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Introduction

In 1663, French physician, Lazare Riviere performed autopsy on a patient with
symptoms of progressive shortness of breath, irregular heartbeat and heart palpita-
tions. He identified round caruncle-like masses that obstructed the left ventricular
outflow tract (LVOT) associated with an enlarged left ventricle [1]. Physicians in his
era also reported similar occurrences and further described an ossifying process of
the aortic valve leaflets. These findings were initially presumed to be infective in
nature as seen in endocarditis and rheumatic fever [1].

Hasse in 1846, challenged this aetiology and suggested that the calcification pro-
cess could also be attributed to a degenerative process with ageing [1]. In 1904,
Moenckeburg recognised aortic sclerosis as a potential precursor to aortic stenosis
and proposed two mechanisms of secondary calcium deposition; ascending and
descending. Ascending sclerosis occurs when degeneration within the valve leaflet
layers facing the Valsalva sinuses propagates upwards towards the free margin while
descending sclerosis occurs with downward sclerotic extension to involve both the
cusps and commissures [1].

Cardiac valve calcification (CVC) is characterised by slowly progressive fibro-
calcific remodelling of valve leaflets. Rheumatic heart disease is a common cause
for CVC in developing countries while in the developed world, the formation of
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CVC is believed to be a combination of factors including age, gender, genetics,
medical comorbidities and cardiovascular risk factors. Compared to mitral annular
calcification (MAC), calcific aortic valve disease is associated with significant mor-
bidity and has important clinical implications. Hence, calcific aortic valve disease
will be the focus of this chapter with a small subsection to discuss the clinical mani-
festations and management of mitral annular calcification (MAC).

Epidemiology and Risk Factors of CVC

Calcific aortic valve disease is the most prevalent cause of aortic stenosis (AS)
worldwide and poses a significant disease burden, with AS being the third most
common cardiovascular problem after coronary artery disease and hypertension [2].
Prevalence of aortic sclerosis increases with age and the rate of progression to AS is
estimated to be 1.8-1.9% of patients per annum [3]. Calcific AS has an estimated
prevalence of 0.4% in the general population and increases to 1.7% in those aged
>65 years in developed countries [4].

The calcification process can occur in either a normal trileaflet aortic valve or a
congenitally abnormal bicuspid valve. Bicuspid valve is a known risk factor for
calcification and accounts for nearly half of all surgically replaced aortic valves [5].
Moreover, these patients tend to develop calcific AS one or two decades earlier
compared to those with a tricuspid valve [6]. Other risk factors of calcific aortic
valve disease are those of atherosclerosis such as diabetes mellitus, hypertension
and hypercholesterolemia [7].

The prevalence of MAC has been reported to be between 8% and 15% and
increases with age [8, 9]. Risk factors are generally similar to those in atherosclero-
sis and calcific aortic valve disease with a few other specific risk factors including
female gender, chronic kidney disease and congenital metabolic disorders such as
Marfan syndrome and Hurler syndrome [10-12].

Anatomy of the Aortic Valve

The aortic valve is an avascular tricuspid structure situated at the LVOT and
appended to the aorta by a fibrous annulus. The valve leaflets are named according
to their location respective to the coronary arteries; right coronary cusp, left coro-
nary cusp and non-coronary cusp. The leaflets are typically <1 mm in thickness and
is made up of three layers. The outermost layers, fibrosa and ventricularis, face the
aorta and LVOT respectively, with the spongiosa situated between those two layers.

The fibrosa is composed of circumferentially oriented Type 1 and 3 collagen
fibres and has a load-bearing function while the ventricularis is made up of elastin-
rich fibres in a radial orientation, providing good compliance (ability to expand
under pressure) and allowing for the apposition of leaflets during diastole to prevent
backflow of blood [13]. The spongiosa layer contains glycosaminoglycans which
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provides lubrication as the fibrosa and ventricularis layers shear and deform during
the cardiac cycle [14, 15].

Ata cellular level, these leaflets are defined by three cell types. The vascular endo-
thelial cells (VEC) form the outer layer and is in direct contact with luminal blood
flow. These cells regulate valvular homeostasis by controlling permeability, inflam-
matory cell adhesion and paracrine signalling. Vascular interstitial cells (VIC) are the
predominant cell population, interspersed between the fibrosa, spongiosa and ven-
tricularis layers of the valve leaflet. Their function is to secrete extracellular matrix
such as elastin, collagen and glycosaminoglycans which provide tensile strength and
elastic properties to the valve. Smooth muscle cells (SMC) are the third cell type
comprising <5% of the valvular cell population found at the ventricularis [14, 15].

Aetiology and Pathophysiology of CVC

For a long time, CVC was thought to be primarily caused by a degenerative process
and passive calcium deposition. There is, however, emerging histopathological and
clinical evidence to suggest that the pathophysiology involves an active and multi-
faceted process that involves chronic inflammation, lipoprotein deposition, extracel-
lular matrix remodelling and osteoblastic transformation of VICs [16].

Cellular and Molecular Mechanisms

Valvular homeostasis is regulated by an intricate process involving the interaction
between valvular cells and their environment. Under normal circumstances, an
insult to the valvular surface activates a passive calcium-phosphate complex deposi-
tion process to initiate valve repair. In this process, the VICs transition to osteoblast-
like bone-forming cells and the VECs undergo endothelial-to-mesenchymal
transformation to form matrix vesicles and microcalcific nodules [17-20]. This pro-
calcific process is counter-balanced simultaneously by circulating calcification
inhibitors including matrix Gla protein (MGP), y-carboxyglutamic acid-rich protein
and Vitamin K-dependent protein, all of which inhibit bone morphogenetic protein
(BMP) signalling [21]. Another potent circulating calcification inhibitor is Fetuin-A
which binds to calcium and phosphate ions, stabilizing them and preventing cell
uptake of the ions [22]. Dysregulation of this mechanism would lead to pathological
cardiovascular calcification.

In patients with calcific aortic valve disease, MGP levels have been shown to be
significantly depressed compared to patients with normal valves [23]. MGP activity
depends on its carboxylation status and vitamin K availability. The use of warfarin,
a vitamin K epoxide reductase and y-carboxylase inhibitor, downregulates MGP
activity and has been demonstrated to be a contributing factor to CVC [24].
Furthermore, deficiency in Fetuin-A has also been found to be implicated in aortic
valve calcification [17, 22].



48 J. Kho and M. Petrou

The role of BMPs is to stimulate osteoblasts and initiate calcium deposition and
bone formation by activating Smad and Wnt/B-catenin signalling and upregulate the
expression of Msx2, an osteochondrogenic transcription factor. These signalling
pathways ultimately lead to the expression of master osteoblast transcription factor
Runx2 [25]. Cells committed to an osteoblastic lineage, as in VICs, will secrete
calcification-related protein in response to Runx2, causing valvular calcification
[26]. The endothelial-to-mesenchymal transition of VECs can also lead to differen-
tiation to osteoblast-like cells, resulting in a similar response to that of VICs which
further contributes to the calcification process. Additionally, the presence of trans-
forming growth factor-f, f-catenin signalling and transcription factor Msx2 are able
to stimulate VECs to migrate into surrounding tissues and contribute further to cal-
cification [20, 25].

Progenitor cells have been found to populate normal aortic valves and may also
partake in the CVC process [27]. In porcine aortic valves, mesenchymal progenitor
cells were found to possess the ability to differentiate into osteoblast-like cells [28].
An environment that favours calcification may be a further driving factor for osteo-
genic differentiation of these cells, contributing to CVC [29]. Endothelial progeni-
tor cells, on the other hand, plays a role in repairing damaged endothelium by
secreting proliferating factors and promoting the migration of resident endothelial
cells [30]. Abnormal function of these cells would yield the repair process ineffec-
tive and cause abnormal calcification.

Aberrant Immune Response and Inflammation

The pathophysiology of CVC may involve an aberrant immunomodulatory response
supported by the observation of leucocyte and macrophage infiltration in explanted
calcified human aortic valve compared to the trace amount of macrophages found in
normal aortic valves [17]. Inflammatory cell infiltration was observed more fre-
quently at sites where VECs were activated, increasing the concentration of adhe-
sion molecules and facilitating monocyte and macrophage recruitment to the valve
[31-33]. Enhanced recruitment of inflammatory cells leads to the secretion of pro-
inflammatory cytokines and the release of matrix metalloproteinases and cysteine
endoproteases. These enzymes break down collagen and elastin causing disruption
to the normal valvular architecture [18, 34].

There is also evidence to suggest that lipoprotein recruitment during endothelial
injury and the retention of lipids encourage a chronic low-grade inflammatory pro-
cess and may precede the pathologic mineralisation [35]. Oxidative stress and
oxidisation of low-density lipoproteins have been found to be related to the degree
of inflammation and fibrocalcific remodelling of the valves by stimulating fibro-
blasts to release matrix vesicles [36—38]. The production of reactive oxygen species
in the vicinity of calcified areas also promotes the osteogenic potential of VICs and
has the potential to activate the innate immune response [39, 40]. The adaptive
immune response may also be activated concurrently during the calcification
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process evidenced by the presence of activated CD8+ T cells [41]. Hence, it is very
likely that both the innate and adaptive immune responses are actively involved in
the calcification process.

Matrix Remodelling and Neovascularisation

In patients with CVC, there is evidence to suggest that abnormal matrix deposition
and valvular fibrosis contribute to valve calcification. Activated VICs secrete extra-
cellular matrix to maintain valve function and elasticity but the deposition of matrix
substances is often haphazard which leads to altered biomechanical properties of
the valve [3]. The resultant changes to valve stiffness may further augment pheno-
typic transition of VICs to osteoblast-like cells [42—44]. In addition, experimental
models of aortic valve calcification have demonstrated raised pro-fibrotic signalling
molecules such as transforming growth factor-f and thrombospondin-2, contribut-
ing to fibrocalcific remodelling of the valve leaflets [45, 46].

In contrast to a healthy avascular human aortic valve, calcified valves possess
their own tiny vasculature [47]. Histological studies have identified a subgroup of
cells that express pro-angiogenic factors Tie-2 and vascular endothelial growth
factor (VEGF) receptor 2; these cells may represent activated VECs or VECs that
have undergone phenotypic transitions [48]. The downregulation of angiogenic
inhibitors also have an equally important role in neovascularisation of these calci-
fied valves.

The presence of mast cells has been identified in calcified valves and plays a
pivotal role in the release of VEGF (pro-angiogenic) while also releasing tryptase
which degrades endostatin (angiogenesis inhibitor) [47]. Reduced expression of
chondromodulin-I, an angiogenic inhibitor, has also been observed and is associated
with increased VEGF and periostin. Periostin can stimulate the formation of capil-
lary tube-like structures and have previously been implicated in calcified aortic
valves [49]. Once neovascularisation is achieved, the vasculature network expedites
the transfer of inflammatory cells and pro-calcifying molecules, further contributing
to calcification.

Clinical Characteristics and Diagnosis of AS

Clinical Features

Patient evaluation should always include a thorough patient history and clinical
examination, particularly auscultation of the heart sounds and looking for signs of
heart failure. Patients with aortic sclerosis or mild to moderate AS are usually
asymptomatic and the clinical suspicion for aortic valve disease is usually raised
when a systolic murmur is heard on clinical examination.
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A classical harsh crescendo-decrescendo systolic murmur is audible on ausculta-
tion, loudest at the aortic area (right sternal edge, second intercostal space) with the
presence of a single second heart sound. The absence of radiation to the carotid
arteries and a wide pulse pressure would suggest AS rather than aortic sclerosis.
Symptoms occur particularly when patients have other comorbidities or in cases
where there is severe AS leading to left ventricular dysfunction. The described
symptoms are usually dyspnoea, syncope or angina.

Investigations

Electrocardiography (ECG) may be useful in demonstrating the impact of AS on the
left ventricle. Although the findings are non-specific, there may be ECG evidence of
left ventricular hypertrophy with a strain pattern (increased R wave amplitude in
left-sided leads and increased depth of S wave in right-sided leads) and left atrial
enlargement. Chest radiograph usually reveals a normal cardiac shadow since the
left ventricular hypertrophy in AS is concentric but will manifest as cardiomegaly
when systolic failure occurs.

A Doppler echocardiography is a useful modality in assessing the haemody-
namic severity of AS by analysing the peak aortic jet velocity, aortic valve area
(AVA) and the mean transvalvular pressure gradient (mean gradient). AS may be
visualised as thickened valve leaflets with a restrictive opening causing increased
peak aortic jet velocity and mean gradient. The resultant impact of AS on cardiac
geometry and function, particularly the left ventricle can also be assessed simulta-
neously and may provide important prognostic information. Where a transthoracic
echocardiography (TTE) is suboptimal, a transoesophageal echocardiography
(TOE) should be considered. Particularly when performing the valvular procedure,
TOE can be used to monitor the function and results of the valve post-implantation
or repair [50].

Exercise testing may also be used in patients with non-specific symptoms or
those who claim to be asymptomatic. It can also provide useful information for
patients regarding appropriate levels of physical activity and participation in sports.
In patients with AS and mitral regurgitation, exercise echocardiography may be
used to evaluate prognostic impact of the disease [51]. An alternative for stress test-
ing is by using low-dose dobutamine stress echocardiography which can assess
coronary flow reserve (ratio of maximum increase in blood flow through the coro-
nary arteries to normal resting flow) and severity of AS, particularly in low-flow
low-gradient AS [52, 53].

Imaging modalities with multi-slice computed tomography (MSCT) and cardiac
magnetic resonance (CMR) may also be utilised to evaluate severity of valve dis-
ease in patients with inadequate echocardiographic quality. The high resolution of
MSCT allows calcium load to be quantified and scored using the Agatston modified
method, which may be useful in predicting haemodynamic severity and clinical
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outcomes [54, 55]. CMR is equally useful in predicting severity of disease by evalu-
ating myocardial fibrosis and ventricular volumes and systolic function [50].

Invasive modalities include coronary angiography and cardiac catheterisation.
Coronary angiography is indicated in suspected coronary artery disease, left ven-
tricular systolic dysfunction or patients with one or more cardiovascular risk factors
within the context of severe valvular disease to determine if concomitant coronary
revascularisation is needed [50]. Cardiac catheterisation used to be the modality of
choice before the advent of echocardiography. This modality allows the measure-
ment of cardiac pressures and cardiac output to assess ventricular performance and
severity of valve disease. It should, however, only be considered in patients where
echocardiography is inconclusive or discordant with the clinical findings and where
reclassification of the valve disease would change therapeutic management. This is
due to its association with serious complications such as bleeding and cerebral
embolism [56].

Spectrum of Severity in AS

Aortic sclerosis is the preclinical phase of calcific aortic valve disease. It is defined
by echocardiographic evidence of focal areas of leaflet calcification causing thick-
ening, without compromising valve function or cardiac blood flow [57]. Patients
with aortic sclerosis are clinically asymptomatic but there is an independent asso-
ciation with increased risk of coronary events and cardiovascular death [58].

Mild to moderate AS is diagnosed on the basis of reduced AVA and increased
peak aortic jet velocity and mean gradient across the valve. In severe AS, specific
haemodynamic parameters on echocardiography would include a peak aortic jet
velocity of >4 ms, a transvalvular mean pressure gradient of >40 mmHg and a cal-
culated aortic valve area < 1.0 cm? [50]. Patients may be asymptomatic even in
severe AS and should undergo stress testing to delineate the disease severity.

While the majority of severe AS would manifest with the haemodynamic param-
eters previously described, a subgroup of patients may have low peak aortic jet
velocity and mean gradient despite a small AVA. The most common cause is a low-
flow state (low-flow low-gradient AS), where there is a reduction in stroke volume
(<35 mL/m?) related to left ventricular systolic dysfunction. Two subtypes exist
depending on the left ventricular ejection fraction; low-flow, low-gradient AS with
reduced ejection fraction (<50%) and low-flow, low-gradient AS with preserved
ejection fraction (>50%). The diagnosis in patients with the latter disease where
ejection fraction is paradoxically preserved is challenging and will require MSCT to
evaluate the degree of valve calcification which corroborates stenosis severity [54,
55, 59]. Where ejection fraction is reduced, low-dose dobutamine stress echocar-
diography is recommended to distinguish true severe aortic stenosis from pseudos-
evere aortic stenosis (defined by increased AVA to >1.0cm? with flow
normalisation) [50].
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Finally, another group of patients will have echocardiographic evidence of small
AVA (<1.0cm?) but with normal flow (normal flow, low-gradient AS). These patients
generally have only moderate aortic stenosis with better outcomes compared to
those with high gradient AS or low-flow, low-gradient AS [54, 60-62]. Again,
MSCT can be considered to quantify calcium burden to confirm severity of stenosis.

Management of AS

At present, aortic valve replacement (AVR) is the only available treatment for
patients with symptomatic severe AS. This procedure may be performed surgically
or percutaneously via a catheter, a procedure known as transcatheter aortic valve
implantation (TAVI). While some studies and trials have suggested statins and
angiotensin converting enzyme inhibitors (ACE-i) to be potential pharmacothera-
peutic agents in preventing or slowing the calcification process, the evidence behind
medical management remains inconclusive.

The decision for the need of an intervention is dependent on severity of disease
and patient symptoms. Patients with symptomatic severe AS with evidence of left
ventricular function compromise should be considered for intervention unless it has
been deemed that the risks of the intervention outweigh any benefit, and especially
so if it is unlikely to be of any benefit. Risk stratification tools such as the European
System for Cardiac Operative Risk Evaluation (EuroSCORE) and Society of
Thoracic Surgery (STS) risk calculator may be used by the Heart Team in deciding
between surgical AVR and TAVI in patients at high surgical risk [50].

Surgery

Since the first successful surgical AVR in 1960, the operative techniques and valve
technology have advanced tremendously over the years [63]. Patient outcome and
long-term survival have improved significantly despite increasing age and comor-
bidities of surgically managed patients [64, 65]. The type of valves used include
bioprosthetic valves (made from porcine aortic valve or bovine pericardium) and
mechanical valves.

Mechanical valves have better durability compared to their bioprosthetic coun-
terpart but with the disadvantage of requiring lifelong anticoagulation due to its
propensity for thrombosis. With advancing valve technology, however, durability of
bioprosthetic valves has improved remarkably and is nearly comparable to that of
mechanical valves. Bioprosthetic valves used to be advocated for patients in older
age groups but are now increasingly used in younger patients to avoid anticoagula-
tion. Bioprosthetic valves may be stented or stentless depending on whether the
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leaflets are mounted to a metal or polymeric ring. Although stentless valves provide
better haemodynamics, implantation is more complex and will require longer oper-
ative time and duration on cardiopulmonary bypass. Sutureless bioprosthetic valves
are also becoming popular as it allows easier and quicker implantation.

Other operative strategies particularly for younger patients include the Ross pro-
cedure (also known as the Ross-Yacoub procedure). The procedure involves utilis-
ing the patient’s own pulmonary valve to replace the diseased aortic valve followed
by replacement of the pulmonary valve with a pulmonary homograft [66—68].
Alternatively, an aortic homograft may be implanted to replace the diseased aortic
valve. These procedures are performed comparatively less than the traditional AVR
with congenital aortic stenosis being the most common indication for the Ross
procedure.

A minimally invasive operative strategy has also been developed by using a
mini-sternotomy incision to gain access to the aortic valve and is a feasible option
in patients who undergo an isolated AVR procedure. Although it is associated with
a similar mortality, there is reduction in resource utilisation and post-procedural
morbidity [65].

Transcatheter Aortic Valve Implantation (TAVI)

TAVI is a minimally invasive procedure involving the insertion of a bioprosthetic
aortic valve by using a catheter. The catheter insertion may be transfemoral, trans-
apical or transaortic to gain access to the native stenosed aortic valve. Most TAVI
procedures are performed using the transfemoral approach as it is associated with
lower mortality rates and quicker recovery.

Two types of transcatheter valves have been studied rigorously to date; balloon-
expandable (BE) and self-expanding (SE) valves. The CHOICE trial, which com-
pared the two valve types in high-risk patients with severe aortic stenosis,
demonstrated that BE valves were more successful with less residual aortic regurgi-
tation and conduction disturbances requiring permanent pacing [69].

TAVI is an AVR option particularly in high-risk patients unsuitable for surgery
but is now being extended to patients in the intermediate risk groups. Although
TAVI is a relatively safe procedure, some of the complications of TAVI include
paravalvular aortic regurgitation, cardiac conduction disturbances and heart block
requiring permanent pacemaker implantation, bleeding, acute kidney injury and
very rarely, stroke, coronary obstruction and aortic rupture. Paravalvular aortic
regurgitations remains the most notable complication due to its link to increased
mortality with severity of the leak [70, 71]. Generally, TAVI has been a very suc-
cessful therapy with outcomes comparable to that of surgical AVR and it is pos-
sible that this procedure will eventually be advocated to patients in the low risk
categories.
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Surgical AVR vs TAVI

The choice between surgical AVR and TAVI is becoming more challenging as TAVI
is being extended to low-risk patients, and multiple factors including anatomical
considerations and performing concomitant revascularisation or valvular proce-
dures should be taken into consideration. The results from Placement of Aortic
Transcatheter Valves (PARTNER) trial has greatly evolved the use of
TAVI. Particularly in high-risk patients who would otherwise be unsuitable for sur-
gery and intermediate risk patients, there were no significant differences in short
and long-term outcomes between surgical AVR and TAVI. However, surgical AVR
had the long-term advantage over TAVI by having fewer rehospitalisations and rein-
terventions, and particularly over transthoracic TAVI with fewer incidences of death
or disabling stroke [70].

The use of TAVI in low-risk patients has recently shown superiority over surgical
AVR in mortality outcome, stroke and rehospitalisation at 1 year and it is possible
that the use of TAVI will continue to gain favour even in the low-risk cohort.
Complication rates in this group remain similar to moderate and high-risk groups
and the long-term outcomes remain to be evaluated [72]. It is likely with progressive
improvement in valve technology, the complication rates will decrease, and it is
possible that surgical AVR will only be reserved for a specific group of patients with
complicated anatomy or where other concomitant cardiac procedures are being
considered.

There is, however, a subgroup of patients where TAVI may be futile or of limited
benefit. This may be the case in frail elderly patients where their quality of life and
lifespan are limited by their performance status and coexisting medical comorbidi-
ties. In this patient group, the heart valve team may decide that the benefit of TAVI
may be limited and a palliative care approach may be appropriate, taking into
account the values and wishes of patients and family members when making this
decision.

Balloon Aortic Valvuloplasty

Balloon aortic valvuloplasty (BAV) is reserved for haemodynamically unstable
patients or patients with symptomatic severe AS who require urgent non-cardiac
operation. It may also be used as a bridge to surgical AVR or TAVI or even as a
diagnostic mean to decide whether AVR is appropriate in patients with multiple
contributing factors to the clinical symptoms. The benefits provided by BAV are
short-lived and is therefore, not a definitive therapy for AS [50]. BAV may also be
used as a palliative approach as there has been previous evidence to suggest that
BAV may provide a short-term benefit to quality of life and functional capacity [73].
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Mitral Annular Calcification (MAC)

The term “mitral” was first suggested by Walmsley due to its resemblance to a
bishop’s mitre [74]. The mitral valve is seated between the left atrium and the left
ventricle, preventing backflow of blood to the left atrium during left ventricular
contraction. Its function is served by the orchestration of all its components (valve
leaflets, papillary muscles, chordae tendinae and fibrous annulus) with the help of
the atrial and ventricular musculature [75].

The mitral annulus marks the hinge line for the valvular leaflets and follows a
D-shape, with the straight border of the anterior mitral leaflet forming part of the
posterior aortic root. Where the aortic valve communicates with the anterior mitral
leaflet via expansions of fibrous tissue forms the right and left trigonal structures.
The right trigone is a route of passage for the atrioventricular bundle which explains
the association between MAC/mitral valve disease with cardiac conduction distur-
bances [75].

MAC and its association with complete heart block was first described by
Bonninger in 1908 [76]. To shed light on the pathophysiology of MAC, Dewitzky
performed a detailed pathologic description of 36 cases and found a close resem-
blance to aortic valve calcification described by Moenckeberg in 1904 [77].
Moreover, MAC was a common autopsy finding in older people and was then con-
sidered to be primarily caused by rheumatic heart disease [78, 79].

Clinical Features

Mitral annular calcification (MAC) involves chronic calcification of the mitral valve
fibrous annulus and has a tendency to affect the posterior mitral annulus. The ante-
rior mitral annulus and leaflet are usually spared in MAC, in contrast to rheumatic
mitral valve disease where the predominant pathology is that of the anterior leaflet
and causes commissural fusion [80]. The pathophysiology observed in MAC draws
similarity to those previously discussed in calcific aortic valve disease and shares
associated atherosclerotic risk factors. Hence, concomitant calcific aortic valve dis-
ease and atherosclerotic cardiovascular disease are not uncommon with MAC. Other
associated diseases with MAC include stroke, coronary artery disease, cardiac
arrhythmias and endocarditis [81-86].

Patients with MAC are generally asymptomatic, and the disease is usually diag-
nosed incidentally. MAC does not typically contribute to haemodynamic distur-
bances or affect left ventricular or mitral valve function. However, extensive disease
may lead to functional mitral stenosis, mitral regurgitation or a mixed disease pro-
cess where both pathologies are manifested [87, 88].
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Investigation and Diagnosis

Echocardiography is considered to be the principal imaging modality in diagnosing
and characterising mitral valve diseases. MAC appears as an echo-dense, irregular,
lumpy shelf-like structure affecting the posterior mitral valve annulus with acoustic
shadowing on echocardiography. Occasionally, the anterior annulus or interannular
fibrosa are also affected [89]. A rare variant of MAC known as caseous calcification
is less echo-dense than the typical MAC and appears as a central echolucent area
without acoustic shadowing.

Severity is generally divided into mild, moderate and severe depending on the
echodensity and the extent of disease to involve the left ventricular inflow tract due
to restricted mobility of the affected leaflet [89]. Due to its low specificity in distin-
guishing calcification from dense collagen, the use of echocardiography should be
complemented by MSCT and CMR to quantitate the severity of the calcifica-
tion [89].

Management of MAC

MAC does not usually require any intervention unless there is evidence of symp-
tomatic concomitant severe mitral stenosis and mitral regurgitation. In fact, surgery
should be avoided in patients with severe MAC due to an increased risk of compli-
cations such as left ventricular rupture and injury to the circumflex artery [90, 91].
Another indication for valve intervention may include recurrent thromboembolism
despite anticoagulation or documented calcific emboli.

In patients with symptomatic severe mitral stenosis or severe mitral regurgita-
tion, mitral valve surgery should be performed. The surgical approach involves
decalcification of the mitral annulus followed by reconstruction and if possible,
conservation and repair of the mitral valve or otherwise replaced with a prosthetic
valve [90, 91]. The benefits of the operation should be carefully weighed against its
risks as these patients tend to be older with multiple comorbidities. The use of per-
cutaneous mitral commissurotomy (PMC) is not indicated in MAC since there is no
commissural fusion and should be reserved for patients with rheumatic mitral valve
disease.

Transcatheter mitral valve insertion (TMVI) may be considered in patients at
very high-risk for surgery and deemed unsuitable for surgical intervention.
Characteristics of MAC should be taken into consideration when performing this
procedure. Circumferential calcification is preferred since it provides good anchor-
age for the prosthesis. The lack of this can lead to potential displacement of the
anterior leaflet into the LVOT, increasing the risk of periprosthetic leak [89]. A
heavy calcium burden also increases the risk of annular rupture and calcium embo-
lization and stroke during the procedure [89]. At present, there is limited data to
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evaluate the outcome and safety of TMVI and more studies are needed to compare
its outcomes against surgical mitral valve replacement.

AF is acommon complication in mitral valve diseases and MAC and predisposes
patients to left atrial thrombosis and potential for embolism. Classically, warfarin is
the only medication licensed for use in valvular AF with specific International
Normalised Ratio (INR) targets depending on the valvular pathology. The direct
oral anticoagulants (DOACs) have been gaining favour in recent years as no INR
monitoring is required and there is emerging evidence to suggest these medications
are safe to use in valvular heart disease. In fact, there is some evidence to suggest
that it may reduce calcium deposition and progression compared to warfarin [92].
However, larger studies will be required to validate this finding.

Future Research

It remains challenging to decide which patients will benefit most from an early
therapeutic intervention. The use of blood biomarkers such as B-natriuretic peptide
(BNP) has previously been suggested to evaluate left ventricular function or left
ventricular strain as an indirect measure of disease severity, particularly in asymp-
tomatic patients [93, 94]. However, the cut-off value to identify patients at high risk
of progression of disease is unclear with a previous study suggesting the use of BNP
ratio (age and sex-adjusted measured BNP divided by expected value) instead. BNP
ratio > 1 may be an independent predictor of mortality in AS, even in asymptomatic
patients [94]. The limitations of the use of these blood biomarkers, however, are that
they are often non-specific and should be used in conjunction with current investiga-
tive modalities. Further research is required to validate the use of these blood bio-
markers in clinical practice.

Improved cardiac imaging with magnetic resonance is also promising in risk-
stratifying patients. In severe AS, myocardial fibrosis has been documented on
CMR and the quantification of myocardial fibrosis may be useful in recommending
early therapeutic intervention, particularly in asymptomatic patients [6]. Further
studies are needed to standardise CMR findings and their relationship to severity of
disease and establishing a threshold at which valve intervention would be most ben-
eficial in preventing further myocardial dysfunction. At present, the use of CMR is
also limited by its cost and low availability but this will likely change in the foresee-
able future.

While valve replacement is the mechanical solution to a calcified valve, strate-
gies to improve clinical outcomes post-valve replacement are given little attention.
Often, there is evidence of left ventricular dysfunction from chronic remodelling in
response to valvular disease, and left ventricular function usually improves mini-
mally after valve replacement. Research into adjunctive medical therapies to help
improve left ventricular function and reverse the remodelling process could poten-
tially reduce symptom experience and improve quality of life.
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As previously discussed, there remains no effective pharmacotherapy to delay or
halt the progression of calcification. While medications such as ACE-i and statins
have previously been suggested, the evidence is weak and non-conclusive. In addi-
tion, the use of statins in randomised-controlled trials has previously shown no ben-
efit [95-97]. The disease burden of CVC will continue to increase, and current
research should, therefore, focus on effective prophylactic pharmacotherapy.

Conclusion

The disease burden of CVC will continue to increase globally due to better life
expectancy and an ageing population. A pharmacotherapy to prevent or slow the
progression of calcification has yet to be discovered and valve replacement remains
the only effective treatment modality, particularly in calcific AS. Minimally invasive
techniques with TAVI are increasingly being utilised and progressively replacing
surgical interventions. The role of the heart valve team is crucial in deciding which
patients will benefit most from an intervention by taking into account patient symp-
toms, cardiac function, coexisting medical conditions and their functional baseline.
The future of TAVI is promising and by reducing the complications related to the
procedure, it will eventually be an option for low-risk patients.
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