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Abstract

Background Biomechanical effects of transcatheter (TAVR) versus surgical (SAVR) aortic valve interventions
on the distal aorta have not been studied. This study utilized global circumferential strain (GCS) to assess post-proce-
dural biomechanics changes in the descending aorta after TAVR versus SAVR.

Methods Patients undergoing TAVR or SAVR for aortic stenosis were included. Transesophageal (TEE) and transtho-
racic (TTE) echocardiography short-axis images of the aorta were used to image the descending aorta immediately
before and after interventions. Image analysis was performed with two-dimensional speckle tracking echocardiog-
raphy and dedicated software. Delta GCS was calculated as: post-procedural GCS—pre-procedural GCS. Percentage
delta GCS was calculated as: (delta GCS/pre-procedural GCS) x 100.

Results Eighty patients, 40 TAVR (median age 81 y/o, 40% female) and 40 SAVR (median 72 y/o, 30% female) were
included. The post-procedure GCS was significantly higher than the pre-procedural GCS in the TAVR (median 10.7
[interquartile range IQR 4.5, 14.6] vs. 17.0 [IQR 6.1, 20.9], p=0.009) but not in the SAVR group (4.4 [IQR 3.3, 5.3] vs. 4.7
[IQR 3.9, 5.6], p=0.3). The delta GCS and the percentage delta GCS were both significantly higher in the TAVR ver-

sus SAVR group (2.8% [IQR 1.4, 6] vs. 0.15% [IQR—0.6, 1.5], p <0.001; and 28.8% [IQR 14.6%, 64.6%)] vs. 4.4% [IQR—10.6%,
5.6%], p=0.006). Results were consistent after multivariable adjustment for key clinical and hemodynamic
characteristics.

Conclusions After TAVR, there was a significantly larger increase in GCS in the distal aorta compared to SAVR. This
may impact descending aortic remodeling and long-term risk of aortic events.

Keywords Aortic strain, Transesophageal echocardiography, Surgical aortic valve replacement, Transcatheter aortic
valve replacement
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Introduction
Surgical aortic valve replacement (SAVR) and transcath-
eter aortic valve replacement (TAVR) are the stand-
ard treatments for severe aortic stenosis (AS). Previous
studies have demonstrated similar efficacy and short- to
mid-term outcomes for patients who undergo SAVR and
TAVR [1-5] but the differential impact of the two pro-
cedures on aortic biomechanics is not well understood.
Aortic stenosis can be associated with concurrent aor-
topathy, and changes in aortic energy propagation after
SAVR versus TAVR may affect distal aneurysm growth
and aortic disease progression particularly in patients
with genetic aortopathies or bicuspid aortic valve (BAV).
Global circumferential aortic strain (GCS) is a meas-
ure of arterial stiffness and aortic biomechanics that
can derived from standard two-dimensional echocar-
diographic images of the aorta [6—9]. This measure
can assess the deformation of the aortic wall between
end-diastole and peak-systole and has been validated
against the gold standard cardiac magnetic resonance
[7, 10]. Previous studies have used GCS to evaluate dis-
tal aortic biomechanics after aortic valve and ascending
aorta replacement in cardiac surgical patients. However,
changes in distal aortic biomechanics after TAVR and
SAVR have yet to be characterized. This hypothesis-
generating study utilized echo-derived GCS to assess
changes in distal aortic biomechanics after TAVR and
SAVR. We hypothesized that TAVR would increase GCS
compared to SAVR due to the larger device footprint
compared to the bioprosthetic surgical valves.

Methods

The study was approved by the Weill Cornell Institutional
Review Board (IRB number 20-0102134). Patients that
underwent TAVR or SAVR for severe isolated aortic ste-
nosis were prospectively enrolled and consented between
January 2021 and March 2023. This was a hypothesis
generating study, and no formal sample size calculation
was performed. All patients met clinical criteria for aortic
valve intervention due to severe AS as determined by a
multidisciplinary team of cardiac surgeons, cardiologists,
and echocardiographers. Patients with more than mild
valvular regurgitation (aortic, tricuspid, or mitral) were
excluded, as were those aborted intervention (TAVR),
and with inadequate imaging for strain analysis were
excluded.

SAVR was performed through full sternotomy and car-
diopulmonary bypass using bioprosthetic valves, with
size and valve type listed in Table 1.

All intraoperative transesophageal echocardiography
(TEE) and/or transthoracic echocardiography (TTE)
images were prospectively acquired via a standard imag-
ing protocol using clinical equipment (EPIQ 7, Philips
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Medical Systems [Andover, MA] ultrasound systems).
For SAVR, intraoperative TEE images were captured with
stable hemodynamics immediately after induction and
before incision (pre-procedure), and after chest closure
(post-procedure) as previously described [6]. For TAVR,
TEE and TTE echo exams were performed with stable
hemodynamics before procedure start (pre-procedure),
and after valve deployment (post-procedure). Hemo-
dynamic variables including cardiac output and cardiac
index were obtained at the time of the echo exams via a
pulmonary artery catheter. Pulse pressure was derived
from the arterial blood pressure.

Aortic global circumferential strain
TEE and TTE images were used to capture short-axis
images of the descending aorta before and after valve
replacement. Images were analyzed by two experts
blinded to patient data but not to modality. GCS was
used to measure the change in circumferential deforma-
tion in the aortic short axis images using speckle-track-
ing of the aortic wall using dedicated software (Qlab
version 10.8.5, Philips Healthcare, Amsterdam, Neth-
erlands) as previously described [6]. Briefly, a center
point was placed within the aorta in addition to an inner
and outer circle that approximated the endothelial and
adventitial surfaces of the aorta during the end-diastolic
frame, allowing for tracking of the aortic wall through-
out the cardiac cycle, and the width was adjusted to con-
tain the entire wall thickness of the aorta. Automatically
generated strain measurements were then evaluated for
optimal border tracking. If the software output did not
adequately track the aortic wall and/or the generated
strain curve was not smooth, the inner and outer circles
were adjusted circumferentially in the end-diastolic and
end-systolic frames to enhance border tracking [6, 9, 11].
The 6 sub-segments of the aorta were averaged to
measure the following aortic biomechanical variables:

o Global circumferential aortic strain (GCS) maximal
deformation of the aortic circumference between
systole and diastole (measured as the relative (%) dif-
ference between these two time points; [end-systole—
end-diastole]/end-diastole*100).

o Change in GCS (Delta GCS) post-procedure GCS-
pre-procedure GCS.

 Relative change in GCS (Percent Change GCS) post-
procedure GCS-pre-procedure GCS/pre-procedure
GCSx 100

o Pulse-Pressure Adjusted GCS GCS divided by pulse
pressure (PP):(GCS/PP)

o Time to peak (TTP) strain calculated as time inter-
val between end-diastole (aortic valve opening) and
average peak global circumferential aortic strain.
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Table 1 Population characteristics
Overall SAVR TAVR p
(n=80) (n=40) (n=40)
Clinical characteristics
Age [year (median IQR)] 76.5[70,83] 72 [63,75] 81[74,88] <0.001
Blood pressure (mm Hg)
Male gender 52 (65) 28 (70) 24 (60) 048
Bicuspid aortic valve 16 (20) 13(32.5) 3(7.5) 0.012
Pre-AVR AS severity 1
Moderate 1(1.2) 1(2.5) 0
Severe 79 (98.8) 39(97.5) 40 (100)
Clinical risk factors
Coronary artery disease 32 (40) 12 (30) 20 (50) 0.11
Hypertension 57 (71.2) 26 (65) 31(77.5) 0.32
Hyperlipidemia 51(63.7) 24 (60) 27 (67.5) 0.64
Diabetes mellitus 18 (22.5) 8 (20) 10 (25) 0.77
NYHA > 2 68 (85) 29(72.5) 39(97.5) 0.005
Intraoperative data
Valve size (mm, median [IQR]) 25[23,26] 23[23,25] 26 [23,29] <0.001
Edwards (Magna/Inspiris resilia; Sapien 3) 33(82.5) 35 (87.5)
Medtronic (Mosaic Valve/Avalus; Core valve) 7(17.5) 5(12.5)
Mean gradient
Pre-AVR 40.5[30.247] 38.8[29.8,45.5] 41[33.647.7] 0.33
post-AVR 61[4,9] 8[5.511] 4[3,6] <0.001
Pulse pressure
Use of inotropes* 29 (36.2) 27 (67.5) 2(5) <0.001
Use of vasopressors** 23(29.1) 9(23.1) 14 (35) 0.36

AVR Aortic valve replacement, IQR Inter-quartile range, NYHA New York Heart Failure Association, SAVR Surgical aortic valve replacement, TAVR Transcatheter aortic

valve replacement
*Inotropes =epinephrine, milrinone, dobutamine infusions

**\Vasopressors = vasopressin, norepinephrine, phenylephrine infusions

Aortic end-systolic area (ESA) and end-diastolic
area (EDA) were also measured and used to cal-
culate fractional area change (FAC) of the aorta
(FAC=[ESA—-EDA]/ESA). Aortic distensibility index
was calculated via well-validated method; [(ESA —EDA)/
(ESA)(PP)] [12].

Figure 1 provides a representative example of aortic
analyses performed pre- and post-SAVR and TAVR.

Statistical analyses
Categorical variables were reported as counts and
percentages. Normality of continuous variables was
determined by the Shapiro-Wilkinson test. Normally
distributed data were reported as mean + standard devia-
tion (SD) and non-normally distributed variables were
reported as median and interquartile ranges (IQR).

The Student’s t-test was employed to assess differences
between groups with normally distributed variables and
the Mann—Whitney U test was used if variables were

non-normally distributed. Chi squared and Fisher’s exact
tests were used for categorical variables, as appropriate.

To adjust for potential differences in baseline charac-
teristics and imaging methods between patients, analysis
of covariance (ANCOVA) was used to assess the differ-
ence of delta GCS and percentage change GCS between
groups. Adjustment for key baseline and hemodynamic
variables included age, sex, baseline GCS, valve type
[bicuspid, tricuspid], NYHA class, use of inotropes/vaso-
pressors, preoperative systolic and diastolic blood pres-
sure, preoperative CI and postoperative CI, preoperative
aortic stenosis severity, and post-procedure aortic valve
mean gradient. Results of ANCOVA were expressed as
mean and standard error and visually as effect plots that
showed mean and 95% confidence intervals.

Two-sided p<0.05 was considered statistically sig-
nificant without multiplicity adjustment. Analysis was
performed using R version 3.6.1 within RStudio. Two
sensitivity analyses were performed: (1) repeating the
main analyses including only patients with trileaflet
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TAVR post

Fig. 1 Representative example of a patient who underwent TAVR, and SAVR, and their pre-procedural and post-procedure aortic strain
measurements. EDA, end diastolic area; ESA, end systolic area; FAC, fractional area change; GCS, Global circumferential strain; SAVR, surgical aortic

valve replacement; TAVR, transcatheter aortic valve replacement

aortic valve (BAV patients were excluded to reduce pos-
sible heterogeneity due to valve morphology) and (2)
adding imaging modality (TEE vs. TEE) to the ANCOVA
multivariable analysis (to reduce possible heterogeneity
due to different imaging techniques).

Results

Eighty patients (40 TAVR and 40 SAVR) were included
in the study cohort (see Fig. 2 for details of patient
inclusion); the median age of the included patients was
76.5 years (IQR 70-83), 65% were men, 20% had bicus-
pid aortic valves. Baseline and intra-procedural charac-
teristics of patients in the two groups are summarized in
Table 1.

In the TAVR group, the transfemoral approach was
used in 39/40 patients (97.5%) while in one patient the
left subclavian approach was used. The TAVR valves
implanted were Edward Sapien 3 (35/40, 87.5%) and
Medtronic Core valve (5/40, 12.5%). In the SAVR group,
all surgeries were performed open sternotomy with car-
diopulmonary bypass and implanted 82.5% Edwards
Lifesciences (PERIMOUNT Magna™ and INSPIRIS™
RESILIA valves), and 17.5% Medtronic (Mosaic ,

Avalus Bovine Aortic Surgical Valves), based on surgeon
preference.

Aortic global circumferential strain (GCS)

The change in GCS (Delta GCS, pre vs. post-procedure
GCS) was significant in the TAVR (median 10.7 [IQR
4.5, 14.6] vs. 17.0 [IQR 6.1, 20.9], p=0.009) but not in in
the SAVR group (4.4 [IQR 3.3, 5.3] vs. 4.7 [IQR 3.9, 5.6],
p=0.3) (Table 2); the delta GCS was significantly higher
in the TAVR group compared to the SAVR group: 2.8%
[IQR 1.4, 6] vs. 0.15% [IQR—0.6, 1.5], p<0.001 (Table 4).
The percentage delta GCS was also significantly greater
in the TAVR versus SAVR group (28.8% [IQR 14.6, 64.6]
vs. 4.4% [IQR — 10.6, 56], p=0.006). (Table 3).

The pulse-pressure corrected GCS was significantly
higher post-procedure in the TAVR (13.6% [IQR 8.6,
23.5] vs. 26.8% [IQR 10.6, 32], p=0.012) but not in the
SAVR group (6.8% [IQR 5.5, 9.2] vs. 7.6% [IQR 6.1, 10.8],
p=0.2). The pulse-pressure corrected delta GCS was also
significantly greater in the TAVR compared to the SAVR
group (6.1% [IQR 1.6, 12.3] vs. 1.3% [IQR—15, 3.2],
p<0.001). (Table 3).

In the fully adjusted ANCOVA model, the delta GCS
and the percentage delta GCS were both significantly
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Table 2 Descending Aortic Biomechanics Before and After Interventions
SAVR (n=40) TAVR (n=40)
Pre Post p Pre Post p
Global circumferential strain, GCS [%] 44(33523] 4.713.9,5.6] 0.32 10.7 [4.5,14.6] 17.01[6.1,20.9] 0.009
Pulse pressure corrected strain [%/mm 6.8 [5.5,9.2] 7.616.1,10.8] 0.20 13.6 [8.6,23.5] 26.8[10.6,32.0] 0.012
Hag] (GCS/PP)
Time to peak strain, TTP [ms] 300 [270 334] 5[167,250] <0.001 315 [285,400] 300 [280,385] 033
A Area/TTP [cm?/s) 3[09,1.9] 5[1.83.1] <0.001 21[153.7] 6[1.84.2] 0.22
Distensibility [107> mmHg™'] 511.1,2.0] 401,171 052 61[1.96. 7] 9014,76] 0.76
A Area [cm?] [O 3,0. 6] 5104,0. 6] 0.1 91[04,1.2] .7 10.6,14] 053
Fractional area change [%] 416.8,11.9] 5[9.3,13.5] 0.09 30.0[9.1,40.8] 3291[103,57.1] 0.22
End systolic area cm?] 3[4.1,59] 8[4.1 ,6.0] 0.81 6[3.7,5.6] 4(33,57] 0.90
End diastolic area [cm?] [3.7,5.7] 43[3.6,54] 0.65 3[2.64.9] [2 54.7] 0.76

cm centimeters, GCS Global circumferential strain [%], ms milliseconds, PP pulse pressure, SAVR surgical aortic valve replacement, TAVR transcatheter aortic valve

replacement, TTP, time to peak
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Table 3 Absolute (delta) and relative (percentage change) differences before and after interventions after adjustment for key variables

Overall SAVR TAVR P

(n=80) (n=40) (n=40)
Delta GCS 1.5[-0.1,34] 0.15[-0.6,1.5] 2.8[14,6] <0.001
Delta GCS/PP 3.05[-0.01,7.7] 13[-1532] 6.1[1.6,12.3] <0.001
Delta GCS (Mean (SE)) * - 0.2 (0.9 4.2(0.9) 0.011
Delta GCS/PP (Mean (SE)) * - 0.5(2.1) 9.2(2.0) 0.024
Percent change GCS 21.2[-2.3,58] 44[-10.6,56] 28.8[14.6,64.6] 0.006
Percent change GCS (GCS/PP) 31.9[0.14,78.8] 184 [-27.4,464] 36.9[11.2,83] 011
Percent change GCS ((Mean (SE)) * - —-1.8(13.3) 62.0(13.3) 0.010
Percent change GCS/PP (Mean (SE)) * - 95(184) 81.6(184) 0.035
Delta EDA —0.1[-06,0.3] —0.04 [-0.36,0.36] —-0.25[-0.8,03] 037
Delta ESA —0.1[-05,0.5] —0.02 [-0.36,0.6] —-0.2[-0.7,0.26] 0.38
Delta FAC 16[-186.1] 1.3[-0547] 1.9[-2.1,14.1] 045

All values were (median [interquartile range]) except for mean and SE

*ANCOVA Adjusted. SE standard error, cm centimeters, EDA End diastolic area, ESA End systolic area, FAC Fractional area change, GCS Global circumferential strain [%],
ms Milliseconds, PP Pulse pressure, SAVR Surgical aortic valve replacement, TAVR Transcatheter aortic valve replacement, TTP Time to peak

greater in the TAVR compared to the SAVR group
(0.2% + 0.8 vs. 4.2% + 0.8, p<0.001 and —1.8% + 13.3 vs.
62.0% + 13.3, p <0.010 respectively, Table 3, Fig. 3). The
delta GCS/PP and percentage delta GCS/PP were also
significantly greater in the TAVR versus SAVR groups
(0.5% +2.1vs.9.2% +2.1), p<0.024, and 9.5% + 18.4) vs.
81.6% +18.4, p <0.035).

In the sensitivity analysis excluding BAV patients,
both delta GCS and percentage delta GCS remained
significantly greater after TAVR versus SAVR before
and after ANCOVA with adjustment for key variable
(Additional file 1: Tables S1 and S2). In the sensitiv-
ity analysis adjusted by imaging modality, the results
remained solid after accounting for imaging modality
in the multivariable ANCOVA model (TEE vs. TTE)
(Additional file 1: Table S3).

Other measures

Post-procedure TTP and distensibility were signifi-
cantly higher in the TAVR group (300 ms [IQR 280,
385] vs. 195 ms [IQR 166.8, 250], and 4.9 (10~ mmHg)
[IQR 1.4, 7.6] vs. 1.4 (107> mmHg) [IQR 1.1, 1.7],
»<0.001 for both—Table 4).

There were no significant differences between the
pre and post-procedure delta GCS/PP, delta EDA,
delta ESA, and delta FAC, delta area, or aortic ESA and
conventional imaging variables between the TAVR and
SAVR groups (Tables 3, 4).

Hemodynamics and measures of left ventricular
function in the two groups at the different timepoints
are presented in Table 5.
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ANCOVA
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Table 4 Biomechanical variables before and after interventions
Overall SAVR TAVR P
(n=80) (n=40) (n=40)
Pre-procedure strain variables
GCS (%) 52[34, 107} 4(33,53] 10.7 [4.5,14.6] <0.001
Pulse pressure-corrected strain (GCS/PP) 1[6.3,14.6] 81[5.59.2] 136 [8 6,23.5] <0.001
TTP (ms) 300 [270 370.3] 300 [270,334] 315 [285,400] 0.14
AArea/TTP [cm?/s] 1.7 [1.04,2.5] 3[0.9,1.9] 2[1.537] 0.001
Distensibility (1073 mmHg) 2[134.2] 51[1.1,2.04] 61[1.96.7] <0.001
FAC (%) 10.7 [7.4,29.8] 9.35[6.8,11.9] 0[9.4,40.8] <0.001
ESA (cm?) 481[3.85.7] 3[4.07,59] 61[3.7,5.6] 0.12
EDA (cm?) 1[3.1,53] 4.8[3.7,5.6] 3[2649] 0.002
Post-procedure strain variables
GCS (%) 61[4.1,16.23] 4.65[3.9,5.6] 716.1,20.9] <0.001
Pulse pressure-corrected strain (GCS/PP %) 8[6.3,26.5] 6[6.1,10.8] 26.8[10.6,32] <0.001
TTP (ms) 263.5[187.5,305] 195 [166.8,250] 300 [280,385] <0.001
A Area/TTP [cm?/s] 6[1.83.6] 5(1.83.1] 6[1.84.2] 0.26
PP (mmHg) 1[47.8,72.3] 60 [46.8,67.5] 3150.8,771 0.08
Distensibility (103 mmHg) 6[1.2,495] 411,17 9[14,7.6] <0.001
FAC (%) 31[95,35.2] 10.5[9.3,13.5] 329[ 0.3,57.1] <0.001
ESA (cm?) 61[3.7,59] 81[4.1,6.0] 3[33,5.7] 0.14
EDA (cm?) 9129,5] 3[3.6,54] 3[2.54.7] 0.002

All values were (median [interquartile range])

cm Centimeters, EDA End diastolic area, ESA End systolic area, FAC Fractional area change, GCS Global circumferential strain [%], ms Milliseconds, PP Pulse pressure,
SAVR Surgical aortic valve replacement, TAVR Transcatheter aortic valve replacement, TTP Time to peak

Discussion

This study found that the absolute and relative change in
circumferential strain in the descending aorta after aortic
valve interventions was significantly greater after TAVR
than after SAVR. This was confirmed after adjustment
for key variables including baseline GCS, age, sex, blood
pressure, pre and post-procedure cardiac index and aor-
tic valve gradient. Our hypothesis-generating results sug-
gest that TAVR implantation is associated with increased
energy propagation to the descending aorta and with
a potentially increased risk of post-procedural adverse
aortic events compared to SAVR. This hypothesis is clini-
cally important given the ongoing trend to expand TAVR
interventions to a younger population and to patients
with BAV who are more susceptible to aortic events.

A study using the National Inpatient Sample found
that the percentage of patients <65 years old under-
going TAVR increased from 2012 to 2015, from 1.2 to
3.5% in the <55-year group, and from 2.5 to 7.3% in the
55-65 year age group [13]. In another study based on the
Transcatheter Valve Therapy Registry of over 160,000
patients, the proportion of patients at low surgical risk
who underwent TAVR increased from 9.6% in 2015 to
43.8% in 2020 and the proportion of patients with BAV
undergoing TAVR increased from 2.8% in 2015 to 6.8% in
2020 [14].

While previous studies have shown that the relative
survival of patients with bicuspid AS who underwent
SAVR is excellent and comparable to a matched general
population, [15] no similar data exist for patients with
BAV who undergo TAVR [15]. This study evaluating dif-
ferential impact of TAVR versus SAVR on the aorta is
important considering the known higher risk of aortic
dissection and acute aortic events in BAV patients [16].

These findings also have implications for patients
with concomitant ascending aortic aneurysms under-
going TAVR. One group reported that over 25% of
their patients undergoing TAVR had ascending aortic
aneurysms of 4 to 5 cm [17]. At a mean follow-up of 14
months, the authors found comparable intraprocedural
safety between the aneurysm and non-aneurysm groups
and found that ascending aortic diameters remained sta-
ble in their relatively old, non-BAV population. However,
it is unclear if this would be true in younger patients or in
a BAV population at longer follow-up. It should be con-
sidered that our data were recorded during sedation and
anesthesia, and it is reasonable to believe that the differ-
ence in energy propagation between groups is magnified
during exercise (an issue of particular relevance in the
young and active patient population).

Circumferential strain has been used to study aortic
physiology in cardiac surgical populations and allows
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Table 5 Hemodynamic variables before and after interventions

Overall SAVR TAVR P

(n=80) (n=40) (n=40)
Pre-procedure hemodynamics
HR (bpm) (median [IQR]) 63.5[56.7,72] 0 [55.75,70.25] 65.5[59,73.2] 0.10
SBP (mmHg) 2[110.5,138] 2[110.2,134] 122 [110.5,145] 0.57
DBP (mmHg) 8[52,65] 0[52.7,65] 7[51,64] 0.29
PP (mmHg) 63.5[51.8,78] 1[50,75] 9 [56, 79] 0.14
EDV (ml) 1099 [87,132.7] 106.59 [80.8,119.4] 123.93[91.85,163.9] 0.021
ESV (ml) 4241[31.02,57.02] 38.1[27.9/49.8] 42.8[35.08,69.16] 0.049
EF (%) 62.5 [55,66.5] 0[59.1,67.2] 62.5 [47.9,65.5] 046
SV (ml) 67.6 [53.02,80.2] 61.8[52.3,72.68] 0[58.27,84.2] 0.09
CO (L/min) 2[34,5.06] 713.164.7] 441[3.7,5.6] 0.025
Cl (L/min/m?) 3[1.85,2.6] 2.03[1.7,2.37] 5[2.09,2.8] <0.001
Post-procedure hemodynamics
HR (bpm) (median [IQR]) 69.5 [63.7,80] 7 [69,84] 64.5[60.7,71.5] <0.001
SBP (mmHg) 155[03713] 155[0271295} 116 [104.75,132] 0.54
DBP (mmHg) 6[51,62.5] 57.5[51.75,66.5] 54.5 [49.5,60] 0.17
EDV (ml) 93.6 [74.9,1304] 879[65 32,101.5] 1206[90 67,141.05] <0.001
PP (mmHg) 1[47.8,723] 0[46.8,67.5] 3[50.8,77] 0.08
ESV (ml) 258[ 6.35,50.75] 21 2[ 5.7,383] 34.31[19.3,56.3] 0.059
EF (%) 7[59,84] 9 [60,84.5] 66.5 [56.75,84] 0.69
SV (ml) 70.9 [54.76,83.7] 59.5[46.16,73.8] 77.9[66.6,96.5] <0.001
CO (L/min) 5.09 [4.07,6.1] 4.89[3.9,5.89] 2[4.386.1] 0.56
Cl (L/min/m?) 2.7[2.16,3.38] 2.67[2.09,3.1] 81[2.3,349] 0.14

All values were (median [interquartile range])

bpm Beats per minute, C/ Cardiac index, cm Centimeters, CO Cardiac output, DBP Diastolic blood pressure, EDV End diastolic volume, EF Ejection fraction, ESV End
systolic volume, HR Heart rate, IQR Inter-quartile range, L/min Liters/minute, m Meters, m/ Milliliter, mmHg Millimeters mercury, ms Milliseconds, SAVR Surgical aortic
valve replacement, SBP Systolic blood pressure, TAVR Transcatheter aortic valve replacement

for accurate quantification of arterial biomechanics
[6-9]. Circumferential strain is the change or displace-
ment of the circumference from its baseline value and
is quantified by the percentage change in circumference
between the aorta at baseline and during systolic defor-
mation. Circumferential strain of the aorta from two-
dimensional TEE or TTE echo images can be calculated
over the circumference of the aortic wall in the short
axis view over the cardiac cycle as a measure of energy
propagation [10].

Previous studies have used GCS to investigate the acute
impact of ascending aortic graft replacement on descend-
ing aorta biomechanics, and the effect on the distal aorta
of SAVR for aortic stenosis versus aortic insufficiency
[6]. Other studies have shown that flow patterns in the
ascending aorta after SAVR may be different using dif-
ferent aortic valve prostheses [18]. A study by Bisell et al.
evaluated flow patterns and wall stress on the proximal
aorta after mechanical versus bioprosthetic SAVR and
found decreased wall stress with mechanical valves and
suggested this as potential mechanism for future aneu-
rysm formation [19].

There are several potential reasons why TAVR valves
may result in greater energy propagation to the distal
aorta compared to SAVR. One is that TAVR devices,
either self-expanding or balloon-expandable, differ from
surgical valves by containing a valve within a metal frame,
which serves to anchor the device in the annulus and
proximal ascending aorta without sutures. These caged
prostheses differ from the native aorta in geometry and
compliance, and likely interfere with the pressure-regu-
lating effect of the ascending aorta (Windkessel effect)
alter pulse wave propagation and cause high velocity
flow to distal segments of the aorta, providing potential
for adverse remodeling and dissection [20, 21]. Another
possible reason is that TAVR valves have a lower profile
and increased effective orifice areas compared to surgi-
cal valves, allowing higher stroke volume [22] and distal
energy propagation.

The possibility of a different effect of TAVR versus
SAVR on post-procedural aortic biomechanics and
potentially on the risk of aneurysm development among
patients with AS is a clinically important question in an
era in which TAVR indications expand to patients with
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bicuspid aortic valve and to young patients with long
life expectancy. The increase in distal energy propaga-
tion after TAVR versus SAVR may accelerate aneurysm
growth, especially in high-risk populations and may
require dedicated follow-up imaging surveillance after
the procedure [23].

This study has several limitations. First, this is a
hypothesis-generating study, and no formal sample size
calculation was performed. The TAVR group used mostly
TTE to evaluate the differences in GCS in the descend-
ing aorta while the SAVR group used TEE. While both
have been validated for imaging of the descending aorta,
we addressed this potential confounder by evaluating the
relative percentage change in strain and using ANCOVA,
a statistical approach that accounts for different baseline
aortic strain values. The two patient groups were dif-
ferent in a number of variables at baseline and intrap-
rocedural timepoints. However, we adjusted for all key
baseline clinical and hemodynamic variables and found
that delta GCS and the percentage change in delta GCS
remained significantly greater in the TAVR group. We
also performed a sensitivity analysis accounting for imag-
ing modality in the multivariable model (TEE vs. TTE)
which supported our primary results. Also, the abso-
lute differences in GCS between groups were large, and
unlikely explained only by unaccounted confounders.
Finally, our findings are limited to the time immediately
post-procedure and further studies are needed to lon-
gitudinally explore the changes in the distal aorta after
TAVR versus SAVR.

Conclusions

This is the first study to evaluate distal aortic biomechan-
ics after TAVR vs. SAVR. We found that the increase in
post-procedure energy propagation to the distal aorta
was significantly greater after TAVR even after adjust-
ment for important confounders.

These findings suggest that TAVR has differential
downstream effects on aortic deformation and flow
compared to SAVR and this may have potentially impor-
tant implications for the risk of post-procedural aortic
events, especially in high-risk categories of patients. Due
to the growing adoption of TAVR in young patients and
in patients with BAV, further studies on this topic are
urgently needed.
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