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ABSTRACT

BACKGROUND Transcatheter aortic valve replacement (TAVR) is a significant treatment option for patients with 
severe aortic stenosis. Aortic valve (AV) mean gradient (MG) is frequently used to assess prosthetic valve function. 
Although MG is a helpful measure of valve performance, it depends on cardiac output and pressure recovery, which can 
be important confounders.

OBJECTIVES The aims of this study were to explore TAVR valve hemodynamic status using the acceleration time 
(AT)/ejection time (ET) ratio and to compare AT/ET and MG correlations with post-TAVR clinical outcomes.

METHODS This retrospective cohort study involves patients >18 years of age undergoing TAVR between 2016 and 
2020. AV AT/ET was measured within 3 months post-TAVR. A total of 1,900 patients were classified into 2 groups: 
those with AV AT/ET $ 0.35 and those with AV AT/ET < 0.35. Baseline characteristics, echocardiographic measure
ments, heart failure hospitalization (HFH), and mortality were assessed between the groups.

RESULTS AT/ET $ 0.35 was associated with an increase in 1-year HFH (P < 0.001 at 1 year) and was not associated 
with mortality. Patients with AV MG >20 mm Hg had comparable 1-year HFH (P = 0.46 at 1 year) and mortality 
compared with those with AV MG <20 mm Hg. More patients with self-expanding valves (23.2%) had AT/ET $0.35 than 
those who received balloon-expandable valves (12.7%) (P = 0.001).

CONCLUSIONS Post-TAVR AT/ET $0.35 can potentially predict clinical outcomes such as HFH. AT/ET may explain the 
discrepancy between self-expanding and balloon-expandable valves in measured hemodynamic status and outcomes.
(JACC Cardiovasc Interv. 2025;18:2270–2279) © 2025 by the American College of Cardiology Foundation.
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T ranscatheter aortic valve replacement 
(TAVR) has significantly advanced over the 
past few years.1,2 There is an increasing 

need to understand aortic valve (AV) function post
procedure, particularly with new mid-term data and 
concerns about long-term durability. Echocardiogra
phy remains a key method for evaluating AV. 
Although mean and peak gradients are traditional 
measures,3 studies have shown inaccuracies when 
used alone.4-6 Additionally, a 2024 randomized 
controlled trial and another key study from 2021 
revealed no link between post-TAVR gradients and 
outcomes, calling into question their clinical util
ity.7,8 Another important measure is the dimension
less valve index (DVI), which remains controversial 
in the TAVR population because of conflicting 
evidence.9

One promising parameter is the acceleration time 
(AT)/ejection time (ET) ratio, which is an echocar
diographic measure that assesses the time from the 
start of blood flow through the AV to its peak velocity 
(AT) relative to the total ET from the left ventricle 
(LV) during systole (ET). A higher AT/ET ratio in
dicates increased resistance across the valve, which 
helps evaluate the severity of aortic stenosis (AS)10-12

and its impact on the LV.10,13 Previous research has 
demonstrated that a higher ratio is associated with 
increased mortality in patients with moderate to se
vere AS and those with low-gradient severe AS.14,15

Another study indicated that AT/ET $0.35 strongly 
predicts clinical outcomes in patients with severe 
AS16 as well as clinical outcomes and need for AV 
replacement in patients with paradoxical low-flow 
AS.17 However, data on AT/ET in post-TAVR pros
thetic valves are limited.

To date, no significant studies have researched the 
clinical usefulness of the AT/ET ratio in the post- 
TAVR patient population. Therefore, the aim of this 
study was to explore the predictive value of the 
AT/ET ratio in comparison with mean gradient (MG) 
for clinical outcomes following TAVR in patients 
receiving balloon-expandable valves (BEVs) and self- 
expanding valves (SEVs).

METHODS

STUDY DESIGN. The present study was a retrospec
tive analysis of data from a single high-volume cen
ter, using records obtained from the Cleveland Clinic 
database. This study received approval from the 
Institutional Review Board. A total of 2,630 patients 
underwent the TAVR procedure from January 2016 to 

December 2020 and were followed for 1 year. 
A heart team decided to conduct this pro
cedure on the basis of established criteria. AV 
AT/ET ratio was measured using post-TAVR 
echocardiographic images. All patients were 
>18 years of age; inclusion and exclusion 
criteria are described in Figure 1. The patient 
population was divided into 2 groups on the 
basis of AV AT/ET value: those with 
ratios $0.35 and those with ratios <0.35. 
Previous studies have demonstrated the 
usefulness of the 0.35 threshold.16,17 Baseline 
characteristics and echocardiographic mea
surements were assessed. Afterward, we 
studied clinical outcomes such as heart fail
ure hospitalization (HFH) and mortality be
tween the groups according to the 
postprocedural AT/ET ratio and AV MG. All 
analyses were performed using complete 
case analysis.

ECHOCARDIOGRAPHIC MEASUREMENTS. Patients 
underwent transthoracic echocardiography 
within 3 months after undergoing TAVR. The 
echocardiograms were obtained by operators 
adhering to established guidelines.18 Echo
cardiographic parameters included the following 
variables: LV ejection fraction (LVEF), heart rate, 
blood pressure (BP), maximum size of the aorta, AV 
area, left atrial volume, left atrial diameter, AV MG, 
AV peak gradient, LV end-diastolic volume, LV end- 
systolic volume, LV outflow tract (LVOT) diameter, 
LVOT maximum velocity, LVOT stroke volume, AV 
resistance, stroke volume index, DVI, and AV AT/ET 
ratio. The AV AT/ET ratio was calculated using 
continuous-wave Doppler echocardiography 
(Figure 2). AT was defined as the interval from the 
onset of systolic flow to its peak velocity. In contrast, 
ET was calculated from the start to the completion of 
systolic flow.19

CLINICAL OUTCOMES. The clinical outcomes assessed 
included mortality and HFH. The impact of AV AT/ET 
and AV MG on all-cause mortality and HFH at 1-year 
follow-up was retrospectively studied.

STATISTICAL ANALYSIS. Baseline and procedural 
characteristics of a categorical nature are expressed 
as frequency (percentage of patients), while contin
uous variables are expressed as mean ± SD. 
Independent-samples Student’s t-tests and chi- 
square tests were used to compare the 2 groups. We 
analyzed clinical outcomes at 1-year follow-up, 

A B B R E V I A T I O N S  

A N D  A C R O N Y M S

AS = aortic stenosis

AT = acceleration time

AV = aortic valve

BEV = balloon-expandable 
valve

BMI = body mass index

BP = blood pressure

DVI = dimensionless valve 
index

ET = ejection time

HFH = heart failure 
hospitalization

LV = left ventricular

LVEF = left ventricular 
ejection fraction

LVOT = left ventricular 
outflow tract

MG = mean gradient

SEV = self-expanding valve

STS = Society of Thoracic 
Surgeons

TAVR = transcatheter aortic 
valve replacement
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which were presented as the count of the first event 
per patient within the given period. We compared the 
2 groups’ mortality and HFH outcomes using the 
Kaplan-Meier method, with statistical comparisons 
made using the log-rank test. In addition, we con
ducted a competing risk analysis for HFH and mor
tality, stratified by an AT/ET ratio cutoff of 0.35. We 
used the multivariate and univariate Cox propor
tional hazards model to compare clinical outcomes. 
We adjusted multivariate regression model for age, 
sex, and body mass index (BMI), which were derived 
from the baseline covariates considered for the So
ciety of Thoracic Surgeons (STS)/American College of 
Cardiology TVT (Transcatheter Valve Therapy) 

Registry’s in-hospital and 30-day mortality models.20

Additionally, we accounted for the STS risk score, as 
this score is one of the primary tools for assessing 
risk in patients with symptomatic severe AS under
going TAVR in the United States. Generally, lower 
STS risk scores are associated with better out
comes.20 Analysis was also adjusted for heart rate 
and BP to determine clinical outcomes, as lower BP 
was significantly associated with higher AT/ET in 
previous studies, and an increase or a decrease in 
heart rate can physiologically affect this measure
ment.21 Adjusted HRs with 95% CIs and Cox regres
sion model P values are reported. P values <0.05 
were considered to indicate statistical significance. 

FIGURE 1 Diagram Showing Inclusion and Exclusion Criteria 

Initial inclusion and exclusion criteria and how patients were divided into 2 groups according to acceleration time (AT)/ejection time (ET) 
ratio. AS = aortic stenosis; AV = aortic valve; TAVR = transcatheter aortic valve replacement.
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Analysis was conducted using SPSS version 23.0 
(IBM) and RStudio version 4.4.1 (Posit).

RESULTS

BASELINE CHARACTERISTICS. Among 1,900 pa
tients included, 256 (13.5%) had AV AT/ET $0.35 and 
1,644 (86.5%) had AV AT/ET <0.35 (Table 1). Baseline 
characteristics were similar, though the AT/ET $0.35 
group had higher BMI (P = 0.02) and a greater pro
portion of men (P = 0.01). Analysis of medical his
tory, including coronary artery disease, stroke, 
hypertension, diabetes mellitus, and atrial fibrilla
tion, as well as NYHA functional class III or IV and 
STS risk score, showed no significant difference be
tween the groups. Prior permanent pacemaker or 
implantable cardioverter-defibrillator placement was 
more common in the AV AT/ET $0.35 group (12.2% vs 
11.2%; P = 0.007), while carotid disease was more 
frequent in the AV AT/ET <0.35 group (P = 0.04). 
Preprocedural laboratory measurements were com
parable between the groups, and procedural details 
such as the rates of predilation and postdilation were 
also similar.

ECHOCARDIOGRAPHIC CHARACTERISTICS. We compared 
echocardiographic variables between the 2 groups 
according to the AT/ET ratio. Table 2 summarizes 
echocardiographic findings in both groups. Patients 
with AV AT/ET $0.35 had lower BPs (125 ± 21 mm Hg 
vs 134 ± 21 mm Hg; P < 0.001) and lower LVEFs 
(52.3% ± 14% vs 57.8% ± 10%; P < 0.001). However, 
patients with AV AT/ET $0.35 had higher heart rates 
(75 ± 12 beats/min vs 70 ± 12 beats/min; P < 0.001) 
and higher LV end-diastolic and end-systolic vol
umes. AV MG, AV peak gradient, AV area, DVI, stroke 
volume index, AV resistance, and other echocardio
graphic variables were comparable between 
the groups.

CLINICAL OUTCOMES. We compared clinical out
comes, such as mortality and HFH, at 1 year post- 
TAVR. Table 3 summarizes clinical outcomes in 
both groups. Initially, we analyzed the entire popu
lation with univariable and multivariable Cox 
regression models, and the results for multivariable 
regression model showed a significant association of 
postprocedural AV AT/ET $0.35 with more frequent 
HFH (33 [12.8%] vs 87 [5.2%] events) at 1 year (HR: 
2.25; 95% CI: 1.43-3.53; P < 0.001). However, no dif
ference was seen in mortality (22 [8.5%] vs 119 [7.2%] 
events). Postprocedural AV MG $20 mm Hg was not 

associated with mortality (3 [5.6%] vs 106 [7%] 
events) or HFH (2 [3.7%] vs 114 [7.5%] events) after 
adjusting for confounders. Subgroup analysis 
showed higher HFH in patients who received SEVs 
(HR: 6.79; 95% CI: 1.66-27.66; P = 0.007) and BEVs 
(HR: 1.89; 95% CI: 1.15-3.12; P = 0.01) for AT/ET 
$0.35. In Figures 3 and 4, Kaplan-Meier curves pro
vide a visual representation of 1-year HFH-free sur
vival across both valve types. The Central Illustration
summarizes the AT/ET and AV MG association with 
HFH for the entire patient population and shows 

FIGURE 2 Visual Representation of How the AT/ET Ratio Was Measured 

Continuous-wave Doppler echocardiographic image of the aortic valve. The vertical lines 
represent the aortic jet velocity, while the horizontal lines represent time. AT was 
measured from the start of systole to the peak aortic jet velocity and ET as the time from 
the beginning of systole to the end of ejection. Abbreviations as in Figure 1.
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Kaplan-Meier curves with log-rank P values. 
Adjusted 1-year clinical outcomes were analyzed 
using Cox proportional hazards models adjusted for 
age, sex, BMI, STS risk score, heart rate, and BP. We 
used AT/ET <0.35 and AV MG <20 mm Hg as a 
reference group.

DISCUSSION

In this study, post-TAVR AV AT/ET $0.35 was asso
ciated with increased HFH but not mortality 

(Figure 5). MG did not predict outcomes, aligning 
with prior studies showing its limited utility post- 
TAVR. Patients with higher AT/ET ratios had 
distinct hemodynamic profiles, including lower LVEF 
and BP, as well as a higher proportion of patients who 
received SEVs.

Although the MG is a helpful measure of valve 
performance, it depends on cardiac output and 
pressure recovery, which can be important con
founders. Many studies have demonstrated how 
echocardiographic AV MG measurement might over
estimate the true transvalvular gradient.22 In addi
tion, several studies show no association of 
post-TAVR AV MGs with clinical outcomes.7,8 More 
recently, research studies have been conducted on 
patients with mild, moderate, and severe AS using an 
AT/ET ratio threshold of 0.3221 or 0.35.16 One study 
demonstrated that the AT/ET ratio was associated 
with both echocardiographic and computed tomo
graphic measurements of AS severity.10 Most of these 
studies highlight the importance of a specific AT/ET 
ratio cutoff.

To the best of our knowledge, the present study 
constitutes the first and largest cohort of post- 
TAVR patients whose clinical outcomes, such as 

TABLE 1 Baseline Characteristics

AT/ET $0.35 
(n = 256)

AT/ET <0.35 
(n = 1,644) P Value

General
Age, y 78 ± 10 79 ± 8 0.13
BMI, kg/m2 29.9 ± 7 28.9 ± 6 0.02
Female 90 (35.2) 717 (43.6) 0.01
Male 166 (64.8) 927 (56.4)
White race 243 (94.9) 1,520 (92.5) 0.38
Black race 7 (2.7) 62 (3.8)
Other race 6 (2.3) 62 (3.8)

History
Prior PPM or ICD 48 (18.8) 204 (12.4) 0.007
Pacemaker 43 (16.8) 193 (11.7) 0.03
ICD 18 (7) 45 (2.7) 0.001
Previous MV surgery 6 (2.3) 34 (2.1) 0.81
Coronary artery disease 133 (52) 857 (52.1) 1.00
Prior PCI 80 (31.3) 489 (29.7) 0.66
Prior CABG 74 (28.9) 427 (26) 0.32
Known left main coronary 

artery disease
29 (11.3) 147 (8.9) 0.25

Myocardial infarct 54 (21.1) 358 (21.8) 0.87
Prior stroke 33 (12.9) 200 (12.2) 0.76
Transient ischemic attack 26 (10.2) 162 (9.9) 0.91
Carotid artery disease 47 (18.4) 398 (24.2) 0.04
Peripheral artery disease 164 (64.1) 1,100 (66.9) 0.39
Hypertension 223 (87.1) 1,494 (90.9) 0.07
Diabetes mellites 99 (38.7) 623 (37.9) 0.84
Current/recent smoker 16 (6.3) 68 (4.1) 0.14
Dialysis 11 (4.3) 52 (3.2) 0.35
Chronic lung disease 110 (43) 694 (42.2) 0.84
NYHA functional class III or IV 186 (72.7) 1,214 (73.8) 0.70
Prior cardiac shock 2 (0.8) 7 (0.4) 0.35
Porcelain aorta 7 (2.7) 26 (1.6) 0.20
Atrial fibrillation or flutter 115 (44.9) 678 (41.2) 0.28
STS risk score 6.4 ± 5 5.8 ± 4 0.07
Predilation 62 (24.2) 374 (22.7) 0.63
Postdilation 75 (29.3) 563 (34.2) 0.14
Balloon-expandable valve 223 (12.7) 1,535 (87.3) 0.001
Self-expanding valve 33 (23.2) 109 (76.8)

Preprocedural
Hematocrit 38.6 ± 5 38.6 ± 5 1.00
Hemoglobin 12.5 ± 1 12.5 ± 1 0.81
Creatinine 1.2 ± 0.8 1.2 ± 1 0.10

Values are mean ± SD or n (%).
AT = acceleration time; BMI = body mass index; CABG = coronary artery bypass graft; 

ET = ejection time; ICD = implantable cardioverter-defibrillator; MV = mitral valve; 
PCI = percutaneous coronary intervention; PPM = permanent pacemaker; STS = Society of 
Thoracic Surgeons.

TABLE 2 Echocardiographic Variables

AT/ET $0.35 AT/ET <0.35 P Value

Heart rate, beats/min 75 ± 12 70 ± 12 <0.001

Blood pressure, mm Hg 125 ± 21 134 ± 21 <0.001

LVEF, % 52.3 ± 14 57.8 ± 10 <0.001

Maximal aortic size, cm 3.3 ± 0.5 3.2 ± 0.5 0.25

AV area, cm2 3.6 ± 1.5 3.2 ± 1.6 0.68

LA volume, mL 85 ± 33 77 ± 29 0.10

LA diameter, cm 4.4 ± 0.9 4.5 ± 0.7 0.75

AV mean gradient, mm Hg 10.4 ± 6.3 10.6 ± 4 0.49

AV peak gradient, mm Hg 19.7 ± 12 20.8 ± 8 0.13

LV end-diastolic volume, mL 109 ± 49 98 ± 37 0.03

LV end-systolic volume, mL 53 ± 41 42 ± 26 0.01

LVOT diameter, cm 2.3 ± 0.3 2.5 ± 0.4 0.40

LVOT maximum velocity, m/s 1.07 ± 0.2 1.09 ± 0.2 0.18

LVOT stroke volume, mL 109 ± 40 117 ± 51 0.75

Aortic valve resistance, 
dyne · s · cm− 5

80 ± 51 85 ± 44 0.34

Stroke volume index 26.1 ± 11 26.8 ± 11 0.37

Dimensionless valve index 0.54 ± 0.1 0.54 ± 0.1 0.94

Values are mean ± SD.
AV = aortic valve; LA = left atrial; LV = left ventricular; LVEF = left ventricular 

ejection fraction; LVOT = left ventricular outflow tract; other abbreviations as in 
Table 1.
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FIGURE 3 AT/ET Association With HFH 1 Year After Transcatheter Aortic Valve Replacement 

Kaplan-Meier curve showing that AT/ET ratio $0.35 predicts 1-year heart failure hospitalization (HFH)–free survival after transcatheter aortic valve replacement with 
balloon-expandable and self-expanding valves. Abbreviations as in Figure 1.

TABLE 3 Cox Univariable and Multivariable Regression Model for Clinical Outcomes

Outcome Variable

Univariate Analysis Multivariate Analysis

HR 95% CI P Value HR 95% CI P Value

HFH All valve types: AT/ET $0.35 to <0.35 (reference) 2.10 1.41-3.10 <0.001 2.25 1.43-3.53 <0.001
BEVs: AT/ET $0.35 to <0.35 (reference) 2.01 1.31-3.08 0.001 1.9 1.15-3.12 0.01
SEVs: AT/ ET $0.35 to <0.35 (reference) 2.25 0.8-6.33 0.12 6.79 1.66-27.66 0.007

All valve types: MG $20 to <20 mm Hg (reference) 0.52 0.13-2.11 0.36 0.58 0.14-2.42 0.46
BEVs: MG $20 to <20 mm Hg (reference) 0.27 0.03-1.98 0.20 0.28 0.05-2.43 0.28
SEVs: MG $20 to <20 mm Hg (reference) 6.80 0.87-52.9 0.06 14.02 0.93-210.9 0.06

All-cause mortality All valve types: AT/ET $0.35 to <0.35 (reference) 1.18 0.74-1.86 0.47 1.20 0.70-2.05 0.50
All valve types: MG $20 to <20 mm Hg (ref) 0.85 0.27-2.68 0.78 1.20 0.36-3.85 0.76

Adjusted for Society of Thoracic Surgeons risk score, body mass index, age, sex, blood pressure, and heart rate.
HFH = heart failure hospitalization; MG = mean gradient; other abbreviations as in Table 1.
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HFH and mortality, were assessed using AV AT/ET. 
It is also the first study to describe the AT/ET ratio 
association with different valve types, such as BEVs 
and SEVs.

The findings suggest that AT/ET ratio could 
be crucial in assessing prosthetic valve functionality. 
A higher AT/ET ratio in SEVs vs BEVs might 
explain the discrepancy in conventionally measured 
hemodynamic status and outcomes between these 
prosthetic valve types.23

These findings suggest that AT/ET may 
better reflect clinical risk and functional status 
post-TAVR than MG. Although promising, the 
retrospective design and single-center setting 

warrant cautious interpretation and external 
validation.

STUDY LIMITATIONS. This study was conducted at a 
single high-volume center, was retrospective, and 
was not randomized. Therefore, despite efforts to 
adjust for them, it is prone to the typical biases 
associated with retrospective analyses, such as po
tential residual confounders. Acknowledging that a 
study conducted at a single high-volume referral 
center might exhibit selection bias is essential.

Another limitation is that this study was focused 
on symptomatic patients who underwent TAVR; 
thus, it likely excluded many asymptomatic patients 

FIGURE 4 AVMG Association With HFH 1 Year After Transcatheter Aortic Valve Replacement 

Kaplan-Meier curve showing that aortic valve mean gradient (AVMG) $20 mm Hg predicts 1-year HFH-free survival after transcatheter aortic valve replacement with 
balloon-expandable and self-expanding valves. MG = mean gradient; other abbreviations as in Figures 1 and 3.
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with AS who were not considered for TAVR and may 
exhibit different characteristics and outcomes. The 
primary subjects of this research are patients with 
moderate and severe AS who underwent the TAVR 
procedure.

CONCLUSIONS

It has been shown that postprocedural AV MG is 
commonly elevated in patients who receive BEVs 

because of valve shape, which decreases AV area and 
flow.24,25 However, our study demonstrated that a 
significantly greater number of patients who 
received SEVs had AT/ET $0.35 compared with the 
BEV patient cohort. Therefore, AT/ET ratio might 
explain the discrepancy between SEVs and BEVs in 
conventionally measured hemodynamic status and 
outcomes. In the entire patient population, we 
found that postprocedural AT/ET $0.35 was asso
ciated with increased 1-year HFH. When we 

CENTRAL ILLUSTRATION AT/ET Ratio Compared With AVMG as Predictors of HFH Post-TAVR 

• Post-TAVR AT/ET ≥0.35 was associated with an increased rate of heart failure hospitalization at 1 year (HR: 2.25, 95% CI: 
   1.43-3.53; P < 0.001) but was not associated with mortality.
• Our results suggest no correlation between AVMG and heart failure hospitalization or mortality at 1 year.
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Measurement of acceleration time (AT)/ejection time (ET) ratio (top left corner) and aortic valve mean gradient (AVMG) (top right corner). The illustration also shows 
how these different methods predict heart failure hospitalization (HFH). The graph in the bottom left corner shows the association of AT/ET ratio with 1-year HFH for 
the entire population. The graph in the top right corner shows the association of AVMG with 1-year HFH for the entire population. Log-rank P value and Cox regression 
adjusted P value, which have been carefully adjusted to account for potential confounding factors, are shown for both graphs. TAVR = transcatheter aortic valve 
replacement.
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separated clinical outcomes for patients who 
received BEVs and SEVs, results showed that AT/ 
ET $0.35 was associated with increased 1-year HFH 
rates for both SEVs and BEVs. AV MG was not 
associated with HFH or mortality, supporting pre
vious findings.7,8 These results suggest that AT/ET 
may be a more reliable marker of prosthetic valve 
performance and a useful predictor of clinical 
outcomes after TAVR.
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FIGURE 5 Competing Risk Analysis for HFH and Mortality Stratified by AT/ET Ratio 

Incidence of HFH and mortality as a competing risk differentiated by AT/ET ratio. The incidence of both mortality and HFH was higher in the 
AT/ET $ 0.35 group, but the difference was significant only for HFH. Abbreviations as in Figures 1 and 3.

PERSPECTIVES

WHAT IS KNOWN? AT/ET ratio has been shown to 
be associated with AS severity, and increased values 
have been linked to worse outcomes in patients with 
native AS. However, the significance of AT/ET is 
understudied in prosthetic valves.

WHAT IS NEW? This is the largest scale study 
demonstrating the association between post-TAVR 
AT/ET ratio and clinical outcomes. For the first time in 
the literature, this study shows that AT/ET $0.35 
predicts HFH post-TAVR and highlights differences 
by valve type.

WHAT IS NEXT? AT/ET ratio may improve assess
ment of prosthetic valve function and risk stratifica
tion in TAVR patients. Early identification of 
individuals with elevated postprocedural AT/ET ratios 
could help identify those at risk for cardiac decom
pensation, allowing the investigation of timely inter
ventions to prevent adverse outcomes in these 
patients.

Lomaia et al J A C C :  C A R D I O V A S C U L A R  I N T E R V E N T I O N S  V O L .  1 8 ,  N O .  1 8 ,  2 0 2 5  

AT/ET vs MG as a Predictor of Clinical Outcomes Post-TAVR S E P T E M B E R  2 2 ,  2 0 2 5 : 2 2 7 0 – 2 2 7 9

2278

Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology from ClinicalKey.com by Elsevier on October 20, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.

mailto:kapadis@ccf.org
https://twitter.com/tavrkapadia


R E F E R E N C E S

1. Carroll JD, Mack MJ, Vemulapalli S, et al. STS- 
ACC TVT Registry of transcatheter aortic valve 
replacement. J Am Coll Cardiol. 2020;76:2492– 
2516.

2. Herrmann HC, Abdel-Wahab M, Attizzani GF, 
et al. Rationale and design of the Small Annuli 
Randomized to Evolut or SAPIEN Trial (SMART 
trial). Am Heart J. 2022;243:92–102.

3. Baumgartner H, Hung J, Bermejo J, et al, for 
the American Society of Echocardiography; Euro
pean Association of Echocardiography. Echocar
diographic assessment of valve stenosis: EAE/ASE 
recommendations for clinical practice. J Am Soc 
Echocardiogr. 2009;22:1–23.

4. Adda J, Mielot C, Giorgi R, et al. Low-flow, 
low-gradient severe aortic stenosis despite 
normal ejection fraction is associated with se
vere left ventricular dysfunction as assessed by 
speckle-tracking echocardiography: a multi
center study. Circ Cardiovasc Imaging. 2012;5: 
27–35.

5. Alkurashi AK, Thaden JJ, Naser JA, et al. Un
derestimation of aortic stenosis severity by 
doppler mean gradient during atrial fibrillation: 
insights from aortic valve weight. J Am Soc 
Echocardiogr. 2023;36:53–59.

6. Lander K, Weerasooriya S. Falsely raised gra
dients after transcatheter aortic valve replace
ment obtained with a nonimaging probe due to 
brachiocephalic stenosis. CASE. 2020;4:127–129.

7. Eng MH, Abbas AE, Hahn RT, et al. Real world 
outcomes using 20 mm balloon expandable SA
PIEN 3/ultra valves compared to larger valves (23, 
26, and 29 mm)—a propensity matched analysis. 
Catheter Cardiovasc Interv. 2021;98:1185–1192.

8. Herrmann HC, Mehran R, Blackman DJ, et al. 
Self-expanding or balloon-expandable tavr in 
patients with a small aortic annulus. N Engl J Med. 
2024;390:1959–1971.

9. Hahn RT, Douglas PS, Jaber WA, et al. Doppler 
velocity index outcomes following surgical or 
transcatheter aortic valve replacement in the 
PARTNER trials. JACC Cardiovasc Interv. 2021;14: 
1594–1606.

10. Altes A, Sochala M, Attias D, et al. Correlates 
of the ratio of acceleration time to ejection time in 
patients with aortic stenosis: an echocardio
graphic and computed tomography study. Arch 
Cardiovasc Dis. 2019;112:567–575.

11. Kamimura D, Hans S, Suzuki T, et al. Delayed 
time to peak velocity is useful for detecting se
vere aortic stenosis. J Am Heart Assoc. 2016;5: 
e003907.

12. Kim SH, Kim JS, Kim BS, et al. Time to peak 
velocity of aortic flow is useful in predicting se
vere aortic stenosis. Int J Cardiol. 2014;172:e443– 
e446.

13. Gamaza-Chulián S, Camacho-Freire S, Toro- 
Cebada R, Giráldez-Valpuesta A, Benezet- 
Mazuecos J, Vargas-Machuca JC. Ratio of accel
eration time to ejection time for assessing aortic 
stenosis severity. Echocardiography. 2015;32: 
1754–1761.

14. Altes A, Thellier N, Bohbot Y, et al. Prognostic 
impact of the ratio of acceleration time to ejection 
time in patients with low gradient severe aortic 
stenosis and preserved ejection fraction. Am J 
Cardiol. 2019;124:1594–1600.

15. Griguer AR, Tribouilloy C, Truffier A, et al. Clin
ical significance of ejection dynamics parameters in 
patients with aortic stenosis: an outcome study. 
J Am Soc Echocardiogr. 2018;31:551–560.e2.

16. Altes A, Thellier N, Bohbot Y, et al. Relation
ship between the ratio of acceleration time/ 
ejection time and mortality in patients with high- 
gradient severe aortic stenosis. J Am Heart Assoc. 
2021;10:e021873.

17. Chong A, Sen J, Reyaldeen R, et al. Prognos
tication and interventional guidance using 
acceleration-ejection time ratio in undifferenti
ated paradoxical low-flow low-gradient aortic 
stenosis. JACC Cardiovasc Imaging. 2024;17:1290– 
1301.

18. Baumgartner H, Hung J, Bermejo J, et al. 
Recommendations on the echocardiographic 
assessment of aortic valve stenosis: a focused 
update from the European Association of Cardio

vascular Imaging and the American Society of 
Echocardiography. Eur Heart J Cardiovasc Imag
ing. 2017;18:254–275.

19. Gamaza-Chulián S, Díaz-Retamino E, Camacho- 
Freire S, Ruiz-Fernández D, Gutiérrez-Barrios A, 
Oneto-Otero J. Acceleration time and ratio of ac
celeration time to ejection time in aortic stenosis: 
new echocardiographic diagnostic parameters. 
J Am Soc Echocardiogr. 2017;30:947–955.

20. Anwaruddin S, Desai ND, Vemulapalli S, et al. 
Evaluating out-of-hospital 30-day mortality after 
transfemoral transcatheter aortic valve replace
ment. JACC Cardiovasc Interv. 2021;14:261–274.

21. Einarsen E, Cramariuc D, Bahlmann E, 
Midtbo H, Chambers JB, Gerdts E. Higher accel
eration/ejection time ratio predicts impaired 
outcome in aortic valve stenosis. Circ Cardiovasc 
Imaging. 2021;14:e011467.

22. Baumgartner H, Stefenelli T, Niederberger J, 
Schima H, Maurer G. “Overestimation” of catheter 
gradients by doppler ultrasound in patients with 
aortic stenosis: a predictable manifestation of 
pressure recovery. J Am Coll Cardiol. 1999;33: 
1655–1661.

23. Khan QA, Farrukh AM, Belay NF, et al. 
Comparing outcomes of balloon-expandable vs. 
self-expandable valves in transcatheter aortic valve 
replacement: a systematic review and meta-anal
ysis. Ann Med Surg (Lond). 2024;86:4060–4074.

24. Abbas AE, Hanzel G, Shannon F, et al. Post- 
TAVR trans-aortic valve gradients: echocardio
graphic versus invasive measurements: the role 
of pressure recovery. Struct Heart. 2019;3:348– 
350.

25. Abbas AE, Mando R, Kadri A, et al. Comparison 
of transvalvular aortic mean gradients obtained 
by intraprocedural echocardiography and invasive 
measurement in balloon and self-expanding 
transcatheter valves. J Am Heart Assoc. 2021;10: 
e021014.

KEY WORDS balloon-expandable valve, 
echocardiography, self-expanding valve 

J A C C :  C A R D I O V A S C U L A R  I N T E R V E N T I O N S  V O L .  1 8 ,  N O .  1 8 ,  2 0 2 5  Lomaia et al 
S E P T E M B E R  2 2 ,  2 0 2 5 : 2 2 7 0 – 2 2 7 9  AT/ET vs MG as a Predictor of Clinical Outcomes Post-TAVR

2279

Downloaded for Anonymous User (n/a) at Brazilian Society of Cardiology from ClinicalKey.com by Elsevier on October 20, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1936-8798(25)02196-X/sref1
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref1
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref1
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref1
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref2
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref2
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref2
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref2
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref3
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref3
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref3
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref3
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref3
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref3
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref4
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref4
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref4
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref4
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref4
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref4
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref4
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref5
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref5
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref5
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref5
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref5
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref6
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref6
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref6
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref6
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref7
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref7
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref7
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref7
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref7
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref8
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref8
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref8
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref8
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref9
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref9
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref9
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref9
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref9
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref10
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref10
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref10
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref10
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref10
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref11
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref11
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref11
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref11
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref12
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref12
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref12
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref12
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref13
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref13
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref13
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref13
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref13
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref13
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref14
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref14
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref14
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref14
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref14
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref15
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref15
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref15
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref15
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref16
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref16
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref16
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref16
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref16
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref17
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref17
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref17
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref17
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref17
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref17
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref18
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref18
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref18
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref18
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref18
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref18
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref18
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref19
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref19
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref19
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref19
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref19
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref19
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref20
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref20
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref20
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref20
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref21
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref21
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref21
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref21
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref21
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref22
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref22
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref22
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref22
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref22
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref22
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref23
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref23
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref23
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref23
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref23
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref24
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref24
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref24
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref24
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref24
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref25
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref25
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref25
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref25
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref25
http://refhub.elsevier.com/S1936-8798(25)02196-X/sref25

	Acceleration Time/Ejection Time Ratio Compared to Mean Gradient as a Predictor of Clinical Outcomes Post-TAVR
	Methods
	Study design
	Echocardiographic measurements
	Clinical outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Echocardiographic characteristics
	Clinical outcomes

	Discussion
	Study limitations

	Conclusions
	Funding Support and Author Disclosures
	References


