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Abstract
Background: Transcatheter aortic valve replacement (TAVR) 
is a recent and an effective treatment option for high- or ex-
treme-surgical-risk patients with symptomatic severe aortic 
stenosis. However, pure severe native aortic valve regurgita-
tion (NAVR) without aortic stenosis remains a contraindica-
tion to TAVR. The aim of our systemic review analysis was to 
evaluate TAVR in patients with pure NAVR. Methods: We 
searched the published articles in the PubMed and Web of 
Science databases (2002–2017) using the Boolean operators 
for studies of NAVR patients undergoing TAVR. Reference 
lists of all returned articles were searched recursively for oth-
er relevant citations. Pooled estimates were calculated using 
a random-effects meta-analysis. Results: Finally, a total of 10 
studies were included in this analysis. The CoreValve was 
more frequently used with a lower rate of device success and 
a higher rate of residual aortic regurgitation. The new-gen-
eration transcatheter heart valves (THVs) performed a sig-

nificantly higher rate with less residual aortic regurgitation 
and a success rate close to 100%. The 30-day all-cause mor-
tality rates ranged from 0 to 30% with an estimate summary 
rate of 9% (95% CI: 5–15%; I2 = 33%). Cerebrovascular events, 
major or life-threatening bleeding, major vascular complica-
tions, acute kidney disease, and new permanent pacemaker 
implantation occurred similarly in both the new- and old-
generation THV devices. Conclusions: Aortic regurgitation 
remains a challenging pathology for TAVR. TAVR is a feasible 
and reasonable option for carefully selected patients with 
pure aortic regurgitation. © 2018 S. Karger AG, Basel

Introduction

The very first transcatheter aortic valve replacement 
(TAVR) procedure was performed in 2002 [1], and this 
treatment has now been a standard option for high- or 
extreme-surgical-risk patients with symptomatic severe 
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aortic stenosis (AS). Due to fast growing worldwide expe-
rience with TAVR, there are more off-label indications 
for TAVR, such as bicuspid valves, valve-in-valve proce-
dures, TAVR for low-risk patients, etc. [2–4]. Pure severe 
native aortic valve regurgitation (NAVR) is defined as se-
vere aortic regurgitation (AR) without AS (a peak aortic 
jet velocity on continuous wave Doppler of > 2.5 m/s) [5]. 
Many mixed aortic valve disease patients with severe AS 
and at least moderate AR have been successfully treated 
with both balloon-expandable and self-expandable 
TAVR, but pure severe NAVR without AS remains a con-
traindication to TAVR, and it is not recommended in the 
guidelines for patients with predominant AR or noncalci-
fied valve [6]. There is limited experience of TAVR in pa-
tients with pure severe NAVR. Therefore, we have sum-
marized the available published data, and analyzed the 
results of TAVR in patients with pure severe NAVR. 

Methods

PubMed and Web of Science databases (2002–2016) were 
searched using the Boolean operators: (transcatheter aortic valve 
replacement OR transcatheter aortic valve implantation OR TAVR 
OR TAVI) AND (aortic regurgitation OR aortic insufficiency OR 

aortic valve regurgitation OR aortic valve insufficiency OR AR OR 
AI) from January 2002 to August 2016. The title, abstract, and key-
words of the retrieved articles were examined for relevance. Papers 
were included if they considered an association between TAVR 
and pure AR. There were no restrictions on the year of publication 
or language. Full-text versions of all articles were obtained. Case 
reports and series including patients with failing bioprostheses or 
AR secondary to other conditions such as endocarditis or aortic 
dissection were excluded. Articles without any novel data were ex-
cluded, such as reviews and comments. Reference lists of all re-
turned articles were searched recursively for other relevant cita-
tions. 

Data were gathered including first author, year and journal of 
publication, number of patients, and type of device. Patients’ char-
acteristics such as age, sex, New York Heart Association function-
al class, left ventricular ejection fraction, logistic European System 
for Cardiac Operative Risk Evaluation score (logistic EuroS-
CORE), the Society of Thoracic Surgeons score (STS score), and 
the safety and efficacy outcomes according to Valve Academic Re-
search Consortium 2 criteria were extracted. 

During our evaluation, the primary endpoint was all-cause 
mortality at 30 days, and secondary outcomes were cerebrovascu-
lar events, major or life-threatening bleeding, major vascular com-
plications, acute kidney injury (≥ stage 2), moderate to severe re-
sidual AR, and permanent pacemaker implantation at 30 days.

Continuous data are reported as mean ± SD and categorical 
variables as number of patients and percentage. Random effects 
meta-analysis was conducted using the Metaprop command, 
which allows computation of 95% confidence intervals (CIs) using 

Potentially relevant studies identified
and screened for retrieval,

n = 70

Studies retrieved for more 
detailed evaluation,

n = 47

Studies included in systematic review,
n = 5

Studies included in systematic review,
n = 10

Studies excluded, n = 23
 Irrelevant content by title review, n = 23

Articles identified from recursive searching 
of included papers and other reviews, n = 5

Studies not meeting inclusion criteria, n = 9
 Degenerated bioprosthesis included, n = 1
 Aortic stenosis included, n = 5
 Lower than severe aortic regurgitation, n = 1
 Duplicated samples, n = 2
 Case reports, n = 33

Fig. 1. PRISMA flow diagram depicting the search strategy for the study.
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the score statistic and the exact binomial method and incorporates 
the Freeman-Tukey double arcsine transformation of proportions. 
All analyses were performed with Stata statistical software version 
12 (StataCorp LP, College Station, TX, USA).

Results

Finally, a total of 10 studies [7–16] of TAVR were iden-
tified in our systematic review (Fig. 1), with 266 patients 
in total undergoing TAVR. Main clinical outcomes and 
patient characteristics of all studies are summarized in 
Table 1. Mean age ranged from 72 to 84 years; mean lo-
gistic EuroSCORE ranged from 15.3 to 33%; STS scores 
were available in 7 studies, with the mean ranging from 
5.4 to 13.1%. Nearly half of the patients (48.1%) were 
treated with the Medtronic CoreValve (Medtronic, Min-
neapolis, MN, USA) which were classified as old-genera-
tion transcatheter heart valve (THV) devices whereas the 
other half underwent TAVR with the new-generation 

THV devices such as JenaValve (JenaValve Technology 
GmbH, Munich, Germany), Lotus Valve System (Boston 
Scientific, Natick, MA, USA), Direct Flow Medical (DFM) 
(Direct Flow Medical, Santa Rosa, CA, USA), ACURATE 
TA (Symetis SA, Ecublens, Switzerland), Evolut R 
(Medtronic) , Edwards Sapien 3 (Edwards Lifesciences, 
Irvine, CA, USA) and J-Valve (Jiecheng Medical Tech-
nology, Suzhou, China). Access was available in 9 studies 
including transfemoral access in 128 patients (41.2%), 
transapical access in 105 patients (42%), and transcarotid, 
transsubclavian, or direct aortic access in 17 patients 
(6.8%); 29 patients (10.9%) required a second valve in-
cluding 24 old-generation THV cases. Device success was 
reported in 9 studies and ranged from 72 to 100%.

Rates of all-cause mortality at 30 days ranged from 0 
to 30% with a summary estimate rate of 9% (95% CI: 
5–15%; I2 = 33%) (Fig. 2). Figure 3 shows the secondary 
outcomes. Stroke or transient ischemic attack (TIA) 
ranged from 0 to 5% with a summary estimate of 1% (95% 
CI: 0–3%); the rate of major or life-threatening bleeding 

Table 1. Patients’ main clinical and procedural characteristics in the studies

First author, 
year

Patients,
n

Age, 
years

Male NYHA 
III/IV

Etiology (%) Logistic Euro
SCORE, %

STS score, 
%

Device Access Rapid 
pacing

Post-
dilation

Second 
valve

Device 
success

Roy [7], 
2013

43 75.3±8.8 20 (47) 42 (98) Degenerative (62.8)
Post-endocarditis (14)
Aortic aneurysm (9.3)
Rheumatoid vasculitis, 
Takayasu arteritis (7)
Others* (7)

26.9±17.9 10.2±5.3 CoreValve Femoral (81.4)
Subclavian (9.3)
Direct aortic (7.0)
Carotid (2.3)

43 (100) 4 (9) 8 (19) 32 (74.4)

Rossi [8], 2014 16 84±2.6 NR NR NR 33 NR CoreValve NR NR NR 1 (6) 13 (81)

Schlingloff [9], 
2014

10 79±9 6 (10) 9 (90) Degenerative (80)
Post-endocarditis (10)
Aortic aneurysm (10)

28.3±17.1 6.7±11.1 JenaValve Apical 0 0 0 10 (100)

Seiffert [10], 
2014

31 73.8±9.1 20 (65) 28 (90) Degenerative (48.4)
Annular dilation (19.3)
Post-endocarditis (12.9)
Others* (19.4) 

23.6±14.5 5.4±3.6 JenaValve Apical 0 2 (6) 1 (3) 30 (97)

Testa [11], 
2014

26 73±10 16 (63) 25 (95) NR 24±8 13.1±2 CoreValve Femoral (81)
Subclavian (15)
Direct aortic (4)

26 (100) 3 (10) 5 (19) 20 (77)

Wendt [12], 
2014

8 72.5±8.4 5 (63) 8 (100) Degenerative (75)
Failed aortic root repair (25)

34.0±7.9 7.9±3.4 ACURATE TA Apical 8 (100) 2 (25) 0 8 (100)

Munoz [13], 
2015

10 79.2±4.9 NR NR NR 15.3±8 NR CoreValve Femoral NR 4 (40) 1 (10) NR

Schofer [14], 
2015

11 74.7±12.9 4 (36) 9 (82) Degenerative (63.6)
Post-endocarditis (9.1)
Others* (27.3)

19.9±7.1 8.84±8.9 Direct 
Flow

Femoral NR 0 0 11 (100)

Zhu [15], 2016 33 74.2±5.2 26 (79) 27 (82) NR 24.4±5.1 NR J-Valve Apical 0 0 0 31 (94)

Sawaya [16], 
2017

78 74±10 46 (59) 72 (92) Degenerative (63)
Aortic aneurysm (11)
Post-endocarditis (8)
Rheumatoid vasculitis, 
Takayasu arteritis (6)
Others* (12)

20.4± 11.8 6.7±4.8 CoreValve (42)
Evolut R (6)
JenaValve (29)
Direct Flow (8)
Lotus (8)
SAPIEN XT (5)
SAPIEN 3 (1)

Femoral (65)
Subclavian (3)
Direct aortic (3)
Apical (29)

NR NR 13 (17) 55 (72)

Values are n (%) or mean ± SD unless otherwise indicated. NYHA, New York Heart Association; EuroSCORE, European System for Cardiac Operative Risk Evaluation; STS, Society of Thoracic Surgeons; NR 
, no record. * Others include post-radiotherapy, trauma, rheumatic disease, and unknown mechanisms.
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and major vascular complications was 4% (95% CI: 
0–11%; I2 = 60%) and 4% (95% CI: 1–7%; I2 = 0%), respec-
tively. Stage 2 or 3 acute kidney injury occurred in 5% of 
patients (95% CI: 1–11%; I2 = 41%). Rates of new perma-
nent pacemaker implantation after TAVR ranged from 0 
to 44% with a summary estimate rate of 11% (95% CI: 
4–19%; I2 = 58%). Moderate to severe residual AR ranged 
from 0 to 88% (95% CI: 0–27%; I2 = 91%).

Compared to the old-generation THV devices, newer-
generation THV devices (Evolut R, SAPIEN 3, Lotus 
Valve System, Direct Flow, ACURATE TA, JenaValve, 
and J-Valve) had a higher device success (95 vs. 71%, p = 
0.000) and a lower incidence of moderate to severe AR (0 
vs. 28%; p = 0.031) (Fig. 4). All-cause mortality at 30 days 
(7 vs. 12%; p = 0.484), stroke or TIA (0 vs. 2%; p = 0.291), 
major or life-threatening bleeding (1 vs. 11%; p = 0.080), 

Study All-cause mortality at 
30 days

Rate (95% CI) Weight (random), 
% 

Deaths, 
n/patients

Roy [7], 2013 0.09 (0.03, 0.22) 14.87 4/43
Rossi [8], 2014 0.00 (0.00, 0.21) 7.89 0/16
Schlingloff [9], 2014 0.30 (0.07, 0.65) 5.51 3/10
Seiffert [10], 2014 0.13 (0.04, 0.30) 12.33 4/31
Testa [11], 2014 0.23 (0.09, 0.44) 11.04 6/26
Wendt [12], 2014 0.00 (0.00, 0.37) 4.61 0/8
Munoz-Garcia [13], 2015 0.10 (0.00, 0.45) 5.51 1/10
Schofer [14], 2015 0.09 (0.00, 0.41) 5.94 1/11
Zhu [15], 2016 0.03 (0.00, 0.16) 12.80 1/33
Sawaya [16], 2017 0.14 (0.07, 0.24) 19.48 11/77
Random effects 
(I2 = 33.14%, p = 0.14)

0.09 (0.05, 0.15) 100 31/265

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Complications Studies, n Events, 
n/patients

Rate (95% CI) I2, %

Stroke or TIA 9 5/254 0.01 (0.00, 0.03) 0
Major or life-threatening bleeding 8 17/238 0.04 (0.00, 0.11) 60
Major vascular complication 8 13/239 0.04 (0.01, 0.07) 0
Acute kidney injury ≥ stage 2 8 17/222 0.05 (0.01, 0.11) 41
New pacemaker 9 33/243 0.11 (0.04, 0.19) 58
Moderate or severe PVL 10 39/255 0.09 (0.00, 0.27) 91

0 0.05 0.1 0.15 0.2 0.25 0.3

Fig. 2. Forest plot showing the individual and pooled event rates 
for all-cause mortality at 30 days after TAVR. For each individual 
study, the forest plot shows the event rate and respective 95% con-
fidence interval (CI) (horizontal lines). The size of the grey squares 
is proportional to the weight assigned to the study in the pooled 
estimate using a random-effects model. The blue diamond below 

the studies represents the effect estimate derived from the meta-
analysis, with the center and the vertical line (maroon) indicating 
the pooled event rate and the left and the right ends showing the 
95% CI. The central vertical line (red) represents the event rate of 
0%. I2 statistics describe the percentage of the variability in effect 
estimates that is due to heterogeneity rather than chance.

Fig. 3. Meta-analysis of secondary outcomes. Bar graphs show the pooled event rate and relative 95% confidence interval (CI) (horizon-
tal lines) for the secondary outcomes. Explanation of the I2 statistic is reported in the legend of Figure 2. TIA, transient ischemic attack; 
PVL, paravalvular leak.
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major vascular complications (2 vs. 6%; p = 0.363), and 
acute kidney injury (5 vs. 10%; p = 0.467) occurred simi-
larly in both the new- and old-generation groups.

Discussion

The present studies showed that the etiology of regur-
gitation was degenerative in the majority of patients but 
also included annular dilation, previous endocarditis, 
rheumatic disease, arteritis, or postradiation valve dis-
ease. Due to diverse etiologies, patients with AR have a 
more complex and variable anatomy. They often have a 
dilated aortic root, a dilated ascending aorta, and an el-
liptical annulus. Further, the lack of calcification of native 
aortic cusps and the large annular anatomy contribute to 
increase the risk of inadequate anchoring, prosthesis dis-
lodgment, and residual paravalvular leak (PVL), so the 
complex and variable anatomy make transcatheter thera-
pies more challenging. The features of the available THVs 
in TAVR for pure AR are reviewed in Table 2.

Edwards Sapien prosthesis and CoreValve prosthesis 
are two typical first-generation TAVR devices. The expe-
rience of Edwards Sapien for pure AR is limited. D’Ancona 
et al. [17] reported the implantation of an Edwards Sa-
pien XT employing substantial oversizing to maximize 

radial strength and optimize anchoring within the aortic 
unit (a 29-mm valve within a 21-mm annulus), and also 
used an overfilled balloon (filled with 35 mL of contrast 
instead of the standard 33.5 mL). These strategies may 
lead to a significant risk for annular rupture or incom-
plete valve expansion. Another challenge is the migration 
of prosthesis without the resistance of valvular calcifica-
tion due to higher pressure of the left ventricle when the 
valve orifice is occluded by dilated balloon. To solve the 
anchoring problem of the Edwards Sapien, the Helio 
docking system (Edwards Lifesciences) was investigated, 
which was placed in the aortic root behind the native leaf-
lets providing secure fixation. The current iteration of the 
device has evolved into a fully transfemoral approach 
[18]. 

Compared to the Edwards Sapien prosthesis, the Cor-
eValve prosthesis is larger with a different anchoring 
mechanism. Its additional anchorage of the valve stent in 
the left ventricular outflow tract and ascending aorta may 
offer additional anchoring force and sufficient stability. 
Furthermore, the self-expanding valves have the ability to 
significantly oversize the prosthesis with less risk of dam-
age to the native annulus. Therefore, the CoreValve seems 
more suitable for the treatment of pure NAVR. Large-
scale applications of CoreValve were reported by Roy et 
al. [7] and Testa et al. [11]. They chose 10–20% oversized 

Clinical outcomes Type of device Rate (95% CI) p value I2, %

Device success old generation 0.71 (0.59, 0.82) 0.000 75
new generation 0.95 (0.90, 0.99)

All-cause mortality at 30 days old generation 0.12 (0.04, 0.22) 0.484 39
new generation 0.07 (0.02, 0.14)

Stoke or TIA old generation 0.02 (0.00, 0.07) 0.291 0
new generation 0.00 (0.00, 0.02)

Major or life-threatening bleeding old generation 0.11 (0.02, 0.24) 0.080 52
new generation 0.01 (0.00, 0.05)

Major vascular complication old generation 0.06 (0.02, 0.12) 0.363 0
new generation 0.02 (0.00, 0.07)

Acute kidney injury ≥ stage 2 old generation 0.10 (0.00, 0.28) 0.467 42
new generation 0.05 (0.01, 0.11)

Moderate or severe PVL old generation 0.28 (0.02, 0.65) 0.031 90
new generation 0.00 (0.00, 0.04)

0 0.2 0.4 0.6 0.8 1.0 1.2

Fig. 4. Comparison of clinical outcomes between old- and new-generation THV devices. Bar graphs show the pooled event rate and 
relative 95% confidence interval (CI) (horizontal lines) for the clinical outcomes. Explanation of the I2 statistic is reported in the legend 
of Figure 2. TIA, transient ischemic attack; PVL, paravalvular leak.
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prosthesis with respect to the annulus perimeter, but still 
showed high rates of valve-in-valve procedures (18.6 and 
19.2%, respectively) and residual AR (20.9 and 23%, re-
spectively). One reason may be lack of valvular calcifica-
tion leading to reduced fixation of the lower part of the 
valve frame at the annulus during deployment, resulting 
in malposition. Another reason may be the regurgitant jet 
increasing movement of the valve prosthesis, so rapid 
pacing is required. Yet another reason is the dilated aortic 
root and ascending aorta related to insufficient oversiz-
ing. Notably, as Testa et al. [11] reported, the need for 
permanent pacemaker implantation was lower than in 
conventional TAVR patients with the CoreValve [19], 
due to larger annulus and left ventricle sizes reducing the 
compression of atrioventricular conduction. 

To overcome the aforementioned problem of high 
rates of valve-in-valve procedures and residual AR, 
THVs that can be retrieved and repositioned have been 
designed. Evolut R (Medtronic) is the successor of the 
CoreValve, with an attractive advancement whereby the 
prosthesis can be partially recaptured and repositioned 
or removed, if needed. Foerst [20] reported a case in 
which Evolut R was performed, and the result was ac-
ceptable though the valve considerably migrated into the 
left ventricle, with a mild residual PVL. Taking reposi-
tioning a step further, the inflatable DFM and the me-
chanical expandable Lotus were designed. Both valves 
have some of the advantages of pure AR. First, valve-
operating function during positioning improves hemo-
dynamic stability. Second, the prosthesis can be reposi-
tioned and fully retrieved if operators are not satisfied 
with the position, stability of anchoring, or significant 
residual AR. Schofer et al. [14] reported the largest use of 

DFM for pure severe AR in 11 high-risk patients. No re-
sidual moderate or severe AR and valve-in-valve proce-
dures were observed, although 1 patient needed further 
surgical valve replacement because of an unstable pros-
thesis. Anchoring DFM does not necessarily need valvu-
lar calcification but needs adequate oversizing of at least 
2 mm compared to the size of the native annulus. How-
ever, rapid pacing is needed to decrease the regurgitant 
jet when it is difficult to pull the valve up to the annulus. 
The DFM incorporates aortic and ventricular inflatable 
bladders as self-seating geometry to assist in positioning 
and anchoring. The experience with Lotus is limited, but 
the results reported by Wohrle et al. [21] and Saraf et al. 
[22] were favorable. Another retrievable and reposition-
able THV is the ACURATE TA, which has a self-expand-
able nitinol stent consisting of upper and lower crowns 
that can correct valve fixation in a subcoronary and su-
pra-annular position. The unique structure offers tactile 
feedback and self-positioning at a supra-annular level. 
Three additional stabilizations can orient the biopros-
thesis in the ascending aorta, and the hourglass design (a 
narrower waist) can cover the annulus to facilitate co-
axial alignment. Wendt et al. [12] evaluated ACURATE 
TA in 8 patients with noncalcified AR without significant 
PVL and valve-in-valve procedures.

The abovementioned THVs are all designed for calci-
fied aortic valves. Several THVs are currently available 
with a different anchoring mechanism that does not need 
valvular calcification, such as the JenaValve, Engager 
valve, and J-Valve. The JenaValve has a feeler-guided po-
sitioning and a clip fixation mechanism of the native aor-
tic valve leaflets, which ensure anatomically correct and 
secure implantation even in the absence of valvular cal-

Table 2. Transcatheter heart valves for pure aortic regurgitation

Edwards 
Sapien

CoreValve Evolute R Direct 
Flow

Lotus ACURATE Engager JenaValve J-Valve

Anchoring site annulus annulus;
ascending 
aorta

annulus;
ascending 
aorta

annulus annulus annulus;
ascending 
aorta

annulus;
leaflets

annulus;
leaflets

annulus;
leaflets

Self-position – – – + – + + + +
Repositionable – – partially fully fully partially – – –
Oversize + + + + + + – – –
Rapid pacing + + + – – – – – –

Edwards Sapien (Edwards Lifesciences, USA), CoreValve (Medtronic, Minneapolis, MN, USA), Evolut R (Medtronic, Minneapolis, 
MN, USA), Direct Flow Medical (Direct Flow Medical, Santa Rosa, CA, USA), Lotus valve (Boston Scientific, Marlborough, MA, USA), 
ACURATE (Symetis SA, Ecublens, Switzerland), Engager (Medtronic, Minneapolis, MN, USA), JenaValve (JenaValve Technology 
GmbH, Munich, Germany), J-Valve (Jiecheng Medical Technology, Suzhou, China). +, yes; –, no.



Jiang et al.Cardiology 2018;141:132–140138
DOI: 10.1159/000491919

cification [23]. Moreover, it does not need oversizing to 
reduce the risk of annular dilation or rupture during 
TAVR. Also, no rapid pacing is needed during valve de-
ployment because of beating-heart implantation, hence 
it is safer in patients with hemodynamic insufficiency or 
depressed left ventricular function. The rare need for val-
vuloplasty or post-dilation can also alleviate the risk for 
conduction disturbances and annular rupture. The ap-
parent difference from the CoreValve is that the prosthe-
sis is fixed on the leaflets with no influence of dilated as-
cending aorta. Seiffert et al. [10] reported the largest us-
age in 31 high-risk patients with pure AR, and the clinical 
outcomes compared favorably with published trials and 
registries for TAVR in the treatment of AS. Because of 
successful implantations in patients with AR, the Jena-
Valve has already received the Conformité Européene 
(CE) mark approval for the treatment of AR, and it is the 
only transcatheter valve CE marked for both AS and AR. 
However, the feelers and the frame of the JenaValve are 
integrated by a fixed connection. Therefore, the position 
of the valve can only be adjusted to a limited extent once 
the three arms have been placed into the aortic sinuses. 
This may result in inadequate alignment and suboptimal 
positioning due to a difficult anatomy (e.g., horizontal 
aorta) or insufficient imaging, causing significant PVL or 
even dislodgment of the prosthesis. Compared to a bal-
loon-expandable THV, the JenaValve has less radial 
force leading to severe PVL in patients with heteroge-
neous calcification. This was observed in 1 patient with 
incomplete stent expansion, who required valve-in-valve 
implantation. The Engager valve incorporates a shaped 
main frame and a support frame, which has three control 
arms that are placed into the sinus of the aortic root to 
achieve an anatomically correct position [24]. As with 
the JenaValve, the connection between the main frame 
and the support frame is fixed. Experience with Engager 
valve in pure AR is limited to an isolated report [25]. The 
J-Valve system is completely designed by a Chinese com-
pany, with a similar design to the JenaValve and the En-
gager valve. The movable connection between the clasp-
er and the support frame is a unique design, providing 
fine positioning and active fixation to the leaflets. There-
fore, the prosthesis can be deployed in a perfect position 
coaxially with the left ventricular outflow tract even with 
difficult anatomy. The recent report by Zhu et al. [15] 
showed favorable procedural outcomes in a single pa-
tient with moderate residual AR. The aforementioned 
three types of THVs have shown promising results, but 
these valves were transapically implanted, which may in-
crease the risk of morbidity in high-risk or inoperable 

patients, especially those with a dilated left ventricle or 
left ventricular assist device. Heterogeneous calcification 
patterns may be unsuitable for these THVs due to their 
lower radial force.

Another concern is that a proportion of AR is caused 
by annular dilation due to aortic aneurysm, bicuspid aor-
tic valve, Marfan syndrome, etc. In general, thoracic aor-
tic aneurysms expand by about 0.3 cm per year [26]. Be-
cause of the added risk of aortic dissection, a surgical in-
dication should be considered for aortic root dilation > 55 
mm irrespective of the severity of AR, and even smaller 
diameters (< 45 mm) in patients with high risk factors for 
dissection, such as a rapid increase in aortic diameter  
(5 mm per year). Therefore, the aortic diameter may still 
increase after TAVR in cases of aortic aneurysm, bicuspid 
aortic valve, Marfan syndrome, etc. According to the ex-
perience of Roy et al. [7], patients with an ascending aor-
ta aneurysm had a poor response to treatment with TAVR 
(3 out of 4 patients died within 6 months of treatment). 
TAVR was ineffective in altering the prognosis of these 
patients, and aneurysmal dilation may be a contraindica-
tion to TAVR in patients with pure AR.

Study Limitations
First, the small number of studies and included pa-

tients limit the validity of our findings. Second, included 
studies were different in relation to TAVR devices used, 
access, technique, and outcome definition, making a 
comparison across reports impossible. Third, incomplete 
data, especially for baseline and patient characteristics, 
were frequent across studies. Fourth, our data were the 
periprocedural outcomes, and longer-term follow-up is 
necessary to evaluate the efficacy of TAVR for AR. Fifth, 
the results of the meta-analysis should be carefully inter-
preted for the majority of TAVR in isolated AR because 
of low statistical power. Finally, there is not enough infor-
mation available related to patients with AR due to aortic 
root dilation.

Conclusions

Promising procedural and early results of TAVR have 
been reported in a small sample of pure AR patients, but 
larger patient numbers, longer-term follow-up, and head-
to-head comparison with surgical aortic valve replace-
ment (SAVR) are needed before drawing final conclu-
sions. The implications for TAVR in terms of device de-
sign, procedural consideration (valve sizing, access), 
hemodynamic results (PVL), and clinical outcomes re-
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quire further investigation. The association of AR with 
progressive aortic dilation poses a particular concern for 
the durability of a conventional TAVR procedure. A min-
imally invasive (via transfemoral access), accurately posi-
tioned, fully repositioned, effectively sealed, suitable for 
enlarged annuli, and durable TAVR device is required for 
an unmet clinical need of high-surgical-risk patients with 
pure NVAR.
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