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Valvular Heart Diseases - Epidemiology and
New Treatment Modalities

Abstract

The valvular heart diseases (VHD) cause a great burden worldwide. They are
grouped as primary valve diseases (PVD) if alteration arises on the valve apparatus
or secondary if alteration is due to lesions in other structures. Its true prevalence
is better stated when echocardiographic screening is performed because the
clinical suspicion is inaccurate to detect patients without advanced lesions.
The epidemiology of VHD has changed in the last 60 years, with a shift from
rheumatic to degenerative disease as the main etiology of PVD in industrialized
countries. Patients with severe VHD commonly progress to a clinical state that
requires valvular structural intervention to reestablish valve function and improve
prognosis. In this manner, interventional cardiology and cardiovascular surgery
have experienced a revolution since the beginning of the century, with the
outcome of novel technologies for minimally invasive surgery and less invasive
approaches. Transcatheter heart valves (THV) are high cost devices conceived for
implantation in inoperable patients or patients deemed as high-risk for surgical
complications, being their implantation in low risk patients still a matter of debate.
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Introduction

The valvular heart diseases (VHD) cause a great burden
worldwide. For practical purposes, they are grouped as PVD if
alteration arises on the valve apparatus or secondary if alteration
is due to lesions in other structures (e.g, aortic root disease,
myocardial disease). The degenerative, rheumatic and congenital
valve diseases represent most types of VHD present in medical
records and, although the numerous specific VHD described may
pose a diagnostic challenge (Table 1), a good clinical evaluation
and the diagnostic arsenal now available permit a proper
diagnosis in the majority of cases. Those patients with severe
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VHD commonly progress to a clinical state that requires valvular
structural intervention in order to reestablish valve function and
improve prognosis. In this manner, interventional cardiology and
cardiovascular surgery have experienced a revolution since the
beginning of the century, with the outcome of novel technologies
for transcatheter treatments, minimally invasive surgery and less
invasive approaches. The benefits of transcatheter valve therapy
(TVT) for VHD range from improvement of symptoms and quality
of life to reduction on mortality in selected groups [1-3]. The
role of the Heart Team is critical for the identification, selection
and appropriate implementation of the chosen treatment. The
final treatment is the product of a discussion and common

understanding of the specialized caregivers involved in these
therapeutic modalities [4,5]. We conducted a clinical review
with focus on the new intervention modalities so far available
for treatment of aortic, mitral and tricuspid valve heart diseases.
Most of the following epidemiology and treatment discussion
will concern the prevalent causes of VHD. Rare entities like lupus,
thrombotic non-infectious endocarditis and drug induced valvular
disease will not be the focus of this review.

Materials and Methods

We searched Pubmed by using the terms “valve”, “valvular”,
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"aortic”, “mitral” and “tricuspid” from 2001 to september 30, 2015,
and identified studies and papers about the epidemiology and
intervention modalities for the treatment of valve heart diseases.
We included prospective, retrospective and observational studies
that analyzed the epidemiology of valve heart diseases and the
efficacy and security of new therapeutic modalities compared to
traditional ones, specially the consolidated surgery interventions.
We also included case records that explored the same issues.
Studies included present good quality and analyses, allowing us
making trustable conclusions.

Results and Discussion

The VHD incidence rises with age. Data from population-studies
point to a prevalence up to 13,3% in the 75 years and older group
[6]. Its true prevalence is better stated when echocardiographic
screening is performed because the clinical suspicion is
inaccurate to detect patients without advanced lesions [7]. An
USA population-based study performed in the community of
Olmsted County, MN, estimated the prevalence of moderate or
severe valvular disease to be 1.8% on the basis of symptoms or
cardiac murmur auscultation. This contrasts with a prevalence of
2.5% determined by echocardiographic findings, suggesting that
the burden of VHD is underestimated when assessed by clinical
data [6]. The Euro Heart Survey [8] assessed the etiologies of the
various types of valvular disease according to echocardiographic
image plus surgical findings when available. The degenerative
diseases were the most common etiology, representing 63% of all
cases of native heart valve disease. The rheumatic heart disease
(RHD) came next, accounting for 22% of all patients [8]. This
supports the understanding of a changing in the epidemiology of
valvular diseases in the last 60 years, with a shift from rheumatic
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to degenerative disease as the main etiology of primary valve
diseases (PVD) in industrialized countries. A less expressive
changing is noticed in developing countries. A recent chinese
epidemical study showed RHD is still the leading etiology of
VHD in Southern China [9] and a recent Turkish survey on 1300
patients hospitalized in 2009 revealed that RHD accounted for
46% of all valve diseases, followed by degenerative etiologies in
29% [10] (Table 1).

Some works have shown a male preponderance among elderly

Table 1 Causes of valvular heart diseases (VHD).

Infectious (e.g. endocarditis, abscess)

Auto-immune (e.g. Rheumatic Heart Disease, Lupus, Rheumatoid
Arthritis)

Carcinoid Syndrome
Diet Medicines (e.g. Fenfluramine, Phentermine)

Secondary valve diseases

Annulus dilation secondary to ventricular dilation (e.g. end stage
heart failure)

Others (e.g. atrial mixoma causing valve dysfunction)
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Figure 1 The global burden of group A streptococcal diseases [15].
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with aortic stenosis, although these differences may be due
to population bias [11]. Studies performed in developing
countries have shown a female preponderance among patients
with diagnosis of VHD and this is likely attributed to the great
importance of RHD as the main cause of VHD in these areas. In
a South African centre, RHD accounted for 72% of VHD in 2006-
2007, and, of the 344 patients presenting with RHD, 68% were
women, with a median age of 43 years at diagnosis [12]. In the
Turkish Survey, the median age were 57 years, being women
responsible for 60% of the cases [5].

Surgery treatment of VHD represents more than 20% of the heart
surgeries performed in industrialized countries nowadays, but
the transcatheter interventions have expanded their potential
to treat a broader and more heterogeneous patient population
[13]. A heart team guided decision is now the mainstay for the
treatment of patients with VHD [14].

The rheumatic heart diseases

From all etiologic groups of VHD, RHD represents perhaps the
most easily subjected to public control, albeit still very prevalent
(Figure 1) [15]. Its preventable nature and the damage control
so long possible through social and medical interventions (i.e.
peniciline benzatine application) were not enough to consistently
reduce the burden of this condition. Even today, RHD deteriorates
life’s quality and life expectancy of a great amount of children
and young people, most of them located in the poor regions
of the globe, where overcrowding is common and health care
limited [15,16]. The global incidence of acute rheumatic fever
ranges between 5 and 51 cases/100.000 individuals-year in
the 5 to 15-years old group, being the highest incidence (100-
200/100.000) in Eastern Europe, Middle East and Australasia [17].
In 2010, the prevalence of RHD among Australia’s Aboriginal and
Torres Strait Islands indigenous people were 6,45/1000, 26 times
higher than in non-Indigenous Australians [18]. Latin America
has an incidence of acute rheumatic fever of 21,000 cases/
year. Epidemiological data in Brazil are scarce. Official organs
estimate an rheumatic fever incidence of 3% among children and
adolescents. This makes RHD responsible for 40% of the heart
surgeries performed in the country [19].

Transcatheter therapies in valvular heart
diseases

Patients with severe VHD commonly progress to a clinical state
that requires valvular structural intervention to reestablish valve
function and improve prognosis. In this manner, interventional
cardiology and cardiovascular surgery have experienced a
revolution since the beginning of the century, with the outcome
of novel technologies for transcatheter treatments, minimally
invasive surgery and less invasive approaches. In that increasingly
old and complex patient population, the benefits of transcatheter
valve therapy (TVT) for VHD range from improvement of
symptoms and quality of life to reduction on mortality in selected
groups [20-22]. The role of the Heart Team is critical for the
identification, selection and appropriate implementation of the
chosen treatment. Its success depends on the right integration
of clinical, radiological, echocardiographic and surgical data,
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customized to patient’s expectations and preferences and
respecting the principles of bioethics [23-25]. The final treatment
is the product of a discussion and common understanding of the
specialized caregivers involved in these therapeutic modalities
[24,25].

In current practice, TVT are indicated to patients based on their
short-term risk to surgery. Operative risk can be estimated by
scoring systems as the Society of Thoracic Surgeons score (STS)
or the European System for Cardiac Operative Risk Evaluation
(EuroSCORE) [24]. There are limitations to these scores, including
the fact they do not take into consideration anatomical factors,
major organ system compromise, some comorbidities and the
frailty of the patient. The presence of specific anatomical factors
like very calcified aorta (“porcelain aorta”), which prevents
aortic cross-clamping, previous thoracic radiotherapy exposure,
multiple previous sternotomies and certain thoracic deformities
may work as procedure impediments and turn the patients
technically inoperable. In this way, the final morbidity and
mortality risks must be estimated with risk-score calculation for
surgery and careful individualized evaluation [23].

Aortic valve diseases

The aortic valve has a major role in cardiac fitness. There are a lot
of different aortic valve lesions so far recognized and the diverse
image findings it generates still intrigue [26]. In United States,
the VHD accounts for 10% to 20% of all cardiac surgical procedures,
being the aortic valve replacement (AVR) responsible for two
thirds of all [13,27]. Aortic stenosis is responsible for most of the
AVR performed. It carries a prevalence of 0,2% among individuals
between 50 and 59 years, increasing to 9.8% in octogenarians [28].
The aortic regurgitation represents a smaller fraction of the patients
treated by surgery or transcatheter intervention, being, in some
series, most cases associated with aortic root disease [27].

Transcatheter aortic valve implantation

Surgical aortic valve replacement (SAVR) is the mainstay of

. N

Figure 2 Angiography of the ascending aorta demonstrating
a 26 mm Sapien XT THV (Edwards Life sciences
Corporation, Irvine, California) immediately after
implantation in a native stenotic aortic valve of a
86 year-old patient (local archive).
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treatment of symptomatic aortic stenosis (AS). In properly
selected patients, this surgical procedure offers substantial
improvements in symptoms and life expectancy (Figure 2).
However, approximately one third of patients are not referred
to surgery and the reasons include the high risk of heart surgery
in elderly patients and patients with many comorbidities [29].
Elderly patients with symptomatic AS carry a higher surgical risk
and must be routinely considered for transcatheter aortic valve
implantation (TAVI) in qualified centers.

Since the first human TAVI in 2002 [18], it has been studied
in numerous observational studies, randomized trials and
multicenter registries that included large numbers of high-risk
patients with severe symptomatic AS. The TAVI's feasibility,
safety and efficacy in that population have been increasingly
demonstrated. Currently, eligible patients for TAVI must have
severe AS, echocardiographically characterized by resting or
inducible aortic peak velocity = 4.0 m/s or mean pressure gradient
> 40 mmHg, besides a valve area <1.0 cm? or indexed valve area
<0.6 cm?/m?. Symptoms, typically effort dyspnea, angina or
syncope must be present. In the patients group deemed unsuitable
for surgery, TAVI brings a significant clinical improvement, with
absolute reduction on all cause mortality risk of 21.8% in five
years when compared to standard clinical treatment [8]. These
patients are considered inoperable by an estimated probability of
death or serious irreversible morbidity after SAVR of more than
50%, a prohibitive risk that is calculated by risk scores and/or by
the presence of comorbidities or anatomic factors that preclude
or increase the risk of cardiac surgery [22]. In patients considered
to be operable but with high surgical risk for SAVR, defined by
the Heart Team as a predicted risk of death of more than 15%
in 30 days, TAVI is a safe alternative to surgery, demonstrating
sustained hemodynamic and clinical improvements, with left
ventricular mass regression and mortality rate similar to SAVR in
a short and long term fashion [22,24]. In this high risk population,
TAVI presents a higher risk of major vascular complications and
stroke at 30 days, ranging from 3-5%, but with similar long-term
cumulative incidence [20,30]. In other hand, SAVR presents
higher rates of atrial fibrillation, major bleeding and acute kidney
injury [22,31].

In regard to valve function, the only important difference
between SAVR and TAVI is the rate of paravalvular regurgitation
(PVR). The first generation transcatheter heart valves (THV)
presented higher rates of PVR compared to surgically implanted
valves due to many factors, including eccentric shape or severely
calcified aortic annulus. They lead to undersizing of the THV,
malapposition or displacement of the prosthesis into a high or
low position within the aortic root [32]. Even the presence of
mild aortic regurgitation may be associated with worse prognosis
[20]. However, the occurrence of moderate or severe PVR (>2+)
has the most significant impact on prognosis after TAVI, with a
two- to four-time increase in 1-year mortality risk compared to
patients without clinically significant PVR [33]. In such scenario,
balloon post-dilatation of the valve or implantation of a second
valve (valve-in-valve) are possible interventions to correct the
leakage. The achievement of lower rates of PVR may, thus, further
increase survival after TAVI. A recently published randomized
controlled trial compared TAVI with self-expandable THV and
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SAVR in high-risk surgical patients and demonstrated lower
rates of moderate or severe PVR than previous trials, besides
a 2 year survival advantage for TAVI patients [22]. The routine
use of three dimensional imaging techniques, mainly multi-
detector computed tomography (MDCT) and 3D transesophageal
echocardiogram, improve annulus sizing, resulting in a better
selection of properly sized valves [22,34]. Newer generation
transcatheter valves with better aortic root sealing properties and
also increased worldwide procedure operators experience may
lead to better long term outcomes in terms of paravalvular leaks
and vascular complications. Central transvalvular regurgitation
is a rare event and occurs on a similar rate between the two
modalities of treatment, at short and long term [20].

The access route for implantation of the prosthesis should be
thoroughly discussed by the Heart Team. Images from thoracic
and abdominal aorta, iliac, femoral and subclavian arteries,
obtained by multidetector computed tomography (MDCT),
magnetic resonance or invasive angiogram are routinely used
for evaluation of tortuosity, obstructive atherosclerotic disease,
calcifications, measurement of the vascular diameters and thus
selection of the most suitable access route. In contemporary
daily practice, the transfemoral access route is the preferred
way in numerous TAVI centres and has been used in most
procedures [35,36]. Transfemoral TAVI is usually performed as a
true percutaneous procedure through a needle puncture of the
common femoral artery, subsequent arterial dilatation for sheath
and TAVI delivery system insertion, and a final vascular closure
with suture-based devices to ensure hemostasis. However,
inadequate choice of the femoral route can result in severe vascular
and hemorrhagic complications. In these cases, it is preferable to use
alternative access routes as the subclavian, transaortic or transapical
route, with the active participation of heart surgeons. Although the
risk of vascular complications was significant in early studies, this risk
has been continuously decreasing due to the reduction on sheaths
diameters used in procedures, being initially 22F to 24F (3) and
ranging from 14F to 18F with current generation prothesis [33].

Among the most frequent complications encountered after
TAVI are conduction disturbances and subsequent requirement
for permanent pacemaker implantation (PPl). Most large scale
studies or registries report a PPI rate of 6.8 to 38% [7,9,20,37].
The anatomical proximity of the aortic valve to the conduction
system accounts for the speculated mechanism of conduction
tissue injury, which is believed to be a mechanical compression
by the prosthesis, particularly with longer stent frames, self-
expanding prostheses, pre- or postdilatation and deep implant
depth. The use of a self-expandable valve has been identified as
an independent predictor for the need of PPl when compared to a
balloon-expandable device [33]. Also, the presence of right bundle
branch block (RBBB) at baseline was significantly associated with
increased need for PPI, as opposed to pre-existing left bundle
branch block (LBBB) [38]. After the procedure, a temporary
pacemaker should be left in place for 24-48h. Careful monitoring
until discharge is recommended, since AV block may occur within
a few days after the procedure. Furthermore, excessive oversizing
and deep implant positioning should be avoided. Chronotropic
medication should be adjusted to a minimum or discontinued.
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PPl is not associated with any increase in mortality after 30 days
or long term follow-up of 2 years. Indeed, it shows a protective
effect concerning the occurrence of unexpected death [39].

In high risk patients, TAVI is well established as an effective
and safe treatment for degenerative native aortic valves with
severe stenosis [20,23] (Figures 3 and 4). However, in this highly
heterogenous group, there are subgroups that deserve special
attention given their impact on TAVI results and cost-benefit
ratios. In different studies, the subgroup of patients with chronic
lung disease (CLD) had a higher mortality after one year of
treatment compared to non-CLD patients [34,40]. A lack of TAVI
benefit in these patients may be predicted by a pre-procedure
shorter distance walked at the 6-min walk test [41]. Although
CLD patients undergoing TAVI have a worse outcomes than
patients without CLD, TAVI continue to be a better approach than
conservative therapy for this subgroup [22]. Transfemoral TAVI
using only sedation and avoiding endotracheal intubation should
be the preferred strategy in this scenario.

Coronary artery disease (CAD) is another condition frequently
diagnosed in patients with AS. AS is associated with a 50%
increased risk of cardiovascular death and myocardial infarction
over approximately 5 years of follow-up [27]. The standard
treatment choice for patients with AS and CAD has been surgical
aortic valve replacement (SAVR) and concomitant coronary artery
bypass grafting (CABG). This practice has shown to reduce the rates
of perioperative M| and mortality when compared to patients
not undergoing simultaneous CABG, even though the combined
operation carries a small but real increased risk of mortality [24].
However, in the setting of less-invasive transcatheter therapy,
the appropriate management of coexistent significant CAD still
remains unclear since those patients were systematically excluded
from the largest randomized trials. Meanwhile, registries and
small-scale studies have provided a considerable amount of
data in regard to the safety and feasibility of percutaneous
coronary intervention (PCl) before, at the same time or after
TAVI [42]. Currently, ongoing large randomized trials with hard
endpoints intend to address some of the aspects and outcomes
of this population group. Until their results are published, an
individualized approach of the cases by the Heart Team should
guide selection of the patients for PCI. Coronary angiography is
strongly recommended in the assessment of the extent of the
coronary disease, the feasibility of PCI if revascularization is
being considered and the eligibility for TAVI. In our practice, we
have had favorable results in patients with severe AS and CAD
submitted to TAVI with either prior PCl or conservative coronary
treatment, using Heart Team individualized based decisions.

Device improvements and an increasing number of studies
involving different valve patients groups point to possible benefits
and applicability of this technology in a wider range of scenarios.
Bicuspid aortic valve anatomy and dysfunctional aortic valve
with severe aortic regurgitation were once considered absolute
contraindications for TAVI, mainly due to the occurrence of post-
implantation PVR, being carriers of those conditions excluded
from the largest randomized trials. However, small-scale studies
have shown that PVR rates may be mitigated by proper THV sizing
with MDCT [43], and, despite the increased risk of usage of a
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second valve (valve-in-valve, as described above), the one year
mortality rates have been acceptable [44]. Therefore, TAVI may be
an effective alternative for the treatment of severe symptomatic
aortic regurgitation or AS in patients with a congenitally bicuspid
valve, in properly selected high-risk patients.

Mitral valve diseases

The mitral valve disease has a different epidemiology from aortic
valve disease, being RHD the main cause of primary mitral stenosis
and regurgitation. Even though, mitral regurgitation secondary to
heart failure with dilated chamber has earned a high position in
the ranking, being a common finding in patients with terminal
heart failure [34]. In the RHD group, surgery and transcutaneous
intervention have a clear role and should be a heart team guided
treatment [45]. On the other hand, the direct valve intervention
of secondary mitral disease has raised frequent debate about its
efficacy and security [32,35].

Transcatheter mitral valve interventions

Percutaneous transcatheter intervention on mitral valve is a well-
established treatment for mitral stenosis. Several randomized
controlled trials have demonstrated the safety and efficacy of
percutaneous balloon mitral commissurotomy (PBMC) compared
to surgical commissurotomy. Patients with symptomatic mitral
stenosis are referred for PBMC if they have favorable valve
morphology in the absence of left atrial thrombus or in the
case of high-risk patients for surgery with a moderate-to-severe
mitral regurgitation demonstrated on echocardiogram. Mitral
valve surgery is recommended for patients with unfavorable
echocardiographic findings for PBMC or for whom previous
PMBC have failed [23].

In the setting of mitral regurgitation (MR), valve surgery is the
default treatment for severe or symptomatic disease. Surgical
mitral valve repair yields superior outcomes when compared
to valve replacement in patients with degenerative (or primary)
disease, whereas in patients with functional (or secondary) MR
due to ischemic heart disease or dilated cardiomyopathy, the
benefits of repair over replacement are less clear. The mitral
valve's structural complexity and unique anatomic location
combined to its diverse pathologic alterations have motivated the
development of numerous surgical valve repair and replacement
techniques over the past decades. Some of these concepts have
also been used in the development of transcatheter mitral valve
treatment. In the last decade, a growing number of studies have
evaluated novel devices and transcatheter techniques as for
repair of mitral valve leaflets, annulus and chordae tendineae as
for replacement of the diseased valve with a prosthesis implant.
To date, the greatest clinical experience is with leaflet repair by
an edge-to-edge coaptation, in which the anterior and posterior
leaflets are brought together to create a double valve orifice
and reduce regurgitation. This approach is based on the surgical
technique described by Alfieri et al [46]. Selected patients who
have been treated with this surgical technique as a stand-alone
procedure (without annuloplasty) have had successful results
lasting up to 12 years, providing a background to validate the
transcatheter technique. By far, the greatest transcatheter

This article is available in: http://interventional-cardiology.imedpub.com/



Interventional Cardiology Journal

experience has been with the MitraClip device (Abbott Vascular,
Santa Clara, California), a 4-mm-wide cobalt-chromium implant
with two arms that are opened and closed with the use of
the delivery-system handle [47]. The procedure is performed
under general anesthesia, with the use of fluoroscopic and
transesophageal echocardiographic guidance. A venous needle
puncture is performed, followed by right heart catheterization
and atrial transeptal puncture. The device is steered until it is
aligned over the origin of the regurgitant jet, being advanced into
the left ventricle. The mitral leaflets are grasped and the device
is closed in order to approximate the leaflets. Selection criteria
are not wide and the eligible patients must fulfill anatomical
criteria to submit to clip implantation. The regurgitant jet must
be centered at the level of the coaptation zone, in the central
two-thirds of the coaptation line. There must be a coaptation
length of at least 2 mm and a depth below the mitral annular
plane of no more than 11 mm for coaptation between the
leaflets. The need for some coaptation length excludes patients
with an extremely dilated mitral annulus, which causes the leaflet
edges to be pulled apart. In this anatomic setting, annuloplasty
is likely necessary. One of the leaflets must be flail and the gap
and the width of the flail segment cannot be more than 10 and
15 mm, respectively. There must not be severe leaflet or annular
calcification. The baseline mitral valve area should be greater
than 4 cm2 because placement of the clip significantly diminishes
the mitral valve area. Careful attention to these details on pre-
procedure echocardiographic evaluation is necessary to ensure a
successful device implantation and avoid complications.

The MitraClip™ approach has been compared to standard surgical
repair and replacement in a large randomized trial [48]. Patients
with non-rheumatic grade 3+ or 4+ chronic MR were included.
For inclusion, the patients had to be either symptomatic with
a left ventricular ejection fraction (LVEF) of more than 25% or
asymptomatic having pulmonary hypertension or ventricular
dysfunction (LVEF of no less than 25%). In four years, these low
to moderate surgical risk patients submitted to MitraClip™ device
had similar mortality compared to the surgical approach, with
higher rates of residual MR requiring surgical procedures and
smaller improvement in left ventricular dimensions.

Most of the surgeries required because of procedure failure
were observed during the first year of follow-up, with rates of
20.4% in the percutaneous-repair group and 2.2% in the surgery
group. In the percutaneous-repair group, surgery was needed
predominantly due to no implantation of a device or to MR of
grade 3+ or 4+ after attachment of a device to a single leaflet.
After 12 months, the rate of patients free from grades 3+ or 4+
MR remained stable, being the proportion of new mitral valve
interventions very low and similar between the two groups.
Functional improvement measured by a reduction in the NYHA
class was similar between the percutaneous and surgical groups
at 1 year and 4 years after procedures. In other hand, the
MitraClip™ device had a higher safety profile when compared to
surgical therapy, with a lower risk of blood transfusions during
the first 30 days [48]. The difference in effectiveness between the
transcatheter and the surgical treatments was mainly observed
in the group of patients with degenerative MR. In the subset
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of patients with functional MR, surgery was less effective in
comparison to the subset of patients with degenerative MR, and
the results were comparable to transcatheter treatment. Patients
with more than 70 years of age also presented similar efficacy
results between the two treatments.

The MitraClip™ device was also evaluated in the treatment of
patients with 3 to 4+ grade MR and a high surgical risk, defined
as a predicted 30-day mortality of 12% or more based on
the STS risk calculator [48]. In this high-risk population, a 30-
day mortality of 4.8% was observed with no deaths related to
device failure. At 12 months, MR was < 2+ in 84% of patients,
with significant improvements in symptoms and left ventricle
dimensions. Therefore, transcatheter mitral valve repair is an
effective and safe alternative option to surgery in high-risk
patients, with chronic 3 to 4+ grade MR and a favorable anatomy
of the mitral apparatus. Appropriate pre-, intra-, and post-
procedure evaluation of MR patients is critical and possibly the
most complex evaluation of the various valve lesions amenable
to any form of transcatheter therapy. The success of treatment
will heavily depend on a multidisciplinary approach that includes
the echo cardiographer, clinical cardiologist, cardiac surgeon and
interventional cardiologist.

Tricuspid valve diseases

The diagnosis of tricuspid valve disease is not unusual in clinical
practice. The finding of a mild-to-moderate tricuspid regurgitation
is common in echocardiographic evaluation and is generally well
tolerated. Most cases of tricuspid regurgitation are secondary to
right ventricular enlargement and tricuspid annular dilation [36].
Tricuspid stenosis is a rare condition in developed countries and
almost always has a rheumatic origin [49].

Transcatheter therapies for tricuspid and
pulmonary valve disease

Severe TR is associated to right heart failure, worse prognosis and
does not predictably improve after treatment of the left-sided
valve lesion. Thereby, tricuspid valve surgery is recommended for
patients with secondary TR undergoing left-sided valve surgery,
as well as for patients with primary TR with refractory symptoms.
Tricuspid valve repair, largely focused on annuloplasty, is preferred
over replacement [23].

Currently, transcatheter interventions for tricuspid valve disease
have been restricted primarily to patients with a degenerating
bioprosthesis. Percutaneous therapies for direct native tricuspid
valve intervention are still lacking, due in part to the diverse
annular dimensions routinely found in severe TR and to some
anatomicissues shared with the mitral valve, like the absence of a
rigid landing zone for valve deployment. Recently, the Mitralign®
Percutaneous Annuloplasty System (MPAS), originally designed
to remodel the mitral annulus, has been successfully implanted
in an 89 year-old woman with severe isolated TR, deemed high
risk for open heart surgery [50]. The procedure was performed
by a trans-jugular venous approach under general anesthesia
and was echo cardiographically guided. A significant reduction
in annular area and effective regurgitant orifice area resulted in
a marked reduction in TR, improvements in right atrial pressure
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and left ventricle stroke volume. Future studies properly designed
are needed to assess the efficacy and safety of that and other
transcatheter therapeutic techniques for tricuspid valve.

In regard to the pulmonary valve, transcatheter percutaneous
interventions are well stablished and include balloon
valvuloplasty for pulmonary valve stenosis and percutaneous
bio prosthetic valve implantation for treating right ventricular
outflow tract/ pulmonary trunk dysfunction. These diseases will
not be addressed in this review.

Prosthetic valves

TVT may also be applied in the setting of failed surgically implanted
valve prosthesis. In this group of patients, reoperation to replace
a dysfunctional prosthetic heart valve is a serious medical event.
Mortality related to a second valve surgery due to prosthetic
valve leaflet dysfunction or periprosthetic leak is approximately
10%, being higher than 15% if concomitant coronary artery
bypass grafting is also required [51,52]. In regard to prosthesis
types, mortality may range from 8.6% for replacement of a tissue
valve to 26% for replacement of a mechanical valve [51].

In degenerated bioprosthetic valves, transcatheter approach
became possible using valve-in-valve implantation, in which the
new THV is inserted inside the degenerated surgically implanted
bioprosthesis. Valve-in-valve implantation has been successfully
performed in degenerated aortic, mitral, pulmonic and tricuspid
bio prostheses, as well as in pulmonary conduits. The presence
of a previously implanted bioprosthesis provides an ideal landing
platform for THVs, no matter if there is stenosis or regurgitation
of the prosthetic valve, being generally easier in patients with
stented bio prostheses than in stent less ones. Procedural success
in aortic position was reported to be as high as 93%, with 1-year
survival of 83% and improved outcomes with primary prosthetic
regurgitation in the VIVID (Valve-in-Valve International Data)
registry, the largest experience so far published [50]. There were
no differences between the THVs used, the self-expandable Core
Valve (Medtronic) and the balloon-expandable Edwards SAPIEN
devices (Edwards Lifesciences) in terms of mortality or stroke
rates. The incidence of patient-prosthesis mismatch was lower
in patients with regurgitation as the predominant mechanism
of failure at baseline (19% vs. 36%; p < 0.001). Data from the
VIVID registry will soon elucidate the efficacy and safety of
this intervention on the mitral position, where the majority of
THVs implantations are performed, using a surgical trans apical
approach. Assessment of the mechanism of bioprosthetic failure,
determination of the inner diameter of the prosthetic valve,
determination of the perfect size of the THV and choosing the
right access site are necessary prerequisites before performing
the procedure. Transesophageal echocardiogram and MDCT are
routinely used on this assessment.

Patients with failed surgical aortic valves secondary to stenosis
should be separated into those with degenerated valves, to
whom valve-in-valve implantation is reasonable, and those
who have elevated gradients and small effective orifice area
as a result of severe patient-prosthesis mismatch. In the later
group, a valve-in-valve procedure may not reduce the pressure
gradient across the valve or may even worsen it. In patients
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with bioprosthetic valve regurgitation, clinicians must clarify
whether it is transvalvular regurgitation, from mechanical
leaflet malfunction or structural degeneration, or a paravalvular
regurgitation. Although the former may be successfully treated
using valve-in-valve therapy, the latter is not suitable for such
techniques. Transthoracic or transesophageal echocardiogram
are generally appropriate for that differentiation. Patients with
prosthetic paravalvular regurgitation who are deemed unsuitable
for reoperation may benefit from other percutaneous techniques
to occlude the paravalvular leak (PVL) that may be occluded
by the off-label use of several devices originally designed for
treatment of cardiac congenital defects (atrial or ventricular
septal defect occluders) or for vascular embolization or occlusion
(Amplatzer Vascular Plugs, St. Jude Medical, St. Paul, Minnesota).
Aortic bioprosthetic or mechanical PVL may be percutaneously
approached by a retrograde technique and most of them require
a single device for closure, although more can be placed, if
necessary. Mitral bioprosthetic and mechanical PVL can be
approached by an antegrade cannulation technique through right
heart catheterization and transeptal puncture. However, access
to the mitral valve can be challenge, especially for posteriorly
and medially located PVL, as a result of unfavorable angulation.
In this cases, the transapical access can offer a more precise and
accurate approach to the mitral PVL and ultimately can lead to a
decrease in procedural time.

Potential complications may occur due to device overhanging,
which may lead to obstruction of the coronary ostia, valvular
flow derangement in the setting of a narrow left ventricle outflow
tract and prosthetic dysfunction, particularly with mechanical
prostheses. Imaging assessment of leak reduction is performed
during the procedure and, once the operator is satisfied with both
reduction in degree of leak to mild (or less, if possible) and normal
leaflet function (particularly for a mechanical valve), the devices
are released. Three dimensional imaging modalities, including
3D TEE and computed tomography with 3D/4D reconstruction,
are important for preprocedural planning and intraprocedural
guidance.

Infective endocarditis is a common cause of prosthetic valves
failure and also a strong contraindication for transcatheter
therapy, because the necessary debridement of infected tissue
is not possible with this modality of treatment. Thus, even the
slightest suspicion of an acute or subacute endocarditis needs to
be excluded before implantation of a THV or occluder devices.

Cost-effectiveness of transcatheter heart valves

In the high-risk elderly group of patients, the morbidity and
level of symptoms may be greater concerns than mortality.
A marked and durable improvement in functional class and
quality of life after TAVI or Percutaneous Mitral Valve Repair
has been well demonstrated [21,22]. Due to the increasingly
higher medical experience and technological improvements,
TAVI might be currently performed in experienced centers as a
purely percutaneous procedure in a conscious patient under
local anaesthesia. This results in reduction of procedure time and
overall hospital length of stay.

This article is available in: http://interventional-cardiology.imedpub.com/
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The randomized PARTNER trials documented a marked reduction
in rehospitalization with transfemoral TAVI as compared with
medical managementand, in comparison to surgery, a significantly
shorter length of stay as well as an earlier improvement in
functional status [20,34]. Evaluating the direct incremental on
cost-effectiveness of TAVI compared to medical therapy in the
PARTNER B trial, transcatheter valve treatment was associated
with higher medical care costs during the initial hospitalization
and lower costs during the first following year because of
reduced rehospitalization rate [53]. Comparing the direct cost-
effectiveness of TAVI with SAVR in the PARTNER A trial, similar
one-year costs and quality-adjusted life years were observed.
However, a stratified subanalysis according to access route
demonstrated that TAVI performed through transapical access
resulted in higher costs and less quality-adjusted life expectancy
compared with SAVR. In other hand, transfemoral TAVI appeared
to be attractive from an economical point of view, with lower
costs for one year after TAVI and higher health-adjusted life
expectancy when compared to transapical TAVI and SAVR [53].
These results, however, represent the first TAVI experience of
most of the participating centers and may have been influenced
by the learning curve, especially with the transapical approach
[21].

© Under License of Creative Commons Attribution 3.0 License
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Conclusion

THVs are high cost devices conceived for implantation in
inoperable patients or in patients deemed as high-risk for surgical
complications. In this complex population, transcatheter valve
replacement is justified by its potential clinical benefits, including
shorter stays in the intensive care unit and hospital, earlier
improvement in functional status, reduction in rehospitalization
rate and improvement in life expectancy. All these advantages
may have a substantial impact on health-economic outcomes.
In order to achieve such favorable cost-effectiveness ratio, it
is appropriate to defer any type of intervention in patients
who will not benefit from it in terms of symptoms or life span
improvement, even with a successful procedure. For them, such
intervention would be considered futile [23]. Additionally, TVI
in lower risk patients is still a matter of debate, mainly due to
the possible shift in cost-effectiveness ratios in a long term basis
compared to conventional surgical treatments. In this population,
ongoing studies of TAVI will help to clarify this and other issues
in near future.
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