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Bl ABSTRACT

Aortic valve replacement via open heart surgery, al-
though still the standard treatment for severe symp-
tomatic aortic valve stenosis, is not an option for many
patients with severe symptoms, and these patients are
often left with suboptimal strategies such as medical

management or balloon valvuloplasty. But over the last

5 years improvements in percutaneous approaches to
implantation of prosthetic aortic valves have made it a

potential therapeutic option for these patients. Technical

and device issues are being refined, and percutaneous

aortic valve replacement is showing promise in ongoing

clinical trials.
l KEY POINTS

Aortic stenosis is the most common valvular condition,

affecting 3% of the general population; its incidence and

prevalence are increasing as the population ages.

Many patients with severe aortic valve stenosis are
considered too high-risk for standard surgical valve re-

placement but may be candidates for percutaneous valve

replacement.

Of the approaches now undergoing refinement, the most

promising is retrograde (ie, femoral arterial) placement
of the Edwards SAPIEN valve or the CoreValve.

The technology is still evolving, and the learning curve is
substantial, yet cautious enthusiasm about percutaneous

aortic valve replacement is justified.

“Dr. Shishehbor’s work is supported in part by the National Institutes of Health, National Institute

of Child Health and Human Development, Multidisciplinary Clinical Research Career Develop-
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TENOSIS OF THE aortic valve has a long, la-
S tent, asymptomatic phase, but when symp-
toms finally occur, clinical deterioration can
be rapid. For patients with severe stenosis, the
standard treatment has long been replacement
of the aortic valve via open heart surgery. But
many patients with severe stenosis are consid-
ered too high-risk for this procedure.

Until about 5 years ago, these patients had
no other option but medical therapy or per-
cutaneous aortic balloon valvuloplasty as a
palliative measure or as a bridge to open heart
surgery. But 5 years of experience with percuta-
neous techniques to implant prosthetic aortic
valves show that this less-invasive approach
may become a viable option for patients with
severe symptomatic aortic valve stenosis.

In this review, we discuss current prosthetic
valves and percutaneous techniques and their
relative advantages and limitations and the po-
tential future role of this new treatment option.

B THE NEED FOR A LESS-INVASIVE APPROACH

Calcific aortic stenosis is the most common val-
vular heart disease, affecting 2% to 4% of adults
over age 65 in the United States alone.!” The ag-
ing of our population and the lack of drug thera-
pies to prevent, halt, or effectively slow aortic
valve stenosis are leading to a greater burden of
this condition."** Already in the United States
more than 50,000 surgical aortic valve replace-
ments are performed every year for severe aortic
stenosis.” The associated in-hospital death rate
is 8.8% in patients over age 65 years, and as high
as 13% in low-volume centers.!”

The steady increase in the number of patients
requiring aortic valve replacement, the high
surgical risk in patients with multiple comor-

CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 75 ¢ NUMBER 11 NOVEMBER 2008 805

Downloaded from www.ccjm.org on July 28, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

TABLE 1

PERCUTANEOUS VALVE REPLACEMENT

Valves currently used in percutaneous aortic valve replacement:
A comparison of features

VALVE MANUFACTURER MATERIALS STRUCTURE MECHANISM APPROACH TESTED  CLINICAL TRIAL STAGE
Cribier-Edwards  Edwards Equine Stainless steel  Balloon-expandable  Antegrade Phase I1-lI
Lifesciences pericardial Retrograde
tissue Transapical
CoreValve CoreValve Bovine Nitinol stent  Self-expanding Retrograde Phase Il
ReValving System pericardial Approved for use
tissue in Europe
Edwards SAPIEN  Edwards Bovine Stainless steel  Balloon-expandable  Retrograde Phase IlI
Lifesciences pericardial Transapical Approved for use
tissue in Europe.

Older patients
at high risk for
open surgery
are often left
untreated
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bidities, the reluctance of some patients to un-
dergo the trauma and pain associated with open
heart surgery via sternotomy, and the fact that
percutaneous procedures are less traumatic and
offer faster recovery and fewer hospital days—
all these are forces that have been driving the
development of percutaneous techniques for
the treatment of aortic stenosis.'! In addition,
a recent study'? showed that 33% of patients
over age 75 were deemed too high-risk for open
heart surgery and thus were left untreated.'?

The evolution of percutaneous aortic

valve replacement

The idea of percutaneous treatment of aortic
stenosis was first put into clinical practice in
1985, when Cribier performed an aortic bal-
loon valvuloplasty.® This was followed in
20008 by the first successful implantation of a
catheter-based stent valve in a human, and in
2002 by the first successful percutaneous aortic
valve replacement in a human.”'® In the fol-
lowing sections, we discuss the percutaneous
approaches in current use for the treatment of
degenerative aortic stenosis.

I AORTIC BALLOON VALVULOPLASTY

Percutaneous aortic balloon valvuloplasty, par-
tial dilation of the stenotic aortic valve with a
balloon inserted via a catheter,"!** improves
symptoms but has failed to show a sustained
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benefit on rates of mortality or morbidity.}16-18

The restenosis rate is high, and symptoms recur
in most patients within months to a year."1¢18
Procedural complication rates are about 10%,
and complication rates at the catheter access
site are even higher.!1%18 The 30-day death rate
in the National Heart, Lung, and Blood Insti-
tute’s Balloon Valvuloplasty Registry, which in-
cluded more than 600 patients, was 14%.'¥ In a
retrospective study of 212 patients who under-
went single or repeat percutaneous aortic bal-
loon valvuloplasty,® the 1-year mortality rate
was 36% for the entire cohort, with a median
survival of 3 years. Patients who underwent a
repeat procedure (33%) had 1-year mortality
rate of 42%, compared with 16% in patients
who did not undergo a repeat procedure.?

Percutaneous aortic balloon valvuloplasty
serves best as palliative therapy in severely
symptomatic patients, and as a bridge to surgery
in hemodynamically unstable adult patients.?!*
Percutaneous aortic balloon valvuloplasty is
not an option in patients who are good candi-
dates for surgical valve replacement.!

I PERCUTANEOUS AORTIC VALVE
REPLACEMENT: THREE TECHNIQUES

Percutaneous aortic valve replacement was
first reported in 1992 using a closed-chest pig
model.'* Since then, three prosthetic valves
have been used in human clinical trials for
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B Percutaneous aortic valve replacement

Percutaneous aortic valve replacement is done via a retrograde, antegrade, or transapical approach. Each has its
challenges. In all three approaches, the positioning of the prosthetic valve is determined by the patient's native
valvular structure and anatomy and is guided by fluoroscopic imaging, supra-aortic angiography, and transesophageal
echocardiography. Current prosthetic valves are made from equine or bovine pericardial tissue.

Retrograde or transfemoral technique
The catheter is advanced to the stenotic
aortic valve via the femoral artery.

Antegrade technique
The catheter is advanced via the femoral
vein, traversing the interatrial septum and
the mitral valve, and is positioned within
the diseased aortic valve.

Advantages
Faster, technically easier than antegrade
approach

Disadvantages

Potential for injury to the aortofemoral
vessels

Crossing the stenotic aortic valve can be
challenging

Advantages

Femoral vein accommodates the large
catheter sheath

Easy management of peripheral access
site

Disadvantages

Risk of mitral valve injury and severe
mitral valve regurgitation

Correctly positioning the prosthetic valve
can be challenging

This technique is no longer in use.

Transapical technique

A valve delivery system is inserted via a small intercostal incision.

The apex of the left ventricle is punctured, and the prosthetic valve is
positioned within the stenotic aortic valve.

Advantages
Access to the stenotic valve is more direct
Avoids potential complications of a large peripheral access site

Disadvantages
Potential for complications related to puncture of the left ventricle
Requires general anesthesia and chest tubes

The aortic valve prosthesis is placed at mid-position in the patient’s aortic valve so as not to im-

pinge on the coronary ostia or to impede the motion of the anterior mitral leaflet (a). The prosthesis

is deployed by inflating (b), rapidly deflating, and quickly withdrawing the delivery balloon (c). CCF
Medical Illustrator: Joseph Pangrace ©2008

FIGURE 1
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this procedure: the Cribier-Edwards valve (Ed-
wards Lifesciences Corporation, Irvine, CA),
the CoreValve (CoreValve Inc, Irvine, CA),
and the Edwards SAPIEN valve (Edwards
Lifesciences Corporation, Irvine, CA) (1aBLE
1). These have been implanted in humans us-
ing three different percutaneous techniques
(FIGURE 1).

The antegrade technique

In the antegrade technique, an approach that
has been studied but is no longer being used,
access to the femoral vein is gained and the
catheter with the prosthetic aortic valve is ad-
vanced, traversing the interatrial septum and
the mitral valve, and is positioned within the
diseased aortic valve.*?? The main advan-
tage of this approach is that the femoral vein
can accommodate the large catheter sheath
and that subsequent management of the ac-
cess site is by manual compression only.!>?>%
The main disadvantages are the potential for
mitral valve injury and severe mitral regurgi-
tation, and the technical challenge of deliver-
ing the aortic valve prosthesis to the correct
aortic position.!>#-27

The retrograde technique

In the retrograde (ie, transfemoral) technique,
access to the femoral artery is gained and the
catheter with the prosthetic aortic valve is ad-
vanced to the stenotic aortic valve.%!12628-30
This approach is faster and technically easier
than the antegrade approach, but it can be as-
sociated with injury to the aortofemoral vessels
and with failure of the prosthesis to cross the
aortic arch or the stenotic aortic valve.!?°

The transapical technique

In the transapical technique, the valve deliv-
ery system is inserted via a small incision made
between the ribs. The apex of the left ventri-
cle is punctured with a needle, and the pros-
thetic valve is positioned within the stenotic
aortic valve.?”’'? The main advantage of this
approach is that it allows more direct access to
the aortic valve and eliminates the need for a
large peripheral vascular access site in patients
with peripheral vascular disease, small tortu-
ous vasculature, or a history of major vascular
complications or vascular repairs.’'~** Potential
disadvantages are related to the left ventricu-
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lar apical puncture and include adverse ven-
tricular remodeling, left ventricular aneurysm
or pseudoaneurysm, pericardial complications,
pneumothorax, malignant ventricular arrthyth-
mias, coronary artery injury, and the need for
general anesthesia and chest tubes.?’?!-%

Common features of the three approaches
The three percutaneous approaches have cer-
tain final steps in common.'"?%% The posi-
tion of final deployment of the prosthetic valve
is determined by the patient’s native valvular
structure and anatomy and is optimized by using
fluoroscopic imaging of the native aortic valve
calcification as an anatomical marker, along
with guidance from supra-aortic angiography
and transesophageal echocardiography.!#33033
Ideally, the aortic valve prosthesis is placed
at mid-position in the patient’s aortic valve,
taking care to not to impinge on the coronary
ostia or to impede the motion of the anterior
mitral leaflet.!'*3%%3 [n all three procedures,
the prosthesis is then deployed by maximally
inflating, rapidly deflating, and immediately
withdrawing the delivery balloon. This final
step is carried out during temporary high-rate
right ventricular apical pacing, which produc-
es ventricular tachycardia at 180 to 220 beats/
min for up to 10 seconds.!1#3%% This leads to
an immediate decrease in stroke volume, re-
sulting in minimal forward flow through the
aortic valve, which in turn facilitates precise
positioning of the prosthetic valve.

So far, only the Cribier-Edwards valve has
been deployed via all three techniques. The
CoreValve has been deployed only via the ret-
rograde technique. The Edwards SAPIEN valve
has been deployed with retrograde and transapi-
cal approaches (see www.edwards.com/ Prod-
ucts/Transcatheter Valves/SapienTHV.htm
and www.corevalve.com for animations depict-
ing these techniques).

I EXPERIENCE WITH
THE CRIBIER-EDWARDS VALVE

The Cribier-Edwards valve has three leaflets
made from equine pericardial tissue sutured
inside a balloon-expandable stainless steel 14-
mm stent (tasLe 1).!22% With the use of a spe-
cially designed mechanical crimping device,
the aortic valve prosthesis is mounted over a
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3-cm-long balloon catheter, expandable to a
diameter of 22 to 26 mm (NuMed Inc, Hop-
kinton, NY).!1:2330:33

After this prosthesis was tested in animal
models,* a trial for compassionate use in hu-
mans was begun, called the Initial Registry of
Endovascular Implantation of Valves in Europe
(I-REVIVE) trial. This trial was later continued
as the Registry of Endovascular Critical Aortic
Stenosis Treatment (RECAST) trial.”® All pa-
tients were formally evaluated by two cardio-
thoracic surgeons and were deemed inappropri-
ate for surgical aortic valve replacement.”

The success rate with the antegrade percu-
taneous approach was 85% (23 of 27 patients)
and 57% for the retrograde approach (4 of 7
patients).!1#3%33 Procedural limitations were
migration or embolization of the prosthetic
valve, failure to cross the stenotic aortic valve,
and paravalvular aortic regurgitation.”” Ana-
tomic and functional success was evidenced by
improvement in aortic valve area, increase in
left ventricular ejection fraction, and improved
New York Heart Association functional class, all
of which were sustained at up to 24 months.”

Webb et al'! reported similar results with
retrograde implantation of the Cribier-Edwards
valve in a cohort of 50 patients.!! The main dif-
ference between the two studies was the expected
occurrence of aortofemoral complications with
the retrograde approach.!"** Procedural success
increased from 76% in the first 25 patients to
96% in the second 25, and the 30-day mortality
rate fell from 16% to 8%, which reflected the
learning curve. Importantly, no patients needed
conversion to open surgery during the first 30
days, and at a median follow-up of 359 days 35
(81%) of 43 patients who underwent successful
transcatheter aortic valve replacement were still
alive.!! Additionally, significant improvement
was noted in left ventricular ejection fraction,
mitral regurgitation, and New York Heart As-
sociation functional class, and these improve-
ments persisted at 1 year.!!

Lichtenstein et al’' and Walther et al*? suc-
cessfully implanted the Cribier-Edwards valve
using the transapical approach in a very high-
risk elderly population with poor functional
class. All patients were deemed unsuitable for
standard surgical valve replacement and also
for percutaneous transfemoral aortic valve
implantation because of severe aorto-iliac dis-
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ease. In both studies, the short-term and mid-
term results were encouraging.

These experiences with the Cribier-
Edwards valve showed that device- and
technique-related shortcomings could be ad-
dressed. To date, more than 500 percutane-
ous aortic valve replacement procedures have
been done with the Cribier-Edwards valve
worldwide, with a greater than 95% technical
success rate in the latest cohorts.”® Important-
ly, use of a larger (26-mm) prosthetic valve has
been associated with a lower rate of prosthetic
valve migration or embolization, and with a
significantly lower rate of paravalvular aortic
regurgitation.!'?

M EXPERIENCE WITH
THE COREVALVE SYSTEM

The CoreValve ReValving system is based
on retrograde implantation of the CoreValve
prosthesis—a self-expanding aortic valve
prosthesis composed of three bovine peri-
cardial leaflets mounted and sutured within
a self-expanding 50-mm-long nitinol stent
(taBLe 1).25%° The inner diameter is 21 to 22
mm.?®* This prosthesis has three distinct
structural segments.”®?° The bottom portion
exerts a high radial force that expands and
pushes aside the calcified leaflets and avoids
recoil; the central portion carries the valve,
and it tapers to avoid the coronary artery os-
tia; and the upper portion flares to fixate and
stabilize the deployed aortic valve prosthesis
in the ascending aorta, thus preventing migra-
tion or embolization of the device.”®?° The
main difference between the CoreValve and
the Cribier-Edwards valve is that the Core-
Valve is self-expanding, which theoretically
permits it to conform to different aortic sizes
and to anchor well in the aortic annulus.?*-°
This feature allows the CoreValve to be used
in patients with severe aortic insufficiency and
other noncalcific aortic valvular conditions.
The CoreValve has not yet been deployed via
antegrade or transapical technique.

The first-generation CoreValve prosthe-
sis was first implanted in a human recipient
in 2005.” Since then, improvements have
been made, leading to the development of
second- and third-generation devices. A pilot
study of implantation of the first-generation

VOLUME 75 ¢ NUMBER 11

Downloaded from www.ccjm.org on July 28, 2025. For personal use only. All other uses require permission.

Worldwide,
more than 500
Cribier-Edwards
percutaneous
aortic valve
replacement
procedures
have been done

NOVEMBER 2008 809


http://www.ccjm.org/

Further
refinements
may shift the
risk-benefit
ratio in favor
of earlier,
percutaneous
intervention

810 CLEVELAND CLINIC JOURNAL OF MEDICINE

PERCUTANEOUS VALVE REPLACEMENT

CoreValve® via the retrograde approach in
elderly patients with poor functional class and
severe aortic stenosis had a short-term proce-
dural success rate of 84% (21 of 25 patients),
with a significant reduction in the mean aortic
valve gradient and improved functional class
at 30-day follow-up.?® At 30 days, 17 (94%) of
18 patients had no or only mild aortic regurgi-
tation.”® Procedural limitations and complica-
tions were similar to those with the Cribier-
Edwards valve.

In a study of second- and third-generation
devices (50 patients received a second-genera-
tion device, and 36 received a third-generation
device), again in elderly patients with poor
functional class and severe aortic stenosis, the
short-term success rate of the device was 88%
(76 of 86) in each group. After the procedure,
the mean aortic valve gradient decreased sig-
nificantly and functional class improved sig-
nificantly.”® Immediate after implantation, no
patient had more than moderate aortic regur-
gitation, and in 51 patients (66%) the aortic
regurgitation remained unchanged or im-
proved after CoreValve implantation.”® These
results were maintained at 30-day follow-up.

CoreValve was approved in May 2007 for
clinical use in Europe.”® Of note, CoreValve
has also been used to treat severe aortic regur-
gitation of a degenerated bioprosthetic aortic
valve in an 80-year-old man with multiple co-
morbidities.’

M EXPERIENCE WITH
THE EDWARDS SAPIEN VALVE

The Edwards SAPIEN valve is a modification
of the initial Cribier-Edwards valve and is the
latest percutaneous aortic valve prosthesis to
enter clinical trials (1asLe 1). It is a trileaflet
balloon-expandable stainless steel valve made
from bovine pericardial tissue, available in
two sizes (23 mm and 26 mm). In September
2007, it was approved for use in Europe with
the RetroFlex transfemoral delivery system.
The Ascendra transapical delivery system for
the Edward SAPIEN valve has received ap-
proval in Europe.

The multicenter Placement of Aortic
Transcatheter Valves (PARTNER) trial in
North America is continuing to enroll pa-
tients, with enrollment projected to be com-
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plete by the end of 2008. The aim of this pro-
spective randomized clinical trial is to enroll
1,040 patients in two separate treatment arms.
The surgical arm of the trial is comparing the
Edwards SAPIEN valve with standard surgical
aortic valve replacement, with the objective
of demonstrating non-inferiority. The medical
management arm of the trial is comparing per-
cutaneous valve replacement against medical
therapy or balloon valvuloplasty in patients
considered too high-risk for conventional sur-
gical valve replacement.

The primary end point in both arms is
death at 1 year; secondary end points focus on
long-term (1-year) composite cardiovascular
events, valve performance, and quality-of-life
indicators. Preliminary data on the first 100
patients (74 via the transfemoral [ie, retro-
grade] and 26 via the transapical approach)
who underwent percutaneous Edwards SAPI-
EN valve implantation for compassionate use
showed device durability and symptom relief
at up to 2 years.”® Overall procedural success
was 91%, but, as with other trials, there was
a steep learning curve, so that excluding the
first 25 patients increased the procedural suc-
cess rate to 96%.% Aortic valve size and he-
modynamics, left ventricular systolic function,
mitral regurgitation, and functional class were
all significantly improved. Mild aortic regurgi-
tation was common, but none of the patients
had severe aortic regurgitation. Importantly,
the 15% 30-day death rate was significantly
lower than the expected rate of 33%. The
6-month survival rate was 78%, but the 2-year
rate was 60% in this high-risk elderly cohort.

Walther et al* recently reported outcomes on
their first 50 patients who underwent transapi-
cal implantation of the Edwards SAPIEN valve.
The operators were able to implant the prosthe-
sis in all 50 patients, but 3 required early conver-
sion to open surgery with sternotomy. The over-
all survival at 30 days was 92%, but in the last 25
patients the 30-day survival rate was 96%, with
a 1-year survival rate of 80%.

@ PUTTING THE DATA IN PERSPECTIVE

As noted in this review, a number of factors
make a strong case for timely aortic valve
replacement: the aging population, the in-
crease in incidence and prevalence of aortic
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stenosis,"*?"* the multiple comorbidities
in older patients, and the eventually aggres-
sive natural course of aortic stenosis.! #2740+
Yet current standards dictate not to proceed
with standard surgical aortic valve replace-
ment in patients who are truly asymptomatic
and who have normal left ventricular systolic
function,* mainly because the risks of surgi-
cal valve replacement outweigh the benefits
in this population.'*® Aortic valve surgery
carries a risk of early death of 15% for pa-
tients ages 80 to 84 and of 18% for patients
age 85391012445

These figures seem high when compared
with death rates of 12% in recent studies
of percutaneous valve replacement in simi-
lar patients.!'3% The rates become lower
as the learning curve improves.!l?1:23:27.30.33
Thus, as the design of aortic valve prosthe-
ses and the techniques to implant them are
refined and tested for safety, the risk-benefit
balance may change in favor of earlier inter-
vention in aortic stenosis with a percutaneous
approach.!1?12746 Some experts believe that
in 10 years 10% to 30% of patients undergo-
ing conventional valve replacement will be
candidates for a percutaneous approach.

Of the techniques used to date, the ret-
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