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GENER AL INTRODUCTION

Normal function of the mitral valve 
The mitral valve (MV) is a dynamic three-dimensional (3D) system that ensures a 
unidirectional flow of blood into the left ventricle (LV) during diastole, and prevents blood 
from flowing back during systole by sealing the left atrium (LA) from the LV. Opening and 
closing of the valve is based on LV pressures. The valvular apparatus consists of four key 
anatomical components that work together in a complex but well-balanced construction 
to ensure proper MV function: the MV leaflets, the mitral annulus, the chordae tendineae, 
and the LV wall including the attached papillary muscles (figure 1).1

The MV comprises an anterior and posterior leaflet (figure 1a), including commissural 
scallops to occlude medial and lateral gaps (figure 1b). The leaflets fully open in less than 
100ms, 3 billion times throughout a lifetime.2 The orientation of the two leaflets resembles 
a bishop’s mitre (upside-down) from where the valve received its name (Latin: mitra) in the 
16th century by Vesalius, the father of anatomy.3 Thomas Henry Huxley, known as “Darwin’s 
Bulldog” for his advocacy of Charles Darwin’s theory of evolution, gave his students the 
following mnemonic to remind them the valve was on the left: “a bishop is never in the 
right.”4 The anterior leaflet is larger, longer and thicker, while the posterior leaflet has a 
greater length. To facilitate similar diagnostic and therapeutic medical jargon, Carpentier 

Figure 1. The mitral valve apparatus in a) longitudinal, and b) surgical view 

a b

Adapted from: Boerlage-van Dijk et al. Ned Tijdschr Geneeskd. 2013;157:A5693.
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et al. suggested a nomenclature which divides the leaflets into six segments (figure 1b).5 
The mitral annulus is surrounded by the LA, LV and the mitral leaflets. Although its anatomy 
is poorly defined, it has proven to be a 3D saddle shape.6 Together with the dynamic 
character of the annulus, this typical shape reduces leaflet tissue stress and improves 
coaptation.7,8 Compared to the anterior annulus, the posterior part is more loosely anchored 
to the surrounding tissue with less support of the cardiac fibrous skeleton allowing it to 
move freely, but at the same time making it prone to pathologic dilatation. 
The chordae tendineae are fibrous strings that originate from the tips of the papillary 
muscles, and ultimately determine the position and tension on the leaflets at end systole. 
Roughly, they are classified as being primary (inserted on the free margin of the leaflets), 
secondary (inserted on the ventricular surface of the leaflet’s body), or tertiary (connecting 
the posterior leaflet base and annulus to the papillary muscles).9 The close interaction 
between the chordal system and the papillary muscles during myocardial contraction, 
prevents prolapse of the leaflets by maintaining the distance between the annulus and the 
muscular heads.10 Two papillary muscles are attached to the LV wall, of which the 
anterolateral type is composed of an anterior and posterior head, whereas the posteromedial 
type  mainly has an anterior, intermediate, and posterior head.11 Each one provides chordae 
to both leaflets, and is supplied by one of the coronary arteries. Therefore, the papillary 
muscles are particularly prone to injury from myocardial infarction. In addition, the 
attachment of these structures to the lateral LV wall makes them susceptible for a positional 
change in case of an abnormal LV geometry, leading to poor coaptation of the MV leaflets.

Abnormal function of the mitral valve 
An imbalance in the complicated MV construction or its interactions may result in a leaking 
(mitral valve regurgitation, MR), stenotic (mitral valve stenosis, MS), or combined valve 
dysfunction. For correct identification of the cause, the lesion (abnormality of the valvular 
apparatus) or the dysfunction (disturbance within the mechanism) surgeons and 
cardiologists use the systematic Carpentier classification, based on the key components 
of the MV apparatus (figure 2). Type I dysfunction is used for MV disease including a normal 
leaflet motion (e.g. resulting from annular dilatation), type II dysfunction is accompanied 
by excess motion of the leaflet margin above the annular plane (e.g. in case of chordal 
elongation), and type III dysfunction includes restricted leaflet motion resulting in coaptation 
below the annular plane (restricted leaflet motion in systole and diastole for type IIIa, and 
only in systole for type IIIb).12 
MV disease is one of the most prevalent valvular heart diseases. Moreover, as the worldwide 
population increases and is becoming aged, the prevalence of acquired forms of MV 
disease is expected to rise.13,14

Mitral regurgitation
The major type of MV disease is MR, with an approximate prevalence in an United States 
population based study of 1.7% and comprising 25% of the patients in the Euro Heart 
Survey, compared to MS with a prevalence of 0.1% in the United States and 10% of the 
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patients with valvular heart disease in Europe.13,15 MR can be related to primary anatomical 
changes that affect the leaflets and/or the subvalvular apparatus (organic or primary MR), 
or is caused by LV remodelling leading to dislocation of the papillary muscles and tethering 
of the leaflets in the presence of a morphologically normal valve (functional or secondary 
MR). In industrialized countries degenerative MV disease is most commonly seen in 
patients with organic MR, either as a result of myxomatous degeneration or fibroelastic 
deficiency of the valve tissue, and leading to MV prolapse in 2-3% of the general 
population.13,16 Degenerative calcific mitral disease, rheumatic valve disease, infective 
endocarditis, congenital, or drug-induced valve disease are other causes of organic MR.15,16 
Ischemic heart disease is the main cause for functional MR (also referred to as ischemic 
MR), resulting from leaflet tethering or reduced closing forces in the presence of LV 
dysynchrony and/or impaired contractility after a myocardial infarction. Other causes of 
LV dilatation may also lead to functional MR, e.g. valvular diseases,  dilated cardiomyopathy, 
or longstanding atrial fibrillation.17 Clinical outcome is different in organic and functional 
MR, as in fact these are two separate diseases. Regarding the organic etiology, the 
estimated 5-year rates of death from any cause, and death from cardiac causes have been 
reported to be 22±3% and 14±3% in asymptomatic patients with chronic severe MR.18 
Important risk factors for poor outcome are the presence of symptoms or atrial fibrillation, 
severe MR, reduced LV ejection fraction (EF), LV or left atrial (LA) dilatation, and increased 
pulmonary pressures.19-23 Intervention of the MV resolves the hemodynamic burden that 
is responsible for the reduced LV function. The LV function may be restored and the quality 
of life and survival may be improved.24,25 Urgent surgery is indicated in patients with acute 
severe MR.26-28  Elective surgery is indicated in symptomatic patients due to chronic MR, 
but no contraindications to surgery. MV repair is preferred rather than replacement, as the 
latter exposes the patient to the risks of higher perioperative mortality rates, decreased 
postoperative LV function, and higher prosthesis-related morbidity rates, including the 
need for lifelong anticoagulation.27-30 A percutaneous edge-to-edge procedure may be 
considered in suitable patients with symptomatic severe organic MR that are inoperable 
or at high surgical risk.27,28 There are no data to support surgical correction of moderate 

Figure 2.  The Carpentier classification
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or mild organic MR. The prognosis of patients with functional MR largely depends on the 
severity of the underlying LV dysfunction. Patients with chronic ischemic MR have a poor 
prognosis.18,31 The causative role of MR in the poor prognosis remains uncertain, however, 
increasing severity is associated with worse outcome.31 Data regarding the natural history 
of functional MR due to non-ischemic etiology are even more limited compared to the 
ischemic type. In addition, MV intervention does not cure the underlying cause and 
therefore mortality may not be reduced, although quality of life may be improved.32,33 In 
general, severe ischemic MR should be corrected at the time of bypass surgery. The 
indications for isolated MV surgery in symptomatic patients with severe functional MR and 
poor systolic LV function, and no options for revascularization, are still controversial. The 
percutaneous edge-to-edge procedure may be considered in suitable patients with 
symptomatic severe functional MR despite optimal medical therapy, who are inoperable 
or at high surgical risk.27,28 There are no data to support surgical correction of mild functional 
MR. The management of moderate MR during cardiac bypass surgery is still controversial, 
although the only randomized trial so far showed no clinically meaningful advantage at 
1-year follow-up for concomitant MV repair.34

Mitral stenosis
MS is a result of deformation and subsequent immobility of the MV leaflets. An rheumatic 
cause of MS is commonly seen in developing countries, causing restricted mobility or 
immobility of the leaflets.35 MS greatly decreased in industrialized countries due to the 
lower prevalence of rheumatic fever.35-37 Degenerative causes are most common in 
developed countries (12.5% in the Euro Heart Survey)15, characterized by calcification of 
the mitral annulus that extends to the leaflets, leading to functional MS as a result of annular 
narrowing and impaired leaflet mobility. The progression of MS is slow, but more rapid in 
cases of severe impairment of valve anatomy. Asymptomatic patients have a good 
prognosis, with 20-year survival exceeding 80%. Symptomatic patients have a poor 
prognosis without intervention, resulting in 10-year survival rates ranging from 30-60% 
after symptoms onset.27,28,35 The type of treatment (percutaneous mitral commissurotomy 
or surgery), as well as its timing, should be decided considering clinical characteristics 
(including functional status), valve anatomy and local expertise.27,28 
As previously described, the differences in etiology and expected clinical outcome of MV 
diseases, have important implications for diagnosis and management options. Despite 
these differences there are also clear similarities: 1) the optimal treatment strategy is mainly 
determined by the identification of symptoms and/or the presence of significant (often 
severe) valvular disease, nevertheless, identifying symptoms and grading severity in daily 
practice remains challenging, and 2) current recommendations regarding surgical 
intervention are rarely based on randomized trials, providing important gaps that hamper 
clinical decision making. As a result, there are still many challenges in MV disease 
complicating current practice. While MR is most frequently seen by the treating physician 
in the Western world, this thesis mainly focusses on optimizing strategies in this specific 
study cohort.
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Diagnost i c  cha l l enges

Clinical diagnosis of MV disease is based on the reported symptoms and findings at physical 
examination, but determination of symptoms, severity and suitability for intervention requires 
additional (imaging) diagnostics. Due to its relatively low costs and extensive availability, 
two-dimensional (2D) echocardiography still is the key imaging modality for diagnosing MR 
in daily practice. Transthoracic echocardiography (TTE) mainly focuses on the determination 
of the severity and etiology, including the assessment of LV function. Transesophageal 
echocardiography (TEE) is essential in the work-up for MV intervention.27,28,38,39 However, 
several challenges and/or limitations in 2D echocardiography have led to a growing interest 
in other imaging modalities, such as 3D echocardiography and cardiac magnetic resonance 
(CMR). Advanced techniques and results from research are promising, nevertheless in 
practice the routine use of these techniques is still limited because of low spatial resolution, 
high complexity and limited availability compared with 2D echocardiography.40-42 Until newer 
imaging modalities are implemented in daily practice, it is important to optimize current 
methods for the most optimal care of patients with MV disease.
The first difficulty in 2D TTE is the determination of the severity of MV disease. Presence 
of MR can be easily confirmed with 2D TTE color Doppler imaging, however, grading of 
MR severity is mainly based on visual analysis of jet characteristics43,44, despite the proven 
inaccuracy and lack of reproducibility of this method.45,46 In particular differentiating 
moderate from severe MR remains challenging, which is of importance for clinical decision 
making to define the best treatment strategy.19,38,39,47 Guidelines recommend an integration 
of multiple echo parameters to incorporate advantages of both qualitative and quantitative 
methods.27,28,38,39 However, no algorithm or recommendation is provided on how to do so. 
A practical index is needed to give direction for a correct and less-timeconsuming 
interpretation of the MR related echo parameters. 
The second challenge is the grading of MR severity in patients with multiple valvular diseases. 
Unfortunately, grading of concomitant MR is not consistent, and may again be based on 
subjective colour analysis of the regurgitant jet.48-51 To illustrate this challenge, we focus on 
the growing population of patients undergoing Transcatheter Aortic Valve Replacement 
(TAVR), for whom grading of MR severity may have important clinical implications.52 
Misdiagnosing can be either overestimation of the MR severity if grading is based solely on 
qualitative parameters, or underestimation by using only quantitative measurements. Hence, 
an integrated approach involving quantitative and qualitative measurements is needed for 
the correct assesment of the (change in) concomitant MR, determination of related clinical 
outcome, and defining the recommendations for clinical decision making.
Another important challenge in the diagnostic work-up of patients with MR or MS, is the 
dynamic entity of MV diseases. Consequently, patients can present as being asymptomatic 
or disproportionately symptomatic in relation to the degree of severity on the resting echo.53 
Exercise echocardiography can assess the dynamic component of MV disease (figure 3) 
and may therefore be of value in daily practice.54 However, the additional value in the clinical 
decision-making process is not well defined.
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The last diagnostic challenge is the development of a new tool for easy and accurate 
detection of dynamic valvular diseases, including risk factors for surgery (e.g. decreased 
LV function), in clinical practice. As previously mentioned, echocardiography is the most 
widely used non-invasive tool for the assessment of MR. However, TTE may be challenging 
in borderline casiustry or dynamic MV disease, negatively affecting intra- and interoperator 
variability.40 The use of CMR is promising but still limited, and the use of cardiac computed 
tomography is at the cost of higher radiation doses.41,42 A new, promising tool is the non-
invasive measurement of volume-time curves (VTCs) to determine cardiac function.55 
According to current literature, there is a trend towards VTCs as being an accurate 
technique to determine ventricular dysfunction in a fast and non-invasive manner.56,57 VTCs 
supply simultaneous analysis of systolic and diastolic function over time including insight 
in hemodynamic changes, which is clinically important to decide the etiology and 
consequences of pathology. Generation of VTCs will also provide more information on LV 
physiology than currently available. This is especially interesting for investigating heart 
conditions with complex hemodynamic changes, such as valvular diseases. However, the 
most optimal formation of VTCs nowadays can only be achieved by 3D echo or CMR 
imaging, which still requires labor-intensive and semi-automatic post processing (image 
segmentation) or a limited time-resolution to detect short-lived phenomena.56,57  Further 
research is needed to identy and validate the ideal method for the generation and analysis 
of VTCs in daily practice. Requirements for this method are: fast, accurate, non-invasive, 
operator-independent, portable and inexpensive.

Figure 3.  Echocardiographic data of a representative patient showing an exercise-induced increase in mitral valve 
regurgitation when comparing a) the resting to b) the physical stress exercise images  

a b
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Therapeut ic  cha l l enges

In general, randomized surgical trials in valvular heart disease are scarce. Consequently, 
current international guidelines are not supportive for a firm evidence based strategy, and 
mainly concern level C evidence recommendations (expert opinion).27,28 Therefore, adequate 
management of MR and concomitant tricuspid regurgitation (TR) remains challenging, as 
described hereafter:
One of the biggest controversies in valvular heart diseases is the best treatment strategy 
in asymptomatic patients with severe, organic MR and preserved LV function. MR in 
asymptomatic patients is usually diagnosed via screening (preoperative or routine check-
up). It is a challenging clinical entity as data on the recommended and most cost-effective 
treatment strategy are scarce and conflicting.27,28,58-61 Consequently comparable patients 
can be treated differently, which is a highly undesirable situation. A randomised trial 
comparing both strategies is of the utmost importance to solve this challenge, and to 
implement the best treatment strategy in daily practice. A second important controversy 
in valvular heart disease is the best treatment strategy in patients undergoing MV surgery 
that also suffer from TR. Approximately 30-50% of patients with severe MR have significant 
functional TR62, which carries an adverse prognosis related to the TR severity.63 Current 
guidelines recommend concomitant tricuspid valve (TV) repair in case of severe TR (class 
I), as it improves mortality and morbidity.27,28,64 However, concomitant TV repair appears 
severely underutilized, and less is known about the benefit in mild to moderate TR.64,65 
Insight in the longitudinal echocardiographic and clinical follow-up of patients without 
concomitant TV repair is important for the evaluation of current guidelines and identifation 
of the risk factors that influence progression of TR post MV surgery. 
Another therapeutic challenge in patients with MV disease is related to the clinical outcome 
after MV repair. The global rate of MV repair has increased over the past years.66 Valve 
repair comprises  correction of the abnormal apparatus, followed by remodeling of the MV 
annulus using a restrictive ring.67 Although high success rates and low mortality numbers 
are reported68,69, recurrent or persistent complaints after isolated MV repair remain a clinical 
challenge. In particular when TTE parameters are within normal range at rest. Exercise 
echo parameters may be helpful by complementing resting 2D TTE in clinical practice, 
however, current guidelines present only normal stress echocardiography values for 
asymptomatic patients with MR and symptomatic patients with MS.27,28 While 
recommendations in patients after successful MV repair are lacking, it is uncertain if 
reference values in current guidelines can be used as a clinically relevant parameter. This 
hampers the implementation of stress echocardiography in daily practice to determine the 
need for re-intervention. Insight into standard stress echo derived parameters after 
successful MV repair, will therefore be of additional value for the treating physician. 
Although MV repair represents the gold standard for surgical intervention of organic MR27,28, 
valve replacement is frequently performed instead.66 Moreover, MV replacement is regularly 
performed for functional MR, as randomised trials assessing MV repair versus replacement 
showed equivalent clinical outcomes but a lower recurrence of MR after replacement.70,71 
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And lastly, valve replacement is the treatment of choice in elderly patients with a MV 
anatomy that is unfavourable for other options.72 As a result, approximately 250.000 
patients undergo a heart valve replacement each year using either a biological or 
mechanical prosthetic heart valve.73 In particular, patients with mechanical heart valves 
are at increased risk of developing thromboembolic complications, and consequently 
require life-long administration of oral anticoagulants.74 Therefore, the last therapeutic 
challenge that is discussed in this thesis concerns the clinical issue of the best 
anticoagulation bridging strategy in patients after heart valve replacement. It is known that 
these patients have to discontinue their anticoagulant therapy. They are usually bridged 
with either intravenous unfractionated heparin (UFH) or subcutaneous low-molecular-
weight heparin (LMWH).27,75,76 Convincing evidence regarding the ideal heparinoid strategy 
in terms of efficacy and safety has not yet been established. As a result, there is still no 
consensus regarding the best bridging strategy. Subsequently, hospital based protocols 
are frequently inconsistent with one another and the bridging strategy choice is often left 
to the individual practitioner’s discretion, hampering clinical decision making in nowadays 
practice. More insight in the safety of UFH versus LMWH as bridging strategy in left-sided 
mechanical heart valve patients is needed to improve current practice.
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ABOUT THIS  THESIS

Aim
In figure 4 a schematic overview of MV diseases is depicted, including the diagnostic 
opportunities and treatment strategies. The current thesis had the following objectives: 
-  first, to identify the patient with significant MV disease that needs (surgical) intervention 

by optimizing echocardiographic diagnostics currently used in clinical practice; 
-  second, to optimize currently used treatment strategies for MV disease, including the 

post-surgical  management, by evaluating current problems in daily practice.

The main purpose of this thesis was to resolve regularly seen clinical challenges for today’s 
treating physician, by optimizing diagnosis and treatment strategies in MV diseases as far 
as possible.

Outline
To introduce the starting point of this thesis, Chapter 2 reviews the diagnostic work-up 
and treatment options for severe MR. The most recent guidelines are discussed, decision 
making in daily practice is clarified, and current clinical challenges are described. 

Figure 4.  Schematic overview of this thesis
a non-severe valvular diseases are beyond the scope of this thesis
b (indication for) conservative treatment in functional MR is beyond the scope of this thesis
c (indication for) conservative treatment in mitral stenosis is beyond the scope of this thesis
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Par t  One :  Improv ing  the  d iagnost i cs  f o r  mi t ra l  va lve  d isease

Correct grading of the severity of MS or MR by 2D TTE in clinical practice remains 
difficult, particularly in patients with more than moderate or exercise-induced MV disease. 
In Chapter 3, a simple echo scoring index is introduced and evaluated for the assessment 
of MR severity in clinical practice. This index was also used in a larger cohort of patients 
undergoing TAVR in Chapter 4, revealing the importance of extended MV evaluation in 
other valvular heart diseases. Apart from the importance of 2D TTE images at rest, 
Chapter 5 evaluates the additional value of physical stress echocardiography to the 
clinical decision. A new, non-invasive imaging technique using volume-time curves in 
patients with MV disease is described in Chapter 6.

Par t  Two:  Opt imiz ing  the  t rea tment  s t ra teg ies  f o r  mi t ra l  va lve  d isease

Surgery is often performed in patients with MV disease. However, current guideline 
recommendations on the optimal treatment strategy may be conflicting or insufficient. In 
Chapter 7 an important controversy in cardiac surgery is introduced: whether a watchful 
waiting or early MV repair approach is preferable in asymptomatic patients with severe 
organic MR and preserved LV function. In this chapter an overview of the latest evidence 
on this topic is described. Chapter 8 continues by revealing the difficulties and barriers 
along the road of resolving this clinical problem. In Chapter 9 the rationale of the first 
randomized trial (Dutch AMR study) comparing these two treatment approaches is 
described. We review the difficulties in performing the Dutch AMR trial in Chapter 10. A 
second challenge in cardiac surgery is the management of functional TR in patients 
undergoing MV surgery. In Chapter 11 we evaluate the current recommendations to 
perform solely MV repair in patients with concomitant mild to moderate TR. After MV repair, 
recurrent or persistent complaints remain a clinical challenge. In Chapter 12 we analyze 
the standard values for exercise echo parameters, which may be helpful to evaluate 
recurrent or persistent complaints. Reference values in native MV disease are compared 
to our results in patients post MV repair. The last clinical challenge in the treatment of 
patients with MV disease is discussed in Chapter 13: we demonstrate the outcomes of 
bridging anticoagulation in patients with left-sided mechanical valves after unfractionated 
heparin compared to the subcutaneous low-molecular-weight heparin strategy. In Chapter 
14 the major findings presented in this thesis are summarized, including a general 
discussion regarding the clinical implications and future perspectives.
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ABSTR ACT

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 pathology 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 in 32% the abnormality is MR.1,2 In the year 
2000 about 2-2.5 million subjects 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 cardiac function, 
however, in the long term this chronic volume overload will lead to compensatory 
enlargement of the left side of the heart and eventually to an insufficient contractile function. 
At this stage symptoms of heart failure will occur.4 Of the patients of 50 years and older 
that use medication for the treatment of moderate-to-severe MR caused by an abnormality 
of the valve leaflet, 3-6% die on an annual basis; from which the majority due to heart 
failure and sudden cardiac death.3-5 Mortality and morbidity rates improve with adequate 
treatment started in 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 valvular 
apparatus consists of the valve leaflets, chordae tendineae, papillary muscles and mitral 
annulus (figure 1a). A common abnormality is myxomatous degeneration, which results in 
a protrusion of the valve leaflet (figure 1b) or rupture of the chordae tendineae. 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 mitral valve is normal: an abnormal valvular function is caused by dysfunction of the 
left ventricle, for example after ischemic remodeling or by a dilated cardiomyopathy due 
to hypertension. This may lead to annulus dilatation or a restricted valve leaflet, resulting 
in MR. Chronic 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, orthopnea and palpitations. Some patients suffer from severe MR without any 
symptoms. 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 may be 
seen, such as lung crepitations, increased central venous pressure, hepatomegaly and 
edema. A mid-to-high frequent holosystolic murmur at the apex is a classical sign, with 
the patient laying on the left side as being the most optimal position for the auscultation. 
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The intensity of the murmur and the presence of a third heart sound can give an indication 
about the MR severity, but also a more quiet murmur may indicate severe MR. The murmur 
will be less intense 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: a murmur indicating aortic 
valve stenosis 1) is not related to the first and second heart sound, 2) is best heard at the 
second intercostal space at the right side, and 3) varies in loudness after an extra systolic 
beat or during atrial fibrillation. 

Additional examinations
Additional examinations that may be performed by the general practitioner include the 
electrocardiogram (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 seen on the ECG. The chest X-ray may reveal an increased 
left atrium and ventricle, and pulmonary edema with redistribution that indicate left sided 
heart failure. After diagnosing MR, further investigations should be performed by the 
cardiologist to determine the cause and severity.8 The cornerstone in the diagnostics of 
MR is transthoracic echocardiography (TTE). Several variables can be determined, such 
as the regurgitant volume, early left ventricular filling rate, and reversal of the pulmonary 
venous flow. Based on cutoff values from the international guidelines, the severity of MR 
ranges from grade 1 (trivial) to grade 4 (severe).6-8 Interpretation of the TTE parameters in 
relation to the effects of MR on the left atrium, ventricle and pulmonary pressures, makes 
accurate and reproducible quantification a difficult entity requiring quite some expertise.

Figure 1. The mitral valve viewed from above and in a longitudinal section. (a). Normal anatomy; (b) Central prolapse 
of the posterior valve; (c) Mechanical ‘bileaflet’ prosthesis; (d) Repair according to the method of Carpentier (see 
figure 2); (e) MitraClip; a tool to reduce the orifice and thereby reducing regurgitation.
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Transthoracic echocardiography does not always provide sufficient insight in the underlying 
mechanism and hemodynamic consequences of MR. Often transesophageal 
echocardiography (TEE) is necessary, however, this is an invasive procedure which will 
only be performed when the best treatment strategy is still unknown despite the TTE 
results.7 To determine the MR severity and the stress on the left and right ventricle during 
hemodynamic changes, stress echocardiography may be of additional value, especially 
in patients with functional MR.5,6,9 
If there still remains a lack of clarity after the above stated tests, cardiac magnetic 
resonance imaging (MRI) may add additional information regarding the severity of MR, 
ventricular volumes, cardiac function and presence of myocardial fibrosis.7,10,11 Heart 
catheterization provides more information about the cardiac and pulmonary vascular 
pressures, cardiac output and pulmonary resistance.6,7 In the surgical work-up of the 
following patients a pre-operative coronary angiogram is recommended: males over 40 
years of age, postmenopausal women, patients with at least one risk factor for coronary 
artery disease and patients with previous angina or a myocardial infarction.7 

Heart valve team
If mitral valve replacement or repair is indicated, involvement of a specialized center with a 
so called ‘heart valve team’ is recommended. The heart valve team consists of cardiologists 
with special interest in cardiac imaging and interventional cardiology, and a cardiothoracic 
surgeon. They are best fitted to consider the surgical risks and expected results, taking into 
account comorbidities, previous cardiac interventions and the overall condition of the patient.

Treatment  op t ions  fo r  symptomat ic  mi t ra l  regurg i ta t ion

Mitral valve surgery
Mild-to-moderate MR with a preserved left ventricular function is usually no indication for 
surgery. Annual follow-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 
MR with an organic etiology.6,7 Mitral valve repair is preferred due to lower long-term 
mortality and morbidity rates compared to replacement. In case of mitral valve repair the 
valvular apparatus and geometry of the left ventricle are maintained, and the number of 
thromboembolic and bleeding events is lower.7,8 
Mitral valve replacement can be performed using a mechanical valve or a bioprosthesis 
(animal origin). There is no difference in survival rates, although the mechanical valve type 
is preferred in younger patients due to the deterioration of the bioprosthesis over time.  
A disadvantage of mechanical valves is the lifelong need for anticoagulants.7,8 In the 
absence of other indications for anticoagulants, the use of anticoagulants can be 
discontinued after 3 months for bioprotheses. Mitral valve repair (figure 2) is a more 
complex intervention compared to valvular replacement, and success depends on the 
surgical expertise and morphology of the valve (which determines the repair strategy).6,7 
The sliding plasty (figure 2c) is the most applied approach in case of organic MR.
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The treatment of functional MR is more complicated. There is no ideal reconstruction 
technique, and sometimes a medical treatment is preferable. According to the guidelines a 
surgical intervention, ideally mitral valve repair, is indicated in patients with severe functional 
MR and a left ventricular ejection fraction of more than 30% who undergo cardiac bypass 
surgery.7 In these patients MR can be treated by using a relatively small ring (restrictive 
annuloplasty). Coaptation of the leaflets will be restored and the regurgitation is reduced, 
which may lead to remodeling of the left ventricle even in case of a severely reduced left 
ventricular function.12 Randomized trials have shown various results regarding surgery in 
functional MR, and a surgical treatment may not always have a beneficial effect on survival.13,14 
The classical approach for mitral valve repair or replacement is a median sternotomy, 
although nowadays a minimal invasive, video guided intervention via a lateral mini-
thoracotomy is also available. For both approaches an extracorporeal circulation by a 
heart-lung machine is necessary.6

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 the 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 the 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
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 Sometimes percutaneous implantation of a MitraClip is possible. These 
patients are considered inoperable or with high surgical risk, and suffer from a mitral valve 
prolapse or functional MR with no severely affected valve leaflets. 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 (3D) TEE guidance. 
In several randomized trials and European registries the MitraClip has proven to be safe 
and regurgitation was effectively reduced, although this reduction was less compared to 
surgery.16-20 European guidelines consider this procedure to be possible for patients with 
the indications as previously stated.7 

Medical treatment
Symptomatic patients with chronic organic MR in whom no intervention is possible, medical 
treatment similar to heart failure patients is recommended, including 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 preferred. In 
case of systolic left ventricular dysfunction, ACE-inhibitors and beta-blockers are effective. 
When heart failure occurs, this is completed with loopdiuretics, aldosterone antagonists 
and nitrates.6,7 
In acute, severe MR medical therapy may lead to stabilized hemodynamics. Nitrates 
improve forward output due to a reduction of the afterload and the 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 functional MR due to dyssynchrony of the left 
ventricle.21 Sometimes dyssynchrony may recover with cardiac resynchronization therapy, 
during which 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 valvular surgery. Current guidelines 
suggest cardiac resynchronization therapy in patients with severe functional MR, a left 
ventricular ejection fraction <35%, and a QRS duration >120ms, who remain severely 
symptomatic despite optimal medical therapy.7,22 
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Treatment  op t ions  fo r  asymptomat ic  mi t ra l  regurg i ta t ion

‘Watchful waiting’ or surgery
Patients with severe organic MR and preserved left ventricular function may be 
asymptomatic. The best treatment strategy for these patients is still unknown. European 
guidelines prefer a ‘watchful waiting’ strategy, including follow-up at the cardiologist every 
6 months and an echocardiogram every year, in order to detect potential dysfunctioning 
of the left ventricle at an early stage. ‘Watchful waiting’ seems safe, and surgery can still 
be performed with good post-operative results and recovery of the left ventricle function, 
in case of left ventricular deterioration.7,23 In contrast, the American guidelines suggest 
early mitral valve repair to prevent reduction of the left ventricular function.6 Previous data 
revealing that 90% of the ‘watchful waiting’ patients will have an indication for surgery 
within 10 year, is in favor for the American statement.24 However, this percentage is 
debatable: other results show a percentage of 50% instead of 90%.23 Another argument 
for a ‘watchful waiting’ strategy, regardless of the very low surgical mortality and morbidity 
rates, is the risk of complications in an asymptomatic patient.25,26 

Figure 3. Percutaneous implantation of a MitraClip in severe symptomatic mitral regurgitation. (a) The clip is brought 
into the right atrium via the femoral vein and the inferior vena cava and through the septum into the left atrium. (b) 
In the left atrium the clip will be opened and positioned under the valve leaflets. (c-d) From this position the clip will 
be maneuvered towards the location with the largest regurgitation. (e-f) At the position where regurgitation is reduced 
the most, the clip will be attached permanently.
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Severe functional MR is always related to left ventricular dysfunction, while there is a prior 
myocardial pathology. Therefore these patients are usually symptomatic.

Medical treatment
There is no evidence for an effective medical treatment in asymptomatic patients with 
chronic MR.6,27 Also vessel dilating drugs, including ACE-inhibitors, have no effect on the 
left ventricle volume or MR severity in these patients.6,27 

New deve lopments  in  d iagnost i cs

In two-dimensional (2D) echocardiography (transthoracic or transesophageal) there may 
be a discrepancy between the observed symptoms and the MR severity. In patients with 
many or atypical complaints 2D echo sometimes shows not more than mild MR, whereas 
other patients are asymptomatic in spite of severe MR during echocardiography. Although 
imaging techniques are becoming more accurate, 2D echocardiography often still supplies 
insufficient information. 

3D echocardiography
Three-dimensional echocardiography may reveal additional information on the mitral valve 
morphology and left atrial and ventricular volumes and dimensions, thereby improving MR 
quantification. In addition, 3D echocardiography provides extra information regarding the 
severity and chronicity of the valvular pathology. Therefore it is a useful tool leading to 
more insight into the right timing of a potential surgical procedure.6,7

Stress echocardiography
Stress echocardiography is of additional value in patients with recognizable symptoms 
during exercise, to determine the hemodynamic severity of MR and the left and right 
ventricular consequences. In addition, the exercise induced increase in MR severity, the 
left ventricular function during stress, and the stress related systolic pressure in the 
pulmonary artery can be assessed.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 patients with 
severe MR. It may be useful in the decision making of valve surgery. Nevertheless, the 
cutoff values that indicate the need for surgery, and the prognostic value of the BNP-serum 
concentration in the long term, are still unknown.30-32 Moreover, BNP may be influenced 
by pre-existent atrial fibrillation, hypertension and renal failure.31,32 Despite the fact that 
there are no clear cutoff values for the BNP-concentration in severe asymptomatic MR, a 
BNP increase can be interpreted as a potential deterioration of the functional capacity or 
left ventricular function.
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New deve lopments  in  t rea tment  s t ra teg ies

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. Consequently, a clear solution for this clinical challenge is still missing. Therefore, 
a prospective randomized trial has been started in the Netherlands: the Dutch Asymptomatic 
Mitral Regurgitation trial (www.dutchamr.nl).33 
Also for patients with severe functional MR and a revascularization option, the optimal 
treatment strategy is still debatable: only revascularization, restrictive annuloplasty or mitral 
valve replacement? Randomized trials are needed to solve this clinical problem.6,7

CONCLUSION

Which treatment will be used in a patient with MR, depends on the severity, cause and 
effects of MR. Echocardiography is the cornerstone in the diagnostic work-up, and 
discussion in a ‘heart valve team’ is important to determine the optimal treatment strategy.
Surgical valve repair is the best treatment for symptomatic patients with severe organic 
MR. Inoperable patients with severe functional MR often need medical treatment, if possible 
complemented by cardiac resynchronization therapy. When surgery is indicated, restrictive 
annuloplasty may be a suitable option. In patients with severe MR who are considered 
inoperable or with high surgical risk, MitraClip implantation may be a treatment option. 
Patients who are considered for one of the previously mentioned interventions, need to 
be referred to a center with verifiable expertise in the area of these treatment options. The 
same remark goes, even more so, for asymptomatic patients. 
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ABSTR ACT 
 
Purpose 
Mitral regurgitation (MR) grading by two-dimensional transthoracic echocardiography is 
challenging, but important to determine the best treatment strategy in patients with MR. 
Current guidelines advocate an integrative approach, although no recommendation is 
provided on how to do so. An easy-to-use index will be helpful for standardized and 
reproducible MR grading.

Methods
Eleven echocardiographic parameters were retrospectively evaluated in 145 patients with 
moderate or severe MR. Parameters were scored positive or negative for severe MR, where 
expert panel consensus reading was considered as the reference standard. Logistic 
regression was performed and adjusted coefficients were used to create a risk score for 
severe MR per patient (ROSE-index). The best cut-off with corresponding predictive values 
was determined.

Results
Eighty-two percent of all parameters could be determined. Multivariable analysis revealed 
5 parameters that remained significant predictors for severe MR: morphology, jet 
characteristics, vena contracta, systolic reversal and left ventricular dimensions. With 
different weighing, a total score of 8 could be obtained. Median total ROSE-index score 
for moderate (2.0) and severe MR (5.0) did significantly differ. The cut-off score (≥4) revealed 
sensitivity 0.84 and specificity 0.83 to diagnose severe MR. Negative predictive value was 
100% for score 0 and 1; score 6-8 showed a 100% positive predictive value. Inter- and 
intraobserver agreement were excellent (K-values>0.80).

Conclusion 
Here, we propose an easy-to-use tool for integrated analysis of guideline parameters to 
assess MR severity. Using this so-called ROSE-index revealed reliable and reproducible 
assessment of severe MR (cut-off ≥4) that may be helpful for clinical decision making.
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INTRODUCTION 

Mitral regurgitation (MR) is frequently diagnosed, representing 32% of the native left-sided 
valve disease.1 Its prevalence increases significantly with age; at present nearly 10% of 
people over 75-years have significant regurgitation of the mitral valve (MV).2 Structural 
deficiencies in the MV apparatus (organic MR) or secondary changes induced by abnormal 
ventricular size and deformation (functional MR) contribute to the valvular regurgitation.3-5 
The definitive therapy is usually surgical intervention, notwithstanding advances in catheter-
based approaches.6,7 Surgery is indicated in patients with severe MR and symptoms, and 
timely intervention is pivotal to prevent complications including heart failure, arrhythmia, 
and sudden cardiac death. Thus, it is of utmost importance to accurately determine the 
severity of MR.3,6-9 Due to its relatively low costs and extensive availability two-dimensional 
(2D) transthoracic echocardiography (TTE) still is the key imaging modality for diagnosing 
MR. However, differentiating moderate from severe MR remains challenging in the absence 
of a clear definition of the MR severity and its quantification.10-12 Accurate quantification 
not only prevents undergrading of patients with identified severe MR as having non-severe 
MR13, it also prevents referral of patients to surgical centers for severe MR by 
echocardiography that reveal non-severe MR on advanced evaluation e.g. by 
transesophageal echocardiography (TEE) or cardiac magnetic resonance (CMR).14 
Unfortunately, a semi-quantitative estimation of MR mainly based on visual analysis of jet 
characteristic is still used in daily practice8,15,16, despite the fact that previous studies have 
shown the inaccuracy and lack of reproducibility of this method.17-20 Quantitative 
assessment of MR, such as the proximal isovelocity surface area (PISA) method and 
calculation of the effective regurgitant orifice (ERO) area by 2D and Doppler, avoids 
subjective interpretation and therefore is preferable.6,7,10,12,21,22 Nevertheless, these methods 
are widely used as research tools, but sparsely applied in routine evaluation due to the 
time consuming aspect, technical limitations, and operator dependency.21,23-25 Recognized 
echocardiographic signs and corresponding cut-off values of MR severity are theoretically 
based, or known predictors of postoperative outcome in patients with severe MR. Given 
the different strengths and weaknesses of these individual methods to assess severity, 
the current guidelines recommend an integration of multiple echo parameters to incorporate 
advantages of each variable while limiting the effect of technical and measurement errors. 
It includes the evaluation of MV morphology, jet characteristics, vena contracta (VC) and 
related effective regurgitant orifice (ERO), regurgitant volume and/or fraction, MV inflow 
pattern, pulmonary venous inflow, systolic pulmonary artery pressure (SPAP), and left atrial 
and/or ventricle consequences.6,7,10,12 However, no algorithm or recommendation is 
provided on how to do so. In our experience physicians are aware of the additional value 
of an integrative approach, though they are limited by the lack of a practical tool to correctly 
interpret the echocardiographic results within an acceptable timeframe for daily practice. 
In this retrospective study we performed a cross-sectional analysis of the recommended 
echo parameters for MR grading in 145 patients to: 1) develop a practical scoring index to 
determine MR severity using the current guidelines (referred to as the ROSE-index: mitral 
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RegurgitatiOn Severity grading by an Easy-to-use index), and 2) compare the ROSE-index 
with an expert’s semi-quantitative evaluation of MR severity (reference standard). We 
hypothesized that the ROSE-index will be more accurate and less time intensive than 
currently used grading methods, thereby stimulating the use of an integrative approach. This 
may improve MR grading for clinical decision making, follow-up and research purposes.

MATERIALS AND METHODS

Study population
We retrospectively analysed the 2D TTE data of 145 patients that were referred to the 
University Medical Center Utrecht for the evaluation of moderate or severe MR. Figure 1 
depicts the flowchart of the study design.

Echocardiographic examination 
Standardized 2D TTE examination was performed in all subjects utilizing multiple 
parasternal and apical views with the patient in the left lateral position. Examinations were 
done with Philips 5500 or Philips IE33 (Philips Medical Systems, Andover, Massachusetts, 

Figure 1. Flowchart of the study design 
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USA) echocardiography machines. All datasets were archived on the hospital server as 
video loops and freeze frames in a digital format (DICOM). Off line analysis was performed 
using Xcelera software. In our echo laboratory, the routine assessment of MR grade is 
performed by a member of the experienced team of sonographers, and supervised by the 
expert team of cardiologists. This semi-qualitative consensus reading by the expert team 
was used as the reference standard for MR severity. Subsequently, as much as possible 
parameters as recommended by the current guidelines were scored, focused on the 
following 11 parameters: MV morphology, regurgitation jet characteristics, VC, MV inflow 
(E-wave), ratio of the time-velocity integral (TVI) over the MV and aortic valve (TVI MV/AoV), 
ERO, regurgitant volume, left atrial volume indexed (LAVI), left ventricular (LV) dimensions, 
systolic reversal (SR), and SPAP. In table 1 the definitions and cut-off values for severe MR 
are depicted. Two-dimensional TTE measurements were obtained in accordance with the 
guidelines of the American Society of Echocardiography (ASE) and European Association 
of Cardiovascular Imaging (EACVI). 6,7,10,12,26,27 In Resource 1 (Supplementary Material) a 
detailed description of the echocardiographic examination methods is given.

Table 1. Cut-off values for severe mitral regurgitation per parameter as defined by the current guidelines6,7

1. Valve morphology

annular dilatation 3.5 cm

2. Jet characteristics -

3. VC 0.70 cm

4. ERO 

organic MR

functional MR

0.40 cm2

0.20 cm2

5. Regurgitant volume

organic MR

functional MR

60 ml

30 ml 

MV inflow pattern

6. MV TVI and AoV TVI ratio 1.4 

7. E-wave 150 cm/sec

8. Systolic flow in pulmonary veins Systolic reversal

9. SPAP 50 mmHg

10. LAVI 60 ml/m2

11. LV dimensions

organic MR (LVESD)

functional MR (LVEDD)

4.5 cm* 

6.5 cm

* 4.0 cm for flail leaflet. 
VC: vena contracta, ERO: effective regurgitant orifice, MR: mitral regurgitation, MV: mitral valve, TVI: time-
velocity integral, AoV: aortic valve; SPAP: systolic pulmonary artery pressure, LAVI: left atrial volume index, LV: 
left ventricular, LVESD: left ventricular end systolic dimension, LVEDD: left ventricular end diastolic dimension.
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Total index score per patient
Cut-off values of the quantitative parameters (see table 1) were used to score each parameter 
negative (0) or positive (1) for severe MR. In 3 qualitative variables the cut-off was based on 
a composite outcome of several sub analyses (each scored 0 or 1 for severe MR): 
-  MV morphology composed of the sub parameters 1) flail leaflet, 2) papillary muscle 

rupture, 3) annular dilatation (end-diastolic diameter >3.5 cm, 4) tethering (positive for 
severe MR when tethering area >2.5 cm2 and/or coaptation distance ≥1 cm), 5) rheumatic 
etiology, 6) cleft presence, and 7) (previous) endocarditis. Valve morphology was 
considered to be positive (score 1) if (at least) one of the above was present; 

-  regurgitation jet characteristics was scored 1 if one of the following sub parameters scored 
positive for severe MR: jet swinging type, jet reaching the left atrial posterior wall, and jet 
to left atrial surface ratio (positive score when jet covers >40% of the left atrial surface); 

-  LV dimension was scored positive if: 1) left ventricular end systolic dimension (LVESD) 
≥45 mm in organic MR (≥40 mm in case of flail leaflet), or 2) left ventricular end diastolic 
dimension (LVEDD) >65 mm in functional MR. 

To assess the total ROSE-index score, each score per variable was multiplied by the 
contribution of that variable (indicated by the coefficients per variable after multivariable 
analysis).

Statistical analysis
Statistical analysis was done using SPSS software version 21.0 (SPSS, IBM Corporation, 
New York) and the R language environment (R Core Team 2015, version 3.2.1). Multiple 
imputation was performed using the Multivariate Imputation by Chained Equations (mice) 
package and modeling, internal validation and calibration with the Regression Modeling 
Strategies (rms) package.28,29 All analyses in this study are according to the most recent 
reporting guidelines (TRIPOD statement).30 Continues values were expressed as mean 
±SD and compared with the unpaired Student’s t-test for normally distributed data. Skewed 
variables were depicted as median with interquartile range (IQR), and compared using the 
Mann-Whitney U test. Categorical data were described using frequencies and percentages, 
with comparative evaluations performed via the χ2 or Fisher’s Exact test. A two-tailed 
p-value <0.05 was regarded as statistically significant. 
Missing data were considered at random and therefore eligible for multiple imputation. 
The mice package was used to create 20 imputed datasets.28 The imputation procedure 
was performed with all predictors and the outcome used in the modeling steps included. 
Using univariable and multivariable logistic regression, the coefficients (β’s) and 
corresponding odds radios (ORs) with 95% confidence intervals (95% CIs) were calculated. 
To obtain the ROSE-index, a backward stepwise approach was adopted starting with all 
11 guideline based parameters included.31 In Resource 2 (Supplementary Material) a 
detailed description is given. For the calculation of the total ROSE-index score, the 
coefficients of the parameters that were retained in the final model were simplified by 
rounding them to their nearest integer. The total ROSE-index score per patient was used 
in a receiver operating characteristic (ROC) and two-by-two table analysis for assessing 
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the best cut-off value to determine severe MR. Resulting predictive values were calculated. 
The observed and predicted probabilities of severe MR per patients were evaluated.
To test interobserver variability all images were analyzed by two observers that 
independently and blinded to the clinical data reviewed the echocardiographic images 
and scored as much as possible parameters from the ROSE-index. One observer repeated 
the measurements in 50 randomly selected cases at two different time points (six months 
time difference) to assess intra-observer variability. Interobserver and intraobserver 
agreement using the 5-parameter scoring index were determined by linear weighted Kappa 
statistics for the clinical diagnosis (MR severity), and Bland-Altman plots for total MR 
severity index score. The K-values <0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, and >0.80 were 
considered to represent slight, fair, moderate, substantial, and excellent agreement 
respectively.32 The hypothesis of equal median total ROSE-index score was tested by the 
Wilcoxon signed rank test, while the differences in MR severity were tested by the 
McNemar’s test. Comparisons were considered significant in presence of a p value <0.05.

RESULTS 

Patient characteristics
Based on our reference standard 80 (55%) subjects were classified as having severe MR 
and 65 (45%) as having moderate MR. Baseline characteristics are depicted in table 2. 
Additional echocardiographic results are depicted in Resource 3 (Supplementary Material). 
A significant difference was seen between the numbers of male patients in the moderate 
versus severe MR group (42% versus 61% respectively). Data revealed an equal distribution 
of organic and functional MR when comparing MR severity (p=0.173). Functional MR 
resulted from cardiomyopathy and ischemic LV dysfunction in both 27 patients (31%). Of 
all organic MR patients, degenerative MV disease was diagnosed in 27 (47%), annulus 
calcification in 9 (16%), rheumatic valve disease in 6 (10%), and endocarditis in 11 (19%) 
patients. MV flail leaflet was seen in 9 (16%) organic MR patients. Except from the LV 
ejection fraction (EF), all echo parameters showed a significant difference in mean or 
median between moderate and severe MR, with higher values in severe MR. Concomitant 
severe TR was more frequently seen in the severe MR group (17.5% versus 1.5% 
respectively, p=0.002). Significant MS was not diagnosed. When comparing differences 
in rhythm during echocardiography, there was no significant difference in the presence of 
AF between subgroups (18 (28%) moderate and 12 (15%) severe MR patients, p=0.067).

Determination and scoring of parameters
We were able to score a median of 9.0 (IQR 8.0-10.0) parameters per patient out of the 11 
parameters as recommended by the guidelines. Table 3 shows the percentage scored per 
parameter in the overall population. Valve morphology, jet characteristics, LAVI and LV 
dimensions could be determined in more than 90% of the subjects, whereas the pulmonary 
flow patterns could be evaluated in 60% and ERO in only 43% of the analyzed 
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Table 2. Baseline characteristics

moderate MR, n=65 severe MR, n=80 p-value

Age (mean ±SD) 60.9 (18.0) 59.6 (16.6) 0.636

Gender, male (n, %) 27 (41.5) 49 (61.3) 0.018

BSA (mean ±SD) 1.9 (0.2) 1.9 (0.2) 0.725

Etiology (n, %)

organic 

functional 

22 (33.8) 

43 (66.2)

36 (45.0)

44 (55.0)

0.173

Mitral stenosis (mean ±SD)

significant mitral stenosis

4 (6.2)

0 (0)

1 (1.3)

0 (0)

0.174

Other severe valve disease (n, %)

AoS

TR

AR

1 (1.5)

1 (1.5)

1 (1.5)

7 (8.8)

14 (17.5)

2 (2.5)

0.074

0.002

1.000

Rhythm (n, %)

sinus rhythm 47 (72) 68 (85) 0.067

MR: mitral regurgitation, BSA: body surface area, AoS: aortic stenosis, TR: tricuspid regurgitation, AR: aortic 
regurgitation. 

Table 3. Number scored per parameter in the total population (n=145), severe mitral regurgitation subgroup 
(n=80), and moderate mitral regurgitation subgroup (n=65), and percentage of the scored parameters that is 
positive for severe mitral regurgitation following the cut-off values as defined by the current guidelines6,7

The median (IQR) number of parameters scored in severe mitral regurgitation is 9.0 (8.0-10.0), and in moderate mitral regurgitation 
9.0 (8.0-10.0), p=0.968

Parameter Scored per
parameter

% Of scored parameters that is  
positive for severe MR

total moderate MR severe MR p-value

Morphology, n (%) 141 (97.2) 33.3 78.2 0.000

Jet, n (%) 140 (96.6) 48.4 93.4 0.000

E-wave, n (%) 106 (73.1) 0.0 23.3 0.000

MV TVI / AoV TVI ratio, n (%) 128 (88.3) 31.6 70.4 0.000

Vena contracta, n (%) 124 (85.5) 8.9 61.8 0.000

ERO, n (%) 63 (43.4) 17.2 52.9 0.003

Regurgitant volume, n (%) 124 (85.5) 9.1 43.5 0.000

Systolic reversal, n (%) 87 (60.0) 0.0 55.6 0.000

SPAP, n (%) 117 (80.7) 21.2 40.0 0.029

LAVI, n (%) 140 (96.6) 19.4 41.0 0.006

LV dimensions, n (%) 132 (91.0) 20.3 42.5 0.007

MR: mitral regurgitation, MV: mitral valve, TVI: time-velocity integral, AoV: aortic valve, ERO: effective regurgitant 
orifice, LAVI: left atrial volume index, LV: left ventricular, SPAP: systolic pulmonary artery pressure.
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echocardiograms. Comparison of severe and moderate MR patients showed no significant 
difference in the percentages scored per parameter. All variables did significantly differ in 
the percentages of positive scored parameters when comparing the subgroups. MV-inflow, 
regurgitant volume, LAVI, LV dimensions and pulmonary pressure scored positive in <50% 
of the patients with severe MR. On the contrary, MV-inflow and SR showed a 100% 
negative score in the moderate MR subgroup. 

Logistic regression model
Each of the echocardiographic parameters was used as an univariate predictor of severe 
MR. In table 4, these parameters are depicted with corrected OR’s that remained significant 
predictors (p-value <0.25) for severe MR after multivariable analysis, including their simplified 
coefficients (corrected with a shrinkage factor of 0.82 after internal validation, and rounded 
to their nearest integer). Multiple regression showed that the following variables need to be 
evaluated for reliable MR grading: MV morphology, jet characteristics, VC, SR and LV 
dimensions. The ROSE-index score was calculated by adding the value for each of these 
individual parameters following the formula: ROSE-index score = (valve morphology * 1) + 
(jet characteristics * 2) + (vena contracta * 2) + (systolic reversal * 2) + (LV dimensions * 1).  
The maximum score was 8 based on the 5 parameters with corresponding coefficients. The 
final model is also shown in Resource 4 (Supplementary Material). 

Table 4. Univariable and multivariable analysis, including corrected coefficient and contribution to the risk score 
of the parameters in the ROSE-index

Parameter Univariable OR, 
95%CI

p-value Multivariable OR, 
95%CI*

p-value Corrected OR, 
95%CI 
(slope 0.82)

Corrected 
coefficient

Morphology 6.86 (3.22-14.64) <0.0001 2.68 (0.78-9.15) 0.11 2.31 (0.81-6.57) 0.8377027a

Jet 9.95 (3.89-25.44) <0.0001 13.57 (2.41-76.37) 0.004 9.18 (2.12-39.89) 2.21756b

E-wave 3.00 (0.98-9.22) 0.05 NS NS NS -

MV TVI / AoV TVI ratio 4.42 (2.04-9.56) 0.0002 NS NS NS -

Vena contracta 11.59 (3.91-34.37) <0.0001 11.16 (2.41-51.76) 0.003 7.78 (2.11-28.66) 2.051082c

ERO 3.56 (0.96-13.22) 0.06 NS NS NS -

Regurgitant volume 4.99 (1.86-13.38) 0.002 NS NS NS -

Systolic reversal 22.14 (4.31-113.65) 0.0004 13.67 (1.91-97.87) 0.01 9.24 (1.73-49.25) 2.223508d

SPAP 1.95 (0.85-4.47) 0.11 NS NS NS -

LAVI 2.69 (1.23-5.86) 0.01 NS NS NS -

LV dimensions 2.95 (1.33-6.53) 0.008 2.67 (0.72-9.92) 0.14 2.31 (0.76-7.04) 0.8360791e

* Rule = Wald p<0.25, all factors included at first step multivariable analysis
MV: mitral valve, TVI: time-velocity integral, AoV: aortic valve, ERO: effective regurgitant orifice, SPAP: systolic 
pulmonary artery pressure, LAVI: left atrial volume index, LV: left ventricular, NS: not significant.
a. Contribution to risk score: 1
b. Contribution to risk score: 2
c. Contribution to risk score: 2
d. Contribution to risk score: 2
e. Contribution to risk score: 1
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Internal validation and predictive values 
Based on the implemented data, there was a significant difference (p<0.0001) in median 
total ROSE-index score for moderate versus severe MR (based on the most optimal 
imputed database, see figure 2). The discriminative ability (of all 20 imputed datasets) 
showed a pooled C-statistic of 0.91, and shrinkage factor of 0.85. The calibration of the 
ROSE-index revealed no apparent over- or underestimation at the entire range of predicted 
probabilities (figure 3). ROC-analysis of the total ROSE-index score per patient (based on 
the most optimal implemented dataset) showed a best cut-off score of ≥4 to determine 
severe MR with sensitivity 0.84, specificity 0.83, positive predictive value 0.86, and negative 
predictive value 0.81 (table 5). A score of 0 or 1 was always related to non-severe MR 
(100% NPV), whereas a score of ≥6 was only seen in patients with severe MR (100% PPV) 
(figure 2). One out of 3 patients that showed score 2 or 3 was diagnosed with severe MR 
(observed predicted probability 32%, calculated probability 28%). The number of patients 
with score 2 or 3 was 41 (28%).

Interobserver and intraobserver variability
Interobserver variability showed an excellent agreement between both observers regarding 
the clinical diagnosis (K=0.86, 95% CI 0.82-0.90), with no-significant interobserver 
variability (p=0.75). In 10 patients (6.9%) there was a change in clinical diagnosis when 
comparing the results of observer 1 and 2. Median total ROSE-index score did not 

The median (IQR) total score in moderate mitral regurgitation is 2.0 (0.5-3.0), and in severe mitral regurgitation 5.0 (4.0-7.0), P<0.0001 

Figure 2. Boxplots (dark grey color) of the total ROSE-index score (vertical axis) in moderate (n=65) and severe 
(n=80) mitral regurgitation patients (based on the most optimal imputed database). The 100% positive predictive 
value (PPV, score >5) and 100% negative predictive value (NPV, score <2) are depicted in the light grey color.
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significantly differ between both observers (both median score 3.0, IQR 2.0-5.0, p=0.721) 
and the Bland-Altman analysis showed a strong correlation (r=0.84, p<0.0001). The median 
difference in total ROSE-index score by observer 1 and observer 2 was 0.0 (IQR -1.0-1.0).
Intraobserver variability also showed a strong correlation between acquisition 1 and 
acquisition 2 regarding total ROSE-index score (r=0.90 (p<0.0001) including a median 
difference of 0.0, IQR 0.0-0.0) and excellent agreement for the clinical diagnosis (K=0.84, 
95% CI 0.75-0.93) demonstrating diagnostic stability and a low intraobserver variability 
(p=1.00). In 3 out of 50 patients (6.0%) there was a change in clinical diagnosis when 
comparing the results of both acquisitions. Tables are depicted in Resource 5 
(Supplementary Material).

DISCUSSION 

In the present study an easy-to-use scoring index was determined and validated based 
on daily clinical echocardiograms of moderate or severe MR, which 1) correctly determined 
MR severity in 83% using only 5 out of the 11 echocardiographic parameters as 
recommended by the current guidelines, and 2) proved to be reliable and reproducible. 
This so called ROSE-index can serve as an easy-to-use tool for integrated analysis of 
guideline parameters, and thus aid both clinicians and researchers to determine MR 
severity.

Figure 3.  Observed versus predicted probability of the outcome severe mitral regurgitation for the ROSE-index 
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The MR severity model 
Based on a 2-by-2 table revealing the lowest percentage of patients that were misdiagnosed 
by the ROSE-index (table 5), a cut-off score ≥4 was considered to indicate severe MR. Of 
the patients with score <4 only scores 0 or 1 were always related to moderate MR, whereas 
patients with index score 2 or 3 had respectively a 22% and 38% calculated predicted 
probability to be misdiagnosed. Awareness in these subjects is recommended, and extra 
evaluation using stress echocardiography or CMR imaging may be of additional value to 
unveil the true severity. Among patients with score ≥4, 14% were classified incorrectly. 
However, due to pre-operative diagnostics (TEE, evaluation in a heart valve team) we 
expect these misclassified patients will be correctly re-classified in a later phase, as is 
currently also the case in daily practice in often a higher percentage of patients.

Parameters in the index 
The parameters MV morphology and LV dimensions were frequently scored (>90%) in our 
study, and they are known to be related to the clinical outcome of patients with MR.33-35 
However, their poor specificity for severe MR results in a lower contribution of these 
parameters to the ROSE-index. VC was the only quantitative measurement included in the 
scientific index after regression analysis. Despite the technical difficulties in obtaining VC 
it was determined in 86% of the study population with high specificity (negative score in 
>90% of patients with moderate MR).36 This confirms the concept that the VC is less 
susceptible to physiologic loading conditions, hence may be more feasible, accurate and 
appropriate as screening tool.36-39 In particular the quantitative ERO measurement was 
sparsely evaluated. Our data therefore confirms that this parameter has not been widely 
accepted as a part of routine echo examination, due to its known limitations.21,23-25 One 
would expect regurgitant volume (calculated using the PISA method) to be under-evaluated 
as well, however, assessment can also be done using standardized methods for calculation 
of flow. Nevertheless, both parameters were not significantly related to the MR severity in 
our multivariable analysis. Thus, despite studies revealing validity and utility of ERO and 
related parameters in a research setting40-42, our study confirms the results showing variable 
feasibility in a clinical setting.25,43,44 As in the study of Quader et al.45, we showed that 

Table 5. Two-by-two table based on the best cut-off value of the ROSE-index score with corresponding area 
under the curve (AUC) of 0.91 (based on the most optimal imputed database)

ROSE-index score =  
(valve morphology*1) + (jet characteristics*2) + (VC*2) + (systolic reversal*2) + (LV dimensions*1)

severe MR moderate MR total

score ≥4 67 11 78

score <4 13 54 67

total 80 65 145

cut-off value for severe MR (score ≥4) according to the ROSE-index: sensitivity 0.84, specificity 0.83, positive 
predictive value 0.86, negative predictive value 0.81
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E-wave velocity was not sensitive enough to exclude severe MR, therefore not useful as 
a screening tool. Regarding the qualitative measurements, both jet characteristics and SR 
contributed more to the final score. In accordance with previous studies, color flow imaging 
was highly sensitive and therefore of value despite its low specificity.17,24,46,47 The systolic 
flow reversal was important due to its known high specificity rate.48,49

Reproducibility 
The inter- and intraobserver variability for both clinical diagnosis and ROSE-index score 
showed an excellent agreement. A change in clinical diagnosis was seen in 6.9% of the 
patients when comparing results of observer 1 versus 2. As would happen in clinical 
practice, consensus reading was performed in these 10 cases that the observers disagreed 
on, resulting in a final revised change of clinical diagnosis in 3% of the patients. Reason 
for MR severity revision was most often due to poor echo images. As this reflects daily 
practice, the index is useful for clinical decision making, as consensus reading is usually 
implemented in most cardiology practices.

Previous scoring indexes
Two earlier studies in literature used a scoring index based on the guidelines.44,50 In the 
retrospective study of Thomas et al. MR grading was performed using six echo parameters 
that were frequently applied.50 Although the authors stated their MR Index may be easy to 
use, it included three quantitative measurements (PISA, SPAP, LA dimension), and the 
venous flow pattern parameter; all known to be more difficult to apply. Moreover, each 
parameter was scored on a difficult four point scale. The reference standards used were 
the qualitative grading by an expert and the regurgitant fraction. In contrast, we used expert 
reading as a reference standard as it is most frequently used and previously proved 
reliable.9,37,50-52 Regurgitant fraction was excluded in our study due to technical issues in a 
retrospective study. Our index is superior for distinguishing moderate from severe MR, 
whereas the MR Index by Thomas et al. mainly differentiated mild from severe MR.  
A second prospective study of Thomas et al. in 62 patients reported a sensitivity (82%), 
specificity (98%) and PPV (93%) for the MR Index of ≥2.2 to detect severe MR.51 These 
values correspond with the results of our study.
Langer et al. used the same MR Index in their retrospective study in 177 patients, although 
they simplified it by only assessing the PISA radius, VC, CW Doppler signal, and MV-
inflow.44 The aim of their study was to compare the echo grading system with left 
ventriculography, however, almost all patients had MR grade ≤3. 
A few other articles described algorithms for distinguishing severe from non-severe MR, 
though none of these step-by-step approaches were analysed in a retrospective or 
prospective study.53-56 

Clinical implications
Current practice for the management of MR is aimed at early detection and reliable 
surveillance of significant MR. Our 5-parameter ROSE-index may aid the treating physician 
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how to use the integrated approach as recommended by the guidelines.6 Score 0 and 1 
always indicates moderate MR; score ≥4 is related to severe MR. Patients with index score 
2 or 3 need evaluation in a heart valve team57,58, and cross-checking with the clinical 
assessment and hemodynamic consequences e.g. by stress echocardiography remains 
important.59.60 Furthermore, we foresee three-dimensional (3D) echocardiography and/or 
CMR imaging techniques to gain a more important role in MR grading in the nearby future, 
although technical limitations and time-consuming processing still prevent it from becoming 
widely adopted into daily practice at the present.56,61,62 

Limitations
This concerns a retrospective study with its inherent limitations. As the reference standard 
we used semi-qualitative echocardiographic grading by an expert panel. Although this has 
been previously used as a reference standard and proved reliable in other studies, the 
evaluation by various experts is difficult to standardize and may cause variability in 
classification.9,37,50-52 Furthermore, only patients with moderate or severe MR were 
evaluated, and consequently our findings may not be extrapolated to lower grades of MR 
severity. Finally, the utility of our current scoring index needs further validation in prospective 
and longitudinal studies.

CONCLUSION 

Our semi-quantitative ROSE-index is an easy-to-use scoring index to determine severity 
of mitral regurgitation by two-dimensional transthoracic echocardiography in clinical 
practice and for research purposes. In contrast to current guideline recommendations 
involving 11 parameters, this 5-parameter grading index is relatively simple and less time-
consuming without a loss of accuracy. Consensus reading in a multidisciplinary heart valve 
team, with cross-checking against the hemodynamic consequences of mitral regurgitation, 
remains necessary in one out of four patients. 
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SUPPLEMENTARY MATERIAL

Resource  1

Echocardiographic examination 
Two-dimensional TTE measurements were obtained in accordance with the guidelines of 
the American Society of Echocardiography (ASE) and European Association of 
Cardiovascular Imaging (EACVI).1-6 In order to determine annular dilatation, mitral valve 
(MV) annular dimensions in the apical 4- and 2-chamber views were averaged. Analysis 
of jet characteristics was done in the parasternal long-axis and apical 4- and 2-chamber 
views. The vena contracta was imaged in the parasternal long-axis or apical 4-chamber 
view and measured as the narrowest part of the regurgitant jet. The proximal isovelocity 
surface area (PISA) radius was only assessed in the apical 4-chamber when a magnified 
view with optimized Nyquist range (15-40 cm/s) was available. Regurgitant volume and 
effective regurgitant orifice (ERO) were obtained using the standard formulas.1-3 In absence 
of the PISA we calculated the regurgitant volume following the formula: regurgitant volume 
= left ventricular (LV) inflow - LV stroke volume. LV stroke volume and ejection fraction were 
measured as recommended by the guidelines, preferably by the biplane method of discs.4 
Pulmonary venous flow pattern was evaluated based on the Doppler signal in the right or 
left upper pulmonary vein. Reversal of the pulmonary flow was related to severe mitral 
regurgitation. While atrial fibrillation (AF) and elevated left atrial (LA) pressure can blunt 
forward systolic pulmonary vein flow, it was considered as ‘not applicable’ in these patient 
subgroups. Pulse waved (PW) Doppler was used to obtain the maximum of the E-wave in 
the apical 4-chamber view. Mitral and aortic TVI ratio was determined using the 
corresponding PW signals in the 3- or 4-chamber view. Also the MV-inflow peak velocity 
(Ewave) measurements were not determined in case of AF. We determined the systolic 
pulmonary artery pressure (SPAP) by summing the gradient across the tricuspid valve and 
the right atrial pressure. LA volume (using the 2- and 4-chamber views) was corrected for 
Body Surface Area to assess the left atrial volume indexed (LAVI). We measured the LV 
end-systolic and -diastolic diameters in the long parasternal view. In case of AF, an 
averaged value was determined (eye-balling).
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Resource  2

Statistical analysis
To obtain the ROSE-index, a backward stepwise approach was adopted starting with all 
11 guideline based parameters included.7 At every step the least significant parameter, as 
assessed with the Wald-test, was excluded. Factors with p<0.25 were retained in the final 
model. Model diagnostics were visually checked in plots (linearity of predictors with the 
log-odds of the outcome and equal variance of residuals against model predictions). 
Internal validation was performed using 500 bootstrap resamples of each of the 20 imputed 
datasets, in which all backward stepwise modeling steps were repeated. This allowed a 
pooled calculation of the C-statistic and optimism with which the C-statistic and intercept 
of the model were adjusted.8 Furthermore, the shrinkage factor/slope was calculated from 
internal validation of the imputed datasets with which the coefficients (β’s) could be 
adjusted. The adjusted coefficients of the final model were used in the formula 
(e^((α+(X1*β1)+(X2*β2)+(X3*β3)etc.))/(1+e^((α+(X1*β1)+(X2*β2)+(X3*β3)etc.)) to determine the probability of severe 
mitral regurgitation per patient. The coefficients of the parameters that were retained in 
the final model, were simplified by rounding them to their nearest integer. Each parameter 
in the model was multiplied by the contribution of that variable, and summed to assess 
the total ROSE-index score per patient. Calibration of the model was assessed visually. 
Bias-corrected calibration was plotted after performing the same bootstrap resampling 
procedure 500 times.  
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Resource  3

Table 1. Echocardiographic characteristics

Echo parameter moderate MR, n=65 severe MR, n=80 p-value

MV annular dimension (cm), median (IQR)

Tethering area (cm2), median (IQR)

Coaptation height (cm), median (IQR) 

VC (cm), median (IQR)

ERO (cm2), mean ±SD

Regurgitant volume (ml), median (IQR)

E-wave (cm/sec), mean ±SD

MV TVI and AoV TVI ratio, median (IQR)

SPAP (mmHg), median (IQR)

LAVI (ml/m2), median (IQR)

LVESD (cm), median (IQR)

LVEDD (cm) median (IQR)

LV EF (%), median (IQR)

3.3 (3.1-3.5)

0.8 (0.0-1.2)

0.4 (0.0-0.7)

0.4 (0.3-0.5)

0.16 ±0.08

19.6 (15.1-26.2)

100.3 ±35.8

1.2 (1.0-1.5)

34.7 (27.7-44.2)

47.3 (35.3-54.2)

3.9 (3.3-5.2)

5.6 (5.1-6.4)

44.1 (28.7-53.1)

3.6 (3.4-4.0)

1.3 (0.0-2.1)

0.8 (0.0-1.0)

0.7 (0.5-0.8)

0.29 ±0.17

36.1 (23.5-52.6)

122.0 ±31.3

1.7 (1.4-2.1)

44.4 (32.4-55.9)

54.9 (43.5-73.0)

4.8 (3.5-6.3)

6.1 (5.5-7.4)

39.8 (26.6-55.7)

0.000

0.038

0.041

0.000

0.000

0.000

0.000

0.012

0.005

0.001

0.029

0.000

0.837

MR: mitral regurgitation, MV: mitral valve, VC: vena contracta, ERO: effective regurgitant orifice, TVI: time-velocity 
integral, AoV: aortic valve, SPAP: systolic pulmonary artery pressure, LAVI: left atrial volume index, LVEDD: left 
ventricular end diastolic dimension, LVESD: left ventricular end systolic dimension, LV EF: left ventricular ejection 
fraction.
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Resource  4
 

Table 2. The 5 parameters of the ROSE-index, including the indications and cut-off values (based on the current 
guidelines) to score a parameter positive for severe MR5,6

ROSE-index score = 
(valve morphology*1) + (jet characteristics*2) + (VC*2) + (systolic reversal*2) + (LV dimensions*1)

Parameter Cut-off values based on the guidelines

1. Valve morphology, score 1 if:

annular dilatation, or

flail leaflet, or

papillary muscle rupture, or

tethering, or

rheumatic etiology, or

cleft presence, or

(previous) endocarditis.

>3.5 cm

-

-

area >2.5 cm2 and/or coaptation distance ≥1 cm

-

-

-

2. Jet characteristics,  score 1 if:

jet swinging type, or

jet reaching the left atrial posterior wall, or

jet to left atrial surface ratio: 

-

-

>40%

3. VC, score 1 if: ≥0.70 cm

4. Systolic flow in pulmonary veins,  score 1 if: systolic reversal

5. LV dimensions, score 1 if:

in organic MR (LVESD), or

in functional MR (LVEDD).

≥4.5 cm*

>6.5 cm

* ≥4.0 cm for flail leaflet 
VC: vena contracta, MR: mitral regurgitation, LVESD: left ventricular end systolic dimension, LVEDD: left ventricular 
end diastolic dimension.
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Resource  5

Table 3. Interobserver (a) and intraobserver (b) comparison of the ROSE-index, based on clinical diagnosis

a.

Observer 1

O
bs

er
ve

r 2

Severe MR Moderate MR Total

Se
ve

re
 M

R

58 4 62 (43%)

M
od

er
at

e 
M

R

6 77 83 (57%)

To
ta

l

64 (44%) 81 (56%) 145 (100%)

MR: mitral regurgitation
Linear weighted kappa = 0.86 (95% CI 0.82-0.90) based on the analysis of 145 patients

 
b.

Observer 1, acquisition 1

O
bs

er
ve

r 1
, a

cq
ui

si
tio

n 
2

Severe MR Moderate MR Total

Se
ve

re
 M

R

11 2 13 (26%)

M
od

er
at

e 
M

R

1 36 37 (74%)

To
ta

l

12 (24%) 38 (76%) 50 (100%)

MR: mitral regurgitation.
Linear weighted kappa = 0.84 (95% CI 0.75-0.93) based on the analysis of 50 patients
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ABSTR ACT 

Purpose
To evaluate mitral regurgitation (MR) severity in patients undergoing transcatheter aortic 
valve replacement (TAVR) by standardized assessment of two-dimensional (2D) 
transthoracic echocardiography (TTE) and 1-year echocardiographic and clinical outcomes.

Methods 
Pre- and  post-procedural TTE’s of patients undergoing TAVR between 2008 and 2014 
were analyzed. MR was graded according to current guidelines with a systematic and 
integrated approach. Longitudinal echocardiographic and clinical results were analyzed. 
Regression analysis was performed for change in MR grade at follow-up, using pre-
determined variables and confounders.

Results
Pre- and post-procedural TTE were available in 213 subjects. Significant MR was seen in 
22% at baseline and 15% at follow-up; MR grade≥3 in <10% . Severity did not change in 
61%, and decreased in 20% of the patients. Overall, the prevalence of MR grades pre- and 
post-TAVR was not significantly different, nor influenced by MR etiology or TAVR prosthesis 
type. However, higher MR grades and pacemaker absence at baseline, were independently 
correlated to more improvement of MR after TAVR. Regarding clinical outcomes, NYHA 
class improved in two-thirds of the patients, irrespective of the baseline MR grade. Overall 
survival was not significantly different amongst MR grades post-TAVR. 

Conclusions
MR grading using an systematic 2D echocardiographic approach in patients undergoing 
TAVR is feasible in clinical practice. Our data revealed a relatively frequent prevalence of 
significant MR, (although grade≥3 was scarce), overall no change in the MR grade at 1 
year follow-up, improvement of functional NYHA class, and no significant differences in 
long-term survival amongst the post-TAVR MR grades. 
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INTRODUCTION

Aortic stenosis (AS) is the most frequent heart valve disease in Europe, followed by mitral 
regurgitation (MR).1 Both have become a major cause of morbidity and mortality among a 
growing and aging population.2,3 Especially in high risk patients surgical treatment is 
challenging. In response to this clinical challenge, percutaneous treatment options have 
rapidly evolved. The actual transcatheter aortic valvular replacement (TAVR) rate has 
already increased to more than 100.000 replacements worldwide.4 
In addition to the individual burden of valve disease, significant AS is frequently associated 
with MR of varying degrees. The etiology is mostly functional due to left ventricular (LV) 
remodeling and increased afterload, but may also be organic from mitral annular 
calcification, or myxomatous and rheumatic degeneration. Mild MR is common in patients 
with severe AS (60–90%)5, although reported prevalence of significant MR disease varies 
between 19-33%.6-12 This variation may result from differences in MR grading. The 
importance of correct and consistent MR grading in patients with AS is related to previous 
studies in conventional aortic valve surgery, in which concomitant moderate MR has 
demonstrated to be an independent risk factor for mortality and morbidity, and may 
improve significantly in a selected group of patients avoiding unnecessary double valve 
surgery.13-15 However, the predictive value of MR on clinical outcome after TAVR is still 
controversial, and discrepant results have been reported in terms of direction, magnitude 
and predictors of MR changes following TAVR.11,12,16-19 
Two-dimensional (2D) transthoracic echocardiography (TTE) still is the principal examination 
in daily practice. Accurate MR grading is challenging, especially in patients with severe 
AS due to the high LV pressure afterload influencing qualitative echo parameters, and 
technical difficulties in determining the quantitative variables. Unfortunately assessment 
of concomitant MR in patients with AS is still based on visual color analysis of jet 
characteristics, whilst an integrated approach involving both quantitative and qualitative 
measurements is advisable.12,20-22 Studies that claim to use the guideline recommendations 
for MR grading neither give insight in the number of variables that could be determined, 
nor in the actual number of parameters that were evaluated.11,16,17 
Overall, systematic grading of MR severity may have important clinical implications in 
patients undergoing TAVR and thus the aim of our study was to 1) assess MR severity 
pre- and post-TAVR by an integrated approach for 2D echo and evaluate grading in daily 
practice, 2) determine variables that are related to change in MR at 1 year post-TAVR, and 
3) evaluate clinical outcome after TAVR. 

MATERIALS AND METHODS

Study population
Figure 1 depicts the flowchart of the study design. Follow-up data of 354 patients that 
underwent TAVR in the University Medical Center of Utrecht (UMCU) between 2008 and 
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2014 were collected. We excluded 138 patients with incomplete TTE data (57 died). 
Patients that underwent TAVR with an implanted prosthesis different from Edwards Sapien 
(Edwards Lifescience, Irvine, CA, USA) or Corevalve (3) (Medtronic, Minneapolis, MN, USA) 
were also excluded, leaving 213 subjects for retrospective echo analysis. 

Data collection
Pre-, peri- and postoperative information was retrieved from the electronic patient record 
system of the UMCU. Echocardiographic examinations were collected from the hospital 
server where they were archived as video loops and freeze frames in a digital format 
(DICOM). Off-line analysis was performed using Xcelera software. Systematic and 
standardized 2D TTE assessment was performed  in all included subjects utilizing multiple 
parasternal and apical views. Echocardiography was performed by a member of an 
experienced team of sonographers, and supervised by one of the cardiologists with special 
interest for cardiac imaging. Based on the echocardiographic information each patient 
was classified as predominantly functional, organic or absence of MR. MR was considered 

TAVR: Transcatheter Aortic Valve Replacement, TTE: transthoracic echocardiogram, MR: mitral regurgitation, ROSE-index: mitral 
Regurgitation Severity grading by an Easy-to-use index
* ROSE-index score = (valve morphology * 1) + (jet characteristics * 2) + (vena contracta * 2) + (systolic reversal * 2) + (LV dimensions * 1) 

Figure 1.  Flowchart of the study design
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to be organic in case of morphological abnormalities of the mitral apparatus. Valvular 
regurgitation caused by secondary changes due to abnormal ventricular size and 
deformation, or MR in absence of structural changes, was regarded as functional.

Echocardiographic evaluation 
Echocardiographic measurements were obtained in accordance with the international 
guidelines.20,21,23,24 All the analyzable parameters were systematically scored, focused on 
the recommended 11 echo parameters: mitral valve (MV) morphology, regurgitant jet 
characteristics, MV inflow (E-wave), ratio of the time-velocity integral (TVI) over the MV 
and aortic valve (TVI MV/AoV), vena contracta (VC), effective regurgitant orifice (ERO), 
regurgitant volume, left atrial volume indexed (LAVI), LV dimensions, systolic reversal of 
the pulmonary vein flow, and systolic artery pulmonary pressure (SPAP). In table 1 the 
definitions and cut-off values for severe MR are depicted. In order to determine annular 
dilatation, MV annular dimensions in the apical 2- and 4-chamber views were averaged. 
Analysis of jet characteristics was done in multiple views. The VC was imaged in the 
parasternal long-axis or apical 4-chamber view and measured as the narrowest part of 
the regurgitant jet. Regurgitant volume and ERO were obtained using the standard formulas. 
We interpreted VC, regurgitant volume and ERO as being none-severe in case of no, trace 
or mild MR. LV ejection fraction (EF) was measured preferably by the biplane method of 
discs.24 We measured the LV dimensions in the long parasternal view. Left atrial volume 
was corrected for BSA to assess LAVI. Pulmonary venous flow pattern was evaluated 
based on the Doppler signal in the right or left upper pulmonary vein. While atrial fibrillation 
(AF) can blunt forward systolic pulmonary vein flow, the pulmonary venous flow pattern 
was considered as ‘not applicable’ in patients with AF. Pulse waved (PW) Doppler was 
used to obtain the maximum of the E-wave in the apical 4-chamber view, and was not 
determined in case of AF. Mitral and aortic TVI ratio were calculated using the corresponding 
PW signals in the 3- or 4-chamber view, with an averaged value in case of AF (eye-balling). 
We calculated the right ventricular systolic pressure (RVSP) using the modified Bernoulli 
equation on the transtricuspid continuous-wave Doppler signal, adding the estimated right 
atrial (RA) pressure. The severity of valvular diseases was graded 0-4 (none=0, mild=1, 
moderate=2, moderate-severe=3, or severe=4) according to current guidelines, including 
a definition grade 0.5 for trace MR. In addition, we calculated the change in MR grade 
between pre- and 1 year post-TAVR. MR severity of ≥2 was considered as being significant.
Next, the ROSE-index (mitral RegurgitatiOn Severity grading by an Easy-to-use index) was 
determined.25 The ROSE-index is a semiquantitative approach to determine MR severity 
using 5 instead of 11 recommended echo variables: ROSE-index score = (valve morphology 
* 1) + (jet characteristics * 2) + (vena contracta * 2) + (systolic reversal * 2) + (LV dimensions 
* 1). Score 0 and 1 indicated moderate MR; score ≥4 was related to severe MR. Patients 
with index score 2 or 3 needed evaluation of the MR severity in a heart valve team or using 
additional diagnostics.25
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Statistical analysis 
Statistical analysis was done using SPSS (version 21.0, IBM Corporation, New York). 
Continuous variables were expressed as mean (±SD) and compared using Student’s t-test 
in case of normally distributed data. In case of data that was not normally distribution, we 
used median (interquartile range, IQR) and compared data using Wilcoxon signed rank 
test or Mann Whitney. Categorical data were described using frequencies and percentages, 
with comparative evaluations performed with the χ2 or McNemar’s test for binary results, 
and χ2 or Wilcoxon signed rank test in case of ordinal data. The Kaplan-Meier method 
was used to calculate long-term survival for the different grades of MR up through to 
January 2016. The statistical significance between survival curves of patient subgroups 
was determined by a log-rank test. A P-value of <0.05 was considered statistically 
significant. Logistic regression for change in MR grade (between the pre-TAVR and 1-year 
post-TAVR echocardiogram) was performed based on complete case analysis, with 
univariable and multivariable linear regression on pre-determined variables of interest at 
baseline (MR grade, MV etiology, TAVR prosthesis type, mitral annulus diameter, LV EF, 
LAVI, AF and pacemaker (PM) implantation) and potential confounders (age, gender, New 
York Heart Association (NYHA) class, and TAVR approach).

Table 1.  Cut-off values for severe mitral regurgitation per parameter as defined by the current guidelines.20;21

Parameter Cut-off values based on the guidelines

1. Valve morphology

annular dilatation 3.5 cm
2. Jet characteristics -
3. VC 0.70 cm
4. ERO 

organic MR

functional MR

0.40 cm2

0.20 cm2

5. Regurgitant volume

organic MR

functional MR

60 ml

30 ml 
MV inflow pattern

6. MV TVI and AoV TVI ratio

7. E-wave

1.4 

150 cm/sec
8. Systolic flow in pulmonary veins Systolic reversal
9. SPAP 50 mmHg
10. LAVI 60 ml/m2

11. LV dimensions

organic MR (LVESD)

functional MR (LVEDD)

4.5 cm* 

6.5 cm

* 4.0 cm for flail leaflet
VC: vena contracta, ERO: effective regurgitant orifice; MR: mitral regurgitation; MV: mitral valve; TVI: time-
velocity integral; AoV: aortic valve; SPAP: systolic pulmonary artery pressure; LAVI: left atrial volume index; LV: 
left ventricular; LVESD: left ventricular end systolic dimension; LVEDD: left ventricular diastolic dimension.



E V A L U A T I O N  O F  M R  B Y  2 D  E C H O  I N  P A T I E N T S  A F T E R  T A V R

71

4

RESULTS 

Patient characteristics
Patient and surgical characteristics at baseline are shown in table 2. Age ranged from 42-94 
years. All subjects suffered from important AS pre-procedural, for which 181 Edwards Sapien 
(85%) and 32 Corevalve (15%) prosthesis were successfully implanted. The distribution of 
TAVR prosthesis type over subgroups was equal. Four patients had a mitral prosthesis in 
situ before TAVR, and in 1 patient underwent MV repair prior to TAVR. MR was present at 
baseline in 181 (85%) patients. Functional MR (45% of 181 subjects) was secondary to 
severe AS in 70 patients (85%), whereas degenerative annular or valvular calcification was 
the most frequent cause (92%) for organic MR (99  patients). Significant mitral stenosis (MS) 
was only seen in organic MR patients. Forty-six subjects (22%) showed significant MR (grade 
≥2). MR grade ≥3 was present in 7.5% at baseline. Patients with significant MR revealed a 
higher rate of AF (30% versus 14%), PM implantation (13% versus 5%), TR ≥grade 2 (28% 
versus 5%), aortic regurgitation (AR) ≥grade 2 (28% versus 13%) and reduced right ventricular 
(RV) function (24% versus 7%) compared to patients with non-significant MR. Also higher 
values for mean LAVI, LV dimensions, MV annulus diameter, and SPAP were seen in patients 
with higher MR grades, whereas the LV EF was lower (45% versus 53%). 

Grading of MR related parameters
In table 3 the utility of the echo parameters for the semiquantitative approach in patients 
undergoing TAVR is depicted, expressed as the percentage of patients that was scored 
per parameter. Overall, there was no difference in the median number of parameters that 
could be measured pre- or post- TAVR (9 for both). Jet characteristics were determined 
in almost all patients, and valve morphology, VC and LAVI in >90%. The systolic regurgitant 
flow in the pulmonary veins was difficult to determine due to poor or absent images. Jet 
characteristics showed the highest positive score for severe MR (73%), whereas systolic 
flow reversal in the pulmonary veins showed a 100% negative score for MR <grade 3.

Echocardiographic results 
Overall echo results at follow-up are shown in table 4. MR was present at 1-year follow-up 
in 182 (85%) patients. The prevalence of significant AR, aortic gradients and SPAP values 
were significantly reduced after TAVR. Figure 2a shows the pre- and post-procedural MR 
severity, which was not significantly different. In addition, figure 2b reveals that changes 
in MR did differ (P<0.0001) depending on baseline MR grade. In patients with no MR before 
TAVR, MR remained absent (37%), or increased towards trace or mild severity (63%) at 
1-year follow-up. Contrary, subjects with moderate-severe and severe MR pre-TAVR 
showed no change or a reduction in MR grade, but never increased. Overall, significant 
change in MR was limited: MR grade reduced in 47 patients (22%) (including a reduction 
of >1 grade in 2%), did not change in 130 patients (61%), and increased in 31 patients 
(17%) (including an increase of >1 grade in 2%). Significant MR (grade ≥2) at 1-year follow-
up was diagnosed in 33 patients (15%). This subgroup showed a higher rate of significant 
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Table 2.  Baseline patient, surgical and echocardiographic characteristics (n=213)

Patient characteristics
Age, mean years ±SD 80.4 ±7.3
Male gender, n (%) 94 (44.1)
BSA, m2 ±SD 1.9 ±0.2
NYHA class ≥III, n (%) 105 (49.2)
Pacemaker, n (%) 14 (6.6)
Rhythm, n (%)

Sinus rhythm 176 (82.6)
Atrial fibrillation 37 (17.4)

Comorbidities, n (%)
Hypertension 121 (56.8)
Diabetes 67 (31.5)
Coronary artery disease 110 (51.6)
Peripheral artery disease 38 (17.8
Prior cerebrovascular accident 40 (20.7)
Pulmonary disease 41 (19.2)
Dialysis 3 (1.4)
Prior cardiac or thoracic intervention 104 (48.8)

Surgical characteristics
Logistic EuroSCORE, mean ±SD 17.2 ± 9.3
Type of TAVR prosthesis, n (%)

Edward Sapien 181 (85.0)
Corevalve 32 (15.0)

Type of TAVR access, n (%)
Transfemoral, n (%) 186 (87.3)
Transapical, n (%) 23 (10.8)

Echocardiographic characteristics
ROSE-index score, median (IQR) 0.0 (0.0-0.5)
MR grade, n (%)

no (0) 32 (15.0)
trace (0.5) or mild (1) 135 (63.4)
moderate (2) 30 (14.1)
moderate-severe (3) or severe (4) 16 (7.5)

MV etiology in case of MR, n (%) (n=181)
organic 99 (54.7)
functional 82 (45.3)

Mitral stenosis ≥moderate, n (%) 10 (4.7)
Aortic regurgitation ≥moderate, n (%) 34 (16.0)
Tricuspid regurgitation ≥moderate, n (%) 22 (10.3)
Aortic peak gradient, mean ±SD (n=212) 65.8 ±21.1
Aortic mean gradient, mean ±SD (n=211) 39.1±14.1
Other echocardiographic characteristics, mean ±SD

SPAP (mmHg) (n=130) 40.4 ±15.0
LAVI (ml/m2) (n=208) 40.2 ±14.6
Left ventricular EF (%) (n=212) 51.6 ±12.6

BSA: body surface area, NYHA: New York Heart Association, TAVR: transcatheter aortic valve replacement, 
MR: mitral regurgitation, MV: mitral valve, SPAP: systolic artery pressure, LAVI: left atrial volume indexed, EF: 
ejection fraction.
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TR (33% versus 8%), median MR change, SPAP and LAVI. In these patients the baseline 
MR severity had been trace or mild in 42%, and grade ≥3 in 10%. MR grade ≥3 was present 
in 16 patients (8%) at 1 year follow-up. In none of these patients the MR had been 
improved. Regarding the TAVR prosthesis type, equal medians of change in MR grade for 
both prosthesis (P=0.903) were seen. As depicted in figure 3, medians of MR grade were 
also similar between the organic and functional subgroups (P=0.918). 
The median ROSE-index score for patients with non-severe MR was 0, compared to a 
median score of 3 for patients with MR ≥grade 3 (P<0.0001). In Resource 1 of the 
Supplementary material the results are depicted of the comparison between the MR grade 
using 11 parameters from the guidelines (clinical diagnosis), and the 5-parameter ROSE-
index. MR severity was correctly determined by the ROSE-index in 381 of the 426 TTE’s 
(89%). In 3 echocardiograms (0.7%) severe MR was misdiagnosed. A total of 27 patients 
with MR grade <3, and 15 patients with MR grade ≥3 had a ROSE-index score of 2 or 3, 
meaning that in 10% of the patients additional diagnostics and/or evaluation in a heart 
valve team is recommended.25

Regression analysis
Univariable regression analysis (Resource 2, Supplementary material) showed a significant, 
negative correlation between change in MR grade and MR severity and LV EF at baseline 
(r= -0.496, P<0.0001, and r= -0.011, P=0.004 respectively). In a multivariable regression 
model correcting for other parameters and confounders, MR grade at baseline remained 

Table 3. Guidelines parameters scored in patients before TAVR (n=213) and 1 year after TAVR (n=213) 

Parameter % of patients scored per parameter

Pre-TAVR Post-TAVR P-value

1. Valve morphology 97.7 94.8 0.109

2. Jet characteristics 100.0 99.5 1.000

3. VC* 94.8 94.8 1.000

4. ERO* 77.9 78.4 1.000

5. Regurgitant volume* 65.7 67.6 0.603

MV inflow pattern

6. MV TVI and AoV TVI ratio

7. E-wave

81.2
66.2

77.0
62.0

0.314
0.336

8. SPAP 62.0 49.3 0.005

9. Systolic regurgitant flow in pulmonary veins 23.0 19.2 0.350

10. LAVI 97.7 94.8 0.180

11. LV dimensions 83.1 80.8 0.522

* including expert interpretation in case of no, trace or mild MR. The highlighted parameters (grey) were also used 
in the calculation of the ROSE-index score.
TAVR: Transcatheter Aortic Valve Replacement, VC: vena contracta, ERO: effective regurgitant orifice, MV: mitral 
valve, TVI: time-velocity integral, AoV: aortic valve, SPAP: systolic pulmonary artery pressure, LAVI: left atrial 
volume index, LV: left ventricular.
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independently correlated (r= -0.470, P<0.0001), suggesting more improvement of MR 
grade in patients with higher pre-procedural MR compared to a lower severity. In addition, 
the variable PM implantation showed a significant positive correlation after multivariable 
regression analysis (r=0.533, P=0.006), related to less improvement of MR in patients with 
a PM in situ. 

Table 4.  Clinical and echocardiographic characteristics at 1 year follow-up (n=213)

Clinical characteristics
Early outcome
New permanent pacemaker, n (%)

Tamponade, n (%)

Myocardial infarction, n (%)

Cerebrovascular accident, n (%)

18 (8.5)

4 (1.9)

0 (0)

6 (2.8)
Late outcome (cumulative)
Post-TAVR, mean years ±SD 

NYHA class ≥III, n (%) 

New permanent pacemaker, n (%) 

Atrial fibrillation, n (%) 

Re-hospitalization, n (%) 

  aortic valve related

  due to CHF 

Re-intervention, n (%) 

Myocardial infarction, n (%)

Cerebrovascular accident, n (%)

1.0±0.1

15 (7.0)

23 (10.8)

45 (21.1)

57 (26.8)

0 (0)

14 (6.6)

0 (0)

5 (2.3)

10 (4.7)
Echocardiographic characteristics
ROSE-index score, median (IQR) 0.0 (0.0-0.0)
MR grade, n (%)

no (0)

trace (0.5) or mild (1)

moderate (2)

moderate-severe (3) or severe (4)

31 (14.6)

149 (70.0)

16 (7.5)

17 (8.0)
Mitral stenosis ≥moderate, n (%) 10 (4.7)
Aortic regurgitation ≥moderate, n (%) 21 (9.9)
Tricuspid regurgitation ≥moderate, n (%) 26 (12.2)
Aortic peak gradient, mean ±SD 15.8±6.7
Aortic mean gradient, mean ±SD 8.2±3.5
Other echocardiographic characteristics, mean ±SD

SPAP (mmHg)

LAVI (ml/m2)

Left ventricular EF (%)

35.9±10.6

40.9±16.8

52.0±11.1

TAVR: transcatheter aortic valve replacement, NYHA: New York Heart Association, CHF: congestive heart failure, 
MR: mitral regurgitation, SPAP: systolic artery pressure, LAVI: left atrial volume indexed, EF: ejection fraction. 
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Median (IQR) change in patients at baseline with no: 1.0 (0.0-1.0), mild or trace: 0.0 (0.0-0.0), moderate -1.0 (-1.0 - -0.8), and moderate-
severe or severe mitral regurgitation (MR): 0.0 (-1.8-0.0), P<0.0001 

Figure 2.  Mitral regurgitation grade (a) and change in severity per pre-TAVR MR grade (b) in patients undergoing 
TAVR with both baseline and 1-year follow-up TTE available (n=213)

a

b

Median (IQR) grade of mitral regurgitation at baseline: 1.0 (1.0-1.0), and 1 year after TAVR: 1.0 (1.-1.0), P=0.311
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Clinical results  
Clinical outcomes are depicted in table 4. Overall, NYHA functional class was lower after 
TAVR. A reduction was seen in 68%, whereas 28% of the subjects showed no change in 
symptoms. At 1-year follow-up, patients with ≥moderate MR post-TAVR experienced more 
symptoms and AF compared to non-significant MR. Ten patients (5%) with AF at baseline 
were converted to  sinus rhythm during the follow-up TTE. Of the 45 (21%) patients with 
AF at follow-up, AF de novo was seen in 18 subjects. Regarding the complications at 
follow-up, cerebrovascular events were most frequently seen (independent of AF). Re-
hospitalization or re-intervention resulting from a TAVR prosthesis problem was never seen. 
In 2 patients a Mitraclip procedure was performed at follow-up: 1 patient showed a 
reduction of MR but in both cases symptoms did not improve. 
As we only included patients with TTE at baseline and 1-year follow-up, no early or 1 year 
mortality rates were calculated (all patients were alive at 1 year). The overall survival at 
2.7±1.2 years after TAVR was 80.3%. Although a trend was seen for higher mortality in 
patients with MR grade ≥2, figure 4 shows no significant difference in survival based on 

Median (IQR) change in Edwards Sapien:0.0 (0.0-0.0) and Corevalve prosthesis: 0.0 (0.0-0.0), P=0.903 

Figure 3.  Change in grade of mitral regurgitation (MR) per mitral valve etiology (a) and type of TAVR prosthesis (b)

Median (IQR) change in functional: 0.0 (-1.0-0.0) and organic mitral regurgitation: 0.0 (-1.0-0.0). P=0.918

a

b



E V A L U A T I O N  O F  M R  B Y  2 D  E C H O  I N  P A T I E N T S  A F T E R  T A V R

77

4

the MR grade after TAVR (P=0.097). Neither was there a significant difference in survival 
rates depending on pre-TAVR MR grades, or improvement of MR at follow-up. Twenty-
three patients (11%) died of a cardiovascular related cause (including 14 patients with 
unknown cause). In the subgroup of patients with significant MR, 11 (33%) died 
(cardiovascular cause in 6 patients, including 2x heart failure and 4x unknown cause). The 
number of subjects that died amongst patients with less than moderate MR was 31 (17%) 
(cardiovascular cause in 17 patients, including 4x heart failure, 1x out-of-hospital-cardiac-
arrest, 1x cerebrovascular event, and 11x unknown cause).

Figure 4.  Kaplan-Meier to illustrate survival depending on grade of mitral regurgitation (MR) starting at 1 year after 
TAVR (n=213)
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DISCUSSION

Our study revealed four important findings: First, the systematic 2D echocardiographic 
approach used in this study for MR grading was feasible in both pre- and post-TAVR 
echocardiograms. The practical scoring index developed bij our group (ROSE-index) using 
only 5 recommended parameters, correctly excluded severe MR in almost all subjects. 
Secondly, significant MR was seen in 22% before and in 15% at 1 year after TAVR. Thirdly, 
severity did not change in most patients, although regression analysis revealed that higher 
MR grade and absence of PM implantation at baseline was related to more MR improvement 
after TAVR. Lastly, overall survival was not significantly influenced by the MR grade 1-year 
post-TAVR, although a trend for higher mortality was seen in patients with significant MR. 

Grading methods 
Previous data regarding the prevalence of incidental MR in severe AS varies widely, 
depending on the study inclusion criteria, echocardiographic definitions for MR, and diverse 
non-standardized grading methods.5,13,14,26,27 Single qualitative methods have been 
used7,8,10,12,16-18,28,29, although for more accurate grading current guidelines recommend the 
integration of various qualitative and quantitative echo measurements.20-22 However, 
systematic quantitative assessments are rarely applied in routine evaluation due to the 
time consuming aspect and technical limitations.6,30-33 Imaging tools like 3D 
echocardiography and multidetector computed tomography (MDCT) might in the future  
overcome these issues. Nowadays their routine use is still limited.6,34

Our data showed that standardized MR grading was feasible and resulted in the assessment 
of almost all guideline parameters. In accordance with previous studies, color flow imaging 
was highly sensitive.31 The VC showed a high specificity, confirming to be less susceptible 
to physiologic loading conditions.27 The systolic flow reversal of the pulmonary veins was 
relevant based on its specificity36, however, it was sparsely available in short-focused 
TTE’s. Ideal would be a “scoring system” for accurate and reproducible MR grading in 
both pre- and post-TAVR echocardiograms. We proposed the 5-parameter ROSE-index, 
to define severe MR based on current guidelines.25 Although the index was originally 
developed to distinguish moderate from severe MR in clinical practice, it correctly 
determined MR severity in 89% of our study patients. The ROSE-index showed a high 
specificity and negative predictive value for severe MR, which is preferable to exclude 
severe MR in these patients, thereby preventing unwarranted double-valve intervention or 
surgical refusal. 

Prevalence of significant MR
The majority of patients in our series had some degree of MR at baseline (85%), similar to 
previous studies revealing MR in 60–90% of TAVR patients.5,16,35 Moderate MR has been 
reported in up 13–17% in the studies of Barreiro and Ruel et al.14,26, 20% and 22% in both 
PARTNER trial cohorts7,10, and 33% in the study of Vollenbroich et al. including >1000 
patients36, which was in line with our data. Overall rate of MR grade >3 was also low (<10%) 



E V A L U A T I O N  O F  M R  B Y  2 D  E C H O  I N  P A T I E N T S  A F T E R  T A V R

79

4

in a previously performed meta-analysis and therefore similar to our results.37 The higher 
prevalence of an organic etiology in the current study, as seen in previous studies6,16,38, 
may be explained by the relatively high-aged patients with multiple comorbidities that 
undergo TAVR. These patients are prone to develop sclerotic calcification of the mitral 
apparatus (92% in our study). 

Change in MR grade
Our data showed that there was no change in MR grade amongst most patients (61%) at 
1-year follow-up which is in line with current literature.16,39 Seventy-eight percent of the 
TAVR patients had no MR or less than moderate MR at baseline. It is known that these 
patients show little regression or progression after TAVR.40,41 On the other hand our study 
showed more improvement in subjects with higher MR grade pre-procedural (63%). The 
same effect was seen in the studies of Tzikas and Almasood et al.12,42, and confirmed in 
our multivariable regression analysis for change in MR. Furthermore, a trend for more 
improvement in patients with functional etiology was not seen, which was to be expected 
from literature revealing coaptation of the otherwise normal MV leaflets, and persistent 
restriction of leaflet mobility in organic (calcified) MR.11,18 This similar change for both 
etiologies was also seen in the studies of Almasood, Tzikas, and Unger et al.12,15,42 Moreover, 
previous studies showed in particular an improvement in MR depending on the implanted 
prosthesis type 8,12,19,35, although this was not observed in our study. Lastly a pacemaker 
in situ was correlated to less improvement of MR after TAVR, which may be explained by 
the fact that RV apical pacing significantly induces MR.43 

Clinical outcome
Our data showed no significant difference in long-term survival depending on MR grade 
at 1 year after TAVR. Same results were found in  other studies.8,48,49 Pre-existing physical 
conditions such as AF, poor LV function, high LV volumes, and large LAVI (particularly seen 
in patients with MR grade ≥2)8,11,16 may contribute to higher mortality rates observed in the 
short-term.14,29,44 However, after 1-year follow-up a regression of concentric myocardial 
hypertrophy due to a decrease in ventricular afterload, and/or reverse remodeling that lead 
to changes in LV shape and geometry, may influence MV hemodynamics and therefore 
these confounding variables.11,12,16,18,19,35 A second explanation is that the clinical profiles 
of patients with MR grade≥2 and <2 were similar in our study. Thus significantly higher 
mortality caused by comorbidities was not seen. However, we did observe a trend towards 
lower survival rates for at least moderate MR, in accordance with the FRANCE 2 and 
Spanish TAVR registries.45

Additional subanalysis regarding the mortality rates according to pre-TAVR MR grades and 
MR improvement also showed no significant differences, which is in line with other 
series.8,9,11,45 This finding is opposite to surgical aortic valve replacement, where concomitant 
moderate MR has demonstrated to be an independent risk factor for long-term mortality.14 
It might be that higher early, but not late, mortality rate was present in our patients with 
grade ≥2 MR.11 
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Lastly, clinical outcome measure (NYHA functional class) showed an improvement in almost 
2 out of 3 patients regardless the pre-TAVR MR grade, as seen before.11,35 This improvement 
of symptoms despite significant MR, is an important consideration for the fragile, mainly 
elderly patients that undergo TAVR.

Limitations
This study was retrospective with its inherent limitations. Evaluation of 2D TTE in daily 
practice may be limited by suboptimal imaging windows, especially in short-focused 
examinations. The TAVR procedures were performed in a single academic center. 
Echocardiographic follow-up was not performed in all subjects undergoing TAVR, and 
there was no screening log of patients that underwent surgical aortic valve replacement 
or conservative management, potentially leading to a selection bias. As there were only a 
few subjects with more than moderate MR, we were not able to perform any analyses on 
the endpoint grade ≥3 MR at 1 year follow-up. 

CONCLUSION

Grading of MR by an systematic 2D echocardiographic approach in patients undergoing 
TAVR revealed that most patients had some degree of MR, which was less than moderate 
and seldom severe in most patients. Overall there was no change in the MR grade 
comparing pre-TAVR and 1 year follow-up TTE’s, although higher baseline MR grades 
showed more reduction and lower grades revealed more increase of severity, but never 
leading to significant MR. The present series showed a positive effect of TAVR on outcome 
regardless MR severity, demonstrated by similar long-term survival and NYHA class 
improvement amongst post-TAVR MR grades. Based on our data, we propose no 
concomitant MV intervention in this specific cohort. Clinical decision making can be safely 
based on the systematic evaluation of MR severity by an integrated 2D echo approach. 
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SUPPLEMENTARY MATERIAL

Resource  1

Table 1. The ROSE-index versus the clinical diagnosis in 213 patients (nTTE=426). A ROSE-index score of ≥4 
resembles severe MR, score <4 is related to non-severe MR although further diagnosis or evaluation in a heart 
valve team is recommended in patients with score 2 or 325

MR grade

<3 ≥3 Total

R
O

SE
-in

de
x 

sc
or

e

<2 364 1 365 (86%)

2 
or

 3

27 15 42 (10%)

≥4 2 17 19 (4%)

To
ta

l

393 (92%) 33 (8%) 426 (100%)

MR: mitral regurgitation. 
Positive predictive value for severe MR = 0.89, negative predictive value for severe MR = 0.96, sensitivity for 
severe MR = 0.51, specificity for severe MR = 0.99
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Resource  2

Table 2. Univariable and multivariable analysis in change in MR grade (pre versus post-TAVR) and pre-determined 
variables of interest at baseline (pre-TAVR)

Univariable analysis Multivariable analysis*

Variables at baseline Β P-value Β P-value

MR grade (n=213) -0.496 <0.0001 -0.470 <0.0001

MV etiology (n=182) -0.066 0.527 0.015 0.881

TAVR prosthesis type (n=213) 0.033 0.486 0.026 0.595

Mitral annulus diameter (n=208) -0.018 0.916 0.231 0.248

LV EF (n=212) 0.011 0.004 0.005 0.201

LAVI (n=208) -0.004 0.289 -0.002 0.672

Pacemaker implantation (n=213) 0.132 0.514 0.533 0.006

Atrial fibrillation (n=213) 0.030 0.822 0.252 0.055

MR: mitral regurgitation; MV: mitral valve
* Based on n=176; corrected for: age, gender, NYHA class and TAVR approach
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Table 2. Univariable and multivariable analysis in change in MR grade (pre versus post-TAVR) and pre-determined 
variables of interest at baseline (pre-TAVR)

Univariable analysis Multivariable analysis*

Variables at baseline Β P-value Β P-value

MR grade (n=213) -0.496 <0.0001 -0.470 <0.0001

MV etiology (n=182) -0.066 0.527 0.015 0.881

TAVR prosthesis type (n=213) 0.033 0.486 0.026 0.595

Mitral annulus diameter (n=208) -0.018 0.916 0.231 0.248

LV EF (n=212) 0.011 0.004 0.005 0.201

LAVI (n=208) -0.004 0.289 -0.002 0.672

Pacemaker implantation (n=213) 0.132 0.514 0.533 0.006

Atrial fibrillation (n=213) 0.030 0.822 0.252 0.055

MR: mitral regurgitation; MV: mitral valve
* Based on n=176; corrected for: age, gender, NYHA class and TAVR approach
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ABSTR ACT

Purpose 
Exercise echocardiography can assess the dynamic component of mitral valve (MV) 
disease and may therefore be helpful for the clinical decision-making by the heart team. 
The purpose of this study is to determine the role of exercise echocardiography in the 
management of disproportionately symptomatic or otherwise atypical patients with mitral 
regurgitation (MR) and stenosis (MS) in clinical practice.

Methods
Data of 14 MR and 14 MS patients, including echocardiograms at rest, were presented 
retrospectively to an experienced heart team to determine treatment strategy. Subsequently, 
exercise echo data were provided whereupon once again the treatment strategy was 
determined. This resulted in: value of exercise echo by means of 1) alteration or 2) 
confirmation of treatment strategy or 3) no additional value.

Results
During exercise the echocardiographic severity of MV disease increased in 9 (64%) MR 
and 8 (57%) MS patients. Based upon alteration or confirmation of the treatment strategy, 
the value of exercise echocardiography in the management of MR and MS was 86% and 
57%, respectively.

Conclusion 
This study showed that physical exercise echo can have an important role in the clinical 
decision-making of challenging patients with MV disease. Exercise echocardiography had 
additional value to the treatment strategy in 71% of these patients.
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INTRODUCTION

Mitral valve (MV) disease is a dynamic entity. Consequently, patients can present as being 
asymptomatic or disproportionately symptomatic in relation to the degree of severity of 
their valve disease on the resting echo.1 Management of MV disease can therefore be 
challenging.

Exercise echocardiography
Echocardiography has been the most important and cost-effective diagnostic imaging tool 
in clinical cardiology for more than 30 years.2 Rest echocardiography is nowadays 
recommended in the diagnostic work-up of MV disease3,4, and has also shown to be of 
additional value in other valve diseases.5 Further echocardiographic development has 
created new opportunities among which stress echocardiography, performed by exercise 
or dobutamine. Exercise echo is already widely accepted as an important diagnostic and 
prognostic tool in the assessment of coronary artery disease.1 Exercise echocardiography 
is now also increasingly being performed in the evaluation of MV disease and has a place 
in the current European Society of Cardiology (ESC) guidelines. Compared with dobutamine 
stress echo, the main advantage of exercise echo is the direct evaluation of symptoms, 
exercise capacity and haemodynamic consequences of MV disease. In mitral stenosis 
(MS), dobutamine stress echo is an alternative when physical exercise cannot be performed 
(except for the evaluation of pulmonary pressure).6 However, in mitral regurgitation (MR) it 
is not useful due to its reduction in afterload and beneficial effect on the MR.6,7 
As exercise echocardiography can assess the dynamic component of MR or MS, it may 
be helpful for clinical decision-making.

Exercise echo in mitral regurgitation
MR is the second most frequent valve disease in Western countries after aortic stenosis.8 
It can be classified as organic or functional. Two-dimensional (2D) echocardiography is 
the recommended method to confirm MR and must include an assessment of severity, 
mechanism, reparability and clinical consequences.3 
Exercise echocardiography is useful in experienced hands to quantify exercise-induced 
changes in organic MR, systolic pulmonary artery pressure (SPAP) and LV function.3 The 
influence of exercise echo testing is evidenced by the ESC recommendations: surgery 
may be  considered in asymptomatic patients with severe organic MR, preserved LV 
function and SPAP ≥60mmHg during exercise (class IIb, level of evidence C).3 However, 
a prospective trial to clarify the best treatment option in these patients started in 2013 
(Dutch AMR trial).9 
In patients with moderate functional MR, development of exercise-induced dyspnoea and 
increased MR severity, associated with pulmonary hypertension, are further incentives to 
indicate surgery (class IIa, level of evidence C).3 Nevertheless due to the low level of 
evidence, the exact value of exercise echo in the management of MR remains unclear.
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Exercise echo in mitral stenosis
With the reduction in rheumatic fever, MS is now less frequently seen in industrialised 
countries. However, MS results in significant morbidity and mortality rates worldwide. 
Echocardiography is the main diagnostic method to assess severity, consequences and 
the extent of anatomic lesions.MS prognosis dramatically worsens with the development 
of symptoms.10 Following the ESC guidelines, exercise testing is indicated in asymptomatic 
patients or patients with symptoms equivocal  or discordant with the MS severity.3 When 
analysing exercise-induced changes in symptoms, SPAP and valve gradients may provide 
extra information.3,11 Moreover, following the American College of Cardiology/American 
Heart Association (ACC/AHA) guidelines, further (invasive) intervention may be considered 
in (even mild) symptomatic patients, with a significant increase in SPAP >60mmHg or a 
rise in valve gradient to >15mmHg during exercise (class IIB, level of evidence C).4 
Furthermore percutaneous mitral balloon valvotomy is indicated in asymptomatic patients 
with moderate to severe MS and favourable characteristics, who reach an SPAP >50mmHg 
at rest or >60mmHg during exercise (in the absence of a left atrium thrombus or moderate 
to severe MR) (class I, level of evidence C).4

Exercise echocardiography is now increasingly being performed according to the guidelines 
and beyond: i.e. in disproportionately symptomatic patients in relation to their MV disease 
severity. The present study analysed the role of physical exercise echocardiography for 
the evaluation and management of disproportionately symptomatic or otherwise atypical 
patients with MV disease.

MATERIALS AND METHODS

Study population
We retrospectively evaluated 28 resting and corresponding exercise echocardiograms 
performed for the evaluation of MV disease in the University Medical Center of Utrecht 
(2009–2011).

Expert panel
Patient records were reviewed by an experienced heart team consisting of a cardiologist 
and cardiothoracic surgeon. The expert panel was provided with all available patient data 
including resting echocardiogram, whereupon they determined if intervention should be 
considered. Subsequently, exercise echo data were provided after which the expert panel 
once more decided if they would perform an intervention or watchful waiting strategy. 
Based on the preferred treatment strategies, depending on resting and exercise echo data 
respectively, three different outcomes were scored: value of exercise echo by means of 
either 1) change or 2) confirmation of the treatment strategy or 3) no additional value. 
Finally a change and/or confirmation determined the true additional value of exercise 
echocardiography (figure 1).
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Exercise echo protocol
The exercise protocol was tailored to the capacity of the patient. Hence, 16 patients 
underwent exercise testing on a semi-supine bicycle (figure 2). In 12 patients alternative 
exercise testing was done, using a stepper or by performing knee bends. ECG and blood 
pressure (noninvasively) were measured before, every 3 min during and after exercise. 
Symptoms were continuously monitored. An adjusted protocol was used starting with a 
mean resistance of 30 (±12) Watts, which the physician manually increased by 10–25 Watts 
every 2–3 min. Exercise testing was performed until >85% of the age-predicted maximal 
heart rate was reached or when exhaustion or recognisable symptoms occurred.
All patients underwent 2D transthoracic echocardiography (TTE) during physical exercise 
on a semi-supine bicycle or in the left lateral decubitus position directly after exercise. MR 
mechanism and severity were classified both on colour Doppler and according to the 
recommendations for quality echocardiography laboratory operations.12 Measurement of 
tricuspid regurgitation (TR) jet velocity was performed in the parasternal short-axis or in 
the apical four-chamber view, resulting in right ventricular systolic pressure (RVSP) by 

Figure 1. Study methods: the decision flowchart per patient, used by the expert panel (1 to 5)

Figure 2. Exercise echocardiography on a semi-supine bicycle in the University Medical Center of Utrecht
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adding the right atrial pressure (RAP) to the peak TR gradient. The mean transmitral 
gradient was measured by tracing the area-under-the-curve of the mitral E- and A-waves 
obtained by continuous Doppler in the apical views. Examinations were performed with 
the Philips 5500 or Philips IE33 (Philips Medical Systems, Andover, Massachusetts, USA) 
echo machines. All datasets were archived on the hospital server as video loops and freeze 
frames in a digital format (DICOM). Off-line analysis was performed using Xcelera software.

RESULTS

Mitral regurgitation
Patient characteristics
The MR group consisted of 14 patients (7 organic and 7 functional MR). Mean age was 66 
(31–78) years. All patients were symptomatic. The LV function was normal in 11 patients 
(79%). MR severity at rest was classified at baseline: 1 severe, 4 moderate and 7 mild. Two 
patients had clinical suspicion of MR but no regurgitation on resting images (tables 1 and 2).

Exercise echo
The mean heart rate during exercise was 131 (80–160) beats per minute (bpm). Nine 
patients (64%) reached >85% of the age-predicted maximal heart rate (mean 145±12 
bpm). In 43% β-adrenergic blocking medication was used. Severity of MR during exercise 
increased in 9/14 patients (64%). During exercise, 4 patients had severe MR. Exercise 
RVSP was ≥60mmHg in 5 (36%) subjects, of whom 3 (60%) were diagnosed with severe 
MR during exercise (table 2). In 10 patients (71%) stress RVSP was higher compared with 
the resting value (5 patients ≥60mmHg), and in 4 subjects a change in RVSP could not be 
determined. Figure 3a shows the increase in mean RVSP from 29.9±4.5mmHg at rest to 
54.2±15.8mmHg during exercise.

Clinical management
Based on the judgment of the expert panel an intervention was indicated in 5 MR patients 
(80% new indication); 4 patients in this group had severe MR during exercise (of whom 1 
already had severe MR at rest) and in 4 patients exercise RVSP was ≥60mmHg (table 2). 
In 1 patient with RVSP ≥60mmHg during exercise but at the same time moderate MR, an 
intervention was not recommended. Figure 4a demonstrates a change in recommended 
treatment strategy for MR patients in 29% and confirmation in 57%. The value of physical 
exercise echocardiography in the management of MR was demonstrated in 86%.

Mitral stenosis
Patient characteristics
The MS group consisted of 14 patients of whom 7 (50 %) had organic disease and 7 (50%) 
had MS after mitral valve repair (MVR). Mean age was 56 (29–83) years and 86 % were 
symptomatic. LV function was normal in 93%. Severity of MS at rest was classified at 
baseline: 1 severe, 11 moderate and 2 mild (tables 1 and 3).
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Exercise echo
During exercise echocardiography the mean heart rate was 115 (80–150) bpm. Four patients 
(29%) achieved >85% of the age-predicted maximal heart rate (mean 143±9 bpm). Of these 
patients 71% used β-adrenergic blocking medication. MS severity during exercise increased 
in 8/14 patients (57%). Seven patients had severe MS during exercise. Exercise-induced 
RVSP was ≥60mmHg in 4 (29%) of the MS patients. Three of them (75%) were diagnosed 
with severe MS during exercise. Stress mean gradient values increased to >15mmHg in 7 
(50%) patients. All were diagnosed with severe MS during exercise (table 3).
RVSP increased in 11 patients (79%) during exercise (4 patients ≥60mmHg), whereas in 
2 cases RVSP could not be determined. One patient showed a slight decrease in RVSP. 
However, with severe MS and exercise-induced mean gradient >15mmHg, intervention 
was still recommended in this patient by the expert panel.
Figure 3b and c show a rise in mean RVSP and mean gradient during exercise from 
34.9±9.0mmHg to 52.1±17.8mmHg and from 6.9±2.4mmHg to 15.9±7.3mmHg, 
respectively.

Clinical management
The expert panel recommended an intervention in every patient who developed severe 
MS during exercise.7 For 6 patients this indication was new (table 3). In all 7 subjects 

Table 1. Baseline characteristics

Baseline MR MS
Patient characteristics
   Study group 14 14
   Age (range) 66 (31-78) 56 (29-83)
   Gender
      Male (%) 50 29
      Female (%) 50 71
Left ventricular function
   Normal 11 13
   Dysfunctionala 3 1
Mitral valve disease
   Symptomatic 14 12
   Severity in rest
       Severe 1 1
       Moderate 4 11
       Mild 7 2
       None 2 0
Exercise protocol
   Semi-supine bicycle 10 6
   Alternative exercise testb 4 8
MR mitral regurgitation, MS mitral stenosis.
a According to the ESC guidelines: left ventricular ejection fraction of ≤60% or left ventricular end systolic 
dimension of ≥45mm4.  b Using a stepper or performing knee bends
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exercise-induced mean gradient was >15mmHg and 3 (43%) had an RVSP ≥60mmHg.  
Of the patients with exercise RVSP ≥60mmHg, 75% received an indication for surgery.
Figure 4b shows a change in recommended treatment strategy in 43% of all MS patients 
and confirmation in 14%. The value of physical exercise echocardiography in the 
management of MS was seen in 57%.

Table 2. Results in mitral regurgitation patients

M
R

pa
tie

nt
D

ia
gn

os
is

in
 re

st

Sy
m

pt
om

s

C
on

si
de

r 
in

te
rv

en
tio

n
in

 re
st

LV
 fu

nc
tio

n 
in

 re
st

RV
SP

in
 re

st

RV
SP

du
rin

g 
st

re
ss

D
ia

gn
os

is
du

rin
g 

st
re

ss

In
te

rv
en

tio
n

du
rin

g 
st

re
ss

D
ec

is
io

n 
ba

se
d 

on

A
dd

iti
on

al
 

va
lu

e 
st

re
ss

 
ec

ho

1 mild yes no normal 27.6 60.0 severe yes severity 
and 
RVSP

yes
change

2 mild yes no normal 25.0 46.0 moderate no severity 
and 
RVSP

yes
confirmation

3 mild yes no normal 22.3 51.0 mild no severity 
and 
RVSP

yes
confirmation

4 severe yes yes normal 39.0 70.0 severe yes severity 
and 
RVSP

yes
confirmation

5 mild yes no normal 27.4 40.0 moderate no other* no

6 mild yes no reduced NA NA moderate no other* no

7 moderate yes no reduced 35.5 75.2 moderate yes RVSP yes
change

8 mild yes no normal 33.3 50.7 moderate no severity 
and 
RVSP

yes
confirmation

9 none yes no normal NA 25.0 mild no severity 
and 
RVSP

yes
confirmation

10 mild yes no reduced 28.9 41.0 moderate no severity 
and 
RVSP

yes
confirmation

11 none yes no normal 30.8 64.2 severe yes severity 
and 
RVSP

yes
change

12 moderate yes no normal 30.5 NA mild no severity yes
confirmation

13 moderate yes no normal 27.6 NA severe yes severity yes
change

14 moderate yes no normal 30.9 73.1 moderate no severity yes
confirmation

MR: mitral regurgitation, LV: left ventricular, RVSP: right ventricular systolic pressure, NA: not available
* other: the expert panel decision is based on criteria different from the exercise echo results, for example ischemic 
heart disease as a cause, co-morbidity or high surgical risks
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Table 3. Results in mitral stenosis patients
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1 severe yes yes normal 28.1 10.0 38.0 24 severe yes severity 
and mean 
gradient

yes
confirmation

2 moderate no no normal 45.6 4.9 50.0 4 moderate no severity, 
RVSP 
and mean 
gradient

yes
confirmation

3 moderate yes no normal 40.0 10.0 63.0 18 severe yes severity, 
RVSP 
and mean 
gradient

yes
change

4 moderate yes no normal NA 5.5 NA 9.5 moderate no other* no

5 moderate yes no normal 23.0 6.2 56.7 11 moderate no other* no

6 moderate yes no reduced 36.0 8.7 25.0 20 severe yes severity and                 
mean 
gradient

yes
change

7 moderate yes no normal 46.0 9.9 61.0 15 severe yes severity, 
RVSP 
and mean 
gradient

yes
change

8 moderate yes no normal 30.9 4.5 38.0 10 moderate no other* no

9 moderate yes no normal 25.7 8.9 48.9 14 moderate no other* no

10 moderate yes no normal 50.0 9.0 86.0 23 severe yes severity, 
RVSP 
and mean 
gradient

yes
change

11 mild yes no normal 37.0 3.5 77.0 8 moderate no other* no

12 moderate yes no normal 26.0 7.0 34.0 29 severe yes severity and                 
mean 
gradient

yes
change

13 mild yes no normal NA 4.5 NA 13 moderate no other* no

14 moderate no no normal 30.0 4.4 47.0 24 severe yes severity and                 
mean 
gradient

yes
change

MS: mitral stenosis,  LV: left ventricular, RVSP: right ventricular systolic pressure, NA: not available
* other: the expert panel decision is based on criteria different from the exercise echo results, for example ischemic heart 
disease as a cause, co-morbidity or high surgical risks
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a

b

c

Figure 3. Right ventricular systolic pressure (RVSP) values in patients with mitral regurgitation (a) and mitral stenosis 
(b) and mean gradient values in mitral stenosis (c) during rest and exercise echocardiography
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DISCUSSION

The present study is remarkable for its objective to define the clinical value of exercise 
echocardiography for decision making in challenging patients with MS or MR who cannot 
easily be classified by the guidelines.
As clearly described by Van de Heyning et al.13, several articles have already pointed out 
the increasing evidence for exercise echo in determining dynamic changes in MV disease 
and to identify high-risk patients who may benefit from (early) intervention. In addition, our 
study showed that exercise echocardiography was of additional value in the clinical 
decision-making in 20/28 (71%) of all patients, demonstrating 10 patients with a change 
and 10 patients with confirmation of treatment strategy.

Exercise-induced changes in MV disease severity
Data supporting exercise-induced changes in echocardiographic parameters to quantify 
MR are limited.3,11 Only an exercise-induced increase of the effective regurgitant orifice 
area (EROA) by ≥13mm has shown to be associated with a significant increase in relative 
risk of death and hospitalisation for cardiac decompensation in functional MR.14 
Unfortunately EROA is difficult to measure, especially during exercise. Furthermore, 
exercise echocardiography has only shown to be useful in observing symptoms caused 
by an increase in MR severity in symptomatic patients with mild rheumatic MR at rest.15

Figure 4. The value of exercise echocardiography in mitral regurgitation (a) and mitral stenosis (b)

a b
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In our study MS severity was mainly based on the mean gradient value. Determining MS 
severity by mean gradient using exercise echocardiography has proven to be feasible and 
well correlated with invasive measurements.16-18 Previous studies also demonstrated 
marked elevations in mean gradient after peak exercise in patients with predominantly 
MS.19-23 Further (invasive) intervention may therefore be considered in (even mild) 
symptomatic patients with a significant increase in valve gradient to >15mmHg during 
exercise (class IIB, level of evidence C).4

As a result, in all 7 MS subjects with an exercise-induced mean gradient >15mmHg, our 
expert panel recommended an intervention. However, the proposed cut-off value by the 
guidelines (>15mmHg) is arbitrary, consensus driven and not supported by solid evidence.

Exercise-induced changes in pulmonary pressures
Echocardiography has been validated as the principal tool for measuring pulmonary 
pressures in daily practice, although discrepancy exists on the correlation between 
echocardiographic findings and invasive measurements.24 Guidelines regarding MS urge 
to consider further intervention in symptomatic patients with significant elevation of SPAP 
(>60mmHg) during exercise.19,25,26 Furthermore, marked pulmonary hypertension (SPAP 
>50mmHg at rest or >60mmHg during exercise) is associated with a poor prognosis in 
patients with LV dysfunction.27 Despite a low level of evidence, echocardiographic 
measurement of an exercise-induced SPAP ≥60mmHg has therefore also been suggested 
as cut-off value for considering MVR in asymptomatic patients with severe organic MR 
and preserved LV function.3 Moreover, Lebrun et al. showed that SPAP values were greatest 
in patients with marked dynamic MR, and well correlated with increases in regurgitant 
volume (PISA method).28 
However, no reference values exist for physiological exercise-induced changes in SPAP. 
Also other factors than MV disease can play a role in the dynamic changes during exercise, 
e.g. alterations of pulmonary resistance and neurohormonal activation.28 In absence of 
right-sided flow obstruction, SPAP and RVSP values were equal in this study. Although 
stress RVSP peak values of 35–45mmHg are regarded as physiological in (young, male) 
endurance athletes and older patients (≥60 years)29-31, peak-exercise values of >60mmHg 
have been reported.32,33 The prognostic significance of this marked increase has not been 
defined. It has been advocated to integrate age and level of exercise with the exercise-
induced SPAP response to determine abnormal elevation of pulmonary pressures.24,29,33 In 
our study a stress SPAP of ≥60mmHg in patients with less than maximal workload was 
classified as pathological.
The expert panel’s decision was influenced by the RVSP measurement during exercise in 
13 (46%) of all patients. In 15 patients management was determined based on other 
criteria, e.g. an increase in mean gradient (an intervention was recommended in all MS 
patients with mean gradient >15mmHg).
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Value of exercise echocardiography
For optimal exercise testing, a heart rate of >85% of the age predicted maximal heart rate 
was obligatory. In 64% of the MR patients this criteria was achieved, versus only 29% of 
the MS patients. Moreover, the total mean heart rate appeared to be lower in MS compared 
with MR (115 versus 131 bpm). Both remarks can be explained by the use of more 
β-adrenergic blocking agents in the MS population compared with MR patients (71% 
versus 43%). 
Although exercise echocardiography is only recommended in asymptomatic patients with 
severe MR3, in this study we analysed symptomatic MR patients. Apparently, in daily clinical 
practice exercise echocardiography is more and more supposed to be of additional value 
in disproportionately symptomatic patients. Furthermore, the additional value in 12 
symptomatic (86%) and 2 asymptomatic (14%) MS patients certainly fits within the earlier 
described guideline recommendations for exercise echocardiography in both asymptomatic 
and symptomatic MS.3,4

Limitations
This study was retrospective with its inherent limitations. The decision to perform an 
exercise echocardiography had already been made by the physician, thus our patient 
population is a selected one. Because patient numbers were rather small, no subanalysis 
for specific MR or MS aetiologies could be performed. We also did not focus on the exact 
difference in LV function by measuring ejection fraction at rest and during exercise, but in 
our patient cohort it appeared to be less of importance. Finally, the expert panel judgment 
did not account for the interaction between patient and treating physician as this is not 
possible in this type of research. This might ultimately have resulted in a different treatment 
strategy by the expert panel compared with the treating physician. 
Only 2 patients were asymptomatic at rest. Evaluation of symptomatic patients remains 
subjective and is solely based on the patient’s history and cardiologist’s interpretation. 
Nevertheless, being symptomatic is of utmost importance in the recommended guidelines 
for MV surgery and therefore important in determining the best treatment strategy.3,4 Thus, 
exercise echocardiography also serves as an important additional tool to unmask specific 
symptoms in atypical patients. 
Concerning the technical limitations, evaluation of echocardiographic examination is 
sometimes limited by a poor imaging window, which is even more difficult during exercise. 
Therefore considerable experience is needed to obtain good quality echo studies. Moreover, 
patients may be unable to exercise, or perform a submaximal test. Furthermore, while 
exercise-related symptoms may sometimes be difficult to interpret and remain subjective, 
additional haemodynamic parameters during exercise are indispensable. However these 
(noninvasive) measurements can be difficult to perform during exercise, differ in accuracy 
and may not be fully established.



P A R T  O N E   C H A P T E R  5

100

Future prospective
A prospective trial is needed to confirm the value of exercise echocardiography in the 
management of MV disease. Subanalysis of various mechanisms is necessary since they 
are based on different aetiologies and are diagnosed and treated accordingly.
A validated and standardised exercise protocol is necessary in order to compare exercise 
echo results. Exercise endpoints should be determined at >85% of the age-predicted 
maximum heart rate, or the occurrence of recognisable symptoms. Furthermore, there 
may be an important role for real-time three dimensional (3D) echocardiography as an 
alternative for 2D exercise echocardiography.34

CONCLUSION

Exercise echocardiography is an important tool to unravel dynamic changes and monitor 
symptomatic responses occurring in MV disease during physical exercise. It can support 
the heart team in determining the best treatment strategy in disproportionately symptomatic 
or otherwise atypical patients, as seen in 71% of our study patients. A prospective trial is 
needed to support our findings by confirming the additional value of exercise 
echocardiography in patients with MV disease and its different aetiologies.
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ABSTR ACT

Left ventricular volume–time curves (VTCs) provide hemodynamic data, and may help 
clinical decision making. The generation of VTCs using echocardiography, however, is 
time-consuming and prone to inter-operator variability. In this study, we used a new non-
invasive, operator-independent technique, the hemodynamic cardiac profiler (HCP), to 
generate VTCs. The HCP, which uses a low-intensity, patient-safe, high-frequency applied 
AC current, and 12 standard ECG electrodes attached on the thorax in a predefined 
pattern, was applied to five young healthy volunteers, five older healthy volunteers, and 
five patients with severe mitral regurgitation. From the VTCs generated by the HCP, the 
presence or absence of an isovolumetric contraction phase (ICP) was assessed, as well 
as the left ventricular ejection time (LVET), time of the pre-ejection period (tPEP), and ratio 
of the volumes of the early (E) and late (A) diastolic filling (EV/AV ratio), and compared to 
2D transthoracic echocardiography (2D TTE) at rest. The reproducibility by two different 
operators showed good results (RMS=5.2%). For intra-patient measurement RMS was 
2.8%. Both LVET and the EV/AV ratio showed a strong significant correlation between HCP 
and 2D TTE derived parameters (p<0.05). For tPEP, the correlation was still weak (p=0.32). 
In all five patients with mitral regurgitation, the ICP was absent in the VTC from the HCP, 
whereas it was present in the 10 healthy volunteers, which is in accordance with 
pathophysiology. We conclude that the HCP seems to be a method for reproducible VTC 
generation, and may become a useful early screening tool for cardiac dysfunction in the 
future.
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INTRODUCTION

Numerous techniques have been developed for the screening and monitoring of patients 
with cardiac diseases. Most extensively used in clinical practice is the electrocardiogram 
(ECG), which provides a non-invasive and continuous measurement of the electric activity 
of the heart. However, it lacks information about the actual blood volume displacement. 
For a more comprehensive evaluation of the cardiac function, electrophysiological data 
need to be combined with hemodynamic data. The volume–time curve (VTC) displays the 
volume change of the left ventricle (LV) as a function of time during a single cardiac cycle. 
Deviations in the VTC may be useful in the screening and monitoring of patients with a 
cardiac disease. A general example from clinical practice is the impaired diastolic filling 
as the first sign of ischemia1; VTC-derived parameters for diastolic function have shown 
to be well correlated with the severity of ischemia.2 Therefore, early detection and regular 
monitoring using the VTC, may prevent progression of disease. 
So far there has been no method available to easily obtain reliable VTCs in clinical practice. 
Former methods are either invasive or restricted by technical limitations or patient safety 
issues. For instance, contrast ventriculography3, radionuclide angiography4-7, and single 
positron emission computed tomography (SPECT)2 require catheterization or injection with 
radioisotopes. Technological advancements in noninvasive imaging techniques as cardiac 
magnetic resonance (CMR) imaging and real-time 3D echocardiography (RT3DE) have 
made them promising tools to acquire VTCs8-12, although still requiring time-consuming, 
semi-automatic post processing. Furthermore, the time-resolution of CMR and RT3DE is 
limited and insufficient to detect short-lived phenomena, such as variations in the 
isovolumetric contraction time. 
However, in previous publications, we have presented a new, operator-independent and 
non-invasive method for continuous measurement of ventricular stroke volume using a 
high-frequency electric current: the hemodynamic cardiac profiler (HCP). We have shown 
the ability of the HCP to measure the LV stroke volume in an animal study13, and have 
described the principle of operation of the HCP in mathematical detail14, pointing at the 
possibility to measure VTCs with the HCP. In the present paper the focus will be completely 
on the generation of VTCs by the HCP, and the cardiologic parameters that can be 
extracted from these VTCs. Since the HCP has a particularly high temporal resolution (200 
Hz), we concentrate on the assessment of clinically relevant time intervals, such as the 
time of the pre-ejection period (tPEP), LV ejection time (LVET), which have been suggested 
to be important parameters of the systolic function of the heart.15 Polak et al also showed 
that the LVET is correlated with the LV ejection fraction (LVEF), and thus strongly associated 
with prevalent heart failure.16 Furthermore, the ratio of the volumes of the early (EV) and 
late (AV) diastolic filling (EV/AV ratio), provides a quantitative assessment of the diastolic 
function. 
In the present paper the generation of VTCs by the HCP is studied in healthy volunteers 
and patients with severe mitral regurgitation (MR). For this purpose we focus on three 
subgroups: (i) patients with severe MR on 2D transthoracic echocardiography (2D TTE); 
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(ii) older, healthy volunteers (>40 years); and (iii) younger, healthy volunteers (18-40 years). 
It is known that in patients with severe MR, the isovolumetric contraction phase (ICP) is 
absent, because before the opening of the aortic valve blood already regurgitates from 
the LV back into the left atrium.17 We hypothesize that the absence of the ICP in the VTC 
can be an indication of MR, thus distinguishing MR patients from healthy volunteers. 
Furthermore, we expect to find age-related differences in the shape of normal VTCs, as 
healthy individuals above age 40 typically show a slower filling rate during the early diastolic 
phase compared to younger individuals.18 2D TTE was used as reference method, because 
both 2D TTE and HCP were able to produce the tPEP, LVET, and the EV/AV ratio. These 
three parameters were studied to present a quantitative comparison between HCP and 
TTE. For the purpose of this study, several improvements were implemented in the former 
HCP system. In the methods section of this paper, these improvements and the underlying 
mathematical rationale are explained.

METHODS

Principle of operation of the HCP method
The principle of operation of the HCP has been described in our previous paper.14 In 
summary, a very weak, patient-safe, high-frequency AC current of frequency f (between 
58 kHz and 90 kHz), with an amplitude of 8 mApp, was applied to the thorax, using 
standard ECG skin electrodes (Nutrode-P20M0 and Nutrode-P10M0 pre-gelled, GE 
Healthcare, United Kingdom) positioned on the legs and above the left and right clavicle. 
Simultaneously, 12 skin electrodes were placed at pre-defined positions on the thorax 
(see figure 1) in order to measure the amplitudes of the AC voltages between the various 
electrode pairs at the same frequency f. Each pair of measuring electrodes consists of 
one electrode at the top of the sternum near the neck, inside the solid rectangle D in 
figure 1, and an electrode outside the solid rectangle D. All voltage measuring electrodes 
are attached to a thin, flexible, transparent, soft plastic sheet, thus ensuring that these 
measuring electrodes are located at fixed distances to each other. A more detailed 
description of the principle of operation of the HCP is presented in the appendix 
(Supplementary Material). 

Improvements of the HCP method
A number of improvements have been implemented over the last years to improve VTC 
measurements using the HCP technique. Most notably, we introduced an automated 
method to overcome artefacts due to inter-patient differences in (thoracic) anatomy. These 
differences cause small deviations in the spatial atrial and ventricular sensitivity patterns 
S(atr) and S(ven) (see the appendix for an explanation). Therefore, a separate ‘position 
calibration measurement protocol’ has been implemented at the beginning of each 
measurement session. During this position calibration protocol, which was performed by 
the HCP automatically, different electrode pairs on the thorax were alternately singled out 
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and used for current injection instead of measurement. This constitutes a set of 
measurements R that is sensitive to inter-patient anatomical variations, because now the 
current injection electrodes as well as the measuring electrodes are close to the heart. 
Based on the Lorentz reciprocity theorem, this implies that the set of measurements R is 
highly sensitive to the precise position of the heart with respect to the electrodes on the 
thoracic skin. We have performed these measurements R on a large number of volunteers 
with various thoracic sizes and shapes, and subsequently linked the results from these 
measurements R to the appropriate specific small corrections on the S(atr) and S(ven) vectors 
that were needed to obtain the correct VTC. In each patient, the appropriate corrections 
on these spatial atrial and ventricular sensitivity vectors are based on the measurement 
set R of this patient.
A second improvement has been an additional guideline for an improved positioning of 
the electrode sheet on the thoracic skin. This guideline now included a reference to the 
fourth intercostal space, in order to ensure more robust and reproducible positioning of 
the electrodes. Following the new guidelines, the array of electrodes inside the dashed 
rectangle A in figure 1 should be aligned with the vertical midsternal line. 
Secondly, while keeping the array of electrodes inside the dashed rectangle A aligned with 
the vertical midsternal line, the electrode marked by the single circle C in figure 1 should 
be at the same height (vertical position) as the V2 electrode of the standard ECG. The V2 
electrode is located parasternal at the right, on the 4th intercostal space (double circle B 
in figure 1). 

Figure 1. Placement of the electrodes on the thoracic skin during VTC measurement by the HCP method. The 
current injection electrodes are not shown here. (A) Electrode group to be aligned along the vertical midsternal line. 
(B) V2 electrode of the ECG. (C) Electrode to be at the same height as (B). (D) Electrode group at top of sternum. 
(E) Electrode group located on lower left side of thorax.
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Selection of patients and volunteers
In this study we measured the VTC with the HCP in 15 human subjects: five healthy young 
volunteers, five healthy older volunteers, and five MR patients from the University Medical 
Centre of Utrecht (UMC Utrecht). The study protocol was reviewed and approved by the 
Research Ethics Board of the University Medical Centre Utrecht (METC UMCU, METC 
protocolnumber 15-129), and informed consent was obtained from all patients. The five 
healthy young volunteers were students at the University of Utrecht with a blank medical 
history. Symptoms and comorbidities were checked by anamnesis, and the absence of 
MR was confirmed by TTE. We asked five healthy older volunteers (>40 years) from the 
outpatient clinics of the UMC Utrecht. Data from the outpatient clinic regarding symptoms, 
comorbidities, exercise testing results and ECG results, were collected. The TTE was 
checked for valvular heart diseases in retrospective. Patients suspected for cardiovascular 
disease, in particular MR, valvular disease of at least moderate severity, and ischemia, 
were not included. The baseline characteristics of the 15 study subjects are depicted in 
table 1. Furthermore, patients with severe MR were asked at the outpatient clinics of the 
Cardiology department UMC Utrecht. TTE results were checked in retrospective to confirm 
presence of severe MR. Data regarding symptoms and comorbidities were collected. Four 
of these MR patients were also included in a prospective trial in the UMC Utrecht to 

Table 1. Baseline characteristics

Patient
group

Age Sex Height 
(cm)

Weight 
(kg)

BMI Hypertension Diabetes Dyslipidemia

Young healthy volunteers

young#1 25 Male 190 73 20.2 no no No

young#2 26 Female 163 53 19.9 no no No

young#3 26 Female 170 62 21.5 no no No

young#4 22 Male 180 65 20.1 no no No

young#5 24 Male 180 74 22.8 no no No

Older healthy volunteers

older#1 49 Female 175 76 24.8 no no No

older#2 54 Female 160 79 30.9 yes no Yes

older#3 66 Male 187 90 25.7 no no No

older#4 47 Female 172 68 23.0 no no No

older#5 43 Female 172 94 31.8 yes no Yes

Mitral regurgitation patients

patient#1 59 Male 181 79 24.1 no no Yes

patient#2 48 Male 196 105 27.3 no no No

patient#3 51 Female 168 75 26.6 yes no No

patient#4 66 Male 175 75 24.5 no no Yes

patient#5 63 Male 175 60 19.6 no no No
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determine the best treatment in asymptomatic patients with severe, organic MR and 
preserved LV function (Dutch AMR study). All HCP measurements were performed in supine 
position. Each subject underwent an HCP measurement session that took approximately 
15 min: about 10 min for the position calibration protocol, and about 5 min for the VTC 
assessment. 

Clinically relevant parameters measured by the HCP
Several clinically relevant parameters can be extracted from the VTC in general (figure 2). 
For our study, we used the following VTC key parameters in order to compare HCP with 
2D TTE: 
1. Ratio of the volume of the early (E) to the volume of the late (A) diastolic filling (EV/AV 

ratio), which is an indicator of diastolic function. The procedure to assess this EV/AV 
ratio was the following: First, within the diastasis time interval, which is the phase during 
the diastole that follows the early filling (E) and precedes the late filling (A), the point in 
time Tdias is established at which the slope of the VTC is closest to zero. Subsequently, 
the volumes EV and Av are defined as the volume of the filling that has taken place 
respectively before, and after, t=Tdias. 

2.  The presence, or absence, of an isovolumetric contraction phase (ICP) in the VTC from 
the HCP. The absence of an ICP in the VTC is associated with mitral valve regurgitation. 
The criterion for the presence of an ICP in the VTC is that, within the first 120ms of the 
VTC (in which t=0 coincides with the R-peak of the ECG), there must be a time interval 
of at least 40ms duration during which the VTC is virtually horizontal, changing no more 
than 2% of the stroke volume.

3.  Left ventricular ejection time (LVET), which is the duration of the time interval between 
the opening of the aortic valve and the aortic valve closure. This is measured in the 
VTC as the time interval between the end of the ICP and the point in time at which the 
VTC has reached its lowest point (i.e. the end of systole). 

4.  Time of the pre-ejection period (tPEP), which is a parameter reflecting cardiac 
contractility. This is measured in the VTC as the duration of the time interval between 
the R-peak of the ECG (i.e. t=0), and the end of the ICP.

Since the last two parameters, LVET and tPEP, can only be assessed from the VTC if an 
ICP is present, these two parameters have been measured only in the young and older 
volunteers. 

Clinically relevant parameters measured by echocardiography 
2D TTE measurements were obtained in accordance with the guidelines of the American 
Society of Echocardiography.19 Echocardiography was performed using the Philips iE33 
ultrasound machine (Philips Medical Systems, Andover, Massachusetts, USA). M-mode, 
2D PW-Doppler, continuous Doppler, and color Doppler echocardiographic examinations 
were performed with the patient in the left lateral position and in resting state. Offline analysis 
was performed using Philips Xcelera software (R3.3L1) and ImageJ software (National 
Institutes of Health, Bethesda, MD). Data analysis was performed by two observers.
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Mitral regurgitation was graded as recommended by the European Society of Cardiology 
(ESC) guidelines on the management of valvular heart disease. The ventricular time-interval 
parameters were acquired from PW Doppler recordings of the LV outflow tract.15 In order 
to assess the ratio of the early (E) and the late (A) filling volume, the velocity-time integral 
(VTI) of the E-wave and the A-wave was measured, respectively. A triangle-area method 
was used to determine EVTI and AVTI from standard MV-inflow PW-Doppler images in the 
apical four chamber view. The right side of the triangle was equal to the extrapolated 
deceleration slope. Echocardiographic measurements are known to suffer from inter- and 
intra-operator variability, caused by multiple factors, e.g. the angle dependency of the 
spectral Doppler measurement. However, 2D-TTE was used as a reference technique as 
it is currently the most widely used clinical standard. The Doppler measurements were 
performed by an experienced sonographer, and the results were checked by a cardiologist 
specialized in cardiac imaging. 

Tsystole: time duration from t=0 (R-peak of ECG) to the end of the systole, Tdiastole: time duration from the end of 
the systole to the end of the diastole, ICT: isovolumetric contraction time, LVET: left ventricular ejection time, IRT: 
isovolumetric relaxation time, EV: volume change during early filling phase, AV: volume change during late filling 
phase (atrial kick), AoV: aortic valve, MV: mitral valve. 

Figure 2. Schematic representation of a left ventricular volume–time curve (dotted line). Various parameters are 
depicted that are generally used to characterize the overall shape of the VTC. 
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Statistical analysis
Statistical analysis was done using SPSS software 23.0 software (SPSS Inc, Chicago, IL) 
and Microsoft Excel 2010 software (Microsoft, CA, USA). Inter-operator variations and 
reproducibility were assessed for each individual clinical parameter. Correlations were 
examined using Bland–Altman analysis, as well as using scatter plots and Pearson’s 
correlation coefficient. Reproducibility of the VTCs was expressed as the root mean square 
(RMS) of the time series containing the standard deviation (SD) values between the different 
VTCs for each individual point in time during the cardiac cycle. Statistical significance was 
set at a 2-tailed P-value<0.05.

RESULTS

Reproducibility
A young healthy volunteer underwent repeated HCP measurement sessions. Each 
session started with the application of the HCP electrode sheet, and ended with the 
complete removal the sheet. The results of the seven repeated HCP measurement 
sessions, performed by two different operators, on the same young healthy volunteer, 
are shown in figure 3a. The corresponding reproducibility of the parameters LVET, tPEP, 
EV, AV, and EV/AV are rendered in table 2 (‘two operator reproducibility’). For these VTCs 
the total RMS was 5.2%. 
Figure 3b shows the variability of another set of five sequential measurements, performed 
by one single operator, on a different young healthy volunteer; this time however without 
removing the electrode sheet between measurements. The corresponding reproducibility 
of the parameters LVET, tPEP, EV, AV, and EV/AV are rendered in table 2 as well (‘single 
operator reproducibility’). For these VTCs the total RMS was 2.8%.

Volume-time curves
The volume-time curves for the three subgroups are represented in figure 4. Each graph 
shows the volume change in the LV during one cardiac cycle, as function of time (in 
milliseconds). This volume change is defined with respect to the end-diastolic volume at 
t=0. Hence, by definition, at t=0 the volume change is 0 ml in each curve. The VTCs of the 
five young healthy volunteers (age 24.4±1.7 years) in figure 4a shows the presence of an 
ICP. In addition, a strong early filling phase with respect to the late (atrial) filling phase (high 
EV/AV ratio) is visible. Figure 4b represents the older healthy volunteers (age 51.8±8.9 years). 
In these curves, the ICP is present directly after t=0, but in contrast to the younger 
volunteers, there is a larger contribution of the atrial filling phase (lower EV/AV ratio). In figure 
4c (five patients with mitral regurgitation) the ICP is absent. Furthermore, the curve of the 
symptomatic MR patient shows a relatively large duration of the systole (LVET), distinctively 
different from duration of the systole in the asymptomatic patients.
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Isovolumetric contraction phase
The presence or absence of an isovolumetric contraction phase in the VTC of the HCP 
was determined for all the subjects. This phase was present in all 10 healthy subjects 
without MR, while this phase was lacking in the VTC of all 5 mitral regurgitation patients.

a

b

Figure 3. Multiple HCP measurements in a young healthy volunteer. Each graph shows the volume change in the 
left ventricle (vertical axis) during a single cardiac cycle as function of time in milliseconds (horizontal axis), in which 
t=0 coincides with the R-peak from the ECG, and in which the volume change is defined as the change with respect 
to the volume at t=0. (a) HCP measurements performed by different operators, at different time points (five times 
operator #1 and two times operator #2). The electrode sheet was removed after each measurement. The total RMS 
was equal to 5.2%. (b) HCP measurements (5 times) performed by one single operator without replacing the 
electrodes. The total RMS was equal to 2.8%.
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Figure 5 shows the results of the LVET and tPEP assessed from the VTC’s of the HCP, 
compared to the LVET and tPEP from the LVOT-PW Doppler images. For LVET, bias was 
-38.9ms, upper limit of agreement was 17.9ms, lower limit of agreement was -95.9ms, 
and Pearson’s R was 0.67 (p=0.038). For tPEP, the results were relatively poor, with bias, 
upper limit of agreement, lower limit of agreement equal to -9.6ms, 23.5ms, and -42.7ms, 
respectively, and with Pearson’s R equal to 0.35 with a p-value that was not significant 
(p=0.32). The LVET and tPEP, as measured by the HCP, both show a negative bias with 
respect to the results obtained using Doppler. 
In mitral regurgitation patients, the isovolumetric contraction phase is lacking, and therefore 
the LVET cannot be established by the HCP in this specific group of patients. Hence the 
mitral regurgitation patients were not included in this specific graph.

EV/AV ratio
In figure 6, the results of the EV/AV ratio assessed using the HCP are rendered for all 15 
subjects, as function of the EVTI/AVTI ratio according to echo PW Doppler of the LV outflow 
tract. Bias was -0.66, upper limit of agreement is 0.51, lower limit of agreement was -1.84. 
The Pearson’s R was 0.82 (p<0.001). The EV/AV ratio, as measured by the HCP, shows a 
negative bias with respect to the results obtained using Doppler.

Table 2. Reproducibility of key parameters for one operator and for two operators

Type of measurement Parameter measured Mean ± SD (SD as % of Mean)

Single operator 
reproducibility

LVET (ms) 307±7 (2.2%)

tPEP (ms) 60±5 (8.3%)

Ev (% of SV) 73±3 (4.1%)

Av (% of SV) 27±3 (11.1%)

Ev/Av 2.8±0.3 (10.7%)

Two operator 
reproducibility

LVET (ms) 315±14 (4.4%)

tPEP (ms) 56±6 (10.7%)

Ev (% of SV) 81±4 (4.9%)

Av (% of SV) 19±4 (21.1%)

Ev/Av 4.2±1.2 (28.6%)
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ICP: isovolumetric contraction phase. 

Figure 4. (a) Volume–time curves generated by the HCP in five young healthy volunteers, age 24.4±1.7 years. (b) 
Volume-time curves generated by the HCP in five older healthy volunteers, age 51.8±8.9 years. (c) Volume–time 
curves generated by the HCP in five patients with severe MR, age 57.4±7.7 years. In these patients, the ICP is 
absent; hence the X printed over the label ‘ICP’.

a

b

c
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Figure 5. (a) Left: Plot of the LVET measured using the HCP (vertical), as function of the LVET determined by the 
LVOT PW-Doppler (horizontal) for young (n=5) and older (n=5) volunteers. Squares: young volunteers. Triangles: 
older volunteer. Right: Bland–Altman plot of the same results. Bias was-38.9ms, upper limit of agreement was 
17.9ms, lower limit of agreement was -95.9ms. (b) The same plots, but now for tPEP. Bias was -9.6ms, upper limit 
of agreement was 23.5ms, lower limit of agreement was -42.7ms. 

a

b
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DISCUSSION

In this paper, we present the assessment of VTCs by the hemologic cardiac profiler (HPC) 
in healthy volunteers and patients with severe mitral regurgitation (MR), and a pilot study 
on the accuracy of these curves, by comparing parameters derived from the VTCs from 
the HCP to the corresponding parameters derived from 2D echocardiography. Based on 
experiments in five young healthy volunteers, five older healthy volunteers and five patients 
with MR, we demonstrate that the HCP can produce VTCs with a high time resolution (200 
points s−1), so that short-lived phenomena (e.g. presence or absence of an isovolumetric 
contraction phase) are clearly detectable. Furthermore, we have shown that, from the VTCs 
measured by the HCP, other important parameters can be distilled, such as e.g. the ratio 
of the volume of the early diastolic filling to the volume of atrial diastolic filling (EV/AV ratio, 
which provides information about diastolic function), and the left-ventricular ejection time 
(LVET, which provides information about systolic function). The HCP-derived parameters 
LVET and EV/AV ratio showed a significant correlation with the corresponding parameters 
obtained with 2D TTE (p-values<0.05). There was no significant correlation between tPEP 
measured by HCP and measured by echocardiography. However, we should take into 
consideration that PW-doppler images have a frame-rate of 50 Hz, resulting in a measuring-
interval of 20ms (4 times larger than the HCP). This can cause a significant measurement 
error when measuring a short-lived phenomenon such as the tPEP (50-90ms). 
The VTC’s as produced by the HCP were consistent with known phenomena from 
pathophysiology: in all VTC’s of patients with MR the ICP was absent, as result of the 
regurgitant blood flow from the LV into the left atrium even before the opening of the 
aortic valve (i.e. before the end of the ICP). Furthermore, the EV/AV ratios as determined 
by the HCP in the healthy young volunteers, were significantly higher than the EV/AV 
assessed by the HCP in the older healthy volunteers. This is in accordance with the 

Figure 6. (a) Results of the EV/AV ratio assessed using HCP, as function of the EVTI/AVTI according to echo PW Doppler 
of the LV outflow tract, for all 15 subjects. Squares: young volunteers. Triangles: older volunteers. Dots: mitral 
regurgitation patients. (b) Bland-Altman plot of the same results. Bias was -0.66, upper limit of agreement was 0.51, 
lower limit of agreement was -1.84.

a b
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previously described phenomenon that diastolic function (and hence EV/AV ratio) is 
diminished in older people.18 From the viewpoint of electrophysiology, the natural 
definition of the starting point of a cardiac cycle is the Q-peak of the ECG. Due to 
limitations in our current equipment however, we have taken the R-peak of the ECG as 
the origin (t=0) in the VTCs in this paper. 
We used echocardiography as a reference method for the assessment of the ICT, LVET, 
tPEP and EV/AV ratio. Echocardiographic measurements are known to suffer from inter- and 
intra-operator variability, caused by multiple factors. However, 2D-TTE was used as a 
reference technique in this study as it is the most commonly used technique in clinical 
practice nowadays.
In contrast to echocardiography, the HCP does not need an operator during the actual 
measurements; once the thorax-electrodes have been placed correctly, the HCP produces 
VTCs every 20s continuously and automatically. However, a small amount of inter- or intra-
operator variability can still be caused during the act of placing the electrodes on the skin. 
In order to test the reproducibility of the HCP, as well as the inter- and intra-operator 
variability due to differences in electrode placement, we performed multiple measurements 
in a healthy volunteer with and without replacing the electrodes. The reproducibility of the 
LVET is good (2.2% for single operator, and 4.4% for two operators, see table 2). The 
reproducibility of the EV is reasonably good as well (4.1% for single operator, and 4.9% 
for two operators), which however does not translate into equally favourable reproducibility 
data for the EV/AV ratio, because of the small values of AV in the denominator in EV/AV. Based 
on our results, we can assume that the HCP measurements are consistent, with a 
reasonably low inter- and intra-operator variability. This is especially important for accurate 
follow-up and monitoring of patients. Larger studies are needed to confirm our results and 
assess the exact extent of the inter- and intra-operator variability.

Applicability of the HCP
Nowadays, screening for cardiac diseases is increasingly performed in the general 
population (e.g. to prevent sudden cardiac death), and in several patient populations to 
prevent or predict cardiac involvement. Cardiac function screening is often restricted to 
ECG analysis, because other diagnostics, e.g. echocardiography, are too expensive and 
time-consuming. For a more comprehensive evaluation of the cardiac function however, 
electrophysiological data need to be combined with hemodynamic data. The HCP provides 
hemodynamic data in the form of VTCs, and, furthermore, the HCP is designed to work 
in tandem with the ECG: as has been explained in the methods (section Principle of 
operation of the HCP method), the HCP electrodes are compatible with the ECG electrodes, 
and ECG and HCP signals are recorded simultaneously. As a result, the HCP technology 
could, potentially, be able to screen more intensively for cardiac diseases in situations 
where precise screening is desirable; such as in preoperative screening, sport screening, 
or cardiac function screening in patients before administration of chemotherapy. 
In preoperative screening, the challenge for anaesthesiologists is that patients with 
significant cardiovascular disease often do not present preoperative abnormalities in vital 
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signs, ECG, or physical examination. In the future, HCP could, potentially, be used to easily 
pick out patients with silent cardiovascular disease of significance to anaesthesia. 
In athletes, hypertrophic cardiomyopathy is a leading cause of sudden cardiac death. ECG 
screening seems to introduce a large number of false-positive tests. Combining HCP with 
ECG however may have a role in improving sport screening in the future. 
In cancer patients, baseline cardiac function screening with echocardiograms is frequently 
performed before administration of anthracycline and monoclonal antibodies chemotherapy, 
due to the concern for potential cardiotoxicity. Moreover, advanced heart failure could be 
averted with better and earlier detection using other techniques than just the ECG. 
However, at a population level, these additional cardiac screening tests (e.g. radionuclide 
imaging, cardiac MRI) can add up to significant costs for both patients and the health care 
system. We anticipate that the HCP technology is lower in costs compared to current 
cardiac function screening tests, and could therefore potentially be used on a wider scale 
in cancer patients, provided that future clinical trials confirm the added diagnostic value 
of the HCP in cancer patients. 

Comparison to competing techniques
In current clinical practice, mitral regurgitation is often detected by the presence of a 
murmur during physical examination. This however has two major drawbacks: 
First, the diagnostic accuracy of cardiac auscultation varies widely among clinicians. 
Mangione et al20 found that the diagnostic accuracy of cardiac auscultation ranged from 
0% to 56.2% for cardiology fellows (median 21.9%) and from 2% to 36.8% for medical 
residents (median 19.3%). Furthermore, studies in family practitioners, academic internists, 
and general internists all demonstrate a proficiency of no more than 40% in recognizing 
basic heart murmurs.21,22 Secondly, a systolic murmur is not always observed in the presence 
of MR, and the intensity of a murmur is not used to indicated severity of disease.23 Barron 
et al24 compared auscultation to Doppler ultrasound for the detection of MR, and found that 
a murmur was absent in 13 of the 24 patients with isolated MR (sensitivity 53%). In addition, 
Varadarajan et al25 showed that grade 3 MR or grade 4 MR is common and present in 
patients with congestive heart failure; however, MR was silent on physical examination in 
75% of these patients. The HCP may be able to detect silent MR in a screening setting, 
because the HCP is based on direct volumetric measurements, whereas detection of MR 
on the basis of a murmur relies on the presence of a ‘secondary’ phenomenon (i.e. the 
production of a murmur) that may or may not be produced in case of MR.

Limitations and future work
Given the small number of patients (5 patients in each group), the study presented in this 
paper is merely a first pilot study on a new technique (the HCP). 
Furthermore, the present HCP hardware still has sub-optimal noise suppression properties. 
An improved, portable, lightweight, and miniaturized version of the HCP equipment is 
currently being built. In this portable version, all electronics of the HCP are contained in a 
small flat box that is attached to the waist belt. 
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In the literature, the ratio tPEP/LVET is mentioned as an important parameter; e.g. Reant 
et al15 indicate that the ratio tPEP/LVET could prove to be relevant in the selection of 
patients requiring cardiac resynchronization or cardiac implantable defibrillator, especially 
when precise LVEF evaluation by echocardiography is difficult. In our study, the assessment 
of the tPEP is still poor using the current version of the HCP. We expect this to improve 
when, in the future, a small portable version of the HCP will be used. This however needs 
to be subject of a future study.
In order to assess the reproducibility of parameters like LVET and tPEP (as measured by 
HCP) properly, it needs to be placed in the context of data about reproducibility in 
echocardiography. Using two experienced observers, Reant et al15 found that the mean 
intra-observer variability was 2% for tPEP and 4% for LVET (calculated by averaging the 
differences between 10 measures). Based on two different acquisitions in 20 patients, 
mean intra-observer variability was 7.6% for PEP and 4.3% for LVET. Inter-observer 
variability was 3% for PEP and 4.5% for LVET (in data obtained for 10 patients). In another 
study, the inter-reader reproducibility for measuring LVET was determined by blinded re-
readings of 14 cases by a second reader and gave a correlation coefficient of 0.78 (95% 
CI, 0.43-0.93).26 The intra-reader reproducibility was estimated by blinded readings in a 
separate group of 24 patients and gave a correlation coefficient of 0.94 (95% CI, 0.88-0.98). 
With respect to the reproducibility data for echocardiography above, the reproducibility 
data for the HCP are relatively weak. However, it will depend on the specific application 
of the HCP in a screening context to what extend the reproducibility of the HCP will prove 
to be sufficient. 
Given the limitations of this pilot study, various future studies will need to be performed in 
order to assess the actual clinical value of the HCP. For example, a statistically powered 
diagnostic accuracy study is needed, as well as a clinical utility study for various 
applications of the HCP as a screening tool.

CONCLUSION

The HCP seems to be a method for reproducible VTC generation with low operator-
dependency, although according to some studies, its reproducibility is still inferior to that 
of echocardiology. However, in the future, further study is needed to improve the following 
two aspects: (i) reproducibility of the parameters estimated by HCP, and (ii) agreement 
between HCP and echocardiography. The ability of the HCP to assess changes in cardiac 
function may lead to the use of the HCP as an screening and monitoring tool in patients 
with cardiac diseases, and may facilitate accurate diagnosis and easy VTC comparison 
during follow-up. Furthermore, in the future, the high temporal resolution, light-weight 
nature and expected low costs of the system, could potentially make the HCP a suitable 
tool for early detection of cardiac diseases, and possibly also for prolonged and continuous 
(tele)monitoring in large numbers of patients.
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SUPPLEMENTARY MATERIAL

Since blood is a better electric conductor than the surrounding tissues, the displacement 
of blood inside the heart during the cardiac cycle produces small changes in the measured 
amplitudes. These changes oscillate in sync with the rhythm of the beating heart, and differ 
for each combination of two measuring electrodes. For instance, the electrodes on the 
upper part of the sternum near the solid rectangle D in figure 1, are more sensitive to 
volume changes in the atria, whereas the electrodes on the lower part of the thorax (inside 
the ellipse E in figure 1) are more sensitive to volume changes in the ventricles. This is 
caused by the lower location of the ventricles inside the thorax compared to the atria. 
Consequently, the location of the ‘ventricular epicenter’ of the changes in the applied 
current field, due to the ventricular volume changes, differs from the location of the ‘atrial 
epicenter’ corresponding to atrial volume changes. Let x be an enumeration (x running 
from 1 to 8) of all electrodes below (outside) the solid rectangle D in figure 1, i.e. let x be 
an index for each measuring electrode pair (because the upper electrode of each electrode 
pair is invariantly located inside the solid rectangle D). For each value of x, there is a specific 
voltage change (‘sensitivity’), resulting from a volume change of exactly 1 ml in exclusively 
the atria. We refer to the combined set of these atrial
sensitivity values for all eight values of x as the ‘spatial atrial sensitivity pattern’. This pattern 
can be written as one single vector S(atr) with 8 slots. Similarly, a ‘spatial ventricular 
sensitivity pattern’ S(ven) is defined, referring to the specific voltage change (‘sensitivity’) 
that results from a volume change of 1 ml in exclusively the ventricles. 
Since the volumes of the atria and the ventricles change simultaneously during the cardiac 
cycle, and in addition extracardial changes in blood volume occur as well, the actual set 
of measured voltage changes during the cardiac cycle of a patient or healthy volunteer 
can be considered as a linear superposition of three different patterns: 
(i) the ‘spatial atrial sensitivity pattern’ S(atr) (which is known on the basis of modelling), 
multiplied by an unknown amount ΔV(atr)(t) of milliliters volume change in the atria, and; 
(ii) the ‘spatial ventricular sensitivity pattern’ S(ven) (which is also known on the basis of 
modelling), multiplied by an unknown amount ΔV(ven)(t) of milliliters volume change in the 
ventricles, and; 
(iii) a pattern Pextracardial due to extracardial effects, such as diameter changes in large blood 
vessels outside the heart. 
This linear superposition of the three spatial patterns is represented in the following 
equation.14

Mx(t) −Mx(0) = ΔV(atr)(t) S(atr) + ΔV(atr)(t) S(ven) + Pextracardial in which M represents the ‘measured 
vector’ with eight slots, and in which Mx(t) is the contents of the xth slot of M at time t, 
which equals the (normalized) voltage difference measured between electrode pair number 
x at time t. Furthermore, Mx(0) equals the (normalized) voltage difference measured between 
electrode pair number x at the moment of the R-peak of the ECG, and ΔV(atr)(t) and ΔV(ven)

(t) are the volume changes (with respect to the volume at the moment of the R-peak of the 
ECG) in the atria and the ventricles, respectively.
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We need to establish the volume changes in exclusively the ventricles to define a ventricular 
VTC. Total heart volume variation is a poor indicator of the ventricular stroke volume, and 
therefore not appropriate. An algorithm has been designed to distill the ΔV(ven)(t) (i.e. the 
ventricular VTC) from the equation above, using the measured M(t) − M(0) in combination 
with the known S(atr) and S(ven) as the input.14 The HCP system performs this calculation 
automatically and continuously. 
Furthermore, the HCP has been designed to work in tandem with the ECG: its electrodes 
are compatible with the ECG electrodes, and ECG and HCP signals are recorded 
simultaneously, in order to combine the electrophysiological data form the ECG with the 
hemodynamic (volumetric) data from the HCP.
The HCP can be used in two modes: (i) VTC assessment mode, in which the data from 
four measurement periods of 20s each are combined to assess the VTC of a human subject 
in rest, and (ii) a monitoring mode, in which every 20s an update is provided of the left 
ventricular stroke volume (as a percentage of the initial stroke volume), using a moving 
median over the last 2 or 3 periods. This latter mode can be used to monitor the stroke 
volume (and cardiac output) of a patient over several hours during daily life activities. In 
this paper however, only the VTC assessment mode (i) has been used.
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ABSTR ACT 

Organic mitral regurgitation (MR) is a common disorder, and because of the increase in 
population and its aging, the occurrence of MR is steadily increasing. Current guideline 
recommendations on the management of asymptomatic severe MR are conflicting and 
based solely on registries or nonrandomized trials in expert heart valve clinics, resulting 
in a lack of evidence for the best treatment strategy. In this review, we will evaluate the 
latest evidence on diagnostic approaches and treatment strategies for asymptomatic 
patients without a clear indication for surgical intervention. Implications for management 
in daily practice are discussed, including an update on the diagnostic approaches that are 
currently available for the evaluation of MR. For optimal care, it is important that every 
severe MR patient, including the unidentified patient, is referred to a specialized heart team 
and is assessed on an individual basis according to the guideline recommendations, 
experience of the surgical center, and the patient’s characteristics and preferences. 
Screening and diagnostic approaches need to be performed on the basis of standardized 
protocols and strict criteria. In addition, specialized valve centers must meet the surgical 
criteria to guarantee high reparability rates in asymptomatic patients. Awareness among 
cardiologists and cardiothoracic surgeons, improved guidelines adherence, and a 
systematic approach, including strict criteria in the management of asymptomatic patients 
with severe organic MR, will ensure reliable and applicable results in research and daily 
clinical practice.
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The burden of mitral regurgitation (MR) is steadily increasing because of population aging 
and growth.1 The etiology of MR is classically divided into degenerative or organic MR, 
and functional or secondary MR. Organic mitral valve (MV) disease is a common disorder 
affecting around 2% of the population, including fibroelastic degeneration, Barlow’s 
disease, and endocarditis.1,2 On the basis of organic MR incidence and prevalence, it is 
likely that asymptomatic severe MR with preserved left ventricular (LV) function is regularly 
seen, although data are still missing. Not only is it difficult to identify patients without 
symptoms, but also a considerable number of asymptomatic patients are treated according 
to a watchful waiting strategy on the basis of the primum non nocere principle. These 
patients are regularly followed for many years, without developing triggers for surgery. 
Therefore, they may never be assessed in an expert heart valve clinic.
As a result, current European Society of Cardiology (ESC) and American Heart Association/
American College of Cardiology (AHA/ACC) recommendations apply to a specific group 
of patients with MR referred to expert clinics because they are solely based on 
nonrandomized studies in such clinics.3,4 Apart from this lack of evidence regarding the 
generality of asymptomatic patients, international guidelines also report conflicting 
recommendations. Nevertheless, both guidelines have their influence on daily practice. 
The identification of the asymptomatic patient is of utmost importance to tighten the 
current guidelines and improve clinical decision-making. Therefore, this review will 
evaluate the latest evidence on diagnostic and treatment strategies for asymptomatic 
patients with severe organic MR. The subsequent implications for management in daily 
practice are discussed, in particular for those patients without a clear indication for 
surgical intervention.

Cur rent  gu ide l ines

Guideline recommendations for organic MR are based on registries and nonrandomized 
cohort studies. According to these guidelines, asymptomatic patients with severe MR and 
LV dysfunction (LV ejection fraction ≤60% and/or LV dilatation) should be operated on 
(class I).3-6 It is noteworthy that the AHA/ACC guidelines define LV dilatation as a left 
ventricular end-systolic dimension (LVESD) of ≥40mm4, in contrast to the ESC guidelines 
(LVESD ≥45mm, except for flail leaflet MR).3 Recommendations in patients with MR 
resulting from a flail leaflet are based on the association of LVESD ≥40mm with increased 
mortality under either medical management or post-surgery.7

MV repair (class I) is preferred rather than replacement, as the latter exposes the patient to 
the risks of higher perioperative mortality rates, decreased postoperative LV function, and 
higher prosthesis-related morbidity rates, including the need for lifelong anticoagulation.3,4,8-12 
In asymptomatic patients with severe organic MR and preserved LV function, repair should 
be considered (class IIa) at low risk and a high likelihood of successful and durable repair 
when atrial fibrillation (AF) and/or pulmonary hypertension occur.3,4,13-16
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As current data are scarce and conflicting, international guideline recommendations differ 
in patients without triggers for preemptive surgery. The ESC guidelines recommend a 
conservative approach; on the basis of the study of Rosenhek et al17, patients can safely be 
followed until symptoms occur or guideline-derived cutoff values are reached. In contrast, 
there is a proactive attitude toward preemptive surgery in the AHA/ACC guidelines on the 
basis of several comparative studies. These studies have shown that deleterious effects of 
chronic severe MR take place before class I indications for surgery occur, and early repair 
compared with watchful waiting is associated with improved long-term outcome.5,18-22 More 
recently, Suri et al23 reported lower mortality rates and a decrease in congestive heart failure 
in >1000 patients after early surgery. The study of Kang et al24 showed a decrease in cardiac 
events and overall mortality (patients >50 years) after early repair compared with watchful 
waiting. However, most recommendations are based on low levels of evidence, emphasizing 
the need to expand the clinical evidence base (table 1). 
Both guidelines also acknowledge a prognostic role for brain natriuretic peptide and 
specific cardiac magnetic resonance (CMR)-derived parameters in asymptomatic MR, but 
do not factor these results when considering the timing for surgery.

Table 1. Recommendations for surgery according to current guidelines.

ESC guidelinesa AHA/ACC guidelinesb

Symptoms Class I Class I
Left ventricular ejection fraction of ≤60% Class I Class I
LV end systolic diameter

40-45 mm

40-45 mm + flail leaflet

≥45 mm

No recommendation for surgery

Class IIa

Class I

Class I

Class I

Class I
Atrial fibrillation Class IIa Class IIa
SPAP at rest >50 mmHg  Class IIa Class IIa
Preserved LV function, high likelihood of durable 

repair, low surgical risk

Presence of risk factors (only for ESC):

- left atrial dilatationc + sinus rhythm

- SPAP on exercise ≥60 mmHg  

No recommendation for surgery

Class IIb

Class IIa

a all recommendations are level of evidence C. 
b all recommendations are level of evidence B.
c volume index ≥60 mL/m² BSA. 
SPAP indicates systolic pulmonary artery pressure.
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Impl ica t ions  fo r  c l in ica l  prac t i ce 

Severe organic MR is often discovered by chance in patients who are still free of symptoms 
at the time of diagnosis. Assessing both the asymptomatic state and the severity of MR 
should be done in a standardized way. Then the challenge is to define a feasible strategy 
for the management of these patients. The main goal is a consistent screening and 
diagnostic approach (figure 1), not only to optimize treatment selection and timing of 
surgical intervention but also to generate ideal circumstances for a randomized, controlled 
trial in this specific patient population. Here, we will discuss the implications for patient 
identification, diagnostics, treatment strategies, and research that may aid in the clinical 
decision-making.

Patient identification
To determine the asymptomatic state in patients with severe MR, a comprehensive history 
and physical examination should be performed by the cardiologist.3,4 “Asymptomatic” is 
defined as the absence of subjective limitations of exercise capacity or complaints 
expressed by the patient but confirmed by the treating cardiologist. However, in daily 
practice, it is often difficult to establish the asymptomatic state because of atypical 
symptoms, a gradual decrease in activity and a sedentary lifestyle. 

Figure 1. Practical flowchart for the diagnostic approach in asymptomatic patients with severe, organic MR. 
MR indicates mitral regurgitation.
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Diagnostic approaches
Echocardiography
Transthoracic echocardiography and transesophageal echocardiography can guide decisions 
on preemptive MV repair or watchful waiting. Transthoracic echocardiography imaging mainly 
focuses on the determination of MR severity and etiology, including assessment of LV function. 
Transesophageal echocardiography is essential in the perioperative evaluation of MV repair.
Guidelines recommend a standardized, integrative approach for echocardiographic grading 
of MR, including valve morphology, jet characteristics, vena contracta, regurgitant volume 
and fraction, effective regurgitant orifice area, MR inflow pattern, signs of pulmonary 
hypertension, and enlargement of cardiac chambers.3,4 Quantitative assessment of MR 
should be routinely performed, although these parameters are often difficult to measure. 
It is known that MR grading is mainly based on the relatively easy assessment of jet 
characteristics. The limitations of this qualitative measurement are evident in cases of 
nonholosystolic and/or eccentric jets. Challenges in MR grading and the possibility of 
either overestimating or underestimating are well recognized because the guidelines do 
not provide a clear solution on how to handle discordant results when performing the 
integrative approach. Currently, many experienced labs use 3D echo on a routine basis 
for MR assessment. New developments in 3D echo have allowed for real-time quantitative 
assessment of MR with volumetric flow data giving measurements that are similar in 
accuracy to those obtained by CMR imaging.25-27

Additional surgical triggers have been identified and partly added to current guideline 
recommendations.28-31 Recent data show that left atrial volume index of >40mL/m2 increases 
the risk of AF in severe MR. In addition, Le Tourneau et al28 have showed a decrease in 
5-year survival in patients with left atrial volume index of >60mL/m2. In the future, changes 
in functional capacity and/or global longitudinal strain might also be considered in 
determining the optimal timing of surgery.29-31

Stress testing
Echocardiography during physical exercise testing reveals the presence of LV dysfunction 
accompanied with a dynamic change in MR severity and allows assessment of the effect 
of exercise on pulmonary pressures.32 Physical stress echocardiography should be 
performed by experienced operators, according to a standardized protocol. Treadmill 
exercise is recommended (AHA/ACC guidelines)4, although it does not allow imaging during 
peak exercise. More accurate measurements are achieved during semisupine bicycle 
testing, as it permits image acquisition during all stages.3  Furthermore, stress testing can 
confirm asymptomatic status and identify high-risk features, including reduced exercise 
tolerance and exercise-induced symptoms.3,4 Alternatively, cardiopulmonary exercise 
testing may be used for this purpose: a peak VO2 of >20.0 mL O2/kg/min is related to no 
or mild deterioration of functional capacity.33,34 Assessment of the percent-predicted peak 
VO2 to determine functional capacity has been suggested, although the additional value 
of this measurement is still unknown [recommended normal values: ≥80% (ESC) and ≥85% 
(American Thoracic Society/American College of Chest Physicians) predicted peak VO2].35,36
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Cardiac magnetic resonance
CMR has proven to be a more accurate tool than echocardiography to measure ventricular 
volumes and systolic function.37 Furthermore, regurgitant volume obtained by CMR phase-
contrast velocity mapping and planimetry of the anatomic regurgitant orifice have been 
validated as noninvasive methods to evaluate MR severity, but underestimation due to 
technical issues is not uncommon.38-40 Currently, CMR is the method of choice in patients 
with inadequate echogenicity and/or in whom echocardiographic measures of severity are 
inconsistent.3,4 In addition, the presence of myocardial fibrosis as detected by late 
gadolinium enhancement contrast imaging is associated with a less favorable outcome in 
valvular and nonvalvular cardiomyopathies, although the presence and significance of late 
gadolinium enhancement in asymptomatic severe MR has not been widely studied.41,42 In 
practice, the routine use of CMR is limited because of its unavailability compared with 
echocardiography.3

Holter monitoring
Holter monitoring (24 or 48 hours) to exclude paroxysmal AF is also recommended in the 
diagnostic workup for asymptomatic patients with severe MR.3,4 Paroxysmal AF is defined 
as AF that terminates spontaneously or with intervention within 7 days of onset. Holter 
monitoring may also reveal ventricular ectopy.
Severe MR requires an integrative approach including several diagnostic investigations 
(figure 1). It allows the heart team to confirm the diagnosis and to determine the ideal timing 
of intervention. All patients need to be assessed on an individual basis.

Treatment strategies
Patients are allocated to one treatment strategy depending on the preference of their 
treating physician, which is often watchful waiting on the basis of the primum non nocere 
principle. Symptomatic patients should be referred to surgical centers, but it is known that 
guidelines are not universally adhered to; in fact, some patients are referred too late in the 
course of their disease to gain the full benefit of surgery.43 There is a clear gap between 
research results and daily clinical practice. Previous retrospective studies have only 
analyzed data from patients referred to specialist centers. It is important that all patients 
with asymptomatic severe MR are evaluated by a team experienced in the assessment of 
valve disease.

Early mitral valve repair 
MV repair represents the gold standard for surgical intervention of organic MR.(3,4) 
Unfortunately, even in developed countries, MV replacement is frequently performed in 
place of repair. Gammie et al44 reported an increase in repair rate for isolated MR in the 
Society of Thoracic Surgeons Adult Cardiac Surgery Database from 42% to 61% between 
2000 and 2007. Similar repair rates were documented in the Euro Heart Survey by Iung et 
al45 (46.5%) and in the studies of Bolling et al46 and LaPar et al47 (41% and 60%, 
respectively). The study of LaPar et al47 also demonstrated important variations across 
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hospitals (ranging from 38% to 70%) and among surgeons. At present, successful repair 
rates come close to 95% in highly experienced centers.12,21,22,48,49

It is known that the repair rate depends on MV pathology and the experience of the surgical 
center. Surgical outcome after MV repair is unlikely to be as good for a more complex 
pathology when performed outside of an experienced center (e.g., for anterior leaflet, 
bileaflet prolapse, or Barlow’s valve disease). Unplanned MV replacement in asymptomatic 
and relatively young patients with severe MR and no surgical triggers must be avoided. 
The relationship between specific surgical experience and successful MV repair is the 
rationale behind recent proposals to limit MV repair to accredited surgeons with specialist 
training in MV repair and those who meet predefined surgical criteria on repair volume, 
reparability, and mortality rates (table 2).17,46,48,50,51

Recent studies have documented that operative mortality rates and perioperative morbidity 
are lower in high volume mitral surgical centers. Therefore, specialists in the field support 
patient referral to specialized surgical centers.52-54 The universal implementation of guideline 
criteria for MV repair, combined with recommendations regarding reference centers, will 
result in improved patient outcomes. The UK experience, providing referring cardiologists 
insight into numbers and success rates for MV surgery per center, and surgeons, should 
be considered internationally to assure optimal patient care.55

In addition to traditional sternotomy, less invasive ways to approach surgical MV repair 
have become available. Key motives driving these developments target reducing surgical 
trauma, accelerating postoperative recovery, and improving the cosmetic effect. Such 
procedures may offer attractive alternatives as younger and healthier patients are referred 

Table 2. Standards for early valve repair and watchful waiting in expertise heart valve clinics.

Early mitral valve repair criteriaa Description

Volume thresholds - surgeons should be doing >25 repairs/year; 
- hospitals should be doing >50 repairs/year. 

Surgical training - specific training in MV repair;
- surgical skills laboratories.

Surgical results - mortality should be <1% and 5-year reoperation rate <5%

Interdisciplinary needs  
and imaging issues

- local guidelines for referral of patients;
-  at least one designated cardiology consultant with a subspecialist  

interest in MV disease and one dedicated surgeon;
- validated quantitative echocardiography;
- additional diagnostics (holter, stress-testing, CMR);
- multidisciplinary meetings should be held focusing on mitral repair.

Watchful waiting criteriab Description

Follow-up - regular clinical follow-up (including electrocardiogram) at least  
  every 6 months

Echocardiography - at least one transthoracic echocardiogram/year

Patient awareness - instruction of the patient to promptly report the onset of symptoms

Short-term surgery - referral to surgery without delay once criteria for surgery are reached
a Data from Bridgewater et al.50

b Data from Rosenhek et al.17
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for early intervention. Particularly, right lateral minithoracotomy, partial sternotomy, and 
robotically assisted right thoracic approaches seem to be as safe and effective as traditional 
sternotomy.56-58 However, a randomized, prospective trial comparing less invasive and 
conventional surgery has never been performed. Depending on the experience of the 
surgeon, less invasive MV repair rates for patients have been reported to be as high as 
97%.59 Right lateral minithoracotomy approaches are typically video-assisted and require 
specific training to overcome inherent technical difficulties. Over the last decade, robotically 
assisted MV surgery evolved from these minithoracotomy approaches.60 The enhanced 
intracardiac telemanipulation capabilities, enabled by the da Vinci master slave robots 
(Intuitive Surgical, Sunnyvale, CA), are now applied in limited centers to repair valvular 
lesions. Despite a technically complex setup, morbidity and mortality rates have been 
shown to be similar to those of traditional sternotomy and less invasive approaches for all 
types of organic MV pathology.61 Nevertheless, learning curves may influence outcomes 
and may offset the advantages. Therefore, asymptomatic patients should be referred to 
high-volume, experienced centers to guarantee a high rate of successful minimal invasive 
MV repair, including low-mortality and reoperation rates.
Currently, edge-to-edge percutaneous mitral repair using the Mitraclip technology is available 
and Food and Drug Administration approved only for commercial use in symptomatic organic 
MR in the United States.62 Experts in the field agree that at present there is no room for this 
procedure in asymptomatic patients, as long-term follow-up data are lacking.

Watchful waiting
Watchful waiting (table 2) is an established treatment strategy for asymptomatic patients 
with severe organic MR. Patients are regularly followed (including echocardiography) and 
referred for MV repair as soon as they reach an indication for surgery. Six-month follow-up 
intervals are recommended.3,4,17 This time frame can be further shortened if deemed 
necessary. Rosenhek et al17 showed excellent outcomes in patients who were periodically 
followed at regular intervals in a dedicated valve clinic. They formulated four basic principles 
of a watchful waiting approach: (1) regular clinical follow-up (including electrocardiogram), 
(2) regular echocardiographic follow-up, (3) instruction for the patient to promptly report 
the onset of symptoms, and (4) referral to surgery without delay once criteria for surgery 
are reached. Hence, close monitoring of the patients should preferably be performed in 
dedicated valve clinics.

Heart team
Asymptomatic severe MR is a challenging entity requiring a multidisciplinary approach from 
an expert team treating valvular heart disease. The ESC Working Group in Valvular Heart 
Disease and AHA/ACC guidelines also stress the importance of this collaboration in the 
evaluation of patients with complex disease and/or high perioperative risk.4,54 The heart team 
should consist of at least an imaging cardiologist, interventional cardiologist, cardiovascular 
radiologist, and cardiac surgeon. Results from a standardized diagnostic flowchart (figure 
1) need to be reevaluated and integrated with other patient-specific information.
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Heart team evaluation requires consistent patient referral criteria and persistent dissemination 
of updated knowledge in the field. It creates awareness among specialists, and will prevent 
primary referral bias (defined as delayed or failed referral to a specialized center or referral 
of an asymptomatic patient for early surgery before discussion in the heart team). Besides 
improvement of patient care by consistent expert-based decision-making, the heart team 
may also reaffirm the current treatment, provide reassurance that intervention can be safely 
delayed in patients who do not prefer surgery, and support correct timing of the intervention.

Randomized  t r ia ls

The results of nonrandomized trials carry the inherent risk of selection bias because of the 
earlier mentioned primary referral bias and the selection of low-risk patients to achieve 
good long-term results of MV repair. Most studies do not reveal the reason for the proposed 
treatment strategy. Apart from the selection bias, trials aimed at assessing the effects of 
one treatment arm may not guarantee an optimal strategy for the other patient group (e.g., 
early surgery vs watchful waiting).
Although randomized trials of valve surgery are relatively scarce, they have had major 
impacts on daily practice. The prospective Dutch Asymptomatic Mitral Regurgitation (Dutch 
AMR) trial, started in 2013, is a direct randomized comparison between watchful waiting 
and early surgery.63 A similar initiative has been launched in the United Kingdom. These 
AMR studies are multicenter trials in more than 250 asymptomatic patients with severe, 
organic MR, a preserved LV function, and a high likelihood of MV repair at a low expected 
mortality rate. Patients (18-75 years of age) who provide informed consent are randomly 
(1:1) assigned to either watchful waiting or early MV repair. Follow-up will be at least 5 
years per patient (figure 2 and table 3). Patients with a class I or IIa indication for surgery 
(ESC guidelines) will be referred for intervention. MV repair is performed in centers meeting 
the standards for best practice in MV repair as described in table 2. Primary outcome is 
time to first event of the composite endpoint of cardiovascular mortality, congestive heart 
failure, and nonfatal cardiovascular events requiring hospitalization. Patients who do not 
want to be involved in the Dutch AMR study will be asked to participate in the registry.
The Dutch AMR trial has been designed to incorporate best common practice as is 
standard in most parts of the Netherlands. To ensure reliable results, standardized protocols 
are used. On the basis of our experience, the most difficult part is identifying the 
asymptomatic patient. There is a slow-but-steady increase in patient referrals to expert 
centers, although more awareness is required. After our screening data, one third of the 
patients are not suitable for study participation (e.g., symptomatic or no severe MR). Of 
the suitable patients, one third are included in the randomized trial and two third in the 
Dutch AMR registry. These results are promising because they indicate that our standardized 
screening procedure is precise and all suitable patients are willing to participate. It is 
anticipated that the Dutch AMR trial will generate awareness and will serve as an 
international landmark study, underpinning new recommendations for clinical practice in 
all asymptomatic patients with severe, organic MR and preserved LV function.
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Figure 2. Dutch AMR study flowchart. AMR indicates asymptomatic mitral regurgitation. Adapted with permission 
from Tietge et al.63
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CONCLUSIONS

The current guidelines on the management of asymptomatic patients with severe organic 
MR and preserved LV function are conflicting. Most recommendations are undergirded by 
studies with low evidence levels of the unidentified asymptomatic patient. A randomized 
trial is necessary to determine the best treatment strategy in the total patient cohort, 
including patients who are not yet referred to an expert heart valve center.
Screening and diagnostics need to be performed according to standardized protocols and 
strict criteria. To optimize clinical decision-making, all patients should be referred to a 
specialized heart team for evaluation on the basis of (1) guideline recommendations, (2) 
experience of the surgical center, and (3) patient characteristics and preferences. The 
referral of patients to more specialized valve centers is of utmost importance to guarantee 
heart team evaluation and high reparability rates in asymptomatic patients.
Awareness among cardiologists and cardiothoracic surgeons, improved guidelines 
adherence, and a systematic approach, including strict criteria in the management of MR, 
will ensure reliable and applicable results in research and clinical practice.

Table 3. Inclusion and exclusion criteria Dutch AMR study

Inclusion criteria Definition

18-75 years -

Asymptomatic state -  absence of subjective limitations of exercise capacity or 
complaints expressed by the patient and confirmed by the 
treating cardiologist

Severe organic MR -  nonischemic MR with organic cause (intrinsic valve lesion) 
as determined by echo core-lab reading based on the ESC 
guideline criteria3 for severe organic MR 

Preserved LV function -  LVEF >60% and LVESD ≤45 mm 

High likelihood of MV repair at a low expected 
mortality rate

- determined by the local Heart Team

Exclusion criteria Definition

Class IIa recommendation for surgery
(according to the ESC guidelines3

recommendation)

- PHT >50 mmHg at rest;
-  AF, observed either on a 12-lead electrocardiogram or 

Holter-monitoring;
- flail leaflet and LVESD >40 mm.

Physical inability to undergo surgery - determined by the local Heart Team

Other life-threatening morbidity - determined by the local Heart Team

Moderate-to-severe kidney disease - eGFR <30 mL/min

eGFR indicates estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; PHT, pulmonary 
hypertension. Adapted with permission from Tietge et al.63
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LETTER

Determining the best treatment strategy in asymptomatic patients with severe, organic 
mitral regurgitation (MR) and preserved left ventricular (LV) function is nowadays still 
challenging. With great interest we read the work by Kang et al.1 on this topic. Clinical 
outcomes in patients with asymptomatic MR and preserved LV function undergoing early 
mitral valve surgery were compared with those in a group that underwent a conventional 
watchful-waiting strategy. Their results show significant long-term reductions in cardiac 
mortality and cardiac events after early surgery, especially in asymptomatic patients age 
≥50 years, suggesting that early surgery is generally the preferred strategy.1

The authors are to be commended for this interesting and important registry. In the absence 
of a randomized trial, retrospective and observational studies often have influence on the 
currently used guidelines. For usual care, both the early surgery and watchful-waiting 
strategies are still considered effective and are recommended in the international 
guidelines.2,3 The data of Kang et al. are consistent with the current growing, but still 
unproved, consensus that early surgery is better for asymptomatic patients with severe 
organic MR than is watchful waiting. Kang et al. analyzed data from two highly specialized 
valve clinics. However, in clinical practice, patients are allocated to one treatment strategy 
solely depending on the experience of the treating physician, which in European clinics is 
often watchful waiting on the basis of the primum non nocere principle. These “invisible 
patients” undergo a watchful-waiting strategy for many years, without developing triggers 
for facilitated surgery (e.g., symptoms, atrial fibrillation, or elevated pulmonary pressure). 
Therefore, these patients will not (probably ever) be presented in expertise centers for 
surgical evaluation by a heart team. It is anticipated that, due to this “primary referral bias”, 
most patients in a successful watchful-waiting strategy are treated by their own physician 
in a nonacademic center and will therefore not be included or evaluated in prospective or 
retrospective trials on asymptomatic mitral valve disease. This clearly reflects the gap 
between current study results and daily, clinical practice.
Comparing both strategies in asymptomatic patients with severe MR is of the utmost 
importance in solving the challenging entity and in implementing the best treatment strategy 
in daily clinical practice because it addresses two important issues: 1) performing a 
randomized trial; and 2) recruiting the earlier-mentioned “invisible patients”. In fact, in 
February 2013, the University Medical Center Utrecht (Utrecht, the Netherlands) and Leiden 
University Medical Center (Leiden, the Netherlands) started the prospective Dutch AMR 
(Dutch Asymptomatic Mitral Regurgitation) study to perform, for the first time, a direct 
randomized comparison between watchful-waiting and early surgery.4 To prevent the earlier-
mentioned primary referral bias, cardiologists from academic and nonacademic centers 
are informed and involved in our trial. The Dutch AMR study follows clinical practice and, 
more important, generates awareness among all cardiologists. Therefore, it is anticipated 
that this multicenter, randomized trial will serve as an international landmark study, thereby 
underpinning new recommendations for daily, clinical practice and improving life expectancy 
in asymptomatic patients with severe organic MR and preserved LV function.
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ABSTR ACT 

Background 
Asymptomatic severe mitral valve (MV) regurgitation with preserved left ventricular function 
is a challenging clinical entity as data on the recommended treatment strategy for these 
patients are scarce and conflicting. For asymptomatic patients, no randomized trial has 
been performed for objectivising the best treatment strategy.

Methods
The Dutch AMR (Asymptomatic Mitral Regurgitation) trial is a multicenter, prospective, 
randomized trial comparing early MV repair versus watchful waiting in asymptomatic 
patients with severe organic MV regurgitation. A total of 250 asymptomatic patients (18–70 
years) with preserved left ventricular function will be included. Intervention will be either 
watchful waiting or MV surgery. Follow-up will be 5 years. Primary outcome measures are 
all-cause mortality and a composite endpoint of cardiovascular mortality, congestive heart 
failure, and hospitalization for non-fatal cardiovascular and cerebrovascular events. 
Secondary outcome measures are total costs, cost-effectiveness, quality of life, 
echocardiographic and cardiac magnetic resonance parameters, exercise tests, 
asymptomatic atrial fibrillation and brain natriuretic peptide levels. Additionally, the 
complication rate in the surgery group and rate of surgery in the watchful waiting group 
will be determined.

Implications 
The Dutch AMR trial will be the first multicenter randomized trial on this topic. We anticipate 
that the results of this study are highly needed to elucidate the best treatment strategy 
and that this may prove to be an international landmark study.
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INTRODUCTION

Mitral valve (MV) regurgitation is the second most frequent valvular disease after aortic 
valve stenosis. It is divided into organic, ischaemic and functional disease.1 Ischaemic and 
functional MV regurgitation are due to left ventricular dysfunction. In the present trial we 
focus on organic MV regurgitation which is caused by leaflet abnormalities.
MV surgery has changed significantly over the last years. If patients undergo MV replacement 
their life expectancy is lower than that of the normal population.2 Fortunately, MV repair 
provides patients with a similar prognosis to their overall expected prognosis.3 Asymptomatic 
severe MV regurgitation with preserved left ventricular function is a challenging clinical entity 
as data on the recommended treatment strategy for these patients are scarce and 
conflicting.4,5 Early surgical intervention could circumvent future left ventricular dysfunction. 
On the other hand, a conservative strategy (watchful waiting) is based on close monitoring 
of the patient for clear signs of deterioration, which triggers facilitated surgery before left 
ventricular dysfunction develops. More than 50% of the patients in a study performed by 
Rosenhek et al.6 were free of triggers for surgery after 8 years, in contrast to Enriquez-Sarano 
et al.7 where >90% of patients needed surgery within 10 years. At present, no randomized 
clinical trials have been performed. This is reflected in current clinical guidelines: significant 
differences exist between European and American guidelines. According to the American 
(ACC/AHA) guidelines the weight of evidence is in favour of surgery in asymptomatic patients 
with preserved ejection fraction without atrial fibrillation or pulmonary hypertension.5 However, 
based on the same evidence, the European (ESC) guidelines are in favour of a conservative 
approach.4 The Dutch AMR trial will be the first multicenter randomized trial on this topic 
worldwide. Two treatment strategies are compared: early surgery versus watchful waiting. 
In general, randomized trials on valve surgery are relatively scarce but have had a major 
impact on practice and guidelines. We anticipate that the results of this study are highly 
needed to elucidate the best strategy and that this trial may serve as an international 
landmark study, thereby underpinning new recommendations for clinical guidelines. In 
addition to identification of the best treatment, it is of utmost importance to have knowledge 
on the cost-effectiveness of treatment. Obviously, surgery requires a once-only high use of 
health care resources. On the other hand, a lifelong intensive strategy of watchful waiting is 
associated with lifetime recurrent use of health care, including expensive diagnostics. If MV 
regurgitation is repaired successfully, patients will be followed up with low intensity and 
low health care costs (unless cardiovascular event occurs). Both the reassurance of 
successful repair of the MV and decreased incidence of cardiovascular events after surgery 
contribute to the expectation that quality of life and patient outcomes are improved after 
surgery. We therefore expect the surgical strategy to be cost-effective in comparison with 
the strategy of watchful waiting. 
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Asymptomatic severe mitral regurgitation, current status
A computerised literature search was done in PubMed, the Cochrane library and 
Clinical trials.gov for “mitral valve regurgitation”. Studies were included that met the 
following criteria: randomized or non-randomized trials comparing different outcomes 
in asymptomatic with severe MV regurgitation. A total number of 529 entries were 
screened of which 522 could be excluded because they were case reports, not trials, 
reviews, or off-topic. In 7 trials the effect of surgery versus staying conservative was 
monitored (table 1).6-12 In one of the trials there was no control group mentioned for 
survival.10 The studies have different endpoints such as survival, cardiovascular survival, 
event-free survival and congestive heart failure, which hampers adequate comparison. 
Survival ranges from 50±7% at 8.5 years to 91±3% at 8 years, for which there are 
various reasons. An important limitation of all these trials is, however, that they are not 
randomized.

Table 1. Overview of trials monitoring the effect of early surgery in severe mitral regurgitation

Study Study type Center Analysis N Age Outcomes Outcomes with 
surgery

Ling 
19972

Retrospective 
flail leaflets

Single Direct 
comparison

221 65 Survival/ 
congestive 
heart failure

79 vs 65% at 10 
y, RR=0.31/27 
vs 59% at 10 y, 
RR=0.38

Rosenhek 
20066

Prospective 
flail leaflet or 
prolapse

Single Time dependent 132 55 Survival/
free of surgery

91±3% ns vs 
expected/
55±6% at 8 y

Enriquez-
Sarano 
20057

Prospective
quantified MR

Single Time 
dependent

456 63 Survival/
congestive 
heart failure

RR=0.28 
(0.14–0.55)/
RR=0.37 
(0.17–0.79) at 5 y

Kang 
20098

Prospective
quantified MR 

Single Direct 
comparison

447 50 Event-free 
survival

99 vs 85% at 7 y

Grigioni 
20089

Retrospective 
flail leaflets

Multi-
center

Time 
dependent

394 64 Survival CVD/
congestive 
heart failure 

RR=0.42 
(0.21–0.84)/
RR=0.26 
(0.08–0.89) at 8 y

Chenot 
200810

Prospective
severe 
degenerative 
MR

Single Time 
dependent

143 63 Overall/
cardiovascular 
survival

82±4%/ 90±3% 
at 10 y

Montant 
200912

Prospective
severe 
degenerative 
MR

Single Direct 
comparison

192 64±15 
conservative 
62±12 
early 
surgery

Survival 50±7% vs 86±4%, 
at 8.5 y

Adapted from: Enriquez-Sarano et al. Circulation 201015
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METHODS

We propose a pragmatic multicenter randomized trial in 250 adult asymptomatic patients 
with severe organic MV regurgitation and preserved left ventricular function. Patients who 
provide informed consent will be randomly assigned to either 1) watchful waiting; or 2) 
early MV repair. The follow-up will be 5 years. All procedures and definitions are in line with 
the current European Society of  Cardiology (ESC) Guidelines.4 All asymptomatic patients 
(18–70 years) with severe organic MV regurgitation and preserved left ventricular function 
are eligible for the trial (table 2). The exclusion criteria are: class I or IIa indications for 
surgery (including atrial fibrillation and pulmonary hypertension) according to the ESC 
guidelines. Patients should be fit to undergo surgery and the likelihood of MV repair  
(in contrast to replacement) should be >90%. ‘Asymptomatic’ is defined as absence of 
subjective limitations of exercise capacity or complaints expressed by the patient and 
confirmed by the cardiologist. 

‘Severe organic MV regurgitation’ is defined as non-ischaemic MV regurgitation with an 
organic cause (intrinsic valve lesion) as determined by consensus in reading 
echocardiography based on the criteria for definition of severe MR as issued by the ESC 
guidelines.4 In practice, at least 2 of the following items should be present on 
echocardiography: 1) jet characteristics (>40% of left atrial surface and/ or reaching 
pulmonary veins); 2) vena contracta width ≥0.7 cm; 3) systolic reversal of the regurgitation 

Table 2. Inclusion and exclusion criteria

Inclusion criteria
Age 18-70 years
Severe organic mitral regurgitation 
Absence of symptoms defined as absence of subjective limitations of exercise capacity or complaints 
expressed by the patient and confirmed by the cardiologist 
Likelihood of mitral valve repair (in contrast to replacement) should be >90%
Patients should be fit for surgery
Ejection fraction >60% and left ventricular end-systolic dimension <45 mm
Exclusion criteria
Class I or IIa indication for surgery (including atrial fibrillation and pulmonary hypertension) according to the 
ESC guidelines4 
Symptoms
Ejection fraction <60% and left ventricular end-systolic dimension >45 mm
Atrial fibrillation, either on 12-lead ECG or 48h ECG monitoring
Pulmonary hypertension (RVSP >50 mmHg on echocardiography)
Likelihood of repair <90%
Physical inability to undergo surgery
Signs of heart failure
Other life-threatening morbidity
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jet in the pulmonary veins; 4) regurgitant volume ≥60 ml/beat; 5) effective regurgitant orifice 
area ≥0.40 cm2; 6) E-wave dominant mitral inflow (E >1.2 m/s) in the absence of MV 
stenosis or other causes of an elevated left atrial  pressure. We recently conducted a 
retrospective study in the UMC Utrecht, and found that in 138 patients with moderate or 
severe MV regurgitation this simple index is useful with clinically acceptable positive and 
negative predictive values.16 ‘Preserved left ventricular function’ is defined as left ventricular 
ejection fraction >60% and left ventricular end-systolic dimension <45 mm.

Patient selection
All cardiologists in the Netherlands will be asked to recruit patients for the trial (via www.
dutchamr.nl and the Netherlands Society of Cardiology). They will provide written 
information about the trial to potential participants. They will ask patients whether they are 
interested in participation, and if so the referring cardiologist can contact the study center 
or send the patient for a trial visit to the study center (UMC Utrecht) to evaluate inclusion 
and exclusion criteria. Before inclusion, the echocardiography needs to be evaluated by 
the core lab and the dedicated heart team (composed if dedicated cardiologists and 
cardiothoracic surgeons) verifying the severity of the MV regurgitation, preserved left 
ventricular function, the likelihood of repair and patient operability. Furthermore, 48-h ECG 
monitoring must be performed and exclude paroxysmal atrial fibrillation. If no consent is 
given, patients will be asked if their data can be collected in a registry. At inclusion baseline 
measurements will be performed: health-related quality of life questionnaires, blood 
sampling (brain natriuretic peptide (BNP), renal function etc.), cardiopulmonary exercise 
testing (including peak VO2 consumption), cardiac MR (delayed enhancement, regurgitation 
quantification, function and dimensions). All measurements can be performed in the 
referring center or in one of the study centers (on a one-stop base).

Randomization
After both the patient and the physician have signed for informed consent, patients will 
be randomized stratified per hospital in a 1:1 ratio to 1) watchful waiting or 2) early MV 
repair surgery using a web-based computerised approach. 

Intervention
figure 1

Watchful waiting 
Patients will be seen by their own cardiologist in the outpatient clinic every 6 months in 
concordance with the ESC guidelines. Patients who reach a class I indication for surgery 
according to the current ESC guidelines will be referred for surgery. For patients who reach 
a IIa indication for surgery it is at the treating clinicians’ discretion to refer the patient for 
surgery. 
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Figure 1. Study design
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Surgery 
MV repair will be performed in centers meeting the standards for best practice regarding 
MV surgery: low perioperative mortality (<1%), repair rate of >95% in these patients, low 
reoperation rate after 5 years (<5%), >25 MV repair procedures/year/surgeon and >50/
center.13 In principle, common daily practice and referring patterns can be followed, if they 
meet the aforementioned criteria and pending METC approval. Although new techniques 
such as the Mitraclip are very interesting, they will not be performed in this study since 
these techniques do not have an indication in asymptomatic patients.14

Follow-up by the referring cardiologist 
Follow-up protocol 
Follow-up visits are preferred at 3, 6, 9, 12, 18, 24, 36, 48 and 60 months. Typically, the 
duration of follow-up in the non-randomized trials performed so far (table 1) is 5–10 years. 
Therefore, we have chosen a follow-up duration of 5 years, and sample size calculation 
was determined accordingly. At study entry and at the follow-up visits health-related quality 
of life questionnaires are completed. Hospitalizations and cardiovascular and  
cerebrovascular events are documented. Yearly standardized transthoracic 
echocardiography, exercise testing, 24-h ECG monitoring, and blood samples will be 
assessed. After 5 years cardiac MR and peak VO2 consumption are repeated. 

Outcome measures
The primary outcome measures all-cause mortality and a composite endpoint of 
cardiovascular mortality, congestive heart failure, and hospitalization for nonfatal 
cardiovascular (acute coronary syndrome, atrial fibrillation) and cerebrovascular events 
(CVA/TIA) at 5-year follow-up. Secondary outcome measures are total direct and indirect 
costs, cost-effectiveness, health-related quality of life, echocardiographic and cardiac 
magnetic resonance (CMR) parameters (left ventricular function, left atrial dimensions, 
pulmonary hypertension), exercise test, asymptomatic atrial fibrillation, and BNP levels. 
Additionally, the complication rate in the surgery group (e.g. reoperation for bleeding, 
pneumonia, residual or recurrent mitral valve regurgitation) and rate of surgery in the 
watchful waiting group will be determined. 

Sample size calculation
The expected 5-year event rate is 38%, which is the median of the published literature, 
and involves the composite of cardiac death, heart failure and hospitalization for atrial 
fibrillation.7-9 From results of non-randomized studies, we make a conservative estimate 
for the relative reduction in risk due to surgical repair as being 45%, thus reducing the 
absolute risk of events down to 21%. With a two-sided alpha, and 80% power, we need 
to randomise 123 patients in each treatment arm. Given the uncertainty around the reported 
event rates in the literature, the sample size assumptions will be monitored by the Data 
Safety and Monitoring Board at regular intervals. The sample size may be adjusted when 
deemed appropriate. 
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Feasibility of recruitment 
Based on the UMC Utrecht and Leiden UMC surgical database, we think that 15–20 
patients per year will meet the inclusion criteria per surgical center (of which there are 16 
in the Netherlands). Participation of the Interuniversity Cardiology Institute of the 
Netherlands (ICIN) will hopefully ensure participation of the majority of academic 
cardiologists. Furthermore, we performed a survey among cardiologists at non-academic 
centers, showing that every single cardiologist has at least a few patients in their practice 
who will meet the Dutch AMR trial inclusion criteria but who have not yet been referred to 
a surgical center. Participation of the WCN (Dutch Network for Cardiovascular Research) 
and its extensive network of non-academic cardiology centers ensures the mobilization 
of suitable candidate patients. Therefore, we anticipate that at least 200 patients per year 
can be screened for inclusion. If 50% enter the study, we will need 2–3 years to include 
patients in the Dutch AMR trial. It is important to reach all cardiologists in the Netherlands 
via the Dutch AMR website and the Netherlands Society of Cardiology. To ensure 
participation the referring cardiologist can choose to refer the patient to the cardiologist 
at the research center or to just get assistance by telephone or email contact. 

Data analysis 
The effects of watchful waiting and early MV (repair) surgery will be calculated as risk 
differences and rate ratios with 95% confidence intervals. Kaplan-Meier curves for survival, 
congestive heart failure and hospitalization for non-fatal cardiovascular and cerebrovascular 
events in both groups will be plotted, and differences tested with a log-rank test. The 
EuroQol-5D and ShortForm-36 will be used to assess quality of life. All patients will be 
asked to fill out these questionnaires, at baseline and during all scheduled follow-up 
moments, to assess possible differences in quality of life and quality adjusted life year 
(QALYs) between groups. Health-related quality of life instrument scores will be transformed 
linearly onto scales of 0 to 100, and analysed with analysis of the variance (ANOVA). 
Percentage differences with 95% confidence intervals will be calculated for 
echocardiographic and CMR parameters, blood sampling findings and exercise testing 
data. The complication rate in the surgery group and rate of surgery in the watchful waiting 
group will be determined. All analyses will be performed on an intention-to-treat basis. As 
a result of the randomization procedure no baseline differences between the two groups 
are expected. 

Economic evaluation
As this is the first clinical trial to study outcomes of surgery versus watchful waiting for 
asymptomatic patients with MV regurgitation, there will be an emphasis on economic 
aspects. The clinical study  focuses on the effectiveness of the intervention on primary 
outcome measures (cardiovascular mortality, congestive heart failure, non-fatal 
cardiovascular and cerebrovascular events). Also the associated impact in terms of costs 
and quality of life will be estimated. The balance between costs and effects of the surgical 
approach will be compared with that of the conventional care approach. The incremental 
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cost-effectiveness ratio will be calculated in terms of costs per event avoided, costs per 
life year gained and costs per QALY gained. The cost-effectiveness and cost-utility analysis 
will be based on data collected alongside the clinical trial. Economic evaluation will be 
performed from a societal perspective including total direct health care costs and indirect 
non-health care costs (productivity losses). Overall costs will be compared across the 
randomization groups, and where relevant, differences will be calculated, inclusive of 95% 
confidence intervals. 

Time schedule
April 2012-April 2020
Study organization 
The ICIN will take care of all financial and logistic manners. The practical and scientific 
execution of the study is under the responsibility of the coordinating center (UMC Utrecht) 
and the steering committee. A Data Safety and Monitoring Board (DSMB) (four members, 
including a statistician) will be installed to evaluate the safety of the interventions. The 
precise stopping rules (early efficacy and harm) will be developed by the DSMB. A DSMB 
charter is currently being prepared by Prof. Dr. J.G.P. Tijssen. 

Event committee 
Follow-up of patients will be up to 5 years after randomization. During trial visits, the 
research nurse/ investigator evaluates drug use, quality of life, cardiovascular and other 
serious adverse events. The serious adverse events, cardiovascular events and mortality 
will be evaluated in detail (clinical documentation) by the Event Adjudication Committee. 
As monitoring of the data is mandatory by Dutch law in a trial like this, an established 
independent Clinical Research Office (CRO) will be responsible for that aspect. The level 
of monitoring will be established by the investigators in collaboration with the Ethics Review 
Committee. 

Steering committee 
Dr. J. Kluin (principle investigator, cardiothoracic surgeon), Dr. S.A.J. Chamuleau (principle 
investigator, cardiologist), Prof. Dr. R.J.M. Klautz (cardiothoracic surgeon), Dr. R.B.A. van 
den Brink (cardiologist), Prof. Dr. L.A. van Herwerden (cardiothoracic surgeon), Prof. Dr. 
W. van Gilst (cardiologist), Prof. Dr. P.A. Doevendans (cardiologist), Prof. Dr. M.J. Schalij 
(cardiologist), Prof. Dr. M.L. Bots (epidemiologist), Dr. M.J.W. van Hessen (cardiologist). 
Data Safety and Monitoring Board: Prof. Dr. J.G.P. Tijssen (statistician), Dr. A.P. Kappetein 
(cardiothoracic surgeon), Prof. Dr. E.E. van der Wall (cardiologist, director ICIN), and Dr. 
A.M.W. Alings (cardiologist) (table 3). A Clinicaltrials.gov identifier will be applied for. 
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DISCUSSION

The current study design was drafted to investigate the best treatment option for 
asymptomatic patients with severe MV regurgitation. Although at present the general 
consensus is increasingly favouring early MV repair, selection bias is a big problematic 
confounder in the non-randomized trials that have been performed. MV repair has proven 
to have excellent results. There is, however, a large debate about success rate. It is not 
clear if every thoracic surgery department can prove that they meet the standard for MV 
repair.13 If a MV repair fails, and a MV prosthesis is implanted, the overall outcome of 
this patient group has proven to be associated with worse outcome.2 It will be very 
interesting to carefully examine the new percutaneous treatment options for MV 
regurgitation. However, at present there is no indication for percutaneous repair in 
asymptomatic patients.14 We  anticipate that the various medical ethics committees will 
not allow the off-label use of percutaneous repair. Maybe in the near-future this treatment 
option could also be examined. Our proposed trial has been designed to incorporate 
best common practice as is standard in most parts of the Netherlands. This will ensure 
the enrolment of a relatively high number of  patients. An important ‘side effect’ of this 
Dutch AMR trial is the close collaboration of the Dutch network of cardiologists and 
cardiothoracic surgeons, which will facilitate the conduct of nationwide intervention 
studies into area  of clinical practice where unknowns in terms of efficacy, side effects, 
and the balance between costs and effects can be evaluated in the future. 

Table 3. Study organization

ICIN (Interuniversity Cardiology Institute of the 

Netherlands)

Logistic and financial manners

DSMB (Data Safety and Monitoring Board) Prof. Dr. J.G.P. Tijssen (statistician)

Dr. A.P. Kappetein (cardiothoracic surgeon)

Prof. Dr. E.E. van der Wall (cardiologist)

Dr. A.M.W. Alings, (cardiologist)

Steering committee Dr. J. Kluin, (principle investigator, cardiothoracic surgeon)

Dr. S.A.J. Chamuleau (principle investigator, cardiologist) 

Prof. Dr. R.J.M. Klautz (cardiothoracic surgeon) 

Dr. R.B.A. van den Brink (cardiologist) 

Prof. Dr. L.A. van Herwerden (cardiothoracic surgeon)

Prof. W. van Gilst (cardiologist)

Prof. Dr. P.A. Doevendans (cardiologist)

Prof. Dr. M. Schalij (cardiologist) 

Prof. Dr. M.L. Bots (epidemiologist) 

Dr. M.J.W. van Hessen (cardiologist)
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Implications
The Dutch AMR trial will be the first multicenter randomized trial on this topic. Two treatment 
strategies are to be compared: early surgery versus watchful waiting. In general, randomized 
trials of valve surgery are relatively scarce but have had a major impact on practice and 
guidelines. We anticipate that the results of this study are highly needed to elucidate the 
best strategy and that this trial will serve as an international landmark study, thereby 
underpinning new recommendations for clinical guidelines at Level B evidence. We 
encourage cardiologists in the Netherlands to include patients with asymptomatic severe 
mitral regurgitation (figure 2) in this study. On a website we will provide extra
information and backgrounds. 

AO: aorta, AR: aortic regurgitation, LA: left atrium, LV: left ventricle, MR: mitral regurgitation, RV: right ventricle 

Figure 2. Echocardiography of severe organic mitral regurgitation 
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LETTER 

One of the biggest controversies in valvular heart diseases is the best treatment strategy 
in asymptomatic patients with severe, organic mitral valve regurgitation (MR) and preserved 
left ventricular function. Current guidelines are conflicting and based solely on registries 
or non-randomized trials in expert heart valve clinics, resulting in a lack of evidence in the 
absence of triggers for pre-emptive surgery. Whereas the European guidelines1 recommend 
a conservative approach of regular follow-up until guideline-derived recommendations are 
reached2, the American guidelines3 apply a proactive attitude towards pre-emptive mitral 
valve (MV) repair.4-6 Subsequently, the consensus is that a prospective, randomized clinical 
trial is needed to ascertain which strategy is favorable. In general, randomized trials of 
valve surgery are relatively scarce but have had a major impact on practice and guidelines.7

The first randomized trial that compared both strategies was initiated in 2013: the Dutch 
Asymptomatic Mitral Regurgitation (Dutch AMR) trial.8-10 The aim was to include 250 
patients within 3 years based on a strict sample size calculation, complemented by a 
follow-up of 10 years to determine the primary endpoint (figure 1). Treating physicians were 
encouraged to refer suitable patients. Patients could also be included in a registry arm 
(figure 1). However, the recruitment rate was much slower than anticipated, and after 3 
years only 4% of the target had been enrolled (figure 2). 

*   including holter-registration, cardiopulmonary exercise testing, BNP, TTE, TEE, cardiac MRI, QOL questionnaires and final decision 
making in the expertise heart valve team.

** inculding hotler registration, exercise testing, BNP, TTE, QOL questionnaires (and cardiac MRI at 5 years)
BNP: brain natriuretic peptide, TTE: transthoracic echocardiography, TEE: transesophageal echocardiography, MRI: magnetic resonance 
imaging, QOL: quality of life

Figure 1. Flowchart Dutch AMR study design
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Consequently, the steering committee had to make a tough decision by abandoning the 
randomized trial and continuing only with the registry arm. Although the research team 
had put a lot of effort into the conduction of the Dutch AMR trial, the main reasons for 
failure were twofold: 1) limited referral of patients by cardiologists to expert centers, in 
particular when a watchful waiting policy was preferred, and 2) the asymptomatic patient’s 
preference not to participate in a randomized trial. 
Historically patient recruitment to cardiac surgery trials has been difficult and continues to 
be challenging despite the emergence of collaborative research networks.11 In the Dutch 
AMR trial the first and possibly most important step was to create awareness amongst 
referring cardiologists by visiting centers to publicize the trial. However, we found that treating 
cardiologists often prefer a watchful waiting strategy (primum non nocere), and contrary to 
our expectation, patients under follow-up are often not presented to a multidisciplinary heart 
team to identify the best treatment strategy. In our view the heart team should be more than 
just a pre-surgical rubber stamping exercise.9,10,12,13 Consequently, it was impossible to recruit 
these ‘invisible patients’ for study participation. On the other hand some asymptomatic 
patients were presented to the heart team having already been informed by their referring 
cardiologist that they should have surgery. In our view it is important that all asymptomatic 
patients with severe MR should be discussed in an independent and multidisciplinary heart 
team to determine the optimal treatment strategy. Data in figure 2 confirm that only 27% of 
suitable patients in the registry arm underwent early surgery.
Secondly, patient recruitment was difficult due to the asymptomatic state of this cohort. 
Many patients had only recently been diagnosed with severe MR and still had to get used 
to the ‘being a patient’ state. MV repair is associated with small but not negligible risks, 
such as cerebrovascular accident, the chance of prosthetic valve implantation, surgical 
complications (e.g. tamponade and/or arrhythmias) and death. This appeared to be the 
main reason for many patients not to participate in a randomized trial with a 50% chance 
of undergoing surgery. Moreover, the impact of a recovery period of 3-6 months on daily 
life, was regularly indicated as an argument to defer surgery. This explains the relative high 
number of subjects in the registry arm that preferred watchful waiting. Other subjects within 
this subgroup consisted of patients who were in a watchful waiting strategy for many years. 
Often they were convinced, either by their own experience or by the treating physician, to 
stay in the watchful waiting arm. A third group of patients was seen in the surgical registry 
arm; these patients were not able to live with the idea of a severely leaking valve, and the 
high likelihood of having to undergoing surgery at some future date. The remaining subjects 
were included in the randomized trial, mainly because the referring cardiologist discussed 
the options in a balanced way. In our experience, this group is characterized by the fact 
that they are comfortable with the ‘wait-and-see’ policy, but more important, not afraid to 
undergo surgery. 
Overall, we conclude that the lack of adequate patient information, together with personal 
patient preferences in terms of quality of life were the main factors in the failure of this 
randomized trial. Since there is now a trend towards an increase in less-invasive methods 
for MV intervention, it is possible that more asymptomatic patients in future will take ‘the 
risk’ of undergoing heart surgery. 
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TTE: transthoracic echocardiography, MR: mitral regurgitation, LVF: left ventricular function 

Figure 2. Dutch AMR study results
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10In conclusion, the randomized Dutch AMR trial failed because of a recruitment rate that 
was too low. This was mainly due to the fact that: 1) the patient and/or cardiologist preferred 
one of the two treatment strategies, but refrained from an independent heart team view, 
and 2) asymptomatic patients were reluctant to participate in a randomized trial. As a 
result, a similar trial (UKEMST) that was designed to run in parallel with the Dutch AMR 
trial and provisionally funded in the United Kingdom, is yet to commence largely due to 
continuing uncertainties about the ability to recruit sufficient numbers of patients. Hence, 
instead of waiting for trial results that may never occur, we should be assiduous in the 
evaluation of the patient’s symptoms and echocardiographic follow-up results, to ensure 
that early MV repair is performed when guideline recommendations for intervention are 
met. Further data short of a randomized trial may derive from larger prospective registries, 
including propensity matched populations or, in case of the Dutch AMR registry, strict 
inclusion criteria. Above all, intensifying research into the early detection of cardiac 
deterioration (stress echocardiography, biomarkers, cardiac MRI) may decrease 
uncertainties regarding the asymptomatic state or LV function, thereby limiting the number 
of patients in which the best treatment option remains unclear. 

MR: mitral regurgitation, MV: mitral valve 

Figure 3. Proposal for a standardized protocol in the management of severe mitral regurgitation 
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ABSTR ACT

Background
In patients with mild to moderate functional tricuspid regurgitation (TR) and absence of 
right ventricular dysfunction or tricuspid annulus (TA) dilatation, there is currently no 
indication for concomitant tricuspid valve (TV) repair during elective mitral valve (MV) 
surgery. However, long-term results are conflicting. Here, we sought to determine the rate 
of progression in TR after MV surgery and the role of MV etiology.

Methods
Patients for elective MV surgery without concomitant TV repair were retrospectively 
analyzed with longitudinal echocardiographic and clinical follow-up, focusing on TR 
progression and MV etiology. Linear regression analysis was performed for change in TR 
at follow-up, using pre-determined variables and confounders.

Results
In total 213 patients without TV repair were analyzed. Development of more than moderate 
TR after 3.9±2.5 years was rarely seen (2 patients, 0.9%). Overall, median TR grade pre- 
and late postoperative were equal (P=0.059). Subanalysis showed no significant difference 
in MV etiology subgroups. Preoperative TR grade and male gender were inversely 
correlated to change in TR. Mortality was not influenced by the TR severity at follow-up.

Conclusion 
Our data showed that in a study population of patients with mild to moderate TR undergoing 
MV surgery without concomitant TV repair, significant late TR was rarely seen. Based on 
our study, it is safe to waive concomitant TV repair in this specific patient cohort.
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INTRODUCTION

Mitral valve (MV) disease represents an increasing health burden, due to ageing and 
growing of the general population.1 With this increasing recognition, it is noteworthy that 
approximately 30-50% of patients with severe mitral regurgitation (MR) have significant 
tricuspid regurgitation (TR).2 Functional TR carries an adverse prognosis that is related to 
its severity.3

It was historically believed that TR may improve or resolve after correction of the MV 
pathology.4 However, recent data have shown an increase in TR in a still unclassified 
subgroup of patients, irrespective of residual or recurrence of MV disease or pre-operative 
TR.5-8 Reoperation in this setting may be associated with high early and late mortality.9 
Therefore, current guidelines recommend concomitant tricuspid valve (TV) repair in case 
of severe TR (class I), as it improves mortality and morbidity in these patients.10-12 However, 
less is known regarding the management of mild to moderate TR. Recent guidelines 
recommend concomitant tricuspid annuloplasty in case of a tricuspid annulus (TA) diameter 
of ≥40mm or >21mm/m2 (class IIa) regardless of the TR severity, solely based on expert 
opinion.10,11,13-15 While concomitant TV repair during MV surgery has proven to be a safe 
procedure, with no additional in-hospital mortality and morbidity compared to isolated MV 
surgery14,16-18, it seems severely underutilized in daily practice.12,18-20 Insight in the longitudinal 
echocardiographic and clinical follow-up of patients without concomitant TV repair, 
including identification of risk factors for TR progression, is therefore of importance to 
evaluate and complement current guidelines. 
The purpose of this study was to evaluate the echocardiographic and clinical results in 
patients with less than severe TR undergoing MV surgery without concomitant TV repair, 
in order to: 1) analyze postoperative TR progression and clinical outcome, and 2) evaluate 
the role of MV etiology as potential risk factor for postoperative TR progression.

METHODS

Study population
In figure 1 the study flowchart is depicted. Between 2006 and 2014 a total of 1226 patients 
underwent MV surgery in the University Medical Center Utrecht (UMCU), the Netherlands. 
We analyzed the two-dimensional (2D) transthoracic echocardiograms (TTE) and clinical 
data of 213 patients that met the following inclusion criteria: 1) age ≥18 years; 2) 
preoperative TR grade <3; 3) referred for elective MV surgery with or without coronary 
artery bypass grafting (CABG) and no concomitant TV repair or other concomitant 
procedures (e.g. MAZE or aortic valve surgery); and 4) follow-up in the UMCU or one of 
the participating centers. Our study was approved by the institutional review board of the 
UMCU. The authorization waived patient consent.
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Data collection
Pre- and perioperative information was retrieved from the surgical database of the 
UMCU. Postoperative follow-up data was obtained from the treating physician. We 
collected the echocardiographic data from the pre- and postoperative 2D TTE reports, 
and follow-up echo images and/or reports from the treating physician. If necessary, 
additional re-evaluation of the TTE images was performed off-line using Xcelera 
software. The routine evaluation of echocardiograms was performed by a member of 
an experienced team of sonographers, and supervised by one of the cardiologists with 
special interest for cardiac imaging. Echocardiographic measurements were obtained 
in accordance with the guidelines.21,22 Left ventricular (LV) and RV function, and atrial 
and ventricular dimensions were qualified and, if possible, quantified. The right 
ventricular systolic pressure (RVSP) was calculated using the modified Bernoulli equation 
on the transtricuspid continuous-wave Doppler signal, adding the estimated right atrial 
(RA) pressure. The severity of valvular disease was graded 0-4 according to current 
recommendations, including grade 0.5 for trace severity. For data analysis TR grade 

MV: mitral valve, UMC: University Medical Center, MV: mitral valve, CABG: coronary artery bypass grafting, TV: tricuspid valve, TR: 
tricuspid regurgitation, TTE: transthoracic echocardiography.

Figure 1.  Study flowchart
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was divided into 4 groups: no TR, trace or mild, moderate, and moderate-severe or 
severe TR. In addition, we determined the change in TR grade between the preoperative 
and most recent TTE. In case of insufficient data regarding TA dimensions, the annular 
diameter was re-evaluated in the apical 4-chamber view. It was considered dilated when 
>40mm.21 Each patient was allocated to either the organic or functional MV subgroup 
based on both surgical and echocardiographic information. The MV disease was 
considered to be organic when a specific component of the MV apparatus was diseased, 
or regarded as functional when caused by secondary changes induced by abnormal 
ventricular size and leaflet retraction.

Statistical analysis 
Statistical analysis was done using SPSS (version 21.0, IBM Corporation, New York). 
Continuous variables were expressed as mean (±SD) and compared using Student’s t-test 
in case of normally distributed data, or expressed as median (interquartile range, IQR) and 
compared using Wilcoxon signed rank test or Mann Whitney U test for non-normal 
distribution. One-way ANOVA or Kruskal Wallis was used to compare >2 unpaired groups. 
Categorical data were described using frequencies and percentages. We performed 
comparative evaluations via the χ2 or McNemar’s test for binary results, and χ2 or Wilcoxon 
signed rank test in case of ordinal data. The Kaplan-Meier method was used to calculate 
long-term survival for the different grades of TR. The statistical significance between 
survival curves of patient subgroups was determined by a log-rank test. A P-value of <0.05 
was considered statistically significant. Linear regression analysis for change in TR grade 
(between preoperative and most recent TTE) was performed based on complete case 
analysis and using continues values, including univariable and multivariable linear 
regression on pre-determined variables of interest at baseline (MR grade, MV etiology, MV 
etiology subcategories, TR grade, TA diameter, RV function, RA dilatation, LF function, LA 
dilatation and gender) and potential confounders (age, NYHA class, pacemaker (PM) 
implantation and AF).

RESULTS

Patient characteristics
Patient and surgical characteristics at baseline are shown in table 1. In Resource 1 
(Supplementary material) the subcategories per MV etiology are depicted. Patients with 
functional MV disease (30.0%) were significantly older compared to the organic MV 
subgroup (70.0%). Also the NYHA class, EuroSCORE and rates of the comorbidities 
hypertension, chronic obstructive pulmonary disease, known coronary artery disease, 
diabetes, and renal failure were significantly higher in the functional etiology subgroup, 
particularly for ischemic MR. Preoperative MV annulus dilation was present in 58% of 
patients with organic, and >90% with functional valve disease. Clinically important mitral 
stenosis (MS) was only seen in the organic subgroup (8.8%). MV repair was more often 
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Table 1.  Baseline characteristics and procedure details (n=213)

Patient characteristics

Age, mean years ±SD 61.3±13.1

Male gender, n (%) 130 (61.0)

BSA, m2 ±SD 2.2±0.2

NYHA class ≥III, n (%) 96 (45.1)

EuroSCORE II, mean ±SD 3.1±4.1

Hypertension, n (%) 65 (30.5)

Known coronary artery disease, n (%) (n=212) 87 (41.0)

Diabetes, n (%) 23 (10.8)

COPD, n (%) 19 (8.9)

Renal failure, n (%) 41 (19.2)

Atrial fibrillation, n (%) 40 (18.8)

Pacemaker or ICD, n (%) 9 (4.2)

Surgical characteristics

Organic MV disease, n (%)

Myxomatous degeneration

Fibroelastic degeneration

Rheumatic disease

Other 

149 (70.0)

82 (38.5)

50 (23.5)

14 (6.6)

3 (1.4)

Functional MV disease, n (%) 

Ischemic cardiomyopathy

Other

64 (30.0)

47 (22.1)

17 (8.0)

Preoperative MR, n (%) (n=212)

> moderate 171 (80.7)

Preoperative TR, n (%)  (n=186)

no

trace or mild

moderate

moderate-severe or severe 

26 (14.0)

113 (60.8)

47 (25.3)

0 (0.0)

MV replacement, n (%)

Mechanical, n (%)

Bioprosthesis, n (%)

31 (14.6)

18 (8.5)

13 (6.1)

MV repair (n, %)

Physio ring 

Cosgrove band

182 (85.4) 

140 (65.7)

41 (19.2)

Elevated RVSP, n (%) (n=118) 51 (43.2)

Concomitant CABG (n, %) 79 (37.1)

Cross-clamp time, mean minutes ±SD 123.2±41.3
BSA: body surface area, NYHA: New York Heart Association, COPD: chronic obstructive pulmonary disease, 
ICD: implantable cardioverter-defibrillator, MV: mitral valve, MR: mitral regurgitation, TR: tricuspid regurgitation, 
RVSP: right ventricular systolic pressure, CABG: coronary artery bypass crafting.
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performed in patients with functional MV disease (96.9%), compared to 19.5% MV 
replacement in the organic etiology subgroup (mainly for rheumatic disease or severe 
calcifications). Patients with higher preoperative TR grade had more complaints (P=0.036). 
Regarding the surgical characteristics, more MV replacements were performed in patients 
with moderate TR at baseline compared to lower grades (P=0.017). 

Clinical results 
Clinical outcomes are depicted in table 2. Of the 213 patients, 5 (2.3%) deceased within 
the first 30 days (shock n=3, respiratory failure n=1, acute neoplastic disease n=1). All 
had ischemic MR. Reoperation within 30 days after surgery occurred in 9.4%, mainly for 
bleeding complications (7.5%). Of the patients with postoperative AF, this rhythm was 
already present at baseline in 30.8%. The prevalence of AF at follow-up was similar to 
baseline, whereas the NYHA class ≥III significantly decreased. The overall survival after 
a mean follow-up of 6.0±2.8 years was 85.9%. Survival for the organic etiology was 
significantly better compared to functional MV (91.3% versus 73.4%). The highest 
mortality rate was seen for ischemic MR (70.2%). There was no significant difference in 
survival according to late TR grade (figure 2). In 50% of the deceased patients TR was 
never severe and therefore no cause for mortality; the TR grade was unknown in the 
remaining subjects.
 
Echocardiographic results
Overall echocardiographic results at follow-up are shown in table 2. We were able to 
analyze both pre-operative and follow-up TR grade in 142 patients (67%). Figure 3 shows 
the overall change, including median changes per baseline TR grade subgroups. In 
general, almost all patients with no TR at baseline developed some TR at late follow-up, 
whereas in subjects with preoperatively moderate TR an increase was never seen. Overall 
change in TR severity was not significant and limited: in only 8 out of 142 patients (5.6%) 
a change in TR severity of >1 grade was seen, whereas TR severity did not change in 
74 patients (52.1%). 
Echocardiographic results according to MV etiology are depicted in table 3. Medians of 
TR grade were similar amongst the subgroups. Long-term follow-up showed 2 patients 
with TR grade ≥3 (figure 4); one in each of the MV etiology subgroups. Median changes 
in TR grade were never significant over time in neither the MV etiology subgroup nor the 
MV etiology subcategories (figure 4). Baseline MR severity was significantly lower in the 
functional compared to the organic group (median 3.0 versus 4.0 respectively). Both pre- 
and postoperative LV and RV function were poorer for patients with functional MV disease.

Regression analysis
Univariable regression analysis (Resource 2, Supplementary material) showed a significant, 
negative correlation between change in TR grade and TR severity, and TA diameter at 
baseline (r=-0.683, P<0.0001, and r=-0.342, P=0.025 respectively). In a multivariable 
regression model correcting for other parameters and confounders, only baseline TR grade 
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Table 2.  Clinical results at follow-up and echocardiographic characteristic at most recent follow-up 

Clinical characteristics
Early outcome, n (%)
Operative mortality 0 (0.0)
30 days mortality 5 (2.3)
New permanent pacemaker or ICD 6 (2.8)
Atrial fibrillation 107 (50.2)
Reoperation 20 (9.4)

due to bleeding 16 (7.5)
other  4 (1.9)

Late outcome, n (%)
Postoperative (for most recent FU analysis), mean years ±SD 3.9±2.5
Postoperative (for survival  analysis), mean years ±SD 6.0±2.8
Mortality 30 (14.1)

Cardiovascular 23 (10.8)
Other 7 (3.3)

NYHA class ≥III (n=192) 12 (6.3)
New reoperation (n=192) 7 (3.6)

due to mitral stenosis post MV surgery 1 (0.5)
due to endocarditis 2 (1.0)
due to bleeding  1 (0.5)

Rehospitalisation (n=192) 71 (36.4)
cardiovascular 51 (26.2)

Congestive heart failure (n = 191) 23 (12.0)
New permanent pacemaker or ICD (n=193) 16 (8.3)
Atrial fibrillation (n=191) 41 (21.5)
OAC (n=188) 83 (44.1)
Stroke (n = 199) 2 (1.0)
Echocardiographic characteristics
LV function, n (%) (n=168)

poor or moderate 35 (20.8)
LV EF, % ±SD (n=109) 55.7±15.0
LA dilatation, n (%) (n = 141)
moderate or severe 36 (25.5)
RA dilatation, n (%) (n=162)

moderate or severe 12 (7.4)
RV function, n (%) (n =153)

poor or moderate 12 (7,8)
TAPSE, cm ±SD (n=120) 1.8±0.5
MR grade, n (%) (n=167) 

moderate-severe or severe 3 (1.8)
TR grade, n (%) (n=161) 

no 25 (15.5)
trace or mild 104 (64.6)
moderate 30 (18.6)
moderate-severe or severe 2 (1.2)

TA dilatation, n (%) (n=161) 24 (14.9)
Elevated RVSP, n (%) (n=101) 14 (13.9)
ICD: implantable cardioverter-defibrillator, NYHA: New York Heart Association, MR: mitral regurgitation, OAC: 
oral anticoagulation, LV: left ventricular, EF: ejection fraction, LA: left atrial, RA: right atrial, TAPSE: tricuspid 
annular plane systolic excursion, TR: tricuspid regurgitation, TA: tricuspid annulus, RVSP: right ventricular systolic 
pressure. 



E C H O C A R D I O G R A P H I C  A N D  C L I N I C A L  F O L L O W - U P  A F T E R  M V  S U R G E R Y  W I T H O U T  C O N C O M I T A N T  T V P

179

11

and male gender remained independently correlated (r=-0.881, P<0.0001 and r=-0.345, 
P=0.011 respectively), suggesting more improvement of TR in patients with higher TR 
grade preoperatively compared to lower grades, and more improvement in males compared 
to females.

Figure 2.  Kaplan-Meier to illustrate survival depending on the postoperative grade of tricuspid regurgitation at the 
most recent follow-up echocardiogram (P=0.561). Number at risk and number of events are depicted.
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Median (IQR) change in patients with no tricuspid regurgitation at baseline: 1.0 (0.3-1.0), mild or trace tricuspid regurgitation at baseline: 
0.0 (0.0-0.0), and moderate tricuspid regurgitation at baseline: -1.0 (-1.0-0.0), P<0.0001

Figure 3.  Grade of tricuspid regurgitation (a), and change in severity per grade at baseline (b) in patients with known 
tricuspid regurgitation severity at both baseline and most recent follow-up echocardiogram (n=142)

Median (IQR) tricuspid regurgitation grade at baseline: 1.0 (1.0-2.0), and most recent follow up: 1.0 (1.0-1.0), P=0.059

a

b
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Table 3.  Echocardiographic results in patients with organic and functional mitral valve disease
 

Organic
(n=149)

Functional 
(n=64)

P-value

Baseline
LV function, n (%) (n=148/63)
Poor or moderate 4 (2.7) 26 (41.3) <0.0001
LA dilatation, n (%) (n=136/56)
Moderate or severe 79 (58.1) 28 (50.0) 0.049
RA dilatation, n (%) (n=135/54) 
Moderate or severe 14 (10.4) 6 (11.1) 0.916
RV function, n (%)  (n=130/55)
Poor or moderate 1 (0.8) 3 (5.5) 0.002
TAPSE, cm ±sd (n = 143) 2.4±0.5 2.1±0.5 0.001
MR grade, n (%) (n=148/64)
Moderate-severe or severe 128 (86.5) 43 (67.2) <0.0001
TR grade, n (%) (n=130/56) 0.941
No 18 (13.8) 8 (14.3)
Trace or mild 80 (61.5) 33 (58.9)
Moderate 32 (24.6) 15 (26.8)
Moderate-severe or severe 0 (0.0) 0 (0.0)
TA dilatation, n (%) (n=115/50) 8 (7.0) 6 (12.0) 0.285
Most recent follow-up
LV function, n (%) (n=120/48)
Poor or moderate 5 (4.2) 7 (14.6) <0.0001
LA dilatation, n (%) (n=98/43)
Moderate or severe 24 (24.5) 12 (27.9) 0.207
RA dilatation, n (%) (n=114/48)
Moderate or severe 7 (6.1) 5 (10.4) 0.448
RV function, n (%) (n=109/44)
Poor or moderate 3 (2.8) 9 (20.5) 0.001
TAPSE, cm ±sd (n=86/34) 1.9±0.5 1.7±0.4 0.022
MR grade, n (%) (n=120/47)
Moderate-severe or severe 2 (1.2) 1 (2.1) 0.229
TR grade, n (%) (n=115/46) 0.550
No 16 (13.9) 9 (19.6)
Trace or mild 78 (67.8) 26 (56.5)
Moderate 20 (17.4) 10 (21.7)
Moderate-severe or severe 1 (0.9) 1 (2.2)
TA dilatation, n (%) (n=116/45) 18 (15.5)  6 (13.3) 0.727
Change in TR grade (n=102/40) 0.569
-2 4 (3.9) 2 (5.0)
-1 22 (21.6) 13 (32.5)
0 57 (55.9) 17 (42.5)
1 18 (17.6) 7 (17.5)
2 1 (1.0) 1 (2.5)
LV: left ventricular, LA: left atrial, RA: right atrial, RV: right ventricular, TAPSE: tricuspid annular plane systolic 
excursion, MR: mitral regurgitation, TR: tricuspid regurgitation, TA: tricuspid annulus, RVSP: right ventricular 
systolic pressure.
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DISCUSSION

Our study of patients with less than severe TR undergoing MV surgery without concomitant 
TV repair, revealed three important findings. First, more than moderate late functional TR 
was seldom seen in this specific cohort at a mean follow-up of approximately 4 years. 
Secondly, overall change in TR severity was not significant when comparing the pre-
operative and late post-operative TR grade. Lastly, change in TR severity was not influenced 
by MV etiology. Therefore our data suggest that clinical decision making regarding 
concomitant TV repair during MV surgery in patients with less than severe TR, can be 
safely based on the preoperatively evaluation of TR grade.

Prevalence and change of TR
A number of factors contribute to TR in MV disease. First, LA pressure increase may result 
in pulmonary hypertension and subsequent RV enlargement, remodeling and dysfunction. 
Consequently, the TA diameter increases, leading to leaflet tethering and/or papillary 
muscle displacement.23 Second, MV disease may induce AF resulting in TR. Lastly, the TV 

Median (IQR) change in myxomatous degeneration: 0.0 (-1.0-0.0), fibroelastic degeneration: 0.0 (0.0-0.0), rheumatic disease: 0.0 
(-1.0-0.0),organic other cause: 0.0 (-1.0-NA), functional ischemic cardiomyopathy: 0.0 (-1.0-1.0), functional other cause: 0.0 (-1.0-0.0), 
P=0.677

Figure 4.  Change in grade of tricuspid regurgitation per mitral valve etiology subcategory 
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may be affected by the same disease process as the MV etiology leading to MR. In our 
study, only 2 (<1%) patients developed more than moderate TR, in contrast with previous 
data showing a late significant TR prevalence ranging from 8-74%.6,8,14,24,25 A possible 
explanation for the non-significant change and therefore low prevalence of TR grade ≥3 
in our cohort, is the frequent performance of MV surgery with concomitant TV repair in 
patients with TA annulus ≥40mm and/or ≥21mm/m2. A proactive acquittal of the guidelines 
may therefore have led to a selection bias, including less subjects with a larger TA diameter. 
Indeed, a brief evaluation of the TA diameter in patients 1) without concomitant TV repair 
and TR grade <3, 2) with concomitant TV repair and TR grade <3, and 3) with concomitant 
TV repair and TR grade ≥3, revealed a mean of 33.8±4.6mm, 42.0±4.0mm and 46.0±5.5mm 
respectively. Additionally, differences within literature may depend on heterogeneity in 
study population and outcome definitions. Also the minimum follow-up period to determine 
significant TR is still controversial. Goldstone et al. showed that late postoperative TR is 
a slow progressive disease, with a marked increase (grade ≥3) after 9 years follow-up.8 
Our shorter follow-up period may therefore have led to a premature non-significant change 
in TR severity. However, other studies revealed a prevalence of significant TR (grade >2) 
in 48.6% and 18.2% after just 2 years.26,27 Lastly, our data do confirm recommendations 
of current guidelines to defer concomitant TV repair in patients with none-severe TR: 
moderate TR at baseline reduced (70%) or remained unchanged (30%) in all subjects, and 
therefore TR never worsened. Although previous studies confirm these results28, others 
revealed TR grade >2 as being a risk factor for TR progression7, possibly resulting from 
structural remodeling of e.g. RV and TA in patients with cardiomyopathy-related MV 
disease.29 However, while 70% suffered from organic MV disease, we expect less influence 
of structural remodeling on TR progression in our patient cohort. Besides, progression of 
TR was more frequent in patients with lower baseline TR grade and female subjects24,28, 
although this was seldom significant TR and did not lead to excess mortality. 

MV etiology as a potential risk factor
Several studies already reported a high prevalence of postoperative TR in rheumatic MV20,24 
and functional MR, with rheumatic MR being reported as an independent risk factor for 
late significant TR.20,24-26,30 Our study showed TR progression in only 2 patients (<1%). 
There was no significant correlation between increased TR grade and MV etiology, but we 
acknowledge that such subanalysis is not very powerful. Differences at baseline and 
follow-up between the MV etiology subgroups (e.g. lower survival and worse LV and RV 
function) can be explained by the poorer outcome in patients with ischemic cardiac 
disease.

Study limitations 
This study was retrospective with its inherent limitations. Evaluation of 2D TTE in daily 
practice is limited by a poor imaging window, and especially TR related measurements 
could not always be adequately obtained. The surgical procedures were performed in a 
single academic center, therefore our findings may not be applicable to other centers.  
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As there was hardly any late TR grade ≥3 postoperatively, no analyses for this endpoint 
could be performed, and no risk factors for significant TR after MV surgery could be 
defined. A prospective study with longer follow-up period is recommended to confirm 
our results.

 
CONCLUSION

In patients with mild to moderate TR that underwent elective MV surgery without 
concomitant TV repair, our study showed that significant late functional TR was seldom 
seen. Change in TR severity late postoperative was not influenced by the MV etiology, and 
mortality was not correlated to the late TR severity. According to our study, it is safe to 
waive concomitant TV repair in this specific patient cohort, which is relevant for clinical 
decision making in the heart team.
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SUPPLEMENTARY MATERIAL

Resource  1

Figure 1.  Subcategories for the types of mitral valve etiology: a) organic (n = 149), and b) functional (n = 64)

a

b
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Resource  2

Table 1. Univariable and multivariable analysis in change in tricuspid regurgitation grade (n=142) between 
baseline and most recent echocardiogram, and pre-determined variables of interest at baseline 

Univariable analysis Multivariable analysis*

Variables at baseline Β P-value Β P-value

Mitral regurgitation grade (n=142) 0.078 0.333 -0.088 0.279

Mitral valve etiology (n=142) -0.102 0.149 0.275 0.452

Mitral valve etiology subcategories (n=142) -0.012 0.336 -0.009 0.733

Tricuspid regurgitation grade (n=142) -0.683 0.000 -0.881 0.000

Tricuspid annulus diameter (n=119) -0.342 0.025 -0.123 0.430

Right ventricular function (n=132) 0.232 0.204 0.073 0.679

Right atrial dilatation (n=133) -0.162 0.093 0.114 0.297

Left ventricular function (n=141) 0.052 0.492 0.031 0.762

Left atrial dilatation (n=132) -0.101 0.054 -0.026 0.607

Male gender (n=142) 0.001 0.784 -0.345 0.011

* Based on n=105
Corrected for: age, New York Heart Association class, pacemaker implantation, atrial fibrillation 
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ABSTR ACT 

Background
Clinical decision making in symptomatic patients after mitral valve (MV) repair remains 
challenging as echocardiographic reference values are lacking. In native MV disease 
intervention is recommended for mean transmitral pressure gradient (TPG) >15mmHg or 
systolic pulmonary artery pressure (SPAP) >60mmHg at peak exercise. Insight into standard 
stress echo parameters after MV repair may therefore aid to clinical decision making during 
follow-up.

Hypothesis
Stress echocardiography derived parameters in asymptomatic patients after successful 
MV repair differ from current guidelines for native valves.

Methods 
In 25 patients (NYHA I) after MV repair stress echocardiography was performed on a semi-
supine bicycle. Doppler flow records and MV related hemodynamics at rest and peak were 
obtained. Linear regression analysis was performed for mean TPG and SPAP at peak, 
using pre-determined variables and confounders.

Results
Mean TPG at rest (3.2±1.4mmHg) significantly increased at peak (15.0±3.4mmHg), but 
was always <25mmHg. Mean SPAP at rest (21.4±3.8mmHg) significantly increased at peak 
(41.8±8.9mmHg), but was never >57mmHg. Only the indexed MV ring diameter was 
inversely correlated to mean TPG at peak in a multivariable model.

Conclusion
In contrast to current recommendations in native MV disease, our data indicate that the 
standard value for mean TPG during stress echocardiography in asymptomatic patients 
after successful MV repair was above the guideline threshold of 15mmHg in >50%, but 
always <25mmHg. For SPAP, patients never reached the guideline cut-off (60mmHg). 
Long-term follow-up data is needed to provide insight in clinical consequences. Baseline 
stress echocardiography may indicate individual reference values to compare with during 
follow-up.
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INTRODUCTION

Mitral valve (MV) regurgitation is a common valve disease and associated with significant 
morbidity and mortality worldwide.1,2 The etiology is classified as organic (primary) or 
functional (secondary). In organic MV regurgitation a component of the MV apparatus is 
diseased, for which surgery (preferably MV repair) is the only approach with defined clinical 
success.3-7 The global rate of MV repair increased between 2000 and 2007 from 42% to 
61%.8 The procedure comprises a correction of the abnormal apparatus, followed by 
remodeling of the MV annulus using a ring.2,9 These restrictive techniques may lead to 
some degree of narrowing of the MV orifice. The resulting functional stenosis has been 
reported in the context of pannus overgrowth from the annuloplasty ring, and the use of 
a small and/or complete ring.10-14 Although high success rates and low mortality numbers 
are reported, recurrent or persistent complaints after isolated MV repair remain a clinical 
challenge, in particular when transthoracic echocardiography (TTE) parameters are within 
normal range at rest.15-18 In this respect, exercise echo parameters may be helpful by 
complementing resting two-dimensional (2D) TTE in clinical practice.19-22 However, current 
guidelines present only normal stress echo values for 1) asymptomatic patients with MV 
regurgitation (class IIb: surgery if systolic pulmonary artery pressure (SPAP) >60mmHg at 
peak exercise) and 2) symptomatic MV stenosis (class IIb: percutaneous valvulotomy if 
SPAP >60mmHg or mean transmitral pressure gradient (TPG) >15mmHg, including suitable 
MV morphology).3,4 Reference values in patients after successful MV repair are lacking, 
consequently it is uncertain if a TPG of >15mmHg or SPAP >60mmHg in a symptomatic 
patient after MV repair can be used as a clinically useful parameter. This hampers the 
implementation of stress echocardiography in daily practice for this specific dilemma. 
Hence, the purpose of our study was to provide insight into standard stress echo derived 
parameters in asymptomatic patients after successful MV repair. We hypothesize that these 
values differ from current guidelines for native valves, which may aid to clinical decision 
making at follow-up.

 
METHODS

Twenty-five randomly selected patients after successful isolated MV repair at the UMC 
Utrecht were analyzed by use of an echocardiographic assessment at rest and during 
exercise. The flowchart is depicted in Resource 1 (Supplementary Material). Successful 
MV repair was defined as no or grade 1+ residual of recurrent MV regurgitation and mean 
TPG ≤7mmHg after MV repair in rest at time of study enrolment.4 Inclusion criteria were: 
1) age ≥18 years; 2) asymptomatic (NYHA class 1); 3) at least 6 months after successful 
MV repair, followed by a cardiac rehabilitation program with return to an active lifestyle; 4) 
sinus rhythm; 5) normal post-operative TTE at rest including SPAP <50mmHg, mean TPG 
<5mmHg and absence of concomitant valve disease of more than mild severity; 5) no 
comorbidity that may hamper exercise testing (e.g. physical inability). Information on the 
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MV etiology, pathology and surgical techniques was derived from the surgical database. 
Postoperative follow-up data was requested from the treating physician. MV annuloplasty 
ring diameter was indexed for body surface area (BSA), as previous studies did for MV 
effective orifice area.23 The study protocol was approved by the Research Ethics Board, 
and informed consent was obtained from all patients. The primary objective was to 
determine mean TPG and SPAP at peak exercise in asymptomatic patients after successful 
MV repair. Secondly, we studied two subgroups based on the 1) mean TPG at peak exercise 
and 2) SPAP at peak exercise.

Transthoracic echocardiography 
Echocardiographic measurements were obtained in accordance with current guidelines 
and the Declaration of Helsinki.24,25 Images were performed on the Philips IE33 echo-
machine (Philips Medical Systems, Andover, Massachusetts, USA) by an experienced 
imaging cardiologist. Datasets were archived according to local routine (Philips Xcelera 
software R3.3L1). Data analysis was done by two observers (RJ, KU). Left ventricular (LV) 
dimensions, stroke volume (SV) and LV ejection fraction (EF) were obtained at rest and 
peak exercise following the guidelines.24,25 The MV regurgitation severity was graded 0-4 
according to current recommendations, including grade 0.5 for trace severity. The peak 
and mean TPG were calculated based on the modified Bernoulli equation on the transmitral 
continuous-wave Doppler signal. SPAP was calculated using the modified Bernoulli 
equation on the transtricuspid continuous-wave Doppler signal, adding the estimated right 
atrial pressure. Change in SPAP was determined by subtraction of the SPAP at rest from 
the peak value. Since previous results showed that the pressure halftime method is not 
reliable and progressively overestimates the MVA e.g. during exercise induced heart rate 
changes, we determined MVA on the continuity equation.26

Physical stress testing
Patients underwent a physical exercise test on a semi-supine bicycle. We monitored a 
4-lead electrocardiogram during exercise and measured blood pressure (non-invasively) 
before, during, and after exercise. Symptoms were continuously evaluated. A standard 
exercise protocol was used, starting with 25 Watts, which was manually increased by 25 
Watts every 3 minutes. Echocardiographic recordings were performed at each stage. To 
determine echo values at peak, stress echocardiography was preferentially performed until 
>85% of the age-predicted maximal heart rate or exhaustion occurred. Medication was 
continued to assess exercise tolerance under baseline treatment.

Statistical analysis 
Statistical analysis was done using SPSS (version 21.0, IBM Corporation, New York). 
Continuous variables were expressed as mean ±SD and compared with a two-sided T-test 
for 2 groups, 1-way ANOVA for >2 groups, or Mann Whitney U test in case of non-normal 
distribution. Categorical data were described using frequencies and percentages, with 
comparative evaluations performed via the χ2, Fisher’s Exact or McNemar’s test. A P-value 
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of <0.05 was considered statistically significant. Linear regression for 1) mean TPG at peak, 
and 2) SPAP at peak (continues values) was performed based on complete case analysis, 
with univariable and multivariable linear regression on pre-determined variables of interest 
(MV annuloplasty ring type and indexed diameter, surgical resection performed, and SPAP 
and TPG related parameters respectively) and potential confounders (age, gender, MVA 
at rest, MV regurgitation grade at peak, heart rate at peak, EF at rest, total months after 
MV repair).

RESULTS

Patient characteristics
Baseline characteristics and preoperative profile are displayed in table 1. Age ranged from 
31 to 75 years. In all patients the etiology was organic, including degenerative MV disease 
in 23 subjects (92%) and endocarditis in 2 (8%). Surgery was performed via median 
sternotomy, cardiopulmonary bypass, and cardioplegic arrest with cold blood cardioplegia. 
Quadrangular or triangular resection of the MV leaflet was performed in 17 (68%), annuloplasty 
using a Carpentier-Edwards (C-E) Physio Ring in 15 (60%), and annuloplasty with a Cosgrove-
Edwards Annuloplasty Band in 10 (40%) patients. A concomitant procedure, e.g. Maze or 
coronary bypass surgery, was never performed. The mean TPG measured by 
echocardiography within the first 5 days after repair was always <5mmHg (3.1±0.9mmHg).

Resting echocardiographic data 
Table 2 depicts data at rest and peak exercise, as measured by 2D TTE at 27±16 months 
after MV repair. The LV dimensions were normal in all patients, whereas the LV function 
quality at rest was reduced in 16%. Resting mean TPG was always ≤7mmHg. Two patients 
showed a baseline mean TPG of >5mmHg (6.6mmHg and 7.0mmHg) despite a value of 
<5mmHg directly post MV repair, and in absence of MV annuloplasty ring dysfunction on 
the baseline TTE. The heart rates at rest reached high-normal values (95bpm and 83bpm 
respectively). Significant residual or recurrent MV regurgitation was never seen. SPAP in 
rest was always <50mmHg. Patients with no SPAP value due to the absence of tricuspid 
regurgitation (TR), showed no other signs of elevated pulmonary pressures.

Peak echocardiographic data 
Exercise characteristics are depicted in table 3. Disproportionate shortness of breath, 
chest pain or arrhythmias did not occur. Supine exercise significantly increased heart rate 
and systemic blood pressure in all subjects. A rise in mean TPG and SPAP was significantly 
correlated to the increase in heart rate. Mean TPG markedly increased at peak exercise 
compared to the resting state (figure 1). Fourteen patients (56%) reached a mean TPG at 
peak beyond the current recommendation for intervention in symptomatic native MV 
disease (>15mmHg), with a maximum value of 24.3mmHg. In all patients the mean TPG 
more than doubled compared to the resting state. Peak SPAP was measured in 14 subjects. 
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Table 1.  Baseline characteristics (n=25)

Total  population
Patient characteristics
Age (mean, ±SD) 54.0 (9.5)
Male (n, %) 19 (76)
BSA, m2 (mean, ±SD) 2.0 (0.2)
Cardiac rhythm during stress echo (n, %)
- sinus rhythm 25 (100)
- atrial fibrillation 0 (0)
NYHA (n, %)
class I 25 (100)
class >I 0 (0)
Baseline medication (n, %)
- beta-blocker 3 (12)
- ACE/ATII antagonist 5 (20)
- diuretics 0 (0)
Comorbidities (n, %)
- COPD / asthmatic bronchitis 2 (8)
- chronic kidney disease 0 (0)
- prior PCI 0 (0)
- prior malignancy 1 (4)
- physical inability 0 (0)
- other 0 (0)
General condition/sportive state (n, %)
- good, frequent activities 20 (80)
- moderate, random activities 5 (20)
- poor, no activities 0 (0)
Operation characteristics
Primary MV regurgitation etiology (n, %) 25 (100)
- myxomatous degeneration 13 (52)
- fibroelastic degeneration 10 (40)
- endocarditis 2 (8)
- other 0 (0)
Mitral leaflet pathology (n, %)
- anterior 2 (8)
- posterior 22 (88)
- both 1 (4)
MV surgery (n, %)
- MV repair 25 (100)
  - quadrangular or triangular resection 17 (68)
  - neochordea 6 (24)
- MV replacement 0 (0)
MV annuloplasty (n, %)
- C-E Physio Ring 30 / 32 / 34 / 36 / 40mm 1 (4) / 4 (16) / 6 (24) / 3 (12) / 1 (4)
- Cosgrove-Edwards band 32 / 34 / 36mm 3 (12) / 3 (12) / 4 (16)
Indexed MV annuloplasty ring diameter* (mean, ±SD) 17.6 (2.0)
Time interval since surgery, months (mean, ±SD) 27 (16)
BSA: body surface area, NYHA: New York Heart Association, COPD: chronic obstructive pulmonary disease, 
PCI: percutaneous coronary intervention, MV: mitral valve, C-E: Carpentier-Edwards.
*indexed for BSA
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Table 2.  Stress echocardiographic characteristics at rest and peak exercise (n=25)

Resting Peak exercise P-value Change peak-rest

Heart rate, bpm 
mean (±SD) 76 (10) 151 (15) 0.000 76 (16)

SBP, mmHg 
mean (±SD) 132 (18) 204 (27) 0.000 72 (19)

DBP, mmHg 
mean (±SD) 84 (9) 92 (13) 0.000 8 (7)

MAP, mmHg 
mean (±SD) 100 (11) 130 (15) 0.000 29 (8)

LV EF, %  
mean (±SD) 56.4 (4.9) 59.4 (5.5) 0.000 2.9 (2.1)

LV EF quality n (%) 
  good / impaired / poor 21 (84) / 4 (16) / 0 (0) 21 (84) / 4 (16) / 0 (0) 1.000 -

LVESD, mm 
mean (±SD) 3.6 (0,4) - - -

LVEDD, mm 
mean (±SD) 4.8 (0,5) - - -

Stroke volume, mL 
mean (±SD) 63.4 (16.2) 65.1 (22.1) 0.971 -0.1 (12.3)

Mean TPG, mmHg 
mean (±SD) 3.2 (1.4) 15.0 (3.4) 0.000 11.8 (3.2)

Peak TPG, mmHg 
mean (±SD) 7.0 (2.6) 25.9 (5.5) 0.000 18.9 (4.8)

SPAP, mmHg 
mean (±SD) 21.4 (3.8) 41.8 (8.9) 0.000 22.6 (8.3)

MV regurgitation 
severity n (%) 
  none / trace / mild  
  ≥moderate

19 (76) / 6 (24) / 0 (0) 
0 (0) 

17 (68) / 8 (32) / 0 (0) 
0 (0)

0.500 -
-

MV area, cm2 
mean (±SD)

1.5 (0.3) - - -

AoS severity n (%) 
  none / mild  
  ≥moderate
  unknown

13 (52) / 5 (20)
0 (0) 
7 (28)

12 (48) / 5 (20)  
1 (4)
7 (28)

0.006 -
-
-

AR severity n (%) 
  none / trace/ mild
   ≥moderate
  unknown

22 (88) / 1 (4) / 0 (0)  
0 (0)
2 (8)

22 (88) / 1 (4) / 0 (0)  
0 (0)
2 (8)

1.000 -
-
-

bpm: beats per minute, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial 
pressure, LV: left ventricle, EF: ejection fraction, LVESD: left ventricular end-systolic dimension, LVEDD: left 
ventricular end-diastolic dimension, TPG: transmitral pressure gradient, SPAP: systolic pulmonary artery 
pressure, MV: mitral valve, AoS: aortic stenosis, AR: aortic regurgitation.
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Although increasing during stress testing, SPAP at peak exercise remained within normal 
values in all patients (figure 2). Only 2 patients showed a SPAP at peak of >50mmHg, with 
a maximum value of 56.0mmHg. A SPAP of >60mmHg was never seen. Six patients 
terminated exercise before the 85% of the age-predicted heart rate limit; in two patients 
resulting from beta-blocker medication and in four patients because of leg exhaustion/
complaints (muscular related).

Subgroup analyses based on mean TPG at peak exercise
Exploratory comparisons were performed for the 14 subjects (56%) with mean TPG at 
peak of >15mmHg and the 11 patients (44%) with mean TPG ≤15mmHg. The mean 
indexed MV annuloplasty ring diameter was significantly smaller (16.7±1.6mm versus 
18.7±2.1mm, P=0.009), and mean change in SPAP was significantly higher (29.1±6.5mmHg 
versus 16.2±3.0mmHg, P=0.011) in patients with >15mmHg mean TPG at peak. No other 
comparisons reached statistical significance. Univariable regression analysis for the 
continuous value of mean TPG at peak exercise (Resource 2 table 1a, Supplementary 
Material) showed a significant, positive correlation with change in SPAP (r=0.312, P=0.001), 

Table 3.  Exercise characteristics (n=25) 

Total population

Maximal workload, W (mean, ±SD) 166 (29)

Maximal workload, patients per group (n,%)

115 W 1 (4)

125 W 3 (12)

150 W 8 (32)

175 W 7 (28)

200 W 5 (20)

225 W 1 (4)

Exercise duration, minutes (mean, ±SD) 24 (5)

Peak exercise heart rate (mean, ±SD) 151 (15)

Reaching 85% of age-predicted HR (n, %) 19 (76)

Peak exercise blood pressure (mean, ±SD)

- systolic 204 (27)

- diastolic 92 (13)

- MAP 130 (15)

Stopping reason (n, %)

- (leg) exhaustion 25 (100)

- angina pectoris 0 (0)

- arrhythmia 0 (0)

- other 0 (0)

W: Watt, HR: heart rate, MAP: mean arterial pressure.
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and a negative correlation with indexed MV ring diameter (r=-0.968, P=0.003). Mean TPG 
at peak only remained significantly correlated to the indexed MV ring diameter (r=-1.089, 
P=0.012) after correction for other variables and potential confounders.

Subgroup analyses based on SPAP at peak exercise
Since no patients reached a SPAP >60mmHg, an exploratory comparison of subgroups 
with SPAP lower and above the guidelines reference value could not be performed. In an 
univariable analysis (Resource 2 table 1b, Supplementary Material) SPAP at peak exercise 
was significantly correlated to both MV annulus ring type and the indexed MV ring diameter 
(r=-10.233, P=0.026 and r=-2.568, P=0.033 respectively). In a multivariable regression 
model correcting for other variables and potential confounders, no parameters remained 
independently correlated.

TPG: transmitral pressure gradient, MV: mitral valve 

Figure 1.  Boxplot figures showing the mean TPG directly post mitral valve repair, at rest (before stress echo) and 
peak exercise in asymptomatic patients post MV repair (n=25). The reference line (thick line) is the current 
recommendation for intervention in native valve disease.3,4 
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DISCUSSION

Our study concerning stress echocardiography in asymptomatic patients to identify the 
reference values after successful MV repair, revealed three major findings. Surprisingly, 
>50% of the patients showed a mean TPG at peak beyond the guideline recommendation 
(15mmHg), however mean TPG at peak was never >25mmHg. Secondly, SPAP was 
always <57mmHg at peak exercise, and therefore never reached the recommendation 
for intervention in native valve disease (>60mmHg). Finally, only the indexed MV ring 
diameter remained independently correlated to the mean TPG at peak in a multivariable 
regression model.

Changes in mean TPG at peak exercise 
The significant increase of mean TPG from 3.2±1.4mmHg at rest to 15.0±3.4 mmHg at 
peak exercise in our study corresponds to previous literature.13,27 The studies of Mesana 

SPAP: systolic pulmonary artery pressure, MV: mitral valve

Figure 2.  Boxplot figures showing the SPAP directly post MV repair (n=11), at rest (n=8) and peak exercise (n=14) 
in asymptomatic patients post MV repair. The reference line (thick line) is the current recommendation for intervention 
in native valve disease.3,4 
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and Chan et al. showed for the first time changes in mean TPG after MV repair for 
myxomatous degeneration.13,27 Similar to results in ischemic MV regurgitation12,14, elevated 
TPG after annuloplasty was not uncommon and related to higher NYHA class, worse 
intracardiac hemodynamics and poorer functional status. However, they included patients 
in NYHA ≥II (39%), in contrast to our subjects that were all in NYHA 1. Asymptomatic 
patients with elevated TPG in our study revealed no reduction of exercise capacity, 
however, the exercise workload was even higher. This excellent exercise performance 
regardless higher mean TPG values was also shown previously28, and might be explained 
by the flow-dependent characteristics of TPG. Patients with a higher EF and cardiac output 
create a higher mean TPG without negative impact on exercise capacity, whereas relative 
normal gradients in patients with reduced LV function may mask functional MV stenosis.28

Elevated TPG during exercise is due to an obstruction that can occur at the mitral annulus 
and/or leaflet level.14,29 The use of a complete MV ring might limit the annular excursion, 
partially explaining the restricted transmitral blood flow.30 In our study, patients with a 
complete ring had a significant smaller indexed MV ring diameter compared to patients 
with a Cosgrove Band, and mean TPG at peak exercise was significantly higher in 
subjects with smaller (<34mm) compared to larger ring diameters (Online Resource 3, 
Supplementary Material). However, MV ring type was not directly related to mean TPG 
at peak exercise. Previous studies confirm the correlation of a complete ring with a higher 
elevated TPG.13,27 Also a mean TPG >10mmHg for all patients who received a ring 
annuloplasty <34mm was seen, revealing annulus obstruction as a cause of elevated 
TPG.13 To this day studies have failed to demonstrate an effect of higher than expected 
TPG on clinical outcome.28,31-33 Therefore, the impact of postoperative MV stenosis 
remains controversial.

Changes in SPAP at peak exercise
Our study showed a significant increase in SPAP during exercise, however, values were 
always within normal ranges.3,4 The change in SPAP at peak exercise was of more 
importance than the peak SPAP, as only a change in SPAP was strongly correlated to the 
mean TPG at peak. A similar trend was previously seen in 48 asymptomatic patients with 
significant MV stenosis: the increase in relative SPAP remained an independent determinant 
of the occurrence of dyspnea during exercise, whereas the cutoff value 60mmHg could 
not discriminate patients with impaired functional capacity.34

Exercise testing is the ideal way to evaluate symptoms in patients with mild-to-moderate 
MV stenosis.35 Annuloplasty, even in the absence of leaflet abnormalities or an undersized 
ring, can induce mechanisms and SPAP dynamics similarly to that in MV stenosis, leading 
to worse functional capacity.12-14 However, in our study the exercise capacity was not 
decreased, nor related to SPAP at rest or peak exercise. Nevertheless, univariable analysis 
in our study did show a relation between higher pulmonary pressures at peak exercise and 
smaller complete MV rings, which has been described before.13
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Implications for clinical practice
Our study results implicate that guideline recommendations in native MV disease cannot 
be extrapolated to asymptomatic patients after successful MV repair: a mean TPG of 
15mmHg is not a clinically useful parameter after MV repair, as it does not identify those 
with a reduced exercise capacity and therefore cannot be used to guide therapy. Based 
on current series, the observation of symptoms and hemodynamic changes in SPAP during 
stress testing can be taken into account for decision-making process, however future 
studies are needed to confirm this hypothesis. As long as guideline reference values after 
successful MV repair are lacking, a baseline stress echo assessment may be useful in the 
follow-up of these patients, while individual changes to a reference point rather than 
absolute values may be of more value for clinical decision making when symptoms occur. 
For this purpose stress echocardiography may be performed as soon as patients have 
recovered from surgery and finished the cardiac rehabilitation program successfully.

Limitations 
Twenty-five subjects were included from a larger series of patients after MV repair. This 
may have led to a selection bias. The sample size of our study was limited. Evaluation of 
2D TTE in daily practice is limited by poor imaging windows, especially during exercise. 
Since we have no long-term follow-up data, the functional significance of more than 
expected increase in mean TPG after MV repair is still uncertain. A prospective study with 
longer follow-up is obligatory. Also a direct comparison between asymptomatic and 
symptomatic patients after MV repair is needed to confirm our results.

CONCLUSION

Our data indicate that the standard value for mean TPG during stress echocardiography 
in asymptomatic patients after successful MV repair was above the guideline threshold of 
15mmHg in more than 50% of the patients. However, mean TPG at peak was always 
<25mmHg. The maximum SPAP at peak exercise was 57mmHg, hence never reaching 
the guideline recommendation for intervention (60mmHg), although the change in SPAP 
during exercise may serve as an important parameter in case of symptoms. We think that 
baseline assessment of exercise derived echo parameters after MV repair may serve as 
an individual reference, and therefore could possibly be of additional value in clinical 
decision making when symptoms occur. Future studies should clarify the relationship to 
adverse clinical outcomes in this cohort.
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SUPPLEMENTARY MATERIAL

Resource  1

2D: two-dimensional, TTE: transthoracic echocardiogram

Figure 1.  Flowchart of the study design
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Resource  2

Table 1a. Linear regression: univariable and multivariable analysis in mean TPG at peak exercise using the 
continues values

Univariable analysis Multivariable analysis*

Variables Β P-value Β P-value

Change in SPAP (n=8) 0.312 0.001 ** **

MV ring type (n=25) -2.347 0.095 -1.639 0.369

Indexed MV ring diameter (n=25) -0.968 0.003 -1.089 0.012

Surgical resection performed (n=25) 1.430 0.312 1.427 0.350

SPAP: systolic pulmonary artery pressure, MV: mitral valve.
* Based on n=20; corrected for: age, gender, mitral valve area at rest, mitral valve regurgitation grade at peak 
exercise, heart rate at peak exercise, ejection fraction at rest, total months after mitral valve repair. 
** Although strongly correlated to mean transmitral pressure gradient at peak, we did not include change in 
systolic pulmonary artery pressure in the multivariable model due to the small number of measurements.

Table 1b.  Linear regression: univariable and multivariable analysis in SPAP at peak exercise using the continues 
values

Univariable analysis Multivariable analysis*

Variables B P-value Β P-value

Mean TPG at peak (n=14) 1.599 0.070 0.189 0.925

MV ring type (n=14) -10.233 0.026 -10.229 0.353

Indexed MV ring diameter (n=14) -2.568 0.033 -1.985 0.471

Surgical resection performed (n=14) 3.117 0.538 -0.404 0.974

TPG: transmitral pressure gradient, MV: mitral valve.
* Based on n=12; corrected for: age, gender, mitral valve area at rest, mitral valve regurgitation grade at peak 
exercise, heart rate at peak exercise, ejection fraction at rest, total months after mitral valve repair.
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Resource  3

TPG: transmitral pressure gradient, MV: mitral valve 

Figure 2.  Scatterplot showing a significant relation (P=0.001) between mean TPG at peak and MV ring diameter in 
asymptomatic patients after successful MV repair with a Carpentier-Edwards Physio ring (n=15),  and no significant 
relation (P=0.246) between mean TPG at peak and MV ring diameter in asymptomatic patients after successful MV 
repair with a Cosgrove-Edwards band (n=10).
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ABSTR ACT

Background
In preparation for an invasive procedure with a high bleeding risk, patients with a mechanical 
heart valve temporarily have to discontinue their anticoagulant therapy and are usually 
bridged with either intravenous unfractionated heparin (UFH) or subcutaneous low-
molecular-weight heparin (LMWH). In this study we retrospectively analysed the safety of 
UFH versus LMWH as bridging strategy in left-sided mechanical heart valve patients.

Methods
We performed a retrospective multicenter study in four surgical centers in The Netherlands. 
Patients with a mechanical heart valve implantation bridged from January 2010 until 
January 2015 were included. The cumulative incidence of adverse events in the 30 days 
following the procedure was recorded. Main outcomes were major bleeding according to 
International Society on Thrombosis and Haemostasis (ISTH) criteria, symptomatic 
thromboembolism, and mortality.

Results
In total, 238 (174 aortic, 42 mitral, 22 aortic + mitral) bridging episodes were included. The 
incidence of major bleeding was 16 (19%) events in the UFH group versus 29 (19%) events 
in the LMWH group (p=0.97). Incidences of thromboembolism were 2 (2.4%) versus 1 
(0.6%). The incidence of death was 1 (1.2%) patient in the UFH group versus 3 (1.9%) 
patients in the LMWH group. More than 50% of all bleeding complications were categorized 
as a major bleeding. 

Conclusions
Bridging anticoagulation in patients with aortic and mitral mechanical valves is associated 
with considerable risk, but no difference was apparent between UFH and LMWH strategy. 
The rate of thromboembolism and death was low with either strategy and the vast majority 
of adverse events were bleedings.
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BACKGROUND

Patients with mechanical heart valves (MHV) are at increased risk of developing 
thromboembolic complications and require life-long administration of oral anticoagulants, 
i.e. vitamin K antagonists (VKA).1-6 In anticipation of an invasive procedure with a 
considerable bleeding risk, a temporary interruption of oral anticoagulation (OAC) may be 
required to reduce the increased periprocedural risk of bleeding.6-8 In doing so, a fine 
balance must be reached between the risk of bleeding and the risk of developing 
thromboembolic complications. The VKA is stopped several days prior to the procedure 
to allow the effect to wane off.3-7 During this time window consisting of sub therapeutic 
International Normalized Ratio (INR) levels, anticoagulation is continued using a short-
acting heparin until and after the procedure.6,8,9 If considered safe by the surgeon, the VKA 
is resumed shortly after the procedure and heparin is continued until a stable INR has been 
reached. 
There are two strategies for heparin bridging; administration of intravenous unfractionated 
heparin (UFH), and subcutaneous low molecular-weight heparin (LMWH).6,9,10 While both 
strategies reduce the risk of valve thrombus formation11, they have distinct biomedical, 
financial12,13, and logistical profiles. UFH is administered intravenously according to a 
nomogram and hence requires peri-procedural hospital admission and continuous 
monitoring of activated partial thromboplastin time (aPTT).6,14 In contrast, LMWH is 
administered subcutaneously once or twice daily in an outpatient setting and usually does 
not require continuous blood monitoring of anti-Xa levels.6,15,16 
Convincing evidence regarding the ideal heparinoid strategy is terms of efficacy and safety 
has not been established. As a result, no consensus regarding bridging strategy has been 
reached internationally. Current European Society of Cardiology (ESC) guidelines state 
that “UFH remains the only approved heparin treatment in patients with mechanical 
prostheses; intravenous administration should be favored over the subcutaneous route 
(recommendation class IIa, level of evidence C)”.9 In contrast, American College of 
Cardiology/American Heart Association (ACC/AHA) guidelines advocate the use of either; 
“bridging anticoagulation with either intravenous UFH or sub-cutaneous LMWH is 
recommended during the time interval when the INR is subtherapeutic preoperatively in 
patients who are undergoing invasive or surgical procedures with a 1) mechanical aortic 
valve replacement (AVR) and any thromboembolic risk factor, 2) older generation mechanical 
AVR, or 3) mechanical mitral valve replacement (MVR) (Level of Evidence: C)”.10 
Subsequently, hospital based protocols are frequently inconsistent with one another and 
the use of either UFH or LMWH is often left to the individual practitioner’s discretion.
In this retrospective study we analysed the clinical application of anticoagulant bridging 
in left sided MHV patients. In doing so, we assessed the safety and efficacy of UFH versus 
LMWH based on the cumulative incidence of adverse events, i.e. bleeding, 
thromboembolism, and death. 
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METHODS

Data collection
Patients from 4 major surgical centers in The Netherlands with a mechanical AVR and/or 
MVR, bridged within the same hospital in the time period from January 1st 2010 until 
January 1st 2015 were included. Patients were included using databases provided by the 
participating hospitals and, where possible, the Dutch Thrombosis Center, Saltro. Bridging 
episodes were identified by scanning written patient documentation between January 
2010 and January 2015. In case of uncertainty regarding bridging strategy, the medication 
list was consulted to identify any switch in anticoagulant medication, or laboratory 
measurements indicative of UFH strategy-specific aPTT values. Patients receiving 
sequential therapy (first UFH then LMWH, or vice versa) were included in an intention-to-
treat analysis. 
Patients with an incomplete bridging strategy, defined as no written documentation of 
anticoagulant bridging or no evidence of bridging in the patient’s medication list or 
laboratory results, were excluded. 
Subsequently patient records were searched for demographics, relevant comorbidities/
risk factors for thromboembolic complications (atrial fibrillation, heart failure, diabetes 
mellitus, hypertension, malignancy, history of thrombosis) and bleeding (hypertension, 
history of bleeding), laboratory results, echocardiographic parameters (left ventricular 
ejection fraction, mitral valve stenosis, left atrial dimensions), medication history, details 
regarding the procedure, and adverse events. 
Bridging protocols across participating centers were based on ESC or ACC/AHA guidelines. 
The UFH protocol consisted of cessation of anticoagulant therapy 3 (acenocoumarol) or 
5 (fenprocoumon) days prior to the procedure. To monitor UFH efficiency, aPTT 
measurements were conducted every 6h with subsequent heparin pump adjustments. 
LMWH dosages were given once or twice daily, adjusted according to body weight. 
Adverse events were scored by two independent researchers (S.C. and J.W.), blinded to 
the bridging strategy. Any discrepancies were resolved by a third researcher (T.M.). 
Thromboembolic events were identified through written documentation and results from 
imaging. Bleeding was scored according to the International Society on Thrombosis and 
Haemostasis (ISTH) criteria.17,18 The study protocol was reviewed and approved by the 
Medical Ethical Committee of the University Medical Center Utrecht. 

Definitions
Definitions of adverse events are shown in the Supplemental Data table 1. Any type of 
invasive procedure requiring anticoagulant bridging was included, estimated procedural 
bleeding risk was determined using bleeding risks reported earlier.19,20 According to ISTH 
criteria, a major bleeding classification requires overt bleeding. In this study, we included 
a sub-category of patients that met criteria for a major bleeding yet in whom no overt 
bleeding was observed. High-risk MHVs were defined as mechanical mitral valves or aortic 
mitral valves with >1 risk factor for thrombosis (atrial fibrillation/flutter, left ventricular 
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ejection fraction <35%, mitral stenosis, hypercoagulability, left atrial dilatation >50mm, 
spontaneous contrast visible on echocardiography, previous thromboembolic event, older 
generation MHV (ball-in-cage, monoleaflet)). 

Statistical analysis 
Patients were stratified by bridging strategy for comparison of baseline characteristics. 
Continuous variables are expressed as mean ± standard deviation and compared using a 
Mann-Whitney U Test. Categorical variables are shown as numbers and percentages. 
Univariate analysis was performed using the Pearson chi-squared test or Fisher’s exact 
test where appropriate. Differences were considered significant at a p-value <0.05. All 
statistical analyses were performed using IBM SPSS Statistics Version 20.

RESULTS

The study population consisted of 176 left-sided MHV patients that underwent a total of 
238 bridging episodes. The baseline characteristics stratified by bridging strategy are 
outlined in table 1. 
The groups were comparable with respect to age, sex, thrombocyte count, creatinine level, 
bleeding risk, type of vitamin K antagonist, and medication. Furthermore, the prevalence 
of hypertension, malignancy, diabetes mellitus, and a history of arterial/venous thrombosis 
did not differ between the groups. 
Mechanical aortic valves were primarily bridged with LMWH. High-risk mechanical heart 
valves were mostly bridged with UFH (61% versus 39% for LMWH). The prevalence of 
atrial fibrillation (p<0.01) and heart failure (p<0.01) was significantly higher in the UFH group 
compared to the LMWH group, although average CHA2DS2-VASc score was similar. The 
pre-procedural INR level was higher (p<0.01) and the haemoglobin level was lower (p<0.01) 
in the UFH group compared to the LMWH group. At baseline no difference was found in 
thrombocyte count. Follow-up on thrombocyte count was available in 110 bridging 
episodes (46%). In total, 1 patient the UFH group (1.2%) developed a >50% drop from 
baseline in thrombocyte count, compared to 5 patients (3.2%) in the LMWH group. No 
specific laboratory analysis for heparin-induced thrombocytopenia was available. 
In total 44 out of 176 patients (25%) were bridged more than once in the 5-year time period. 
Nine (5.1%) of these patients underwent a different bridging strategy (UFH or LMWH) 
during the second or third bridging episode. Missing values were recorded as follows: 
body mass index (UFH 17; LMWH 40), INR (UFH 12; LMWH 27), haemoglobin (UFH 8; 
LMWH 48), thrombocyte count (UFH 9; LMWH 64), creatinine (UFH 3; LMWH 15), vitamin 
K antagonist (UFH 1; LMWH 1), LVEF (UFH 50; LMWH 104), mitral valve stenosis (UFH 50; 
LMWH 104), left atrial dilation >50mm (UFH 50; LMWH 104). 
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Table 1. Baseline characteristics

 UFH  (n = 84) LMWH (n = 154) P-value
 Mean Mean  
Age (years) 61.4 ±11.7 62.3 ±10.6 0.47
Male sex (n (%)) 52 (62) 102 (66) 0.57
Body mass index (kg/m²) 25.8 ±4.8 27.2 ±5.0 0.03
Pre-procedural  laboratory results    
INR 1.76 ±0.74 1.47 ±0.59 <0.01
Hemoglobin (mmol/L) 7.4 ±1.2 7.8 ±1.3 <0.01
Thrombocyte count (x109/L) 250 ±102 273 ±91 0.06
Creatinine (µmol/L) 115 ±118 120 ±153 0.69
Location of prosthesis <0.001
Aortic n (%) 39 (46) 135 (88)  
Aortic ≤1 risk factora 39 (46) 125 (81)
Aortic >1 risk factora 0 (0) 10 (6.5)
Mitral n (%) 29 (35) 13 (8)
Aortic and mitral n (%) 16 (19) 6 (4)
High risk valveb 45 (54) 29 (19)
Estimated procedural bleeding risk by location of prosthesis
Aortic  0.17
High n (%) 17 (20) 43 (28)  
Low n (%) 22 (26) 92 (60)
Mitral 0.66
High n (%) 5 (6.0) 3 (1.9)
Low n (%) 24 (29) 10 (6.5) 0.26 
Aortic and mitral
High n (%) 2 (2.3) 2 (1.3)  
Low n (%) 14 (17) 4 (3)
Vitamin K antagonist   0.60
Acenocoumarol n (%) 56 (67) 98 (64)  
Fenprocoumon n (%) 27 (33) 55 (36)
Comorbidity/risk factors    
Hypertension n (%) 31 (37) 56 (36) 1.00
Atrial fibrillation n (%) 30 (36) 26 (17) <0.01
CHA2DS2-VASc score 2.1 ±1.6 2.8 ±1.7 0.09
Malignancy n (%) 4 (4.8) 5 (3.2) 0.72
Diabetes mellitus n (%) 9 (11) 26 (17) 0.20
Heart failure n (%) 16 (19) 10 (6.5) <0.01
History of arterial/venous thrombosis n (%) 13 (15) 41 (27) 0.05
LVEF < 35% n (%) 6 (18) 4 (8.0) 0.31
Mitral valve stenosis n (%) 3 (8.9) 0 (0) 0.07
Left atrial dilation > 50mm n (%) 4 (12) 9 (18) 0.55
History of bleeding n (%) 22 (26) 37 (24) 0.71
Other medication    
NSAID n (%) 4 (4.7) 13 (8.4) 0.43
Antiplatelet drug n (%) 10 (12) 17 (11) 0.84
Corticosteroid n (%) 7 (8.2) 15 (9.7) 0.72
SSRI n (%) 1 (1.2) 2 (1.3) 1.00

MHV: mechanical heart valve, UFH: unfractionated heparin, LMWH: low molecular weight heparin, n: number 
of bridging episodes, INR: International Normalized Ratio, LVEF: left ventricular ejection fraction, NSAID: non-
steroidal anti-inflammatory drug, SSRI: selective serotonin re-uptake inhibitor. a Atrial fibrillation/flutter, left 
ventricular ejection fraction <35%, mitral stenosis, hypercoagulability, left atrial dilatation >50mm, spontaneous 
contrast visible on echocardiography, previous thromboembolic event, older generation MHV (ball-in-cage, 
monoleaflet) b Mitral valve and/or aortic valve with N1 risk factor for thromboembolic complications.
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Incidence of adverse events
In table 2 the cumulative incidences of major adverse events (major bleeding, 
thromboembolism, and death) within 30 days following the procedure are displayed. 
No statistically significant differences between the groups were observed. In total, 19 
procedures (23%) bridged with UFH experienced an adverse event compared to 33 
procedures (21%) bridged with LMWH (p=0.83).With regards to bleeding, a major bleeding 
occurred in 19% of patients in both bridging groups. 
A clinically relevant non-major bleeding (CRNMB) occurred in 9.5 and 13% of patients for 
UFH and LMWH respectively. A minor bleeding was observed in 1.2 and 4.5%, and a major 
bleeding without overt bleeding in 4.8 and 2.6%. Four patients died, 1 of which was bridged 
with UFH and 3 with LMWH. A thromboembolic event occurred in 2 patients bridged with 
UFH and in 1 patient bridged with LMWH.
All thromboembolic complications were preceded by a bleeding event. Treatment of these 
bleeding events included correction of the anticoagulant therapy. Three-out-of four deaths 
were bleeding related. In these patients the bleeding episode and thromboembolism or 
death were recorded as two independent adverse events.

Evaluation of bleeding events
Among bleeding events, in retrospect 45 (51%) were judged as a major bleeding, 28 (31%) 
a CRNMB, and 8 (9%) a minor bleeding. Eight (9%) events were judged as a major bleeding 
without overt bleeding. 
Major bleedings are outlined in the Supplemental Data table 2. Among major bleedings, 
16 (36%) were bridged with UFH versus 29 (64%) with LWMH. The majority of procedures 
were of high bleeding risk. Nearly one-quarter (24%) of all major bleedings in the LMWH 
group consisted of macroscopic hematuria, while no hematuria was seen in the UFH group. 
In the UFH group 25% developed a wound hematoma versus 14% in the LMWH group. 
One patient developed a bleeding prior to the invasive procedure. This patient, set to 
receive a total hip replacement, developed a thigh hematoma upon initiation of UFH therapy 
on day -1.

Table 2.  Incidence of major adverse events (major bleeding, thromboembolism, death) within 30 days following 
the procedure in MHV patients bridged with UFH and LMWH. Numbers are based on bridging episodes.

 UFH (n=84)
n (%)

LMWH (n=154)
n (%)

P-value

Major bleedinga 16 (19) 29 (19) 0.97

Thromboembolism 2 (2.4) 1 (0.6) 0.29

Death 1 (1.2) 3 (1.9) 1.00

Total major adverse events 19 (23) 33 (21) 0.83
a Scored using the International Society on Thrombosis and Haemostasis (ISTH) criteria. 
MHV: mechanical heart valve, UFH: unfractionated heparin, LMWH: low molecular weight heparin.
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Evaluation of deaths and thromboembolic events 
Description of deaths and thromboembolic complications are depicted in the Supplemental 
Data table 3. In total, 4 patients died within 30 days following the procedure. Only 1 patient 
died within the first five days after the procedure. Bleeding as a direct or indirect cause of 
death was observed in 3 patients; 1 patient died from respiratory exhaustion on day 24 as 
a complication following pocket hematoma drainage, 1 patient died on day 30 from a 
subarachnoid bleeding, and 1 patient died from cardiac tamponade on day 4. The fourth 
patient succumbed to terminal renal insufficiency and metabolic acidosis on day 20. 
Although criteria for a major bleeding (no overt bleeding) were not reached, this patient 
experienced a 2.8 mmol/L drop in hemoglobin in the 14 days following the procedure. 
Three patients experienced a thromboembolic complication. Two of the patients had an 
aortic MHV with no additional risk factors for thrombosis; one patient had an aortic MHV 
and a mitral MHV. All three patients experienced a bleeding prior to the thromboembolic 
complication. In one of these patients (post-renal transplantation) UFH was temporarily 
ceased as a result of a (major) bleeding on day 13, after which UFH was restarted on day 
15. Peripheral arterial embolisms were observed on day 17. One patient (UFH) underwent 
pacemaker implantation and was diagnosed with macroscopic hematuria (CRNMB) on 
day 6 and a mitral valve thrombus on day 23. The third patient was admitted for transurethral 
renal stone removal and was bridged with enoxaparin. After VKA resumption this patient 

Table 3.  Major bleeding, thromboembolic complications and death in MHV patients following anticoagulant 
bridging

Study MHV Strategy Major 
Bleeding (%)

Thrombo-
embolisma

(%)

Death
(%)

Schulman et al.21 2015 185 LMWH 11 0 n/a

Pengo et al.22 2009 190 LMWH 1.2c 0.1 n/a

Daniels et al.23 2009 99 UFH 6.1 3.1 b

243 LMWH 3.7 0.8

Bui et al.24 2009 62 LMWH 3.2 0 0

Spyropoulos et al.25 2008 68 UFH 8.8 1.5 1.5

165 LMWH 4.2 0.6 0.6

Jaffer et al.26 2005 19 LMWH 0 0 n/a

Spyropoulos et al.27 2004 48 LMWH 4.2 0 n/a

Douketis et al.19 2004 215 LMWH 0.9 0.6 n/a

Kovacs et al.28 2004 112 LMWH 7.1 3.6 0

Ferreira et al.29 2003 82 LMWH 1.2 0 n/a

MHV: mechanical heart valve, UFH: unfractionated heparin, LMWH: low-molecular-weight heparin.
a Arterial thromboembolism.
b 1 death, bridging strategy unknown.
c Including other vitamin K antagonist indications.
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developed macroscopic hematuria on day 6, after which the VKA was again replaced with 
enoxaparin. No correction of anticoagulation was recorded. An ischemic lacunar stroke 
was diagnosed on day 13. 
Definite conclusions following sub-analysis have to be drawn with caution considering the 
relatively small sample size, however a sub-analysis with only high-risk MHVs showed no 
statistical difference between the two strategies. 
Similarly, no statistical difference was found in the incidence of any adverse event with 
respect to VKA choice, other comorbidities (i.e. heart failure, hypertension, atrial fibrillation), 
laboratory values, and procedural bleeding risk (data not shown). Combining the major 
bleeding without overt bleeding group with the major bleeding group did not change the 
outcome (p=0.67). 

DISCUSSION

In this retrospective multicenter study we provided insight into the clinical application of 
anticoagulant bridging with MHV patients in The Netherlands. We compared the safety of 
UFH versus LMWH among 176 MHV patients undergoing 238 bridging episodes. No 
statistical difference was found in the cumulative incidence of adverse events. 
High-risk MHVs were mostly bridged with UFH, however choice of strategy was inconsistent 
not only between participating centers but also between practitioners within a center. This 
is in line with the lack of consensus in national and international guidelines, and highlights 
the need for a universal strategy. A discrepancy was observed between the incidence of 
heart failure in both groups, and the incidence of reduced ejection fraction. Unfortunately 
LVEF status was associated with a relatively large number of missing data which made it 
difficult to reach statistical significance. Furthermore, it is conceivable that some patients 
were diagnosed with heart failure with a preserved ejection fraction.
The safety of UFH and LMWH as bridging strategy has been reported previously (table 3). 
However, it is difficult to compare these findings to our study since these studies were 
observational, small, single-arm, or did not differentiate between different VKA indications, 
i.e. mechanical valve or atrial fibrillation.
In these studies, thromboembolic rates were low, ranging from 0 to 3.6%. This is 
comparable to our findings. However, the incidence of bleeding was considerably higher 
in our study. We found that major bleeding occurred in 19% of all bridging episodes, while 
major bleeding rates in previous studies ranged from 0 to 11%.19,21-29 Bleeding criteria were 
similar, however Spyropoulos et al. employed a stricter ≥3 g/dL (1.86 mmol/L) hemoglobin 
drop criterion, compared to the ≥2 g/dL (1.24 mmol/L) hemoglobin drop criterion in our 
study. Additionally, subjective interpretation of a “visible” or “overt” bleeding may play a 
role. Although incidences of death have been infrequently reported in earlier studies, our 
death rates were in accordance with previous findings.24,25,28 
On average, heparin therapy was continued following the procedure for an average of 7.1 
days (±6.5 days). The majority of bleeding events occurred in the first 10 days following 
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the procedure (data not shown). These results are in accordance with Daniels et al. who 
reported the majority of major bleedings at 0–12 days following the procedure.23 Hence, 
a patient seems to be most at risk of developing significant bleeding during the time period 
in which dual anticoagulation with VKA and heparin is administered. 
Approximately half of the bleedings in our study were scored as a major bleeding, a 
clinically important complication. In fact, nearly one-out-of five patients in this study 
developed a major bleeding. Furthermore, all three thromboembolic complications were 
preceded by a bleeding event. In these cases bleeding was corrected by either switching 
or temporarily discontinuing anticoagulant medication, leaving the patients potentially at 
risk of developing a thromboembolism. A direct relation between correction of bleeding 
and the development of a thromboembolic complication cannot be excluded. Finally, 
three-out of-four deaths were bleeding related, while no death was related to 
thromboembolism. 
From these results, anticoagulant bridging may successfully protect patients from 
developing thromboembolic complications, regardless of heparin strategy. However, the 
question arises whether in protecting patients from a thromboembolic event, the goal has 
been surpassed and patients are in fact exposed to a potentially bigger threat: bleeding. 
The necessity to bridge patients at risk for thromboembolic complications has been 
challenged in earlier reports.4,30 To extrapolate these results to patients with MHVs, 
randomized trials such as the PERIOP2 (NCT00432796) comparing bridging versus no 
bridging are needed. 
Surprisingly the majority of adverse events, including bleeding, were associated with sub-
therapeutic aPTT values (data not shown). Despite the use of a nomogram, aPTT values 
are known to fluctuate extensively and stable aPTT values within one patient are rare.14 
Perhaps correction of sub- or supra-therapeutic aPTT levels may have triggered temporary 
pro-hemorrhagic or pro-thrombotic states leading to bleeding and thromboembolic 
complications, respectively. 

Limitations
These results should be interpreted in light of the retrospective, nonrandomized study 
design. Hence, the presence of missing data was inevitable. For example, individual 
bleeding risk and thrombocyte count were missing in a significant number of cases, as 
well as echocardiographic parameters. We acknowledge the presence of significant 
baseline differences due to the lack of randomization. Patients at higher thromboembolic 
risk (high risk valves, atrial fibrillation, heart failure) were mostly bridged with UFH, leading 
to confounding by indication. The observed events of death and thromboembolism in the 
UFH group may therefore be influenced by these additional risk factors. 
Furthermore, adverse events occurring at another medical center not participating in this 
study or at the general physician’s practice were missed, leading to an underestimation 
of adverse events. Finally, the four participating centers share the status of a specialized 
heart center, hence any referral for an invasive procedure may introduce inclusion bias.
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Bridging protocol
Unstable aPTT values for UFH combined with both logistic and financial advantages over 
UFH, makes LMWH a more feasible strategy. With regards to safety, a comparison between 
the two strategies in terms of thromboembolism and death may be subject to debate. 
However, it seems as though bleeding risks were similar between the two strategies. In 
light of these findings and based on the results from earlier studies/guidelines we have 
developed an in-house protocol as guidance for MHV patients undergoing an invasive 
procedure (figure 1).
Here we propose anticoagulant bridging with high-risk MHVs should be applied based on 
a patient’s individual risk profile and may be left to the physician’s discretion. Importantly, 
we suggest that all mechanical heart valves may be bridged with LMWH, which contradicts 
European guidelines. Options A-C are not assessed in this study but are based on ACC/
AHA guidelines.10

LVEF: left ventricular ejection fraction, VKA: vitamin K antagonist, LMWH: low-molecular-weight heparin, UFH: unfractionated heparin 

Figure 1.  Bridging protocol for mechanical heart valve patients 
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CONCLUSIONS

With regards to bridging strategy, no difference was found in the 30-day incidence of 
adverse events between UFH and LMWH. Furthermore, the incidence of bleeding was 
considerably higher than the incidence of thromboembolism or death. Prospective studies 
are needed to confirm our results and to fully elucidate the role of anticoagulant bridging 
in anticipation of an invasive procedure. 
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SUPPLEMENTARY MATERIAL

Resource  1

Table 1.  Definition of adverse events

Bleeding  

Major Bleeding (ISTH) Overt bleeding and:
- fall in hemoglobin concentration >20 g/L (1.24mmol/L)
or
-blood transfusion of 2 or more units of packed red blood cells
or
-intraocular, intracerebral or retroperitoneal hemorrhage.

Clinically relevant non-major bleeding (ISTH) Not meeting criteria for major bleeding, but needing medical 
intervention, temporary cessation of medical therapy, contact 
with a physician, or any discomfort such as pain or impairment 
in daily life 

Minor Bleeding (ISTH) Other bleeding events not meeting criteria for major bleeding or 
clinically relevant non-major bleeding

Major Bleeding w/o overt bleeding (Non-
ISTH)

Meeting criteria for major bleeding without overt bleeding

Thromboembolism

Stroke, TIA, amaurosis fugax, peripheral arterial embolism, 
prosthetic valve thrombosis, unstable angina or myocardial 
infarction.

ISTH: International Society on Thrombosis and Haemostasis, TIA: Transient Ischemic Attack
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Resource  2

Table 2.  Major bleeding events

Unfractionated Heparin (UFH)
Procedural 
bleeding risk

Location 
of prosthesis

Time of 
diagnosis (days*)

Description

High Aortic 10 Abdominal hematoma
8 Abdominal hematoma
16 Muscular hematoma
2 Breast hematoma

Aortic + mitral 3 Unknown
Low Aortic -1 Thigh hematoma

3 Rectal blood loss
4 Administration of 2 packed cells

Mitral 2 Unknown
5 Hip hematoma
4 Wound hematoma
6 Post-tonsillectomy bleeding
5 Wound hematoma
29 Subarachnoid hemorrhage
5 Wound hematoma

Aortic + mitral 0 Wound hematoma
Low-molecular-weight Heparin (LMWH)
High Aortic 3 Hematuria

9 Hematuria
6 Intestinal bleeding
1 Cerebral hematoma
4 Cardiac Tamponade
19 Wound hematoma
6 Unknown
0 Hb decrease
3 Hematuria
3 Rectal blood loss
1 Hematuria
4 Hematuria
5 Hematuria
3 Wound hematoma
1 Hb decrease

Low Aortic 6 Unknown
7 Rectus sheath hematoma
3 Wound hematoma
1 Hematemesis
9 Wound hematoma
10 Shoulder hematoma
2 Ocular bleeding
11 Abdominal bleeding

Mitral 7 Hemarthrosis
1 Abdominal bleeding

Aortic + mitral 6 Thigh hematoma
1 Administration of 2 packed cells

*following the procedure. 
UFH: unfractionated heparin; LMWH: low-molecular-weight heparin; Hb: hemoglobin
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Resource  3

Table 3.  Description of deaths and thromboembolic complications

Death

Bridging 
strategy

Location of 
prosthesis

Procedure Time of death 
(days*)

Cause of death Bleeding

UFH Mitral Colonoscopy 30 Subarachnoid 
bleeding

Yes

LMWH Aortic ICD placement 24 Respiratory 
exhaustion

Yes

Re-Bentall 4 Cardiac 
tamponade

Yes

LMWH Mitral Above-knee 
amputation

20 Renal 
insufficiency

No

Thromboembolism

Bridging 
strategy

Location of 
prosthesis

Procedure Time of diagnosis 
(days*)

Type of thromboembolism

UFH Aortic Renal 
transplantation

17 Peripheral arterial embolism

UFH Aortic + Mitral Pacemaker 
implantation

23 Mitral prosthetic valve thrombosis

LMWH Aortic Transurethral 
renal stone 
removal

13 Lacunar stroke

*following the procedure 
UFH: unfractionated heparin, LMWH: low-molecular-weight heparin, ICD: implantable cardioverter defibrillator
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SUMMARY 

The studies in this thesis evaluated several regularly seen, clinical challenges in the 
management of patients with mitral valve (MV) disease. The studies propose strategies to 
improve clinical decision making. The principal aim of Part 1 was to identify the patient 
with significant MV disease that needs (surgical) intervention by optimizing the most 
frequently used diagnostic tool in clinical practice: two-dimensional (2D) transthoracic 
echocardiography (TTE). This included the exploration of (novel) techniques to determine 
the hemodynamic consequences of mitral valve regurgitation (MR). In Part 2 the main 
purpose was to optimize treatment strategies for MV disease, including the assessment 
of the optimal treatment strategy for asymptomatic MR and optimizing the management 
after MV surgery. In summary, these clinical challenges comprised the regularly seen 
categories of patients with: (asymptomatic) severe MR (Chapter 2, 3 and 7-10), concomitant 
MR (Chapter 4), dynamic MV disease (Chapter 5 and 6), (future) MV repair (Chapter 11 and 
12) and a mechanical heart valve (Chapter 13).

Chapter 1 is the general introduction and outline of this thesis. In this chapter two important 
issues are addressed: 1) the burden of MV disease is high and increasing; and 2) the MV 
apparatus is a complex and dynamic construction that functions in a close but delicate 
collaboration with the subvalvular apparatus, cardiac pressures and left ventricular (LV) 
function and geometry. As a consequence, the management of MV dysfunction is 
challenging and accompanies several unsolved and ongoing problems for today’s 
cardiologist and cardiothoracic surgeon. In addition, the diversity in MV disease complicates 
clinical decision making even more, with no single method to diagnose or treat MV disease. 
Over the past years, many aspects of the management of MV disease have been 
investigated intensively: refining diagnostic tools, developing new techniques for 
intervention, and optimizing patient selection and timing for surgery. However, there still 
is a ‘gap’ between research and clinical practice: promising study results remain just 
promising without successful implementation in the daily practice of academic and non-
academic centers. As long as implementation of new developments is not ready (yet), we 
think that more practical, structured and sometimes pragmatic strategies, may be of 
additional value in nowadays practice.
Due to differences in the prevalence of MV disease etiologies in first world countries1-3, 
more patients with MR instead of mitral valve stenosis (MS) were evaluated in this thesis. 
An extended description of the most recent guidelines, diagnostic work-up and treatment 
options for severe (clinically relevant) MR was added next to the general introduction 
(Chapter 2). The main messages of this overview were that following current guidelines, 
the best treatment in patients with MR depends on the severity, cause and hemodynamic 
consequences. In addition, the outcome is improved by an accurate timing of the treatment. 
MV surgery, preferably repair, is indicated in symptomatic patients with severe, organic 
MR. When surgery is indicated in patients with chronic, functional MR, restrictive 
annuloplasty can be a good option, although results are not univocal. In patients with 
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severe MR who are considered inoperable or with high surgical risk, MitraClip implantation 
can be a treatment option. In asymptomatic patients with severe, organic MR there is no 
consensus on the optimal care. Discussion in a heart team is important to determine the 
best treatment strategy, and may advice in work-up and referral of patients to an expertise 
center when intervention is considered. This thesis continues with the evaluation and 
optimization of diagnostic and treatment strategies for MV disease in general (Chapter 5 
and 11-13) and MR in particular (the remaining chapters).

Improv ing  the  d iagnost i cs  f o r  mi t ra l  va lve  d isease

In Part 1 of this thesis currently used diagnostic strategies were investigated, mainly 
focusing on echocardiography as being the cornerstone for diagnosing MR in daily 
practice. 

Although 2D TTE is regularly performed, grading the severity remains challenging as no 
algorithm or instruction exists on how to interpret the results of individual parameters in 
current guidelines on valvular heart disease. In Chapter 3 we showed that our semi-
quantitative ROSE-index is an easy-to-use scoring index to determine severity of MR by 
2D TTE in clinical practice and for research purposes. In contrast to current guideline 
recommendations involving 11 parameters, this 5-parameter grading index is relatively 
simple and less time-consuming without a loss of accuracy. Consensus reading in a 
multidisciplinary heart valve team, with cross-checking against the hemodynamic 
consequences of mitral regurgitation to exclude severe MR, remained necessary in one 
out of four patients with borderline severe or moderate MR. By helping physicians to use 
the integrated approach as recommended by the guidelines, the ROSE-index can be used 
as a simple initial method to screen out the most severe or non-severe regurgitation. 
However, this finding should be interpreted in the light of a lacking ‘golden standard’ for 
MR severity. An expert panel opinion was used as ‘second-best’. Although this creates 
the risk of bias, the strengths of the expert panel opinion is that all clinically relevant 
parameters are included (both quantitative and qualitative), and it has been proved reliable 
previously.4-8 Not seldom, the quantitative parameters measured by three-dimensional (3D) 
echocardiography or cardiac magnetic resonance (CMR) are preferred as a the reference 
value, although they have not been widely accepted for routine practice due to known 
limitations.9-11 This clearly indicates the gap between MR grading for research purposes 
and in clinical practice: an easy-to-use index may be of more value compared to a grading 
system that is difficult and time-consuming (and therefore not implemented in clinical 
practice). As our study reflects current practice and possibilities, this index may instantly 
optimize the diagnostic strategy of today’s physician.
Following the challenge of MR grading, in Chapter 4 the severity of concomitant MR was 
determined in patients with severe aortic stenosis undergoing transcatheter aortic valve 
replacement (TAVR). Currently, a limiting factor is the absence of a consistent grading 
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system, therefore scoring amongst studies differ in method and accuracy.12-15 It reflects 
an undesirable situation, as data on the prevalence of significant and change in MR after 
TAVR remain controversial, and thus the impact of concomitant MR on outcome remains 
unknown.12-17 We showed that consistent MR grading using the integrated 2D echo 
approach as recommended by current guidelines, revealed some degree of MR in most 
patients, which was often less than moderate and seldom severe. Overall there was no 
change in MR at 1 year follow-up after TAVR, although significant MR usually decreased 
and non-significant MR seldom reached significance. Several studies showed similar 
results14,18, however, as long as concomitant MR grading is based on various methods, a 
direct comparison remains difficult. Furthermore, it might be that moderate MR in the 
presence of higher LV pressures in these patients results in higher morbidity compared to 
native valve disease.19 Nevertheless, efficacy of TAVR was seen in all patients regardless 
MR severity, demonstrated by similar long-term survival and NYHA class improvement 
amongst different grades of concomitant MR. 
Evaluation of symptoms remains subjective and is particularly based on the patient’s history 
and  interpretation of the treating physician. However, being symptomatic is of utmost 
importance in determining the best treatment strategy.20,21 As a result from the dynamic 
entity of MV diseases, 2D TTE can be challenging in patients that are suspected to be 
asymptomatic or disproportionately symptomatic in relation to the degree of severity at 
rest.22 The application of stress and the estimation of pulmonary pressures seems to be 
sparsely applied.23 The objective of Chapter 5 was to define the clinical value of exercise 
echocardiography for decision making in these difficult patients. Chapter 5 showed that 
stress echo was of additional value to reveal dynamic changes and monitor symptomatic 
responses, occurring in MV disease during physical exercise. It determined the decision 
making process by the heart team in two-thirds of the patients, including a change and 
confirmation of treatment strategy in both one out of three subjects. Though, the interaction 
between patient and treating physician was not included in the heart team decision making, 
which may also influence the decision making process. Also a validated and standardized 
exercise protocol was proposed, which is obligatory in order to compare exercise echo 
results. Subanalysis of various mechanisms is still necessary in a prospective setting, since 
they are based on different etiologies and diagnosed and treated accordingly.22,24

Next to exercise echocardiography, hemodynamic changes resulting from MV disease can 
be visualized by use of a volume-time curve (VTC), representing the systolic and diastolic 
function over time. However, up to now VTC’s have not been used in clinical practice, 
because of the absence of a non-invasive method to obtain these curves easily and 
reliably.25-27 In Chapter 6, the development and improvement of a non-invasive, operator-
independent, and low-cost system (the Hemodynamic Cardiac Profiler, HCP) was 
described. HCP provides a continuous measurement of LV and left atrial (LA) VTCs, in 
order to evaluate hemodynamic changes due to e.g. LV dysfunction or valvular diseases. 
Using a set of preliminary experiments on asymptomatic MR patients, elderly and young 
healthy volunteers, we have shown that the HCP can produce VTCs in which clinically 
relevant parameters are provided. The results produced by the HCP were consistent with 
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the known phenomena from pathophysiology: the isovolumetric contraction phase was 
absent in the MR patients, and EV/AV ratios in the healthy young volunteers were significantly 
higher compared with the older healthy volunteers, reflecting diastolic dysfunction in the 
latter.28 Its ability to assess changes in cardiac function continuously and with a high 
temporal resolution, may potentially lead to the use of the HCP as screening and monitoring 
tool for cardiac diseases. However, data are still preliminary and experimental.

Opt imiz ing  the  t rea tment  s t ra teg ies  f o r  mi t ra l  va lve  d isease

In Part 2 of this thesis several challenges for today’s cardiologist, cardiac surgeons and 
heart team in the treatment strategy of patients with MV disease were evaluated and 
optimized. 
Non-randomized trials show a favorable outcome of both early MV repair29-31 and watchful 
waiting32 in asymptomatic patients with severe organic MR and preserved LV function. 
Therefore guideline recommendations are conflicting20,21, and the choice for the best 
treatment is often left to the preference of the treating physician and/or patient, resulting 
in different treatment strategies for the same patient. In this context, Chapter 7 reviewed 
the latest evidence on diagnostic and treatment strategies for asymptomatic patients with 
severe organic MR. The main message of this review is that most guideline recommendations 
are under-girded by studies of the unidentified asymptomatic patient, including low 
evidence levels. Therefore identification of the total patient cohort is of utmost importance 
to perform a randomized trial that reflects the current practice in both academic and non-
academic centers. Consequently every patient suspected of severe MR should be referred 
to more specialized valve centers, in order to guarantee heart team evaluation and a high 
degree of successful reparability in these asymptomatic patients.33 Awareness among 
cardiologists and cardiothoracic surgeons, improved guidelines adherence and a 
systematic approach in the management of MR, will ensure reliable and applicable results 
for research and clinical purposes. 
An extended description of the challenge to identify all asymptomatic patients with severe 
organic MR, and an evaluation of the consequences in case of partial referral, was depicted 
in Chapter 8. Overall, data of non-randomized trials are mainly derived from highly 
specialized valve clinics20,29-31, whereas in clinical practice patients are often followed for 
years using a successful watchful-waiting strategy (particularly in Europe).21,33 These 
patients will not be included or evaluated in prospective or retrospective trials on 
asymptomatic MV disease, which clearly reflects the gap between current study results 
and daily practice. Comparing both treatment strategies is of importance to: 1) perform a 
randomized trial; and 2) recruit these earlier-mentioned “invisible patients”. 
Although at present the general consensus is increasingly in favor of early MV repair, 
selection bias is a problematic confounder in the non-randomized trials that have been 
performed on this topic so far. For that reason the Dutch AMR (Dutch Asymptomatic Mitral 
Regurgitation) trail was designed: the first multicenter randomized trial comparing early 
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surgery versus watchful waiting in asymptomatic patients with severe MV regurgitation, 
and a high likelihood of MV repair at a low expected mortality rate (Chapter 9). Due to new 
insights, the final objective was to randomly assign 250 patients between 18-75 years 
within 3 years, including a follow-up of 10 years per patient. The final primary outcome 
was a composite endpoint of cardiovascular mortality, congestive heart failure, and non-
fatal cardiovascular events requiring hospitalization. Patients who did not want to be 
included in the Dutch AMR randomization study, were asked to participate in the non-
randomized registry. To ensure reliable results, standardized protocols were used and MV 
repair was performed in centers meeting the standards for best practice.34,35

It was anticipated that the Dutch AMR trial would serve as an international landmark study, 
thereby underpinning new recommendations for daily, clinical practice and improving life 
expectancy in this specific patient cohort. Chapter 10 described the difficulties in 
performing the Dutch AMR study and the main reasons for the premature termination of 
the randomized study arm. As in other randomized trial of valve surgery the ethical, 
logistical, and financial constraints affected the course.36 However, in our experience the 
most important reasons for ending our trial were: 1) the patient and/or cardiologist preferred 
one of the two treatment strategies, but refrained from an independent heart team view, 
and 2) asymptomatic patients were reluctant to participate in such randomization. It is 
questionable if a randomized trial on this topic will ever be completed.
Although outcomes of surgically corrected MV disease are excellent37,38, a significant 
amount of patients are hampered by late, severe tricuspid regurgitation (TR).39-41 Following 
guideline recommendations, concomitant tricuspid valve (TV) repair is indicated in the 
presence of severe TR pre-procedural20,21,42, however, less is known regarding mild to 
moderate TR.42,43 Therefore, the echocardiographic and clinical results in patients with less 
than severe TR undergoing MV surgery without concomitant TV repair, were evaluated in 
Chapter 11. Our data showed that it is safe to waive concomitant TV repair in this specific 
patient cohort, as 1) significant late TR was rarely seen, 2) higher pre-operative TR grades 
showed more improvement of TR at follow-up, and non-severe TR before MV surgery 
became seldom significant at a mean follow-up of approximately 4 years, and 3) mortality 
was not correlated to the late TR severity. These findings should be interpreted in light of 
a proactive acquittal of the guideline recommendations in the study center, leading to a 
lack of study patients with a larger tricuspid annulus diameter due to TV annuloplasty 
beforehand.20,21,44 In addition, heterogeneity in study design, population and outcome 
definitions made it difficult to compare with previous literature.45-48

Apart from the pre-procedural considerations in patients undergoing MV repair, nowadays 
clinicians are regularly confronted with patients having recurrent or persistent complaints 
after successful, isolated MV repair. Exercise echocardiography reference values in patients 
after successful MV repair, and without complaints, are needed for comparison with the 
symptomatic patient. Chapter 12 revealed that in more than 50% of the patients without 
complaints after successful MV repair, the standard value for mean transmitral pressure 
gradient (TPG) during  physical exercise testing was above the guideline threshold of 
15mmHg (indication for an intervention in native valve disease). In contrast, the maximum 
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systolic pulmonary artery pressure (SPAP) at peak exercise was never above the 
recommendation for intervention (60mmHg). Thus, we showed that standard values for 
stress echocardiography derived parameters after MV repair, differ from current 
recommendations in native MV disease.20,21 While exact standard values could not be 
determined in present study, we suggest that baseline assessment of exercise derived 
echo parameters after MV repair may serve as an individual reference, and therefore could 
be of additional value in clinical decision making when symptoms occur.
Another issue that is regularly seen in the post-procedural management of patients with 
MV disease, is the lack of information regarding the best bridging strategy in patients after 
heart valve replacement20,21,49, resulting in hospital based protocols that are frequently 
inconsistent with one another. In Chapter 13 we showed that no difference was found in 
the 30-day incidence of adverse events when comparing the unfractionated heparin (UFH) 
and the subcutaneous low-molecular-weight heparin (LMWH) bridging strategies. However, 
the incidence of bleeding was considerably higher than the incidence of thromboembolism 
or death, and higher compared to previous literature.50-53 This may be explained by 
differences amongst studies in the: 1) bleeding assessment (e.g. criteria of major bleeding 
and the subjective interpretation of an overt bleeding)54,55, 2) bridging protocol (e.g. the 
time in which dual anticoagulation was administered), and 3) characteristics of the included 
patients.55-57 Nevertheless, the study closely followed today’s clinical practice and 
underlines the importance of a patient tailored approach regarding the best bridging 
strategy in this specific cohort.

CLINICAL  IMPLICATIONS

Performing research is important to expand medical knowledge and improve patient care. 
Nevertheless, we have to keep in mind that the research setting and clinical practice may 
be two different worlds, and not seldom reveal serious differences regarding e.g. feasibility, 
population characteristics, and patient’s or clinician’s preferences. The main purpose of 
this thesis (‘resolving nowadays clinical challenges in the diagnosis and treatment of MV 
diseases’) goes hand in hand with three essential conditions: 1) discovering the clinical 
challenge, 2) following clinical practice, and 3) generating awareness and implementation 
in daily practice. It is against this background that we propose the following clinical 
implications, based on the optimized diagnostic and treatment strategies in this thesis, 
and per patient category: 

The (asymptomatic) patient with severe MR
In figure 1 the proposed diagnostic and therapeutic work-up for patients suspected for 
severe MR is depicted, which is based partly on the current guideline recommendations 
and the results of this thesis. In summary: the keystone in the diagnosis of MR is and 
remains TTE to determine severity. We suggest the ROSE-index to be used as an simple 
and initial method to screen out the most severe or non-severe regurgitation subjects 
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(Chapter 3). Patients with score 0 and 1 are not presented in the heart team (moderate 
MR), patients with score 2 or 3 need additional diagnostics (3D TTE, transesophageal 
echocardiography (TEE), stress echocardiography, or CMR) and will be presented in the 
heart team to discuss MR severity, and patients with score ≥4 will be presented in the 
heart team with severe MR. Ideally, additional investigations to determine class I or class 

* including medical treatment and/or extended HF treatment

TTE: transthoracic echocardiography, 2D: two-dimensional, MR: mitral regurgitation, ROSE index: mitral RegurgitatiOn Severity grading 
by an Easy-to-use index, TEE: transesophageal echocardiography, 3D: 3-dimensional, BNP: brain natriuretic peptide, CMR: cardiac 
magnetic resonance, LV: left ventricular, EF: ejection fraction, CAD: coronary artery disease; MV: mitral valve.

Figure 1.  Proposed diagnostic and therapeutic work-up for patients suspected of severe mitral valve regurgitation
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2A criteria for intervention, reparability, risk factors for intervention, and/or risk factors for 
the need of concomitant procedures are performed prior to the heart team evaluation.  
The heart team consists of at least one imaging cardiologist, interventional cardiologist, 
cardiovascular radiologist and cardiac surgeon, and will determine the best treatment 
strategy (figure 1).
It is anticipated that screening of and diagnostic work-up for patients with MR is improved 
by 1) awareness among cardiologists and cardiothoracic surgeons, 2) improved guidelines 
adherence, and 3) a systematic approach according standardized protocols (for example 
figure 1), including strict criteria. In addition, specialized valve centers must meet the 
surgical criteria to guarantee high reparability rates in asymptomatic patients. While a 
hospital mortality rate of <1% and high MV repair rate is not feasible in all surgical centers, 
we support patient referral to these specialized surgical centers.
Concerning the preferred management in asymptomatic patients with severe, organic MR, 
we foresee that a Level of evidence A for one of the two treatment strategies will never be 
achieved. Instead of waiting for a randomized trial that may never occur, we should be 
more careful in the evaluation of the patient’s symptoms and echocardiographic follow-up 
results, to perform early MV repair when guideline recommendations for intervention are 
met. Second best results will derive from larger registries, including a propensity matched 
population or registries following strict inclusion criteria. 

The patient with concomitant MR
Based on our study results in patients with severe aortic stenosis, almost all parameters 
from the integrated 2D echocardiographic approach as recommended by current 
guidelines, proved to be feasible in clinical practice to diagnose some degree of MR. As 
much as possible parameters need to be determined by 2D TTE for accurate MR grading. 
However, to improve adherence to the guidelines, we again suggest the more structured 
and practical ROSE-index to be used in the daily practice (Chapter 3). Only 5 parameters 
need to be determined to classify concomitant MR as being significant (MR grade>2, 
compliant with ROSE-score <2), or non-significant (MR grade ≥2, compliant with ROSE-
score ≥2). The high specificity and negative predictive value of the ROSE-index is preferred 
in patients with concomitant MR, as it excludes significant MR and consequently prevents 
unwarranted double-valve intervention or surgical refusal. In order to differentiate moderate 
and severe MR grades, additional diagnostics (e.g. TEE, stress echocardiography, or CMR) 
and evaluation in a heart team are recommended for patients with ROSE-score 2 or 3. 
Nevertheless, our retrospective data in patients undergoing TAVR showed no clinical 
consequences based on the concomitant MR severity. However, in order to resolve the 
discrepancies in data on the influence of MR severity, prosthesis type and MV etiology on 
the clinical outcome, homogeneity in MR grading methods is obligatory. A prospective 
study with longer follow-up period is recommended, obviously including accurate and 
structured MR grading using an practical approach for daily practice.
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The patient with dynamic MV disease
As depicted in figure 1 in case of MR, we recommend to consider stress echocardiography 
in patients suspected for more than moderate MR and unclear symptoms or borderline 
values during rest TTE, to evaluate the symptoms, MR severity, LV function and pulmonary 
pressures at peak exercise. Apart from risk stratification in patients with severe MR, we 
recommend stress echocardiography in patients with moderate MR and disproportionate 
symptoms to define the ‘true MR severity’ at peak exercise. Similar to rest echocardiography, 
an integrated approach to determine MR severity at peak exercise is preferred. The ROSE-
index (Chapter 3) may be used to distinguish between moderate and severe regurgitation, 
however, we have to keep in mind the ROSE-index was only validated in resting TTE 
images. Future prospective studies using stress echocardiography are needed to confirm 
our retrospective results in TTE at rest.
The evaluation of the stress echo examination is sometimes limited by a poor imaging 
window during physical exercise. Therefore we recommend performance of stress 
echocardiography by experienced sonographers or cardiologists with considerable 
experience to obtain good quality echo studies. A validated and standardized exercise 
protocol is necessary in order to compare results. A baseline TTE should be performed 
before exercise, including the determination of LV function and dimensions, wall motion, 
aortic root, right ventricular (RV) dimensions and function, LA volumes, pulmonary pressure 
and the valvular functions. Physical exercise should be performed on a semi-supine bicycle, 
using an exercise protocol that is tailored to the capacity of the patient. Usually, patients 
are asked to maintain a cadence of around 60/min with increments in workload of 10W 
(older subjects) or 25W (younger subjects) made at 2-min intervals. Exercise endpoints 
should be determined at >85% of the age-predicted maximum heart rate, or the occurrence 
of recognizable symptoms. Again the LV function, dimensions, wall motion, RV function, 
pulmonary pressures and severity of valvular diseases (including gradients in case of a 
stenotic valve) should be measured at peak exercise, and compared to the resting images.
In our thesis we showed that, next to stress echocardiography, dynamic MR could be 
determined by analyzing the VTC as generated by the HCP. Its ability to assess changes 
in cardiac function continuously and with a high temporal resolution, may potentially lead 
to the use of the HCP as an screening and monitoring tool for cardiac diseases. However, 
data are still very preliminary and experimental. Thus, at this moment VTC measurements 
by the HCP are not recommended in the work-up or follow-up of patients with MV disease. 
Future prospective studies in a larger study population that are focused on a MV disease 
in particular, are necessary.

The patient with (future) MV repair
Following our data, there is no indication for TV annuloplasty in patients with mild to 
moderate TR that undergo MV surgery. Significant late TR was seldom seen, and non-
significant TR rarely reached significant grades of TR. In addition, both pre- and post-
procedural TR did not affect the clinical outcome and therefore seemed not clinically 
important. This study was retrospective and may not be regarded to as a Level of evidence 
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A or B recommendation. Larger studies using consequent TR  grading methods, definitions 
for TR severity and outcome measurements, are needed.
In current practice, stress echocardiography is never indicated routinely but should be 
considered in patients who are breathless despite a normal resting study. In our opinion 
it includes patients after MV repair, as in theory, they may suffer from functional MS 
following restrictive techniques to repair the valve. Nevertheless, as standard values after 
successful MV repair are lacking, a baseline stress echo assessment may be useful in the 
follow-up of these patients. We think that baseline assessment of exercise derived echo 
parameters after MV repair may serve as an individual reference, and therefore could 
possibly be of more value in clinical decision making compared to absolute values in case 
of symptoms during follow-up. The stress echo TTE may also reveal hidden MV dysfunction 
or LV deterioration. Hence, we recommend to perform a baseline stress TTE as soon as 
patients have recovered from surgery and finished the cardiac rehabilitation program 
successfully. This may replace the first outpatient clinical follow-up TTE at rest, which is 
recommended in all patients post MV repair. The standard stress echo
 protocol was described previously.

The patient with a mechanical heart valve
This thesis showed that bleeding risks were similar between the UFH and the LMWH 
bridging strategy in patients with a left-sided mechanical heart valve, therefore other 
(practical, logistic and financial) factors contribute to the preference for the best bridging 
strategy. As LMWH is administered subcutaneously without need for hospitalization and 
blood monitoring, in contrast to the UFH administration, a bridging strategy with LMWH 
is preferred for all mechanical heart valves. In addition, a policy of precaution is 
recommended in case of high-risk mechanical heart valves (more than one risk factor for 
thrombosis), including personalized medicine by considering the additional risks factors 
for thromboembolic events in the clinical decision making process. Figure 2 is an overview 
of the proposed bridging protocol for daily practice.

FUTURE PERSPECTIVES

Diagnostics for mitral valve disease 
Recent techniques as tissue Doppler imaging and speckle tracking echocardiography 
appear to be promising tools in detecting subclinical LV dysfunction. If available, 3D 
echocardiography may allow for real-time quantitative assessment of MR with volumetric 
flow data giving measurements that are similar in accuracy to those obtained by CMR 
imaging, and superior evaluation of LV function. In patients with inadequate echogenicity 
and/or in whom echocardiographic measures of severity are inconsistent, CMR is the 
alternative imaging modality of choice for evaluating MV disease. Additionally, the presence 
of myocardial fibrosis as detected by late gadolinium enhancement contrast imaging is 
associated with a less favorable outcome in valvular and nonvalvular cardiomyopathies, 
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although the presence and significance has not been widely studied yet. Routine 
assessment with cardiac CT is still not recommended, but its role might increase as 
radiation and contrast doses further regress in the future. However, the purpose of this 
thesis was to optimize current diagnostics in such way that our ‘bedside methods’ might 
directly be implemented in the daily practice of today’s clinician. Therefore we did not 
focus on these newer, promising diagnostic tools. We foresee these techniques (in particular 
3D echocardiography and CMR) to gain a more important role in MR grading in the nearby 
future, although technical limitations, higher costs, lower availability and insufficient 
technical expertise (particularly in non-academic centers), and the time-consuming 
processing, still prevent it from becoming widely adopted into daily practice at this point. 
Metaphorically speaking, it is expected that new technologies will ‘reduce the distance’ 
between the clinician and the valve. Although a real touch will (probably) not be possible, 
non-invasive imaging techniques will include better holographic representation and 
interaction with the three-dimensional anatomical representations, as well as better 
graphic-user interfaces to improve clinical decision making and speed up interventions. 
An important side issue is that more and more the cardiologist and cardiac surgeon in the 
heart team will use a similar anatomical image of the MV for the evaluation. 

Treatment strategies for mitral valve disease 
Regarding the future perspectives on the treatment strategies for MV disease, a prospective 
randomized trial is essential to determine the best treatment. However randomized valvular 
heart studies are scarce, and we expect that they will remain scarce. It is hypothesized 
that recommendations will be mainly based on large non-randomized studies that are 
currently enrolling or will be performed in future. Above all, the trend of intensifying research 
for early detection of cardiac deterioration (stress echocardiography. biomarkers, CMR) 
may decrease uncertainties regarding the MV disease severity, asymptomatic state or LV 
function, thereby limiting the number of patients in which the best treatment option remains 
uncertain.
Furthermore, in addition to traditional sternotomy, less invasive ways to approach surgical 
MV repair (mini-thoracotomy approaches and robotically-assisted MV surgery) have 
become available. Such procedures may offer attractive alternatives as younger and 
healthier patients are referred for early intervention. In addition, the indication for edge-to-
edge percutaneous mitral repair (Mitraclip) may be extended to other patient categories. 
Lastly we expect that expertise heart teams and specialized valve centers will have a key 
role in optimizing the management of MV diseases. Future awareness among cardiologists 
and cardiothoracic surgeons, improved guidelines adherence, and a structured 
management protocols, should be subject of these expert meetings, and will ensure reliable 
and applicable results in research and daily clinical practice. To further optimize 
management in patients with MV disease, future studies regarding the challenges in the 
diagnostic options and therapeutic treatments are warranted and expected.
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* Options A-C were not discussed in this thesis, but are based on ACC/AHA guidelines20 
LVEF: left ventricular ejection fraction, VKA: vitamin K antagonist, LMWH: low-molecular-weight heparin, UFH: unfractionated heparin.
Adapted from: Hart et al. Int J Cardiol. 2017;232:121-126. 

Figure 2.  Bridging protocol for mechanical heart valve patients. 
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SUMMARY IN  DUTCH

Neder landse  samenvat t ing

De studies binnen het huidige proefschrift beschrijven de diverse, vaak voorkomende 
moeilijkheden in de klinische praktijk binnen de behandeling en diagnostiek van patiënten 
met mitralisklep aandoeningen. Deze onderzoeken zijn uitgevoerd met het idee om handvaten 
te kunnen bieden bij de verschillende klinische beslissingen die in de praktijk genomen dienen 
te worden. Het doel van Deel 1 was het identificeren van patiënten met ernstig 
mitraliskleplijden die gebaad zijn bij een (chirurgische) interventie, door het optimaliseren 
van het meest gebruikte diagnostische instrument in de huidige praktijk: tweedimensionale 
(2D) transthoracale echocardiografie (TTE). Ook valt hieronder de zoektocht naar (nieuwe) 
technieken om de hemodynamische gevolgen van mitralisklepinsufficiëntie (MI) beter te 
kunnen bepalen. Het doel van Deel 2 van het proefschrift was met name het optimaliseren 
van de behandeling van mitralisklep aandoeningen, door onder andere de beste behandeling 
van asymptomatische patiënten met een ernstige mitraliskleplijden, en de verbetering van 
de zorg na een mitralisklep operatie te evalueren en waar mogelijk te verbeteren. Samengevat 
omvat dit proefschrift een beschrijving van de klinische uitdagingen binnen de volgende 
frequent geziene patiëntengroepen met: (asymptomatische) ernstige MI (Hoofdstuk 2, 3 en 
7-10), bijkomende MI naast al een andere hartklepaandoening (Hoofdstuk 4), dynamisch 
mitraliskleplijden (Hoofdstuk 5 en 6), (toekomstige) mitralisklepreparatie (Hoofdstuk 11 en 
12) en een mechanische hartklep (Hoofdstuk 13).

Hoofdstuk 1 is de algemene introductie van dit proefschrift. Twee belangrijke kwesties 
worden hierin naar voren gebracht: 1) mitralisklep aandoeningen zijn een groot en 
toenemend ziekteprobleem, en 2) de mitralisklep bestaat uit een complexe en dynamische 
constructie, dat nauw samengaat met het subvalvulaire apparaat, de drukken in het hart 
en de linkerkamerfunctie en vorm. Zodoende is het behandelen van mitralisklep pathologie 
een uitdaging voor zowel de cardioloog als de cardiothoracaal chirurg. Daarnaast zorgt 
enorme diversiteit in mitralisklep afwijkingen vaak voor ingewikkelde vraagstukken ten 
aanzien van de beste behandelmogelijkheden. Vaak staat niet één methode voor de 
diagnostiek of behandeling centraal, maar dient een keuze gemaakt te worden.
Door de jaren heen zijn er verschillende deelgebieden binnen de behandeling van 
mitralisklep aandoeningen uitgebreid onderzocht: het aanscherpen van diagnostische 
technieken, het ontwikkelen van nieuwe interventiemethodes en het optimaliseren van de 
patiëntselectie en/of tijdsindicatie waarbinnen chirurgie geïndiceerd is. Ondanks 
grootschalige onderzoeken, blijft er soms een ‘gat’ bestaan tussen de wereld van onderzoek 
en de klinische praktijk. Veelbelovende onderzoeksresultaten zijn soms niet 
geïmplementeerd binnen de dagelijkse praktijk van academische en niet-academische 
centra. Zolang nieuwe ontwikkelingen niet kunnen worden toegepast, hebben soms meer 
pragmatische en eenvoudige oplossingen de voorkeur op de korte termijn. Praktische 
toevoegingen zijn op die manier van waarde voor de hedendaagse praktijk. 
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Door het verschil in prevalentie binnen de groep van mitralisklep etiologieën1-3, worden in 
dit proefschrift meer studies beschreven in MI vergeleken met mitralisklepstenose (MS) 
patiënten. Een uitgebreide beschrijving van de meest recente richtlijnen en diverse 
diagnostiek- en behandelmogelijkheden voor patiënten met ernstige (klinisch relevante) 
MI, volgt na deze algemene introductie (Hoofdstuk 2). Als belangrijkste boodschap 
beschrijft dit review dat volgens de huidige richtlijnen, de beste behandeling van patiënten 
met MI afhangt van de ernst, oorzaak en hemodynamische consequenties. Daarnaast 
wordt de uitkomst van een behandeling eveneens bepaald door de timing. 
Mitralisklepchirurgie (reparatie) is geïndiceerd bij symptomatische patiënten met ernstige, 
organische MI. In het geval van een operatie indicatie bij patiënten met chronische, 
functionele MI, kan restrictieve annuloplastiek worden toegepast. De resultaten zijn echter 
niet eenduidig. Bij inoperabele patiënten met ernstige MI, of waarbij het operatierisico te 
hoog is, zou een MitraClip implantatie overwogen kunnen worden. Voor asymptomatische 
patiënten met ernstige, organische MI bestaat geen consensus over de beste behandeling. 
Overleg in een hartteam is van belang om tot een juiste behandelstrategie te kunnen 
besluiten. Daarnaast kan het hartteam adviseren bij het opwerken en doorverwijzen van 
patiënten naar een expertisecentrum wanneer een interventie overwogen wordt. Dit 
proefschrift gaat verder met het evalueren en optimaliseren van diverse diagnostiek en 
behandelmogelijkheden binnen de mitralisklep aandoeningen in het algemeen (Hoofdstuk 
5 en Hoofdstuk 11-13) en MI in het bijzonder (de overige hoofdstukken).

Optimaliseren van de diagnostiek van mitralisklep aandoeningen 
In Deel 1 van dit proefschrift werden de hedendaagse diagnostische strategieën 
onderzocht, met daarbij vooral aandacht voor het echocardiografische onderzoek als zijnde 
de hoeksteen voor het diagnosticeren van mitralisklep aandoeningen in de huidige praktijk. 

Alhoewel 2D TTE met regelmaat toegepast wordt, blijft het bepalen van de ernst van een 
mitralisklep aandoening vaak een ware uitdaging. Er is namelijk geen algoritme of algemene 
beschrijving die gebruikt kan worden bij het interpreteren van de individuele parameters, 
zoals die genoemd worden in de huidige richtlijnen voor hartklepaandoeningen. In 
Hoofdstuk 3 toonden we aan dat onze semi-quantitatieve ROSE-index een eenvoudige 
manier is om de ernst van mitraliskleplijden te bepalen in de huidige kliniek en voor 
onderzoeksdoeleinden. In tegenstelling tot de 11 parameters zoals vermeld in de richtlijnen, 
stellen wij een 5-parameter index voor, die relatief eenvoudig is zonder daarbij verlies van 
de nauwkeurigheid. Overleg in een multidisciplinair kleppenteam, waarbij experts de 
hemodynamische gevolgen van het kleplijden eveneens meenamen in het oordeel of er 
sprake was van een ernstige lekkage, bleef tijdens de studie noodzakelijk in 1 van de 4 
patiënten met borderline ernstige MI. Dankzij de praktische en eenvoudige toepasbaarheid, 
is het denken wij mogelijk dat de ROSE-index gebruikt wordt voor het op een eenvoudige 
wijze onderscheid kunnen maken tussen ernstige en niet-ernstige insufficiëntie. Hierbij 
dient bedacht te worden dat door het ontbreken van een gouden standaard, het niet 
mogelijk is geweest de index hiermee te vergelijken. Als ‘second-best’ is zodoende tijdens 
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het onderzoek gekozen voor het oordeel van een expert panel, hetgeen uiteraard het 
risico’s van bias met zich meebrengt, maar eerder ook betrouwbaar is gebleken.4-8 Het 
gebruik van quantitatieve parameters gemeten met drie-dimensionale (3D) echocardiografie 
of magnetische resonantie imaging (MRI) heeft nog wel eens de voorkeur als 
referentiestandaard, echter deze onderzoeken kunnen niet overal worden uitgevoerd in de 
dagelijkse praktijk door hun beperkingen.9-11 Dit verduidelijkt direct het ‘gat’ dat er kan 
bestaan tussen gradering van MI in een onderzoekssetting, vergeleken met de klinische 
praktijk. Een eenvoudige index kan soms van meer toegevoegde waarde zijn voor de 
behandelend arts dan een moeilijk uitvoerbaar en tijdrovende nieuwe methode.

In Hoofdstuk 4 is gekeken naar de ernst van gelijktijdige MI in patiënten met ernstige 
aortaklep stenose die daarvoor een transcatheter aorta klep vervanging (TAVR) ondergingen. 
Het ontbreken van een consistent scoringssysteem voor het classificeren van de ernst van 
de MI, maakt dat verschillende onderzoeksresultaten niet met elkaar vergeleken kunnen 
worden. 12-15 Hierdoor blijft er bijvoorbeeld onduidelijkheid bestaan over het voorkomen 
van klinisch relevante MI en de verandering in ernst na TAVR, zodat de daadwerkelijke 
invloed van bijkomstige MI op de lange termijn onduidelijk blijft.12-17 De huidige studie 
toonde aan dat op basis van consistente classificatie van de MI ernst met behulp van een 
geïntegreerde 2D echo beoordeling (zoals de richtlijnen adviseren), de ernst van de MI in 
de betreffende populatie minimaal was. In de meeste gevallen was er sprake van minder 
dan matige MI, enkele uitzonderingen nagelaten waarin sprake was van ernstige MI. Over 
het geheel genomen werd er geen verandering gezien in MI op 1 jaar na TAVR, hoewel 
klinisch relevante MI over het algemeen verminderde in ernst en niet-significante MI veelal 
toe nam in ernst. Deze resultaten zijn ook beschreven in eerdere onderzoeken14,18, al zijn 
de meeste studieresultaten moeilijk te vergelijken door onderling grote verschillen in 
bijvoorbeeld MI gradering. Tevens is het mogelijk dat matige MI in de aanwezigheid van 
hoge linkerkamerdrukken (wat deze patiënten hebben) meer morbiditeiten geeft in 
vergelijking met natieve klepaandoeningen.19 Desondanks werd in alle TAVR patiënten een 
positief effect van de TAVR gezien, ongeacht de ernst van de bijkomende MI.  

Het evalueren van klachten blijft subjectief en is deels gebaseerd op de anamnese van de 
patiënt en de interpretatie van de arts. Desondanks is het hebben van klachten een van 
de belangrijkste indicatoren voor interventie.20,21 In het geval van asymptomatische 
patiënten, of mensen met disproportioneel veel klachten in relatie tot de MI ernst, kan door 
het hemodynamische karakter van MI het interpreteren van de 2D TTE beelden in rust 
nogal uitdagend zijn.22 Een stress test in dat geval met de bepaling van de pulmonale 
drukken, lijkt echter nauwelijks te gebeuren.23 Het doel van Hoofdstuk 5 was om de 
klinische meerwaarde van stressechocardiografie binnen deze lastige patiëntengroep te 
bepalen. Hoofdstuk 5 wees uit dat een inspanningsecho van toegevoegde waarde was 
voor het aantonen van hemodynamische veranderingen en het monitoren van symptomen 
bij patiënten met een mitralisklep pathologie. In tweederde van de patiënten werd de 
besluitvorming in het kleppenteam door deze uitslag beïnvloed, inclusief een verandering 
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en bevestiging van het reeds vastgestelde beleid in één op de drie patiënten. Er kon in het 
onderzoek echter geen rekening gehouden worden met de arts-patiënt interactie, waarvan 
waarschijnlijk geacht wordt dat dit nog van invloed kan zijn. Een gestandaardiseerd 
inspanningsprotocol werd gebruikt tijdens de huidige studie, hetgeen noodzakelijk is om 
de onderzoeksuitslagen te kunnen vergelijken. Voor de verdere toepasbaarheid van 
stressechocardiografie bij deze patiënten is een prospectieve subanalyse van diverse 
mechanismen van mitraliskleplijden van belang.22,24

Naast inspanningsechocardiografie kunnen hemodynamische veranderingen ook 
inzichtelijk gemaakt worden met behulp van een volume-tijd curve (VTC), waarin de 
systolische en diastolische functie wordt weergeven in de tijd. Echter worden VTC curves 
tot op heden nog niet gebruikt in de praktijk, omdat er geen niet-invasieve methode is om 
de curves op een eenvoudige en betrouwbare manier te kunnen genereren.25-27 In 
Hoofdstuk 6 werd de ontwikkeling en de verbetering van een niet-invasief, gebruikers-
onafhankelijk en goedkoop systeem uiteengezet (de Hemodynamic Cardiac Profiler, HCP). 
De HCP voorziet in een continue meting van de linkerkamer en -boezem VTC’s, om zo de 
hemodynamische veranderingen te kunnen monitoren die ontstaan bij linkerkamer 
disfunctie of klepgebreken. Dankzij onderzoek in asymptomatische MI patiënten, oudere 
en jongere vrijwilligers, hebben we kunnen aantonen dat de HCP eenvoudig VTCs kan 
genereren met daarin klinisch relevante parameters. Deze resultaten kwamen overeen met 
bekende fenomenen binnen de pathofysiologie: de isovolumetrische contractiefase was 
afwezig in MI patiënten en EV/AV ratio’s waren significant hoger in jongeren vergeleken met 
de oudere vrijwilligers, hetgeen past bij diastolische disfunctie in deze laatste groep.28 
Dankzij de mogelijkheid om continu de veranderingen in de cardiale functie te monitoren 
met een hoge resolutie, zou ertoe kunnen leiden dat de HCP mogelijk in de toekomst 
gebruikt zou kunnen worden voor de screening en monitoring van hartziekten. Echter, het 
betreft voorlopige uitslagen in een nog experimentele setting.

Optimaliseren van de behandelstrategieën voor mitralisklep aandoeningen
In Deel 2 van dit proefschrift werden diverse uitdagingen voor de hedendaagse cardioloog, 
cardiothoracaal chirurg en het hartteam geëvalueerd en geoptimaliseerd. Niet-
gerandomiseerde studies hebben in het verleden goede resultaten getoond voor zowel 
vroegtijdige mitralisklepreparatie29-31 als een watchful waiting strategie32 voor 
asymptomatische patiënten met ernstige, organische MI en een behouden 
linkerkamerfunctie. Als gevolg hiervan zijn de richtlijnen tegenstrijdig20,21 en wordt de keuze 
voor de beste behandeling vaak overgelaten aan de behandelaar en/of patiënt, hetgeen 
resulteert in verschillende behandelingen voor dezelfde patiënten. In Hoofdstuk 7 werd 
de laatste literatuur op het gebied van diverse diagnostische en behandelstrategieën voor 
patiënten met ernstige, organische MI besproken. De belangrijkste boodschap van het 
review is dat een groot deel van de aanbevelingen in de huidige richtlijnen onvoldoende 
onderbouwd zijn. Daarbij is slechts een deel van de asymptomatische patiënten voor deze 
onderzoeken in beeld gebracht. Door het identificeren van de volledige groep patiënten 
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met asymptomatische, ernstige MI, kunnen onderzoeksresultaten geëxtrapoleerd worden 
naar de dagelijkse praktijk van zowel academische als niet-academische centra. Hiervoor 
zou elke patiënt die verdacht wordt van ernstige MI naar een specialistisch centrum 
verwezen moeten worden, zodat bespreking in het hartteam gegarandeerd plaatsvindt en 
een hoge kans op een succesvolle reparatie bestaat in het geval van een operatie(indicatie).33 
Alertheid onder cardiologen en hartchirurgen, betere naleving van de richtlijnen en een 
gestructureerde, systematische benadering in de behandeling van MI, zullen betere 
resultaten opleveren voor de klinische praktijk en voor wetenschappelijk onderzoek. 

Een uitgebreide beschrijving van de uitdaging om alle asymptomatische patiënten met 
ernstige, organische MI in beeld te brengen, en een toelichting op de consequenties in het 
geval van een gedeeltelijke verwijzing van deze patiëntengroep, werd beschreven in 
Hoofdstuk 8. Over het algemeen zijn de data van de huidige niet-gerandomiseerde studies 
afkomstig uit zeer gespecialiseerde centra.20,29-31 Dit terwijl in de dagelijkse praktijk patiënten 
regelmatig succesvol worden behandeld middels de watchful waiting strategie (vooral in 
Europa).21,33 Deze patiënten worden daarvoor meestal niet eerst verwezen naar of besproken 
in een expertise centrum, zodat ze ook niet geïncludeerd worden in de prospectieve of 
retrospectieve studies binnen dit onderzoeksgebied. Het is een duidelijke weergave van 
het ‘gat’ dat er bestaat tussen de wereld van het onderzoek en de dagelijkse praktijk. Een 
directe vergelijking van de besproken behandelstrategieën heeft als doel: 1) een 
gerandomiseerde studie uit te kunnen voeren, en 2) alle eerder genoemde ‘onzichtbare’ 
patiënten in beeld te brengen.

Alhoewel op dit moment resultaten met name in de richting wijzen van vroegtijdige 
mitralisklepreparatie, blijft de selectiebias in niet-gerandomiseerde studies een belangrijk 
probleem. Vandaar dat de Dutch AMR (Dutch Asymptomatische Mitralisklep Regurgitatie) 
studie opgezet is. Het is de eerste gerandomiseerde, multicenter studie om in 
asymptomatische patiënten met ernstige MI, een behouden linkerkamerfunctie en een 
hoge reparatiekans met laag overlijdensrisico, een directe vergelijking te kunnen maken 
tussen vroegtijdig opereren of een afwachtend beleid (Hoofdstuk 9). Door voortschrijdend 
inzicht, werd uiteindelijk besloten het doel te stellen om 250 patiënten te includeren, tussen 
18-75 jaar binnen een termijn van 3 jaar en met een follow-up van 10 jaar per patiënt. De 
primaire uitkomst was een samengesteld eindpunt bestaand uit cardiovasculaire mortaliteit, 
congestief hartfalen en niet-fatale cardiovasculaire events waarvoor hospitalisatie nodig 
was. Patiënten die niet wenste deel te nemen aan de Dutch AMR studie, werden gevraagd 
deel te nemen aan de niet-gerandomiseerde registratie. Voor betrouwbare resultaten 
werden gestandaardiseerde protocollen gebruikt en werd mitralisklepreparatie alleen 
uitgevoerd in centra die voldeden aan de criteria van een ‘best-practice’ centrum.34,35

De Dutch AMR studie zou mogelijk gaan dienen als een toonaangevende internationale 
studie, waarmee nieuwe aanbevelingen onderbouwd zouden kunnen worden ter verbetering 
van de dagelijkse zorg en levensverwachting van deze specifieke patiëntenpopulatie. In 



249

A

S U M M A R Y  I N  D U T C H

Hoofdstuk 10 werden de voornaamste problemen bij het uitvoeren van de Dutch AMR 
studie geëvalueerd, inclusief de belangrijkste redenen voor het vroegtijdig afbreken van 
de gerandomiseerde studie. Zoals bij eerdere gerandomiseerde studies op het gebied van 
klepchirurgie, hebben ethische, logistieke en financiële eisen hierbij mogelijk een rol 
gespeeld.36 Echter zijn de onderzoekers van de Dutch AMR studie van mening dat de 
voornaamste redenen voor het beëindigen van de studie waren: 1) de patiënt en/of 
cardioloog had een voorkeur voor één van de twee behandelingen, maar zag daarbij ook 
af van een onafhankelijk oordeel van het hartteam, 2) asymptomatische patiënten waren 
niet voldoende bereid deel te nemen aan de randomisatie. Het is nog maar de vraag of 
een dergelijk onderzoek op dit gebied ooit nog voltooid zal worden.

Ook al zijn de uitkomsten van chirurgische mitralisklepreparatie zeer goed37,38, een deel 
van de patiënten zal op de lange termijn toch te maken krijgen met een ernstige 
tricuspidalisklepinsufficiëntie (TI).39-41 Volgens de huidige richtlijnen dient gelijktijdige 
tricuspidalisklepreparatie uitgevoerd te worden indien er voorafgaand aan de 
mitralisklepchirurgie sprake is van ernstige TI.20,21,42 Echter, er is weinig bekend over hoe 
te handelen in het geval van milde tot matige TI.42,43 Zodoende hebben we in Hoofdstuk 
11 gekeken naar de echocardiografische en klinische resultaten van patiënten met minder 
dan ernstige TI, waarbij geen gelijktijdige tricuspidalisklepreparatie was uitgevoerd. Onze 
data toonden dat het veilig was om af te zien van een gelijktijdige tricuspidalisklepreparatie 
ten tijde van de mitralisklepoperatie bij deze specifieke patiëntenpopulatie, vanwege het 
feit dat 1) significante, late TI nauwelijks werd gezien, 2) een hogere graad TI meer 
verbetering liet zien gedurende follow-up en klinisch niet-relevante TI zelden significant 
was op 4 jaar follow-up, en 3) mortaliteit niet gerelateerd was aan de TI ernst na lange 
follow-up. Deze bevindingen dienen geïnterpreteerd te worden in het kader van een 
proactieve houding ten aanzien van de huidige richtlijnen, waardoor patiënten met een 
grotere tricuspidalis annulus diameter op voorhand een annuloplastiek werd 
aangedaan.20,21,44 Een grote diversiteit aan studiemethodes, populaties en uitkomstdefinities 
in de huidige literatuur maakten het lastig onze studieresultaten te vergelijken met data uit 
andere studies.45-48

Naast de preoperatieve overwegingen die er zijn voor patiënten ten tijde van een 
mitralisklepreparatie (Hoofdstuk 11), wordt de huidige cardioloog ook geconfronteerd met 
patiënten die postoperatief terugkerende of aanhoudende klachten hebben ondanks een 
succesvolle operatie. Voor de groep patiënten na succesvolle mitralisklepreparatie zijn er 
nog geen referentiewaardes bekend voor stressechocardiografie. Deze referenties zijn 
echter wel van belang, om namelijk tijdens follow-up de inspanningsparameters te kunnen 
vergelijken in het geval dat er alsnog klachten ontstaan. In Hoofdstuk 12 is aangetoond 
dat meer dan 50% van de patiënten zonder klachten na geslaagde reparatie, tijdens 
inspanning een gradiënt over de mitralisklep laten zien die hoger is dan de normaalwaarden 
voor natieve klepziekten in de huidige richtlijnen (15mmHg). Daarentegen, de maximale 
pulmonale drukken tijdens inspanning bleven onder deze grenswaarden voor natieve 
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kleppen (60mmHg). Zodoende werd in Hoofdstuk 12 aangetoond dat de standaard 
waarden voor stressechocardiografie in de huidige richtlijnen, niet opgaan voor patiënten 
na succesvolle mitralisklepreparatie.20,21 De exacte normaalwaarden voor onze 
patiëntenpopulatie kon in deze studie helaas niet bepaald worden. Eventueel kan 
overwogen worden om bij patiënten na mitralisklepreparatie een baseline 
stressechocardiogram te verrichten. Deze uitgangswaarden zouden gebruikt kunnen 
worden als individuele referentie in het geval dat een patiënt alsnog postoperatief klachten 
ontwikkeld.

Een ander dilemma dat regelmatig gezien wordt na mitralisklepchirurgie, betreft de keuze 
voor de meest geschikte overbruggingsstrategie bij patiënten die een mitralisklepvervanging 
hebben ondergaan. Tot nu toe is er te weinig onderbouwende data, zodat diverse 
protocollen gehanteerd worden in de verschillende ziekenhuizen.20,21,49 In Hoofdstuk 13 
werd aangetoond dat er geen verschil is tussen de 30-dagen incidentie van adverse events 
wanneer de overbruggingsmethode middels ongefractioneerde heparine(UFH) vergeleken 
werd met de subcutane laag-moleculair-gewicht-heparine (LMWH) strategie. Echter, de 
incidentie van het aantal bloedingen was hoger in vergelijking met het aantal 
tromboembolische events of mortaliteit, en eveneens hoger dan de incidentiecijfers uit de 
huidige literatuur.50-53 Mogelijk kan dit verklaard worden door de verschillen tussen studies 
onderling, met betrekking tot: 1) de manier waarop het aantal bloedingen gescoord werd 
(bijvoorbeeld de criteria voor een grote bloeding of de subjectieve interpretatie van een 
zichtbare bloeding)54,55, 2) de overbruggingsprotocollen (bijvoorbeeld de tijdsduur 
waarbinnen dubbele anticoagulantia werd gebruikt), en 3) de patiëntkarakteristieken.55-57 
Desalniettemin bleek de studie een goede afspiegeling te zijn van de huidige praktijk, 
waarbij het belang van een op de patiënt afgestemde overbruggingstherapie centraal 
stond. Tot slot werden in Hoofdstuk 14 de bevindingen per onderzoek samengevat, waarna 
een korte toelichting is gegeven op de klinische toepasbaarheid van de huidige resultaten 
en de verwachtingen voor de toekomst.
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ACKNOWLEDGEMENTS 

Dankwoord

Wat ben ik blij dat ik nu eindelijk aan mijn dankwoord kan beginnen! Niet alleen kijk ik 
ernaar uit om iedereen te bedanken die deze promotie mogelijk heeft gemaakt en/of tot 
een geweldige tijd heeft gemaakt, maar ook omdat het me terugbrengt bij de mooie en 
minder mooie momenten van de afgelopen jaren en mijn ontwikkeling als onderzoeker en 
mens. De meeste van jullie zullen weten dat ik het liefste tweederde van mijn thesis had 
willen laten innemen door het dankwoord. Als second best heb ik toch wijs besloten het 
dankwoord wat korter te houden, maar wel volledig in eigen stijl (inclusief smilies). Ook 
voor degenen die niet in onderstaande tekst vermeld staan wil ik hierbij zeggen dat ik ze 
dankbaar ben voor hun bijdrage aan mijn thesis en promotietijd!  

Prof. dr. Chamuleau, beste Steven. Of je nog een enthousiaste student nodig had bij het 
stamcelonderzoek? Mijn eerste vraag aan jou werd direct beantwoord met een ‘nee’. Maar 
je wilde nog wel hulp bij een praktisch echocardiografisch onderzoek met betrekking tot 
de mitralisklep. Beeldvorming van een hartklep (ik was die naam alweer vergeten), het leek 
me een goed idee! Die stamcellen zouden misschien later wel komen. Het was in ieder 
geval tijd om mijn interesse in de Cardiologie tot een hoger niveau te brengen en met een 
enthousiaste begeleider als in die tijd nog (gewoon) dr. Chamuleau moest dat goedkomen! 
Mede dankzij jou werd mijn interesse in de hedendaagse problemen op het gebied van 
mitralisklep aandoeningen aangewakkerd. Je gaf me uiteindelijk het vertrouwen en de 
verantwoordelijkheid een lastige studie op te zetten, met een soms even ingewikkeld 
promotietraject. En deze verantwoordelijkheden breidden zich verder uit, met daarbij ook 
het vertrouwen. Hoewel ik me er uiteindelijk door ontwikkeld heb, zijn het soms ook lastige 
momenten geweest. Vooral wanneer het aankwam op jouw blinde vertrouwen in mijn gevoel 
voor richting. Zeer waarschijnlijk zal ik een derde kans om aan te tonen dat ik écht kan 
kaartlezen niet meer krijgen. Het vertrouwen in een goede afloop van mijn promotie bleef 
gelukkig wel bestaan, al vermoed ik dat deze bij jou ook wat schommelingen heeft vertoond. 
Je dwong me te kiezen en te focussen, iets waarvan je me ook kon vertellen hoe moeilijk 
dat juist is. Mijn Dutch AMR roman mocht dan helaas van jou geen bestaansrecht hebben 
;), het resultaat is uiteindelijk een mooi proefschrift voor de hedendaagse praktijk. Bedankt 
voor je enthousiasme, expertise, volharding, maar bovenal wijze levenslessen. 

Prof. dr. Doevendans, beste Pieter. Ik vergeet nooit het eerste gesprek dat wij voerden, 
halverwege de gang op mijn allereerste dag. Enthousiast vertelde ik dat ik een 
gerandomiseerde chirurgische studie op ging zetten. U keek me aan en zei: ‘Prima, aan 
jou de kans om je te bewijzen. Maak er goed gebruik van.’ Die kans heb ik gegrepen, dat 
zeker. Ik weet nog niet of het ook het succes is geworden waar u toen op doelde; misschien 
vraag ik het nog wel eens. Dank voor de intrigerende gesprekken, met adviezen die ik 
soms pas later goed begreep. Excuus nog voor die keer dat ik aangaf Jan Janssen niet 



255

A

te kennen; ik was nog maar een groentje in de wielerwereld en had waarschijnlijk net mijn 
dag niet. Terugkijkend had ik toch wat vaker even langs moeten komen. Misschien had ik 
dan eerder die gouden tips gekregen om eindelijk eens te focussen op mijn eigen werk en 
elke dag een paar regels te schrijven. En wellicht had ik dan ook wat makkelijker kunnen 
terugschakelen bij het beklimmen van de London Highlands. Ik neem alle adviezen in ieder 
geval mee, bedankt!

Dr. Kluin, beste Jolanda. Steven had ik tijdens mijn wetenschappelijke stage al wat beter 
leren kennen, maar voor jou was ik bij aanvang van mijn promotietraject nog volledig 
een onbekende. Ik vermoed dat je eerst even aangekeken hebt hoe ik het zou oppakken 
die uitdaging van een chirurgische, randomiseerde studie, waarvan we weten dat ze niet 
zonder reden schaars zijn. Maar al snel was er een wederzijds vertrouwen dat goed 
voelde. Jouw complimenten over hoe ik de studiezaken regelde en jouw enthousiasme 
over hoe ik de chirurgische discussie stukken uiteindelijk had opgeschreven, hebben mij 
goed gedaan. Ik heb altijd veel waarde gehecht aan je commentaren, die kritisch en 
terecht waren. Het is jammer dat onze meetings tijdens het laatste deel van mijn 
onderzoek minder frequent waren, mede gezien jouw werkzaamheden buiten het UMC 
Utrecht. Aan de andere kant maakte dat de banden met het AMC en LUMC ten behoeve 
van de Dutch AMR studie alleen maar hechter. Je bent een zeer kundig hartchirurg en 
ik bewonder de manier waarop jij je leven leidt. Als ik wel eens pieker over hoe nu later 
een drukke baan en een gezinsleven in hemelsnaam te combineren, denk ik aan jou en 
weet ik zeker dat daar ook wegen voor te vinden zijn. En wanneer ik twijfel over mijn 
doelen als arts, lees ik een voor jou bekend artikel over Heldendokters en weet ik weer 
wat ik wil bereiken in mijn carrière. Dank voor alles!

Dr. Cramer, beste Maarten Jan. Ook al ben je als laatste officieel toegevoegd aan het 
golden-mitralisklep-team, al vanaf het begin van mijn promotie ben je de drijvende kracht 
geweest achter dit praktische proefschrift en heb je de rol van copromotor op je genomen 
en succesvol vervuld. Met de lancering van de Rose-Road-Show en jouw vermogen om 
mensen samen te brengen, hoefde ik mij in ieder geval geen zorgen te maken om de 
awareness en de hulptroepen in den landen. Als ik weer eens één van de door of voor 
jou gemaakte foto’s van jou met je pupillen, collega’s en/of vrienden bekijk, moet ik altijd 
lachen. Dank voor je enthousiasme (waarmee mijn enthousiasme nog een niveautje hoger 
werd), vreugde, positiviteit, adviezen, werk- en levenslust. Ook al kon je mij soms niet 
direct helpen, je deur stond altijd open en je telefoon stond altijd aan voor een goed 
gesprek. En ik vergeet nooit die keer dat Job per ongeluk zijn glas jus d’orange over jouw 
net gestoomde pak gooide; je zei dat ik het maar moest terugbetalen in artikelen ;) Ik 
hoop dat deze schuld met dit boekje afgelost is ;) Bedankt dat je er voor me was en ik 
wens je het allerbeste!

Drs. Klöpping, beste Corinne. Dat presenteren en doceren iets is wat ik leuk zou vinden 
vermoedde ik al. Echter heb ik nooit eerder de kans gekregen dit daadwerkelijk te 
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ondervinden. Daarnaast ben ik graag creatief bezig, een hobby waar ik de laatste jaren 
nauwelijks nog tijd voor had. Nooit gedacht dat het mogelijk zou zijn deze hobby tijdens 
mijn werk toe te kunnen passen (ontwerpen van de emodule en het flipping-the-classroom 
onderwijsprogramma, omslag leerboek, etc.)! En dat allemaal dankzij de kansen die jij me 
hebt gegeven. Er is zoveel waar ik je voor wil bedanken: voor de mogelijkheid en het 
vertrouwen om 2 jaar lang het Cardiologie onderwijsprogramma van de Geneeskunde 
studie te leiden en aan te passen onder jouw supervisie; voor het vertrouwen en de grote 
eer dat je me vroeg de eerste editie van het leerboek ‘Cardiovasculaire ziektebeelden’ te 
herschrijven en een emodule toe te voegen; voor alle adviezen en leuke momenten samen, 
niet alleen op de donderdagochtenden maar ook tot in de late uurtjes om de deadline van 
de drukker te halen; voor je betrokkenheid en eerlijkheid; en bovenal voor het zijn van een 
groot voorbeeld voor mij, niet alleen als dokter maar vooral ook als persoon.

Beste leden van de leescommissie, prof. dr. Leiner, prof. dr. Suyker, prof. dr. Bots, prof. 
dr. Klautz en dr. Verhorst. Hartelijk dank voor het zitting nemen in mijn beoordelings-
commissie en het kritisch lezen van mijn proefschrift. 

Tevens wil ik alle patiënten van ons klinisch onderzoekprogramma naar de beste 
behandeling van mitraliskleplijden bedanken voor het deelnemen aan de studies. Zonder 
uw bijdrage en interesse in de wetenschap, zou het niet mogelijk zijn geweest de 
hedendaagse diagnostiek en therapie van mitralisklep aandoeningen te verbeteren. 
Nogmaals dank hiervoor!

Graag wil ik alle stafleden, fellows, arts-assistenten en verpleegkundigen van de afdeling 
Cardiologie UMC Utrecht bedanken voor een leerzame en vooral leuke periode. Het 
eerste officiële ski-weekend van de Cardiologie zal ik niet snel meer vergeten. Johan en 
Geert, als twee grote broers hebben jullie mij aan de hand genomen binnen de wereld van 
de Cardiologie. Ik had me geen betere buddies kunnen voorstellen! Jullie enthousiasme 
en onvoorwaardelijke support maakten ook dat ik menig fietstocht ben gefinisht zonder 
hier eigenlijk ooit goed voorbereid aan begonnen te zijn. Geert, ik heb inmiddels ook een 
fietspomp ;) Dank voor alles en veel succes en geluk voor de toekomst (en wel weer 
terugkomen naar Nederland Johan!). Miranda, lieve buddy, ergens in de sneeuw hebben 
wij elkaar bekroond tot ski-buddies, waarschijnlijk vooral om ervoor te zorgen dat ik als 
jonge telg zonder richtingsgevoel niet alleen in de Winterbergse Hooglanden zou 
achterblijven. Jouw enthousiasme en gezelligheid deden mij direct doen thuis voelen. Ik 
heb al veel kunstjes van je mogen afkijken: op de ski’s, in de après-ski en jouw kwaliteiten 
als klinische dokter. Dank daarvoor! Anneke, lieve An. Wat ben jij een vechter! Menigmaal 
heb ik achter je gereden tijdens onze tocht naar Londen en wees jij mij de meest optimale 
plek om het tot de finish te kunnen halen. En dan te bedenken dat je zelf kampte met 
blessureleed. Maar je ging ervoor en slaagde! Ik waardeer je gezelligheid, gedrevenheid 
en interesse in de mensen, eigenschappen die je ook tot een goede arts maken. Dank 
voor de onvergetelijke momenten in Utrecht en daarbuiten! Svenja, lieve Svenja. De ticket 
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is geboekt! Ik ben erbij wanneer jij en je vriend elkaar het jawoord geven. Je bent een 
prachtig mens en ik bewonder jouw durf om vanuit Duitsland binnen no-time in een 
Nederlands ziekenhuis te gaan werken zonder eerder een woord Nederlands gesproken 
te hebben! Je bent een echt mensen-mens en ik weet dat het daarom direct goed zat 
tussen ons. Eerder vertelde iemand mij dat promoveren een soort trouwen in je eentje is 
(dr. Verhorst, dank voor deze mooie uitspraak!), maar baas boven baas doe jij het straks 
met twee! ;) Heel veel geluk, zowel privé als voor je carrière. En met de meest recente 
ontwikkelingen op werkgebied weet ik zeker dat dat ook goed komt! Annemieke, lieve 
Miek. Met een dubbel gevoel denk ik terug aan onze late uurtjes in het ziekenhuis terwijl 
we meer dan 400 echo’s uitgebreid beoordeelden: wat een werk! Maar wat was het 
ontzettend leuk dit met jou te doen! Je bent een topper, zowel professioneel als privé. 
Dank dat je zo’n geweldige vriendin voor me bent, met wie ik kan lachen en dansen, die 
me steunt en adviseert en die er ook is als het wat minder gaat. En okay… die me soms 
(uiteraard heel sporadisch) een beetje uit de wind houdt tijdens het fietsen!;) Wat er ook 
gebeurt: team Bierfiets blijft bestaan! Van Utrecht tot Londen en daar voorbij; op naar nog 
meer mooie momenten samen! Kim Urgel, beste Kim, zonder jou had een groot deel van 
het proefschrift niet bestaan. Je leerde me niet alleen de kneepjes van de (stress)
echocardiografie, je leerde me vooral ook de echobeelden te interpreteren! En nee, dat 
was helaas zelden binnen kantooruren. Menig avond en weekend heb je je voor mij ingezet, 
terwijl de verhuisdozen thuis nog ingepakt stonden. Ik ben je eeuwig dankbaar dat je met 
zoveel enthousiasme, passie en kunde een bijdrage hebt willen leveren aan mijn onderzoek. 
Ik wens je het allerbeste en hoop je zeker in de toekomst weer tegen te komen! Wouter 
Tietge, beste Wouter, bedankt dat jij de eerste was die mij het gevoel gaf dat ook ik een 
onderzoeker zou kunnen zijn. Jij behandelde me niet als een wetenschapsstudent, maar 
als een mede-onderzoeker, waarmee de Dutch AMR studie eindelijk ook echt vorm begon 
te krijgen. Het is jammer dat we niet een langere periode nauw hebben kunnen 
samenwerken. Ik heb altijd je mailtjes en telefoontjes ontzettend gewaardeerd en dank 
voor je support en interesse in mijn promotietraject!  

Een afdeling kan daarnaast niet functioneren zonder een enthousiast en goed functionerend 
secretariaat. Tamara, Sylvia, Jantine en Ingrid: bedankt voor het beantwoorden van al 
mijn vragen, jullie gezelligheid, jullie enthousiasme en hulp bij twee edities Hart- en Vaat 
Beweegdag, de immer geïnteresseerde kletsmomentjes en zoveel meer! Lieve Jantine, 
zonder jou was er niet één boekje geweest. Zowel tijdens mijn promotie als tijdens mijn 
jaren als onderwijsassistente was jij een rots in de branding. Ik keek altijd uit naar de 
gezellige donderdagochtenden en wist dat, hoe druk het ook zou worden zo met twee 
functies, het met jouw hulp, inzet en enthousiasme allemaal goed zou komen! Dank voor 
de gezellige kletsmomentjes, je vrolijkheid en je support. Tot bij de verdediging ;) Lieve 
Ingrid, ik denk dat ik wel even heb moeten wennen toen ik mijn afspraken met de baas 
met jou moest regelen, maar verheugde me al snel op elk contact tussen ons en kwam 
op een gegeven moment misschien zelfs iets teveel langs ;) Dat hebben we wijselijke voor 
de efficiëntie van ons werk uitgebreid naar buiten het ziekenhuis. Ik kijk nog elke avond 
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even naar het door jou prachtig wit geschilderde plafond ;) Bedankt voor dat ik zoveel 
leuke momenten met jou heb mogen meemaken! Dank ook voor al je hulp, je luisterend 
oor, je ‘relaxtheid’ in drukke tijden en je nuchtere kijk op het leven. We blijven contact 
houden! Ook de dames van het secretariaat Hartfalen en Elektrofysiologie, ontzettend 
bedankt voor jullie betrokkenheid, gezelligheid en immer bereidheid om mij te helpen met 
de meest gekke vragen. Ik vond het altijd leuk om even bij jullie langs te komen op de E3 
of bij de balie van de Hartcatheterisatie. Linda en Cornelie, sorry voor al die keren dat ik 
zou komen koffiedrinken of taart eten, maar er altijd weer iets tussenkwam zodat het een 
bliksembezoek werd ;). Al waren deze bezoekjes juist de meest gezellige en hilarische! En 
natuurlijk de medewerkers van de polikliniek Cardiologie en Hartfunctie, voor jullie 
vriendelijkheid, flexibiliteit en geduld wanneer ik weer eens met een onmogelijk verzoek 
aankwam ten aanzien van mijn studiepatiënten. In het bijzonder Jeannette, Elly H, Elly 
L, Ineke en Anne-Marie. Sorry nog voor alle keren dat ik stiekem een echokamer in dook 
om even wat beelden te schieten, maar dat altijd net iets langer duurde dan ik in eerste 
instantie voor ogen had. En dank voor het inplannen van de meest onmogelijke verzoeken 
voor echo-onderzoek tijdens kantoortijden of daarbuiten. Jeannette, bedankt voor de fijne 
gesprekken, je support, je tips en bovenal je oneindige geduld met mijn echo kwaliteiten 
;) Het was altijd extra feest op het echolab als jij er was (dus niet op maandag ;)). Elly, ik 
ben blij om te horen dat jij mijn allereerste gympen in ieder geval wel mooi en geschikt 
vindt ;). Het was altijd fijn om een knuffel van jou te krijgen als ik halverwege de honderden 
echo’s die ik beoordeelden even afleiding bij je kwam zoeken, bedankt! Dames van de 
R&D (Manon, Yvonne, Jeannette, Elly, Tanja en Karen), het Q gebouw is het Q gebouw 
niet zonder jullie aanwezigheid! Wat zijn jullie lief voor mij geweest en bedankt voor jullie 
interesse, support en gezelligheid. De Nieuwjaarslunch was trouwens echt een succes; 
als ik jullie was zou ik die traditie erin houden ;). In het bijzonder wil ik jou bedanken, Karen. 
Wat moet jij wel niet gedacht hebben toen je mij voor het eerst zag, ‘lost’ in de Dutch AMR 
studiemappen... Ik blijf erbij dat er wel degelijk een logica in zat, al waren alleen me, myself 
and I het daarmee eens ;). Dank voor het vele werk, wat je gedaan hebt en wat je nog 
steeds doet! En dat ik altijd met je kon lachen, hoe hoog de stapel studiedocumenten ook 
was! En dan Han. Ik heb je maar niet bij de dames van de R&D gerekend, je bent immers 
geen dame ;). Wat heb ik gelachen met en om jou! Je vrolijkheid, grappen, gave om samen 
een heel gesprek te voeren zonder ook maar één serieuze passage, maar vooral ook je 
luisterend oor, mis ik nog dagelijks. En dank nog voor de witte muren in mijn studeerkamer 
thuis, waar ik nu al enige tijd in verblijf ;) In het onderhouden van Strava-contacten ben ik 
niet zo goed zoals je inmiddels weet, maar ik hoop je zeker nog veel te blijven zien buiten 
onze Strava-relatie!

Mijn dank gaat daarnaast uit naar de stafleden, arts-assistenten, verpleegkundigen en 
secretaresses van de afdeling Cardiothoracale Chirurgie UMC Utrecht. Ook al was ik 
met mijn voorliefde voor de Cardiologie een vreemde eend in de bijt, ik heb mij altijd meer 
dan welkom gevoeld en wil iedereen bedanken voor de leuke tijd! Professor dr. Van 
Herwerden dank voor uw expertise en het verruimen van mijn kennis op het gebied van 
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de Cardiothoracale Chirurgie. Prof. dr Suyker,  dank voor uw waardevolle commentaren 
en kundige bijdrage op het gebied van de hartchirurgie. Ik heb ook veel van u geleerd 
tijdens de kleppenteambesprekingen. Drs. Ramjankhan, beste Faiz, dank voor je 
vertrouwen in mij als persoon en je motiverende woorden. Ik heb fietsen in de regen zelden 
zo hilarisch gevonden als die keer met jou! Drs. Meijer, beste Ronald. Dank voor je hulp 
en expertise bij het opzetten en schrijven van hoofdstuk 11. Jouw enthousiasme is 
aanstekelijk en jouw fietsverhalen jaloersmakend! Wie weet kom ik nog wel een keertje bij 
je in het wiel hangen ;) Drs. Van Aarnhem, beste Guido. Na enkele onderbrekingen en 
wat stress, is het stress echo onderzoek toch van de grond gekomen! Dank voor je 
chirurgische input, je enthousiasme, je humor en je support! Beste Frederiek, ik wil je 
bedanken voor al die keren dat je me hielp bij het verzamelen van gegevens voor de diverse 
hoofdstukken in dit proefschrift. Joke en Josephine, dat geldt eveneens voor jullie. Dank 
ook voor jullie flexibiliteit en het meedenken bij alle afspraken. 

Ook wil ik hierbij de heren van de ICT-afdeling divisie Hart&Longen, in het bijzonder Ronald 
en Leon bedanken. Met al mijn vragen en problemen had ik als ik jullie was allang mezelf 
verstopt onder het bureau bij mijn binnenkomst, of een automatische reply ingesteld op 
mijn e-mailadres. Dank dat jullie keer op keer voor mij naar oplossingen hebben gezocht! 
Eveneens dank ik het Julius Centrum voor het samen opzetten van de enorme 
elektronische Dutch AMR database. Ten slotte heb ik op de divisie Hart&Longen veel te 
danken aan Sanne de Jong en Irene Jonkers, beiden voor een periode kwaliteit 
coördinator Research van de divisie. Zonder jullie adviezen lag mijn protocol voorstel nu 
nog te wachten op goedkeuring van de METC! 

Graag wil ik tevens iedereen bedanken die heeft bijgedragen aan de inclusie van patiënten. 
Natuurlijk Karen en Einar, de onderzoekers en researchverpleegkundigen uit deelnemende 
centra (Amphia Ziekenhuis, Medisch Spectrum Twente, LUMC en AMC Amsterdam), maar 
zeker ook de klinische collega’s en aanwezigen bij de wekelijkse kleppenteambespreking 
van het UMC Utrecht. Dank voor de leerzame besprekingen en jullie inzet. Het kleppenteam 
is inmiddels uitgegroeid tot een waar fenomeen, waar mijns inziens de basis gelegd wordt 
voor een betere aanpak van mitralisklep aandoeningen.

Alle co-auteurs, leden van de Dutch AMR steering committee, leden van de Dutch 
AMR DSMB commissie en betrokkenen uit de deelnemende studiecentra: bedankt voor 
de prettige en vruchtbare samenwerking. In het bijzonder wil ik graag noemen: Prof. dr. 
Leiner, beste Tim. Bedankt voor alle brainstormsessies over het implementeren van 
bestaande en nieuwe MRI hart technieken ter verbetering van de diagnostiek van 
mitralisklep aandoeningen. Ik denk dat er zeker een kans is dat MRI in de toekomst officieel 
de gouden standaard voor mitralisklepinsufficiëntie wordt. Prof. dr. Bots, dank voor uw 
adviezen ten aanzien van de epidemiologische vraagstukken in het kader van de Dutch 
AMR studie. Ik heb het tevens gewaardeerd dat u, buiten de Dutch AMR studie om, met 
mij meegedacht hebt over de rest van mijn promotietraject. Dr. Van den Brink, dank voor 
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uw expertise op het gebied van echocardiografie bij zowel het schrijven van hoofdstuk 2, 
alsmede bij het opzetten en voortzetten van de Dutch AMR studie. Als voorstander van 
de Dutch AMR studie zorgde u voor de awareness van de studie en was uw inbreng tijdens 
diverse nationale en internationale bijeenkomsten van grote waarde. Dr. Schaap, beste 
Jeroen, dank voor de gastvrijheid in Amphia Ziekenhuis te Breda. Ik voelde me even 
ongemakkelijk bij het geven van de Dutch AMR studiepresentatie in het ‘hol van de leeuw’ 
tijdens de Mitral Valve Meeting te Zurich. Maar jouw complimenten en enthousiasme over 
de studie op dat moment hebben me er doorheen geholpen! Dank voor je bijdrage en 
doortastendheid. Dr. Verhorst en dr. Wagenaar, dank voor het warme welkom in het 
Medisch Spectrum Twente te Enschede, de uitnodiging voor de regionale refereeravond  
van het OCG en jullie enthousiasme en doorzettingsvermogen met als mooi resultaat de 
deelname van MST aan de Dutch AMR studieregistratie. Prof. dr. Klautz, hartelijk dank 
voor uw bijdrage aan de samenwerking tussen het UMCU en LUMC. Prof. dr. Ray, dear 
Simon. Many thanks for being the initiator of the Dutch/British AMR collaboration and your 
believe in this study. Your input and valuable comments brought the AMR study to the 
next level. Thank you for your participation in my thesis defense today. I hope we can 
continue to work together in the future. Prof. dr. Tijssen, dank dat u de taak als voorzitter 
in de DSMB commissie heeft vervult. 

Mijn dank gaat eveneens uit naar het Netherlands Heart Institute, waardoor ik jarenlang 
als onderzoeker werkzaam kon zijn. In het bijzonder bedank ik Jan Weijers, voor zijn hulp 
bij al mijn vragen.

Tevens wil ik het Hemologic Cardiac Profiler team bedanken, in het bijzonder Bert van 
Dalen en Charles Hollenkamp, voor de vruchtbare samenwerking en de support bij het 
HCP project. Uiteraard wil in Maurits Konings hartelijk danken voor zijn technische input, 
enthousiasme en oneindige doorzettingsvermogen. Allen ook dank voor het vertrouwen 
in mij! 

De cardiologen, arts-assistenten en verpleegkundigen van het OLVG West wil ik graag 
bedanken voor hun warme onthaal, hulp, geduld, collegialiteit en gezelligheid tot nu toe! 
In het bijzonder dr. Schroeder bedankt voor de kans om bij het OLVG West te kunnen 
werken. Kirsten, jou wil ik naast je hulp in de kliniek natuurlijk ook bedanken voor je 
bijdrage aan dit proefschrift! Met plezier denk ik terug aan onze meetings bij het toenmalige 
ICIN en de welverdiende Frozen Yoghurt nadien. De zomer komt eraan dus laten we deze 
traditie maar snel nieuw leven inblazen! Rabia, ik wist niet dat dienstblokken zo gezellig 
konden zijn! Hopelijk ga ik het als roosteraar-opvolgster net zo goed doen als jij. Ik weet 
zeker dat je gaat shinen bij de Reumatologie, succes! Tom, ik ben echt al een heel eind in 
je boek! Bedankt voor al je tips. George, not fair dat je als mijn officiële buddy in West mij 
al spoedig gaat verlaten.. ;). Zet ‘m op in het Haga! 
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En dan nu de mensen met wie ik de meeste tijd heb doorgebracht afgelopen jaren: alle 
(oud)onderzoekscollega’s van het UMC Utrecht. Dankzij jullie begon ik mijn ochtenden 
met plezier en kon ik steeds de energie opbrengen om zelfs tot laat door te gaan. Het 
was altijd gezellig om met jullie weer naar huis te fietsen. Gedeelde smart is halve smart; 
ik heb geleerd hoe waardevol het is als je de betere en mindere momenten kunt delen 
met een goede collega (en daarbij menig zak M&M’s of dropduo’s ;)). Allemaal bedankt 
daarvoor! Sofieke (Soof, mede dankzij jou heb ik Sabine leren kennen met uiteindelijk tot 
resultaat een mooie omslag! Dank voor deze en andere tips! Of we ons nu in het UMCU, 
OLVG West, Papendal, het buitenland of op de fiets begeven; het is altijd gezellig met 
jou! De dr. titel heb je onlangs binnen weten te slepen, nu lekker verder met de opleiding, 
succes!), Peter-Paul (PP, veel dank voor je statistische ondersteuning, hilarische 
wintersport momenten en meerdere onverwachte maar altijd gezellige dubbeldate 
meetings in de trein! ;) Je promotie was een mooi voorbeeld van hoe het zou moeten, nu 
shinen in de kliniek!), Lena (jouw Job heeft tenminste wel een auto ;) Bedankt voor je 
gezelligheid, luisterend oor en grensoverschrijdende dance moves. Snel meeten!), Crystel 
(jij maakte niet alleen het leven op het werk leuker, je bezorgde me ook nog een geweldige 
privéplek langs de Utrechtse gracht. Daar ben ik je heel dankbaar voor! En wat ontzettend 
knap hoe jij het allemaal doet: glansrijk promoveren, met twee vingers in je neus naar 
Rome fietsen en ondertussen even die opleiding in Nijmegen binnen slepen. Geweldig! 
Dat je nog maar heel vaak post mag komen halen, om vervolgens lekker bij te kunnen 
kletsen!;) Dank voor al je support, gezelligheid, zware fietstochten en mooie momenten. 
Snel weer!), Marcelle (ook al zien we elkaar met vlagen soms wat meer of minder doordat 
je inmiddels je werkplek bij de CTC in het AMC hebt (had ik daar niet ook nog een 
flexplek?;)), het is altijd leuk met jou! Ik geniet van onze fietstochten, door weer en wind! 
Dank voor de goede gesprekken en je adviezen. Nu heb ik eindelijk tijd om je huisje te 
komen bezichtigen ;) Veel succes nog met jouw promotietraject, je bent goed op weg!), 
Bart (met je humor, relativerende vermogen, nuchterheid en pluk-de-dag mentaliteit heb 
je me niet alleen veel onderzoeksplezier gebracht, maar ook veel geleerd. Daarbij heb je 
me laten inzien dat mijn fietsslot en overbeladen fietstasje not done waren en mijn 
wielershirt te ouderwets ;) Ik ben blij dat ik uiteindelijk toch mee mocht fietsen naar de 
Nijmeegse Vierdaagse Feesten! Met bewondering zag ik hoe je het onderzoekersbestaan 
eenvoudig oppakte nadat je het vertrouwde leventje in de kliniek tijdelijk had verlaten. Ik 
weet zeker dat je beiden met succes gaat voltooien! Dank voor je adviezen, geruststellende 
én motiverende woorden en veel succes en geluk voor jou en je prachtige gezin!), Marloes 
(Loesje, dank voor alle naar-de-Uithof-en-weer-terug-ritjes die we gemaakt hebben! Even 
spuien of je overdonderen met mijn hyperactiviteit: bij jou kon het allemaal! Dank voor de 
gezellige borrels en die keren dat je er ook was toen het buiten al donker werd ;). Succes 
met de kliniek, je naderende verdediging en alles wat nog komen gaat!), Cas (the ‘Body’, 
ik heb je nooit betrapt op chagrijn in al die jaren! Wel op het veelvuldig drinken van koffie 
bij de bieb, maar toen scheen je nog student te zijn ;). Jij ook succes met je verdediging 
binnenkort en het traject dat zal volgen), Wouter G (altijd gezellig om even met je bij te 
praten. Knap hoe je je promotietraject steeds meer naar je hand zet. Heel veel succes 
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met het vervolg. PS. had je nu wel of niet die brommer gekocht? ;)) Wouter E (elke dag 
Utrecht-Arnhem, zelfs op de fiets! Respect! Dat moet wel een geweldige sportarts worden, 
succes!), Manon (gezelligheid en kopjes thee, dank voor je relaxte vibe in het Q!), 
Willemien (mijn voorbeeld wat betreft protocollen, METC aanvragen en heel veel dossiers; 
dank voor alle tips! En een zeer geslaagde Juniorkamerdag 2014), Martine (ik zeg taart! 
;) Ik hoop dat je collega’s in Nieuwegein daar ook van mogen genieten. Dank voor de 
leuke momenten!), Rik (bijklets momentjes in het Q en teamspirit in de kliniek!), Laurens 
(de HCP dankt zijn bestaan mede aan jou. Er zullen weinig mensen met zoveel 
enthousiasme zo vaak een meting opnieuw gedaan hebben. Je bent een harde werker, 
fijne collega en hebt teveel verstand van koffie. Dat promoveren zit wel goed lijkt me zo 
;) Bedankt Laurens!), Mieke (iets met Griekenland en politiemannen! Succes verder in 
Nijmegen en het laatste deel van je promotie!), Hamza, Anouar, Dirk (succesvolle mini-
skivakantie, het was top!), Cheyenne (leuk je weer in Amsterdam te zien! Veel succes in 
de kliniek en bij de afronding van je onderzoek; tips volgen bij onze toekomstige koffie-
date ;)), Remco (droge humor en slechte grappen waar ik vaak te hard om lach ;), ik ben 
blij dat ik dit na onze semi-arts stage en arts-onderzoekersfase nu ook niet hoef te missen 
in de kliniek!), René (de enige reden dat ik überhaupt mag golfen ;) Bedankt voor alle 
gezelligheid, technische inzichten en adviezen, zowel in het UMCU als op de golfbaan!), 
Bas (de Rose-Road-Show extended: met jou werd het de Bas-Rose-Road-Show! Dank 
voor de gezellige ritjes, Starbucks-koffies (oh nee, die heb ik je alleen beloofd maar nooit 
gegeven..) en geweldige bijdrage aan de TIME studie. Super dat je nu ook zelf aan het 
promoveren bent. Dat gaat helemaal goed komen!), Thijs, Frebus (karaoke in Boedapest, 
gelukkig hebben we de filmpjes nog ;)), Stefan (jij hebt me ooit leren skiën! In Winterberg 
kon ik het al wel toch?), Tycho (de vroegste onderzoek tips kwamen van jou: als eerste 
pupil van Steven had je heel wat goede adviezen voor mij ;) bedankt!), Thomas (dank dat 
ik de laatste weken in de bunker mocht vertoeven, iets te hard mocht lachen om ook jouw 
slechte grappen ;) en voor je input bij het HCP artikel), Ing Han (bedankt namens de 
Rotaract voor je aanwezigheid ;) en voor het lenen van je golfset! De IBB ligt inmiddels 
ver achter ons, maar ik ga je zeker nog zien. Succes met de opleiding!), Sanne, Massieh, 
Mira (Duitse gezelligheid bij borrels en etentjes), Iris, Gijs, Geert, Albert, Ingrid, Arjan, 
Vince, Frederieke, Marten, Jelte, Janine, Alexandre (Bonjour! Ca va? Encore, je parle 
Français un petit peu ;)) en Judith H (tot bij de bodyattack les!).

Bij een aantal collega’s zou ik graag nog een extra toelichting willen geven: 
Met zijn drieën vormden wij lange tijd de drie-blondies-musketiers van het Q gebouw: 
Jets, Juud en ik. Ik ken geen andere mensen die zo vaak en zo hard met mij meegelachen 
hebben om steeds dezelfde DWDD filmpjes, of die harder meezongen met de Top 40 dan 
ik. Met buur en buuf TAVI (Freek en Mariam) aan de andere kant van de gang, en een 
loslopende flexplek uit Baltimore (Anneline), was het een waar thuiskomen op het werk! 
Jetske, lieve Jets. Jij hebt mijn promotietijd zoveel leuker en makkelijker gemaakt! Je hebt 
me geleerd hard te lachen, nog harder te zingen (Nielson-Hoe) en daarnaast de touwtjes 
meer te laten vieren. Ik bewonder het gemak waarmee jij je aanpast aan andere mensen, 
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andere omstandigheden of plotse veranderingen, zonder enige moeite en zonder jezelf te 
verliezen. Je bent er altijd voor me en dat is geweldig en ik wil je daarvoor bedanken. Laten 
we onze sportsessies met aansluitend ontbijtje (of borrel) snel weer hervatten! Judith, lieve 
Juud. Er zijn zoveel leuke herinneringen aan jou! Om te beginnen die heerlijke schaterlach 
(ik hoop trouwens dat je me inmiddels vergeven hebt dat ik deze ooit voor een hoger doel 
opgenomen heb ;)). Een beter publiek voor mijn slechte uitspraken of onhandigheden kan 
ik me niet wensen! Ik heb ooit in de skilift (jaja die ene keer dat mijn stok onder ons in de 
sneeuw verdween) bekend dat je echt een voorbeeld voor me bent: je eerlijkheid, 
oprechtheid, nuchterheid, gezelligheid en vermogen om te pieken op de juiste momenten 
én maximaal te genieten van het leven. Een tochtje met jou naar Wijk en ik kan er weer 
tegenaan! Dank voor alles Juud! Freek, ik kan geen TLC meer kijken of duikboot drinken 
zonder dat ik aan jou moet denken ;) Het punt is….  je bent gewoon een hele goede vriend 
geworden. Steun en toeverlaat, op het werk en daarbuiten! Dank voor al je gezelligheid, 
steun, input en wijze lessen. Al ben ik nog steeds van mening dat ik bij een cooling down 
op de fiets mijn tong niet op mijn schoenen hoort te liggen ;) Veel succes en geluk voor 
de toekomst! Mariam, lieve Mimi (ja echt van dat liedje! ;)). Ik weet nog steeds niet waar 
we nou zijn beland tijdens de tandemtocht van twee jaar geleden.. en reed jij of ik nu 
voorop?? ;) Gelukkig hebben we inmiddels wel de weg naar elkaars huis gevonden en ben 
ik heel dat we regelmatig bijkletsen! Ik heb er achteraf wel spijt van dat ik mijn mede-
Kleppen-en-Echo-Queen niet heb opgezocht in San Diego, want ik had je graag willen 
zien shinen tijdens het boardsurfen! Maar wat niet is, kan nog komen! Bedankt voor je 
vriendschap, je eerlijkheid, oprechtheid, de goede gesprekken, dat je ook om mijn slechte 
grappen of onmogelijke acties lacht en onze heerlijke dubbeldates! Met het geluk in je 
werk- en privéleven zit het volgens mij wel goed ;). Je hebt het verdiend, geniet ervan! 
Anneline, lieve Annies. Ik was verbaasd toen ik je voor het eerst ontmoette: je bent namelijk 
een van de weinigen die zo goed aan mij gewaagd is qua kletsgehalte ;) Het was altijd een 
feest wanneer jij weer letterlijk uit Amerika kwam binnenvliegen in het Q! Ik bewonder je 
om wat je doet, wie je bent en waar je voor staat (en je acties in het sushi restaurant ;)). 
En je vriendschap gaat verder dan Utrecht; nooit durven dromen dat in mijn eerste 
nachtdienst in Amsterdam jij er weer voor me zou zijn! Dank voor de goede gesprekken, 
gouden tips, hilarische momenten en heerlijke bitterballen! Snel weer Annies! Mirjam, lieve 
Mir. Net toen ik na 1 week als enige onderzoeker op onze kamer ervan overtuigd was dat 
ik het onderzoek alleen moest gaan doen, kwam jij naast me zitten. En toen wist ik dat ik 
het fout had. Met z’n tweeën stapten wij de wereld van het onderzoek binnen. Geweldig 
dat we na deze reis nog steeds vriendinnen zijn! Het is mooi om te zien hoe jij je leven 
vormgeeft, met nu een baan in de praktijk en je prachtige gezinnetje. Veel geluk!

Dan wil ik natuurlijk ook nog bedanken Astrid, Rachel en Savannah voor het zijn van mijn 
kamergenoten gedurende (een deel) van mijn promotieperiode. Astrid, dank voor je 
luisterend oor en je eerlijkheid. Rachel succes met je opleiding in het Hagaziekenhuis, je 
bent lekker bezig! Die Jan Ullrich stempel raak ik trouwens niet meer kwijt ;). Savannah, 
bedankt voor het overnemen van de onderwijs taken en je tips voor het BKO traject. 
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Het merendeel van de studenten met wie ik een artikel heb mogen publiceren bijten zich 
inmiddels vast op hun eigen promotieonderzoek. Nog meer studenten (destijds) die ik 
graag wil bedanken voor hun inzet zijn Koen en Patricia. Koen, met jouw enthousiasme 
kom je er wel, ga zo door! Patricia, leuk dat ik je nog zo nu en dan spreek. Jij komt er wel, 
ik wens je veel succes met alles!

En dan zijn het vaak de belangrijkste mensen in je leven die je helaas soms het minste 
ziet, maar waarvan je weet dat ze er altijd voor je zijn. Bij hen is het gewoon goed zo; iets 
wat ik enorm waardeer en veel waarde aan hecht.
Te beginnen met FFF. Deze drie letters betekenen zoveel voor mij! Phuong, lieve Peej. Jij 
weet waar ik op doel. En ondanks dat onze levens op dit moment meer verschillen dan 
ooit (jij met twee prachtige kinderen, ik net uit het studentenhuis) en we elkaar natuurlijk 
veel te weinig zien, is het altijd ouderwets genieten met jou. We hebben hier en daar al 
wat kunnen wegstrepen van onze bucketlist, maar er is nog genoeg te doen! Ik ben er 
klaar voor. Hompel&Pompel; de rest gaat vanzelf ;). Dank dat je er altijd voor me bent. 
Tiffany, lieve Tif. Ook jij weet wat FFF inhoudt! Ik wil ten eerste zeggen dat ik ontzettend 
trots ben op wat je bereikt hebt! En het is fijn om te weten dat ‘uit het oog, uit het hart’ 
voor jou niet opgaat. Ik kan altijd rekenen op je luisterend oor, eerlijkheid en wijze adviezen. 
Bedankt dat we na zoveel jaren nog steeds vriendinnen zijn! Laurent, lieve Lau, je bent 
een bijzondere vriend en daar ben ik je dankbaar voor. Regelmatig denk ik terug aan onze 
gezamenlijke vakantie op Sicilië, die voor mij dagen leek te duren maar toch echt één dag 
bleek te zijn! Dank voor je vriendschap en dat je altijd jezelf bent gebleven. Binnenkort 
weer de Amersfoortse Berg op?;)
En natuurlijk nog meer vrienden uit mijn studietijd zoals Kasia (Blondy! Birthday in Kuala 
Lumpur), Arne en Suzanna (Dancing peeps!), Suzanne (Vietnam reis buddy), Femke (ik 
zie ons nog liggen in het park in Sydney met het Opera House op de achtergrond, wat een 
prachttijd!), Romy (Rowlegs Club8 buddy) en vele anderen: bedankt voor jullie vriendschap 
en interesse! 

Lieve leden van de Rotaract Utrecht. Ik hoop niet dat het nodig is dat ik mij opnieuw aan 
jullie voorstel ;) Zeker in de laatste periode van het promotietraject heb ik jullie te veel 
moeten missen. Dank voor alle steun, begrip en geduld. Maar bovenal voor alle gezellige 
borrels, uitjes, en mooie projecten! Dat daar nog maar veel van mogen volgen! Kamjar, 
van dineren in de Brink met Job en mij, naar hopelijk deze zomer lunch op jouw boot! Dank 
voor al je geruststellende en bemoedigende woorden. En natuurlijk Joukje (Jouk), van 
Rotaract naar OLVG West and beyond! Wat fijn om met jou samen ook dít avontuur mee 
te maken! Bedankt voor je gezelligheid, luisterend oor en goede adviezen. Die golflessen 
ga ik echt nog een keer oppakken, beloofd!;)

Ingeborg, lieve mate, wat is het geweldig om weer met jou een avontuur aan te gaan! Dit 
keer niet naar het prachtige Engeland of de Schotse Hooglanden, maar nu eens dicht bij 
huis. Al weet ik nog goed dat we dat ook dachten toen we bepakt en wel de bus in stapten 
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richting Londen. Achteraf leek het wel de andere kant van de wereld! We hebben elkaar 
heel goed leren kennen tijdens deze reis en sindsdien heb ik er een geweldige vriendin bij. 
Ik hoef jou ook niets uit te leggen, je begrijpt me gewoonweg altijd. Daar ben ik je heel 
dankbaar voor. Sinds onze wereldreis bewandelen we een beetje hetzelfde pad in ons 
leven, een pad dat ooit gestart is bij het coschap gynaecologie. Toch doen we een aantal 
zaken net in een andere volgorde: jij startte in de kliniek, ik als onderzoeker. En nu zijn de 
rollen omgedraaid! Des te bijzonderder dat jij er vandaag niet alleen als vriendin, maar ook 
als paranimf voor me wil zijn. Ik heb genoten van de mooie momenten tot nu toe met jou 
mate! En ik  kijk uit naar wat nog komen gaat. 

Einar, mijn partner in crime! Vanaf het moment dat wij elkaar ontmoetten wist ik dat het goed 
zat. Mennnn, wat kunnen wij kletsen en hard lachen samen! Ik twijfelde dan ook geen moment 
toen ik iemand zocht om de ‘Dutch AMR’ spirit aan door te geven: het is ‘ons kindje’ 
geworden nietwaar? ;) Inmiddels ben je al een eind op weg in je eigen promotietraject en is 
de kliniek je ook niet meer onbekend. Ik weet zeker dat het helemaal goed komt met jou dr. 
Hart bij de Cardiologie (blijft mooi ;)) Dank voor al je positiviteit en vrolijkheid, de momenten 
dat je voor me klaar stond of met me mee rende naar de trein. Nog een klein sprintje dat we 
vandaag moeten trekken richting de verdediging, dank dat je erbij bent als mijn paranimf! 

Lieve schoonfamilie. Inmiddels is mij duidelijk waar al die goede kanten van Job vandaan 
komen ;) Wat zijn jullie een geweldige familie en wat ben ik een enorme bofkont dat ik daar 
deel van uit mag maken! Al zijn er momenten waarop ik het zwaar had, met name tijdens 
de spelletjes avonden op de wintersport, of die keer dat ik alle gevonden paaseieren weer 
moest inleveren.. ;) Mariolijn en Tom, dank voor de heerlijke avonden kletsen in jullie oude 
en inmiddels ook nieuwe keuken! Carlijne en Chris, houden jullie nog iets te klussen over 
in jullie paleisje? Ik kom snel langs! Hans, zet de Maastrichtse biertjes maar koud daar in 
Zeeland! Jullie allemaal bedankt voor jullie oneindige steun en support.

Lieve oma, wat ontzettend blij ben ik dat u vandaag bij mijn verdediging aanwezig bent. 
Het is mede dankzij u dat ik de persoon geworden ben die ik nu ben en dat ik hier nu sta. 
Dank voor uw onuitputtelijke support en lovende woorden! Ik ben blij dat het u trots maakt. 
Geniet ervan! En dan plannen we na deze drukke periode snel weer met de dames een 
tripje naar het strand! 
 
Lieve ouders. Dit proefschrift draag ik op aan jullie. Een oneindig vertrouwen, 
onvoorwaardelijke liefde en steun en altijd een warm thuiskomen zijn niet alleen de 
belangrijkste ingrediënten van promoveren, maar ook van het leven. Lieve pap. ‘Alles komt 
goed’; het zijn de woorden waar ik het meest aan dacht op de momenten dat ik er het 
minste in geloofde. Ik ga het nu dan toch zeggen: je had gelijk. Jouw vertrouwen in deze 
woorden en de mensen die je liefhebt zijn voor mij een groot voorbeeld. De durf om dingen 
aan te pakken en de wereld in te trekken heb ik van jou. Het heeft me al zoveel gebracht 
en nu ook nog eens dit proefschrift! Dank voor al die keren dat je me wees op de 
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belangrijkste dingen in het leven. Op naar de volgende vakantie met de familie!  
Lieve mam. Het is bijna eng hoeveel ik op je lijk. Van jou heb ik geleerd mijn hart te volgen, 
te vertrouwen op mijn intuïtie en te leven vanuit mijn gevoel. Dank voor al die momenten 
waarop jij mij steeds het juiste advies gaf. Die immense dosis aan energie en 
doorzettingsvermogen, mijn voorliefde voor uren kletsen en mijn interesse voor de 
medemens heb ik zeker van jou. Alleen jij snapt het als ik tijdens de film mijn ogen niet 
droog kan houden ;) Hoogsensitiviteit is een kracht, ik weet het zeker!

Lieve Janneke: zussen bij toeval, vriendinnen bij keuze. Het zijn die heerlijke oneliners die 
toch het beste aangeven hoe het is. Hoe fijn om te weten dat mijn beste vriendin mijn zus 
is! Dat ik nu hier sta komt door jou: als grote zus liet je me de weg zien, je nam me letterlijk 
aan de hand. Je bent altijd een voorbeeld voor me en ik ben super trots op jou! Laten we 
nu dan toch echt eens die vaste dag plannen om elkaar te zien ;) En zeg Rex dat ik hem 
snel weer kom knuffelen!

Lieve René. Hoe blij was ik dat ik dankzij jou als mijn jongere broertje vroeger ongegeneerd 
kon kijken naar Johnny Bravo en al die andere activiteiten nog kon doen waar ik eigenlijk 
te oud voor was. Er zijn weinig mensen met wie ik tot misselijk aan toe in de achtbaan heb 
gezeten, of wie ik nog tot diep in de nacht kan bellen. Ik bewonder je passie, voor je studie 
en nu ook voor je werk. Hou dat vast, go with the flow. En dan weet ik zeker dat het goed 
komt!  

Lieve Dennis en Valérie, als koude kant van de familie brengen jullie juist de meeste 
warmte en gezelligheid mee! Dennis, zoveel mensen kunnen een voorbeeld nemen aan 
jouw immense dosis vrolijkheid. Ook nu weer ga ik het je vragen zwager: ‘Kom je op mijn 
feestje?!’ ;) Want ik moet bekennen, zonder jou is het geen feestje! Valerie, het gemak 
waarmee jij met mensen praat en hun op gemak stelt is bewonderenswaardig. Ik denk de 
perfecte ingrediënten voor een goede huisarts, maar bovenal voor een geweldige 
schoonzus.

Aan het einde van mijn proefschrift wil ik graag de belangrijkste persoon in mijn leven 
bedanken. Lieve Job, we did it! Iedereen mag weten dat er zonder jou nooit een 
proefschrift zou zijn geweest! Alle credits zijn voor jou! Ik heb me zo vaak afgevraagd: 
hoe doet hij dat toch? Je oneindige geduld (met mij..), rotsvast vertrouwen, soms beetje 
confronterende ;) realisme en eindeloze humor; het is de basis voor elke letter in dit boek. 
Maar bovenal onze basis, mijn basis. Of dat nu tijdens de (te) lange periode in onze 
studentenflat was (nog steeds pijnlijk dat er geen afscheidscommittee van de SSH was…), 
op ons heerlijke stekje aan de gracht (dit jaar gaan we echt barbecueën op het dakterras), 
of Mount Doom aan de andere kant van de wereld. Bij jou is mijn basis, kan ik mezelf zijn 
(inclusief lekker druk druk, 10 minuutjes te laat, und ein bisschen dummes mädchen ;)). 
Op naar leven 2.0, met alle weekendjes en tripjes die we elkaar fictief al hebben gegeven. 
Een lijstje met af te strepen landen hebben we in ieder geval al ;) Sorry en bedankt; voor 
alles ;) Ik hou van je.
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