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Abstract

Background: Since the decision to proceed with valve re- placement remains controversial due to conflicting prog- nostic evidence, the
use of normal-flow low-gradient aor- tic stenosis (NFLGAS) presents a clinical dilemma. Thus, this study aimed to evaluate the clinical
utility of two- dimensional strain echocardiography (2D-STE) in distin- guishing therapeutic outcomes between transcatheter aortic
valve implantation (TAVI) and conservative management in patients with NFLG AS.Methods: This retrospective cross-sectional study
analyzed 97 patients diagnosed with NFLG AS between October 2019 and June 2023. Patients were divided into two groups based on
treatment strategy: 34 underwent TAVI, and 63 received conservative management. Clinical data were collected at baseline, discharge,
and 6-month follow-up. Key echocardiographic parameters included left ventricular (LV) ejection fraction (LVEF), aortic valve area
(AVA), relative wall thickness (RWT), obtained via transthoracic echocardiography (TTE), and LV global longitudinal strain (LVGLS)
measured using 2D-STE. Multivariable linear regression models were used to adjust for potential confounding factors. Kaplan–Meier
analysis was employed to compare 6-month cardiac event-related readmission rates between the two groups. Results: Preoperatively,
the mean LVGLS was –14.2% ± 1.5%. In the TAVI group, LVGLS significantly improved to –16.7% ± 1.4% at discharge and further
to –18.5% ± 1.3% at 6-month follow-up (p < 0.001). After adjusting for potential confounders, the improvement in LVGLS remained
significant in the TAVI group (p < 0.001). In contrast, the conservative management group showed no significant changes in LVGLS
across the same time points (–14.0% ± 1.8%, –14.2% ± 1.6%, and –14.7% ± 2.2%, respectively; p = 0.118). The TAVI group also
exhibited a significantly lower 6-month cardiac event-related readmission rate compared to the conservative group (χ2 = 4.53; p = 0.033;
hazard ratio (HR) = 0.47, 95% confidence interval (CI): 0.24–0.94). Conclusion: These preliminary findings suggest that TAVI may
offer significant improvements in LVGLS and reduce short-term cardiac event-related readmissions in symptomatic NFLG AS patients.
Nonetheless, further validation in larger, prospective studies is warranted to confirm these potential clinical benefits.
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1. Introduction

Assessing the severity of aortic stenosis (AS) remains
clinically challenging, as discrepancies frequently arise
among peak velocity, mean pressure gradient, and aortic
valve area (AVA), leading to conflicting severity classifica-
tions [1]. A mismatch between transvalvular hemodynamic
parameters, specifically, a mean pressure gradient <40
mmHg, and low-flow states (stroke volume index [SVI]
<35 mL/m2/beat) characterizes low-flow low-gradient AS
(LF-LG AS), which may present as either the classical phe-
notype (left ventricular ejection fraction: LVEF <50%)
or the paradoxical phenotype (LVEF ≥50%) [2]. Both
classical and paradoxical LF-LG AS forms of severe AS
have well-established diagnostic criteria and therapeutic al-
gorithms. However, greater diagnostic uncertainty arises
when an AVA <1.0 cm2 (or indexed AVA <0.6 cm2/m2)

coexists with preserved hemodynamic parameters (LVEF
≥50%, SVI ≥35 mL/m2/beat) and subcritical transvalvu-
lar gradients (mean gradient <40 mmHg). This presenta-
tion, known as normal-flow low-gradient AS (NF-LG AS),
remains the subject of considerable academic debate con-
cerning its clinical classification [3]. The ongoing con-
troversy centers on whether such parameters indicate truly
severe anatomical stenosis requiring aortic valve replace-
ment (AVR), or instead reflect a hemodynamically moder-
ated condition in which medical management and observa-
tion may yield comparable outcomes [4].

Contemporary registry data suggest similar all-cause
mortality rates among patients with NF-LGAS, LF-LGAS,
and high-gradient AS (HG-AS), with no statistically signifi-
cant differences observed in adjusted survival analyses [5].
Consequently, whether aggressive AVR is appropriate for
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patients with NF-LG AS remains a topic of debate in cur-
rent clinical practice.

Although AS contributes to progressive left ventric-
ular (LV) dysfunction, LVEF often lacks the sensitivity
to detect early myocardial impairment. In contrast, strain
echocardiography (STE), an advanced imaging technique,
has demonstrated superior sensitivity over conventional pa-
rameters in detecting subclinical myocardial deformation
related to AS-induced remodeling [6]. Specifically, LV
global longitudinal strain (LVGLS) and layer-specific strain
analyses have shown particular value in identifying early
myocardial dysfunction in AS patients [7]. Building on this
diagnostic capability, we hypothesize that STE can simi-
larly detect functional myocardial abnormalities in patients
with NF-LG AS, the focus of this study.

This retrospective study evaluated two-dimensional
strain echocardiography (2D-STE)-derived myocardial de-
formation indices and clinical outcomes in NF-LG AS pa-
tients undergoing either transcatheter aortic valve implanta-
tion (TAVI) or conservative management. Given the hemo-
dynamic complexity and uncertain prognosis in this pa-
tient population, we aimed to determine whether TAVI of-
fers a clinical advantage. By systematically comparing
echocardiographic functional parameters and 6-month car-
diac event-related readmission rates, this study seeks to
provide nuanced evidence to inform optimal management
strategies for this challenging patient subset.

2. Method
2.1 Patient Selection

This retrospective study was conducted at The
First Affiliated Hospital, Zhejiang University School of
Medicine, between October 2019 and June 2023. In-
clusion criteria were as follows: (1) a diagnosis of NF-
LG AS confirmed by multidetector computed tomography
(MDCT), transthoracic echocardiography (TTE), and dobu-
tamine stress echocardiography; (2) AVA <1.0 cm2 with a
mean transvalvular pressure gradient <40 mmHg; (3) SVI
≥35 mL/m2/beat; (4) presence of cardiovascular-related
symptoms such as chest tightness or dyspnea; (5) comple-
tion of standardized 2D-STE with available strain measure-
ments; and (6) documented follow-up within the past six
months, including outpatient visits, hospital admissions, or
telephone follow-up.

Exclusion criteria included: (1) rheumatic valvular
disease; (2) severe mitral regurgitation; (3) bicuspid aor-
tic valve; (4) persistent atrial fibrillation; (5) prior percuta-
neous coronary intervention (PCI); (6) ischemic cardiomy-
opathy with regional wall motion abnormalities; (7) poor
echocardiographic image quality due to inadequate acous-
tic windows; (8) absence of cardiovascular symptoms; and
(9) missing follow-up data within six months, which led to
exclusion from the final analysis to ensure data integrity.

A screening flowchart is presented in Fig. 1. The
study protocol was approved by the Ethics Committee of

the First Affiliated Hospital, Zhejiang University School of
Medicine (Approval No. IIT20251364A).

Fig. 1. Patient screening flowchart. NF-LG AS, normal-flow
low-gradient aortic stenosis; PCI, percutaneous coronary interven-
tion; TAVI, transcatheter aortic valve implantation.

2.2 Data Collection

Baseline demographic and clinical parameters, includ-
ing New York Heart Association (NYHA) functional class,
comorbidities (hypertension, diabetes mellitus, coronary
artery disease, and chronic heart failure), and brain natri-
uretic peptide (BNP) levels, were systematically extracted
from institutional electronic medical records using prede-
fined data abstraction protocols.

Serial echocardiographic evaluations were performed
at three time points: initial hospitalization, post-treatment
discharge, and 6-month follow-up. Standard TTE included
measurements of LVEF, assessed using the biplane Simp-
son’s method; relative wall thickness (RWT), calculated as
(interventricular septal thickness + LV posterior wall thick-
ness) divided by LV internal dimension at end-diastole;
AVA; and mean aortic valve pressure gradient.

LVGLS was assessed using a Philips EPIQ7 ultra-
sound system (manufacturer: Philips Healthcare, Amster-
dam, Netherlands) equipped with a 2.5–5 MHz phased-
array transducer. Standard apical 4-chamber (A4C), 2-
chamber (A2C), and 3-chamber (A3C) views were obtained
at end-expiration, with frame rates maintained between 40–
80 frames per second. LVGLS was quantified via speckle-
tracking STE using QLab Cardiac Motion Quantification
software (v11.0, Philips Ultrasound, Bothell, Washington,
USA), by analyzing myocardial deformation across the
three apical views. The final LVGLS value was calculated
as the arithmetic mean of the strain measurements from
A4C, A2C, and A3C views. Manual adjustment of region-
of-interest boundaries was performed to ensure complete
myocardial wall coverage (Fig. 2).
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Fig. 2. LVGLS was obtained by analyzing standard A4C, A2C, and A3C views using Qlab strain analysis and calculated from
these three views. LVGLS, LV global longitudinal strain; A4C, apical 4-chamber; A2C, apical 2-chamber; A3C, apical 3-chamber. The
red and green lines represent the LVGLS sampling lines along which data were collected.

All echocardiographic measurements were performed
in accordance with the guidelines of the American Society
of Echocardiography (ASE) and independently validated by
a senior cardiac sonographer [8].

2.3 Statistical Analysis
All statistical analyses were performed using R (ver-

sion 4.3.1; R Foundation for Statistical Computing, Vienna,
Austria) and GraphPad Prism (version 7.0; GraphPad Soft-
ware, San Diego, CA, USA), with two-tailed significance
set at p < 0.05. The normality of data distribution was as-
sessed using the Shapiro-Wilk test, supported by visual in-
spection of quantile-quantile (Q-Q) plots. Continuous vari-
ables with a normal distribution were reported as mean ±
standard deviation (SD). Group comparisons for continu-
ous variables were conducted using Student’s t-test or the
Mann-Whitney U test, as appropriate.

LVEF, RWT, and LVGLS were assessed across three
time points (admission, discharge, and 6-month follow-up)
using repeated-measures analysis of variance (ANOVA) to
evaluate longitudinal changes within each treatment group.

To compare outcomes between the two treatment
groups, we utilized multivariable linear regression models
for continuous variables, thoroughly adjusting for potential
confounders such as age, weight, BNP, AVA, and other rel-
evant factors.

Kaplan-Meier survival analysis was conducted to
compare 6-month cardiac event-related readmission rates
between the TAVI and conservative management groups.
Cardiac events were predefined as heart failure exacerba-
tion, arrhythmias, myocardial infarction, or valve-related
complications.

3. Results
3.1 Baseline Characteristics

A total of 97 patients were included in this study. Of
these, 34 patients underwent TAVI, with a mean age of 73.9
± 5.9 years; 23 were male. The remaining 63 patients re-
ceived conservative treatment, with a mean age of 74.1 ±
6.7 years, including 41 males. No statistically significant
differences were observed between the two groups in terms
of age, height, weight, body surface area, AVA, or AVA in-
dex.

Hypertension was the most common comorbidity in
both groups, with a prevalence of 73.5% in the TAVI group
and 74.6% in the conservative management group. Hyper-
tension was defined according to Chinese diagnostic crite-
ria as systolic blood pressure ≥140 mmHg and/or diastolic
blood pressure ≥90 mmHg during clinic measurement [9].
Coronary heart disease and diabetes mellitus were the next
most prevalent comorbidities, while chronic heart failure
(CHF) had the lowest prevalence. All CHF cases in this
study met the criteria for heart failure with preserved ejec-
tion fraction (HFpEF), defined according to contemporary
guidelines as: (1) documented clinical signs or symptoms
of heart failure, (2) echocardiographically confirmed LVEF
≥50%, and (3) corroborating evidence of either elevated
natriuretic peptide levels or objective signs of congestion
[10].

There were no significant between-group differences
in BNP levels (TAVI: 461.6 ± 190.7 pg/mL vs. conserva-
tive management: 434.5 ± 155.3 pg/mL), nor in the distri-
bution of NYHA functional classes (Table 1).

3.2 TAVI Outcomes

All patients in the TAVI cohort voluntarily consented
to undergo the procedure due to symptoms secondary to se-
vere aortic stenosis and provided written informed consent.
All interventions were performed via the transfemoral ap-
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Table 1. Baseline characteristics and comorbidities of patients with NF-LG AS undergoing TAVI versus conservative
management (CM).

TAVI (n = 34) CM (n = 63) p-value

Age (years) 73.2 ± 5.9 74.1 ± 6.7 0.409
Male sex 23 (67.7%) 41 (65.1%) 0.799
Height (cm) 167.7 ± 5.0 168.4 ± 4.3 0.510
Weight (kg) 64.9 ± 3.1 65.3 ± 2.4 0.554
Body surface area (m2) 1.74 ± 0.06 1.74 ± 0.05 0.814
NYHA class III–IV 22 (64.7%) 37 (58.7%) 0.565
AVA (cm2) 0.76 ± 0.06 0.78 ± 0.07 0.095
AVA index (cm2/m2) 0.446 ± 0.025 0.450 ± 0.020 0.456
BNP (pg/mL) 461.6 ± 190.7 434.5 ± 155.3 0.452
Comorbidities:

Hypertension 25 (73.5%) 47 (74.6%) 0.908
Diabetes mellitus 13 (38.2%) 26 (41.3%) 0.771
Coronary artery disease 15 (44.1%) 28 (44.4%) 0.975
Chronic heart failure 10 (29.4%) 19 (30.2%) 0.939

TAVI, transcatheter aortic valve implantation; NYHA, New York Heart As-
sociation; AVA, aortic valve area; BNP, brain natriuretic peptide.

proach, with successful closure of the vascular access site
in every case. Importantly, no patients required surgical
repair for vascular access complications. All TAVI proce-
dures were completed successfully without intraoperative
complications, and no cases of severe aortic regurgitation
were observed post-procedure. Additionally, there were no
instances of perioperative mortality during the index hospi-
talization.

3.3 Echocardiographic Findings

Longitudinal echocardiographic assessments demon-
strated comparable temporal patterns of cardiac function
across both treatment groups. In the TAVI cohort, LVEF
remained stable over time (admission: 61.4 ± 4.6%; dis-
charge: 62.2 ± 4.4%; 6-month follow-up: 62.6 ± 4.8%;
p = 0.411 for trend), while RWT showed a modest, non-
significant decreasing trend (admission: 0.549 ± 0.044;
discharge: 0.533 ± 0.048; 6-month: 0.526 ± 0.052; p =
0.079 for trend).

Similarly, in the conservative management group,
LVEF remained stable throughout the follow-up period (ad-
mission: 60.7 ± 4.3%; discharge: 62.1 ± 5.7%; 6-month:
62.0 ± 4.9%; p = 0.232), and RWT showed a slight, sta-
tistically insignificant decline (admission: 0.534 ± 0.067;
discharge: 0.532 ± 0.063; 6-month: 0.527 ± 0.058; p =
0.765) (Fig. 3A–D, Table 2).

Preoperative LVGLS in the TAVI group demonstrated
moderate impairment, with a mean value of –14.2% ±
1.5%. At discharge, LVGLS showed significant improve-
ment to –16.7% ± 1.4%, and this positive trajectory con-
tinued through the 6-month follow-up, reaching –18.5%
± 1.3% (p < 0.001). These findings indicate progressive
recovery of myocardial deformation and functional adap-
tation following intervention (Table 3, Fig. 4A). In con-

trast, the conservative management group showed no statis-
tically significant changes in LVGLS over time, with val-
ues recorded at –14.0% ± 1.8% at admission, –14.2% ±
1.6% at discharge, and –14.7% ± 2.2% at 6 months (p =
0.118; Table 3, Fig. 4B). This suggests stable myocardial
deformation characteristics in the non-interventional cohort
throughout the observation period.

3.4 Longitudinal LVGLS Changes Post-TAVI: Multimodel
Regression With Sequential Confounder Adjustment

At admission, LVGLS measurements were compara-
ble between the TAVI and CM groups across all analytical
models (all p > 0.05; Table 4), indicating well-balanced
baseline characteristics between the treatment cohorts.

At discharge, the TAVI group exhibited more favor-
able changes in LVGLS compared to the CM group. This
finding was confirmed in the fully adjusted Model 4 (β =
–2.72, p < 0.001; Table 5), indicating a 2.72% greater ab-
solute improvement in LVGLS among TAVI recipients.

The observed treatment benefit remained statistically
significant at the 6-month follow-up (p < 0.001). Af-
ter comprehensive adjustment for potential confounders in
Model 4, the treatment effect persisted (β = –4.07, p <

0.001; Table 6), indicating continued myocardial functional
recovery following TAVI intervention.

3.5 Cardiac Event-Related Readmission

During the 6-month follow-up period, no mortality
was observed in either cohort. However, there were 8 car-
diac event-related readmissions in the TAVI group, com-
pared to 26 in the conservativemanagement group. Kaplan-
Meier analysis with log-rank test confirmed a significantly
lower cumulative incidence of cardiac event-related read-
mission in the TAVI group compared to the CM group (χ2
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Table 2. Longitudinal changes in LVEF and RWT in TAVI and conservative management (CM) groups.
Group Admission Discharge 6-Month p-value

LVEF (%) TAVI 61.4 ± 4.6 62.2 ± 4.4 62.6 ± 4.8 0.411
LVEF (%) CM 60.7 ± 4.3 62.1 ± 5.7 62.0 ± 4.6 0.232
RWT TAVI 0.549 ± 0.044 0.533 ± 0.048 0.526 ± 0.052 0.079
RWT CM 0.534 ± 0.067 0.532 ± 0.063 0.527 ± 0.058 0.765
All continuous variables were confirmed to be normally distributed based on the
Shapiro-Wilk test (p > 0.05 for all). LVEF, left ventricular ejection fraction; RWT,
relative wall thickness.

Fig. 3. Bar graphs of longitudinal changes in LVEF and RWT. (A–D) Longitudinal Changes in LVEF and RWT in TAVI and Con-
servative management (CM) Groups, Demonstrating No Significant Statistical Differences Across Three Time Points. Normality testing
confirmed all continuous variables were suitable for parametric analysis (Shapiro-Wilk p > 0.05 for all measures).

Table 3. Comparative analysis of LVGLS between treatment groups.
Group Admission Discharge 6-Month p-value

LVGLS (%) TAVI (n = 34) –14.2 ± 1.5 –16.7 ± 1.4 –18.5 ± 1.3 <0.001
LVGLS (%) CM (n = 63) –14.0 ± 1.8 –14.2 ± 1.6 –14.7 ± 2.2 0.118
All continuous variables were confirmed to be normally distributed based on the Shapiro-
Wilk test (p > 0.05 for all). LVGLS, LV global longitudinal strain.

Table 4. Admission assessment was conducted using multivariable linear regression with sequential confounder adjustment.
Model 1 Model 2 Model 3 Model 4

β (95% CI) p β (95% CI) p β (95% CI) p β (95% CI) p

Group
CM Ref. Ref. Ref. Ref.
TAVI –0.17 (–0.90 to 0.55) 0.640 –0.17 (–0.91 to 0.57) 0.655 –0.19 (–0.96 to 0.57) 0.624 –0.36 (–1.11 to 0.38) 0.341
Model 1: Crude model; Model 2: Adjusted for sex, age, height, and weight; Model 3: Additionally, adjusted for hypertension,
coronary artery disease, diabetes mellitus, heart failure, and NYHA class; Model 4: Further adjusted for BNP, AVA, and AVA
index.

= 4.53, p = 0.033; HR = 0.47, 95% CI: 0.24–0.94; by log-
rank test). Notably, separation of the Kaplan-Meier curves
became apparent within 30 to 60 days post-intervention, in-
dicating a sustained reduction in cardiac event-related read-
mission rates in the TAVI cohort throughout the follow-up
period (Fig. 5).

4. Discussion
Our study observed that symptomatic patients with

NF-LG AS who underwent TAVI exhibited sustained im-
provements in LVGLS and experienced lower 6-month
readmission rates compared to those managed conserva-
tively. These findings are consistent with previous obser-

5

https://www.imrpress.com


Table 5. Discharge assessment was performed using multivariable linear regression with sequential confounder adjustment.
Model 1 Model 2 Model 3 Model 4

β (95% CI) p β (95% CI) p β (95% CI) p β (95% CI) p

Group
CM Ref. Ref. Ref. Ref.
TAVI –2.54 (–3.19 to –1.90) <0.001 –2.54 (–3.20 to –1.88) <0.001 –2.56 (–3.24 to –1.88) <0.001 –2.72 (–3.37 to –2.07) <0.001
Model 1: Crude model; Model 2: Adjusted for sex, age, height, and weight; Model 3: Further adjusted for hypertension, coronary artery
disease, diabetes mellitus, heart failure, and NYHA; Model 4: Additionally, adjusted for BNP, AVA, and AVA index.

Table 6. Six-month follow-up assessment was conducted using multivariable linear regression with sequential confounder
adjustment.

Model 1 Model 2 Model 3 Model 4

β (95% CI) p β (95% CI) p β (95% CI) p β (95% CI) p

Group
CM Ref. Ref. Ref. Ref.
TAVI –3.83 (–4.63 to –3.04) <0.001 –3.82 (–4.63 to –3.01) <0.001 –3.84 (–4.68 to –3.01) <0.001 –4.07 (–4.87 to –3.26) <0.001
Model 1: Crude model; Model 2: Adjusted for sex, age, height, and weight; Model 3: Further adjusted for hypertension, coronary artery
disease, diabetes mellitus, heart failure, and NYHA; Model 4: Additionally, adjusted for BNP, AVA, and AVA index.

Fig. 4. Bar graphs of longitudinal changes in LVGLS. (A) TAVI
group, (B) Conservative management group (CM). LVGLS in
the TAVI group significantly improved at discharge and 6-month
follow-up compared to baseline (p < 0.001). Normality testing
confirmed all continuous variables were suitable for parametric
analysis (Shapiro-Wilk p > 0.05 for all measures).

vations in HG-AS populations following TAVI, suggesting
that valve replacement may confer hemodynamic benefits
across AS subtypes, despite differing transvalvular pres-
sure gradients [11]. Recent studies have begun to challenge
traditional management paradigms for NF-LG AS. Specif-
ically, emerging data indicate that patients with NF-LG AS
may have long-term mortality rates comparable to those
with HG-AS, despite markedly different hemodynamic pro-
files at baseline [12]. Notably, a single-center retrospec-
tive analysis of 860 patients with aortic stenosis, 28.5% of
whom were classified as NF-LG AS, reported that the one-

Fig. 5. Kaplan-Meier curve comparing cardiac event-related
readmission rates between TAVI and conservative manage-
ment group (CM) at 6-month follow-up.

year mortality rate in NF-LG AS patients was significantly
higher than in the most prevalent HG-AS subgroup, contra-
dicting conventional clinical assumptions [13].

The diagnostic complexity of NF-LG AS likely con-
tributes to delayed intervention in routine practice. Al-
though preserved LVEF may give the false impression of
normal myocardial function, mounting evidence indicates
that subclinical ventricular dysfunction, driven by progres-
sive myocardial fibrosis, occurs well before overt LVEF de-
terioration [14]. This pathophysiological trajectory is par-
ticularly problematic in NF-LG AS, where diagnostic am-
biguity hinders timely and appropriate management.

TTE, although recommended as the first-line imaging
modality by the ASE, presents technical limitations in this
context [15]. In particular, TTE relies on the geometric
assumption that the LV outflow tract (LVOT) is circular,
when it is often elliptical. This mismatch introduces sys-
tematic error in AVA calculation, potentially leading to mis-
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classification of AS severity [16]. MDCT offers more ac-
curate anatomical assessment, including sex-specific Agat-
ston unit (AU) thresholds for severe AS (>3000 AU for
men, >1600 AU for women) [17]. However, MDCT-
derived AVA lacks the capability for hemodynamic risk
stratification [18]. Cardiac magnetic resonance (CMR) can
help resolve discrepancies in hemodynamic assessment by
directly measuring aortic valve peak velocity without an-
gle dependence, a key limitation of Doppler-based meth-
ods, and by providing anatomical AVAplanimetry [19]. De-
spite its advantages, CMR does not directly validate or re-
classify AS severity in clinical practice [20]. With no sin-
gle gold-standard modality for accurately assessing AVA
and transvalvular gradients, NF-LG AS remains diagnosti-
cally complex. Reflecting this challenge, current American
Heart Association (AHA) and European Society of Cardi-
ology (ESC) guidelines recommend routine multimodality
imaging for patients with discordant clinical findings or in-
conclusive TTE suggestive of NF-LG AS [21].

In addition to the diagnostic complexities of NF-LG
AS, assessing the presence of LV myocardial dysfunction
poses a further challenge, as LVEF often remains within
the normal range in this patient population. Our findings
reinforce the emerging utility of STE in detecting early,
subclinical myocardial dysfunction. Unlike LVEF, LVGLS
offers a more sensitive measure of subtle contractile im-
pairment. The helically oriented subendocardial myofibers
are particularly vulnerable to early microstructural damage
from ischemia, fibrosis, or inflammation. By tracking the
spatial displacement of natural acoustic markers within the
myocardium, LVGLS quantifies the percentage of longitu-
dinal shortening during systole, thereby directly reflecting
tissue-level mechanical deformation [22,23].

In our study, the early and sustained improvement in
LVGLS following TAVI suggests that strain-derived indices
may serve as dynamic biomarkers of reverse ventricular re-
modeling. These parameters potentially offer superior sen-
sitivity to early functional recovery compared to traditional
structural measures. Persistent RWT deviations observed
in our cohort (p = 0.079 for the 6-month trend, approach-
ing but not reaching statistical significance) may reflect
the limited duration of post-TAVI follow-up. This find-
ing highlights the nonlinear nature of ventricular remodel-
ing, wherein early improvements inmyocardial function (as
captured by LVGLS) may precede structural normalization.
This temporal dissociation suggests that distinct biological
mechanismsmay govern functional adaptation and anatom-
ical recovery [24]. Similar observations have been reported
in CMR studies, where changes in myocardial strain often
precede visible structural remodeling, supporting the con-
cept of decoupled functional and anatomical recovery in the
context of myocardial repair [25].

TAVI has become an established and guideline-
recommended treatment for patients with severe aortic
stenosis. Its advantages, including minimal invasiveness,

avoidance of cardiopulmonary bypass, and faster postoper-
ative recovery, make it a particularly attractive therapeutic
option [26]. The growing clinical adoption of TAVI has en-
hanced the recognition and treatment of diverse AS hemo-
dynamic phenotypes with adverse prognostic implications,
including LF-LG, paradoxical LF-LG, and NF-LGAS. Pre-
liminary clinical investigations have already begun explor-
ing the role of TAVI in NF-LGAS patients, further support-
ing the need to refine diagnostic and treatment approaches
for this complex subgroup [27].

The pathophysiology of AS extends beyond isolated
valvular obstruction, exerting widespread effects on car-
diac structure and function through complex and multifac-
torial mechanisms. Persistent pressure overload caused by
the stenotic valve induces compensatory LV hypertrophy
in an effort to normalize wall stress and preserve systolic
function. However, subendocardial myocytes, particularly
those aligned longitudinally, are highly susceptible to is-
chemia due to reduced coronary perfusion. This vulnerabil-
ity contributes to early impairment in longitudinal function
[28]. Over time, chronic pressure overload leads to irre-
versiblemyocardial fibrosis and dysfunction, particularly in
the longitudinally oriented fibers. This explains why global
LV afterload, LV mass, and myocardial replacement fibro-
sis independently correlate with impaired LVGLS in AS pa-
tients [29].

Following TAVI, the rapid improvement in LVGLS
reflects a series of intricate physiological adaptations be-
yond simple hemodynamic relief. While afterload reduc-
tion is central, concurrent microvascular and cellular-level
changes also play pivotal roles. Early improvements in
strain are partially attributable to restored myocardial per-
fusion, especially in patients with preserved ejection frac-
tion, through enhancement of coronary flow reserve [30].
Additionally, the reduction in mechanical stress triggers
neurohormonal modulation that gradually reverses inter-
stitial fibrosis, a process that typically becomes evident
only months after the procedure [31]. At the subcellu-
lar level, normalization of calcium handling and mitochon-
drial function in previously pressure-overloaded cardiomy-
ocytes further contributes to myocardial recovery, although
these mechanisms require further investigation [32]. This
stepwise recovery, encompassing functional, microvascu-
lar, structural, and cellular remodeling, underlies the longi-
tudinal improvement in LVGLS observed after TAVI.

LVGLS is increasingly recognized as a robust prog-
nostic marker in patients undergoing TAVI. Meta-analytic
evidence indicates that each 1% decrease in absolute
LVGLS (i.e., a less negative value) is associated with a 6%
increase in all-cause post-TAVI mortality and an 8% higher
risk ofmajor adverse cardiovascular events (MACE), with a
hazard ratio (HR) of 1.08 for the latter [33]. Given the com-
plex myocardial remodeling that often accompanies AS,
LVGLS serves not only as a sensitive marker of LV func-
tion but also as a valuable tool in risk stratification. Its clin-
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ical relevance extends beyond predicting perioperative out-
comes to informing individualized treatment planning and
postoperative management. Routine preoperative assess-
ment of LVGLS should be incorporated into clinical prac-
tice for patients undergoing TAVI, as it enables identifica-
tion of high-risk individuals and supports the implementa-
tion of more tailored therapeutic strategies.

5. Limitations
This study has several important limitations that war-

rant careful consideration. First, the retrospective observa-
tional design inherently limits the ability to establish causal
relationships, as residual confounding may persist despite
multivariable adjustments. Additionally, being a single-
center, cross-sectional study with a relatively small sample
size, the findings are susceptible to selection bias, particu-
larly due to the exclusion of asymptomatic NF-LG AS pa-
tients, which may limit the generalizability of the results.
The limited cohort size also restricted our ability to con-
duct meaningful analyses of all-cause mortality outcomes.
Moreover, COVID-19-related restrictions likely affected
data completeness, particularly post-discharge follow-up,
potentially underestimating cardiac readmissions and intro-
ducing attrition bias. These limitations highlight the prelim-
inary nature of our findings and warrant cautious interpreta-
tion. A large-scale, prospective r andomized  c ontrolled  t rial
(RCT) with long-term follow-up is needed to more accu-
rately compare outcomes between TAVI and conservative
management in NF-LG AS. Additionally, integrating STE
with biomarkers and advanced imaging may improve risk
stratification and support personalized care. Where RCTs
are unfeasible, well-designed observational studies using
techniques like propensity score matching can help mitigate
bias and provide valuable clinical insights.

6. Conclusion
Symptomatic NF-LG AS is a clinically diverse condi-

tion often marked by underestimated LV dysfunction. Our
findings indicate frequent LVGLS impairment in these pa-
tients and suggest that TAVI is associated with improved
myocardial deformation. These results support the poten-
tial use of LVGLS for risk stratification and highlight the
need for further studies to assess its prognostic value and
role in guiding early intervention decisions.
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