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A B S T R A C T

Background: The quantitative videodensitometric aortography (QVDA) has reliably quantified post-TAVI aortic 
regurgitation (AR). However, this method has not yet been evaluated in randomized trials comparing various 
transcatheter heart valve (THV) systems. Here, we investigated the QVDA of AR following TAVI for severe aortic 
stenosis among Myval, Sapien, and Evolut THV series as part of the LANDMARK trial.
Methods: The final aortograms, either without or after balloon post-dilatation (BPD) were analyzed using the 
advanced CAAS-A-Valve 2.1.2 software. The regurgitant fraction (RF) was computed and categorized into none/ 
trace AR (RF < 86 %), mild AR (6 % ≤ 8RF ≤ 817 %), and moderate/severe AR (RF > 17 %).
Results: Five hundred ninety-six final analyzable aortograms and 97 aortograms following BPD were included in 
the analysis. The BPD resulted in a significant reduction of RF in the Myval [12.0(6.0–18.5) vs 2.0(1.0, 5.5);p =
0.0002], Sapien[18.0(1.0–19.0) vs. 2.0(1.0–3.0); p = 0.04206] and Evolut [10.5 (6.0–15.0) vs 5.0 (1.0–8.0); p =
0.0009]. The rate of final RF > 17 % was lower in the Myval(2.0 %) compared to Evolut(8.00 %), but similar to 
the Sapien series (4.0 %)(PMyval-Sapien = 0.2333, PMyval-Evolut = 0.0057). In the as-treated population, the Myval 
series demonstrated a comparable RF to the Sapien series, but a significantly lower RF compared to the Evolut 
[Myval: 3.0 %(1.0–7.0), Sapien:3.0 %(1.0–7.0), Evolut:5.0 %(1.0–10.0)], PMyval-Sapien = 0.8997,PMyval-Evolut =

0.0010].
Conclusion: The QVDA highlights the superior performance of the Myval THV series compared to the Evolut THV 
series, with the lowest rate of moderate/severe RF among the three THV series, and could be used with echo
cardiography to help in detecting cases with none/trace AR.

1. Introduction

Following transcatheter aortic valve implantation (TAVI) for severe 
aortic stenosis, prosthetic valve may exhibit paravalvular leak (PVL), 
varying in severity from trivial to severe aortic regurgitation (AR), 
potentially affecting the durability of the valve and the longer-term 
outcome following the procedure [1,2].

In its early phase of development, TAVI showed a relatively high 
incidence of moderate/severe PVL, whereas with the evolving technol
ogy and the latest generation of transcatheter heart valves (THV), the 
percentage of moderate and severe PVL and prosthetic valve regurgi
tation has considerably declined when compared with the early gener
ation of THVs [3–6].

Several imaging modalities have been used to assess and adjudicate 
the severity of PVL, and echocardiography is currently the most used 
and recommended modality for assessing PVL following TAVI [7]. 
However, the use of transthoracic echocardiography (TTE), trans
esophageal echocardiography (TEE) and the presence of an echo
cardiographist in the catheterization laboratory are nowadays 
uncommon and the diagnosis of PVL is mostly made retrospectively, 
outside the cath lab without the option to amend the regurgitation 
periprocedurally. Imaging modalities other than echocardiography may 
be used for PVL assessment, including visual aortography, quantitative 
videodensitometric aortography (QVDA), and cardiac magnetic reso
nance [8,9]. Only the first two modalities − visual aortography and 
QVDA- can be applied online during the procedure. In contrast with the 
visual and subjective assessment of AR, the QVDA measures the differ
ence in the time-density curve of the angiographic contrast medium 

administered in the aortic root area and regurgitated in the left ven
tricular outflow tract (LVOT) to calculate the regurgitation fraction (RF) 
either “on line” in the lab or offline for a retrospective evaluation 
[10,11]. The technique has been validated, found accurate and repro
ducible in an in-silico mock circulation system [12,13] as well as in 
clinical studies after TAVI in patients with either aortic stenosis or for AR 
[14–16]. It has been established that a cut-off point of RF > 17 %, − a 
threshold level of regurgitation associated with late mortality after TAVI 
[14,17] and corresponding to a moderate/severe degree of AR as 
determined by TTE, TEE [12] and magnetic resonance [15,18,19].

Balloon post-dilatation (BPD) is performed in patients with PVL after 
TAVI mainly for mitigation or elimination of PVL [20]. In the LAND
MARK trial, BPD was performed in 118 patients (15.36 %) post-TAVI 
[3]. Therefore, this post-hoc analysis of the LANDMARK trial aims to 
provide a detailed QVDA assessment of the final aortogram, including 
the one following BPD and to attempt to identify the factors associated 
with the presence of residual PVL among the three valves series.

2. Methods

2.1. Study population and design

This is a post-hoc analysis of the LANDMARK randomized, open- 
label trial, which consisted of 768 participants receiving either the 
Myval, Sapien, or Evolut THVs series.

This multicenter study included patients with severe AS who un
derwent a post-procedural aortogram in the cath lab for immediate 
assessment of PVL, whenever the aortogram was quantitatively 
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analyzable. Details of inclusion criteria were published in the LAND
MARK trial’s primary publication [3].

2.2. Balloon post-dilatation

Supplementary Table 1 shows the details of these reasons as well as 
the imaging modalities used for the decision of BPD. The detection and 
reduction in PVL were assessed during the procedure mainly by 
aortography (75.4 %, Supplementary Table 1). Diverse motivations 
were involved in the decision-making of the BPD performance, but the 
most common reason for performing BPD was the presence of PVL and 
suboptimal valve expansion documented by angiography. The nominal 
balloon size and its adjusted volumetric filling to appropriately correct 
the PVL was left at the operator’s discretion. The severity of PVL has 
been adjudicated using Valve Academic Research Consortium 3 (VARC- 
3) as follows: none or trace, mild, moderate or severe [7] by echocar
diography, and QVDA assessment.

2.3. Quantitative videodensitometric aortographic assessment of aortic 
regurgitation

Angiography as guidance during the procedure or as a final assess
ment of AR was done in the aortic root during TAVI by injecting contrast 
dye, resulting in a total amount of contrast used for each THV [Median 
(Q1-Q3) = Myval: 141.0 (100–180) ml; Sapien: 135.0 (101–195.5) ml; 
Evolut: 134.0 (100–200) ml].

For the AR assessment, the pigtail catheter was placed maximally 2 
cm above the edge of the prosthetic metallic frame during the injection 
of contrast (20–30 ml) for the Myval THV series and Sapien THV series 
and inside the outflow region of the Evolut THV metallic frame. Final 
aortograms, following an eventual BPD, were analyzed by a central in
dependent Core lab who was was blinded to the valve type and the 
outcomes, by anonymizing received cases to the core lab.

CAAS-A Valve 2.1.2 (PieMedical Imaging, The Netherlands) was the 
software used for the QVDA assessment of AR. The QVDA assessment 
relies on the ratio of the amount of contrast detected in the aorta versus 
the amount detected in the outflow tract of the left ventricle displayed as 
two time-density curves in the two regions of interest (ROI): 

1- Aortic root, where the contrast is injected.
2- Left ventricular outflow tract (the obligatory pathway of regurgita

tion toward the left ventricle) where the regurgitant contrast is 
detected.

The software measures the ratio difference in density between the 
left ventricular outflow tract and the aortic root (LVOT/AR). (Fig. 1). It 
provides the parametric RF (expressed in %) of LVOT-AR on a contin
uous scale ranging from 0 to 100 %. This technique has been used in 
previously published clinical studies [14,15,17,18,21]. Moreover, the 
three categorical cut-off points for RF defining the three levels of 
regurgitation were established in previous clinical studies and are 
categorized as follows: none or trace AR (RF < 86 %), mild AR (6 % ≤
8RF ≤ 17 %), and moderate/severe AR (RF > 17 %) [15,22].

2.4. Post-dilatation balloon diameter/annulus diameter ratio

Multislice computed tomography (MSCT) assessment was done by 
TAVI Core lab (India), and the post-dilatation balloon diameter/annulus 
diameter ratio was measured as follows: [(post-dilatation balloon 
diameters– annulus diameter)/ (post-dilatation balloon diameters) ×
100].

2.5. Statistical analysis

Continuous data were presented as mean ± standard deviation (SD), 
while RF was presented as median (Interquartile range; IQR), and 

Fig. 1. Representation of the quantitative videodensitometric calculation of regurgitant fraction with videodensitometry.
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categorical data was reported in numbers with percentages. Participants 
were categorized according to the type of THV used. The paired stu
dent’s t-test was used to compare paired data between the two groups, 
and the independent student’s t-test was used for unpaired comparisons. 
One-way ANOVA and Chi-square tests were used to compare continuous 
and categorical variables between the three groups, respectively. 
Concordant Rate, discordant Rate, sensitivity, specificity, area under the 
curve (AUC), positive predictive value (PPV), and negative predictive 
value (NPV) were calculated to find the correlation between QVDA and 
echocardiography at discharge. Univariate and multivariate logistic 
regression was used to find the predictors of moderate/severe PVL. A P- 
value of ≤ 0.05 was considered significant, and the analysis was done 
using R (version 4.3.3).

3. Results

3.1. Study population and baseline participants’ characteristics and yield 
of QVDA analyzability

Among the 768 treated participants, 749 (97.5 %) had an aortogram 
at the end of their TAVI procedures. Of these final aortograms, 596 
(79.58 %) were analyzable; the rest were considered non-analyzable for 
different reasons. The flow diagram of the study and the reasons for the 
non-analyzability of the aortograms is depicted in Fig. 2 and Supple
mentary Table 2.

On average the analyzability was 79.58 %. The reasons for this 
suboptimal level of analyzability are tabulated in Supplementary 
Table 2, and the most common reasons for non-analyzability were 
breathing motion, coronary arteries shadowing overlapping ROI, and 
poor image quality, while some of them have multiple causes of non- 
analyzability. Despite quality control and prospective protocol, moni
toring records of the core lab indicate that there was a deterioration of 

Fig. 2. Flow chart diagram of aortogram analysis.
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the analyzability over time with increasing heterogeneity of acquisition, 
especially among the investigators that joined in a late phase of the trial 
enrolment (Supplementary Table 3 and Fig. 3). It is reassuring that the 
patients with or without analyzable aortogram had comparable de
mographic and lesional baselines and were equally distributed in the 
three arms.

Among them, 295 participants were randomized to the Myval THV 
series, 151 to the Sapien THV series, and 150 to the Evolut THV series. 
Baseline demographic and lesional characteristics in the three valves 
series are tabulated in Table 1, while hemodynamic, procedural and 
lesional characteristics are presented in Supplementary Table 4. In 
general, the hemodynamics, clinical and lesional characteristics of non- 
analyzable final aortograms (n = 153) were similar to those of the 
participants with analyzable final aortograms. (Supplementary Table 5).

3.2. Occurrence of BPD and core lab angiographic quantitative 
assessment of AR post-BPD

A total of 118 participants [Myval: 38 (10 %), Sapien: 19 (10.1 %), 
and Evolut: 61 (32.5 %)] underwent a BPD. The average post-dilation 
nominal balloon diameter is 23.7 ± 3.6 mm, and the post-dilatation 
balloon diameter vs annulus diameters ratio is 1.0 ± 0.1. Ninety-seven 
post-dilatation aortograms were available. Overall, post-BPD patients 
had none/trace AR in 57 (58.8 %) patients, mild AR in 35 (36.1 %), and 
moderate/severe AR in 5 (5.2 %) patients on QVDA. Moreover, after 
BPD, no patient in the Myval THV series had RF > 17 %, while the Sa
pien and Evolut THV series reported 5.9 % (n = 1) and 8.5 % (n = 4), 
respectively. The group-wise data are presented in Supplementary 
Table 6.

The RF showed significant improvement after BPD in Myval THV 
series [Median (Q1-Q3): 12.0 (6.0–––18.5) vs 2.0 (1.0, 5.5); p =
0.0002], Sapien THV series [18.0 (1.0 – 19.0) vs. 2.0 (1.0––3.0); p =
0.04206), and Evolut THV series (10.5 (6.0–15.0) vs 5.0 (1.0–8.0); p =
0.0009). The RF’s after BPD didn’t show significant differences across 
the three THV series [Myval THV series: 2.0 (1.0–5.5) vs. Sapien THV 
series: 2.0 (1.0–3.0) and Evolut THV series: 5.0 (1.0–8.0); p = 0.6225]. 
(Fig. 4) (Supplementary Table 6).

3.3. Regurgitation fraction of the final aortograms among the three valves

The QVDA of AR for the final aortogram was expressed in individual 
values of RF and revealed comparable results for the Myval THV and the 
Sapien THV series (3.0 [1.0–7.0] vs 3.0 [1.0–7.0], p = 0.8997), but these 
rates of RF in Myval and Sapien THV series were both smaller than in the 
Evolut THV series (3.0 [1.0–7.0] vs 5.0 [1.0–10.0], p = 0.001). (Fig. 5).

The cumulative frequency curves of RF after TAVI for overall par
ticipants and per THVs series are shown in Fig. 6. For RF per device size, 
intermediate sizes of the Myval THV series showed median (Q1-Q3) RF 
of 21.5 mm, 24.5 mm, and 27.5 mm were 4.0 (1.0–7.0) %, 3.0 (1.0––7.0) 
%, and 2.5 (1.0–4.8) %, respectively. RF of size 30.5 mm is reported only 
once and had RF ≤ 0.17. Sizes 26 mm and 29 mm of Myval reported 2 
cases each with RF > 17 and one for size 23 mm. Number of participants 
with RF > 17 assigned to Sapien THV series were found in size 23 mm (n 
= 2), 26 mm (n = 3), and 29 mm (n = 2). However, most of the cases in 
the Evolut THVs with RF > 17 were found in device size 29 mm (n = 8), 
and further details of videodensitometry per device size are presented in 
Supplementary Table 7.

3.4. Cross correlation of AR assessment by quantitative aortograms post- 
TAVI and echocardiography at discharge

On the analyzable final aortogram post-TAVI, the severity of AR by 
QVDA was quantified as a continuous variable and categorized as none/ 
trace AR (n = 380, 63.8 %), mild AR (n = 192, 32.2 %) and moderate/ 
severe AR (n = 24, 4.0 %). (Supplementary Table 5).

Aortic regurgitation on echocardiography acquired at discharge in 
these patients with a final analyzable aortogram post-TAVI (n = 568) 
showed none/trace AR (n = 375, 66.0 %), mild AR (n = 172, 30.3 %), 
and moderate/severe AR (n = 21, 3.7 %) (Table 2). Fig. 7 showed the 
distribution of VD-AR correlated with echocardiography at the 
discharge visit.

Among the three valves, the Myval THV series showed none/trace 
AR in 68.8 %, mild AR in 29.2 %, and moderate/severe AR in 2.0 %. The 
Sapien THV series results of AR were none/trace in 66.2 %, mild in 29.8 
%, and moderate/severe in 4.0 %, and the Evolut THV series showed the 
following findings: none/trace AR (51.3 %), mild AR (40.7 %), and 

Fig. 3. Line chart showing non-analysabilty over time.
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moderate/severe AR (8.0 %). (Supplementary Fig. 1).
The correlation between QVDA and echocardiography in assessing 

AR showed the following: concordance rate: 29.79 %, discordant rate: 
16.93 %, sensitivity: 42.1 %, specificity: 70.8 %, AUC: 0.564, PPV: 45.6 
%, NPV: 67.7 %, Kappa: 0.131. The model showed poor predictive 
performance, while it is somewhat better at predicting true negatives 
(specificity: 70.8 %, NPV: 67.7 %), it has poor true positive predictive 
values (sensitivity: 42.1 %, PPV: 45.6 %). The low AUC (0.564) and 
Kappa (0.131) further emphasize the weak agreement and 
discrimination.

3.5. Multivariate analysis, independent determinants of quantitative 
aortic regurgitation and probabilistic prediction model

Multivariate analysis identified hypertension (OR: 0.38 [95 % CI: 
0.16–––0.87], p = 0.0235) and predilatation (OR: 2.63 [95 % CI: 

1.12–––6.53], p = 0.0297) as independent predictors for moderate/se
vere AR. However, univariate analysis showed aortic annulus area, 
LVOT area, total aortic calcium, predilatation and hypertension as in
dependent predictors for moderate/severe AR. (Table 3).

4. Discussion

The present post-hoc analysis of the LANDMARK trial provides 
detailed information about quantitative videodensitometric assessment 
of the final aortogram and compared the results of the Myval THV series 
with the Sapien and Evolut THV series. Additionally, the analysis 
correlated the AR determined by echocardiography at discharge visit 
with the RF determined by videodensitometry immediately post-TAVI.

The main findings of this study were: 1) The QVDA assessment of the 
Myval THV series showed significantly smaller absolute RF and smaller 
rates of moderate/severe AR than in the Evolut THV series but had 
comparable results to the Sapien THV series. 2) After BPD in the Myval 
and Sapien THV series, there was no longer residual AR greater than 17 
%, in contrast to Evolut THV series. 3) The QVDA achieved reliable 
ability in detecting none/trace AR and aortography was considered the 
most used imaging modality for the decision of BPD. 4) Pre-dilatation 
and presence of hypertension were identified as predictors for moder
ate/severe AR with QVDA.

The QVDA analysis has been validated in vitro [12,13] and in-vivo 
[23] and as well in the clinical setting and compared to trans
oesophageal echocardiography (TEE), transthoracic (TTE) and regurgi
tation derived from Magnetic Resonance [15,19]. Several previous 
studies have established a cut-off point of RF > 17 % as a threshold 
corresponding to moderate/severe AR on echocardiography 
[10,14,15,22], with a study identifying this threshold as a potential 
predictor of one-year mortality following TAVI [21]. Moreover, the 
usage of diastolic delta with videodensitometry led to an improvement 
in predicting PVL post-TAVI [24]. In this post-hoc analysis of the 
LANDMARK trial, 2.0 % of patients in the Myval THV series, 4.0 % in the 
Sapien THV series, and 8.0 % in the Evolut THV series had an RF > 17 % 
in the final aortogram. If left uncorrected, this may serve as an indicator 
of increased long-term mortality risk.

4.1. Yield of videodensitometry analysis in the LANDMARK

The analyzability rate of aortograms in this study (79.6 %), was 
higher than that reported in previous prospective and retrospective 
studies [14,15,17,24] but lower than other three studies [11,25,26]. 
This post-hoc analysis showed that the most common reasons for non- 
analyzability were breathing motion, coronary artery shadowing over
lapping the region of interest (ROI), and poor image quality.

This analyzability rate surpasses that reported by Modolo et al. 
(2020), who assessed AR using quantitative videodensitometry in 3,976 
participants and achieved an analyzability rate of 58.3 %, with over
lapping of the ROI with the descending aorta and deep breathing iden
tified as the primary causes of non-analyzability [15]. However, the 
analyzability of aortograms in the LANDMARK trial was lower than in 
the OVAL study [11] and the study by Tateishi et al. at Yamaguchi 
University Hospital [25], which reported analyzability rates of 92 % and 
100 %, respectively. Tateishi et al. further divided participants into two 
groups, with one group receiving both a standard protocol and pre
procedural MSCT for optimal angiographic projection planning, 
achieving 100 % analyzability. This underscores the importance of 
preprocedural MSCT in improving aortogram analyzability.

Although the 79.6 % analyzability rate is not optimal, the study’s 
randomized controlled trial design ensures an equal distribution of 
participants across THV groups, allowing for an objective and balanced 
QVDA assessment in each arm.

Table 1 
Baseline characteristic of analyzable aortogram in Myval, Sapien and Evolut 
THV series.

Baseline Characteristics Myval THV 
series (N =
295)

Sapien THV 
series (N =
151)

Evolut THV 
series (N =
150)

Age, (year) 80.0 ± 5.9 
(n = 295)

81.1 ± 5.2 
(n = 151)

79.8 ± 5.2 
(n = 150)

Female, (%) 155 (52.5) 65 (43.1) 69 (46.0)
Body mass index (kg/m2) 28.0 ± 4.8 

(n = 295)
27.6 ± 4.1 
(n = 151)

28.1 ± 5.2 
(n = 150)

Body surface area (m2) 1.9 ± 0.2 (n 
= 295)

1.9 ± 0.2 (n 
= 151)

1.9 ± 0.2 (n 
= 150)

Society of Thoracic Surgeons score 3.2 ± 2.6 (n 
= 295)

3.2 ± 2.1 (n 
= 151)

3.0 ± 1.8 (n 
= 150)

Low score (<4) 228 (77.3) 118 (78.2) 116 (77.3)
Intermediate score (4–8) 56 (19.0) 27 (17.9) 32 (21.3)
High score (>8) 11 (3.7) 6 (4.0) 2 (1.3)
EuroSCORE II 3.2 ± 2.1 (n 

= 42)
2.9 ± 2.6 (n 
= 30)

7.3 ± 18.7 
(n = 18)

New York Heart Association 
(NYHA)

n = 295 ​ ​

Class I 12 (4.1) 5 (3.3) 6 (4.0)
Class II 128 (43.4) 67 (44.4) 68 (45.3)
Class III 141 (47.8) 77 (51.0) 66 (44.0)
Class IV 14 (4.8) 2 (1.3) 10 (6.7)
Medical history
Hypercholesterolaemia 35 (11.9) 1 (0.7) 28 (18.7)
Hypertension 193 (65.4) 98 (64.9) 97 (64.7)
Current smoker 80 (27.1) 28 (18.5) 39 (26.0)
Alcohol consumption 72 (24.4) 17 (11.3) 47 (31.3)
Current Diabetes Mellitus, (%) 82 (27.8) 37 (24.5) 41 (27.3)
Stroke 6 (2.0) 2 (1.3) 5 (3.3)
Atrial fibrillation, (%) 67 (22.7) 38 (25.2) 42 (28.0)
Chronic obstructive pulmonary 

disease, (%)
27 (9.2) 15 (9.9) 16 (10.7)

Myocardial infarction, (%) 21 (7.1) 9 (5.96) 10 (6.7)
Coronary artery disease, (%) 44 (14.9) 24 (15.9) 22 (14.7)
Prior coronary artery bypass 

grafting, (%)
10 (3.4) 9 (6.0) 9 (6.0)

Prior percutaneous coronary 
intervention, (%)

20 (6.8) 6 (4.0) 12 (8.0)

Prior balloon aortic Valvuloplasty, 
%

4 (1.4) − −

Cerebrovascular accident, (%) 3 (1.0) 0 (0.0) 1 (0.67)
Porcelain aorta or hostile chest 

Procedural Characteristics), (%)
− − −

Peripheral vascular disease, (%) 2 (0.7) 2 (1.3) 1 (1.3)
Overall frailty, (%) 42 (14.2) 25 (16.6) 18 (12.0)
Pulmonary hypertension, (%) 8 (2.7) 1 (0.7) 3 (2.0)
Permanent pacemaker, (%) 9 (3.1) 5 (3.3) 8 (5.3)
Left bundle branch block, (%) 6 (2.0) 9 (6.0) 10 (6.7)
Right bundle branch block, (%) 10 (3.4) 9 (6.0) 9 (6.0)
Estimated glomerular filtration 

rate < 60 mL/min
127/281 
(45.2)

67/145 
(46.2)

72/142 
(50.7)

Estimated glomerular filtration 
rate < 30 mL/min

39/281 
(13.9)

23/145 
(15.9)

17/142 
(12.0)

E.A. Hasabo et al.                                                                                                                                                                                                                              IJC Heart & Vasculature 61 (2025) 101804 

6 



4.2. Correlation between QVDA and echocardiography

The presence and severity of AR, as assessed by QVDA, has been 
correlated with echocardiographic findings at discharge and with car
diac magnetic resonance imaging within one-month post-procedure 
[18,21]. Our findings demonstrated a reasonable correlation between 
QVDA and echocardiography in identifying true-negative AR cases. 
Specifically, nearly two-thirds (67.7 %) of patients with none/trace AR 
on echocardiography had an RF < 6 %, while 42 % of those with 
moderate/severe AR on echocardiography had an RF > 17 %. However, 
QVDA showed limited sensitivity in detecting positive AR (sensitivity: 
42.1 %, PPV: 45.6 %), which could hinder the detection of those cases 
with moderate/severe AR on echocardiography. However, QVDA usage 
gives clinical insight for identifying patients with none/trace AR if the 
RF < 6 %, and helps ensure that the patient underwent TAVI without 
having significant AR.

A retrospective observational study of patients who underwent TAVI 

reported that 50.2 % of those classified as having none/trace AR on 
echocardiography had an RF < 6 %, while 70 % of patients with mod
erate/severe AR had an RF > 17 % [27]. Findings from the LANDMARK 
trial further support QVDA’s reliability in identifying none/trace AR on 
echocardiography, showing moderate specificity (specificity: 70.8 %, 
NPV: 67.7 %), which helps with echocardiography in identifying true 
negative cases of AR. These results affirm that the QVDA can be used as a 
primary and pragmatic periprocedural imaging modality post-TAVI, 
either offline or online [11,18].

4.3. Difference in QVDA among the three valves

The QVDA of the three THV series showed that the Myval THV series 
had a median (Q1, Q3) RF of 3.0 (1.0, 7.0), comparable to the Sapien 
THV series (median (Q1, Q3) = 3.0 (1.0, 7.0), PMyval vs Sapien = 0.8997), 
but significantly lower than the Evolut THV series (median (Q1, Q3) =
5.0 (1.0, 10.0), PMyval vs Evolut = 0.001). Additionally, the incidence of 

(A)

Before BPD (n=58) After BPD (n=58)

Videodensitometric-AR  (Median [Q1 – Q3]) 12 [6.0 – 18.0] 2 [1.0 - 7.75]

Videodensitometric-AR >17%, n (%) 17 (29.3%) 1 (1.7% )

Videodensitometric-AR 17%, n (%) 41 (70.7%) 57 (98.3%)

(B)

Before BPD (n=58) After BPD (n=58)
Myval (n=23) Sapien (n=9) Evolut (n=26) Myval

(n=23)
Sapien
(n=9)

Evolut
(n=26)

Videodensitometric-AR  (Median[Q1 –
Q3]])

12 [6.0 - 18.5] 18 [1.0 – 19.0] 10.5 [6.0 - 15] 2 [1.0 - 5.5] 2 [1.0 – 3.0] 5 [1.0 – 8.0]

Videodensitometric-AR >17%, n (%) 6 (26.1%) 5 (55.55%) 6 (23.1%) 0 (0.0) 0 (0.0) 1 (3.8%)
Videodensitometric-AR 17%, n (%) 17 (73.9%) 4 (44.5%) 20 (76.9%) 23 (100%) 9 (100 %) 25 (96.2 %)

Fig. 4. RF before and after BPD in (A) overall participants, (B) Myval, Sapien and Evolut THVs series.
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moderate/severe AR in the Myval THV series (2 %) was numerically 
lower than in the Sapien THV series (4 %, PMyval vs Evolut = 0.23) and 
significantly lower than in the Evolut THV series (8 %, PMyval vs Evolut =

0.0057).
A study analyzing AR using quantitative videodensitometry across 

different THV types reported an RF > 17 % in 5.3 % of Evolut PRO THV 
cases and 8.8 % of Evolut R THV cases [15), aligning with the LAND
MARK trial findings for the Evolut THV series. Conversely, the Sapien 

THV series demonstrated a higher incidence of RF > 17 %, with 8.3 % in 
SAPIEN 3 and 10.9 % in SAPIEN XT [15]. The lower percentage of 
moderate/severe AR observed in the Sapien THV series in the LAND
MARK trial, compared to this previous study, may be attributed to ad
vancements in the newer-generation Sapien THV, which have 
contributed to a reduction in AR following TAVI.

Furthermore, a study by Elkoumy et al. (2023) evaluated 122 final 
aortograms of the Myval Octacor THV, achieving an analyzability rate of 

Baseline 
Characteristics

Myval THV series 
(N=295)

Sapien THV series 
(N=151)

Evolut THV series 
(N=150)

P-value (Myval vs 
Sapien)

P-value (Myval vs 
Evolut)

RF, Median (Q1-Q3) 3 (1-7) 3 (1-7) 5 (1-10) 0.8997 0.001

Fig. 5. RF of final aortogram in Myval, Sapien and Evolut THVs series.

(A)

THV group Cumulative proportion of subjects, %
RF=6% RF=17%

Myval THV Series (n=295) 218 (73.89%) 289 (97.96%)
Sapien THV Series (n=151) 108 (71.52%) 145 (96.02%)
Evolut THV Series (n=150) 86 (57.33%) 138 (92.0%)
Overall (n=596) 412 (69.12 %) 572  (95.97%)

Fig. 6. Cumulative incidence of RF in (A) overall, (B) Myval, Sapien and Evolut THV series.
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84.4 %. The study reported a RF of 2 %, with only two patients (1.9 %) 
exhibiting moderate/severe AR on aortogram [26]. This finding of 
moderate/severe AR aligns with the LANDMARK trial results (2 %) and 

with other study comparing the Myval THV series with two types of 
Sapien THV series, which reported a moderate/severe AR rate of 2.8 % 
in the Myval THV [22].

(B)

Myval THV series

Sapien THV series

Evolut THV series

Fig. 6. (continued).
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4.4. QVDA as guidance for the performance of BDP

Immediately post-TAVI implantation, the operator may perform 
balloon post-dilation (BPD) if aortic regurgitation (AR) is detected, 
aiming to optimize prosthesis expansion, improve the mean aortic 
gradient, and reduce AR. However, BPD carries potential risks, including 
an increased likelihood of stroke and annular rupture, and there are 
currently no formal guidelines for its use during TAVI [27].

The LANDMARK trial identified aortography as the primary imaging 
modality for performing BPD, which was performed in 118 patients. 
This accounted for 10 % (n = 38/384) in the Myval THV series and 21 % 
(n = 80/384) in the contemporary THV series (Sapien: 9.9 % (n = 19/ 
192), Evolut: 31.8 % (n = 61/192)). Across all three groups, RF signif
icantly decreased following BPD. Notably, no patients in the Myval THV 
series had RF > 17 % after BPD, whereas 5.9 % (n = 1) in the Sapien 
group and 8.5 % (n = 4) in the Evolut group still exceeded this threshold. 
This finding was initially reported by Miyazaki et al. (2018), who 
demonstrated that videodensitometry helped the decision-making pro
cess of BPD, leading to a significant reduction in RF after BPD [28]. Their 
study confirmed the effectiveness of BPD in reducing the severity of 
aortic regurgitation (AR) and lowering RF below the 17 % threshold, 

and thereby decreasing the risk impacting the long-term mortality (1- 
year mortality) which had been previously suggested in a retrospective 
analysis of a Brazilian registry [17].

4.5. Independent determinants of AR

In the LANDMARK trial, multivariate analysis revealed that pre- 
dilatation was significantly associated with moderate/severe AR on 
the final aortogram, whereas hypertension appeared to have a protective 
effect. However, univariate analysis showed aortic annulus area, LVOT 
area, total aortic calcium, predilatation and hypertension as indepen
dent predictors for moderate/severe AR. An earlier study reported 
leaflet calcification, larger THV size, and implantation depth as inde
pendent predictors for PVL [29].

4.6. Strengths and limitations

This post-hoc analysis of the LANDMARK trial provides compre
hensive insights into QVDA of AR, achieving a reasonable analyzability 
rate of 79.6 %, which compares favorably to previous observational 
studies using a prospective protocol. Additionally, as a randomized 
controlled trial, the study ensures an equal distribution of participants 
across THV groups, allowing for an objective and balanced QVDA 
assessment in each arm. Moreover, this design also overcomes limita
tions seen in prior studies, which were often constrained by observa
tional study design or low aortogram analyzability rates.

This study has limitations because it didn’t examine the relationship 
between videodensitometry findings and clinical outcomes—a correla
tion that could offer essential insights into mortality prediction. There
fore, long-term follow-up of this randomized trial is necessary to 
determine whether the modest yet statistically significant differences in 
post-procedural aortic regurgitation detected by videodensitometry will 
impact later clinical outcomes. Also, the monoplane and bidimensional 
aortography doesn’t allow a circumferential localization of the site of 
PVL or the differentiation between a central regurgitation and a PVL. 

Table 2 
Correlation of RFpost-TAVI and echocardiography at discharge visit in patients 
with both analyzable QVDA and echocardiography.

Parameters All

Echocardiography (n = 725)

Non/trace Mild Moderate/severe

RF, median (Q1-Q3) 3 (1–––7) 4 (1–––9) 16 (5–––20)
RF N = 375 N = 172 N = 21
<6% 254 (67.73) 99 (57.56) 6 (28.57)
6–17 % 115 (30.67) 64 (37.21) 6 (28.57)
> 17 % 6 (1.6) 9 (5.23) 9 (42.86)
Total 375 (100) 172 (100) 21 (100)

Parameters All
Echocardiography (n=725)

Non/trace Mild Moderate/severe
VD, median (Q1-Q3) 3 (1 - 7) 4 (1 - 9) 16 (5 - 20)
VD-AR N=375 N=172 N=21
<6% 254 (67.73) 99 (57.56) 6 (28.57)
6—17% 115 (30.67) 64 (37.21) 6 (28.57)
> 17% 6 (1.6) 9 (5.23) 9 (42.86)
Total 375 (100) 172 (100) 21 (100)

Fig. 7. Correlation of Echocardiography at discharge point with videodensitometry.
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Also, Sapein and Myval are intra-annular THVs, while Evolut is a supra- 
annular THV; that’s why the injection technique between THVs is 
different. Furthermore, although the randomization process ensures the 
balanced distribution of baseline and procedural characteristics, we 
cannot entirely exclude the potential for other confounding factors to 
have influenced the results.

5. Conclusion

In the Myval THV series, the QVDA analysis immediately post- 
implantation showed a comparable RF to the Sapien THV series, but 
significantly higher than the Evolut THV series. Furthermore, a reduc
tion of RF in all arms of THV following BPD has been documented. The 
QVDA assessment of AR showed good ability to detect none/trace AR on 
echocardiography and can be used in conjunction with echocardiogra
phy assessment during the procedure to help in the decision-making 
process of performing a palliative or curative correction of the post- 
TAVI AR that can be detrimental in the long-term outcomes of a TAVI 
procedure.

Trial Registration number
NCT04275726 (ClinicalTrials.gov).
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