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Efficacy and safety of transfemoral
TAVR in pure aortic regurgitation
patients: a single center study
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The objective of this study was to evaluate the efficacy of transcatheter aortic valve replacement
(TAVR) via the femoral approach in patients with pure aortic regurgitation (AR), with a focus on
mortality, adverse event rates, cardiac function, and clinical symptom improvement. The study utilised
a single-centre experience to provide insights and offer guidance for the management of TAVR in AR
patients. Patients with aortic valve pathology who underwent TAVR at the Second Affiliated Hospital
of Nanchang University, from January 2018 to March 2023 were enrolled. They were classified into two
groups: pure AR and aortic stenosis (AS) based on preoperative transthoracic echocardiography. We
compared baseline characteristics, imaging data, surgical outcomes, and follow-up conditions between
them. We focused on the safety and efficacy of TAVR in patients with AR and evaluated these results
using regression analysis. The study cohort comprised 87 patients, with 21 in the AR group and 63 in
the AS group. We revealed that AR patients exhibited low mortality and adverse event rates following
transfemoral TAVR, with notable improvements in postoperative cardiac function and substantial
symptom relief. However, the rates of paravalvular leak (PVL), permanent pacemaker (PPM)
implantation, and valve-in-valve procedures were relatively elevated. While these findings suggest that
TAVR may represent a viable therapeutic option for patients with AR, the elevated rates of PVL, PPM
implantation, and readmission underscore the need for further investigation, with larger cohorts and
extended follow-up, to more robustly evaluate the long-term safety and efficacy of this approach.
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Aortic regurgitation (AR) is a type of valvular heart disease (VHD) in which the aortic valve fails to close
properly during diastole, resulting in the backflow of blood from the aorta to the left ventricle, and it accounts for
the highest proportion of moderate-to-severe aortic valve disease cases in China, reaching 38.8%'. Its etiology
may be congenital structural and functional abnormalities of the aortic valve and ascending aorta, or secondary
to diseases such as infective endocarditis and rheumatic heart disease®. As society continues to age worldwide,
degenerative disease has become a major etiologic factor, accounting for 60.9% of AR patients>60 years of
age1’3’4. Owing to the increase in counterflow, the volume burden of the heart continues to rise, the left ventricle
continuously enlarges, and the left ventricular ejection fraction (LVEF) persistently decreases, which ultimately
leads to left ventricular remodeling and heart failure. Most patients experience symptoms such as chest tightness,
shortness of breath, dyspnea, panic, angina pectoris, dizziness, and even syncope.

Transcatheter aortic valve replacement (TAVR) is the first-line standard treatment option for patients with
aortic stenosis (AS), with the advantages of less trauma, faster postoperative recovery, and lower complication
rates™®. Since the world’s first TAVR was performed by Cribier in 2002 and China’s first TAVR was performed by
Prof. Junbo Ge’s team at Zhongshan Hospital of Fudan University in 2010, the technology of TAVR has rapidly
developed in the past two decades, and the indications for TAVR have been expanded to include the treatment
of AR. Owing to the special anatomical structure of AR patients, such as the lack of valve calcification, the
absence of a stable prosthetic valve anchorage area, the large annulus diameter, the dilated ascending aorta, and
the tendency toward valve displacement after implantation, the incidence of postoperative valve-in-valve and
perivalvular leakage is high, which has limited the application of TAVR in the treatment of AR”.

Clinical treatment requires weighing the pros and cons of various treatment options. Surgical risk is only one
factor in determining a patient’s treatment options. Guidelines for the treatment of valvular disease emphasise

1Department of Cardiology, The Second Affiliated Hospital, Jiangxi Medical College, Nanchang University,
Nanchang 330006, China. 2Department of Cardiology, Shangrao People’s Hospital, Shangrao 334000, Jiangxi
Province, China. 3Department of Cardiology, The Affiliated Hospital of Jiujiang College, Jiujiang 332000, Jiangxi
Province, China. “Jie Feng and Haixia Wei contributed equally and should be considered co-first authors. *email:
wuyanging01@sina.com

Scientific Reports|  (2025) 15:17951 | https://doi.org/10.1038/541598-025-03214-1 nature portfolio


http://orcid.org/0000-0002-3042-271X
http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-03214-1&domain=pdf&date_stamp=2025-5-23

www.nature.com/scientificreports/

the need for a thorough assessment, taking into account life expectancy, prosthesis durability and anatomical
features to determine the best treatment option. Rigorous preoperative screening is essential®. Transthoracic
echocardiography (TTE) remains the preferred imaging modality for assessing valve regurgitation, heart size,
and LVEF®. Key parameters such as LVEE, aortic valve morphology, and transvalvular pressure gradients provide
essential information for staging AR and monitoring disease progression and postoperative recovery. Aortic root
CT angiography (CTA) is considered the “gold standard” for assessing aortic root anatomy and guiding surgical
planning®.

The J-Valve (Suzhou Jiecheng Medical Technology Co., Ltd.) is the only prosthetic aortic valve for TAVR in
China that has been approved for use in cases of AR. While studies have demonstrated that it is a surgical option
that is acceptable, SAVR remains the preferred option, as recommended by major guidelines such as the ESC/
EACTS and ACC/AHA”. The limitations of TAVR for AR in these guidelines are due to concerns regarding the
durability and effectiveness of the valve. Trials such as PARTNER and CoreValve further underscore the necessity
for meticulous patient selection, as evidenced by their exclusion of AR patients!®!!. TAVR complications,
including paravalvular leak (PVL) and permanent pacemaker (PPM) implantation, are of significance. PVL,
characterised by a leak around the prosthetic valve, has the potential to adversely impact long-term outcomes.
PPM is the implantation of a permanent pacemaker and can occur as a result of the following conduction system
disorders, primarily severe atrioventricular block. The potential impact of PVL on long-term prognosis and the
challenges faced by patients with PPM in achieving optimal hemodynamic outcomes.

Although transapical TAVR (TA-TAVR) is more invasive, transfemoral TAVR (TF-TAVR) is less invasive with
fewer complications. However, TAVR for AR remains technically challenging with limited experience in China.
The present study aims to evaluate the outcomes of TAVR using Venus-A self-expanding valves via transfemoral
access in AR patients, focusing on mortality, adverse events, cardiac function, and clinical symptoms.

Methods
Subject: On the basis of the inclusion and exclusion criteria, a single-center retrospective study of 148 patients
who received TAVR treatment in the Department of Cardiology at the Second Affiliated Hospital of Nanchang
University from January 2018 to March 2023 was performed. The criteria for inclusion and exclusion were as
follows: (1) age>60 years; (2) undergoing TF TAVR fro mod-sev AR with less than mild AS, and patients with
severe AS. The exclusion criteria were as follows: (1) valve-in-valve TAVR; (2) Moderate-to-severe AR combined
with moderate-to-severe AS; and (3) patients aged < 60 years. The patient screening process is shown in Fig. 1.
The AS group was selected as the reference point for comparison with the AR group in this study for several
reasons. Primarily, although TAVR for AR and AS differ in terms of pathophysiology, anatomical considerations,
and surgical approach, the two conditions share commonalities in terms of valve pathology and valve replacement
requirements. Furthermore, the inclusion of the AS group was intended to provide a broad benchmark rather
than a direct comparison of the two groups. All the subjects provided informed consent, and all the procedures
and protocols were approved by the Clinical Research Ethics Committee of the Second Affiliated Hospital of
Nanchang University and were performed in accordance with the Declaration of Helsinki.

Basic patient information

Preoperative demographic data including sex, age, body mass index (BMI), NYHA cardiac function classification,
Society of Thoracic Surgeons (STS) score, smoking history and comorbidities such as hyperlipidaemia,
hypertension, diabetes mellitus and coronary artery disease, imaging parameters, surgical information and
postoperative follow-up results were collected from the hospital information system. TTE and aortic root CTA
were performed in all patients to thoroughly assess valve anatomy and surgical risk.

Data from echocardiography and CTA

Preoperatively, the following data were collected from the TTE results: aortic valve annulus diameter (AVAD),
ascending aortic diameter (AAD), left ventricular end-diastolic diameter (LVEDd), LVEE aortic orifice
flow velocity, aortic valve mean transvalvular pressure gradients, mitral regurgitation (MR), and tricuspid
regurgitation (TR).

Moreover, we evaluated the aortic root via CTA and performed 3D reconstruction of the anatomical
structures, etc. The following data were obtained: aortic valve calcification volume, aortic valve annulus
diameter, annulus area, ascending aortic diameter, left ventricular outflow tract diameter (LVOTD), aortic angle,
and coronary artery height, and the results were analyzed via 3-mensio Structural Heart software. Calculation
of implanted valve oversize rate: oversize rate = (diameter of prosthetic valve/diameter of annulus measured by
CTA - 1) *100%.

Postoperative follow-up and study endpoints

Patients were followed for six months after surgery with a combination of telephone consultations and outpatient
visits. Echocardiograms were performed before discharge and at one and six months after surgery to assess
parameters of prosthetic aortic valve function, LVEE, and the incidence of complications. These included
permanent pacemaker implantation, stage 2-3 acute kidney injury, stroke, major vascular complications and
the need for secondary valve-in-valve implantation. Data on mortality, readmission rates and an assessment
of prosthetic valve morphology and function were also carefully collected. The primary endpoint of the study
was all-cause death during the follow-up period, and the specific assessment time was postoperative, 1 month
and 6 months after TAVR. Secondary endpoints encompassed the occurrence of surgery-related complications
over the same period.Surgical success was determined according to the standardised criteria established by the
Valve Academic Research Consortium (VARC-2), which include the absence of intraoperative mortality, correct
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Fig. 1. Flow chart of the patient screening process.

positioning of the prosthetic valve, a mean pressure gradient across the aortic valve of less than 20 mmHg, and
the absence of moderate-to-severe PVL!2

Operation procedure

After rigorous assessment and surgical planning by a multidisciplinary cardiac team, TAVR was performed in the
cardiac interventional catheterisation laboratory. After the patient was anaesthetised, a femoral artery approach
was selected for puncture and placement of an arterial sheath, and a pigtail catheter was advanced to the aortic
root for imaging. After temporary pacing at 180 beats per minute to lower systolic blood pressure to less than
60 mmHg, an appropriately sized Venus-A prosthetic aortic valve was selected and delivered to the aortic annulus
via a Lunderquist guidewire, precisely positioned according to intraoperative transesophageal ultrasound (TEE)
and aortic root angiography, and the valve was released. TEE and aortic root angiography were repeated to
assess the morphology and function of the implanted prosthetic valve and the condition of the aorta, and if the
results showed moderate or greater perivalvular leakage of the prosthetic valve, post-balloon dilatation or valve-
in-valve implantation was considered. The valve delivery system was removed at the end of the procedure, the
femoral artery puncture site was sutured, and temporary pacing leads were left in place until 24 h after surgery.
All patients were monitored in the intensive care unit for at least 8 h. Long-term antiplatelet therapy was given
postoperatively, long-term oral anticoagulants were given to those with indications for anticoagulation, and
echocardiograms and electrocardiograms were reviewed before discharge®!3. The procedure is shown in Fig. 2.
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Fig. 2. Illustration of the surgical procedure. (A,B) Preoperative TTE suggesting severe aortic regurgitation;
(C,D) Preoperative CTA of the aortic root. (E) Intraoperative aortic root angiography for TAVR showing
massive aortic regurgitation. (F) Repeat angiography after valve release showing no significant regurgitation.

Statistical analyses

Data were analysed using SPSS 26.0. Normality test and chi-square test were performed on all data. Normally
distributed data were expressed as mean + standard deviation (x *s) and skewed data were expressed as median
M (Q1, Q3). The paired-samples t-test was used to compare baseline and postoperative related indices in the
same group of patients, and the independent-samples t-test or Mann-Whitney U-test was used to compare
data between the two groups. Count data were expressed as the number of cases (%), and the x2 test or Fisher’s
exact probability method was used to compare data between the two groups. Kaplan-Meier curves and Cox
proportional risk regression were used to assess the cumulative survival of the two groups at 6 months after
surgery, and the log-rank test was used to compare the two groups. All tests were two-tailed and P<0.05 was
considered statistically significant.

Results

Comparison of clinical baseline characteristics between the two groups

A total of 84 patients were included in this study: 21 patients in the aortic regurgitation group and 63 patients
in the aortic stenosis group, with a mean age of 71.6+7.0 years, of whom 51 (60.7%) were male. STS score
(8.2£3.6%), NYHA class I-II, 8 patients (9.5%), class III, 58 patients (69.0%) and class IV, 18 patients (21.4%)
were included. Compared with the AS group, the AR group had a lower percentage of bileaflet aortic valves (9.5%
vs 69.8%; P<0.001), and there were no statistically significant differences in age, sex, cardiac function class, STS
score, or comorbidities including smoking, hypertension, hyperlipidaemia, diabetes mellitus, coronary artery
disease, or atrial fibrillation (P>0.05). Baseline clinical characteristics of the two groups are detailed in Table 1.

Comparison of preoperative echocardiography and CTA between the two groups of patients

Compared with those in the AS group, patients in the AR group had a larger left ventricular end-diastolic
diameter on preoperative TTE (57.4+6.9 vs 49.1+8.2; P<0.001), and the differences were not statistically
significant in terms of AVAD, AAD, LVEE, or combined moderate to severe mitral or tricuspid regurgitation
(P>0.05). In addition, the volume of aortic valve calcification was significantly lower in the AR group than
in the stenosis group (3.4+9.1 vs. 557.1+356.6; P<0.001), of which only three patients had mild aortic valve
calcification. The height of the left coronary artery was slightly greater in the AR group than in the AS group
(14.7£5.3 vs 14.4£3.1; P=0.017). The differences between the two groups in terms of annular diameter, annular
area, AAD, LVOTD and aortic coarctation angle were not statistically significant (P> 0.05). In addition, annular
internal diameter, ascending aortic internal diameter and annular area were greater in the AR group than in the
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Parameters Total (n=84) | ARgroup (n=21) | AS group (n=63) | P

Age, (year) 71.6+7.0 69.4+7.3 72.3+6.8 0.408
Man, n (%) 51(60.7) 16(76.2) 35(55.6) 0.096
BMI, (kg/mz) 22.6+3.2 21.1+33 23.1+3.0 0.780
NYHA class, n (%) 0.509
I-11 8(9.5) 1(4.8) 7(11.1)

I 58(69.0) 15(71.4) 43(68.3)

v 18(21.4) 5(23.8) 13(20.6)

STS score, (%) 82+3.6 6.9+3.1 8.6+3.7 0.906
Health history, n (%)

Smoking 20(23.8) 6(28.6) 14(22.2) 0.556
Hyperlipidemia 2(2.4) 0(0.0) 2(3.2) 0.113
Hypertension 50(59.5) 15(71.4) 35(55.6) 0.202
Diabetes 13(15.5) 1(4.8) 12(19.0) 0.119
Coronary heart disease | 23(27.4) 5(23.8) 18(28.6) 0.674
Atrial fibrillation 16(19.0) 7(33.3) 9(14.3) 0.056
Cerebrovascular disease | 11(13.1) 5(23.8) 6(9.5) 0.095
COPD 9(10.7) 3(14.3) 6(9.5) 0.544
CKD 6(7.1) 2(9.5) 4(6.3) 0.627
PH 12(14.3) 3(14.3) 9(14.3) >0.999
PPM 3(3.6) 2(9.5) 1(1.6) 0.092
Other heart surgeries 19(22.6) 5(23.8) 14(22.2) 0.881
Type of valve, n (%) <0.001
BAV 46(54.8) 2(9.5) 44(69.8)

TAV 38(45.2) 19(90.5) 19(30.2)

Table 1. The clinical baseline characteristics of the two groups. NYHA: New York Heart Association; BMI:
body mass index; STS: American Association of Thoracic Surgeons; COPD: chronic obstructive pulmonary
disease; PH: pulmonary hypertension; CKD chronic kidney disease; PPM: permanent pacemaker; BAV:
bileaflet aortic valve; TAV: trileaflet aortic valve.

AS group, although the differences were not statistically significant (P>0.05). A comparison of the preoperative
echocardiograms and CTAs between the two groups is detailed in Table 2.

Comparison of operations in the two groups of patients

The surgical success rate was high in both groups, with 1 postoperative death due to cardiogenic shock in the
AR group, 2 intraoperative deaths due to cardiogenic shock, 3 postoperative deaths in the AS group, and 1
reoperation due to massive regurgitation observed by esophageal ultrasound after valve implantation during
surgery; the difference was not statistically significant (95.2% vs. 90.5%; P> 0.05). Compared with the AS group,
the implanted valve size (29.0 vs. 26.0; P<0.001) and the valve oversize rate (17.1+7.4 vs. 5.5+8.2; P<0.001)
were greater in the AR group than in the stenosis group, and the rates of balloon predilatation (14.3% vs. 87.3%;
P <0.001) and postdilatation (4.8% vs. 38.1%; P=0.004) were significantly lower in the AR group. And the rate of
intraoperative valve-in- valve implantation was significantly higher (47.6% vs 14.3%; P=0.002). A comparison
of the surgical status of the two groups of patients is detailed in Table 3.

Comparison of preoperative and postoperative echocardiograms in patients with AR

A total of 20 patients in the AR group participated in the follow-up, and the transthoracic echocardiogram
was reviewed at 1 month and 6 months after surgery. As shown in Table 4, the patients’ left ventricular end-
diastolic diameters decreased to varying degrees, the left ventricular ejection fraction increased compared with
the preoperative period, and the transvalvular pressure across the aortic valve also decreased significantly after
surgery (P<0.05).

Comparison of the occurrence of complications between the two groups

A total of 77 patients were followed up for 6 months in this study. A total of 6 patients underwent PPM for
postoperative atrioventricular block of degree III, including 3 patients (14.3%) in the AR group and 3 patients
(4.8%) in the AS group. One patient (4.8%) in the AR group developed a new cerebral infarction after surgery,
but after cerebral protection and improvement in cerebrovascular circulation, the patient did not experience
any special discomfort. There were no new deaths during the follow-up period, and a total of 4 patients were
readmitted to the hospital, including 3 patients (15.0%) in the AR group, 1 patient who returned to the hospital
due to heart failure induced by lung infection, 1 patient who returned to the hospital for review because of chest
tightness and discomfort, and the other patient who returned to the hospital for simple review.
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Parameters AR group, (n=21) | AS group, (n=63) | P

TTE

AVAD, mm 21.8+25 21422 0.490
AAD, mm 38.0+4.5 37.6+6.0 0.569
LVEDd, mm 57.4+6.9 49.1+8.2 <0.001
LVEE, (%) 54.0+10.0 56.0+12.6 0.184
moderate-to-severe MR, n (%) 4(19.0) 10(15.9) 0.737
moderate-to-severe TR, n (%) 4(19.0) 9(14.3) 0.603
CTA

Aortic valve calcification volume, mm? 0.0(0.0, 0.0) 557.0(153.2, 960.8) | <0.001
Diameter of the heart valve annulus, mm | 24.9+1.7 247+2.3 0.408
Heart valve annulus area, mm? 473.4+65.2 468.9+88.0 0.491
Diameter of ascending aorta, mm 38.3+3.8 37.6+5.1 0.169
LVOTD, mm 26.1+2.4 259+3.8 0.082
Aortic root angulation, ° 52.8+7.3 53.8+£8.0 0.698
Left coronary height, mm 13.1(7.0,19.2) 14.4(11.4,17.4) 0.017*
Right coronary height, mm 19.0(14.5,23.5) 16.5(13.8,19.2) 0.317

Table 2. Comparison of preoperative echocardiograms and CTAs between the two groups. Aortic valve
annulus diameter (AVAD), Ascending aortic diameter (AAD), left ventricular end-diastolic diameter (LVEDA),
left ventricular ejection fraction (LVEF), mitral regurgitation (MR), tricuspid regurgitation (TR) TTE:
transthoracic echocardiography; CTA: CT angiographys; left ventricular outflow tract diameter (LVOTD).
Diameter = (maximum diameter + minimum diameter)/2.

Parameters AR group, (n=21) | AS group, (n=63) | P

Immediate surgical success, n (%) | 20(95.2) 57(90.5) 0.497
General anesthetic, n (%) 20(95.2) 63(100) 0.083
Implanted valve size, mm 29.0(24.0,34.0) 26.0(20.0,32.0) <0.001
Opversize rate, % 17.1+74 5.5+8.2 <0.001
Balloon pre-dilation, n (%) 3(14.3) 55(87.3) <0.001
Post-balloon dilatation, n (%) 1(4.8) 24(38.1) 0.004
Valve-in-valve implantation, n (%) | 10(47.6) 9(14.3) 0.002

Table 3. Comparison of the surgical status of the two groups of patients.

Parameters | Preoperative | Pre-discharge | P, 1 month postoperative | P, 6 months postoperative | P;

LVEDd, mm | 57.4%6.9 53.5+7.5 0.005* | 53.5+8.6 0.038* | 54.2+8.8 0.115
LVEE % 50.5+10.0 51.6+9.1 0.237 | 53.2+9.1 0.051 | 53.0£11.9 0.083
V, m/s 2.1+0.7 1.9+0.4 0.140 | 1.9+0.3 0219 | 1.9%£05 0.548
PG, mmHg |42.0+5.2 13.8+8.0 <0.001 | 13.3+5.9 <0.001 | 16.9+8.6 0.012

Table 4. Comparison of preoperative and postoperative echocardiograms in patients with AR. LVEDd: left
ventricular end-diastolic internal diameter; LVEF: left ventricular ejection fraction; V: aortic orifice flow
velocity; PG: mean transvalvular pressure gradient across the aortic valve; P1-P3 are the P-values of each
postoperative stage compared with the preoperative data.

In the AS group, one patient (1.8%) was admitted to the hospital with chest pain, was diagnosed with coronary
atherosclerotic heart disease via coronary angiography, and was discharged from the hospital with improved
symptoms after secondary prevention of coronary artery disease such as antiplatelet and lipid modulation.At
the end of the follow-up period, there were 3 cases of moderate-to-severe perivalvular leakage, including 2
cases (10.0%) in the AR group and 1 case (1.8%) in the AS group, and no patients had secondary midvalve
implantation. The results of the analysis revealed that, compared with those in the AS group, patients in the AR
group had no statistically significant differences in terms of complications between the two groups, except for a
higher readmission rate (P=0.02). The patients’ complications are shown in Table 5. The Kaplan-Meier survival
curves (Fig. 3) at 6 months after procedure in both groups revealed that the difference in the cumulative survival
rate was not statistically significant. In addition, we used Cox proportional hazards regression for a more robust
analysis of differences in survival. The results are shown in Table 6, although the hazard ratio = 1.6445 indicates
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100

Cumulative survival rate (%)

Follow-up Follow-up
Parameters Pre-discharge 1 month 6 months
AS group AR group | AS group AR group | AS group

AR group (n=21) | (n=63) P (n=20) (n=57) P (n=20) (n=57) P
Complications, n (%)
All-cause mortality 1(4.8) 5(7.9) 0.627 0(0.0) 0(0.0) >0.999 | 0(0.0) 0(0.0) >0.999
Transfer to surgery 0(0.0) 1(1.6) 0.564 |- - - - - -
Readmission - -/ - 2(10.0) 0(0.0) 0.014 | 3(15.0) 1(1.8) 0.020
PPM 3(14.3) 3(4.8) 0.145 0(0.0) 0(0.0) >0.999 | 0(0.0) 0(0.0) >0.999
Acute kidney injury 0(0.0) 0(0.0) >0.999 | 0(0.0) 0(0.0) >0.999 | 0(0.0) 0(0.0) >0.999
Stroke 1(4.8) 0(0.0) 0.083 | 0(0.0) 0(0.0) >0.999 | 0(0.0) 0(0.0) > 0.999
Vascular complications 0(0.0) 0(0.0) >0.999 | 1(5.0) 0(0.0) 0.086 0(0.0) 0(0.0) >0.999
Moderate to severe PVL 0(0.0) 1(1.6) 0.561 1(5.0) 2(3.5) 0.746 2(10.0) 1(1.8) 0.099
Valve-in-valve implantation | 0(0.0) 0(0.0) >0.999 | 0(0.0) 0(0.0) >0.999 | 0(0.0) 0(0.0) >0.999

Table 5. Comparison of the occurrence of complications between the two groups. PVL: perivalve leakage;
PPM: permanent pacemaker.
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Fig. 3. Kaplan-Meier survival curve of patients 180 days post surgery.
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Regression Coefficient ‘ Standard Error ‘ z ‘ Hazard Ratio ‘ 1/Hazard Ratio ‘ 95% CI ‘ Pvalue
AS | Ref
AR | 0.4974 ‘ 1.0955 ‘0‘4541 ‘ 1.6445 ‘0.6081 ‘0.1921714.0775 ‘0.6498

Table 6. Cox proportional hazards regression analysis.
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that the risk of death for patients in the AS group was 1.64 times higher than for patients in the AR group.
However, this result was not statistically significant as the P value=0.6498, indicating that the difference in risk
of death between the two groups of patients was not significant. The reason for this may be due to our small
sample size and short follow-up period, which led to weak explanatory power of the model, and more event data
may be needed for further validation in the future.

Discussion

AR is one of the most common forms of VHD. A community-based population survey of patients with moderate
or severe valvular heart disease in the United States showed that the prevalence of AR was much lower than the
prevalence of AS: 0.6% and 1.4% in those aged 65-74 years, and 1.7% and 4.6% in those aged >75 years. In the
2017 European Valvular Heart Disease Observational Research Program II survey, severe pure AR accounted for
5.3% of severe VHD'. In China, echocardiographic databases show a higher detection rate of AR than AS'>16,
In addition, as a degenerative disease, patients with AR often have serious complications such as heart failure,
and the mortality rate is not low. Therefore, there is a need to update safer and more effective treatments for AR
patients.

Current status of TAVR treatment for patients with AR

TAVR in patients with AR presents significant technical challenges compared to patients with AS. one of the
major obstacles in patients with AR is the near absence of calcification in the aortic valve. whereas the valves
in patients with AS are often severely calcified and stenotic, the aortic valves in patients with AR are usually
uncalcified or only slightly calcified. the lack of calcification can complicate valve fixation in patients with AR.
Lack of calcification can complicate valve fixation because calcified tissue provides a stable anchor for prosthetic
valves. The lack of significant calcification in patients with AR increases the risk of valve migration, paravalvular
leak and improper valve implantation. To minimise these risks, embolic protection devices are increasingly
being used in TAVR to capture any debris or embolic material that may be displaced during valve implantation.

The anatomical characteristics of AR limit the development of TAVR surgery. First: AR patients lack the
necessary conditions for valve implantation and autologous valve calcification, which makes prosthetic valve
implantation prone to displacement and is prone to inducing complications. Second, in AR, oversized valves
are often required to ensure a proper fit and prevent paravalvular leakage. Chronic regurgitation in AR often
leads to dilation of the aortic annulus, requiring the use of larger valves to achieve an effective seal. However,
oversizing carries additional risks, such as potential damage to surrounding tissue or increased risk of valve
migration. Oversized valves also carry the risk of coronary artery obstruction or aortic root damage, which
can lead to serious complications. AR patients have a significantly greater incidence of postoperative PVL
and mortality during follow-up due to long-term blood regurgitation, which enlarges the aortic annulus!”!8.
Currently, the proportion of patients with pure AR treated with TAVR is very small in China, and most patients
with chronic AR who are elderly, have severe underlying diseases and many comorbidities, and who choose
conservative treatment due to the high risk of surgery, suffer from a mortality rate that can reach 20%°. In recent
years, with the advancements in surgical methods and valve instrumentation, there have been new advances
in the treatment of AR via TAVR, but SAVR is still the treatment of choice for simple severe AR in the current
domestic and international guidelines and expert consensus. In fact, for AR patients with contraindications to
conventional surgery or those at intermediate to high risk and with appropriate aortic valve anatomy, TAVR is
not a viable treatment option, and many centers have applied TAVR to treat AR with good surgical efficacy?*-?2.
The oversized valve annulus should be considered a limitation of the current device, and future improvements
in bioprosthetic valve design to better accommodate AR patients are needed to minimise the need for such
adjustments in future devices. In addition, future improvements in the accuracy of imaging and surgical
techniques, such as accurate valve positioning and deployment, should be enhanced and play a key role in
minimising complications associated with valve migration or embolization. Pre-operative imaging of the aortic
annulus and root is also helpful in determining optimal valve size and placement technique, which is particularly
important in patients with AR.

The 2020 American College of Cardiology/American Heart Association (ACC/AHA) guidelines for the
management of valvular disease state that patients with mild asymptomatic or excessively high surgical risk
AR may be treated with pharmacologic therapy, that aortic valve surgery should be performed for symptomatic
severe AR regardless of left ventricular systolic function, and that surgical intervention is recommended for
asymptomatic patients presenting with impaired left ventricular function (LVEF <55%)°. The 2021 European
Society of Cardiology Guidelines for the Management of Valvular Disease similarly recommend surgery for
symptomatic severe AR, whereas surgery is recommended for asymptomatic severe AR that presents with an
LV end-systolic internal diameter of >50 mm or an LVEF of <50%°. The latest 2023 Chinese Expert Consensus
on Transfemoral Aortic Valve Replacement for AR states that patients with moderate-to-severe AR with
anatomically appropriate contraindications to surgery or at high risk have an indication for surgical intervention
via self-expanding valves with TF-TAVR, which needs to be performed in centers with a well-established team
experienced in the field, with an efficacy that is noninferior to surgical intervention’. Our study revealed that TF-
TAVR with self-expanding prosthetic aortic valves is feasible for treating symptomatic severe AR via TF-TAVR
with self-expanding prosthetic aortic valves because of the low incidence of adverse events after TAVR, with an
operative mortality rate of 1/21 (4.8%), and an incidence of severe perivalvular leakage at midterm postoperative
follow-up of 2/20 (10.0%).

Procedural approach and selection of transcatheter prosthetic aortic valves
With respect to surgical devices, most prosthetic valves were initially designed for aortic valve calcification in
patients with AS and were divided into two major categories: self-expanding valves and balloon-expandable
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valves. However, owing to the specificity of the anatomical structure of AR patients, which leads to a much greater
incidence of postoperative complications such as dislocation due to insufficient anchoring of the prosthetic valve
as well as postoperative complications such as rupture of the annulus, valve-in-valve implantation, and PVL,
special improvements are needed?’. In recent years, a new generation of valve systems designed for AR targeting
has emerged, from the original CoreValve stent developed by Medtronic, to the Edwars valve and the JenaValve®
system valve, with numerous studies demonstrating good surgical efficacy, with device success rates reaching
more than 95%%%%. Structurally, the new generation of prosthetic valves has been specifically reinforced with
valve anchors to prevent valve migration®®. The transapical J-Valve is a guideline-recommended prosthetic aortic
valve for the treatment of TAVR in AR patients; it is designed with a trident buckle and operats in a smooth
transapical direction to minimize prosthetic valve dislocation during implantation, and its safety and efficacy
have been verified by a large multicenter study at West China Hospital?!. However, the transapical approach
tends to face greater surgical risk and longer postoperative recovery time with greater myocardial damage to
the patient; and thus, the transfemoral approach is currently the most widely used procedural route*. With less
myocardial damage, a shorter mechanical ventilation time, and lower postoperative complications and mortality,
TF-TAVR is a better regimen, and its efficacy in AR is no worse than that of the transapical or transabdominal
route?’. In our center, we use the domestically developed Venus-A self-expanding valve, which is a second-
generation transcatheter prosthetic valve system with a retrievable function and a significantly higher success
rate than ball-expandable valves?®. The design of the three positioning points at the bottom of the valve skirt
improves the radial support of the valve and allows for repeated intraoperative fixation of the valve to achieve
precise positioning of the valve and minimize the risk of complications. Initially, designed for patients with AS,
this study demonstrated the feasibility of this valve for the treatment of AR¥. Additionally, in patients with AR,
the use of a valve that is 15%-20% (but not more than 20%) larger than the annulus diameter usually improves
the radial support of the valve?3031 Available evidence indicates that self-expanding valves are effective in
improving the radial support of the valve.

Postoperative complications of TAVR in AR patients

The high incidence of PVL and PPM is one of the most common and significant complications in AR patients
undergoing TAVR. PVL is among the most common and important complications after TAVR in AR patients
and is correlated with increased mortality in advanced-stage patients®>*>. The high rate of PVL and valve-in-
valve implantation in patients with AR is related to its anatomical peculiarities: the lack of valve calcification;
the increased LVEDd; AVAD, and AAD; the tendency of the valve to migrate after implantation; and the need
for a valve-in-valve strategy in the presence of perivalvular leaks of greater than moderate severity to minimize
residual aortic regurgitation in the postoperative period. Therefore, selecting the correct valve size and avoiding
implantation too deep is critical to minimising PVL. In addition, to improve valve stability, patients with AR
often need a larger prosthetic valve size to better anchor the valve stent by increasing radial support. Careful
preoperative evaluation, selection of the appropriate prosthetic valve, and precise positioning and depth of valve
implantation are effective measures to minimize perivalvular leakage and prevent valve migration.

In terms of the occurrence of PPM, compression of the cardiac conduction system during TAVR in AR
patients with larger valves may lead to postoperative atrioventricular block, increasing the risk of pacemaker
implantation®3. The available literature suggests that oversized valves and valve implantation too deep may be
a cause of conduction system compression®®>’. Therefore, the blind use of oversized valves during the procedure
should be avoided, especially in patients with preoperative conduction block, and the selection of balloon-
expandable valves may help to minimize adverse events.

In addition, vascular complications, stroke and acute kidney injury are also common complications after
TAVR, and the incidence of these complications has been reduced to varying degrees with improvements
in operator proficiency and updating of instrumentation and devices>?. In the present study, only 1 case of
postoperative death (4.8%), no secondary valve-in-valve implantation, 3 cases of postoperative PPM (14.3%),
1 case of new cerebral infarction (4.8%), and 2 cases of moderate-to-severe perivalvular leakage (10.0%) were
included in the 21 AR patients included, with no ruptured annulus or significant displacement, resulting in a low
incidence of adverse events. In addition to the higher readmission rate in the AR group than in the AS group,
the rates of other common complications, including PPM acute kidney injury, and stroke, were not significantly
different from those in the AS group, suggesting that TF-TAVR is technically feasible and safe for the treatment
of AR. Besides, our results are consistent with the existing literature and suggest that accurate preoperative
assessment, selection of the appropriate valve model, and precise localisation of the implantation position and
depth can effectively reduce the incidence of PVL and PPM, thereby reducing the incidence of postoperative
complications.

Recovery after TAVR in patients with AR

We followed the enrolled patients for 6 months, and the reviewed echocardiographic results revealed that the
AR patients had varying degrees of improvement in cardiac structure and function after the procedure (Fig. 4).
Although severe cardiac insufficiency and ventricular remodeling in AR patients were not completely reversed
before surgery, the symptoms were reduced to different degrees. Current guidelines emphasize the assessment
of patient surgical efficacy through improvements in postoperative life expectancy and quality of life as the
primary metrics, and TAVR is the first choice for symptomatic patients of any age who are at high risk for or have
contraindications to surgery if posttreatment survival is expected to be > 12 months with an acceptable quality of
life3%3%. TF-TAVR is safe and effective for the treatment of AR as assessed by a postoperative survival benefit to
patients of >25% (improvement of at least 1 grade in the NYHA cardiac function classification; improvement of
at least 1 grade in the Canadian angina classification; and improvement in quality of life or prolongation of life
expectancy) for the assessment of surgical efficacy.
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Fig. 4. Improvement in cardiac function in patients with AR.

Limitations

This study is a single-center retrospective study with a limited sample size and a short follow-up period. The
small sample size may have impacted the statistical power of the study, potentially limiting the generalizability
of the results. In addition, the findings provide preliminary clinical experience in the use of the Venus-A self-
expanding valve for TF-TAVR in patients with AR, which requires validation through larger, multicenter studies
with longer follow-up periods. Such studies are essential to confirm the robustness of the observed trends and
to further establish the efficacy of the Venus-A valve in this patient population. Furthermore, preoperative
transthoracic echocardiography and CTA were performed by different physicians, introducing the possibility
of measurement bias.

Conclusion

TF- TAVR with Venus-A self-expanding valves in patients with pure AR has demonstrated feasibility. However,
challenges such as a high incidence of PVL and PPM rates highlight the technical difficulties associated with
AR. These findings highlight the need for larger, prospective, multicentre studies with long-term follow-up to
validate the results and refine procedural strategies to improve outcomes in patients with AR.

Data availability
The data generated and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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