Chapter 10
Functional Mitral Regurgitation:
The Surgeons’ Perspective

Jerry Braun and Robert J.M. Klautz

Abstract Physicians who are involved in heart failure treatment are regularly
confronted with patients who present with functional mitral regurgitation (MR),
occurring in a setting of ischaemic or non-ischaemic cardiomyopathy. For these
patients, the current guidelines do not offer clear treatment algorithms, and mitral
valve surgery is often not advised. This is however not a proper representation of the
currently available literature on this topic, and may lead to patients not being evalu-
ated for an intervention from which they may benefit. This chapter deals with the
surgical perspective of functional mitral regurgitation. Topics covered are patho-
physiology (with its implications for surgical techniques and annuloplasty ring
choice), patient assessment and a critical appraisal of the outcome of different surgi-
cal approaches. While the focus lies on the results of undersized restrictive annulo-
plasty, various additional techniques are discussed in order to provide a tailored
medico-surgical approach to this difficult subset of patients.

1 Introduction

Patients with heart failure and functional mitral regurgitation are regularly pre-
sented to the heart failure team. Optimal treatment requires an individualized mul-
tidisciplinary approach that should also consider surgical options. The cardiac
surgeon should therefore always be part of this medico-surgical team to allow a
tailor-made solution for each patient. For several reasons the contribution of surgery
in the treatment of heart failure patients is still debated. Current guidelines only
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recommend a marginal role for mitral valve surgery [1, 2]. This chapter will focus
on the existing controversies, analyze their backgrounds and provide a structured
approach to patients with heart failure and functional mitral regurgitation (MR).
The chapter starts with a brief history of functional MR, presents a clinical perspec-
tive in terms of prevalence and outcomes, provides recommendations on assessment
of functional MR and discusses the different surgical approaches and their out-
comes. We present the structured team approach in our clinic, and end with likely
future trends in this area.

2 Defining Functional Mitral Regurgitation

Functional mitral regurgitation is a disease condition in which the macroscopically
normal mitral valve becomes insufficient as a consequence of left ventricular wall
motion abnormalities. As such, it is also referred to as secondary MR. Depending
on its cause, functional MR can be classified as ischaemic MR or as MR in non-
ischaemic or idiopathic cardiomyopathy. Regardless of aetiology, functional MR
carries a poor prognosis and is an independent risk factor for mortality. There are
similarities between ischaemic and non-ischaemic functional MR, but there are also
distinct differences. In this chapter we will discuss the disease entities together
when possible, but separately when necessary.

Ischaemic MR in heart failure patients is always chronic ischaemic MR. Using a
proper definition of ischaemic MR is important to differentiate between true chronic
ischaemic MR and patients who have organic MR and incidental coronary artery
disease (CAD). The latter patient category has a much better prognosis. Basically a
definition should appreciate the fact that the mitral insufficiency is caused by CAD.
This means that a patient should have CAD that has led to left ventricular (LV) wall
motion abnormalities (due to ischaemia, infarction or both) that induce mitral insuf-
ficiency. In addition, the mitral valve should be free from organic disease. As such,
a definition of chronic ischaemic mitral regurgitation would be insufficiency of an
anatomically normal mitral valve in a setting of wall motion abnormalities of the
left ventricle that are caused by the sequelae of CAD.

3 Historical Notes on Functional Mitral Regurgitation

3.1 Ischaemic Mitral Regurgitation

In 1963 Burch suggested that the sequelae of ischaemia could cause mitral regur-
gitation as a functional phenomenon—rather than only following papillary muscle
rupture caused by myocardial infarction in a report on two patients [3]. He related
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the occurrence of a new systolic murmur, appearing shortly after myocardial infarction,
to a “syndrome of papillary muscle dysfunction”, and hypothesized that “failure
of the infarcted papillary muscle to contract during systole results in mitral regur-
gitation”, actually suggesting leaflet prolapse. Although experimental studies in
dogs showed already in 1971 that damage to the papillary muscle alone does not
lead to MR, while MR does occur when this injury also involves the adjacent LV
wall [4], papillary muscle dysfunction was considered a major determinant in the
development of ischaemic MR for a long time. This gradually changed with the
introduction of echocardiography. In the landmark paper by Godley and associ-
ates, it was described that most patients who developed MR following myocardial
infarction showed that “one or both leaflets were effectively arrested within the
cavity of the left ventricle during ventricular systole” [5]. This is a nice descrip-
tion of systolic restrictive motion, which is now considered the echocardiographic
signature of functional MR. These patients almost invariably demonstrated dys-
kinetic wall motion in the region immediately surrounding one of the papillary
muscles.

Further insights have gradually replaced the concept of papillary muscle dys-
function. We now realize that all components of the mitral valve complex may play
a role in functional MR —regardless of aetiology —which has implications for a
therapeutic approach.

3.2 Mitral Regurgitation in Non-ischaemic Dilated
Cardiomyopathy

Historically, functional MR in non-ischaemic cardiomyopathy has been less clearly
recognized as a distinct disease condition. The presence of MR in idiopathic cardio-
myopathy was first quantified by angiography in a series of 36 patients, with MR
present in 64 % of patients [6]. The higher LV end-diastolic volume in these patients
made the authors conclude that annulus dilatation was involved in causing MR.
However, the overlapping range in end-diastolic volumes in patients with and with-
out MR suggested that other factors were also involved, in particular “an altered
position of the papillary muscles and their axes of tension”, as hypothesized by
Perloff and Roberts [7]. The surgical treatment of functional MR was regarded inap-
propriate for a long time. In their 1982 review article on cardiomyopathies, Johnson
and Palacios state: “Severe mitral regurgitation, present in a small number of
patients with idiopathic congestive cardiomyopathy, may tempt the physician to
advise replacement of the mitral valve. We believe that this temptation should be
resisted: the perioperative mortality is high in patients whose LV ejection fraction is
as low as it is in idiopathic cardiomyopathy, and long-term survival is probably
unimproved by operation” [8].
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3.3 Introduction of Undersized or Restrictive Mitral
Annuloplasty as a Surgical Treatment for Functional
Mitral Regurgitation

For a very long time, the only surgery considered possible in these patients was
cardiac transplantation. The poor reputation of mitral valve surgery in end-stage
cardiomyopathy was due to the poor outcome of mitral valve replacement in patients
with systolic heart failure [9]. A major concern was that by abolishing MR the poorly
functioning left ventricle would lose its low-impedance left atrial “pop-off” and
deteriorate further. The case series presented by Bach and Bolling from the University
of Michigan in 1995 represented a major breakthrough by demonstrating that mitral
valve repair using an annuloplasty ring was feasible with low mortality and fairly
good early outcome [10, 11]. In the interesting discussion that followed the presenta-
tion of Bolling’s paper at the meeting of the Western Thoracic Surgical Association,
he mentions undersizing the trigone-to-trigone distance “perhaps by one size”, and
reports a mean ring size of 29. In 1998 the Michigan group reported on 48 patients
with end-stage non-ischaemic heart failure with an ejection fraction of 16 %, and
severe functional MR with one perioperative death and 2-year survival of 72 % [12].
In the discussion following this manuscript, Bolling mentions that he changed his
strategy from undersizing by one ring size to using the “smallest ring possible”.
These publications introduced the concept of undersized or restrictive mitral annu-
loplasty, which is the cornerstone of the surgical treatment of functional MR.

Key Points

* Patients with functional MR and heart failure require an individualized multidis-
ciplinary approach in which surgery plays a role.

* Functional MR can occur in ischaemic and non-ischaemic settings.

* Functional MR is not caused by papillary muscle dysfunction.

4 Pathophysiology of Functional Mitral Regurgitation
and Implications for Surgery

The pathophysiology of functional MR has been the subject of many experimental
and clinical studies, and the surgeon should appreciate the basic mechanisms under-
lying functional MR because of their implications for surgical treatment. Functional
MR is a dynamic phenomenon; this has important consequences for patient assess-
ment, which will be discussed in another paragraph. Mitral valve closure is a result
of a balance of forces: the closing forces generated by LV contraction and the tether-
ing forces exerted by the (contracting) papillary muscles and chords [13]. In func-
tional MR, the tethering forces are stronger and retain the leaflets in the left
ventricular cavity. When LV remodelling sets in, tethering increases and mitral leaf-
let closure becomes more dependent on closing forces, which are likely to diminish
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Fig.10.1 Schematic representation of the vicious cycle involved in ischaemic mitral regurgitation.
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further during the continuing remodelling process. A vicious cycle ensues and MR
begets MR. This brings us to the next typical feature of functional MR: it is both a
valvular and a ventricular disease. In functional MR, the left ventricle suffers from
both the initial disease (ischaemic or other) and from the volume overload resulting
from the insufficiency (Fig. 10.1). It is therefore easy to understand that functional
MR will have a more profound effect on cardiac function (and therewith on clinical
status and outcome) than organic MR of the same severity.

All components of the mitral valve apparatus may contribute to the development
of functional MR. The leaflets may demonstrate insufficient adaptation to an
increase in annular area [14]. The mitral annulus shows dilatation, flattening (loss of
saddle shape) and lack of systolic area reduction with restricted annular motion
[15-17]. However, annulus dilatation by itself does not lead to significant MR
because of the twofold surplus of mitral valve tissue available to cover the annular
cross-sectional area. In chronic ischaemic animal models, the annulus was found to
increase both in the septal-to-lateral dimension and in the commissure-to-
commissure dimension. However, only septal-to-lateral dilatation was associated
with the development of ischaemic MR [18, 19], and reduction of septal-to-lateral
dimension by 15-20 % of baseline diameter abolished MR [20]. Necropsy studies
showed that the changes in annular dimensions in cardiomyopathy do not only
involve the muscular part of the annulus, but also the fibrous part—including the
intercommissural area—to a similar extent [21]. In vivo, the pathological increase
in annular area (of approximately 60 % in diastole) and perimeter (of approximately
24 %) was confirmed with 3D transthoracic echocardiography (TTE), together with
the finding of restricted annular motion [15, 22].

The role of the papillary muscles has received renewed interest with the advent
of resynchronization therapy. Papillary muscle dyssynchrony may contribute to the
development or worsening of functional MR. Patients with dilated cardiomyopathy
and prolonged QRS (>130 ms) show significant MR twice as often as patients with
normal QRS duration [23]. This may be explained by geometrical changes induced
by the dyssynchrony itself, as well as by delayed LV pressure generation.
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Left ventricular changes associated with functional MR include functional
changes (wall motion abnormalities and reduced contractility), dimensional changes
(LV dilatation with volume increase) and geometrical changes (globally manifested
by increased sphericity and locally by papillary muscle displacement). LV dilatation
alone is not sufficient to cause functional MR, but increased sphericity has been
related to MR through secondary posterolateral displacement of the papillary mus-
cles [24, 25]. Outward displacement of one or both papillary muscles directly influ-
ences mitral valve morphology and mechanics by increasing tenting; this can occur
in—but is not limited to—a setting of global LV remodelling with increased
sphericity.

5 Functional Mitral Regurgitation and the Left Ventricle

The primary injury and the volume overload caused by MR induce changes in
global LV size, mass, shape and function that are collectively referred to as “remod-
elling”. At first, these changes compensate for the loss of pump function resulting
from the injury, but over time they become pathological. The heart will maintain
stroke volume by increasing its cavity size at the expense of ejection fraction. This
causes a right ward shift of the pressure-volume curve with increased end-diastolic
volume and end-diastolic pressure. Increased LV wall stress occurs, which can ini-
tially be compensated for by secondary hypertrophy. However, the extent of com-
pensatory hypertrophy is limited, and further dilatation will lead to increased wall
stress as described by the LaPlace law, which states that wall stress is the product of
transmural pressure and radius, divided by wall thickness. These changes increase
oxygen demand (which obviously is limited even more in patients with ischaemic
disease). Ultimately, myocyte length increases and myofibril content decreases
which further leads to contractile dysfunction. In this way a vicious cycle ensues,
and dilatation begets dilatation.

A simple mathematical example can demonstrate how a given degree of func-
tional MR influences haemodynamics. Suppose an EF of 50 % and a regurgitant
volume of 40 mL. A resting cardiac index of 2 L/min/m? for an average man is
equivalent to a cardiac output of 4 L/min. At a heart rate of 70 mL, this translates
into a forward stroke volume of 57 mL. With a regurgitant volume of 40 mL, this
adds up to a total stroke volume of approximately 100 mL. The end-diastolic vol-
ume then has to be 200 mL to achieve an EF of 50 %, which is about twice the
normal size. This example also demonstrates how EF is only a surrogate marker for
LV contractility; it is highly load-dependent and can remain more or less normal in
MR while LV contractility decreases, due to the low LV impedance in systole cre-
ated by the mitral insufficiency. It has been demonstrated that end-systolic volume
is the most reliable non-invasive marker for LV contractility since it is not depen-
dent of preload and varies directly and linearly with afterload [26].

The term reverse remodelling is applied to a dilated left ventricle that no longer
shows progressive dilatation, and instead regresses towards a normal shape and volume.
Also in reverse remodelling we can usually only assess global parameters of this process.
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There is no consensus on what to consider proof of reverse remodelling [27].
Most studies use cut-off values of 10 or 15 % reduction in LV diameters or volumes.

Key Points

e Functional MR is a dynamic phenomenon, and all components of the mitral
valve apparatus may contribute to its development in a patient.

* Functional MR is both a valvular and a ventricular disease.

* Functional MR and left ventricular remodelling occur in a vicious cycle.

* Ejection fraction is not a good marker of LV function in patients with MR.

6 Incidence, Prevalence and Clinical Outcomes
of Functional Mitral Regurgitation

Most studies that provide information on incidence and prevalence of functional
MR focus on ischaemic MR while some have included both ischaemic and non-
ischaemic aetiologies; unfortunately, data are often presented without stratification.
While ischaemic MR is relatively common, exact data on its occurrence are hard to
provide since studies reporting on this subject are very different. These differences
relate to the interval between the ischaemic event and the occurrence of MR (rang-
ing from several hours to months after the infarction); the technique with which MR
was diagnosed (angiography vs. echocardiography) and quantified (semi-quantitative
vs. quantitative assessment); the severity of MR; and the characteristics of the study
population (observational cohorts, patients included in clinical trials, etc.) [28].
Regarding the presence of functional MR in non-ischaemic cardiomyopathy, avail-
able studies have similar shortcomings. An important distinction in the development
of MR between ischaemic and non-ischaemic MR needs to be pointed out here. In
non-ischaemic MR the mitral insufficiency develops rather late in the natural history
when considerable remodelling of the left ventricle has taken place. Low EF and the
clinical syndrome of heart failure therefore always accompany it. Ischaemic MR can
develop in the same way when diffuse ischaemia leads to LV remodelling and thus
ischaemic cardiomyopathy. However, more frequently MR results from a local LV
wall motion abnormality, following a myocardial infarction or local ischaemia. In
this situation the left ventricle (and EF) can be relatively preserved and the syn-
drome of heart failure may not yet have become manifest (Fig. 10.2).

Table 10.1 provides an overview of the studies that report on this subject [29-39].

It can be seen that the occurrence of post-MR mitral regurgitation of any sever-
ity is frequent with a roughly estimated incidence between 20 and 60 % depending
on the population studied. Clinically, patients who develop MR following myocar-
dial infarction are often older and more often females, and they show more signs
of LV remodelling compared to patients without MR. There is no relationship
between infarct size and the occurrence of MR. Several studies indicate a higher
prevalence of ischaemic MR following an infarction in the inferior or posterior
region, but this is not a consistent finding. Ischaemic MR has a negative effect on
prognosis, which is already present in patients with mild MR. This excess
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Fig. 10.2 Differences in the
range of left ventricular
ejection fraction and the
presence of heart failure
symptoms between ischaemic
and non-ischaemic mitral
regurgitation
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mortality is graded, i.e. related to the degree of MR and independent of LVEF.
Finally, ischaemic MR is often clinically silent with the absence of systolic murmur,
and has a characteristic dynamic phenomenon.

Functional MR in non-ischaemic patients is also frequently present as summa-
rized in Table 10.1. Mortality is high and related to the severity of MR, although
evidence regarding its importance as an independent risk factor is ambiguous. There
is an important relationship with tricuspid regurgitation, which may reflect the fact
that in non-ischaemic cardiomyopathy both ventricles can be injured. Several stud-
ies indicate that prognosis in idiopathic cardiomyopathy is somewhat better than in
ischaemic cardiomyopathy.

Key Points

e Functional MR occurs frequently in patients following myocardial infarction,
with percentages varying between 20 and 60 %.

* Inischaemic functional MR, left ventricular function may still be relatively pre-
served and MR may be the result of only local LV wall motion abnormalities.

* Regardless of aetiology, functional MR carries an increased risk of death, which
is approximately twofold and is related to the severity of MR.

7 Assessment of Functional Mitral Regurgitation

The dynamic nature of functional MR has important diagnostic implications. While
structured intraoperative surgical evaluation of the mitral valve—on the arrested
heart—is the cornerstone of mitral valve surgery in organic disease, this analysis
has no additional value in functional MR since the valve is structurally normal.
Therefore, the diagnosis has to be established prior to surgery by looking at restric-
tive leaflet motion, LV geometric changes and LV wall motion abnormalities.
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7.1 Echocardiographic Assessment of Functional MR

Echocardiography is the most appropriate technique to examine patients with
functional MR [40, 41]. Proper assessment of the severity of functional MR is impor-
tant because of its implications for patient prognosis and treatment. Semi-quantitative
techniques using colour flow mapping of regurgitant jet area are easily performed
but have limited accuracy, since several technical and physiological factors influ-
ence results; for instance, a lower driving pressure will make a jet relatively smaller.
Determination of the vena contracta width is less sensitive to technical factors. The
cross-sectional area of the vena contracta indicates the effective regurgitant orifice
area (ERO), which is the narrowest area of actual flow. Size of the vena contracta is
independent of flow rate and driving pressure for a fixed orifice. This means that it
can change when the regurgitant orifice is dynamic, as is the case in functional MR.
Quantitative techniques are therefore preferred. The proximal isovelocity surface
area (PISA), or flow convergence technique is used to calculate ERO and regurgitant
volume. Another quantitative flow technique is pulsed wave Doppler. Combining
pulsed wave Doppler flow velocities with 2D measurements can provide flow rates
and stroke volumes and therewith ERO.

Cut-off values for the echocardiographic assessment of MR severity presented
in valve disease guidelines are based on the recommendations by Zoghbi et al. [42].
It should be noted that these values are valid for organic MR. Data from the
Mayo Clinic suggest, based on patient outcome, that in functional MR lower
thresholds should be used for the diagnosis of severe MR: 20 mm? for ERO and
30 mL for regurgitant volume [30]. For organic MR these values are 40 mm? and
60 mL, respectively. These adapted criteria for functional MR are mentioned in
the European guidelines, although without further recommendation, but not in
the American guidelines. Furthermore, the ESC guidelines present separate
paragraphs on “ischaemic MR” and “functional MR”; the ESC defines functional
MR as MR observed in cardiomyopathy and in ischaemic disease with severe LV
dysfunction.

New developments in this area include real-time 3D echocardiography (RT3DE).
In a head-to-head comparison, RT3DE proved to be better able to quantify ERO and
regurgitant volume in functional MR than 2D TTE, compared to the gold standard
of 3D velocity encoded MRI [43]. It was shown that 2D echocardiography
underestimates the severity of functional MR.

7.2 Exercise Testing in the Diagnosis of Functional MR

The role of echocardiographic exercise testing in functional MR has been exten-
sively evaluated by colleagues from Li¢ge [44]. Exercise-induced ERO changes
in ischaemic MR could be related to local rather than global LV remodelling,
more specifically to papillary muscle displacement, tethering and increased
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coaptation height [45]. In patients with an inferior infarction, reduction in ERO
was seen following improvement in wall motion. A study by Lancellotti in
patients with LV dysfunction (EF <45 %) and mild ischaemic MR at rest showed
that exercise echocardiography could identify patients with a higher risk of car-
diac death [46]. Mortality at 19 months follow-up was higher in patients with a
resting ERO>20 mm?, but also in patients with an ERO that increased during
exercise by 13 mm? or more (value determined using receiver operating charac-
teristic analysis). No mortality occurred in patients with decreasing MR severity
during exercise. These results could not be confirmed by others, however [47].
The Lancellotti study underlines the fact that even mild ischaemic MR may be
detrimental and therefore warrants additional examinations in such patients to
appreciate the true severity of MR.

7.3 Specific Considerations for the Assessment of Functional
MR in the Perioperative Setting

The dynamic nature of functional MR also plays a role in the preoperative and intra-
operative setting. Patients with functional MR typically show downgrading of MR
severity under general anaesthesia [48—50]. Therefore, severity assessment in func-
tional MR should be performed prior to anaesthesia, and the surgical strategy should
be determined at that time. For the surgeon it is also important to consider the influ-
ence of heart failure therapy and inotropic support on MR severity. Rosario demon-
strated how vasodilator and diuretic treatment resulted in reduction of the severity
of functional MR [51]. Therapy led to decreased MR by reduction in ERO without
reduction in the transmitral gradient. Inotropes can decrease LV volumes and poten-
tially increase LV pressure and lower left atrial pressure and thus raise transmitral
pressure, again resulting in decreased MR severity [52].

The reduction of MR severity during general anaesthesia has led to intraopera-
tive simulation of more physiological hemodynamic conditions in patients with
mild to moderate ischaemic MR, or MR that is intermittent, to create a situation in
which the true severity of MR can be assessed. These so-called loading tests were
introduced by Dion et al. [53]. They include a preload test and, if necessary, an
afterload test. The preload test is used to increase the pulmonary capillary wedge
pressure by 10—15 mmHg by rapid filling through the aortic cannula. An increase of
MR severity is considered a positive test and justifies mitral valve repair. A negative
test is followed by an afterload test, using a 5 mg IV bolus of phenylephrine (an
alpha-agonist that raises systemic vascular resistance without inotropic effects). If
MR severity does not increase, mitral valve repair is not performed. In the series
presented by Dion, 58 % of patients with intermittent or grade 2+ ischaemic MR
showed a significant increase in MR severity following a loading test. Variations of
loading tests have been described by others [54-56].
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7.4 Geometry of the Mitral Valve Apparatus in Functional MR

With more advanced echocardiographic imaging, more detailed aspects of mitral
valve leaflet geometry and the subvalvular apparatus have been described. They can be
used in clinical decision making and provide some indication about the feasibility and
success of repair, as will be discussed later. For a more detailed description of these
parameters and their assessment, the reader is referred to the original publications [22,
57-61]. The most frequently used parameters to describe mitral valve geometry are:

Coaptation length: the length of leaflet apposition.

Coaptation depth (coaptation distance, tenting height, tenting length): the shortest
distance between the point of coaptation on the atrial side and the annular plane.

Tenting area: the area enclosed by the mitral leaflets and the annular plane.

7.5 The Value of Cardiac Magnetic Resonance
Imaging (MRI) in Functional MR

Cardiac MRI is increasingly used in the evaluation of heart failure patients with
cardiomyopathy. MRI provides high spatial resolution and can combine functional
and geometrical assessment of the left ventricle in a single examination. A relative
disadvantage is the fact that patients with defibrillator/resynchronization therapy
devices (a large proportion of the heart failure population) cannot be examined.
MRI is currently considered the reference standard for the assessment of ventricular
volume and function and for the visualization of scar [62].

Specific use of cardiac MRI in patients with ischaemic cardiomyopathy is found
in the assessment of contractile reserve. Late gadolinium enhancement can visual-
ize irreversible myocardial damage. Scar transmurality can predict the likelihood of
functional recovery following revascularization, which is high in the absence of scar
(78 %) and low if scar is more than 75 % transmural (2 %) [63]. In the intermediate
zone predictive value is limited, with a likelihood of recovery of approximately 40 %.
In such patients additional low-dose dobutamine stress is advised which can be per-
formed during the same examination; 42 % of segments with an intermediate scar
show contractile reserve during stimulation [64]. Predicting functional recovery
after revascularization is important, at least in theory, because of its influence on
global improvement of LV function, which is related to increased survival [65].
There are no studies that specifically look at the effect of revascularization alone in
the setting of ischaemic MR in relation to regional wall motion abnormalities.

The use of MRI in functional MR in non-ischaemic cardiomyopathy is less well
defined. Because of the excellent results in volume assessment, which is much less
observer-dependent than in echocardiography, MRI can be used as a perfect follow-
up tool to observe volumetric and geometric changes in eligible patients.

MRI has also proven its value in the assessment of mitral valve regurgitation,
using 3D velocity encoded techniques [66]. MRI can reliably measure regurgitant
flow and as such provides a true estimate of ejection fraction, since it can discriminate
between true forward flow through the aortic valve and regurgitant flow through
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the mitral valve. Finally, MRI has demonstrated its usefulness in guiding cardiac
resynchronization therapy (CRT). In a comparison with tissue Doppler imaging,
MRI was found to have the same accuracy in establishing LV dyssynchrony and LV
filling pressures [67].

Key Points

e The dynamic nature of functional MR has specific implications for MR assess-
ment: it should be preferably performed prior to surgery and induction of anaes-
thesia and should incorporate different techniques in order to assess severity.

» Exercise echocardiography should be performed in patients with heart failure
symptoms and non-significant MR at rest.

e Cardiac MRI may have additional value in the assessment of patients with func-
tional MR.

8 Results of Surgery for Ischaemic Mitral Regurgitation

The optimal treatment for ischaemic MR is a subject of ongoing debate in the surgi-
cal and cardiology community. Published reports convey ambiguous messages and
are essentially difficult to compare because of different patient populations, differ-
ent definitions of ischaemic MR, different surgical techniques and different follow-
up. This controversy is reflected in the guidelines as well. For ischaemic MR, all
recommendations have a “C” level of evidence in the European guidelines since
randomized trials are absent [41]. For symptomatic patients with severe MR,
EF <30 % and revascularization options, mitral valve surgery has a class Ila recom-
mendation. The same is true for patients with moderate MR undergoing CABG if
repair is feasible. Patients with severe MR, EF>30 %, no revascularization options
and low comorbidity have a class IIb recommendation for mitral valve surgery. The
American guidelines state that the indication for mitral valve surgery in CABG
patients with mild to moderate MR is still unclear, but that there are data indicating
benefit of mitral valve repair in such patients [40]. They also state that CABG alone
is usually insufficient and leaves many patients with significant residual MR; such
patients “would benefit from concomitant mitral valve repair at the time of the
CABG”. Finally, it is stated that mitral annuloplasty alone with a downsized annu-
loplasty ring is often effective at relieving MR.

8.1 Results of Revascularization Only

There has been much discussion whether revascularization alone by improving wall
motion abnormalities would suffice to treat ischaemic mitral insufficiency, espe-
cially in patients with less than severe MR. This would avoid the supposed increased
perioperative morbidity and mortality risk associated with a valvular procedure.
In addition, proponents of isolated revascularization claim that valve surgery does
not influence long-term outcome and survival.



10  Functional Mitral Regurgitation: The Surgeons’ Perspective 255

In Table 10.2, studies reporting on the outcomes of revascularization only in
chronic ischaemic MR are summarized [50, 68—78]. Although these studies differ in
many aspects, it can be stated that ischaemic MR in patients undergoing revascular-
ization only has a negative influence on survival and functional outcome when com-
pared to results from patients with isolated revascularization for CAD. The effect is
graded and can be already observed when only mild MR is present. Furthermore,
ischaemic MR treated by revascularization only does not improve in two-thirds of
patients and leads to ongoing LV remodelling. There are as yet no predictors that
reliably identify patients who will improve with revascularization only. And finally,
several studies demonstrate how residual mild MR at rest after revascularization
may increase during exercise.

8.2 Results of Mitral Valve Repair with Revascularization

The literature overview presented in Table 10.3 reflects and explains the continuing
controversy regarding the true benefit of mitral valve repair in addition to coronary
revascularization in ischaemic MR [79-94]. These studies are difficult to compare
because of different baseline patient characteristics. More importantly, the tech-
nique of mitral valve repair varies widely, especially with respect to the annulo-
plasty device used and the use of downsizing. Other important differences relate to
the grafting strategy (completeness of revascularization and the use of arterial con-
duits), and to the completeness and time interval of echocardiographic follow-up.

Poor results with regard to MR recurrence can be explained by the use of incom-
plete and/or flexible rings. Best results seem to be obtained with complete rigid or
semi-rigid rings that are downsized by two ring sizes and achieving sufficient leaflet
coaptation length during surgery; 8 mm seems an appropriate value. This approach
results in consistent and durable reduction of MR severity and LV reverse remodelling
in a majority of patients. Nevertheless, at long-term follow-up approximately 15 %
of patients have recurrent MR >grade 2+, which is likely related to extensive LV
remodelling prior to surgery, which may be clinically reflected by LV dilatation
(LV end-diastolic dimension >65-70 mm) or by mitral valve tethering geometry, as
will be discussed later. Due to the absence of randomized trials and relatively short
follow-up, a survival benefit resulting from additional mitral valve repair has not
been demonstrated.

8.3 Studies Comparing Mitral Valve Repair and Mitral
Valve Replacement

Obvious differences in patient characteristics and techniques make historical com-
parisons between mitral valve replacement vs. repair difficult [95-97]. This is nicely
addressed in an editorial comment by Miller [98]. Calafiore has advocated to replace
the mitral valve in case of excessive coaptation depth exceeding 10 mm, which in
his experience occurs in 7 % of cases [99].
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268 J. Braun and R.J.M. Klautz

9 Results of Surgery for Functional MR in Non-ischaemic
Cardiomyopathy

As stated above, the earliest publications from the Michigan group laid the founda-
tion for successful mitral valve repair using downsized annuloplasty rings in patients
with functional MR secondary to idiopathic or non-ischaemic cardiomyopathy [10, 11].
It is important to realize that in ischaemic MR the “ventricular component” of the
disease can be addressed through coronary revascularization, while this option is
absent in non-ischaemic dilating cardiomyopathy. Compared to ischaemic cardio-
myopathy, the number of studies that focus on this pathology are less numerous;
an overview is presented in Table 10.4 [12, 100—105]. It can be appreciated that
2-year survival is approximately 70-80 %, and 5-year survival 50-70 %. MR
recurrence > grade 2+ is approximately 15-20 % at longer follow-up and—similarly
to ischaemic MR —seems dependent on the extent of preoperative LV remodelling.
More recent studies have focused on external cardiac restraint to address the ven-
tricular component by decreasing transventricular pressure, with promising results.

Key Points

* Ischaemic MR treated by revascularization only does not improve in two-thirds
of patients and leads to ongoing LV remodelling.

* There are no criteria to identify patients with ischaemic MR who may benefit
from revascularization only.

* Series reporting on the results of mitral valve repair in functional MR are difficult to
compare because of different patient populations and different surgical techniques.

* For ischaemic MR, good and durable results with regard to absence of recurrent
MR and reverse LV remodelling are described for complete revascularization
and mitral valve annuloplasty with stringent downsizing by two ring sizes, using
a semi-rigid or rigid ring and verifying the absence of residual MR with suffi-
cient coaptation length (8 mm).

* This technique seems insufficient in patients with too advanced LV remodelling,
which can be assumed in severe LV dilatation (more than 65 mm end-diastolic
dimension and/or severe mitral valve tethering).

* Although there are less studies available on patients with non-ischaemic cardio-
myopathy, similar guidelines seem to apply although the ventricular component
of the disease cannot be addressed in a straightforward manner.

10 Choosing an Annuloplasty Ring in Functional
Mitral Regurgitation

The available studies on functional MR reflect different views on ring choice: com-
plete or incomplete, flexible or nonflexible, saddle shaped or flat, and even several
so-called disease-specific rings have been introduced for functional MR. The concept
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of the (rigid) remodelling annuloplasty ring was introduced by Carpentier, and proved
a major factor in long-term durability of mitral valve repair [106]. Duran introduced
a flexible ring to preserve the physiologic annular motion [107]. Theoretical advan-
tages of the flexible ring over (semi-)rigid rings have not been proven clinically, how-
ever. The current notion is that after implantation and neo-endothelialization of the
ring the benefits of flexibility are greatly diminished as the ring becomes more rigid.
Another annular remodelling device is the incomplete flexible band designed by
Cosgrove et al. [108]. This device would maintain annular motion because of its flex-
ibility while only providing posterior annulus plication. This was considered suffi-
cient based on the assumption that the intertrigonal distance does not dilate. However,
several studies have demonstrated that the anterior part of the annulus shows similar
dilatation as the posterior part, at least in dilated cardiomyopathy [15, 21]. Based on
these considerations, the use of an incomplete ring in functional MR seems inappro-
priate, since it will not reduce the anterior annular dimension and, more importantly,
it will not sufficiently reduce septal-to-lateral dimension, which is the most important
factor on an annular level that contributes to MR. The latter consideration also sup-
ports the use of a complete nonflexible ring rather than a complete flexible ring,
especially when we consider that we have to undersize. Additional reduction or over-
correction of the septal-lateral dimension of the mitral annulus was found to effec-
tively abolish MR studied in a chronic ischaemic ovine model [20]. Since flexible
rings have a variable septal-to-lateral dimension throughout the cardiac cycle, their
ability to abolish MR completely in functional MR, at least during the first months
after implantation, may be insufficient. In addition, undersizing by two ring sizes will
put considerable tension on the annular sutures which might be better compensated
for by a (semi-) rigid ring. Finally, a nonflexible ring might be better able to achieve
the reduction in circumferential radii of curvature of the left ventricle (remodelling of
the LV base, as suggested by Bolling et al. [12]) and therewith reduce wall stress, as
described in an acute ischaemic MR model [109].

The Michigan group reviewed their experience in functional MR with regard to
ring type [110]. From the year 2000 onwards they used only nonflexible rings. The
number of reoperations for recurrent MR as a consequence of ongoing remodelling
was significantly higher in the flexible ring group. Although several methodological
remarks can be made with regard to the study set-up (confounding effect of different
time eras in which both rings were used; reoperation was not examined as a time-
related event and is a surrogate endpoint for repair failure), the findings suggest that
flexible rings might not be the best option for this pathology. Others have made
similar observations [111].

In functional MR, the mitral annulus has become flat. The rationale for saddle
shaped rings, reduction of leaflet stress to possibly provide a more durable repair,
still has to be proven [112]. Theoretically, these rings could be used in functional
MR, although exact data regarding the dimensions of these rings, especially with
regard to the ratio of the commissure-to-commissure and the septal-to-lateral
dimension, and how this ratio varies per ring size, should be carefully taken into
consideration.
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The fear of creating a relative mitral stenosis by undersizing with the typically
used small ring sizes 24 and 26 prompted the introduction of the so-called disease-
specific annuloplasty rings. They are designed to provide further reduction in septal-
to-lateral dimension while providing a relatively larger orifice area by maintaining
or even increasing the commissure-to-commissure dimension. Evaluating and com-
paring these rings is highly complex, and actually makes a proper ring choice even
harder for the surgeon. A paper by Bothe provides measured dimensions of four
disease-specific rings and compares them to those of the Physio ring [113]. Disease-
specific rings provide a varying amount of additional septal-to-lateral dimension
reduction compared to the Physio ring of the same size (10-25 %), but when com-
pared to a Physio ring that is two sizes smaller (so truly undersized) the septal-to-
lateral dimension is actually larger in three out of four rings.

The single intermediate term clinical follow-up study in the English literature
performed with a disease-specific ring (Edwards GeoForm) does not reveal better
freedom from recurrent MR or more extensive LV remodelling after almost 2 years,
but does also not show significant mitral stenosis on exercise [114]. In our opinion,
disease-specific rings introduce more ambiguity into the discussion on downsizing
while their potential benefit is still unproven.

Based on these considerations, we have always adhered to a complete nonflexi-
ble annuloplasty ring (Physio ring) in order to provide a reliable downsizing of the
septal-to-lateral dimension of the mitral annulus. Sizing is based on the length of the
unfurled anterior leaflet, with the ring then chosen two ring sizes smaller (i.e. size
26 when measuring size 30). The ring is inserted using 14—16 U-shaped stitches. At
the end of surgery, repair is considered successful when on intraoperative transo-
esophageal echocardiography MR is absent and coaptation length is 8 mm or more.

Key Point

e There is no proven benefit from the so-called disease-specific rings annuloplasty.

11 Recurrence of Mitral Regurgitation After Restrictive
Mitral Annuloplasty

Recurrence of mitral regurgitation following mitral annuloplasty negatively influ-
ences the results of surgery. Since functional MR is more than a valvular problem,
MR recurrence is also related to the course of the underlying ventricular disease
which makes it different from recurrence in organic pathologies. Follow-up studies
discussed in this chapter present a wide range of MR recurrence. When interpreting
these studies, a distinction should be made between residual MR and true recurrent
MR. The first is the result of an inappropriate application of a surgical technique,
while the latter might be the consequence of disease progression but may also result
from inappropriate surgical repair.
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Hung examined MR recurrence following annuloplasty for ischaemic MR and
concluded that this was related to continued LV remodelling [115]. Thirty patients
underwent CABG and mitral annuloplasty with a variety of rings (47 % flexible,
mean ring size 30, without marked downsizing). Early results (4 months) showed
that 70 % of patients had mild MR and 30 % severe MR; at late follow-up (4 years),
72 % of patients had moderate to severe recurrent MR. Initially patients showed a
reduction in LV volumes followed by a late increase, with a similar pattern for LV
sphericity. However, one could argue that the simultaneous occurrence of recurrent
MR and ongoing LV remodelling does not necessarily imply a causal relationship.

A Japanese study identified increased posterior leaflet tethering after annulo-
plasty, leading to reduced coaptation length, as an important determinant of persis-
tent MR in ischaemic MR patients [116]. Similar observations were made by the
same group in a study involving patients with longer follow-up: late recurrent MR
was seen together with augmented posterior leaflet tethering which was not yet
present at early follow-up. These patients had an early decrease of end-systolic
volume, but showed an increase at late follow-up. Again it should be appreciated
that these phenomena are observed simultaneously without proof of a causal
relationship.

Results from the Cleveland Clinic are often cited when it comes to MR recur-
rence following mitral valve annuloplasty in ischaemic MR [80, 84]. Again, we
would emphasize that 80 % of patients in these series had an incomplete annulo-
plasty (20 % with pericardium), and that echo follow-up was performed at a median
of only 8 days. The fact that at 6 months follow-up even with a complete semi-rigid
ring 25 % of patients had grade 3 or 4 recurrent MR in our opinion does not suggest
disease progression with ongoing LV remodelling but rather an imperfect surgical
strategy. The median ring size (size 30) suggests insufficient downsizing, and no
strategy is provided with respect to the desired intraoperative result in terms of
residual MR and minimum coaptation length. More recently this group focused on
late MR recurrence, defined as MR > grade 2+ developing at least 6 months after
surgery, which occurred in 33 % of patients [117]. Patients with MR recurrence had
echocardiographic signs of ongoing LV remodelling, although—again—no temporal
relationship between the occurrences of these phenomena is provided.

A properly repaired sufficient mitral valve takes away an important impetus for
LV remodelling. MR could then recur secondary to ongoing intrinsic remodelling
of the left ventricle. This mechanism is likely present in cases where LV remodel-
ling actually precedes MR recurrence, and can be demonstrated by serial echocar-
diographic follow-up. De Bonis presented 79 patients who underwent restrictive
mitral annuloplasty for end-stage cardiomyopathy with EF <35 % without residual
MR at least 6 months after surgery [118]. In patients with early LV reverse remodel-
ling (15 % decrease of indexed end-systolic volume, present in 52 % of patients)
10 % had grade 2+ MR at late follow-up. Patients without reverse remodelling
showed a gradual further increase of end-systolic volume that eventually exceeded
preoperative values. MR at late follow-up in this group was 2+ in 42 % of patients
and 3+ in 19 %.
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11.1 Predictors for MR Recurrence Following Restrictive
Mitral Annuloplasty

Several studies have tried to identify preoperative echocardiographic predictors for
residual or recurrent MR following undersized annuloplasty. In theory, the extent of
remodelling of the left ventricle through its effect on the mitral valve apparatus will
determine the extent to which undersizing of the annulus will provide sufficient
leaflet coaptation in the acute setting, i.e. intraoperatively and in the short-term.
Here, remodelling is expressed as a simple geometric phenomenon. The same extent
of remodelling will also determine the potential of recovery of the left ventricle
necessary to provide durable reverse remodelling after successful abolishment of
mitral regurgitation. Here, remodelling is an epiphenomenon, an expression of
changes that occur at a cellular or even molecular level, which remain invisible to
our observation.

A rough indicator of the extent of LV remodelling can be found in LV diameters
or volumes. Cut-off values for LV end-diastolic diameter (LVEDD) have been
related to chances of reverse remodelling [82, 89] and MR recurrence [59, 119];
typically, the upper limit for successful recovery has been identified at 65-70 mm.
Others have identified detailed aspects of mitral valve geometry that essentially
reflect the degree of leaflet tethering [59-61, 120, 121]. Although these studies pro-
vide specific cut-off values for several component of mitral valve geometry, their
assessment requires advanced echocardiographic skills and an optimal ultrasound
window, and as such they have limited value in everyday practice. Nevertheless,
these parameters are important because they provide an indication for which cases
adjunctive surgical measures —which will be discussed next—may be indicated or,
in less experienced hands, when a mitral valve replacement might be better.

Key Points

* MR recurrence should be distinguished from residual MR; recurrence within 6
months after surgery should be considered to result from insufficient repair and
not be regarded as recurrence secondary to progress of the underlying ventricular
disease.

* MR recurrence may occur in patients without LV reverse remodelling but also in
patients with reverse remodelling.

* Specific indicators to predict MR recurrence are not available, but the extent of
preoperative LV remodelling might indicate patients in whom adjunctive mea-
sures are necessary to prevent recurrence.

12 Alternative and Adjunct Therapies for Functional
Mitral Regurgitation

Several alternative or adjunctive therapies have been described for functional MR.
These can either address the mitral valve apparatus, or the left ventricle.
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12.1 Addressing the Mitral Valve Leaflets

Valvular adjunctive procedures address loss of coaptation due to excessive tethering.
Borger presented results of secondary chord cutting as an adjunctive procedure to
reduce tethering in ischaemic MR [122]. MR recurrence > grade 2+ was 15 % at
2 years. Theoretically, this approach may further compromise an already dimin-
ished LV function because it disrupts the continuity between the mitral valve and
the left ventricle. Long-term results are unknown, and we feel that this technique
may only be used, if at all, as a bailout procedure in cases where valve replacement
should be avoided at all cost.

The edge-to-edge technique has also been applied successfully in functional MR
as an adjunct to undersized annuloplasty in patients with excessive tethering (coap-
tation depth >1 cm) [118, 123].

Another valvular approach is posterior leaflet augmentation. The largest clinical
series reports on 44 ischaemic MR patients who underwent posterior leaflet augmen-
tation using bovine pericardium followed by insertion of true-sized annuloplasty
rings [124]. Freedom from significant MR is high, and this approach might also be
used as an adjunct to restrictive annuloplasty in cases of severe tethering, especially
when a small posterior leaflet is present, although this might be technically chal-
lenging. A single report on anterior leaflet extension was also published, with very
limited follow-up, however [125].

12.2 Addressing the Subvalvular Apparatus

Several techniques applied from inside the ventricle have been described to address
tethering by direct action on papillary muscle displacement. Hvass combined the pap-
illary muscle sling technique with mitral annuloplasty [126]. This technique involves
positioning of a 4 mm polytetrafluoroethylene (PTFE) tube around the base of both
papillary muscles which is then tightened and fixed to approximate the muscles.
Mitral annuloplasty with moderately undersized or normally sized rings resulted in
good clinical outcomes, low MR recurrence and significant LV reverse remodelling at
1-year follow-up. Theoretically, this approach addresses the ventricular problem by
influencing subvalvular anatomy, but also by direct volume reduction of the left ven-
tricle, which makes it an interesting approach for functional MR patients with
advanced LV dilatation. Unfortunately, no data on coaptation length are provided, and
echocardiographic follow-up is limited to 1 year.

Langer introduced the RING + STRING technique, which adds repositioning of
the posterior papillary muscle using a 3-0 PTFE suture that is exteriorized through
the aortomitral continuity and then tied in the loaded beating heart under echocar-
diographic guidance, “achieving the most physiological shape of the anterior mitral
leaflet along its entire body and locating the coaptation point as close to the annular
plane as possible” [127]. This suture is applied through the aortic valve after the
ring (a partial flexible ring with 1-2 sizes downsizing) has been inserted. At 2 years,
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freedom from recurrent MR > grade 24+ was 94 % in a group of 30 ischaemic MR
patients.

Upon addressing the mitral leaflet or subvalvular apparatus one should realize
that only the problem of MR recurrence is addressed and not that of LV remodel-
ling. This makes these techniques of limited value. Indeed, when the left ventricle is
only moderately dilated, a nonflexible undersized annuloplasty ring will provide
adequate results, with low recurrence rates and predictable reverse remodelling
[89]. If the left ventricle is grossly dilated and consequently the mitral valve shows
severe tethering, these additional techniques may lead to better results regarding
MR recurrence but presumably not with respect to LV reverse remodelling.

12.3 External Ventricular Restraint or Reshaping

In cases of advanced LV dilatation, external ventricular restraint or reshaping can
provide additional support of the mitral valve repair. The CorCap cardiac support
device (CSD) provides circumferential diastolic support, passively reduces LV wall
stress and thus counteracts the deleterious changes that occur during the remodelling
process. Long-term follow-up has demonstrated that the CSD provides a significantly
greater decrease in LV end-diastolic volume compared to controls [128]. In primary
ischaemic cardiomyopathy, CABG can be combined with CSD implantation, but
the grafts should have their course outside the mesh.

Another externally applied device that addresses LV shape is the Coapsys device.
This device reshapes the ventricle and reduces wall stress by compressing the mitral
annulus and subvalvular apparatus and as such does not require mitral valve repair.
Results in the RESTOR-MYV trial were promising [129], showing survival benefit
for the first time, but the device is currently not on the market.

12.4 Surgical Ventricular Reconstruction

Patients with functional MR with akinesia or dyskinesia of the LV anterior wall
should be considered for additional surgical ventricular reconstruction since this
will help to promote reverse remodelling of these often highly enlarged left ventri-
cles. We have described our strategy towards functional MR in this patient category
[130]. Basically, we recommend performing restrictive mitral annuloplasty in
patients with MR > grade 2+, which may also appear after having performed the
surgical LV reconstruction; this technique directly affects papillary muscle dis-
placement and has an unpredictable effect on MR severity.

For idiopathic and ischaemic cardiomyopathy with LV end-diastolic dimension
>75 mm and akinesia of the septum with preserved lateral wall function, the septal
anterior ventricular exclusion procedure has been successfully used as an adjunct to
restrictive mitral annuloplasty [131, 132].
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12.5 The Tricuspid Valve

Tricuspid regurgitation should always be evaluated in patients with functional MR,
especially in idiopathic cardiomyopathy, which may affect both ventricles [133].
We perform a tricuspid ring annuloplasty in patients with regurgitation > grade 3+,
but also in patients without significant tricuspid regurgitation with annular dilatation,
which means a tricuspid annulus >40 mm (or 21 mm/m?, indexed to body surface
area) on TTE. This approach prevents right ventricular dilatation and tricuspid
regurgitation [134], which is commonly seen in heart failure patients.

12.6 Cardiac Resynchronization Therapy

CRT is beneficial in moderate to severe heart failure patients with intraventricular
conduction delay with regard to improvements in functional class, exercise capacity
and quality of life [135], and leads to a significant mortality reduction [136]. Effects
of CRT on functional MR severity and LV reverse remodelling have been demon-
strated in both short-term [137] and long-term [138, 139], although approximately
30 % of patients are non-responders. In clinical practice, CRT in heart failure
patients is often combined with implantable cardiac defibrillation (ICD) to reduce
mortality related to cardiac arrhythmias [140]. Guideline indications overlap to a
large extent. CRT-ICD therapy has become an important therapeutic alternative or
adjunct therapy in the treatment of heart failure patients with functional MR.

12.7 Other Therapies

The role of pharmacological therapy in functional improvement and mortality
reduction in heart failure is beyond the scope of this chapter, but should be evident
that it has brought major advances in the treatment of heart failure patients and is the
cornerstone of medical therapy, also after surgery has been performed.

Since many patients with heart failure and dilated cardiomyopathy die from ven-
tricular arrhythmias, intraoperative therapies directed at their substrate could
improve late outcome. Current knowledge in this field is limited, however, espe-
cially for patients with idiopathic cardiomyopathy.

Other surgical alternatives include cardiac transplantation and implantation of
ventricular assist devices. Transplantation now has a predictable long-term out-
come, but is limited by shortage of donor organs which is not expected to change in
the future. A more promising evolution is seen with newer assist devices that show
lower thromboembolic and infection rates. Experience with these devices as the
so-called destination therapy is increasing. A combination of assist device therapy
to unload the ventricle while other therapies aiming to regenerate the damaged
myocytes (e.g. stem cell therapy, gene therapy) might be a future solution for
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patients who do not benefit from what we now address as “conventional heart failure
surgery”.

Key Points

e Patients with increased risk of MR recurrence might benefit from adjunctive
measures; these can be directed at the mitral valve leaflets, at the subvalvular
apparatus, or at the left ventricle.

* A tailored surgical approach also involves the tricuspid valve and CRT.

13 A Practical Approach to Patients with Functional MR:
The Leiden Experience

Patients with heart failure and functional mitral regurgitation should be treated in a
multidisciplinary team so that all possible treatment options can be discussed.
Patients should receive optimal pharmacological treatment before considering inter-
ventional techniques. Initial evaluation should distinguish between an ischaemic or
non-ischaemic cause.

For patients with ischaemic MR, the decision to perform surgery will often be
guided by revascularization options; if CABG is warranted, the team should con-
sider whether mitral valve surgery should be performed as well. Since ischaemic
MR portends a poor prognosis and revascularization alone does not reliably treat
MR, we recommend carefully examining the mitral valve and actively searching for
ischaemic mitral regurgitation. In patients with MR grade 3+ or 4+, mitral valve
repair should be performed. In patients with MR grade 2+ additional examinations
are required. MR severity should then be assessed using quantitative techniques to
measure ERO and regurgitant volume (which should then be related to LV function
to determine the haemodynamic burden of MR in that particular patient). In addi-
tion, exercise echocardiography should be considered to examine an increase in MR
severity that would warrant mitral valve repair. In patients who cannot perform
exercise for physical or medical reasons (e.g. severe left main disease) an intraop-
erative loading test should be performed.

In patients with non-ischaemic functional MR without other indication for sur-
gery (e.g. LV aneurysm) CRT should be considered, especially with less severe MR,
and its results on MR evaluated. When patients persist in heart failure symptoms
surgical correction of MR should be considered. The surgical treatment of func-
tional MR has several basic principles. First, a complete and thorough echocardio-
graphic evaluation should be performed, as discussed before. Mitral valve repair
should be performed with a complete nonflexible undersized ring; intraoperative
TEE should confirm the absence of residual MR, sufficient coaptation length (at
least 8 mm) and the absence of mitral stenosis. Long-term outcome is dependent of
the extent of preoperative LV remodelling; since there are as yet no proper tech-
niques to determine that extent, we use LV end-diastolic dimension as a cut-off
parameter. In patients with LVEDD>65 mm (or >30 mm/m?* indexed to body
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surface area), additional techniques are required. We prefer external ventricular
restraint using a CorCap device, but as discussed other techniques either directed at
the valve, the subvalvular apparatus or the ventricle itself have been used by others
with good results.

Additional techniques should also be considered to individualize treatment:
complete revascularization in ischaemic patients; tricuspid valve repair based on
annular dilatation (tricuspid annulus >40 mm or and indexed value >21 mm/m?)
which is frequently present in non-ischaemic cardiomyopathy; in all patients with
LVEF <30 % we implant an epicardial LV lead to facilitate future CRT.

Our heart failure team has developed a patient-based flow-chart that outlines
the different treatment options for heart failure patients (Fig. 10.3). This chart can
also be found on http://www.einthoven.nl/Mission!/professional/flowchart_A4_
Engels.pdf.

Key Point

* This paragraph provides a practical medico-surgical approach to the patient with
heart failure and in which both interventional and non-interventional treatment
strategies have been incorporated.

14 Future Directions

One of the major challenges in the field of functional MR remains patient selection:
who will benefit from an individualized surgical strategy, and who will not. Imaging
techniques are rapidly improving and a further integration of techniques will pro-
vide better answers to the questions which patients have already too extensive
remodelling and thus will not benefit from current techniques.

Currently eight interventional randomized controlled studies for functional
MR are registered (http://clinicaltrials.gov), the majority involving ischaemic
MR. Setting up surgical trials is difficult, and strict criteria should be set with
regard to patient inclusion, surgical therapy and follow-up. Failing to do so will
lead to outcomes that are not unequivocally accepted, as seen in the STICH trial
[141]. It is somewhat disappointing that most registered studies do not have strict
guidance with regard to the surgical procedure that should be followed; this could
again lead to studies reporting on a variety of surgical techniques with ambiguous
outcomes. Since survival benefit has not yet been proven for the surgical treat-
ment of functional MR, another drawback of these trials is that only two studies
include mortality as an endpoint. Nevertheless, since other important outcomes
will be studied (e.g. components of LV reverse remodelling, objective functional
improvement and quality of life), outcomes of these trials will add to our
knowledge.


http://www.einthoven.nl/Mission!/professional/flowchart_A4_Engels.pdf
http://www.einthoven.nl/Mission!/professional/flowchart_A4_Engels.pdf
http://clinicaltrials.gov/
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Fig. 10.3 Flow chart used at Leiden University Medical Centre to individualize the analysis and
treatment strategy for patients with heart failure
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Conclusions

Functional MR has tremendous impacts on functional status and survival of heart
failure patients. Surgical techniques have developed over more than 15 years, and
our current knowledge indicates that, when properly applied and evaluated, these
techniques have an important place in the treatment of heart failure patients with
functional MR.
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