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ABSTRACT

Aortic valve replacement (AVR) is the only treatment proven to reduce mortality in severe
symptomatic aortic stenosis (AS). Though the conventional surgical AVR (SAVR) with prosthetic
valve remains the gold standard, the procedure has significant morbidity and mortality especially in
elderly patients with multiple co-morbidities and hence could not be offered to almost one third of
patients with severe AS. This has led to numerous technological advances in the field of AVR since
last decade. The evolution of transcutaneous aortic valve replacement (TAVR) has made AVR
possible in patients with prohibitive surgical risk and significantly improved the mortality. Sutureless
aortic valve replacement (SuAVR) using minimally invasive access has shown some advantage
over TAVR especially in intermediate surgical group patients. The encouraging results of aortic
valve repair using glutaraldehyde treated autologous pericardium (Ozaki technique) have given a
hope for freedom from prosthetic valve disease, especially in relatively young individuals. In this
review we discuss the latest advancement in field of AVR, which now looks like a race between
interventional cardiologist and cardiothoracic surgeon; much like the coronary artery disease
management.
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1. INTRODUCTION

Calcific degenerative aortic stenosis (AS) is the
most frequent cause of severe symptomatic
aortic valve disease worldwide, [1] followed by
bicuspid aortic valve and rheumatic heart
disease. Five-year survival rate of untreated
symptomatic severe AS is lower than most of the
metastatic malignancies [2] and aortic valve
replacement (AVR) remains the only therapy
proven to reduce the morbidity and mortality of
this valvular heart disease [3]. Conventional
surgical aortic valve replacement (SAVR) with
prosthetic valve is the gold standard,but is
associated with an operative mortality of 1-3%
which increases exponentially with advanced age
and co-morbidities [4]. Calcific degenerative AS
is the disease of elderly and share the same risk
factors as coronary artery disease (CAD), and
more often the patients referred for AVR are
elderly with multiple co-morbidities including
CAD. Due to high procedural risk, nearly one
third patients are denied surgery [5]. This led to
the impetus on development of less invasive
techniques like transcutaneous aortic valve
replacement (TAVR) and surgical innovations
like sutureless AVR (SuAVR) using minimally
invasive approach. The AVR with prosthetic
valve leaves the patients with another disease
namely prosthetic valve disease marked by risk
of valve thrombosis, anticoagulation related
bleeding and structural valve deterioration (SVD).
The neo-cuspid valve formation using
glutaraldehyde treated autologous pericardium
like Ozaki technique has given a hope to
prosthetic material free durable and equally
effective aortic valve repair.

TAVR: Where are we??
2. MAJOR TRIALS

Since its introduction in 2002, TAVR has become
the standard of care for AS in patients with
prohibitive procedural risk, while it can be a
reasonable option in patients with high and
intermediate surgical risk patients, especially in
elderly population [6]. PARTNER 1B established
the superiority of TAVR over conservative
treatment in patients unfit for surgery [7].
Subsequently PARTNER 1A and US Pivotal
Core Valve trial paved the way for TAVR in high
surgical risk but operable patients [8,9]. While
PARTNER Il and SURTAVI established the non-
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inferiority of TAVR in intermediate risk group
,[10,11] PARTNER Il and EVOLUT R trial
showed comparable primary outcome of TAVR in
low surgical risk group as well [12,13]. TAVR
has been consistently associated with higher
risk of vascular complications, paravalvular
regurgitation (PVR), permanent pacemaker
implantation (PPI); while significant bleeding,
acute kidney injury and new onset atrial
fibrillation are associated more commonly with
SAVR [14,15]. Though the effective orifice area
(EOA) and trans-valvular gradient obtained are
lower with TAVR; there has been no difference
between the symptom control in two modalities
[15,16].

3. EVOLUTION OF TAVR

Since its inception two decades ago, TAVR has
evolved enormously; improvement in stent
designs, lower profile delivery systems,
expandable sheaths and requirement of smaller
vascular access have made the procedure safer.
Standardized computed tomography (CT)
imaging of access vessels, aorta, annular size
and native valve morphology along with
coronary-ostial height has allowed better pre-
procedural planning. Not only does standardized
imaging helps in deciding the vascular access
and prosthetic valve size, but it also helps in
predicting the possible complications. More
and more TAVR are now being done under
conscious sedation (CS) using transthoracic
echocardiographic (TEE) guidance which further
reduces the procedural time, recovery time and
the total cost of procedure [16]. Recent review
had revealed that this “minimalistic’ approach
under CS is not only associated with shorter
hospital delays but also reduce the short term
mortality [17]. However it reduces the use of
TEE, which is associated with increased
fluoroscopy time, contrast use and risk of PVR
[16,18]. The use of TAVR for surgical valve
failure has been shown to be safe, effective and
has been associated with improved quality of life
in high surgical risk patients [19]. In fact the new
surgical bioprosthetic valves are being developed
to be compatible with re-intervention with TAVR
in case the valve fails in long run; given the
higher mortality and morbidity with re-do surgery.
As the operators gain experience and with
advancement in hardware, the progressive
decrease in mortality and complication rates
have been observed in TAVR registries across



the world, [20-23] with number of TAVI exceeded
the number of SAVR in Germany by the year
2014 [24].

4. ONGOING TRIALS AND EXPANDED
INDICATIONS

Asymptomatic severe AS and moderate AS with
impaired left ventricular (LV) function have been
traditionally managed medically, given the higher
morbidity of SAVR. Nonetheless these conditions
are not totally benign. Even truly asymptomatic
AS with negative stress test has an ongoing
progression of disease, varying amounts of
ventricular wall fibrosis and has considerable risk
of sudden cardiac death [25,26]. Similarly
patients with moderate AS and impaired LV
function perform badly with recurrent heart failure
hospitalizations. The current research aims to
find out whether TAVR in such soft indications
would improve the overall survival [27,28].
Though various registries are reporting
constantly decreasing mortality and complication
rate with TAVR, there are certain important
concerns and answer is not a straightforward
one. The long-term durability of TAVR valves
remains un-established, while coronary intervene
tions and redo procedures post TAVR are
technically more challenging. Hence any
expanded indication and wide spread use of
TAVR in younger population requires high quality
evidence. While ongoing trials, Early TAVR and
EvoLVeD trial are evaluating TAVR in
asymptomatic severe AS, TAVR UNLOAD ftrial is
assessing the use of valve replacement in
patients with moderate AS and LV dysfunction
[27].

5. CHALLENGES

5.1 Structural Valve Deterioration (SVD)
and Dysfunction

Valve design and age at time of implantation
heavily influence the rate of SVD. Younger age
at time of implantation and certain valve designs
have been associated with rapid prosthetic valve
dysfunction [29-31]. Though the five-year
outcome from PARTNER 1 has been
encouraging, [32] the evidence from surgical
bioprosthetic valves reveals that SVD is rare
before 10 years and hence we require longer
follow up data. In pre-TAVR era, the most
compelling indication for surgical bioprosthetic
valve was need for avoidance of oral
anticoagulation (OAC). Post TAVR, unless
indicated for co-existing condition, long term
OACs are not prescribed. However recent
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concern about subclinical valve thrombosis
(SVT) on CT scan has put this recommendation
to re-evaluation. Almost 10-15% TAVI valves
were found to have SVT on CT scan; which were
associated with increased transvalvular gradients
and transient ischemic attacks [33]. Since OACs
are associated with lower risk of SVT and are
known to reverse the phenomenon, the results of
ongoing trials like GALILEO, ATLANTIS and
POPULAR TAVI for optimal antithrombotic
therapy after TAVR are eagerly awaited.

5.2 Stroke

One of the most devastating complication of
TAVR is stroke which is associated with 5-10%
increase in short term mortality [34,35]. Though
the incidence of clinical stroke has decreased in
various TAVR registries and is comparable to
SAVR, [15,27] diffusion weighted cerebral
Magnetic Resonance Imaging (MRI) has shown
new ischemic lesions in almost 75% of the
patients [36]. Various embolic protection devices
have shown a reduction in total infarct volume,
none have decreased the risk of clinical stroke
[37,38]. Furthermore the role of anticoagulation
in addition to antiplatelets therapy to prevent
stroke after TAVR is being actively studied.

5.3 Permanent Pacemaker
(PPI)

TAVR commonly interferes with the conduction
system and rate of PPI after TAVR is anywhere
between 5-35% [39,40]. While few studies
including TVT registry have documented higher
mortality with PPM implantation, the same was
not reciprocated in others [27,41]. Nonetheless,
prolonged right ventricular pacing has
detrimental effect on LV function and should best
be avoided in younger individuals. While male
sex, old age, preexisting conduction disturbance,
smaller left ventricular outflow tract, calcified
aortic and mitral annulus are important patient
related risk factors; deeper valve deployment,
balloon post dilatation and valve over sizing are
procedure related risk factors associated with
PPI after TAVR [42]. Besides valve design is also
an important factor, with self-expanding valve
being more associated with  significant
conductional blocks as compared to balloon
expandable valves [43]. Further research into
valve design and delivery is required to decrease
the rate of PPI after TAVR.

Implantation

5.4 Vascular Access Complications

With  smaller profile delivery systems,
expandable sheaths and sheathless approach,



transfemoral (TF) access is now possible in 90%
of TAVR; with reported complication rate of 2%
[27]. TF access, so far, has the best patient
related outcomes; the other safer vascular
access is subclavian artery [44]. Transcaval
approach to aorta is feasible in 99% of patients,
however it is associated with high rate
retroperitoneal and life-threatening bleeds [45].

5.5 Infective Endocarditis (IE)

The incidence of IE ranges from 0.5-3% and is
associated with high morbidity and mortality.
Unlike SAVR, where most common organism
implicated is staphylococcus, the infection post
TAVR is more frequently caused by
enterococcus species. The strict adherence to
sterility protocols, use of antibiotic prophylaxis
against  gastrointestinal and  genitourinary
organisms and avoidance of mandatory urethral
catheterization may reduce the incidence of IE
[27]. Furthermore the use of bioabsorbable
polymer scaffold and hybrid catheterization
laboratory to reduce the IE are being actively
investigated [46].

5.6 Bicuspid Aortic Valve (BAV)

BAV is one of the commonest causes of calcified
AS. Since the BAV is associated with eccentric
annulus, is highly calcified and has additional
aortopathy, TAVR in the setting of  bicuspid
valve may be associated with higher
complications like PVR and aortic wall injury, and
has been traditionally excluded from most of the
original TAVR trials. However, with newer valves
like Sapien 3 associated with fewer
complications and Bicuspid TAVR registry
showing comparable outcomes in both Type 0
(without raphe) and Type 1 (with raphe) BAV,
[47,48] further research into making the
prosthesis and delivery mechanism safer in this
challenging anatomy is required.

SAVR: Where are we??

Conventional SAVR remains the gold standard
against which any other any other new treatment
intervention for AS is compared to. However
there have been multiple unmet needs and
challenges which required addressal and
included lesser invasive approach in elderly frail
population with multiple co-morbidities, porcelain
aorta, small aortic annulus and SAVR post chest
radiation. Besides there has been a search for
prosthetic material free aortic valve repair to
decrease the morbidity associated with prosthetic
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valve thrombosis, OAC related bleeding and
SVD. This has led to technological
advancements like SuAVR using minimally
invasive approach and the Ozaki technique.

SuAVR: This is a less invasive technique
wherein the aortic valve is replaced surgically
without using sutures or a maximum of four
anchoring sutures [49]. The two SuAVR valves
available in market are the self-expandable
Perceval S (Sorin, Saluggia, Italy) and the
balloon-expandablelntuity (Edwards
Lifesciences) valve. They can be implanted both
by the conventional median sternotomy or
minimally  invasive  accesses such as
ministernotomy and right anterior thoracotomy
[50,51]. The minimally invasive accesses lead to
reduced bleeding, blood transfusions, wound
infection, atrial fibrillation, and ventilation times
[49,50]. The SUAVR reduces the total ischemia,
cardiopulmonary bypass (CPB) and aortic cross
clamp time which have been consistently
associated with higher morbidity and mortality,
especially in high-risk patients with multiple co-
morbidities. In  fact SuAVR has been
recommended to be first choice in high risk
patients with multiple co-morbidities, who require
concomitant procedures like dual valve
replacement or coronary bypass graft as it
reduces the total clamp time [52,53,54]. SUAVR
is also the surgical procedure of choice in
patients with small aortic annulus, aortopathy,
porcelain aorta and in re-do surgeries [52,53,54].
The major concerns with SUAVR remain PVR
and PPI, the incidence of which are reported to
be 2.3% and 5.6 — 9.1% respectively [55,56,57].
The other reported adverse events after SUAVR
include stroke, acute coronary syndromes,
kidney injury and surgical site infections [58]. As
far as the comparison between two types of
SuAVR valves are concerned, the results have
been comparable both in hemodynamic
improvement and adverse events [59].

SuAVR versus TAVR: Where do we stand?

TAVR gives the most non-invasive way to
manage the severe AS and with CS, the patient
can be discharged the next day of procedure.
With constant evolution of technology, the
complications associated with TAVR like
vascular access complications, PPl and PVR
have decreased significantly over the vyears;
however still remains a concern when compared
with SAVR. SuAVR on the other hand allows
direct visualization of aortic annulus, removal of
calcium and deformed leaflets which reduce the



odds of complications like PVR, while allowing
rapid deployment of valve. Though the use of
minimally invasive access approach has made
the SuAVR less invasive, there is mandatory
requirement of general anaesthesia, CPB and
aortic cross clamping which increase the risk of
mortality and morbidity especially in high risk
patients. Also, the risk of PVR and PPI still
remains higher when compared to conventional
SAVR. Though the meta-analyses comparing
SuAVR and TAVR have revealed the reduction in
perioperative mortality and PVR in SUAVR group,
they have all been limited by extensive
heterogenicity of original data [60,61]. Takagiet
al. reported lower all-cause mortality in favour of
SuAVR during direct comparison, however the
results were non-significant when adjusted
indirect-comparison was made [60]. Similarly
Qureshi et al. could not demonstrate any
difference in mortality, however the rate of PVR
were lower with SUAVR [59].

Conventional SAVR versus Aortic valve
neocuspidation using autologous pericardium
(Ozaki Technique): Where are we?

Implantation of prosthetic valves is no cure; it
gives the patient another disease. While SVD
and repeat surgeries are the major shortcomings
of bioprosthetic valves, the anticoagulation with
its bleeding complications and valve thrombosis
are the major concerns for mechanical prosthetic
valves. The wuse of glutaraldehyde treated
autologous pericardium to produce neo-cusps
seems to overcome most of the shortcomings of
prosthetic valves [62]. Being an autologous
product, it is conceptually less likely to undergo

SVD due to auto-immune reactions and
treatment with glutaraldehyde makes the
pericardium four times more resistant to

degeneration than the native cusps [63]. No
antithrombotics other than Aspirin for first 06
months post procedure are required [61]. It has
been successfully used for AS, aortic
regurgitation, native valve post infective
endocarditis, prosthetic valve endocarditis and
non-tricuspid anatomy. The results of immediate
and midterm mortality and morbidity have
favored the Ozaki over conventional SAVR
[61,64] with added advantage of lower cost,
better hemodynamic, lower peak & mean
transvalvular gradients and lesser odds of re-do
surgery. Midterm mean follow up of 54 months
post Ozaki procedure has been encouraging with
an infective endocarditis incidence of 0.3% per
patient year which is much less than
bioprosthetic valves (0.8%-1% per patient year)
and only one patient out of 850 cases had SVD
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at midterm follow up; though long term results
are awaited [63]. The procedure has a long
learning curve, however the positive outcomes of
Ozaki technique have been consistently
reproduced by other centers as well [65,66]. The
drawback of procedure is that it requires longer
CPB and aortic cross clamp time [63] and may
not be feasible if autologous pericardium is not
available. Though midterm follow up of Ozaki
procedure has not shown any significant SVD
irrespective of age of implantation, longer follow
up is eagerly awaited given the fact that most of
bioprosthetic valves show significant
deterioration after 10 years of age.

The Existing Guidelines and how do we
choose??

The American and European guidelines
recommend SAVR in low surgical risk patients,
while TAVR remains the procedure of choice in
prohibitive surgical risk group risk. Patients with
high surgical risk may either be offered TAVR or
SAVR, while SAVR is given class |
recommendation over TAVR (class IlIA) for
intermediate surgical risk. The heart team and
patient form the essence of decision taking and
to choose one procedure over other requires a
more personalized and tailored approach. The
approach should be based on patient's co-
morbidities, frailty, age, surgical risk, anatomy
and above all the center's expertise. For
instance, absence of a transfemoral access for
TAVR in high surgical risk patient makes SAVR
or SUAVR more desirable, while porcelain aorta
or previous chest radiation will favor TAVR even
in intermediate risk patient. In an experienced
centre Ozaki can provide wonderful results in low
and intermediate surgical risk patients, without
any residual prosthetic valve disease.

6. CONCLUSION

AVR remains the only treatment of severe AS.
Conventional SAVR has served as the gold
standard for same, though it cannot be
performed in large number of patients due to
high morbidity and mortality. The last two
decades have seen a tremendous technological
advancement in field of AVR. TAVR produced a
paradigm shift in management of patients with
severe AS and has become the preferred
procedure in high surgical risk patients. SUAVR
using minimally invasive approach have reduced
the CPB and cross clamp time in combined
procedures with AVR like coronary bypass and
dual valve replacement. It has special advantage
in patients with fragile aortic wall and smaller



aortic annulus. New surgical techniques like
Ozaki have given a new hope by all together
replacing the prosthetic valves with neo-cusp
formation using autologous pericardium. With
advancement in technology and increased skill &
experience, the complications associated with
TAVR and SuAVR like PVR & PPI have declined
and are likely to decrease further; but we need to
keep an eye on long term structural integrity of
these valves and certain new concerns like SVT
with TAVR. Besides randomized trials comparing
TAVR with SUAVR and Ozaki with conventional
SAVR are required.
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