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Abstract: Transcatheter aortic valve implantation (TAVI) has revolutionised the management of aortic
valve disease, offering a less invasive alternative to traditional surgical valve replacement for severe
aortic stenosis (AS). TAVI for pure aortic regurgitation (AR) is less well established, and, in fact, it
was previously labelled as a relative contraindication. However, TAVI has been utilised for selected
cases of pure or predominant AR. The primary limitations regarding the use of TAVI in AR are
related to the absence of anatomical factors seen in patients with AS that have contributed to the
safe and stable functioning of current-generation prostheses. These include aortic root dilatation,
mobile valve leaflets and labile blood pressure within the aortic root, which may further increase the
risk of valve migration and periprosthetic leak after deployment. Furthermore, patients with AR
have more heterogeneous aortic root anatomies when compared to the population of patients with
calcific or degenerative AS. This review article describes the current evidence for the off-label use of
TAVI in pure AR and the various clinical syndromes associated with AR where there may be specific
challenges in the application of TAVI.

Keywords: transcatheter aortic valve implantation; aortic regurgitation; bicuspid aortic valve;
valve-in-valve TAVI; JenaValveTM

1. Introduction

TAVI for the treatment of severe symptomatic AS is now the dominant therapy for
patients with this disease [1]. The first-generation TAVI devices faced challenges in terms
of valve design, delivery systems and procedural techniques; however, subsequent gen-
erations have evolved to include significant improvements in these domains, enhanc-
ing the stability of the prosthesis at the level of the aortic annulus, the seal around the
frame, as well as the delivery of the implant through lower profile and more reliable
delivery systems.

TAVI in pure AR is not a first-line treatment, and the experience of this is relatively lim-
ited. The reason for this is largely because pure AR is seen in association with a much more
heterogenous group of clinical syndromes; in addition, the anatomical factors seen in this
situation are not necessarily suited to the design of the current generation of TAVI valves.
The important anatomical considerations in this discussion are summarised in Figure 1,
and these are referred to with respect to different patient subtypes throughout this review
article. Firstly, native or bioprosthetic valve leaflets are relatively immobile in patients with
severe AS and are typically thickened, which is a factor that helps the TAVI frame stabilise
and ultimately anchor following deployment. In contrast, in patients with AR, the leaflets
may be hypermobile, degenerated or friable, creating a somewhat unpredictable risk of
valve or leaflet embolisation and interaction with the coronary artery ostia or sinuses. The
native aortic annulus (prosthetic valve frame or, alternatively, neoannulus in patients with
degenerated prostheses) may be significantly more heterogeneous in terms of shape and
size in patients with AR, depending on the underlying cause. The Sinuses of Valsalva
and ascending aorta are frequently enlarged or abnormal in patients with native AR, and
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they may be confined and hazardous in terms of proximity of the valve and coronary
arteries in those with prosthetic AR. The sealing skirt of modern TAVI prostheses has been
designed and marketed to minimise paravalvular leak in patients with calcific AS; however,
this narrows the margin of error in depth of implantation. This may be harder to reliably
achieve in patients with AR, particularly those with labile haemodynamics within the aortic
root. Where the TAVI is implanted too deep, the sealing skirt may not have any impact on
a paravalvular leak; however, if the TAVI is implanted too high, this may increase the risk
of coronary obstruction. Finally, where severe AS is characterised by a single high-velocity
forward jet, the haemodynamics within the aortic root in severe AR are more dynamic
as a result of ventricularised pressure, alternating high-volume forward and backward
flow and frequently eccentric regurgitant jets. With these factors to consider, stable im-
plantation of a modern generation TAVI device is possible but likely to be less predictable.
Figures 1 and 2 demonstrate the anatomy and structure of different types of TAVI valves.
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Figure 1. Anatomy of a TAVI.

Over the last few years, new generation devices (such as the J valveTM and Jena
ValveTM) have shown promising results in regard to addressing these challenges and al-
lowing for reasonable valve positioning and anchoring. To appropriately select patients, a
detailed peri-operative assessment is necessary, which includes a multidisciplinary heart
team assessment and a comprehensive 3D assessment of the aortic valve through tran-
soesophageal echocardiography (TOE) and computed tomography (CT) to gain detailed
information about the aortic valve annulus, leaflets and aortic root, allowing for appropri-
ate valve sizing. A multidetector CT also provides crucial information about a patient’s
iliofemoral anatomy for vascular access. A review of the latest case series and registry data
has shown success rates between 75–100% [3–10]. Table 1 highlights several case series
and registries for TAVI in AR based on the type of device, with newer generation devices
demonstrating better outcomes.
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Table 1. Device type, patient characteristics, echocardiographic parameters, and success rates of
included case series.

Study Number Device Type Age Mean LVEDD,
mm Success %

Sawaya et al. [8] 78
CoreValveTM, JenaValveTM,

DirectFlowTM, Sapien XTTM, Sapien 3TM,
Evolut RTM, LotusTM

74 58.5 72%

Liu H et al. [11] 47 J-ValveTM 73.7 59.2 100%
Schofer et al. [12] 11 Direct flow valveTM 75 59 91%

Roy et al. [13] 43 CoreValveTM 75 59 98%

Yoon et al. [14] 331

CoreValveTM, JenaValveTM,
DirectFlowTM, Sapien XTTM, Sapien 3TM,

Evolut RTM, LotusTM, PorticoTM, EngagerTM,
AcurateTM

74 N/A 74%

Liu H et al. [15] 43 J-ValveTM 73.9 60.5 97.7%
Seiffert et al. [16] 26 JenaValveTM 73 N/A 97%

It is important to note that there have been no randomised control trials investigating
the use of TAVI in severe AR, highlighting that current available evidence stems largely
from observational studies. Despite their inherent observational nature, these studies have
demonstrated reasonable outcomes in patients with prohibitive surgical risks. Such patients
would otherwise be managed with optimal guideline-directed medical therapy only, which
typically results in substantial morbidity and mortality [17]. Most recently, the ALIGN-AR
trial, a single-arm multicentre prospective trial, has shown a 92.8% procedural success, with
significant improvement being seen in left ventricular end systolic diameters and quality of
life (as measured by KCCQ-OS and the New York Heart Association (NYHA) functional
class) [18].

2. Patient-Specific Considerations in the Application of TAVI for Severe AR
2.1. Pathophysiology of AR and Indications for Intervention

The pathophysiology of AR is heterogeneous across a spectrum of diverse groups
of patients, often with a different primary pathology. Broadly, most patients will have
diseased or degenerative aortic valve leaflets or an aortic root anatomy structurally related
to the valve. This can result from congenital or acquired valvular disease and dilatation
or deformation of the aorta itself. The most common congenital anomaly is a bicuspid
aortic valve. Acquired causes often involve degenerative changes, such as aortic valve
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calcification or rheumatic heart disease. Other causes include infective endocarditis and
connective tissue disorders. The regurgitant flow in severe AR leads to volume overload of
the left ventricle, increased wall stress and subsequent ventricular remodelling. Acute AR
is commonly caused by infective endocarditis, aortic dissections or bioprosthetic structural
valve deterioration, which can be because of an acute leaflet tear.

Aortic regurgitation affects around 13% of the population; however, severe aortic
regurgitation has a relatively low prevalence, estimated to be around 0.5%−2% [19]. Preva-
lence increases with age, particularly in men, although it is important to note that patients
with AR are younger than those with AS, necessitating a durable intervention. This is
contrary to patients with severe AS, who are often elderly, frail and may have prohibitive
surgical risks, elements which would make them seek a minimally invasive procedure that
offers symptomatic relief and quality of life rather than a durable long-term solution to
their disease.

The clinical presentation of AR can vary depending on the severity and chronicity of
the condition. Acute aortic regurgitation often requires urgent surgery due to rapid cardiac
decompensation. It can occur as a result of aortic dissection, infective endocarditis, trauma
or can even be iatrogenic due to a catheter-based cardiac procedure. On the other hand,
patients with chronic aortic regurgitation may remain asymptomatic for a long period.
Symptoms typically manifest as palpitations or heart failure symptoms, including exertional
dyspnoea, orthopnoea, fatigue and peripheral oedema. Severe AR is characterised by an
effective regurgitation orifice area >0.3 cm2, regurgitant volume >60 mL, a regurgitant
fraction of >50% and a Left ventricular outflow tract (LVOT) vena contracta of >0.6 cm, as
well as a pressure half time of <200 ms. The gold standard treatment of severe symptomatic
AR is surgical aortic valve replacement (SAVR) regardless of left ventricular function. SAVR
is also indicated in patients with asymptomatic severe AR and left ventricular dysfunction
with an ejection fraction of less than 55% or a LVESD of >50 mm or LVESD >25 mm/m2.
SAVR is also indicated in patients with severe asymptomatic AR undergoing CABG or
surgery on another cardiac valve. [17]. Without intervention, mortality can be as high
as 20% [20,21]. Thourani VH et al. found that there was a 62% reduction in mortality
in patients with severe symptomatic AR who underwent SAVR compared to those who
did not undergo surgery [22]. This highlights the need for alternative minimally invasive
therapy to reduce morbidity and mortality in these patients with prohibitive surgical risk.

2.2. Subtypes of AR
2.2.1. AR in Degenerative Trileaflet Disease without Aortopathy

AR in patients with degenerative aortic valve disease without a congenital substrate
might be apparent because of myxomatous disease, prior endocarditis [23] or asymmetric
degenerative calcific disease. In these patients, the major challenge to offering TAVI in a
patient unsuited to a surgical option relates to overcoming the consequences of thin or hy-
permobile leaflets (which do not facilitate device-anchoring or stability during deployment)
and the haemodynamic environment within the aortic root. Whilst one may hypothesise
that this might be best overcome by an oversized self-expanding/repositionable prosthesis,
a study of patients undergoing TAVI for pure AR without aortopathy revealed that the
newer generation of balloon expandable (BE) valves performed the best with respect to
short-term clinical outcomes with less oversizing required [14]. Furthermore, it would
seem from this study that the extent of residual AR following TAVI in this patient group
was independently associated with adverse outcomes, which were relatively frequent in
the group as a whole.

2.2.2. AR Associated with Aortopathy

AR due to aortopathy results from noncoaptation of the aortic leaflets secondary to
aortic root dilatation. This can be congenital (i.e., due to various types of connective tissue
disorders such as Marfan syndrome, Ehlers−Danlos syndrome and Turner syndrome)
or acquired (i.e., ascending aortic dilation or aneurysm formation due to long-standing
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hypertension and atherosclerosis). An aortic root >5.5 cm increases the risk of aortic
dissection and consequential mortality. The treatment of AR secondary to aortopathy can
be particularly challenging, as the annular diameters can quickly change if the procedure
is not performed promptly after imaging is obtained. Figure 3 highlights a few types of
root aortopathy. Furthermore, significant aortic root dilatation necessitates a replacement
of the ascending aorta to mitigate risks of aortic dissection, a procedure which would
be best performed alongside a SAVR. There is no published data on the use of TAVI
for the treatment of aortopathy-related aortic regurgitation However, the progression of
aortopathy associated with aortic stenosis has been shown to be reduced by TAVI [3]. It is
also worth noting that several less surgically intensive strategies exist to stabilise aortic root
dilatation in those who do not require full aortic root replacement (including external aortic
wrapping [24] or the PEARS (Personalised external aortic root support) procedure, both
of which can be performed off-pump [3]; additionally, TAVI could be used in conjunction
with minimally invasive surgical strategies such as these in theory.
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Figure 3. Aortopathy classification highlighting limitations in the use of TAVR with deformed and
enlarged anatomy. Dotted line represents the widest part of the aorta. R1 depicts aortic root dilatation
without ascending aorta dilatation. R2 depicts aortic root dilatation with the red line demonstrating
ascending aorta dilatation. (Modified and reprinted from Minhjia Ma et al. [25]).

2.2.3. AR Associated with Bicuspid Aortic Valve

Bicuspid aortic valve (BAV) disease is the most common congenital heart defects,
occurring in 1–2% of the population and resulting in aortic valve stenosis, regurgitation or a
combination of both [26]. Several phenotypes are known and classified variously according
to the Sievers or Dichotomous classification [27]. Figure 4 highlights the types of bicuspid
aortic valves as classified by the Sievers and Schimdtke classification system. There is now
comprehensive experience of TAVI for patients with severe aortic stenosis and bicuspid
anatomies [28]. However, anatomical challenges exist in these patients, particularly those
managing abnormally low calcium burdens, elliptical, shallow or dilated anatomies, as
well as those associated with predominant AR. Certain valves, such as the J-valveTM, are
specifically designed for a trileaflet valve with three anchoring rings; this would result in
technical challenges in deployment in a bicuspid aortic valve, particularly in bicommisural
non-raphe- type BAVs (Sievers 0) [29]. Although there are various case reports and a
series on the use of TAVI for pure AR, no detailed subgroup analyses have shown the
inclusion of patients with bicuspid-related AR. Data is thus scarce, and there are no reports
on the use of TAVI in pure or predominant AR associated with bicuspid aortic valves. In
a single centre prospective study, Jung J et al. found that patients with bicuspid aortic
valve stenosis, and an ascending aorta of <50 mm, who underwent TAVI did not experi-
ence progressive aortopathy over a 12-month follow-up period (aortic diameter change
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−0.11 mm + −1.9 mm/year SD p = 0.50) [3]. Further large-scale studies are necessary to
support these findings.
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Figure 4. The Sievers and Schmidtke classification system for the bicuspid aortic valve. Type 0 BAV
with arrows highlighting the 2 commissures. Type 1 BAV with large arrow highlighting the raphe
between the fused left and right coronary cusps and small arrow depicting two completely developed
commissures. Type 2 BAV with arrows depicting the two raphes and high grade stenosis. (reprinted
from The Journal of Thoracic and Cardiovascular Surgery, 133, H.-H. Sievers and C. Schmidtke,
A classification system for the bicuspid aortic valve from 304 surgical specimens, 1226–1233,
© 2007) [30].

BAVs more commonly have an elliptical annulus and/or heavy asymmetric calcifi-
cation. In patients with severe AS, this can sometimes be overcome by achieving higher
implantation of the transcatheter heart valve at the narrowest part of the commissure,
although this may increase the risk of a paravalvular leak, which is a major downside in
a patient with predominant AR. The varying raphe anatomy and aortic root dilatation in
patients with BAVs may also increase the risk of coronary occlusion, aortic annulus rupture
and heart block after TAVI due to interaction with the posterior non-coronary cusp, which
lies close to the atrioventricular node [4,5].

2.2.4. AR associated with Bioprosthetic Aortic Valve Replacement

Bioprosthetic aortic valve replacement has been increasingly favoured, particularly in
elderly patients, due to the lack of reliance on long-term anticoagulation and complications
associated with anticoagulation. However, it is important to acknowledge that bioprosthetic
valves are less durable, with an average lifespan of 10–20 years. Bioprosthetic valve
failure can lead to valve stenosis, regurgitation, or a combined pathology. However,
presentation with acute AR is relatively common and associated with significant morbidity
and mortality [6]. Over the last decade, valve-in-valve TAVI has emerged as an alternative,
lower-risk treatment option in regard to re-performing open heart surgery in patients who
are often acutely unwell with multiorgan dysfunction. The PARTNER-2 valve-in-valve
registry demonstrated good functional outcomes in regard to the use of TAVI in failing
bioprosthetic valves in high-risk patients with prohibitive surgical risks, featuring a low
risk of procedure-related morbidity and mortality [7]. In comparison to TAVI for native
pure AR, valve-in-valve TAVI for AR secondary to failing bioprostheses had a lower risk
of mortality and a more significant improvement in NYHA functional status [8]. The
anatomical considerations in offering TAVI in the case of failing aortic bioprostheses are
critical and should not be abbreviated despite the acuity of some patients with this disease.

The relationship between a failing prosthetic valve and the native annulus, sinus
and coronary anatomy has important implications regarding coronary artery perfusion
and the valve haemodynamics following TAVI to correct the condition. To reduce the
risk of interaction of the bioprosthetic aortic leaflets and the coronary circulation, several
techniques have been developed. The BASILICA technique (bioprosthetic or native aortic
scallop intentional laceration to prevent iatrogenic coronary artery obstruction during TAVI)
is a transcatheter technique based on the intentional laceration of the anterior mitral leaflet
to prevent left ventricular outflow obstruction (LAMPOON) technique. BASILICA is an
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off-label technique which uses electrocautery to lacerate the leaflet considered most likely
to affect coronary perfusion through sinus sequestration or direct leaflet interaction with
the coronary ostium once pinned by a TAVI valve. The technique aims to divide the leaflet
into two segments to allow for perfusion through the acquired defect. Another technique,
Bioprosthetic Valve Fracture, utilises a noncompliant balloon to fracture the suture ring
of the bioprosthetic valve in order to reduce patient−prosthesis mismatch, which will
have an important impact on the valve haemodynamics and durability [9]. Finally, the
Chimney−snorkel technique involves the deployment of a stent from the coronary artery
at risk to above the bioprosthetic leaflet to achieve perfusion into the coronary from behind
the pinned bioprosthetic leaflet following TAVI [10]. Whilst these adjunct techniques are in
widespread use globally and are included in large registries, they are inevitably associated
with increased risks, and re-performed surgery may be a lower-risk option in some patients.

2.3. Limitations for Intervention in AR

The use of TAVI in severe native AR poses significant challenges due to the underlying
anatomy. As highlighted above, unlike aortic stenosis, the pathology leading to AR is
not limited to defects in the aortic leaflets; rather, it involves clinically diverse patholo-
gies, making it difficult to design a valve that fits all. Perioperative planning for valve
selection includes a multidetector CT, transthoracic echocardiography, and sometimes
transoesophageal echocardiography. It is crucial to obtain accurate dimensions of the
annulus, ascending aorta, Sinuses of Valsalva, the sinotubular junction and any prosthetic
material. A dilated elliptical annulus in cases with severe AR makes it very difficult to size
valves appropriately, raising the possibility of residual paravalvular leakage. While valve
over-sizing and BE devices may help overcome sizing and seal challenges, this remains dif-
ficult and increases the risk of annular rupture, valve migration and permanent pacemaker
implantation due to conduction issues. Often there is a lack of leaflet calcification, which
usually serves as an anchor and fluoroscopic guide for valve implantation. This increases
the risk of prosthesis migration and risk of procedure failure. In native pure AR, there may
be poor visibility on fluoroscopy due to contrast washout from severe regurgitation, and
the elevated stroke volume can lead to increased risk of transcatheter valve embolisation.
The dilated thinned ventricular wall associated with progressive AR may also lead to an
increased risk of wire perforation [11–15,31]. Figure 5 shows the process of implantation of
a TAVI.
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In a multicentre registry of 331 high-risk surgical patients using early and new-
generation valves for severe AR, Yoon et al. found that patients with minimal aortic
valve calcification had reduced device implantation success using early generation valves.
However, procedure outcomes were not dependent on aortic valve calcification when
new-generation valves were used [14]. Valve oversizing >15% was linked to improved
post-procedural outcomes, yet there is no consensus data on the best method for appro-
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priate sizing, and over-sizing >20% can also be associated with significant complications,
particularly annular rupture and device migration [14].

2.4. TAVI in AR—Safety and Efficacy

To date, there have been no randomised clinical trials which support the use of TAVI
in AR; however, several small-scale case series and registries have evaluated the efficacy
and safety of TAVI in AR [9–15,31]. Roy et al. assessed the use of the CoreValveTM (first-
generation valve) in severe AR in 43 patients. Successful implantation occurred in 97.7%;
however, 18.6% required a second valve in valve implantation due to significant residual
AR, while a large proportion of patients (79%) had Grade 1 residual AR. Notably, most
patients (62%) had AR because of leaflet degeneration with no aortic root dilatation [8].
Although this was a small single-centre retrospective registry, it demonstrated significant
improvement in the functional NYHA class of patients undergoing TAVI for AR.

The PANTHEON (Performance of Currently Available Transcatheter Aortic Valve
Platforms in Inoperable Patients with Pure Aortic Regurgitation of a Native Valve) study
is a multicentre retrospective study that evaluated the use of self-expandable (SE) and BE
transcatheter heart valves for severe native pure AR in 201 patients amongst 16 centres
in Europe and the USA. Overall, there were no significant differences between SE and BE
devices in terms of technical and device success rates, which were overall 83.6% and 76.1%.
The rate of composite endpoint at 1 year (all-cause mortality and heart failure hospitalisa-
tion) was high (25.7%). The incidence of transcatheter valve embolisation and migration
(TVEM) occurred in 12.4% of patients, with the main causes being malpositioning, over-
expansion > 20%, post dilatation and transcatheter heart valve failure to anchor due to a
lack of calcification. Interestingly patients undergoing TAVI for AR had fewer complica-
tions of stroke and more complications necessitating permanent pacemaker implantation.
While lack of leaflet calcification may reduce the risk of calcium embolisation and stroke, it
also renders the atrioventricular node more susceptible to defacement. The PANTHEON
study therefore establishes the feasibility of using current-generation TAVI valves for AR,
acknowledging several limitations in the context of certain typical anatomical features in
this patient group and highlighting the need for dedicated AR-TAVI devices [32].

At present, the JenaValveTM and J valveTM (JieCheng Medical Technology Co., Ltd.,
Suzhou, China) are the only devices that are approved by the CE (European Conformity)
and the China Food and Drug Administration for the treatment of pure AR, respectively [33].
The JenaValveTM is delivered transfemorally. The SE nitinol stent and anchor rings that
clip onto the native aortic valve leaflets allow for appropriate anchoring in the absence of
aortic valve calcification [34] as shown in Figure 6. The J valveTM has a three-point clasper
connected by three sutures, making the valve movable across the clasper to optimise
positioning. The clasper also serves to clip the native leaflets [35].
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In a German multicentre case series of 31 patients who underwent JenaValveTM

transapical implantation, Seiffert et al. showed a 96.8% successful valve implantation rate,



J. Clin. Med. 2024, 13, 2997 9 of 12

and only 9.7% of patients had mild residual AR, with no patients having residual moderate
or severe AR. Despite these results, 30-day mortality and 6-month mortality were high at
12.9% and 19.3%, respectively. However, in this case series, the JenaValveTM was implanted
via a transapical approach, which may have led to an increased risk of operative recovery,
stroke and mortality due to the complexity of the procedure [16].

The JUPITER registry, another European registry, of 30 patients that underwent TAVI
for AR using transapical implantation of the JenaValveTM, demonstrated a comparable
procedural success rate at 96.7%, with mild to trivial residual AR at 30 days (84.6%) and
only one patient requiring open surgical bailout. Survival at 1 year was 79.9%, and there
was a low pacemaker implantation rate of 3.8% [37].

Similar results were shown at 30-days post-device-implantation by Adam et al. in
2022 in a multicentre German trial of 56 patients with severe AR and NYHA III-IV where
98% of JenaValveTM devices were successfully deployed and featured no moderate or
severe residual AR and no valve embolisation. In this study, there was a significantly lower
30-day mortality rate (1.7%); this could be attributed to access site (transfemoral) as well as
operator skill and experience [38].

The safety of TAVI in AR was highlighted in a large systematic review by Yousef et al.
where they found a comparable 30-day and 1-year mortality rate in patients undergoing
TAVI for AR vs. TAVI for AS. The 30-day mortality in patients undergoing TAVI for AR was
also similar to patients with prohibitive surgical risks undergoing SAVR, emphasizing that
TAVI in AR appears safe and comparable in the immediate setting and short term follow
up [39].

At present the largest prospective single-arm, multicentre trial, The JenaValveTM

ALIGN-AR Pivotal trial, has set out to examine the long-term safety and efficacy of the
JenaValveTM TrilogyTM transcatheter heart valve in the treatment of severe symptomatic
AR over 5 years. An amount of 180 patients with prohibitive surgical risks, as determined
by a heart team, and with an NYHA of at least II were recruited. A procedural success rate
of 92.8% was achieved with no intra-operative deaths. The primary safety endpoint was
a composite at 30 days of all-cause mortality, major bleeding, stroke, acute kidney injury,
new pacemaker implantation or valve dysfunction requiring surgical or percutaneous
intervention. The primary efficacy endpoint was all-cause mortality at 12 months. The
primary safety endpoint occurred in 26.7% of patients at 30 days, while the primary efficacy
endpoint occurred in 7.8% (p < 0.0001). Both values met the non-inferiority pre-set criteria.
The rate of post-procedure pacemaker implantation was high (24%). However, lower rates
were observed nearing the end of the trial, which could be attributed to a refinement in
insertion technique, advancements in the management of peri-procedural conduction issues
and a reduction in oversizing. At 12 months, echocardiography findings demonstrated
significant LVESD improvement from an average of 39.6% to 34.2% (p < 0.0001). There was
a significant improvement in patients’ NYHA functional class and quality of life, with most
patients exhibiting NYHA I symptoms and no patients experiencing NYHA IV symptoms
at 12 months [18].

3. Conclusions

Whilst it is an encouraging landscape for development as a therapy, the evidence base
for TAVI in AR is relatively limited compared to AS. Registries and case reports provide
valuable real-world data that support the use of TAVI in selected patients with AR where
the anatomical substrates are considered very carefully with respect to the patient and a
TAVI prosthesis being used. Randomised controlled trials and larger prospective studies
specifically focusing on TAVI for AR are still needed to establish its efficacy, durability,
and long-term outcomes in this patient population. Second-generation valves, particularly
the JenaValveTM and J-valveTM, have shown favourable results. ALIGN-AR is the first
prospective interventional study, and, although it is single arm and non-randomised, it has
shown encouraging results at 12 months. Follow-up results at 5 years will be crucial to
determine the long-term safety and efficacy of the JenaValveTM. ALIGN-AR will hopefully
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serve as a landmark study to pave the way for future randomised clinical trials and FDA
approval, expanding the minimally invasive treatment for those patients with excessive
surgical risk, particularly in an era featuring an increasingly frail population. Once further
long-term data is established for TAVI in severe AR in high-risk patients, further research
is warranted comparing SAVR to TAVI in patients with low to intermediate surgical risk.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Cheitlin, M.D. Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. Yearb. Cardiol.

2012, 13, 405–407. [CrossRef]
2. Chiarito, M.; Spirito, A.; Nicolas, J.; Selberg, A.; Stefanini, G.; Colombo, A.; Reimers, B.; Kini, A.; Sharma, S.K.; Dangas, G.D.; et al.

Evolving Devices and Material in Transcatheter Aortic Valve Replacement: What to See and for Whom. J. Clin. Med. 2022, 11,
4445. [CrossRef] [PubMed]

3. Jung, J.H.; Kim, H.K.; Park, J.B.; Lee, S.P.; Koo, B.K.; Kim, Y.J.; Kim, H.S.; Sohn, D.W. Progression of ascending aortopathy may
not occur after transcatheter aortic valve replacement in severe bicuspid aortic stenosis. Korean J. Intern. Med. 2021, 36, 332–341.
[CrossRef] [PubMed] [PubMed Central]

4. Liu, T.; Xie, M.; Lv, Q.; Li, Y.; Fang, L.; Zhang, L.; Deng, W.; Wang, J. Bicuspid Aortic Valve: An Update in Morphology, Genetics,
Biomarker, Complications, Imaging Diagnosis and Treatment. Front. Physiol. 2019, 9, 1921. [CrossRef] [PubMed] [PubMed
Central]

5. Iannopollo, G.; Romano, V.; Buzzatti, N.; De Backer, O.; Søndergaard, L.; Merkely, B.; Prendergast, B.D.; Giannini, F.; Colombo, A.;
Latib, A.; et al. A novel supra-annular plane to predict tavi prosthesis anchoring in raphe-type bicuspid aortic valve disease: The
lira plane. EuroIntervention 2020, 16, 259–261. [CrossRef] [PubMed]

6. Golzarian, H.; Thiel, A.; Hempfling, G.; Otto, M.; Otto, T.; Shappell, E.; Racer, L.; Martz, D.; Recker-Herman, C.M.; Laird, A.; et al.
Severe aortic insufficiency-induced cardiogenic shock treated with left atrial VA-ECMO and emergent valve-in-valve TAVR. ESC
Heart Fail. 2023, 10, 3718–3724. [CrossRef] [PubMed] [PubMed Central]

7. Webb, J.G.; Murdoch, D.J.; Alu, M.C.; Cheung, A.; Crowley, A.; Dvir, D.; Herrmann, H.C.; Kodali, S.K.; Leipsic, J.; Miller, D.C.; et al.
3-year outcomes after valve-in-valve transcatheter aortic valve replacement for degenerated bioprostheses: The PARTNER 2 registry.
J. Am. Coll. Cardiol. 2019, 73, 2647–2655. [CrossRef] [PubMed]

8. Sawaya, F.J.; Deutsch, M.-A.; Seiffert, M.; Yoon, S.-H.; Codner, P.; Wickramarachchi, U.; Latib, A.; Petronio, A.S.; Rodés-Cabau, J.;
Taramasso, M.; et al. Safety and efficacy of transcatheter aortic valve replacement in the treatment of pure aortic regurgitation in
native valves and failing surgical bioprostheses. JACC Cardiovasc. Interv. 2017, 10, 1048–1056. [CrossRef] [PubMed]

9. Lederman, R.J.; Babaliaros, V.C.; Rogers, T.; Khan, J.M.; Kamioka, N.; Dvir, D.; Greenbaum, A.B. Preventing Coronary Obstruction
During Transcatheter Aortic Valve Replacement: From Computed Tomography to BASILICA. JACC Cardiovasc. Interv. 2019, 12,
1197–1216. [CrossRef]

10. Mercanti, F.; Rosseel, L.; Neylon, A.; Bagur, R.; Sinning, J.-M.; Nickenig, G.; Grube, E.; Hildick-Smith, D.; Tavano, D.; Wolf, A.; et al.
Chimney Stenting for Coronary Occlusion During TAVR. JACC Cardiovasc. Interv. 2020, 13, 751–761. [CrossRef]

11. Liu, H.; Liu, S.; Lu, Y.; Yang, Y.; Wang, W.; Zhu, L.; Wei, L.; Wang, C. Transapical transcatheter aortic valve implantation for
predominant aortic regurgitation with a self-expandable valve. J. Thorac. Dis. 2020, 12, 538–549. [CrossRef] [PubMed]

12. Schofer, J.; Nietlispach, F.; Bijuklic, K.; Colombo, A.; Gatto, F.; De Marco, F.; Mangieri, A.; Hansen, L.; Bruschi, G.;
Ruparelia, N.; et al. Transfemoral implantation of a fully repositionable and retrievable transcatheter valve for noncalcified pure
aortic regurgitation. JACC Cardiovasc. Interv. 2015, 8, 1842–1849. [CrossRef]

13. Roy, D.A.; Schaefer, U.; Guetta, V.; Hildick-Smith, D.; Möllmann, H.; Dumonteil, N.; Modine, T.; Bosmans, J.; Petronio, A.S.;
Moat, N.; et al. Transcatheter aortic valve implantation for pure severe native aortic valve regurgitation. J. Am. Coll. Cardiol. 2013,
61, 1577–1584. [CrossRef] [PubMed]

14. Yoon, S.-H.; Schmidt, T.; Bleiziffer, S.; Schofer, N.; Fiorina, C.; Munoz-Garcia, A.J.; Yzeiraj, E.; Amat-Santos, I.J.; Tchetche, D.;
Jung, C.; et al. Transcatheter aortic valve replacement in pure native aortic valve regurgitation. J. Am. Coll. Cardiol. 2017, 70,
2752–2763. [CrossRef] [PubMed]

15. Liu, H.; Yang, Y.; Wang, W.; Zhu, D.; Wei, L.; Guo, K.; Zhao, W.; Yang, X.; Zhu, L.; Guo, Y.; et al. Transapical transcatheter aortic
valve replacement for aortic regurgitation with a second-generation heart valve. J. Thorac. Cardiovasc. Surg. 2018, 156, 106–116.
[CrossRef] [PubMed]

16. Seiffert, M.; Bader, R.; Kappert, U.; Rastan, A.; Krapf, S.; Bleiziffer, S.; Hofmann, S.; Arnold, M.; Kallenbach, K.; Conradi, L.; et al.
Initial German experience with transapical implantation of a second-generation transcatheter heart valve for the treatment of
aortic regurgitation. JACC Cardiovasc. Interv. 2014, 7, 1168–1174. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ycar.2011.08.007
https://doi.org/10.3390/jcm11154445
https://www.ncbi.nlm.nih.gov/pubmed/35956061
https://doi.org/10.3904/kjim.2019.089
https://www.ncbi.nlm.nih.gov/pubmed/31408927
https://www.ncbi.nlm.nih.gov/pmc/PMC7969055
https://doi.org/10.3389/fphys.2018.01921
https://www.ncbi.nlm.nih.gov/pubmed/30761020
https://www.ncbi.nlm.nih.gov/pmc/PMC6363677
https://www.ncbi.nlm.nih.gov/pmc/PMC6363677
https://doi.org/10.4244/eij-d-19-00951
https://www.ncbi.nlm.nih.gov/pubmed/31659989
https://doi.org/10.1002/ehf2.14561
https://www.ncbi.nlm.nih.gov/pubmed/37890858
https://www.ncbi.nlm.nih.gov/pmc/PMC10682863
https://doi.org/10.1016/j.jacc.2019.03.483
https://www.ncbi.nlm.nih.gov/pubmed/31146808
https://doi.org/10.1016/j.jcin.2017.03.004
https://www.ncbi.nlm.nih.gov/pubmed/28521923
https://doi.org/10.1016/j.jcin.2019.04.052
https://doi.org/10.1016/j.jcin.2020.01.227
https://doi.org/10.21037/jtd.2020.01.04
https://www.ncbi.nlm.nih.gov/pubmed/32274119
https://doi.org/10.1016/j.jcin.2015.08.022
https://doi.org/10.1016/j.jacc.2013.01.018
https://www.ncbi.nlm.nih.gov/pubmed/23433565
https://doi.org/10.1016/j.jacc.2017.10.006
https://www.ncbi.nlm.nih.gov/pubmed/29191323
https://doi.org/10.1016/j.jtcvs.2017.12.150
https://www.ncbi.nlm.nih.gov/pubmed/29525255
https://doi.org/10.1016/j.jcin.2014.05.014
https://www.ncbi.nlm.nih.gov/pubmed/25129672


J. Clin. Med. 2024, 13, 2997 11 of 12

17. Nishimura, R.A.; Otto, C.M.; Bonow, R.O.; Carabello, B.A.; Erwin, J.P., III; Guyton, R.A.; O’Gara, P.T.; Ruiz, C.E.; Skubas, N.J.;
Sorajja, P.; et al. 2014 AHA/ACC guideline for the management of patients with valvular heart disease: A report of the American
College of Cardiology/American Heart Association task force on practice guidelines. J. Am. Coll. Cardiol. 2014, 63, e57–e185.
[CrossRef] [PubMed]

18. Vahl, T.P.; Thourani, V.H.; Makkar, R.R.; Hamid, N.; Khalique, O.K.; Daniels, D.; McCabe, J.M.; Satler, L.; Russo, M.; Cheng, W.; et al.
Transcatheter aortic valve implantation in patients with high-risk symptomatic native aortic regurgitation (align-AR): A prospective,
multicentre, single-arm study. Lancet 2024, 403, 1451–1459. [CrossRef]

19. Singh, J.P.; Evans, J.C.; Levy, D.; Larson, M.G.; Freed, L.A.; Fuller, D.L.; Lehman, B.; Benjamin, E.J. Prevalence and clinical
determinants of mitral, tricuspid, and aortic regurgitation (The Framingham Heart Study). Am. J. Cardiol. 1999, 83, 897–902.
[CrossRef]

20. Vahl, T.P.; Thourani, V.H.; Makkar, R.R.; Hamid, N.; Khalique, O.K.; Daniels, D.; McCabe, J.M.; Satler, L.; Russo, M.;
Cheng, W.; et al. Transcatheter Aortic Valve Implantation (Tavi) in patients with aortic regurgitation. Ann. Cardiothorac.
Surg. 2017, 6, 558–560. [CrossRef]

21. Iung, B.; Baron, G.; Butchart, E.G.; Delahaye, F.; Gohlke-Bärwolf, C.; Levang, O.W.; Tornos, P.; Vanoverschelde, J.-L.; Vermeer, F.;
Boersma, E.; et al. A prospective survey of patients with valvular heart disease in Europe: The Euro Heart Survey on valvular
heart disease. Eur. Heart J. 2003, 24, 1231–1243. [CrossRef] [PubMed]

22. Thourani, V.H.; Brennan, J.M.; Edelman, J.J.; Chen, Q.; Boero, I.J.; Sarkar, R.R.; Murphy, S.M.; Leon, M.B.; Kodali, S.K. Treatment
patterns, disparities, and management strategies impact clinical outcomes in patients with symptomatic severe aortic regurgitation.
Struct. Heart 2021, 5, 608–618. [CrossRef]

23. Mokadam, N.A.; Stout, K.K.; Verrier, E.D. Management of acute regurgitation in left-sided cardiac valves. Tex. Heart Inst. J. 2011,
38, 9–19.

24. González-Santos, J.M.; Arnáiz-García, M.E. Wrapping of the ascending aorta revisited-is there any role left for conservative
treatment of ascending aortic aneurysm? J. Thorac. Dis. 2017, 9 (Suppl. S6), S488–S497. [CrossRef] [PubMed]

25. Ma, M.; Li, Z.; Mohamed, M.A.; Liu, L.; Wei, X. Aortic root aortopathy in bicuspid aortic valve associated with high genetic risk.
BMC Cardiovasc. Disord. 2021, 21, 413. [CrossRef] [PubMed]

26. Borger, M.A.; Fedak, P.W.; Stephens, E.H.; Gleason, T.G.; Girdauskas, E.; Ikonomidis, J.S.; Khoynezhad, A.; Siu, S.C.;
Verma, S.; Hope, M.D.; et al. The American Association for Thoracic Surgery Consensus Guidelines on Bicuspid Aortic
Valve–related aortopathy. J. Thorac. Cardiovasc. Surg. 2018, 156, e41–e74. [CrossRef] [PubMed]

27. Sun, B.J.; Lee, S.; Jang, J.Y.; Kwon, O.; Bae, J.S.; Lee, J.H.; Kim, D.-H.; Jung, S.-H.; Song, J.-M.; Kang, D.-H.; et al. Performance
of a simplified dichotomous phenotypic classification of bicuspid aortic valve to predict type of valvulopathy and combined
aortopathy. J. Am. Soc. Echocardiogr. 2017, 30, 1152–1161. [CrossRef] [PubMed]

28. Vincent, F.; Ternacle, J.; Denimal, T.; Shen, M.; Redfors, B.; Delhaye, C.; Simonato, M.; Debry, N.; Verdier, B.; Shahim, B.; et al.
Transcatheter aortic valve replacement in bicuspid aortic valve stenosis. Circulation 2021, 143, 1043–1061. [CrossRef] [PubMed]

29. Das, R.; Puri, R. Transcatheter treatment of bicuspid aortic valve disease: Imaging and interventional considerations. Front.
Cardiovasc. Med. 2018, 5, 91. [CrossRef]

30. Sievers, H.-H.; Schmidtke, C. A classification system for the bicuspid aortic valve from 304 surgical specimens. J. Thorac.
Cardiovasc. Surg. 2007, 133, 1226–1233. [CrossRef]

31. Thielmann, M.; Tsagakis, K.; El Gabry, M.; Jakob, H.; Wendt, D. Transcatheter Aortic Valve Implantation (Tavi) in patients with
aortic regurgitation. ASVIDE 2017, 4, 495. [CrossRef]

32. Poletti, E.; De Backer, O.; Scotti, A.; Costa, G.; Bruno, F.; Fiorina, C.; Buzzatti, N.; Latini, A.; Rudolph, T.K.; van den Dorpel, M.M.;
et al. Transcatheter Aortic Valve Replacement for Pure Native Aortic Valve Regurgitation: The PANTHEON International Project.
JACC Cardiovasc. Interv. 2023, 16, 1974–1985. [CrossRef] [PubMed]

33. Wernly, B.; Eder, S.; Navarese, E.P.; Kretzschmar, D.; Franz, M.; Alushi, B.; Beckhoff, F.; Jung, C.; Lichtenauer, M.; Datz, C.; et al.
Transcatheter aortic valve replacement for Pure Aortic Valve Regurgitation: “on-label” versus “off-label” use of TAVR devices.
Clin. Res. Cardiol. 2019, 108, 921–930. [CrossRef] [PubMed]

34. Costanzo, P.; Bamborough, P.; Peterson, M.; Deva, D.J.; Ong, G.; Fam, N. Transcatheter aortic valve implantation for severe pure
aortic regurgitation with dedicated devices. Interv. Cardiol. Rev. Res. Resour. 2022, 17, e11. [CrossRef] [PubMed]

35. Wei, L.; Liu, H.; Zhu, L.; Yang, Y.; Zheng, J.; Guo, K.; Luo, H.; Zhao, W.; Yang, X.; Maimaiti, A.; et al. A new transcatheter aortic
valve replacement system for predominant aortic regurgitation implantation of the J-valve and early outcome. JACC Cardiovasc.
Interv. 2015, 8, 1831–1841. [CrossRef] [PubMed]

36. Zaid, S.; Atkins, M.D.; Kleiman, N.S.; Reardon, M.J.; Tang, G.H. What’s new with TAVR? An update on device technology.
Methodist Debakey Cardiovasc. J. 2023, 19, 4–14. [CrossRef] [PubMed]

37. Silaschi, M.; Conradi, L.; Wendler, O.; Schlingloff, F.; Kappert, U.; Rastan, A.J.; Baumbach, H.; Holzhey, D.; Eichinger, W.;
Bader, R.; et al. The Jupiter Registry: One-year outcomes of transapical aortic valve implantation using a second generation
transcatheter heart valve for aortic regurgitation. Catheter. Cardiovasc. Interv. 2017, 91, 1345–1351. [CrossRef] [PubMed]

https://doi.org/10.1016/j.jacc.2014.02.536
https://www.ncbi.nlm.nih.gov/pubmed/24603191
https://doi.org/10.1016/s0140-6736(23)02806-4
https://doi.org/10.1016/s0002-9149(98)01064-9
https://doi.org/10.21037/acs.2017.09.16
https://doi.org/10.1016/s0195-668x(03)00201-x
https://www.ncbi.nlm.nih.gov/pubmed/12831818
https://doi.org/10.1080/24748706.2021.1988779
https://doi.org/10.21037/jtd.2017.04.57
https://www.ncbi.nlm.nih.gov/pubmed/28616345
https://doi.org/10.1186/s12872-021-02215-y
https://www.ncbi.nlm.nih.gov/pubmed/34461831
https://doi.org/10.1016/j.jtcvs.2018.02.115
https://www.ncbi.nlm.nih.gov/pubmed/30011777
https://doi.org/10.1016/j.echo.2017.08.002
https://www.ncbi.nlm.nih.gov/pubmed/29066082
https://doi.org/10.1161/circulationaha.120.048048
https://www.ncbi.nlm.nih.gov/pubmed/33683945
https://doi.org/10.3389/fcvm.2018.00091
https://doi.org/10.1016/j.jtcvs.2007.01.039
https://doi.org/10.21037/asvide.2017.495
https://doi.org/10.1016/j.jcin.2023.07.026
https://www.ncbi.nlm.nih.gov/pubmed/37648345
https://doi.org/10.1007/s00392-019-01422-0
https://www.ncbi.nlm.nih.gov/pubmed/30737532
https://doi.org/10.15420/icr.2021.19
https://www.ncbi.nlm.nih.gov/pubmed/35923768
https://doi.org/10.1016/j.jcin.2015.08.021
https://www.ncbi.nlm.nih.gov/pubmed/26604056
https://doi.org/10.14797/mdcvj.1230
https://www.ncbi.nlm.nih.gov/pubmed/37213874
https://doi.org/10.1002/ccd.27370
https://www.ncbi.nlm.nih.gov/pubmed/29171730


J. Clin. Med. 2024, 13, 2997 12 of 12

38. Adam, M.; Tamm, A.R.; Wienemann, H.; Unbehaun, A.; Klein, C.; Arnold, M.; Marwan, M.; Theiss, H.; Braun, D.; Bleiziffer, S.;
et al. Transcatheter Aortic Valve Replacement for Isolated Aortic Regurgitation Using a New Self-Expanding TAVR System. JACC
Cardiovasc. Interv. 2023, 16, 1965–1973. [CrossRef]

39. Yousef, A.; MacDonald, Z.; Simard, T.; Russo, J.J.; Feder, J.; Froeschl, M.V.; Dick, A.; Glover, C.; Burwash, I.G.; Latib, A.; et al.
Transcatheter Aortic Valve Implantation (Tavi) for native aortic valve regurgitation—A systematic review. Circ. J. 2018, 82,
895–902. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jcin.2023.07.038
https://doi.org/10.1253/circj.cj-17-0672

	Introduction 
	Patient-Specific Considerations in the Application of TAVI for Severe AR 
	Pathophysiology of AR and Indications for Intervention 
	Subtypes of AR 
	AR in Degenerative Trileaflet Disease without Aortopathy 
	AR Associated with Aortopathy 
	AR Associated with Bicuspid Aortic Valve 
	AR associated with Bioprosthetic Aortic Valve Replacement 

	Limitations for Intervention in AR 
	TAVI in AR—Safety and Efficacy 

	Conclusions 
	References

