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ortic regurgitation (AR) is a condition where

the aortic valve fails to close properly, lead-

ing to backward flow of blood into the left

ventricle. It is the third most common cause
of valvular heart disease after aortic stenosis (AS) and
mitral regurgitation (MR).

EPIDEMIOLOGY OF AR

The prevalence of clinically significant (moderate or
severe) native AR is estimated to be from 0.5% to 3% of
the general population and varies by age, sex, ethnicity,
and underlying health conditions.? AR can be caused
by abnormalities in the aortic valve, aortic annulus, or
ascending aorta that interfere with appropriate coapta-
tion of the leaflets. In younger individuals, congenital
factors (eg, bicuspid aortic valve, connective tissue
disorders, aortic aneurysm) or a history of rheumatic
fever are the most common causes of AR>3 AR is also
associated with systemic conditions like hypertension
and autoimmune diseases.”“ Other causes of acute AR
include aortic valve endocarditis and aortic dissection.
In older adults, degenerative changes interfering with
leaflet mobility and coaptation are the primary con-
tributors. Sex differences are relatively minor, although
some studies suggest a slightly higher prevalence in
men, potentially linked to a greater incidence of con-
genital heart disease in this population.?

PATHOPHYSIOLOGY OF CHRONIC AR
Chronic AR leads to slow and progressive changes in
cardiac structure and function. In the initial compensa-

tory phase, increased left ventricular (LV) end-diastolic
volume and wall stress lead to adaptive eccentric
hypertrophy.® Systolic function is maintained during
this phase of the disease. Eventually, this adaptation
fails, heralding systolic dysfunction and heart failure.>”
Elevated filling pressures in the left ventricle also reflect
back into the left atrium, contributing to atrial enlarge-
ment and increased risk of arrhythmia.

Unlike AS and MR, which involve consistent disease
progression regardless of initial severity, AR tends to fol-
low a much less rampant course. Severe asymptomatic
AR has a slower progression to LV dysfunction (< 1.5%
yearly) and symptomatic disease (< 5% yearly).® The
condition entails a prolonged initial compensated phase
(with or without LV dilation) and a late decompensated
phase heralded by systolic dysfunction and develop-
ment of symptoms. In a study of 1,077 patients with
stage B AR, Yang et al reported 10-year progression
to stage C or D AR, with mild AR in 12% of patients,
mild-moderate AR in 30%, and moderate AR in 53%.”
At median follow-up, 21% were labeled progressors
(ie, exhibiting more rapid deterioration) and 22% had
died. The incidence of progression was significantly
associated with baseline AR severity, sinotubular junc-
tion, and aortic annulus dimensions. Mortality was sig-
nificantly associated with LV ejection fraction but not
end-systolic dimension. Based on this analysis and oth-
ers, progression to stage C or D AR is estimated to be
approximately 2% to 5% yearly, with a more precipitous
course in patients with larger aortic sizes and bicus-
pid valves.®” Whereas stage C AS or MR carry annual
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TABLE 1. TAVR PLATFORMS WITH DEDICATED DEVICES FOR TREATING AR

- VitaFlow, VitaFlow Liberty (CardioFlow)
- Allegra (NVT AG)
- Navitor, Portico (Abbott)

Valve Type First-Generation AS Devices Second-Generation AS Devices Dedicated AR Devices
(Manufacturer) (Manufacturer) (Manufacturer)
Balloon- - Sapien, Sapien XT - Myval (Meril Life Sciences) -
expandable (Edwards Lifesciences) - Sapien 3 Ultra, Sapien 3 (Edwards Lifesciences)
Self-expanding - CoreValve (Medtronic) - Evolut R, Evolut Pro, Evolut Pro+ (Medtronic) - Trilogy
- Acurate Neo (Boston Scientific | - Acurate Neo2 (Boston Scientific Corporation) - J-Valve (JC Medical)
Corporation) + Trilogy (JenaValve)
- Hydra (SMT)
- VenusA (Venus Medtech)

J Clin Med. 2022;11:4445. doi: 10.3390/jcm11154445

Adapted from Chiarito M, Spirito A, Nicolas J, et al. Evolving devices and material in transcatheter aortic valve replacement: what to use and for whom.

Abbreviations: AR, aortic intervention; AS, aortic stenosis; TAVR, transcatheter aortic valve replacement.

mortality rates nearing 10%, the mortality rate of
asymptomatic severe AR is approximately one-quarter
this figure.®* Consequently, management strategies for
stage C AR have historically emphasized noninvasive
treatment with medical therapy. However, advances in
echocardiography and cardiac MRI now enable better
identification of the transition from compensated to
decompensated (stage D) AR and persuade earlier sur-
gical intervention, conferring survival benefit®

CURRENT MANAGEMENT AND TREATMENT
OPTIONS

The treatment strategy for AR is determined by
condition severity, presence of symptoms, and LV func-
tion.> Management options include both medical and
surgical/interventional approaches.

Medical Management

The goal of medical management is to control
symptoms and slow disease progression. This typically
involves guideline-directed medical therapy to address
LV systolic dysfunction, vasodilators in hypertensive
patients, and diuretics to reduce the volume load.?
Prospective studies on vasodilators (calcium chan-
nel blockers, angiotensin-converting enzyme inhibi-
tors, hydralazine) have shown hemodynamic and LV
remodeling benefits; however, whether this translates
into delaying aortic valve replacement is uncertain.>™
Similarly, although [-blockers have been shown to be
beneficial in animal models and retrospective human
studies, a prospective trial failed to show benefit in

reducing LV end-diastolic volume and even suggested

a potential risk for harm.’®" Taken together, these
measures can provide symptomatic relief and possi-

bly delay disease progression, but they are not a cure.
Conservative management of severe symptomatic AR is
associated with a > 20% 1-year mortality.’

Surgical Management

Intervention should be considered early in the dis-
ease course and definitively sought when symptoms or
LV dysfunction develop because it confers a significant
survival benefit.>'> The primary surgical options are aor-
tic valve replacement and, less commonly, valve repair.
Aortic valve replacement can be performed using either
surgical or, more recently, transcatheter approaches.
The most recent 2020 American College of Cardiology/
American Heart Association valve guidelines reserve
class | indications for surgical aortic valve replacement
(SAVR) in symptomatic, severe AR (stage D); severe
asymptomatic AR with LV dysfunction (stage C2); and
those undergoing cardiac surgery with stage C or higher
disease.? Valve repair is generally reserved for specific
cases, such as certain congenital defects (eg, bicuspid aor-
tic valve). In a recent analysis of the Society of Thoracic
Surgeons database for patients who underwent isolated
SAVR for moderate or worse AR, a 1.1% overall operative
mortality was reported. Mortality was lowest in stage B
disease at 0.4% and highest in stage D disease at 1.6%."

Despite the clear benefits of surgical intervention,
approximately 20% of patients with severe symptomatic
AR and depressed LV function (ejection fraction between
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Figure 1. Transfemoral Trilogy/JenaValve.

30%-50%) are referred for SAVR." This number decreases
significantly to approximately 3% when the ejection
fraction falls below 30%. This gap highlights the need

for alternative treatment options for high-risk patients.
To address this unmet need, transcatheter aortic valve
replacement (TAVR) has been used to treat patients with
native AR and a prohibitive risk for surgical intervention.

TRANSCATHETER AORTIC VALVE
REPLACEMENT IN AR

TAVR was initially developed for AS and has progres-
sively been adapted for patients with native AR." Early
attempts involved using off-label devices that were
approved in AS (Table 1), including self-expanding and
balloon-expandable valves. However, the application of
TAVR for AR presents several challenges that are not
encountered in AS."2 TAVR prostheses are oversized to
the annular dimensions and use the valvular calcifica-
tion or fibrotic tissue to anchor. Native AR often involves
dilation of the aortic root or ascending aorta, a more
horizontal aorta, minimal or no valve leaflet calcification,
and a highly elastic aortic annulus."” The absence of valve
calcification and the elastic properties of the aorta com-
plicate TAVR prosthetic sizing and anchoring, leading to
oversizing the prosthetic up to 50%.

Early Results and Challenges

Early use of first-generation TAVR devices for native
AR was associated with significant complications,
including high rates of device embolization, residual
valvular and paravalvular regurgitation, need for second
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valve, and permanent pacemaker placement.? Recent
meta-analyses comparing TAVR with SAVR have high-
lighted these concerns. Mentias et al found comparable
short-term survival at 30 days, but longer follow-up
(median, 31 months) revealed increased all-cause mor-
tality, heart failure, and need for repeat TAVR in the
transcatheter group.™ Elkasaby et al similarly reported
no difference in short-term in-hospital mortality but
noted a higher rate of pacemaker implantation after
TAVR compared to SAVR.”® These studies had limita-
tions due to their reliance on smaller, single-center, ret-
rospective analyses based on outdated first-generation
TAVR platforms.

Results With Contemporary TAVR Devices

To address limitations of previous data, the
PANTHEON study was designed to retrospectively
evaluate newer-generation TAVR devices approved for
AS in patients with severe symptomatic native AR.?
The study included 201 patients who underwent TAVR
between 2018 and 2022. The results of the study still
revealed notable risks. At 30 days, approximately 12%
of patients experienced valve embolization, 10% had
residual moderate or greater AR, 22% required pace-
maker implantation, and 10% required a second valve.
At 1 year, 17% experienced the primary composite
endpoint of heart failure or all-cause death. These find-
ings were unexpected because despite advancements
in technology and outcomes for AS, the study showed
that these improvements had not translated into better
outcomes for AR. The results highlighted the continued
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TABLE 2. STUDIES EVALUATING TAVR IN SEVERE AR

Valve Type Device/Intervention Primary Endpoint | Analysis Results/Discussion
Treede et al/CE Mark | Trilogy/JenaValve in 30-day all-cause | - Mortality: 7.6% - First single-arm, prospective trial evalu-
trial (2012)" severe symptomatic AR | mortality ating the Trilogy system in severe AR

- Conducted in 67 patients with mean
logistic EuroSCORE of 28.4% + 6.5%

- High device implantation success rate
(89.6%)

ALIGN-AR (2023)" Trilogy/JenaValve in I-year all-cause - Mortality: 7.8% at | - A refinement of the European CE-Mark
severe symptomatic AR | mortality 1year, achieving trial in an American cohort
25% noninferiority | . Single-arm, prospective trial of 180
margin patients with mean STS-PROM score of
41%

- Showed high device implantation suc-
cess rate of 95%, low complications, and
improvement in HF symptoms

Garcia et al/North Compassionate use of | 30-day and - Mortality: 1% and | - Analyzed 27 patients in 5 years (2018-
American J-Valve J-Valve in symptomatic | 30-day to I-year 2% 2022) with a median STS score of 43
registry study (2023)" | severe AR outcomes - Stroke: 1% and 0%
- New PPM: 3%
and 1%
- Moderate or
greater AR: 0%
and 1%
PANTHEON (2023)2 | Current TAVR platforms | In-hospital events, | - For composite out- | - Retrospective study of 201 patients with
in symptomatic severe | procedural suc- come: HR 245 (Cl, |  median STS score of 5.1
AR cess, and 1-year 100-6:18; P=.05) | . TAVRin AR was significantly associated
composite of with higher 1-year composite of death or
all-cause death HF (HR, 2.45) and death (HR, 4.06)
and HF - Showed all-cause death was significantly
associated with valve embolization

Thoracic Surgeons.

Abbreviations: AR, aortic intervention; HF, heart failure; HR, hazard ratio; PPM, permanent pacemaker; PROM, predicted risk of mortality; STS, Society of

need for specialized valve platforms to effectively tackle
the distinct challenges associated with native AR.

DEDICATED PLATFORMS FOR AR

Currently, the Trilogy valve (JenaValve) and J-Valve
(JC Medical) are the only transcatheter platforms spe-
cifically designed to address the unique challenges of
native AR." In AS, calcification of the annulus and leaf-
lets provides an anchor, allowing the frame to stabilize
against the aortic wall and avoid embolization. In AR,
the paucity of calcium at the aortoventricular junc-
tion means there is no reliable anchoring surface. The
key feature of dedicated AR platforms is a specialized
anchoring mechanism comprising a nitinol stent frame
designed to grasp the three aortic valve leaflets.’®"

Trilogy Valve

The Trilogy valve has a self-expanding nitinol stent
frame, three anchoring clips with localization mark-
ers, and porcine pericardial tissue as the valve material
(Figure 1)."'8 Currently, the valve comes in three sizes:
small (21-24 mm), medium (23-25 mm), and large (24-
27 mm), and the transfemoral delivery system requires
an 18-F arterial sheath.™ Valve use was validated through
a European CE Mark trial published in 2012, which
showed high procedural success of 90% and a 7.6% mor-
tality rate at 30 days with transapical delivery.” The sys-
tem received CE Mark approval in 2021.

The more contemporary ALIGN-AR study was a pro-
spective, multicenter, single-arm trial conducted in the
United States from 2018 to 2022. In 180 patients with
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severe symptomatic AR at prohibitive surgical risk, Trilogy
showed a high procedural success rate of 95% and low
30-day mortality (2%), stroke (2%), moderate or greater
residual AR (< 1%), and device embolization (2%)."
Mortality at 1 year was 8%, meeting the primary efficacy
endpoint for noninferiority, a margin set by previous clini-
cal valve studies. Although pacemaker rates were initially
high at 24%, they went down over the course of the trial
with optimization of implantation technique and operator
experience. Clinically, patients experienced improvement
in heart failure symptoms and positive LV remodeling. The
Trilogy valve has not been studied proficiently in patients
with bicuspid AR. Due to its sizing matrix, patients with a
large aortic annulus cannot be treated with this prosthetic.
A continued access registry of high-risk patients is ongoing
and will continue until FDA approval of the prosthetic,
and an intermediate-risk trial is planned in the future.

J-Valve

Also a self-expanding valve, J-Valve employs an anchor-
ing mechanism comparable to JenaValve and has three
rings to stabilize the bioprosthesis.” Features of contrast
include a shorter profile and bovine pericardial tissue
as the valve material. Five sizes are currently available:

22, 25, 28, 31, and 34 mm. Similar to JenaValve, an 18-F
sheath is used for transfemoral delivery.

A 2023 multicenter registry analysis by Garcia et al
evaluated compassionate use of J-Valve in patients with
severe symptomatic AR who were considered high sur-
gical risk." Among 27 patients, 30-day outcomes were
favorable, with 1% mortality, 1% stroke, 3% requiring
a permanent pacemaker, and no cases of significant
residual AR. Cumulative 1-year outcomes revealed 3%
mortality, no additional strokes, 4% pacemaker implan-
tation, and 1% moderate or greater AR. The overall pro-
cedural success rate was 81%, with a 100% success rate
in the latter half of valve recipients, reflecting technical
refinement with time. An ongoing early feasibility clinical
trial (NCT06034028) is assessing this valve platform for
severe symptomatic AR, with results anticipated by 2029.2°

Sahar Samimi, MD, presented an unpublished meta-
analysis at New York Valves 2024 that compared off-
label TAVR to the dedicated AR platforms (Trilogy
valve and J-Valve).2" The analysis found that dedicated
devices were associated with lower 30-day all-cause
mortality (3% vs 11%), lower residual moderate-severe
AR (1% vs 8%), fewer reinterventions (2.5% vs 8%), and
reduced device embolization (2% vs 11%).

FUTURE DIRECTIONS
Transcatheter treatment for native AR is promising, with
ongoing advancements focused on refining device technol-

ogy. Innovative valve designs, such as enhanced anchoring
mechanisms and tailoring to the unique challenges of

AR, are being developed to address issues like aortic root
dilation and minimal leaflet calcification. Ongoing clinical
trials and research aim to refine these devices, improving
outcomes and reducing complications like residual regurgi-
tation and valve embolization (Table 2).%'>"7" Broadening
the eligible population to include patients with bicuspid
aortic valve, large aortic annulus, or intermediate risk will
likely be the focus of future clinical trials.

Advancements in imaging and procedural techniques
will further enhance the precision of valve placement
and sizing. Additionally, personalized approaches,
including use of patient-specific anatomic data, are
expected to optimize treatment efficacy. As these
technologies evolve, they promise to offer safer, more
effective options for patients with severe symptomatic
AR, potentially improving long-term outcomes and
expanding the benefits of TAVR to a broader patient
population. m
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