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Introduction

Transcatheter aortic valve implantation for pure native aortic
regurgitation has less than optimal results compared with
the current outcomes of transcatheter aortic valve replace-
ment (TAVR) in aortic stenosis patients.

Transcatheter aortic valve implantation established itself
as a noninferior treatment option compared with the gold-
standard surgical aortic valve replacement (SAVR) for symp-
tomatic patients with severe aortic stenosis. The procedure
proves to be safe and efficient with excellent short-term
durability.1–3

SAVR is the current treatment option for patients with
aortic regurgitation (AR).2,4 The surgical treatment has ex-

cellent short- and long-term outcomes, even in patients with
reduced left ventricular function.2,5 Nonetheless, the sober-
ing findings of the Euro Heart Survey indicated that 7.8% of
patients with AR “had no intervention regardless of there
was an indication for intervention,” according to the guide-
lines. The survey also showed that AR was present in 369
patients (13.3%) with single native left-sided valve disease,
while aortic stenosis patients represented 43.1% of patients.6

In an unselected population, the prevalence of AR in the
general population was identified in the Framingham study
to be 13.0% ofmen and 8.5% of women. All were diagnosed by
echocardiography.6 The prevalence of aortic valve incompe-
tence rises by 2.3 times with each decade of life.7 The choice
of nonoperative treatment leads to a yearly death rate of 10
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Abstract Patients with aortic incompetence frequently present with anatomical and pathologi-
cal challenges such as elliptical dilated annulus, dilated aortic root, dilated ascending
aorta, and with no calcification in the aortic cusps or annulus. Patients are commonly in
graver clinical condition as a result of a long silent clinical course before overt
congestive heart failure. All of the above make transcatheter therapies for native
aortic valve regurgitation more challenging with poorer outcomes, escalating the risk
of insufficient anchoring, prosthesis migration, and residual paravalvular leak com-
pared with current transcatheter aortic valve replacement (TAVR) outcomes for aortic
stenosis. There is a need for specialized TAVR devices to address this complex
pathology. Surgical aortic valve replacement is the current treatment option and
the gold standard for patients with aortic incompetence (AR). Currently, the specific
off-label indication for TAVR in pure native AR could be a feasible and reasonable
option, as a compassionate treatment is limited to inoperable patients and agreed on
by the heart team.
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to 20%6 which is worse for patients with poor ventricular
function7 (►Fig. 1).

The prohibitive complications of valve migration and
paravalvular leakage (PVL) preclude the widespread use
of TAVR for the treatment of patients with native AR. The
Jena-Valve system (Jie Cheng Medical Technology Co., Ltd.,
Suzhou, China) is a self-expanding transcatheter heart valve
with a unique two-piece structure design (►Fig. 2) that
comprises of three U-shaped graspers around the valve
stents. The J-valve was approved for AR and aortic stenosis
(AS) by China Food and Drug Administration in 2017.8 A
steep learning curve is needed for TAVR in patientswith pure
AR using the J-valve, which is still an off-label use in the
Western world with variable and less-satisfactory outcomes
compared with surgical AVR or TAVR for AS. The composite
and heterogeneous pathophysiology of the aortic root com-
plex usually requires correction of multiple components of
the aortic root, than just replacing or repairing the aortic
valve. It is therefore not surprising that TAVR, which only
addresses the aortic valve cusps, has not achieved the desired

outcomes till date. This mini review highlights the current
understanding of treatment of aortic valve incompetence.

Pathogenesis of Aortic Incompetence and Its
Implication on Intervention

As clinician facing thought-provoking complex patients, we
have to choose between procedures associated with subop-
timal clinical outcomes versus poor prognosis without inter-
vention. This is why the off-label uses of TAVR in the
treatment of native pure AR have expanded in the last
decade.6 The pathogenesis of aortic stenosis is commonly
restricted to the leaflet and the annulus of the aortic valve,9

in contradistinction to the diverse pathology that leads to
aortic regurgitation.10 This is frequently degenerative but
other pathological entities affect the function of the aortic
root in patients with aortic regurgitation. Therefore, patients
with AR have more intricate and inconstant anatomy. Fre-
quently, they present with an elliptical annulus, dilated
aortic root, dilated ascending aorta, or all of the above.

Fig. 1 The survival of patients with severe native aortic valve regurgitation and impaired left ventricular function with and without aortic valve
replacement. AVR, aortic valve replacement; EF, ejection fraction. Image Courtesy: Kamath et al.7

Fig. 2 Current transcatheter aortic valve replacement valves commonly used to treat aortic incompetence patients. (A, B) Sapien,
(C) CoreValve, (D) Jena-valve.
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Furthermore, the absence of calcification, the aortic cusps
and the large annular size escalate the risk of insufficient
anchoring, prosthesis migration, and residual PVL. All of the
above makes transcatheter therapies for AR more challeng-
ing.11 Another worry is that a fraction of AR is instigated by
continued dilation of the annulus, aortic root, or ascending
aorta due to aortopathy. The annual expansion of thoracic
aortic aneurysms is approximately 0.3 cm12 which increases
the risk of recurrent PVL and aortic dissection. Patients with
an ascending aorta aneurysm had an inadequate response to
treatment with TAVR (75% of patients died within 6 months
of treatment).13 Besides, the lack of valvular calcification
correlates strongly with the need for deployment of a second
valve. Incidence of valve-in-valve procedures and residual AR
were 30 and 88%, respectively, in the cohort reported by
Testa et al,14 pointing to the limitations of current devices for
use in this specific off-label indication.15 Yoon et al16 pub-
lished results of their review of a pure native AR, TAVR
registry, and reached similar conclusions.

To add to the difficulties, patients with aortic insuffi-
ciency present frequently in grave clinical condition as a
result of a long silent clinical course culminating into
congestive heart failure, due to excessive volume overload,
heightened left ventricular wall stress, deterioration of the
ventricular function, and progressive pulmonary hyperten-
sion. All of the factors as mentioned earlier increase the
risks of the procedure leaving patients with native AR more
vulnerable to complications and leading to poorer outcomes
compared with complex, high-risk patients with aortic
stenosis.17

At present, existing transcatheter valves are not per-
mitted for annular measurements beyond 28mm in diam-
eter. Additionally, the unusual anatomy of the aortic root
in patients with AR offsets the primary mechanism of
action of transcatheter valves which aim to dilate the
stenosed calcified valve. Malpositioning, migration, and
significant PVL can only be avoided by substantial over-
sizing, at increased risk of annular disruption or valve
dislodgment.

However, those implantations were still considered off-
label, and the researchers acknowledged that therewas room
for improvement in device development for that challenging
population.

Attempts to produce devices specific for treating AR
continued. The Helio dock (Edwards Lifesciences, Irvine,
CA) is an additional device that is expected to bestow better
annular fixation to the Edwards SAPIEN XT valve.18,19 The
dock is a self-expandable nitinol stent with a polyethene
skirt (►Fig. 2) that is deployed outside and around the
leaflets. This secures the balloon-expandable SAPIEN XT
heart valve by including and catching the native cusps.
Following the first-in-human successful implantation, a pilot
trial of the procedure was performed in four patients with
severe native valve AR who were deemed inoperable.11

Although initial results were encouraging, the docking tech-
nique has not gained traction, presumably due to the com-
plexity of the technique and lack of immediate availability of
next-generation valves. At present, the manufacturer has
discontinued production of the Helio dock (►Fig. 3).

Presently, there are no transcatheter devices designated
for the treatment of isolated, noncalcified native aortic valve
regurgitation (NAVR).20 The Jena valve was designed with
distinctive clips and has been used off-label to treat native
aortic valve AR. In 254 patients who had a procedure for
NAVR, most patients were treated via a transfemoral proce-
dure, and the most commonly used device was Corevalve
(►Fig. 4). Contrast usewas excessive. A total of 60% cases had
to be done under general anesthesia. Extended hospital stay
averaged 12 days, including 4 days in the intensive care unit.
New pacemaker implantation was nearly 20%.20,21

Conclusion

Aortic regurgitation remains a challenging pathology for
TAVR when “technology provides devices specifically
designed to treat this complex condition,” TAVR would be
“a feasible and reasonable option” for patients with pure AR.
For now, there are no specifically designed devices, and TAVR

Fig. 3 The Helio doc for the Edwards SAPIEN valve.
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for AR is compassionate treatment for inoperable patients.
SAVR is still the gold-standard treatment for AR.

Funding
None.

Conflict of Interest
The authors declare no conflict of interest related to this
article.

Acknowledgment
None.

Reference
1 Leon MB, Smith CR, Mack M, et al; PARTNER Trial Investigators.

Transcatheter aortic-valve implantation for aortic stenosis in
patients who cannot undergo surgery. N Engl J Med 2010;363
(17):1597–1607

2 Smith CR, Leon MB, Mack MJ, et al; PARTNER Trial Investigators.
Transcatheter versus surgical aortic-valve replacement in high-
risk patients. N Engl J Med 2011;364(23):2187–2198

3 Leon MB, Smith CR, Mack MJ, et al; PARTNER 2 Investigators.
Transcatheter or surgical aortic-valve replacement in intermedi-
ate-risk patients. N Engl J Med 2016;374(17):1609–1620

4 Nishimura RA, Otto CM, Bonow RO, et al; American College of
Cardiology American College of Cardiology/American Heart As-
sociation American Heart Association. 2014 AHA/ACC guideline
for the management of patients with valvular heart disease: a
report of the American College of Cardiology/American Heart
AssociationTask Force on Practice Guidelines. J Thorac Cardiovasc
Surg 2014;148(01):e1–e132

5 Gummert JF, Funkat AK, Beckmann A, et al. Cardiac surgery in
Germany during 2010: a report on behalf of the German Society
for Thoracic and Cardiovascular Surgery. Thorac Cardiovasc Surg
2011;59(05):259–267

6 Roy D, Sharma R, Brecker SJ. Native aortic valve regurgitation:
transcatheter therapeutic options. EuroIntervention 2013;9
(suppl):S55–S62

7 Kamath AR, Varadarajan P, Turk R, et al. Survival in patients with
severe aortic regurgitation and severe left ventricular dysfunction
is improved by aortic valve replacement: results from a cohort of
166 patients with an ejection fraction < or ¼35%. Circulation
2009;120(11, suppl):S134–S138

8 Akinseye OA, Pathak A, Ibebuogu UN. Aortic valve regurgitation: a
comprehensive review. Curr Probl Cardiol 2018;43(08):315–334

9 Olszowska M. Pathogenesis and pathophysiology of aortic valve
stenosis in adults. Pol Arch Med Wewn 2011;121(11):409–413

10 Maurer G. Aortic regurgitation. Heart 2006;92(07):994–1000
11 Sawaya FJ, Deutsch MA, Seiffert M, et al. Safety and efficacy of

transcatheter aortic valve replacement in the treatment of pure
aortic regurgitation in native valves and failing surgical biopros-
theses: results from an international registry study. JACC Cardi-
ovasc Interv 2017;10(10):1048–1056

12 Shang EK, Nathan DP, Sprinkle SR, et al. Peak wall stress predicts
expansion rate in descending thoracic aortic aneurysms. Ann
Thorac Surg 2013;95(02):593–598

13 Roy DA, Schaefer U, Guetta V, et al. Transcatheter aortic valve
implantation for pure severe native aortic valve regurgitation. J
Am Coll Cardiol 2013;61(15):1577–1584

14 Testa L, Latib A, Rossi ML, et al. CoreValve implantation for severe
aortic regurgitation: a multicentre registry. EuroIntervention
2014;10(06):739–745

15 Frerker C, Schewel J, Schewel D, et al. Expansion of the indication
of transcatheter aortic valve implantation–feasibility and out-
come in “off-label” patients compared with “on-label” patients. J
Invasive Cardiol 2015;27(05):229–236

16 Yoon SH, Schmidt T, Bleiziffer S, et al. Transcatheter aortic valve
replacement in pure native aortic valve regurgitation. J Am Coll
Cardiol 2017;70(22):2752–2763

17 Praz F, Windecker S, Huber C, Carrel T, Wenaweser P. Expanding
indications of transcatheter heart valve interventions. JACC Car-
diovasc Interv 2015;8(14):1777–1796

18 Tofield A. Feasibility trial reports deployment of new device for
TAVI in aortic insufficiency. Eur Heart J 2013;34(33):2578

19 Barbanti M, Ye J, Pasupati S, El-Gamel A, Webb JG. The Helio
transcatheter aortic dock for patients with aortic regurgitation.
EuroIntervention 2013;9(suppl):S91–S94

20 Schlingloff F, Schäfer U, Frerker C, Schmoeckel M, Bader R. Trans-
catheter aortic valve implantation of a second-generation valve
for pure aortic regurgitation: procedural outcome, haemody-
namic data and follow-up. Interact Cardiovasc Thorac Surg
2014;19(03):388–393

21 Dvir D, Webb JG, Bleiziffer S, et al; Valve-in-Valve International
Data Registry Investigators. Transcatheter aortic valve implanta-
tion in failed bioprosthetic surgical valves. JAMA 2014;312(02):
162–170

Fig. 4 Percentage of different transcatheter aortic valve replacement
valves used in treatment of native aortic valve regurgitation.

AORTA Vol. 9 No. 2/2021 © 2021. The Author(s).

Transcatheter Aortic Valve Replacement in Native Aortic Regurgitation Needs Novel Devices Gamel 59


