pacing occurred at follow-up after PPM 

implantation, some restrain might be taken into account to perform early implantation of 

a pacemaker. Another option to prevent prolonged immobilisation but to secure rhythm 

is to use a sheathless ‘screw-in’ flexible temporary pacemaker through the jugular vein 

instead of the femoral vein. This allows a longer period of observation and possible 

recovery of CCD which might lead to less PPM implantation in this population.

Limitations
As all single center, observational studies this study has its limitations. Preferably, the 

evaluation of predictors and their effects on outcome should be performed in a larger 

patient population and a longer follow up duration. 

For this study only 2 sizes of the CoreValve bioprosthesis used (26 and 29 mm) 

were available at the time of our study. The current availability of 3 sizes could enable 

better prosthesis sizing and thus influence the rate of cardiac conduction disorders.

conclusion
Approximately half of the patients developed new-onset LBBB after TAVI with the 

Medtronic CoreValve bioprosthesis for which prosthesis depth and size were independent 

predictors. On average, 20% of the patients required permanent pacemaker implantation. 

More mitral annular calcification and pre-existent RBBB are independent predictors for 

pacemaker requirement. Interestingly, in approximately one fifth of the patients the new 

onset LBBB and CCDs requiring permanent pacing are temporary.
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aBstract 
Background: Preprocedural chronic kidney disease (CKD) and postprocedural 
acute kidney injury (AKI) are risk factors for patients undergoing surgical aortic valve 
replacement (SAVR) and are strongly associated with short- and long-term mortality. 
Current data in transcatheter aortic valve implantation (TAVI) are inconclusive. This 
study investigates the prevalence and prognostic relevance of CKD and the incidence, 
predictors and prognostic relevance of AKI in TAVI patients. 

methods: In this study 299 consecutive transfemoral TAVI-patients were included. CKD 
was divided into 5 classes based on estimated glomerular filtration rate, according to 
guidelines of the National Kidney Foundation. AKI was defined as a 150% creatinine 
increase within 5 days after TAVI compared with baseline. Outcomes were assessed 
according to Valve Academic Research Consortiom -2 criteria. 

results: Prevalence of pre-procedural CKD stage-1 was 14.7% ( n = 44)  stage-2 42.5% (n 
= 127), stage-3 35% (n = 104), stage-4 6% (n = 18) and stage-5 2% (n = 6).Thirty-day and 
1-year mortality rates did not significantly differ between the CKD-categories (p=0.47). 

Following TAVI the incidence of AKI was 17.7%, which was independently predicted 
by loop diuretic use ≥40 mg (OR: 2.39; 95% CI: 1.12-5.08), post-implantation mean 
arterial blood pressure <80 mmHg (OR: 3.04; 95% CI: 1.50-6.14) and pre-procedural 
CKD (eGFR<60ml) (OR: 2.89; 95% CI: 1.41-5.90). AKI was found to be associated with 
both 30-day mortality (p<0.001) and 1- year mortality (p<0.001).

conclusion: Renal function influences prognosis after TAVI. CKD, loop diuretic use 
and mean arterial blood pressure are independent predictors for acute kidney injury, 
which is associated with 30-day and 1-year mortality.
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introduction
Patients with chronic renal failure more often develop premature calcification of the 
aortic valve.1-12 This, possibly together with the development of cardiovascular disease 
and other comorbidities in the elderly population might be related to the frequently 
encountered renal dysfunction in the fragile transcatheter aortic valve implantation 
(TAVI) patient population.3 Pre-procedural chronic kidney disease (CKD) is strongly 
associated with short- and long-term mortality13-16 in patients who undergo surgical 
aortic valve replacement (SAVR). Worsening of pre-procedural renal function, is a 
frequent complication following cardiac surgery and is referred to as acute kidney injury 
(AKI).17 The reported incidence of AKI is 3 to 25% depending on the definitions used.17-21  
AKI is shown to be associated with a higher incidence of short- and long-term mortality, 
irrespective of its occurrence in the setting of SAVR, other cardiac surgery or TAVI.18,19,21-27

Both pre- and  acute postprocedural impaired renal function, have been associated 
with suboptimal outcomes after SAVR.16,28,29  Recently published reports with respect to 
the relationship between impaired renal function and clinical outcomes after TAVI were 
not uniform able to identify severe preprocedural CKD as an independent predictor for 
mortality.3,28,30-32  Published data on prognosis of patients who undergo TAVI and experience 
post-interventional AKI are consistently reporting worse prognosis.26-28,33-36  By analyzing 
both pre-existing kidney disease and post-procedural acute kidney injury, more insight in 
the pathogenesis and relevance of renal function in TAVI patients can be obtained. 

The aim of this study was to examine the prevalence and assess the influence of 
various states of pre-procedural CKD on outcomes after TAVI and to examine the 
incidence, predictors and prognostic value of AKI after TAVI. 

methods
Patients and transcatheter valve implantation
Between October 2007 and December 2013 we included 299 consecutive patients 
treated with a transfemoral aortic valve implantation for severe symptomatic aortic 
valve stenosis in a single-center prospective observational study. All patients had a 
high surgical risk or were rejected for SAVR, as determined by our multidisciplinary 
heart team. All patients treated in our transcatheter heart valve program have been 
entered in a prospectively designed protocol and dedicated database. All patients 
gave written informed consent before the TAVI procedure and to data being collected 
and utilized as per the ethical guidelines of the institute.

Patients who died within 24 hours following TAVI (n=6) were excluded since 
representative postoperative creatinine was not available. All patients received 
N-acetylcysteine before and after TAVI and patients with a pre-procedural estimated 
glomerular filtration rate (eGFR) of less than 60 mL/min/1.73 m2 were pre- and post-
hydrated with intravenous NaCl 0.9%, NaCl 0.65% or bicarbonate, according to our 
hospital protocol to prevent contrast-induced nephropathy.   
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The technique of transcatheter aortic valve implantations has been described 

in detail in previous studies.37,38 The Medtronic-CoreValve self-expandable valve 

prosthesis (Corevalve Inc, Irvine, CA, USA) was used in 139 procedures, the balloon-

expandable Edwards SAPIEN prosthesis (Edwards Lifesciences, Irvine, CA, USA) in 

160 procedures. The procedures were either under general (n=65) or local anesthesia 

(n=134). The duration of the procedure, the amount of contrast use and the arterial 

blood pressure were recorded during the procedure. The arterial blood pressure was 

recorded at the start of the procedure and continuously until the end of the procedure 

and closure of the access site.

Renal function assessment and acute kidney injury
Serum creatinine levels were measured in all patients the day before TAVI and daily in the 

first three to five days after the procedure. The eGFR was calculated using the simplified 

modification of diet in renal disease (MDRD) formula. In attempt to specify pre-procedural 

renal function CKD was divided into 5 stages 5 CKD stage 1 (≥90 mL/min/1.73 m2) stage 

2 (89-60 mL/min/1.73 m2), stage 3 (30-59 mL/min/1.73 m2) (further subdivided in stage 3a 

and 3b 30-45 and 45-59  mL/min/1.73 m2 ), stage 4 (15-29 mL/min/1.73 m2) and stage 5 

(<15 mL/min/1.73 m2; or dialysis). We dichotomized the pre-procedural kidney function by 

using a cut-off eGFR of CKD stage 1-2 vs  CKD stage ≥3 (≥60 mL/min/1.73 m2  vs  <60 ml/

min/1.73 m2 ) to compare between pre-procedural chronic kidney function. According to 

the standardized Valve Academic Research Criteria (VARC) for TAVI patients, acute kidney 

injury was defined in correspondence with AKIN criteria as an increase in creatinine of 

150% during the index hospitalization (≥ stage-1 AKI)22, 40. Data on urinary output were not 

complete in and therefore not included in our definition of AKI. The patient cohort was 

dichotomized according to the presence or absence of AKI.

Evaluation of other parameters
General patient data were collected from the medical history. Information of all pre-

procedural medication was collected. One unit of loopdiuretics was defined as 40 

mg Furosemide or 1 mg Bumetanide daily. Laboratory analysis of the blood samples 

included serum creatinine and whole blood hemoglobin level, platelet and leukocyte 

count. Transthoracic echocardiography was performed within three months before TAVI 

and post-procedural within a week, using the GE Vivid 7 or 9 machine (GE Healthcare, 

Horten, Norway). Aortic (prosthetic) valve hemodynamics were assessed before and 

after TAVI. Clinical follow-up until hospital discharge was available of every patient. The 

date and cause of death occurring within 1 year follow-up after TAVI were established.

Statistical methods
Categorical variables are expressed as number and percentages and compared 

between groups with a Fisher Exact test or chi square, where appropriate. Continuous 
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variables are presented as mean and standard deviation. Differences of a continuous 

variable between two groups were analyzed with a two-tailed Student’s t-test or Mann-

Whitney U test, where appropriate. The Wilcoxon signed rank test was used for within 

group comparison of biomarker levels between different time points. 

A stepwise logistic regression analysis including all variables with P-value < 0.10 

in the univariate analysis was used to determine the predictive factors of AKI. Results 

are reported as adjusted odds ratio (OR) with 95% confidence interval (CI). Cumulative 

survival plots of patients with and without AKI and patients with and without CKD were 

estimated using the Kaplan-Meier method. The log-rank test was used to compare the 

difference in survival between both groups of patients. P-values <0.05 were considered 

to be significant. Statistical analysis was performed using statistical software SPSS 20.0 

for windows (SPSS Inc., Chicago, IL). 

results
Baseline patient characteristics and procedural and post-procedural data are shown in 

Table 1. Mean age was 80.4 years, with 63% female patients. The prevalence of pre-

procedural CKD stage-1 was 14.7% ( n = 44) CKD stage-2 42.5% (n = 127), stage-3 

35% (n = 104), stage-4 6% (n = 18) and stage-5 2% (n = 6). Of the total population, 

57% was classified as CDK class < 3 (n=171) versus 43% as  CDK class ≥ 3 (n=128). 

Thirty-day and 1-year mortality rates did not differ between the CKD categories 

(p=0.38, p=0.86) (Figure 1). Pre-procedural CKD was not directly related to higher 

30-day mortality rates or one-year mortality rates (p=0.47).

Incidence of AKI was in the entire group of patients was 17.7%. The other changes 

in eGFR after TAVI are shown in Figure 2. The mean absolute creatinine levels increased 

significantly more in patients with pre-procedural kidney disease. Mean creatinine 

pre- and postprocedural per CKD category is shown in Figure 3. AKI was associated 

with 30day- and 1year mortality (both p<0.001). In the total group, 30-day all-cause 

mortality was 5.7% (n=17), which was unequally distributed between patients with 

AKI (n=11, 20.8% total AKI group)) and no AKI (n=6, 2.4% non-AKI group) (p<0.001). 

Figure 4 shows a comparison in baseline and post-procedural creatinine levels 

between survivors and non-survivors after TAVI. Causes of death included death due 

to low cardiac output (n=5), pneumonia (n=3), sepsis (n=2), COPD (n=1), hemorrhagic 

shock (n=2), cardiac tamponade (n=1), stroke (n=3).

Follow-up was available of all patients with a range of 4.1-12.0 months. One year 

mortality after TAVI was 15% (n=46), of which 21 patients (46% ) were in the AKI group and 

25 (54%) in the non-AKI group (p<0.001). Causes of death within 1 year were: low cardiac 

output (n=11), pneumonia (n=5), COPD (n=4), sepsis (n=3), hemorrhagic shock (n=2), 

stroke (n=4), cardiac tamponade (n=1), end stage heart failure (n=2), metastatic carcinoma 

(n=2).The Kaplan-Meier survival analysis shows a significant difference in survival between 

the patients with AKI and those without AKI (p<0.001 by log-rank test) as shown in Figure 1. 
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table 1. Pre-. peri- and post-operative parameters of patients  (n=299)

total
(n = 299)

aki
(n = 51)

no aki
(n = 248) P-value

Patient data

Age (y) 80.4 ± 8.0 80.7 ± 7.3 80.3 ± 8.2 0.8

BMI (kg/m2) 28.3 ± 5.5 29.3 ± 5.3 28.1 ± 5.5 0.1

BSA (m2) 1.88 ± 0.21 1.92 ± 0.21 1.87 ± 0.21 0.1

Men 111 (37%) 21 (41%) 90 (36%) 0.8

Clinical history

Hypertension 178 (60%) 33 (65%) 146 (59%) 0.8

Diabetes Mellitus 90 (30%) 17 (33%) 73 (29%) 0.8

Hypercholesterolemia 60 (20%) 6 (12%) 54 (22%) 0.09

CAD 143 (48%) 26 (51%) 117 (47%) 0.7

Previous PCI 83 (28%) 15 (29%) 70 (28%) 1

CABG 32 (11%) 5 (10%) 28 (11%) 0.8

COPD 104 (35%) 23 (45%) 80 (32%) 0.2

Atrial fibrillation 71 (24%) 16 (31%) 54 (22%) 0.4

PAD 58 (19%) 10 (20%) 45 (18%) 1

Renal function 

CKD 1 44 (15%) 3 (6%) 41 (17%) 0.008

CKD 2 127 (43%) 15 (29%) 112 (45%)

CKD3a 70 (23%) 16 (31%) 54 (22%)

CKD3b 34 (11%) 9 (18%) 25 (10%)

CKD4 18 (6%) 5 (10%) 13 (5%)

CKD5 6 (2%) 3 (6%) 3 (1%)

medication

Loopdiuretics >2 57 (19%) 18 (35%) 39 (16%) 0.007

oral antidiabetics 64 (21%) 9 (18%) 55 (22%) 0.8

ACE-i 149 (50%) 29 (57%) 124 (50%) 0.7

NYHA class ≥ 3 196 (66%) 44 (86%) 152 (61%) 0.004

EuroSCORE 18.1 ± 11.9 20.4 ± 13.9 17.7 ± 11.4 0.1

STS score 6.4 ± 5.1 9.4 ± 7.9 5.8 ± 3.5 <0.001

Preprocedural data

Indexed EOA (cm2/m2) 0.41 ± 0.13 0.41 ± 0.13 0.41 ± 0.12 0.4

AVPG max (mmHg) 72 ± 23 74 ± 27 72 ± 23 0.8

AVPG mean (mmHg) 47 ± 16 47 ± 19 47 ± 16 0.9

Impaired systolic LVF 42 (14%) 7 (14%) 35 (14%) 1

AR grade ≥ 2 55 (18%) 11 (22%) 44 (18%) 0.6

MR grade ≥ 2 135 (45%) 22 (43%) 113 (46%) 0.9
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table 1: Continued

total
(n = 299)

aki
(n = 51)

no aki
(n = 248) P-value

Procedural data

Procedural duration (min) 125 ± 55 119 ± 56 126 ± 55 0.4

contrast (ml) 144 ± 53 146 ± 68 144 ± 68 0.8

Red Blood Cell 
Transfusion

67 (22%) 15 (29%) 52 (21%) 0.2

Postoperative variables

Indexed EOA, (cm2/m2) 1.1 ± 0.33 1.1 ± 0.30 1.1 ± 0.34 0.05

AVPG max (mmHg) 19 ± 8 17.8 ± 7.8 19.1 ± 8.5 0.8

AVPG mean (mmHg) 11 ± 5 10.2 ± 4.7 11.2 ± 5.6 0.2

AR grade ≥ 2 61 (20%) 16 (31%) 45 (18%) 0.05

MR grade ≥ 2 62 (21%) 16 (36%) 46 (26%) 0.2

30-day mortality 17 (6%) 9 (18%) 8 (3%) 0.001

Data expressed as mean ± SD or as number (percentage). AKI, acute kidney injury;  BMI, 
body mass index; BSA, body surface area; CAD, coronary artery disease; PCI, percutaneous 
coronary intervention; CABG, coronary artery bypass graft; COPD, chronic obstructive 
pulmonary disease; PAD, peripheral artery disease; CKD, chronic kidney disease; ACE-i, 
angiotensin-converting-enzyme inhibitor; NYHA: New York Heart Association; STS, society of 
thoracic surgeons; EOA, effective orifice area; AVPG, aortic valve pressure gradient; LVF, left 
ventricular function; AR, aortic regurgitation;  MR, mitral regurgitation

In univariate analysis, AKI was associated with a pre-procedural higher NYHA 

functional class, a higher STS risk score, a lower baseline eGFR, use of higher dose 

loop diuretic and lower post-implantation arterial blood pressure (systolic, diastolic 

and mean). Independent predictors for AKI (shown in Figure 5) were identified using 

multivariable logistic regression analysis and included: pre-procedural use of loop 

diuretic ≥2 units (OR: 2.39; 95% CI: 1.12-5.08),  post-implantation mean arterial blood 

pressure < 80 mmHg(ABP) ( OR: 3.04; 95% CI: 1.50-6.14) and  by preprocedural CKD, 

with an eGFR<60ml/min/1.73m2 (OR: 2.89; 95% CI: 1.41-5.90). The individual effects 

of these factors on change in serum creatinine levels are shown in Figure 5. A gradual 

increase in incidence of AKI was seen with baseline severity of CKD (Figure 6). When 

combining both pre- and direct post-procedural renal function, all patients with AKI 

(both with or without pre-procedural CKD) have a significant worse prognosis (Figure 7).

discussion

The present  study shows that impaired renal function in patients after a transfemoral 

TAVI is associated with increased short and long-term mortality. This study highlights  

the difference in prognostic value of preprocedural CKD and postprocedural AKI . 
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CKD is a frequent problem in the frail TAVI population. In our study population, 
nearly half of the patients had preprocedural renal insufficiency NKF class ≥2 (43.5%). 
We compared patients with and without CKD to assess the influence of preprocedural 
renal function disorders on outcomes of TAVI. We found no significant difference 
in baseline characteristics, with exception of a higher STS and Euro Scores. Partly 
this could be explained by the inclusion of baseline creatinine level in the risk score 
variables. The presence of CKD was associated with a trend toward higher mortality at 
30-days as well as 1 year, but this was not significant, despite an increase in the rate 

figure 1. Kaplan-Meijer survival curve; upper pannels classes of chronic kidney disease, lower 
pannels acute kidney injury versus no acute kidney injury.
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figure 2. Changes in eGFR after TAVI in total population  (n=299)

figure 3. Absolute creatinine increase per CKD category.

of postprocedural AKI even when subdividing our population CKD into 2 stages CKD 
as suggested by  Levey et al. (CKD stage 1-3a, compared to 3b-5; 30-day mortality 
(p=0.85), one year mortality (p=0.10)).4 Preprocedural CKD increases the risk of 
postprocedural AKI, which impairs prognosis after TAVI. The clinical importance of 
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figure 4. Comparison in baseline and post-procedural cratinine levels between survivors and 
non-survivors after TAVI. 

preprocedural kidney disease and postprocedural acute kidney injury in the setting of 
invasive procedures has been highlighted in many previous studies. However, previous 
reports on the effects of CKD on survival after TAVI are conflicting; D’ascenzo et al and 
Goebel et al concluded effects of CKD similar to our results on survival outcomes after 
TAVI.3,30 On the contrary Yamamoto et al and Dumonteil et al reported severe CKD 
to be associated with increased risk for 30-day mortality in a large but diverse cohort 
of femoral, apical, subclavian, transaortic or transcarotid implanted transcatheter 
aortic valves.32,39 Postinterventional AKI was not analyzed in both studies. Furthermore 
concomitant arteriosclerosis is more frequent in patients treated by transapical and 
transaortic approach compared to transfemoral patients, which may negatively affect 
kidney function. In contrast, patients in our cohort are uniformly treated by transfemoral 
TAVI. The small number of events in our more homogenous cohort might underestimate 
the influence of CKD. CKD was identified as predictor for developing AKI after TAVI, 
which was strongly associated with 30-day and one year mortality. AKI occurred in 
17% of the patients who had undergone a transfemoral TAVI. The incidence of AKI in 
our study is similar with the reported incidences of other studies (12-28%). We have 
found that the development of AKI after TAVI is determined by a multiple of factors, 
which are not all modifiable. In correspondence with previous reports, CKD was a 
predictor for developing AKI after TAVI. Baseline renal dysfunction is associated with 
adverse events.32 Detailed classification of baseline renal dysfunction might provide 
a more accurate risk assessment since a more severe baseline kidney dysfunction 
preprocedural, was associated with a higher incidence of AKI. CKD could reflect a 
heterogenous group of disorders affecting kidney function and could therefore be a 
surrogate marker for more widespread microvascular disease. Microvascular disease 
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figure 5. Independent predictors for AKI and the he individual effects of predicting factors on 
change in serum creatinine levels. (LD= loop diuretics; ABP=arterial blood pressure directly after 
prosthesis implantation; *= P< 0.005)

figure 6. Number of patients per CKD class and incidence of AKI per class.

may increase the risk of malperfusion and therefore, similar to a drop in ABP, tubular 
epithelial and vascular endothelial injury, especially in already impaired renal function. 
An independent predictor for AKI after TAVI found in our study was the periprocedural 
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9 use of 2 or more units of loop diuretics (>80 mg Furosemide or > 2mg bumetanide). 

Similarly, continuous infusion of furosemide during cardiac surgery has been reported 

to result in a higher incidence of postoperative acute renal failure compared with 

infusion of saline or dopamine.40 An explanation could be that loop diuretics cause 

hypovolemia and subsequently a decrease in renal perfusion. Alternatively, loop 

diuretics have been shown to activate the sympathetic and renin-angiotensin systems, 

which can result in an increase in left ventricular afterload and a decrease in cardiac 

output.41 Furthermore, when a loop diuretic is administered prior to the procedure, an 

exacerbation of  the nephrotoxic effect of contrast exposure could occur by diverting 

the medullary blood flow to the cortical circulation.42 Our finding that patients treated 

with more loop diuretics at the time of TAVI are at a higher risk for postprocedural 

kidney deterioration, suggests that periprocedural administration of loop diuretics 

should be avoided as much as reasonably possible.  

Our study showed that a lower mean ABP directly after TAVI was associated with 

acute kidney injury. The low ABP during TAVI is probably a result of both procedure- and 

patient-related factors. Temporary periprocedural hypotension during TAVI is created 

by balloon valvuloplasty, rapid pacing, valve deployment and by vasodilatation due to 

exposure to certain anesthetics. A low ABP can also be caused by the hemodynamic 

instability as a result of an impaired cardio-circulatory homeostasis due to an impaired 

left ventricular function and/or significant aortic stenosis and regurgitation. When 

figure 7. Combined acute and chronic kidney disease and effects on 30-day mortality.
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the renal parenchyma is exposed to a reduced perfusion and oxygen tension, it 
results in tubular epithelial and vascular endothelial injury.43,44 Close monitoring of 
ABP during TAVI  and where possible prevention and treatment of sudden drops in 
blood pressures is of paramount importance to maintain adequate renal perfusion 
and prevent AKI. Local analgesia could provide a more stable hemodynamic situation, 
and therefore could be the preferred option during transfemoral TAVI. Our study did 
not show a relation between the amount of peri-procedural contrast use during TAVI 
and the occurrence of AKI following the procedure.18,26 This is explained by the fact 
that a relatively low amount of contrast (<150 cc) was used in our institution during 
TAVI procedures, especially in patients with pre-existing renal dysfunction. This is 
supported by the fact that in our study, patients with an eGFR of ≤60 mL/min/1.73m2 
received significantly less contrast compared with patients with an eGFR of > 60 mL/
min/1.73m2  (136±52 vs. 151±52 cc, p=0.025). 

In contrast with previous reports,18,26,45 our study did not find any relationship 
between periprocedural (< 24 hours post TAVI) red blood cell transfusion (RBCT) 
and the occurrence of postprocedural AKI. With a mean of 0.5 units per patient, the 
amount of periprocedural RBCT in our study is minimal. This could explain why RBCT 
was of little impact on kidney injury in our patient population. 

Our 30-day mortality was 5.6%, which is comparable with those reported in other 
TAVI studies.18,26,27,46 The association we found between AKI and 30 day and one year 
mortality has been described previously.3,26,33-35,47 Predictors for AKI seem to be related 
to renal hypoperfusion, close monitoring of renal perfusion could decrease the risk of 
postprocedural AKI.

Prospective or randomized studies in the future are needed to investigate whether 
certain periprocedural preventive measures will have impact on the occurrence 
of acute kidney failure, or even more importantly on the occurrence of short- and 
midterm mortality following TAVI.  

Limitations
This study is limited by the relatively small number of events. Furthermore the results 
were obtained from a prospective observational study, such that the effect of other 
unmeasured or unknown confounding factors on AKI and mortality cannot be ruled out.

conclusion
Renal function influences prognosis after TAVI. Pre-procedural CKD is common in the 
high-risk TAVI population. CKD, loop diuretic use and mean arterial blood pressure 
are independent predictors for acute kidney injury, which is associated with 30-day 
and 1-year mortality
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aBstract
Background: Both general anaesthesia (GA) and local analgesia (LA) with or without 
sedation are options for periprocedural anaesthetic management of transfemoral 
transcatheter aortic valve implantation (TAVI). We report the safety and feasibility of 
TAVI under LA and provide our own experience in the largest cohort so far reported.

methods: A total of 178 consecutive patients planned for transfemoral TAVI were 
included in this study. Patients were treated with the Medtronic CoreValve (n=77) 
or the Edwards SAPIEN (n=101), at operators discretion. Periprocedural anaesthetic 
management, procedural characteristics and outcomes were assessed.

results: Of the 178 patients (34% male) of which 4 (2.2%) needed a conversion to general 
anaesthesia (prosthesis embolism, 2 complicated peripheral vasculature puncture/closures, 
restlessness). Periprocedural transesophageal echocardiography was not necessary. 
Premedication included temazepam, lorazepam or midazolam in 76% of patients. In total 
115 patients (66%) received conscious sedation, 34% received sedative medications. Only 
nine patients developed a delirium during admission (5%). All-cause 30day-mortality was 
9 (5%). NYHA-class decreased significantly from 3±0.6 to 1±0.9 (p=0.04).  

conclusion: Transfemoral TAVI performed using exclusively local analgesia and 
fluoroscopic guidance is safe and feasible with a very low rate of conversion. The 
fragile TAVI-population may benefit from this anaesthetic management. 
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introduction
Transcatheter aortic valve implantation (TAVI) has become an established treatment 
for severe aortic valve stenosis in patients with high or prohibitive surgical risk.1,2 With 
development of this technique, a number of approaches became available and are 
currently used worldwide. 3-6 The retrograde transfemoral approach is most frequently 
used. Periprocedural anaesthetic management of transfemoral TAVI varies; General 
anaesthesia is the common practice, while local analgesia with or without sedation is 
an alternative option for transfemoral TAVI.  

In most centers the TAVI program was started using general anaesthesia. After the 
initial experience, a number of centers preferred sedation with local anaesthesia.7-10 

Guidance of periprocedural transesophageal echocardiography (TEE) is the most 
frequently reported advantage of performing the procedure under general anaesthesia. 
However, especially in the fragile patient population undergoing TAVI, this procedure 
is accompanied by an increased risk for hemodynamic instability and other serious 
complications. Hence, in particular during the initial procedures, monitoring and installation 
of the patient is similar to that for a high-risk surgical aortic valve replacement.2,9,11,12 
Whether conscious sedation is superior to general anaesthesia has not been addressed 
in randomized controlled trials. Currently, no consensus has been reached yet12-14, which 
of the two is the most preferable method. In this report we provide our own experience.

methods
Setting
In our institution, a total of 381 transcatheter aortic valve implantations have been 
performed from October 2007 until May 2013 (77 transapical, 44 transaortic and 260 
transfemoral aortic valve implantations). The initial transfemoral TAVI procedures 
between October 2007 and April 2010 were performed under general anaesthesia 
(n=55). In April 2010, our institute performed the first transfemoral procedure under 
sedation plus local anaesthesia, in an effort to minimize invasiveness of TAVI in 
this fragile patient population. Subsequently a short transitional period followed, 
in which alternating general anaesthesia and local analgesia were used, mainly 
anaesthesiologist dependent. Gradually the majority of procedures were performed 
under local analgesia. From October 2010 local analgesia became the standard 
method during transfemoral TAVI at our center. 

All patients were discussed in our multidisciplinary heart team. TAVI was indicated 
according to international recommendations.15 Patients were treated with either the 
Medtronic CoreValve Revalving System (CRS TM, CoreValve Inc, Irvine, CA) or the 
Edwards Sapien/Sapien XT (Edwards Lifesciences Inc, Irvine, CA), at the discretion of 
the operator. The techniques of transcatheter aortic valve implantation have previously 
been described in detail.2,16 Each patient received preprocedural consultation by both 
the operator as well as the anaesthesiologist, one day prior to the procedure. 
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Patients were pretreated with aspirin and postprocedurally with life-long aspirin 
daily and clopidogrel daily for 3 to 6 months, with exception of patients on chronic 
coumarine derivates. All patients received preprocedural antibiotics (cefamandol 2 
gram). Prescription of premedication and the utilization of conscious sedation during 
the procedure were left at the discretion of the cardio-anaesthesiologist. 

All procedures were performed by either two interventional cardiologists or 
an interventional cardiologist and a cardiac surgeon, in the cardiac catheterization 
laboratory. Bilateral femoral access was achieved percutaneously, with the use of long 
acting local analgesia. In 3 patients the femoral access was surgically achieved with 
the use of local analgesia. A total of 40 cc Lidocaine 1% mixed with Bupivacaine 0.5% 
was injected into the skin, subcutis and around the femoral artery for local analgesia 
of the percutaneous access site. Venous access was provided by a 7 Fr sheath through 
which the pacemaker wires were implanted. The arterial pressure was monitored via 
the 7 Fr femoral sheath in which a 6 Fr pigtail was positioned for aortography; hence, 
no extra puncture sites were necessary. Appropriate valve positioning was achieved by 
fluoroscopy and aortography, without TEE.  Immediate results and complications were 
assessed based on hemodynamics, angiography and transthoracic echocardiography 
(TTE). A cardiac surgeon was stand-by during the procedure. An echocardiologist and 
TTE were available at all times. A cardiovascular anesthesiologist was present to monitor 
the patient and if necessary to stabilize hemodynamics or institute general anaesthesia 
at any moment, anesthesiologic equipment was available as also advocated by most 
authors.14  A perfusionist was scheduled to be available if necessary.  

Data collection and statistical analysis
In total of 180 consecutive patients underwent transfemoral TAVI between October 
2010 and May 2013 and 178 patients were planned for local analgesia and included 
in this study (Figure 1). Reasons for general anesthesia in the two patients who 
were not included in this study, were: severe obesity with desaturations in supine 
position and one patients was planned as a transaortic procedure but due to a major 
ruptured retrosternal cyst encountered perioperatively, the procedure was continued 
transfemorally under general anesthesia. 

Patient characteristics, medication, laboratory values and in-hospital outcomes 
of the index procedure were collected at the time of presentation and extracted 
from the institutional’s medical records. Data on premedication was extracted from 
the anaesthesia reports. Clinical follow-up data were obtained from all patients until 
hospital discharge or in-hospital death, and included procedural and postprocedural 
major adverse events and laboratory, electrocardiographic and echocardiographic 
findings. For the clinical end point definitions, the criteria of the Valve Academic 
Research Consortium were used.17,18

 Device success was defined as correct position of a single prosthetic heart 
valve into the proper anatomical location including a stable function as assessed by 
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angiography and echocardiography. Procedural success was defined as device success 
in the absence of major adverse cardiovascular and cerebral events (MACCEs) during 
the first 48 hours after device implantation. Cardiovascular mortality was defined as 
death due to a proximate cardiac cause. Immediate procedural mortality consists of 
intra-procedural events that result in immediate or consequent death <72 hours post 
procedure. Kidney injury was defined according to the modified Risk, Injury, Failure, 
Loss, End-stage (RIFLE) classification.19  

MACCE was defined as the composite of all-cause death, major stroke, and MI. 
The VARC-combined safety end point refers to the occurrence of either one of the 
following events up to 30 days postprocedure: all-cause mortality, major stroke, life-
threatening or disabling bleeding, acute kidney injury stage 3, periprocedural MI, and 
repeat procedure for valve-related dysfunction (surgical or interventional therapy).20

Normally distributed continuous variables are presented as means and standard 
deviations.  Non-normally distributed continuous variables are presented as medians 
with inter-quartile ranges. All statistical analyses were done using SPSS version 20 
(Chicago, IL). A p-value of ≤0.05 is considered significant.

results
Patients
Of the 178 included patients, a CoreValve was implanted in 77 patients (44%) and Edwards 
Sapien/Sapien XT in 101 patients (56%). Patient demographics and preprocedural 
characteristics for the complete cohort of patients are presented in Table 1. 

Procedural characteristics
A total of four procedures were converted from local anaesthesia to general anaesthesia 
(Figure 1 and Table 2); one procedure was converted to cardiac surgery under general 
anaesthesia due to dislocation of the valve in the left ventricle. One procedure was 
converted from local analgesia to general anaesthesia because of severe restlessness of 
the patient. In two patients, the peripheral vasculature (closure by vascular surgeon, prostar 
and needle problem due to severe calcified vasculature) was the reason for conversion.

The mean duration of the TAVI procedure was 97±39 minutes. Device success 
rate was 96.7%. In 4 patients, 2 valves were implanted due to an unsatisfying primary 
implantation position.  In 1 patient, no valve was placed because of a severely calcified 
and tortuous peripheral vasculature; a successful transaortic TAVI was performed a 
week later. The patient converted to surgery was observed on the intensive care unit 
postprocedurally. The other patients converted to general anaesthesia were observed 
on the recovery room and subsequently the cardiac care unit (CCU), or directly to the 
CCU. All other patients were observed directly postprocedurally on the CCU. 

Anaesthesia reports on premedication were available in 170 of the patients. 
Premedication the night before the procedure and 1 hour prior to the procedure 
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table 1. Baseline characteristics (n=178)

Patient data

Age (y) 80.4 ± 7.2

BMI (kg/m2) 29 ± 5.9

Men 60 (34%)

Clinical history

Hypertension 104 (58%)

Diabetes 52 (29%)

Hypercholesterolemia 47 (26%)

Prior myocardial infarction 32 (18%)

Prior PCI 58 (33%)

Prior CABG 23 (13%)

Prior stroke 29 (16%)

Peripheral arterial disease 37 (21%)

COPD 56 (31%)

Renal insufficiency 74 (42%)

Liver cirrhosis 2 (1%)

Prior neoplasia 39 (22%)

Atrial fibrillation 39 (22%)

Prior pacemaker 21 (12%)

NYHA class ≥ 3 105 (59%)

Preprocedural hospitalization 46 (26%)

Logistic EuroSCORE 19 ± 12.7

STS score 6.2 ± 5.2

Preprocedural variables

LVEF ≤ 40% 25 (14%)

AVA (cm2) 0.76 ± 0.24

Indexed EOA (cm2/m2) 0.41 ± 0.13

AVPG max (mmHg) 70.6 ± 23.6

AVPG mean (mmHg) 45 ± 15.4

Annulus diameter (mm) 21 ± 1.4

AR grade ≥ 2 30 (17%)

MR grade ≥ 3 22 (12%)

TR grade ≥ 2 56 (32%)

PAP (mmHg) 40 ± 17.3

Data expressed as mean ± SD or number (percentage). BMI, body mass index; PCI, percutaneous 
coronary intervention; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary 
disease; NYHA, New York Heart Association; STS, society of thoracic surgeons; LVEF, left 
ventricular ejection fraction; AVA, aortic valve area; AVPG, aortic valve pressure gradient; AR, aortic 
regurgitation; MR, mitral regurgitation; TR, tricuspid regurgitation; PAP, pulmonary artery pressure
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included temazepam, lorazepam, and midazolam (Table 3) and was prescribed for 
76% of patients. In 24% no premedication was administered. There was no association 
between premedication and the development of delirium (p=0.062).  

Procedural medications to provide conscious analgo-sedation included 
Remifentanil, Alfentanil, Sufentanil, Propofol, Morfine, and Esketamine. Of the 174 
patients receiving local analgesia, 115 patients (66%) received conscious sedation with 
low dosages of opioids during the procedure. The remaining 34 % of patients received 
sedative medications during the procedure. A longer mean procedure duration, i.e. 
catheterization lab time with was observed with conscious sedation  (100 vs 85 minutes  
p=0.008). There were no differences in baseline characteristics or outcomes between 
patients receiving conscious sedation or local analgesia. Hemodynamic stability during 
the procedure was achieved with small dosages of catecholamines (Norepinephrine, 
Phenylephrine, Atropinesulfate, Efedrine) in 65 ( 37%) of the 174 patients. 

In the total population the mean aortic valve area increased significantly from 0.79 to 2.2 
cm2 (p<0.001). Mean and maximum aortic valve pressure gradient significantly decreased 
from 70.1 to 18.7 mmHg and 44.0 to 10.7 mmHg respectively, p<0.001 (Table 4). 

table 2. Procedural characteristics  (n=178)

Conversion from local to general 4 (3.3%)

Conversion to surgery 1

Puncture or closure of peripheral vasculature 2

Restlessness of the patient 1

Post-dilatation 17 (9.4%)

Contrast (mL) 147 ± 51

Procedure time (min) 97 ± 38

Device success 174 (96.7%)

Average admission (days) 10 ± 8

Data expressed as number (percentage) or mean ± SD. 

table 3. Premedication 1 hour before procedure (n=170)

Temazepam 10 mg 33 (19%)

Lorazepam 1 mg 40 (24%)

Midazolam 63 (37%)

3.75 mg midazolam 58 (34%)

7.5 mg midazolam 5 (3%)

Dormicum 2.5 mg 1 (1%)

Paracetamol 1000 mg 144 (85%)

Data expressed as number (percentage)  
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The 30-day mortality rate was 5%, of which 8 included a cardiovascular cause 

(Table 5). The immediate procedural mortality was 2 (1%). At 30 days NYHA functional 

Class decreased from 3 ± 0.6 to 1± 0.9 (p=0.04). Mean hospital stay was 9 ± 8 days. 

During the total hospital admission only 9 patients (5%) developed a delirium for 

which Haldol was prescribed (Table 5). 

discussion
In this large cohort of 178 patients planned for a transfemoral TAVI under local 

anaesthesia, only four procedures (2%) were converted from local to general anaesthesia. 

No complications occurred for which TEE was necessary. This study demonstrated the 

safety and feasibility of transfemoral TAVI performed under local analgesia. 

The results parallel reports from other cohorts; Covello et al21 reported the safety 

of TAVI under local anaesthesia in 3 patients, Vavuranakis in 30 patients.22  To our 

knowledge, we report the largest TAVI cohort  under local analgesia thus far23-27, with 

the lowest conversion to general anaesthesia (2%) compared to recently reported  by 

Durand et al (3.3%), and by Bergmann et al (17%).23,25

Efforts to minimize invasiveness provided that safety is maintained, hasten 

patient recovery, without compromising clinical and procedural outcomes or patient 

satisfaction were the rationale for a simplified transfemoral TAVI using exclusively local 

analgesia and fluoroscopic guidance. Our results with exclusively local analgesia are 

figure 1. Flow chart of the study population.
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table 4. Pre- and postprocedural hemodynamic characteristics

pre-procedure post- procedure p-value

Aortic valve area (cm²) 0.79 ± 0.26 2.2 ± 0.72 <0.001

AVPG max (mmHg) 70.1 ± 23.9 18.7 ± 8.6 <0.001

AVPG mean (mmHg) 44.0 ± 15.3 10.7 ± 5.6 0.001

RR systolic (mmHg) 143 ± 32 138 ± 27 0.09

RR diastolic (mmHg) 64 ± 14 55 ± 12 <0.001

Data expressed as mean ± SD. AVPG, aortic valve pressure gradient; RR, blood pressure

table 5. 30-Day clinical outcome (n=178)

All-cause mortality 9 (5.0%)

Immediate procedural mortality 2 (1.1%)

Cardiovascular mortality 8 (4.4%)

MACCE 14 (7.8%)

Myocardial infarction 3 (1.7%)

Stroke 10 (5.6%)

Disabling stroke 6 (3.3%)

Non-disabling stroke 4 (2.2%)

Bleeding

Life threatening bleeding 4 (2.2%)

Major bleeding 30 (16.7%)

Vascular access complication 32 (17.8%)

Major 11 (6.1%)

Minor 21 (11.7%)

Acute kidney injury

Stage 1 18 (10%)

Stage 2 2 (1,1%)

Stage 3 0 (0%)

VARC combined safety end-point 15 (8.3%)

Postprocedural delirium 9 (5.0%)

Data expressed as number (percentage). MACCE, major adverse cardiac and cerebral events; 
VARC, Valve Academic Research Consortium 

similar3,28-30 to the shortterm clinical outcomes of cohorts of procedures performed 

under general anaesthesia.

Compared to large clinical trials, the rate of conversions to surgery (1 patient, 

0.6%) in our institute was low.2,3,25,31 The 30-day mortality rate was 5%, the rate of major 
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bleeding 17%, and the rate of stroke/TIA was 6%, similar to reports of larger registries 
and trials of TAVI under general anaesthesia.2,16,25,29-35

Minimizing the invasiveness, number of puncture sites, the need for endotracheal 
intubation, ventilation and subsequent extubation, potentially reduces the risk for infections.

A reason for general anaesthesia includes a granted patient compliance with better 
procedural tolerance but even solely maximizing comfort rather than providing analgesia 
has been reported.11,14,23 Hemodynamic stability, essential for patient compliance, was 
achieved using catecholamines in only 37% of our patients. Preprocedural consultation 
by the operator and anaesthesiologist is a major contributor for patient compliance. 
Only 1 patient (0.6%) was restless to the extent of converting to general anaesthesia. 
All other patients were sufficiently comfortable during the procedure. 

The decreased sheath sizes of the newer generation prostheses, often allows safe 
percutaneous vascular access. Surgical access may be performed under sufficient 
local anaesthesia25 with stable hemodynamics and a reduced need for inotropic or 
vasopressor support.24 In presence of an experienced cardio-anaesthesist, no delay is 
expected in initiating cardiac support and the facilitated management of complications.

The main reason for general anaesthesia is the possibility to perform a procedural 
transoesophageal echocardiography (TEE).9,36,37 TEE has however never been proven 
to increase safety and is not considered obligatory; TAVI can be performed safely 
without TEE.38 Moreover, superior monitoring with direct feedback of the awake 
patient can be hypothesized, with immediate appropriate actions upon complaints 
indicating possible complications.39 Since post-implantation prosthesis assessment 
can be achieved by fluoroscopy and TTE, TEE is not often needed.  

Compared to general anaesthesia, a shorter preparation time and procedure duration, a 
shorter hospital stay as well as lower costs have been described with conscious sedation.24,26,40 
In our cohort, mean procedural time was 97 minutes compared to a reported 120 to 167 
minutes with general anaesthesia. Mean length of hospital stay was 9 days, similar to other 
reports (5 days- 12.6 days) and shorter than reported with general anaesthesia (11.9-15 
days).23,24,26 An important advantage of shorter hospitalization and procedure time is the 
reduced risk of cognitive dysfunction, especially when patients remain conscious during 
the procedure. Early mobilization may contribute to reduce this risk

Older patients are at high risk of developing postoperative cognitive dysfunction, 
in particular after cardiovascular surgery.41  Delirium has been reported to occur in 10% 
to 60% of all surgical patients, with an increasing incidence, up to 90% in elderly. 42 
Since delirium is an independent predictor of sustained poor cognitive and functional 
status after hospital admission43 the very low rate of delirium in our study (5%) of 
fragile patients is promising for the future of TAVI in the aging population.  

In addition to the safety and feasibility, in our experience it is beneficial for the 
fragile patient population of TAVI to avoid general anaesthesia. In this fragile patient 
population it is of major importance to keep the risk of postprocedural disorientation 
as low as possible. 
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Limitations
Local analgesia and optional conscious sedation is our current standard anaesthetic 
management during a transfemoral TAVI. The association of general anaesthesia with 
the first part of the learning curve, the change in baseline risk scores as well as the 
number of patients prohibits comparison between local and general anaesthesia. 
Evaluation of anaesthetic management in a randomized controlled trial would be a 
major contribution to the interpretation and conclusion regarding the anaesthetic care 
during TAVI procedures.

The reported kidney injury was defined according to the modified RIFLE 
classification19  instead of the Acute Kidney Injury Network (AKIN) classification as 
suggested by the most recent VARC17, excluding the urine output from the definition. 
Detailed information on urine output of this patient cohort was not gathered 
systematically at the time of procedure.

conclusion
Transfemoral TAVI performed using exclusively local analgesia and fluoroscopic guidance 
is safe and feasible, as demonstrated by the results of this large single center cohort.

Appropriate valve positioning was achieved by fluoroscopy and aortography, 
without TEE, as was the assessment of immediate results and possible complications, 
based on hemodynamics, angiography and TTE.

In addition to the safety and feasibility, in our experience it is beneficial for the 
fragile TAVI patient to avoid general anaesthesia. Thus, the least invasive strategy with 
the required safety standards may benefit the outcome of TAVI in the high-risk elderly 
patient. This report may contribute to reaching further consensus concerning the best 
anaesthetic management for transfemoral TAVI. 
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summary
During the last decade, there has been a rapid increase in the use of MitraClip 
implantation and TAVI worldwide. Both percutaneous techniques are valuable 
therapies when conventional surgery is not an option due to high surgical risk. Both 
techniques have been shown to be effective and safe treatment options in this 
high-risk patient population and therefore have been included in the current valvular 
guidelines. Several studies have reported acceptable mid-term survival rates while 
complication rates are low. More studies were needed in order to further improve the 
safety and efficacy by obtaining a better insight in which patients would benefit most 
from these therapies. Furthermore we wanted to improve the selection criteria and 
study the effect of these techniques on left- and right ventricular function and inflow 
patterns  in relation to the symptomatic status of the patients.

chapter 1 is the general introduction and outline of this thesis. In the first part of this 
thesis studies with the MitraClip technique are presented and the second part reports 
on studies with the TAVI technique.

Part I Percutaneous mitral valve repair by MitraClip implantation
The most recent guidelines are discussed in chapter 2 to clarify clinical decision making, 
the diagnostic work-up and treatment options for severe mitral regurgitation (MR). 
Echocardiography is the principal examination to determine severity, mechanism and 
hemodynamic consequences of MR and consequently contributes to the assessment 
and accurate timing of the best treatment strategy. Mitral valve surgery, preferably 
repair, is indicated in symptomatic patients with severe organic MR. In patients 
with chronic functional, severe MR, restrictive annuloplasty is an option, however 
results are not univocal. Percutaneous MitraClip-implantation may be considered 
as an alternative option in symptomatic patients who are considered inoperable. In 
asymptomatic patients with severe, organic mitral regurgitation, there is no consensus 
on the optimal care.  chapter 3 focused on predictors of survival and functional status 
after MitraClip implantation. This study shows that both survival and functional class 
after MitraClip implantation are determined by the severity of heart failure (indicated 
by NT-proBNP levels) prior to the procedure, a history of previous valve surgery, the 
co-presence of severe tricuspid regurgitation and the amount of MR reduction after 
clip implantation. We presented a multivariate model that can be of help for clinical 
decision making to improve patient selection for MitraClip implantation. Anatomical 
selection criteria for MitraClip implantation were evaluated in chapter 4. The 
success rate of MitraClip implantation at one month follow-up was associated with 
mitral valve anatomy. Especially patients with a central jet direction, less coaptation 
depth and a shorter anterior mitral valve leaflet length more often have a successful 
result. This indicates that more extensive anatomical selection criteria, beyond the 
EVEREST criteria (which are currently the only available criteria and recommended 
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in the guidelines), can contribute to optimize MitraClip implantation results in this 

high risk patient population with mostly functional MR. In chapter 5 mitral inflow 

patterns during and after MitraClip implantation were studied. We showed that the 

mean mitral valve pressure gradient (MVPG) during MitraClip implantation measured 

by transoesophageal echocardiography underestimates the hemodynamics in daily 

life of which operators should be aware of when deciding on placing one or more 

MitraClips. Pressure half time seems to be the most robust parameter compared to 

mean and maximum MVPG and may add to this decision. Patients with a higher mean 

MVPG after MitraClip have a higher systolic pulmonary artery pressure at follow-up. 
However, we did not detect more heart failure symptoms at follow-up. The effect of 
MitraClip implantation on the right ventricular function was described in chapter 6. 

At one and six months follow-up, MitraClip implantation had no effect on any of the 
echocardiographic right ventricular parameters compared to baseline measurements. 
After MitraClip implantation, right ventricular afterload and NYHA class  improved 
in case of successful clip implantation, but were adversely affected in case of both 
residual MR and mitral stenosis.

C o n c l u d i n g  r e m a r k s  a n d  f u t u r e  p e r s p e c t i v e s

MitraClip implantation is a promising technique and will probably be a technique here 
to stay for the treatment for  symptomatic severe MR, especially in the fragile and mainly 
elderly population with functional MR. In this thesis we determined further selection criteria 
for this procedure to improve the results of MitraClip implantation. We also determined 
effects of the clipped valve on left- and right ventricular function and inflow patterns 
and related these to the patients symptoms. In the future, larger patient cohorts with 
longer follow-up duration should be studied to provide more solid data, like the COAPT 
High risk randomized trial, RESHAPE-HF randomized trial (both randomized trials with 
randomization to MitraClip implantation or medical therapy) and the Benelux-registry.

Other percutaneous approaches were developed the last decade for reduction 
of MR. These techniques are all based upon surgical techniques (like the MitraClip 
device), for example the coronary sinus implants to remodel the mitral annulus and 
percutaneous mitral valve replacement. These techniques are promising, but further 
investigations are needed. 

The catheter-based mitral devices are an interesting and growing field of novel 
percutaneous techniques to reduce MR providing new options for the treatment of 

patients who cannot undergo conventional surgery.

Part II Transcatheter aortic valve implantation
In patients who undergo TAVI almost half have MR grade ≥ 2 prior to the procedure 

as showed in chapter 7. Although the two year survival rate was reduced, patients 
with MR grade ≥ 2 at baseline equally improved symptomatically after TAVI compared 

to patients with MR grade ≤ 1. To our opinion it is conceivable that MR grade ≥ 2 at 
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baseline reflects an advanced stage of aortic valve stenosis. This suggests that early 

selection of patients is beneficial (before the development of more severe MR) in order 

to improve their prognosis. Nevertheless, the symptomatic improvement, despite a 

reduced survival rate in patients with significant MR prior to TAVI, is an important 

quality-of-life outcome in the fragile mainly elderly population and indicates that the 

selection for TAVI should be an individualized patient based process. In chapter 8 

we discussed the high incidence of new-onset left bundle branch block (LBBB) and 

permanent pacemaker (PPM) implantation following TAVI with a Medtronic-CoreValve 

bioprosthesis. Prosthesis depth and size were predictors for new LBBB, while mitral 

annular calcification and pre-existent right bundle branch block were predictors for 

PPM implantation. Interestingly, in approximately one fifth of the patients the new 

onset LBBB and necessity for pacing are only temporary. This indicates that some 

restrain might be taken into account to perform early implantation of a pacemaker, 

although early mobilization and discharge should not be compromised. chapter 

9 outlined that chronic kidney disease prior to TAVI does not appear to directly 

predict survival after TAVI, but acute kidney injury (AKI) after TAVI is of great clinical 

importance since it is strongly associated with both short- and midterm mortality. The 

use of higher doses loop diuretics, a low post-implantation arterial blood pressure and 

a higher baseline creatinine level are independent predictors for AKI after TAVI. Efforts 

to minimize invasiveness provided that safety is maintained, hasten patient recovery, 

without compromising clinical and procedural outcomes of patient satisfaction were 

the rationale for simplified transfemoral TAVI using exclusively local analgesia and 

fluoroscopic guidance, as demonstrated in chapter 10. In addition to the safety and 

feasibility which were both demonstrated in this study, it might be beneficial for the 

fragile TAVI patients to avoid general anaesthesia. This may add to a better outcome 

of TAVI in high-risk elderly patients.

C o n c l u d i n g  r e m a r k s  a n d  f u t u r e  p e r s p e c t i v e s

TAVI has been a major breakthrough in the field of transcatheter techniques for 

treatment of severe aortic valve stenosis. In this thesis we studied potential risk factors 

prior to the procedure and complications after TAVI to be able to select the patients 

who will benefit the most from this technique with low complication rates. 

Further technical adjustments in the existing and new bioprosthetic valves, 

delivery catheters and sheaths are continuously developed to improve results and 

reduce complications. Especially paravalvular regurgitation and the frequency of 

vascular and bleeding complications can be reduced by these adjustments, but 

further investigations are still needed. Embolic protection devices are also developed 

and investigated.  Furthermore, the imaging techniques used prior to TAVI and peri-

procedurally are further studied and developed to improve valve sizing and overall 

implantation success. In addition to this, a risk score especially developed for potential 

TAVI candidates needs to be established to provide a better prediction of mortality 
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than the currently used EuroSCORE and STS score, which appear both not appropriate 
for TAVI. For future patient selection it is also interesting to know if it is save to select 
younger or lower risk patients for this procedure. Therefore it will be important to 
know the duration or longevity of the transcatheter bioprosthesis. Long term follow-up 
studies in large patients cohorts will be needed to prove the expected benefits of this 
rapidly evolving technique. 
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samenvatting
De toepassing van MitraClip implantatie en TAVI  is tijdens het laatste decennium wereldwijd 
snel gegroeid. Beide percutane technieken zijn waardevolle therapieën, als conventionele 
chirurgie geen optie meer is door een hoog operatief risico. Van beide technieken is 
aangetoond dat het veilige en effectieve behandelopties zijn, in deze hoog risico 
patiënten populatie. Daardoor zijn deze technieken opgenomen in de huidige hartklep 
richtlijnen. Verschillende studies hebben acceptabele overleving cijfers gerapporteerd op 
de middellange termijn en de complicatie cijfers zijn laag. Meer studies waren nodig 
om verdere verbetering van de veiligheid en effectiviteit te verkrijgen, door beter inzicht 
te verschaffen in welke patiënten het meest profiteren van deze therapieën. Tevens was 
ons doel de selectie criteria te verbeteren en daarbij het effect van deze technieken op 
de linker- en rechter ventrikel functie en de instroom patronen te bestuderen en deze te 
relateren aan de symptomatische status van de patiënt.

hoofdstuk 1 is de algemene introductie en uiteenzetting van dit proefschrift. In het 
eerste deel van dit proefschrift worden studies met de MitraClip gepresenteerd en het 
tweede deel beschrijft studies met de TAVI techniek.

Deel I Percutane mitralisklep reparatie door MitraClip implantatie
De meest recente richtlijnen worden besproken in hoofdstuk 2 om de klinische 
besluitvorming, de diagnostische work-up en behandelopties voor ernstige mitralisklep 
insufficiëntie (MI) toe te lichten. Echocardiografie is de voornaamste onderzoek 
methode om de ernst, het mechanisme en de hemodynamische consequenties van de 
MI te bepalen en draagt derhalve bij aan de beoordeling en accurate planning van de 
beste strategie voor de behandeling. Mitralisklep chirurgie, bij voorkeur reparatie, is 
geïndiceerd in symptomatische patiënten met ernstige, organische MI. In patiënten met 
chronische, functionele, ernstige MI is restrictieve annuloplastiek een optie, hoewel de 
resultaten niet eenduidig zijn. Percutane MitraClip-implantatie kan overwogen worden 
als alternatieve optie in symptomatische patiënten die inoperabel worden geacht. In 
asymptomatische patiënten met ernstige, organische MI is er nog geen consensus 
ten aanzien van de optimale behandeling. hoofdstuk 3 is gericht op de voorspellers 
van overleving en functionele status na MitraClip implantatie. Deze studie laat zien 
dat zowel overleving als functionele status na MitraClip implantatie bepaald worden 
door de ernst van het hartfalen  (aangeduid als NT-proBNP waarde) vooraf aan de 
procedure, een voorgeschiedenis met klep chirurgie, de aanwezigheid van ernstige 
tricuspidalis insufficiëntie en de hoeveelheid reductie in MI na clip implantatie. We 
presenteren een multivariaat model dat hulp kan bieden bij de klinische besluitvorming 
om de patiënt selectie voor MitraClip implantatie te verbeteren. Anatomische selectie 
criteria voor MitraClip implantatie werden geëvalueerd in hoofdstuk 4. Het succes 
van MitraClip implantatie bij 1 maand follow-up was geassocieerd met de anatomie 
van de mitralisklep. Vooral in patiënten met een centrale jet richting, minder coaptatie 
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diepte en een korter voorste mitralisklepblad was er vaker een succesvol resultaat. 

Dit toont aan dat meer uitgebreide anatomische selectie criteria, aanvullend op 

de EVEREST criteria (momenteel de enige aanwezige criteria en aanbevolen in de 

richtlijnen),  kunnen bijdragen aan het optimaliseren van de resultaten van MitraClip 

implantaties in deze hoog risico patiënten populatie met voornamelijk functionele MI. 

In hoofdstuk 5 worden instroom patronen van de mitralisklep tijdens en na MitraClip 

implantatie bestudeerd. Wij toonden aan dat de gemiddelde druk gradiënt over de 

mitralisklep gemeten met een transoesofageale echo tijdens MitraClip implantatie 

een onderschatting geeft van de hemodynamica in het dagelijks leven waarvan 

de operateurs zich bewust moeten zijn als het besluit wordt genomen om één of 

meer clips te plaatsen. Pressure half time lijkt de meest robuuste parameter te zijn in 

vergelijking met de gemiddelde en maximale druk gradiënt over de mitralisklep en 

draagt mogelijk bij aan deze beslissing. Patiënten met een hogere gemiddelde druk 

gradiënt over de mitralisklep na MitraClip implantatie hebben een hogere systolische 

druk in de pulmonaal arterie bij follow-up. Echter, we ontdekten niet meer hartfalen 

symptomen bij follow-up. Het effect van MitraClip implantatie op de rechter ventrikel 

functie is beschreven in hoofdstuk 6. MitraClip implantatie had geen enkel effect op 

de echocardiografische rechter ventrikel parameters bij één en zes maanden follow-up 

in vergelijking met baseline. Na MitraClip implantatie verbeterde de rechter ventrikel 

afterload en NYHA klasse in de gevallen van succesvolle clip implantatie, maar werden 

nadelig beïnvloed in gevallen waarbij zowel rest MI als mitralisstenose aanwezig waren.

C o n c l u s i e s  e n  t o e k o m s t p e r s p e c t i e v e n

MitraClip implantatie is een veelbelovende en mogelijk ook een blijvende techniek voor 

de behandeling van symptomatisch ernstige MI, vooral in de fragiele, voornamelijk 

oudere populatie met functionele MI. In dit proefschrift hebben we selectie criteria voor 

deze procedure nader bepaald om de resultaten van MitraClip implantatie te verbeteren. 

We bepaalden ook de effecten van de MitraClip implantatie op de linker- en rechter 

ventrikel functie en instroom patronen en relateerden deze aan de symptomen van de 

patiënten. In de toekomst zullen grotere patiënt cohorten met een langere follow-up duur 

bestudeerd moeten worden om meer solide data te verschaffen, zoals de COAPT High 

risk randomized trial, RESHAPE-HF (beide gerandomiseerde studies met randomisatie 

naar MitraClip implantatie of medicamenteuze therapie) en de Benelux-registry.

Het laatste decennium zijn andere percutane benaderingen ontwikkeld voor de 

reductie van MI. Deze technieken zijn allen gebaseerd op chirurgische technieken 

(net als de MitraClip), bijvoorbeeld de sinus coronarius implantaten om de mitraal 

annulus te remodeleren en percutane mitralisklep vervanging. Deze technieken zijn 

ook veelbelovend, maar verder onderzoek is noodzakelijk. De op katheter gebaseerde 

mitralisklep technieken zijn een interessant en groeiend veld van nieuwe percutane 

technieken om MI te reduceren en bieden nieuwe opties voor de behandeling van 

patiënten die niet in staat zijn om conventionele chirurgie te ondergaan.
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Deel II Transcatheter aortaklep implantatie
Bijna de helft van de patiënten die TAVI ondergaan heeft MI graad ≥ 2 vooraf aan 
de procedure, zoals getoond in hoofdstuk 7. Ondanks de verminderde twee-jaar 
overleving, is de symptomatische verbetering van patiënten met MI graad ≥ 2  gelijk in 
vergelijking met patiënten met MI graad ≤ 1. Naar onze mening is het mogelijk dat MI 
graad ≥ 2 bij baseline een vergevorderd stadium van aortaklep stenose reflecteert. Dit 
suggereert dat een vroege selectie van patiënten nuttig is (vòòr de ontwikkeling van meer 
ernstige MI) om hun prognose te verbeteren. De symptomatische verbetering, ondanks 
de verminderde overleving van patiënten met significante MI vooraf aan TAVI, is een 
belangrijke kwaliteit van leven uitkomst in de fragiele, voornamelijk oudere populatie 
en geeft aan dat de selectie voor TAVI een op de patiënt gebaseerd geïndividualiseerd 
proces dient te zijn. In hoofdstuk 8 bespreken wij de hoge incidentie van nieuw 
ontstaan linker bundel tak blok (LBTB) en permanente pacemaker (PPM) implantatie 
na TAVI met een CoreValve bioprothese. Prothese diepte en maat waren voorspellers 
voor een nieuw LBTB, terwijl calcificaties van de mitraal annulus en pre-existent rechter 
bundel tak blok voorspellers waren voor PPM implantatie. Interessant was het feit dat 
in ongeveer één vijfde van de patiënten het nieuw ontstane LBTB of de noodzaak tot 
pacing slechts tijdelijk was. Dit geeft aan dat er enige terughoudendheid in acht mag 
worden genomen om vroeg een pacemaker te implanteren, hoewel dit een vroege 
mobilisatie en ontslag niet in de weg mag staan. hoofdstuk 9 geeft weer dat chronische 
nier ziekten vooraf aan TAVI niet de overleving na TAVI voorspellen, maar acute nier 
schade na TAVI is van groot klinisch belang aangezien het sterk geassocieerd is met 
zowel korte- als middellange termijn mortaliteit. Het gebruik van hogere doseringen 
lisdiuretica, een lage post-implantatie arteriële bloeddruk en een hoger baseline 
creatinine zijn onafhankelijke voorspellers voor acute nier schade na TAVI.

Inspanningen om TAVI minder invasief te maken op voorwaarde dat de veiligheid 
wordt gehandhaafd, versnellen van het herstel van de patiënten, zonder in te hoeven 
leveren op klinische en procedurele uitkomsten, of op patiënt tevredenheid, waren de 
rationale voor een vereenvoudigde transfemorale TAVI waarbij alleen lokale analgesie en 
doorlichting worden gebruikt, zoals wordt weergegeven in hoofdstuk 10. Als aanvulling 
op de veiligheid en uitvoerbaarheid welke beide werden aangetoond in deze studie, is het 
mogelijk bevorderlijk voor de fragiele TAVI patiënt om algehele anesthesie te vermijden 
en draagt dit mogelijk bij aan betere uitkomsten van TAVI in de hoog risico oudere patiënt.

C o n c l u s i e s  e n  t o e k o m s t p e r s p e c t i e v e n

TAVI is een grote doorbraak in het veld van transcatheter technieken en de behandeling 
voor ernstige aortaklep stenose. In dit proefschrift bestudeerden wij potentiele risico 
factoren vooraf aan de procedure en complicaties na TAVI, om patiënten te selecteren 
die het meest zullen profiteren van deze techniek met lage complicatie getallen. 

Verdere technische aanpassingen in de bestaande en nieuwe bioprothese 
kleppen, afgifte katheters en sheats worden continue ontwikkeld om de resultaten te 
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verbeteren en complicaties te reduceren. Vooral paravalvulaire aorta insufficiëntie en 
de frequentie van vasculaire en bloeding complicaties kan gereduceerd worden door 
deze aanpassingen, maar verder onderzoek is nog steeds nodig. Ook instrumenten 
ter bescherming van embolieën zijn ontwikkeld en worden nader onderzocht. 
Verder worden de beeldvormende technieken vooraf aan TAVI en peri-procedureel 
onderzocht, ontwikkeld en geoptimaliseerd ter verbetering van het bepalen van de 
juiste klepmaat en het algehele implantatie succes. In aanvulling hierop zal een risico 
score ontwikkeld moeten worden speciaal voor potentiele TAVI kandidaten om een 
betere voorspelling over de mortaliteit te kunnen maken dan met de EuroSCORE 
en STS score, die beiden niet geschikt blijken te zijn voor TAVI. Voor toekomstige 
patiënten selectie is het ook interessant om te weten of het veilig is om jongere of lager 
risico patiënten te selecteren voor deze procedure. Daarom is het belangrijk om de 
levensduur van de transcatheter bioprothesen te achterhalen. Lange termijn follow-up 
studies in grote patiënt cohorten zijn noodzakelijk om de verwachte voordelen van 
deze snel ontwikkelende techniek aan te tonen.
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