Evolution in transcatheter aortic valve
replacement: the CoreValve®
self-expanding prosthetic aortic valve

Aortic stenosis is one of the more commonly encountered disease processes in valvular heart disease,
affecting over 300,000 people worldwide. Surgical replacement of the aortic valve has been the mainstay
of therapy for decades; however, in certain patients with prohibitively high-risk comorbidities, surgery is
not a viable option. The advent of transcatheter aortic valve replacement has come to the forefront of
interventional cardiology, promising therapeutic options primarily for those at high surgical risk, but
possibly even for intermediate-risk patients as well. The Medtronic CoreValve® Prosthesis (Medtronic Inc.,
MN, USA) is a self-expanding valve system designed for transcatheter aortic valve replacement. It consists
of a trileaflet bioprosthetic porcine pericardial tissue valve, which is mounted and sutured in a self-
expanding nitinol stent. The feasibility and efficacy of percutaneous implantation has been studied
worldwide with a large, multicenter, randomized, USA-based clinical trial currently underway.
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Surgical aortic valve replacement has been
the sole treatment option available for severe
symptomatic aortic stenosis (AS) for decades.
Although highly effective, patients undergoing
this major operative procedure often possess
multiple comorbid risk factors, which increase
peri-procedural morbidity and mortality. Many
patients are at a prohibitively high surgical risk
and are, therefore, managed medically with dis-
mal survival rates. With a prevalence of severe
AS between 2 and 4% in patients over the age
of 65 years, up to one-third of these patients are
considered high-risk operative candidates [1-3].

Current status

The Medtronic CoreValve® (Medtronic Inc., MN,
USA) is one of two percutaneous aortic valves cur-
rently available for clinical use in patients with
symptomatic severe AS, who are deemed either
inoperable due to prohibitively high surgical risk
or designated as high risk for procedural morbidity
and mortality, as determined by a EuroSCORE
>20% or Society of Thoracic Surgeons score
>10%. The CoreValve was approved for clini-
cal use in Europe in May 2007, and is currently
under evaluation in the USA with the large, mul-
ticenter, randomized Medtronic CoreValve US
Pivotal Trial, which is currently enrolling patients.
This study will evaluate transcatheter aortic valve
replacement (TAVR) versus surgical aortic valve
replacement in patients with symptomatic severe
AS, who are at high surgical risk, as well as TAVR
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versus optimal medical therapy in patients at
extreme operative risk [101].

Valve design

The CoreValve aortic prosthesis consists of a
trileaflet bioprosthetic porcine pericardial tis-
sue valve, which is mounted and sutured in a
self-expanding nitinol stent (Ficure 1). The pros-
thetic laser-cut frame has an overall length of
approximately 50 mm. The prosthesis has three
distinct segments: the base portion exerts a high
radial force that expands and pushes aside calci-
fied leaflets avoiding recoil; the central portion
carries the valve; and the top portion flares to
fixate and stabilize the valve in the ascending
aorta [4-7]. The first-generation CoreValve was
a 24-French system, the second-generation
CoreValve was a 21-French system, and the
newer third generation is an 18-French system.

Clinical data

The first human implantation of the CoreValve
took place in 2005, which was followed by a
feasibility and safety study in 25 high-risk sur-
gical patients with symptomatic severe AS. The
CoreValve was successfully implanted in 22 of
25 patients (88%), with a major adverse cardio-
vascular and cerebral event rate of 32%. The
average peak pressure gradient decreased from
69.3 mmHg to 22.1 mmHg, and the New York
Heart Association functional class improved
1-2 grades in all treated patients [s].
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Medtronic CoreValve® system
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Figure 1. Medtronic CoreValve® system.
Reproduced with permission from Medtronic, Inc.

634

Further advancement led to the development
of the newer second- (21-French) and third-
(18-French) generation CoreValve devices. The
safety and efficacy of these valves were evalu-
ated in a multicenter trial, which enrolled 86
high-risk patients (50 patients received a sec-
ond-generation device, 36 patients received a
third-generation device). Acute device success
was achieved in 76 (88%) patients, with a major
adverse cardiovascular and cerebral event rate
of 26%. There was significant reduction in the
mean transvalvular gradient from 43.7 mmHg
t0 9.0 mmHg (p < 0.001), with an improvement
in mean New York Heart Association functional
class from 2.85 to 1.85 (p < 0.001), and overall
30-day mortality of 12% [s].

A review of all three generation CoreValve
devices showed that the procedural success rate
increased from generations one and two to three;
from 70% and 70.8%, to 91.2%, respectively
(p = 0.003) 8], likely a reflection of improving
operator expertise and better device delivery
from reduced profile size. Mid-term follow-up
of the third-generation CoreValve demonstrated
continued clinical benefit at 3 years, with a sus-
tained postTAVR mean transvalvular gradi-
ent of 10.3 mmHg (pre-TAVR mean pressure
gradient 52.2 mmHg), and aortic valve area of
1.8 cm? (pre-TAVR aortic valve area 0.6 cm?).
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Additionally, survival free of death, major stroke,
myocardial infarction or life-threatening bleed-
ing was 69.6% at 1 year, 63.5% at 2 years, and
59.7% at 3 years [9].

Procedure details

The TAVR procedure is performed in the car-
diac catheterization lab or in a hybrid operating
room. Aortic balloon valvuloplasty is initially
performed to prepare the calcified native valve
for device implantation, followed by delivery,
positioning and deployment of the CoreValve.
However, a recent pilot study of TAVR without
balloon predilation showed equivalent feasibil-
ity, safety and efficacy as that with predilation
(10]. The CoreValve, as opposed to the Edwards
valve (Edwards Lifesciences, CA, USA), is a
self-expanding device, which can be deployed
in a ‘step-wise’ fashion, theoretically permit-
ting accurate device placement prior to final
deployment. The third-generation, 18-French
CoreValve allows a complete percutaneous
approach, without femoral cut-down, feasible
with lower vascular complications. In addition,
general anesthesia and transesophageal echocar-
diography are often no longer mandatory for pro-
cedural success, as fluoroscopic and angiographic
guidance might suffice. The CoreValve can be
safely postdilated without altering structural
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integrity if significant paravalvular regurgita-
tion is present. Post-deployment balloon dilation
was reported in up to 24% of treated patients in
one study [6]. Although postdilation after valve
deployment may reduce paravalvular regurgi-
tation, there are risks associated with excessive
dilation, including aortic rupture and increased
central aortic regurgitation.

Vascular access

In determining the suitability of TAVR via trans-
femoral approach, the workup begins with siz-
ing the iliofemoral arteries, by either computed
tomography angiography or iliofemoral angiog-
raphy. The dimensions of the aortic annulus,
for appropriate valve sizing, may be acquired by
transthoracic echocardiogram, transesophageal
echocardiogram, or computed tomography angi-
ography. Despite the smaller third-generation
CoreValve devices, the primary limiting factor
for TAVR is the availability of transfemoral vas-
cular access [11]. In these patients with limited
options, various alternative access sites have been
explored, including transapical [12], subclavian or
axillary [13], transaortic [14], and even carotid [15]
arteries with reported success (Ficure 2). Whilst
the transapical approach is not feasible with the
self-expanding CoreValve system, the trans-
subclavian approach has been described with
tremendous success. Future studies with larger
patient populations within each subgroup are
necessary to delineate the best options for alter-
native TAVR access when traditional routes are
unavailable.

Complications

Although the early and mid-term results of TAVR
appear promising, the overall mortality and
major adverse cardiovascular and cerebral event
rates need improvement. Several complications
hinder the widespread use of TAVR, including
major stroke (1.2—6.7%), vascular complications
(5-10%), myocardial infarction (0-16.3%), cor-
onary obstruction (<1%), atrioventricular block
requiring permanent pacemaker implantation
(9—-40%), renal injury (11.7-28%) and peri-pro-
cedural death (10%) [1¢]. The incidence of stroke
following implantation is highly variable between
published reports and represents a preventable
cause of morbidity. Clinically silent stroke has
been detected in up to 84% of patients under-
going TAVR as new foci on diffusion-weighted
magnetic resonance imaging [17]. Although mul-
tiple, these foci were not associated with any
apparent neurological events or neurocognitive
decline during follow-up. Paravalvular aortic
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Figure 2. Vascular access approaches for CoreValve® deployment.

Reproduced with permission from Medtronic, Inc.

regurgitation has been observed in the majority
of patients following TAVR [18], and has been
attributed to prothesis—annulus discongruence
(19] and the angle of left ventricular outflow tract
to ascending aorta [20]. Nevertheless, these find-
ings have remained stable in follow-up studies
following CoreValve implantation without pro-
gression to moderate or severe regurgitation [9].
However, utmost care during implantation, along
with postdilation, may be necessary to avoid
significant paravalvular regurgitation. Careful
imaging using transesophageal echocardiogra-
phy in addition to fluoroscopy is warranted to
address these factors associated with postpro-
cedural paravalvular regurgitation [21]. Rarely,
CoreValve dislocation has been described during
TAVR |[22], significantly increasing perioperative
risk for severe complications or death. If recap-
ture of the device is unsuccessful, implantation

www.futuremedicine.com

635



Varghese & George

Valve Stent Prosthesis French Valve sizes Implantation
material material size (mm) approach
Medtronic Nitinol Porcine 18 F 26 Transfemoral,
CoreValve® pericardium 29 subclavian,
(third generation) 31 transaortic
Edwards SAPIEN Cobalt— Bovine 18 F 20 Transfemoral,
XT valve chromium pericardium 19F 23 transapical,
(third generation) 22 F 26 transaortic

Deployment

Self-expanding

Balloon-
expandable

Imaging
modalities

Fluoroscopy and
angiography

Transesophageal
echocardiogram,
fluoroscopy and

Clinical rationale

29

in the descending aorta may be required. Snaring
devices attached to one of the two frame loops
of the CoreValve bioprosthesis have been suc-
cessfully used via a transfemoral or transbra-
chial approach to correct a position too low in
the left ventricular outflow tract. Alternatively, a
dislocated valve may be managed percutaneously
with a second valve implantation or open surgical
extraction and replacement.

Alternative devices

There are currently only two types of percutane-
ous aortic valves approved for use in the clinical
setting: the balloon-expandable Edwards pros-
thesis (23] and the self-expandable Medtronic
CoreValve prosthesis [s]. The PARTNER trial
investigated the efficacy and safety of TAVR
using the first-generation Edwards valve in oth-
erwise inoperable patients with severe symptom-
atic AS and demonstrated significantly reduced
rates of death from any cause, the composite
end point of major adverse cardiovascular events
(23]. Both devices have been extensively studied
and utilized in several clinical trials with com-
parable results. The first two generations of
the Edwards valve, the Cribier-Edwards valve

angiography

(first), and the Edwards SAPIEN valve (second)
were composed of a stainless steel frame with
three bovine pericardial leaflets. The Edwards
SAPIEN XT is the third-generation Edwards
valve with a frame composed of cobalt—chro-
mium and a trileaflet bovine pericardial valve
mounted within. Modifications to the frame’s
design have allowed for a smaller valve size and
better profile for delivery. The SAPIEN XT valve

is available in several sizes, as detailed in Tasie 1.

Future perspective

The realm of TAVR continues to evolve as
both valve technology and operator experience
advance. When the first-in-man implant was
performed in 2002, components such as general
anesthesia, surgical cut-down, transesophageal
echocardiography and cardiothoracic surgi-
cal back-up were necessary for TAVR. Today,
after considerable technological progress, only
percutaneous access, conscious sedation and
fluoroscopy are needed for procedural suc-
cess, with procedural times less than 45 min in
experienced hands [8]. However, there remain
many challenges in TAVR that need improve-
ment, including even smaller device profiles,

Transcatheter aortic valve replacement (TAVR) was derived out of the need for better treatment options for patients with severe

symptomatic aortic stenosis who are at prohibitively high or high risk for surgical valve replacement.

Percutaneous balloon aortic valvuloplasty alone has poor long-term durability.
Device description

The Medtronic CoreValve® is a self-expanding transcatheter aortic valve system.

Transfemoral implantation is the usual approach, with transaortic or subclavian arteries as alternatives.

The periprocedural limitations of TAVR include major vascular complications, stroke, myocardial infarction, procedural death, kidney

injury, conduction abnormalities and aortic insufficiency.
Alternative devices

The Edwards valve (Cribier-Edwards, SAPIEN, SAPIEN XT) is another percutaneous aortic valve currently available for clinical use, and

several other competing products are currently under investigation.

Potential use

TAVR has proven to be an effective treatment in patients who would otherwise not undergo surgical aortic valve replacement.

The decision for TAVR should be made by an interdisciplinary heart team based on current guideline recommendations.

The future of TAVR lies in determining its efficacy in intermediate surgical risk patients, as well as lowering procedural limitations such as
vascular complications and stroke.
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which would allow for smaller vascular access
sites and potentially less vascular complica-
tions. Furthermore, future generations of TAVR
devices with improved subannular fixation
design or external space-filling materials may
also reduce incomplete apposition [24]. Major
stroke may be preventable as the development of
embolic protection devices, such as the Embrella
Embolic Deflector™ (Embrella Cardiovascular
Inc., PA, USA) [25], and the Claret CE Pro™
device (Claret Medical Inc., CA, USA) [26] for
the great vessels during device implantation
shows promise. In addition, the development of a
TAVR risk score may help identify those patients
at highest risk for periprocedural complications.
Finally, the projected efficacy of TAVR in the
intermediate-risk patient needs to be addressed
in the future. Meanwhile, other patient subsets
including valve implantation within previous
bioprosthetic aortic valves [27] and degenerated
aortic homografts with aortic insufficiency [28]
are currently being explored.

Conclusion
The Medtronic CoreValve prosthesis represents
the continued advancement and progress in

the field of TAVR. With the third-generation,
18-French CoreValve, TAVR has become a
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