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The Current Indications and

Options for Aortic Valve Surgery

Introduction

This review article provides an overview of various aortic valve
pathologies and when intervention is indicated with each one. The
management options and their controversies are then reviewed,
including new technologies, specifically the transcatheter aortic valves
and sutureless aortic valves. Aortic root or ascending aorta pathology
is out of the scope of this chapter, which focuses on pure aortic
valvular disease. Classes of recommendation are often referenced and
the definitions are summarized in Table 1.

Indications
Aortic stenosis

Aortic stenosis is the most common indication for aortic valve
surgery. The incidence increases with age, but it is not a part of normal
aging, affecting only 2 % of patients over 65 years old [1]. Once mild
obstruction is occurred, the valve progresses to severe stenosis in
5-10 years. Severe outflow obstruction is initially compensated by
left ventricular hypertrophy, characterized by increased myocyte
size. Once this compensation is no longer enough, symptoms appear.
Symptoms portend a very poor prognosis with a 50 % mortality in 2
years if untreated. The mean survival is 4.5 years after onset of angina,
2.6 years after the onset of syncope and less than a year after the
onset of left heart failure [2]. However, in the absence of symptoms,
survival remains quite good with the risk of sudden death less than 1
% per year [3]. Therefore, the indication for surgical intervention is
usually the onset of symptoms.

Other Class I indications for surgery according to the latest
American Heart Association (AHA) guidelines (2014) include
severe aortic stenosis in patients undergoing other heart surgery and
asymptomatic severe aortic stenosis with evidence of left ventricular
dysfunction [4,5]. The end stage of the disease results in eccentric
remodeling, ventricular dilatation and heart failure. A certain degree
of reverse remodeling is possible after aortic valve replacement,
prompting surgical intervention with left ventricular dysfunction
even in the absence of symptoms. The European Society of Cardiology
(ESC) guidelines (2012) also include the provocation of symptoms
during exercise testing as a Class I indication [6]. Additionally, both
societies consider replacement of the aortic valve in patients with
moderate aortic stenosis who are undergoing other heart surgery as
a Class ITa recommendation. A fall in blood pressure during exercise
testing, transcatheter aortic valve implantation as recommended
by a ‘heart team’, and very severe aortic stenosis are other Class Ila
recommendations of ESC.

Table 1: Classes of recommendation.

Evidence or general agreement that the treatment or procedure
Class |

should be performed.

Weight of the evidence or opinion is that it is reasonable to
Class lla

perform the treatment or procedure.

Evidence or opinion is conflicting, but one can consider
Class Ilb .

performing the treatment or procedure.
Class Ill Evidence or general agreement is that the treatment or

procedure should not be performed.
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Current operative mortality for aortic valve replacement is low
at 1-3 % for patients under 70 years old and 4-8 % in older patients
[6]. Following surgery, the prognosis improves dramatically.
However, survival rate does not return to that expected in the
general population. A large Swedish study of 2,359 patients found a
relative 15-year survival rate of 75% after aortic valve replacement as
compared to that expected in the general Swedish population [7]. It is
important to remember that aortic valve replacement, although very
successful, is not curative; instead it replaces an aortic valve pathology
with another far more manageable one.

Aortic regurgitation

Acute aortic regurgitation is very poorly tolerated and leads to
hemodynamic instability, as the unprimed left ventricle has had
no time to compensate for the sudden increase in preload. Usually
caused by endocarditis or aortic dissection, this entity almost always
requires prompt intervention. On the other hand, chronic severe
aortic regurgitation is initially well tolerated as the left ventricle
gradually adapts with eccentric hypertrophy. Like the natural history
of aortic stenosis, there is a latent period during which patients are
asymptomatic. Bonow et al. followed 104 patients with asymptomatic
chronic severe aortic regurgitation with serial echocardiography
[8]. Nearly 60% of patients remained asymptomatic while retaining
normal left ventricular function at 11 years. The annual mortality rate
was 0.4% per year, keeping in mind that 23 patients in the cohort
underwent aortic valve replacement mostly due to the onset of
symptoms. Analysis of the echocardiographic data identified hinge-
points and rise in likelihood of death, development of symptoms and
left ventricular dysfunction, occurring at a left ventricular end-systolic
dimension (LVESD) of greater than 50 mm, and a left ventricular
end-diastolic dimension (LVEDD) of greater than 70 mm.

The understanding of the natural history of aortic regurgitation
is the basis of the current AHA guidelines on timing of intervention
[4,5]. Aortic valve replacement is a Class I recommendation in
the setting of symptoms, or in the absence of symptoms with left
ventricular dysfunction. In addition, aortic valve replacement is a
Class I indication in chronic severe aortic regurgitation in patients
undergoing other heart surgery. Furthermore, it is also reasonable
to intervene on chronic severe aortic regurgitation if the LVESD is
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Comparison of Outcomes for Mechanical and Bioprosthetic Aortic Valve Replacement
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Figure 1: Data from a retrospective review of the STS database. The adjusted mortality is similar between mechanical aortic valves and bioprosthetic aorta valves
(a). However the rates of aortic valve replacement re-operation (AVRR) is significantly higher with bioprosthetic valves than with mechanical valves (b). Adapted

from Brennan et al. [17].

greater than 50 mm, and one can consider intervention if the LVEDD
greater than 65 mm.. The European guidelines use the cut-offs of an
LVESD greater than 50 mm, an LVEDD of greater than 70 mm, and
an LVESD indexed to body surface area of greater than 25 mm/m?*

[6].
Endocarditis

Infective endocarditis is a highly variable condition with the
clinical presentation ranging from minimally symptomatic to
cardiogenic shock. The degree of invasiveness with which the
infectious agent penetrates the heart is also highly variable, from a
small isolated distinct vegetation to destructive invasion causing
complex abscesses and shunts. As such, the treatment options can be
either medical or a combination of surgical and medical. In fact, over
half of the cases of infective endocarditis can be treated by antibiotics
alone [9]. When complications arise, surgery is often indicated.

Complications of native aortic valve endocarditis include valvular
dysfunction leading to heart failure and elevated left ventricular
end diastolic pressure, breach of structural integrity leading to
paravalvular abscesses, heart block and penetrating lesions, and
recurrent embolization from vegetations. The above summarizes
current Class I and Class Ila indications for surgery [4,5]. Surgery
involves drainage of abscesses, debridement of all infected tissue,
and reconstruction of the heart and repair of resulting defects. When
the process is isolated to the native aortic valve, either mechanical
or stented tissue valves are reasonable choices depending on patient
characteristics [10]. Homografts may be considered in the setting
of annular destruction because of the periannular tissue available.
However, compared to stentless root replacements, homografts may
experience higher rates of late structural valve degeneration [11].

The timing of surgery is sometimes vexing. Proponents of early
surgery suggest that it may reduce the rates of embolization. Embolic
events occur in 43 % of cases of native valve endocarditis and 25 %
of prosthetic valve endocarditis, and half are in the cerebral territory
[12]. Delaying the repair after major stroke may be reasonable,

although this is still debated. The only randomized controlled trial
on the topic of timing was recently reported by a Korean group [13].
Seventy-six patients with left-sided infective endocarditis, severe
valvular disease and a vegetation greater than 10 mm in size, were
randomized to receive early surgery within 48 hours or conventional
treatment, where timing of surgery was highly variable. This small
trial found significantly higher rates of embolic events at 6 weeks with
conventional treatment, and significantly favourable early mortality
rates for the early surgery group.

Options for Aortic Valve Intervention
Mechanical and biological valve replacement

Once a decision has been made to replace the aortic valve, the
next question facing the surgeon and the patient is the selection of the
prosthesis most suitable for the patient. Broadly, prostheses may be
divided into mechanical or biological aortic valves.

Mechanical aortic valves require lifelong anticoagulation
to prevent prosthetic valve thrombosis and thromboembolism.
On the other hand, biological valves do not require long-term
anticoagulation. Therefore, mechanical valves may not be appropriate
for non-compliant patients unable to closely follow INR levels, or
high-performance athletes at risk for head injuries. The target range
of INR depends on patient as well as valve factors [14]. Patients
may have higher risks for thromboembolism based on the presence
of atrial fibrillation, depressed ejection fraction, or presence of
multiple prosthetic valves. With respect to the valves themselves,
some valves are more thrombogenic than others. The original
Starr-Edwards caged-ball valves (Baxter Healthcare Corp, Edwards
Division, Irvine, Calif), introduced in 1960, usually targets a higher
INR range of 3.0 - 4.0. Meanwhile, the newer generation On-X valve
(On-X Life Technologies, Austin, TX) is being investigated for an
INR range of 1.5 - 2.0. For the majority of patients who are not at
high risk of thrombosis, an INR of 2.0 - 3.0 is recommended along
with low-dose aspirin in the AHA guidelines [4]. Low-dose aspirin
is to be considered in addition to oral anticoagulation in the ESC
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guidelines [6]. Intravenous unfractionated heparin is recommended
at the commencement of anticoagulation and in order to bridge
patients requiring procedures. Obligate anticoagulation is obviously
problematic during bleeding events. The FDA provides guidance
on the expected performance of heart valves, and reports bleeding
events of 3.5 % per year for mechanical valves, and 1.4 % per year for
biological valves. Grunkemeier et al. extensively reviewed the rates of
complications for a variety of valves and found majority of mechanical
aortic valves experience fewer than 2 % per year of bleeding events,
and most biological aortic valves fewer than 0.5 % per year [15].

The advantage in avoiding anticoagulation with bioprosthetic
valves is offset by the increase in rates of structural valve degeneration.
This leads to higher rates of reoperation. Traditionally, expected
lifespan of the patient is used as a major factor in choosing valve
type, with younger patients often being offered the more durable
mechanical valve, and older patients being offered bioprosthetic
valves. However, the superior durability of newer generation tissue
valves have called the age mantra into question [16]. The latest
reoperation rates for bioprosthetic valves are only 5.2 % at 12 years
(2.3% at 12 years for mechanical valves), which is far lower than rates
traditionally quoted to patients [17]. Importantly, this rate is higher
for younger patients (up to 10.5 %), who are more active and expose
their valves to greater wear and tear. Limited reports of valve-in-valve
technology using transcatheter aortic valve implantation present the
real possibility that future biological structural valve degeneration
may be treated less invasively [18,19]. Likely for the above reasons
and also because of the great inconveniences associated with
anticoagulation, the current trend in the United States and in Europe
is towards the placement of more bioprosthetic valves [16].

Two randomized controlled trials from the early 1990’s, as well
as a smaller contemporary randomized controlled trial, have shown
similar long-term survival with either mechanical or biological
prostheses [20-22]. A large retrospective study echoes these findings
by showing similar long-term survival with both valve types when
adjusted for age [23]. Freedom from thromboembolism is the same
for bioprosthetic valves and mechanical valves with anticoagulation
at approximately 80-85% at 10 years [24]. There is no hard evidence
that either type of valve is preferable in reducing the risk of prosthetic
valve endocarditis. However, the STS database reports that after
risk adjustment, the risk for prosthetic valve endocarditis is slightly
higher for bioprosthetic valves than with mechanical valves with a
hazard ratio of 1.60 (95% CI, 1.31-1.94) [17]. The overall incidence
of prosthetic valve endocarditis was found to be low at 1.9 % with a
mean follow-up of 12.6 years.

Generally, it is difficult to compare the two types of valves
especially when they are often offered to different patient populations.
Specific circumstances pertaining to each individual patient must be
considered when making a valve choice, and naturally encouraging
the patient to actively participate in the decision-making process is
ideal.

Aortic valve repair

Unlike in mitral valve disease where, in general, repair is preferable
to replacement, in aortic valve disease replacement is the mainstay of
therapy. Nevertheless, repair is a viable option in select cases with
pliable salvageable leaflets. This normally pertains to cases of aortic

insufficiency rather than calcific aortic stenosis. The champion of
aortic valve repair, Gebrine El Khoury, recently reported his series of
264 consecutive patients, and introduced a classification system for
aortic regurgitation based on the Carpentier classification for mitral
valve regurgitation [25]. The classification system is as follows: Type
I for normal valve motion, Type II for cusp prolapse and Type III
for cusp restriction. Based on the classification, one can anticipate
different repair strategies. Over half of the patients in the series had
concomitant aortic dilatation, majority had tricuspid aortic valves,
the cause of the aortic insufficiency was usually degenerative, and
there was an isolated valvular lesion in two-thirds of cases. Over 90%
freedom from reoperation was achieved in Type I and Type II aortic
insufficiency at 5 years. At ten years, the freedom from valve-related
events including reoperation, thromboembolic events, bleeding and
endocarditis was 74% [26]. The Cleveland Clinic group also reported
their results with aortic valve repair [27]. They achieved 95, 87 and
84% freedom from reoperation at 1, 5 and 7 years, respectively.
Residual aortic insufficiency immediately post repair predicted late
aortic regurgitation. Although these results may seem acceptable,
these outcomes were achieved in experienced centres, and they
are worse than contemporary results for aortic valve replacement.
Therefore, at this time, the role of aortic valve repair is still unclear
and requires careful patient selection.

Ross procedure

The Ross procedure was first introduced in 1967 by Donald Ross
[28]. The aortic valve is replaced by the patient’s own pulmonary
valve (pulmonary autograft), and the pulmonary valve is replaced
by a homograft or another right ventricular outflow tract conduit.
Potential advantages gained by this increased surgical complexity
include ability for the autograft to grow with the young patient, no
prosthetic material reducing the risks of endocarditis, and freedom
from anticoagulation. Magdi Yacoub conducted a trial of 228
patients randomized to either the Ross procedure or a homograft
aortic root procedure [29]. The actuarial survival in the Ross group
was significantly better, and in fact similar to an age-matched, sex-
matched British population. A recent meta-analysis found the
rates of both autograft and right ventricular outflow tract conduit
deterioration to be less than 1% per patient-year each [30]. The most
important limitations of the Ross procedure are the conversion of a
single valve problem into a two valve problem, and the need to upkeep
a homograft bank. Other than in the most experienced centres, in the
most experienced hands, this technically challenging operation is not
typically an option employed by most surgeons to address the aortic
valve in the adult patient population.

Balloon valvotomy

Balloon valvotomy is the use of a transcatheter balloon across
the stenotic aortic valve in an attempt to enlarge the orifice area.
Unfortunately this technique is limited in efficacy. Rarely does the
post-valvotomy valve area exceed 1.0 cm? and restenosis occurs
quickly and frequently [31]. Moreover, up to a quarter of patients
experience serious complications within 24 hours [32]. Results
with balloon valvotomy are poor with 93% of patients dying or
undergoing aortic valve replacement in a 6 year period, suggesting
similar outcomes to the natural history of untreated severe aortic
stenosis [33]. Needless to say, there are currently no Class I or Class
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ITa indications for this procedure, but still it may be considered as
a bridge to surgery for hemodynamically unstable patients [4]. The
role for balloon valvotomy as a palliative treatment for extremely
high risk patients is unclear in the era of transcatheter aortic valve
implantation (TAVI, next section). Given the development of rapid
ventricular pacing and the Inoue balloon since the earlier studies [34],
one can argue that balloon valvotomy may still play a role in high
risk patients not anatomically suitable for TAVI. One caveat is that
both surgical and transcatheter balloon valvotomy are still routinely
used in congenital heart surgery to treat critical aortic stenosis chosen
for biventricular repair, given the size and need for growth in the
congenital population [35].

Transcatheter aortic valve implantation

Despite the success of aortic valve replacement (AVR), one third of
patients with severe symptomatic aortic stenosis do not undergo heart
surgery because of perceived high operative risk, especially secondary
to age, reduced ejection fraction and neurological dysfunction [36].
Other considerations for not undergoing surgery include patient
preference, terminal illness, porcelain aortas or complex redo surgery.
A significant number of patients would therefore benefit from a less
invasive procedure intervening on the aortic valve.

On the shoulders of technology for balloon valvotomy, researchers
have been studying catheter mounted valves since the early 1990’s.
The concept behind transcatheter aortic valve implantation (TAVI)
is to deliver a valve through peripheral access and then seat the valve
not with sutures but by the radial force of a stent instead.

There are currently two main devices on the market: the Sapien
Valve (Edwards Life Sciences, Inc., Irvine, CA) and the CoreValve
(Medtronic, Inc., Minneapolis, MN) [37]. The Sapien valve is a balloon
expandable bovine pericardial valve mounted in a cobalt chromium
alloy stent. It is available in 23 mm, 26 mm and 29 mm sizes and is
delivered in a 18 Fr sheath. The CoreValve is a porcine pericardial
valve mounted in a self-expanding nitonol sheath. It is available in
26 mm, 29 mm and 31 mm sizes and is also deliverable in a 18 Fr
sheath. Recently, a head-to-head comparison of these two valves was
conducted in a study of databases from four experienced European
centres, using propensity risk-score matching resulting in 204 patients
in each group [38]. The study found that virtually the same outcome
was achieved using either valve, and that the complication rates
were similar as well except for permanent pacemaker implantation
which was seen more frequently in the CoreValve group. Of note,
newer devices have been developed and are entering the market,
such as the Portico valve (St. Jude Medical, Minneapolis, Minnesota),
the first transcatheter valve that can be completely resheathed and
repositioned [39].

The trial that ushered TAVT into the mainstream is the Partner
trial. This Edwards sponsored multicentre randomized controlled trial
was divided into two cohorts. The Cohort B arm studied patients with
severe symptomatic aortic stenosis that two surgeons had decided
were not candidates for surgery [40]. A total of 358 patients were
recruited for this superiority trial, representing 12% of the patients
screened. The patients were randomized to receive either TAVI or
standard therapy which included a number of treatment options such
as balloon valvotomy or medical management. Despite being “non-
surgical candidates”, 6.7% of these patients eventually underwent

surgery. A highly significant and striking finding of decreased 1-year
mortality of 30% from 50% in the TAVI group as compared to the
standard therapy group consolidated TAVT as a key therapy option
for this population.

The Cohort A arm was made up of patients with elevated but
not prohibitive surgical risk (the average STS score was 11.8%) [41].
A total of 699 patients were recruited for this non-inferiority study,
and randomized to receive either TAVI or surgical aortic valve
replacement (AVR). The primary endpoint, one year mortality rate,
was 24.2 % in the TAVI group as compared to 26.8% in the AVR
group, and these rates were not statistically different. Naturally there
were higher rates of vascular complications in the TAVI group and
higher rates of bleeding in the surgical group. A signal for increased
stroke in the TAVI group was uncovered (p=0.07), which then
disappeared by the 2-year follow up [42]. The most important finding
from the 2-year follow up was the disturbingly high and ongoing rate
of aortic regurgitation which did not show signs of slowing with time
from implantation. An association with increased rate of death even
with mild aortic regurgitation was shown.

Thus, while an important asset in the treatment of aortic
stenosis for patients with prohibitively high risk for surgery, TAVI
is still finding its role among patients who are candidates for surgery.
Should younger patients who would otherwise tolerate an invasive
surgical AVR be exposed to this ongoing rate of aortic regurgitation,
especially when it is associated with increased mortality? In addition,
it is important to note that TAVI cannot be offered to everyone.
Careful pre-operative work-up is mandatory to ensure anatomical
appropriateness for the procedure. This evaluation includes accurate
aortic annulus and root sizing, positioning of coronary arteries,
delineation of iliofemoral anatomy and other potential vascular
accesses [43]. Especially given that nearly all of the evidence
supporting TAVI is derived from a single randomized controlled
trial with limited follow-up, the great enthusiasm for this technique,
which does hold great promise, is tempered by its limitations.

Sutureless aortic valves

Transcatheter aortic valve implantation revealed the unmet need
in treating patients with severe aortic stenosis who do not undergo
conventional aortic valve replacement (AVR). However, It was shown
that most individuals with severe symptomatic aortic stenosis who
do not undergo AVR were not referred to a surgeon for proper risk
assessment and when risks were calculated objectively, oftentimes the
risks of surgery were not excessively elevated [44]. There was therefore
great interest in reducing the invasiveness of open surgery in order to
meet the needs of this population of patients who would benefit from
open surgery and yet for whom surgery was denied. The sutureless
aortic valve replacement (SAVR) was developed to fill this niche.

SAVR requires cardiopulmonary bypass and removal and
decalcifcation of the native diseased valve. Valves are mounted on
stents and deployed under direct vision onto the aortic annulus. By
requiring minimal suturing, the cross-clamp and cardiopulmonary
bypass times can be minimized. In turn, this theoretically reduces
the morbidity associated with long surgeries involving multiple
procedures such as bypasses in high-risk patients. SAVR also plays
a potentially powerful role in minimal access surgery. The main
strength of this technique is that it addresses shortfallings of TAVT,
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specifically stroke and paravalvular leak, which are hypothesized to
be related to the lack of valve decalcification done in conventional
surgery. Early data from a small propensity-score matched study
comparing TAVI to SAVR suggests that SAVR may deliver similar
results with fewer incidences of paravalvular leak [45].

There are currently three SAVR valves available: The 3f Enable
(ATS Medical Inc., Minneapolis, MN, USA), the Intuity (Edwards
Lifesciences LLC, Irvine, Calif), and the Perceval S (Sorin Biomedica
Cardio, Saluggia, Italy). The Enable is based on the 3f valve, an equine
pericardial valve mounted on a self-expanding temperature sensitive
nitinol frame, and is delivered with a single guiding suture. Initial
studies confirm the valve’s feasibility and safety [46,47]. The Intuity
valve is a stented bovine pericardial bioprosthesis with a skirt that sits
below the annulus as an anchor. The valve is expanded via balloon
inflation after being guided into position by three sutures. The 1-year
single-arm results have been reported and demonstrate safety as
well [48]. The third valve, the Perceval S, a bovine pericardial valve
on a self-expanding stent is truly sutureless and also has promising
safety data [49]. No large randomized controlled trial has yet been
reported with SAVR. Therefore, this technology is still striving to
find its applicability amongst the continuum of patients who require
intervention on the aortic valve.

Future Directions
Tissue engineered aortic valves

The ideal valve replacement would be without prosthetic
materials, and able to respond to growth and physiological forces.
Scientists are attempting to achieve this through tissue engineering,
and this would be a major breakthrough especially for the congenital
heart disease population. The two approaches used are regeneration
and repopulation and are outlined elsewhere [50]. Valve tissue
engineering is particularly challenging due to 40 million opening and
closings per year of the average heart valve, necessitating design of a
durable and pliable extracellular matrix able to respond to injury [51].
A number of scaffold sources and cell sources have been explored and
early in vivo studies have been encouraging [52].

Conclusions

Aortic valve disease is structural in nature, the endpoint of
which often requires surgery for structural correction. Timing of
intervention greatly depends on the understanding of the natural
history of the aortic valve condition. Presently, many options exist
for intervention on the aortic valve from traditional aortic valve
replacement to cutting edge transcatheter aortic valve implantation
and sutureless aortic valves, and possibly even tissue engineered
valves in the future.
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