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ABSTRACT

Introduction. Severe aortic stenosis and ischemic coronary artery disease are frequently associated in elderly patients,
adding complexity to interventional management. Diastolic dysfunction, a marker of myocardial impairment and elevated
filling pressures, may influence prognosis after transcatheter aortic valve implantation (TAVI), particularly in the presence
of concomitant coronary pathology. The aim of the study was to analyze the interaction between severe aortic valve steno-
sis, left ventricular diastolic dysfunction, and coronary ischemia in elderly patients with complex cardiovascular disease.

Material and methods. This was a prospective analytical cohort study including 85 patients treated between 2019
and 2023, divided into two groups: Group I - TAVI without coronary intervention (n = 56), and Group II - TAVI associ-
ated with percutaneous coronary intervention (PCI) (n = 29), consisting of patients with significant coronary lesions.
Echocardiography was performed according to the ESC/EACVI 2016 guideline standards, with detailed assessment of
diastolic function.

Results. The prevalence of left ventricular diastolic dysfunction of varying severity showed a statistically significant differ-
ence between groups (p = 0.04): Group I - 35 patients (62.5%) versus Group II - 24 patients (82.7%). The E-wave velocity
was lower in Group II: 152.4 cm/sec (IQR = 43.0) compared to 173.0 cm/sec (IQR = 32.0), p = 0.01. The E/A ratio and the
incidence of E/A >2 showed a borderline significant difference (p = 0.04). Median E/e’ was higher in Group I - 9.2 (IQR =
5.4) compared to 6.4 (IQR =4.2), p=0.003. E/Vp was 1.2 (IQR = 0.4) versus 0.8 (IQR = 0.5), p < 0.001. Diastolic dysfunction
was more frequent in Group II, with significantly different echocardiographic parameters, including decreased E-wave
velocity, increased E/e" and E/Vp ratios, and a higher incidence of E/A >2.

Conclusions. Patients undergoing both PCI and TAVI more frequently exhibited left ventricular diastolic dysfunction. The
echocardiographic parameters E, E/e’, and E/Vp showed statistically significant differences, suggesting an additive impact

of coronary artery disease on diastolic function impairment in the setting of severe aortic stenosis.
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Key messages

What is not yet known on the issue addressed in the submit-
ted manuscript

While the individual effects of aortic stenosis (AS) and coronary ar-
tery disease (CAD) on left ventricular diastolic dysfunction (LVDD)
have been studied, the additive or synergistic impact of concomi-
tant percutaneous coronary intervention (PCI) and transcatheter
aortic valve implantation (TAVI) on diastolic function remains un-
clear. It is not yet established whether CAD independently exacer-
bates LVDD in patients undergoing TAVI.

The research hypothesis

The study hypothesizes that the presence of significant coronary
artery disease requiring PCI in patients undergoing TAVI is associ-
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ated with more pronounced left ventricular diastolic dysfunction, as reflected by echocardiographic parameters.

The novelty added by the manuscript to the already published scientific literature

This study provides new evidence suggesting that patients undergoing both TAVI and PCI exhibit more severe diastolic dys-
function compared to those receiving TAVI alone. It highlights significant differences in key echocardiographic markers (E,
E/e’, E/Vp) between the groups, underscoring the potential additive role of CAD in diastolic impairment in the context of se-
vere AS. These findings may inform risk stratification and tailored management strategies in this high-risk population.

Introduction

Aortic stenosis is the most common severe degenerative
valvular disease requiring interventional or surgical treat-
ment, characterized by a progressive reduction in the aor-
tic valve area below 1 cm? from the normal values of 2-3
cm? [1, 2]. The prevalence of aortic stenosis is estimated
at approximately 0.4% in the general population; however,
this figure underestimates the reality in older age groups,
where the incidence is significantly higher [3]. For the pop-
ulation over 60 years of age, studies report the following
prevalence rates: 1.3% in the sixth decade of life, 3.9% in
the seventh decade, and 9.8% among patients aged 80-89
years [4]. Another important epidemiological aspect is the
frequent coexistence of ischemic heart disease (IHD) with
aortic stenosis. Data on the prevalence of coronary artery
disease among patients undergoing TAVI vary considerably,
ranging from 15% to 82% [5-8]. Nevertheless, coronary
revascularization is performed in only 10-20% of patients
undergoing TAVI [5].

Coronary blood flow dynamics depends on a balance
between ventricular, arterial, and neurohumoral mecha-
nisms, in which the aortic valve plays a key role. In aortic
stenosis, impaired valvular function reduces coronary flow
reserve (CFR) and promotes myocardial ischemia [6]. Coro-
nary blood flow is affected both proximally, by factors such
as hypotension, left ventricular dysfunction, and aortic pa-
thology, and distally, through microcirculatory dysfunction,
ventricular hypertrophy, and diastolic dysfunction. In aortic
stenosis, perfusion is reduced due to decreased perfusion
pressure and microcirculatory remodeling associated with
hypertrophy [6-8].

Coronary perfusion is regulated by the interaction be-
tween diastolic backward expansion waves (dBEW) and
systolic forward compression waves (sFCW) [6]. The dy-
namics of these waves ensure adequate myocardial blood
flow, particularly under the altered hemodynamic con-
ditions associated with aortic stenosis. The reduction in
stroke volume through the narrowed aortic valve leads to
a decrease in mean arterial pressure. As a result, the pres-
sure gradient between the aorta and the coronary arteries,
as well as coronary perfusion pressure, decreases, thereby
reducing oxygen delivery to the myocardium [9].

Left ventricular hypertrophy, although initially com-
pensatory by reducing wall stress, decreases myocardial
capillary density, increasing oxygen diffusion distance and
creating an imbalance between increased oxygen demand
and reduced coronary supply [9]. Under conditions of in-

creased metabolic demand, coronary blood flow becomes
dependent on the relative duration of diastole, which short-
ens as heart rate increases—a frequent finding in aortic
stenosis. Consequently, tachycardia reduces subendocardial
perfusion time, exacerbating the risk of ischemia [1,6]. In
addition, diffuse fibrosis and left ventricular diastolic dys-
function—present in approximately 62% of patients with
aortic stenosis [10], further contribute to symptom burden.
Studies have demonstrated a strong correlation between
the severity of dyspnea and the presence of myocardial fi-
brosis associated with diastolic dysfunction [10,11].

In patients with severe aortic stenosis and coronary ar-
tery disease, valve selection must consider coronary anato-
my, post-implantation access, and the possibility of future
coronary interventions, as the design of the transcatheter
valve influences coronary ostia accessibility. [12].

Our study aims to contribute to the understanding of the
complex interplay between severe aortic stenosis, diastolic
dysfunction, and ischemic coronary artery disease, with the
goal of identifying the implications of this triple impact on
preprocedural assessment and post-TAVI prognosis in el-
derly patients with advanced cardiac pathology.

Material and methods

The observational analytical cohort study (both ret-
rospective and prospective) included 85 elderly patients
with severe aortic stenosis who underwent transcatheter
aortic valve implantation (TAVI) between 2019 and 2023.
The patients were selected from the interventional cardi-
ology database of the Institute of Cardiology in Chisinau,
Republic of Moldova. The inclusion criteria were: age 270
years, severe or pseudo-severe “low-flow, low-gradient”
aortic stenosis, coronary artery disease eligible for percu-
taneous coronary intervention (PCI), and a minimum fol-
low-up period of 1 year. The exclusion criteria were: age
<70 years, mild or moderate aortic stenosis, non-PCl-el-
igible coronary lesions, myocardial infarction within the
previous 90 days, previous coronary artery bypass graft-
ing, and lack of informed consent. All patients included in
the study met the eligibility criteria and signed informed
consent forms. The study was approved by the Ethics Com-
mittee of the State University of Medicine and Pharmacy
“Nicolae Testemitanu” (approval number 3/4.3/2024-03-
19). Subsequently, patients were divided into two groups
based on the myocardial revascularization strategy adopt-
ed before TAVI:

1. TAVI group (n = 56) - patients who underwent TAVI
alone, without percutaneous coronary intervention.
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2. TAVI+PCI group (n = 29) - patients who underwent
both TAVI and PCI for the revascularization of significant
coronary lesions.

The decision regarding the management of coronary ar-
tery disease (medical therapy versus coronary angioplasty)
was made by the Heart Team based on national and interna-
tional guideline recommendations, as well as individual pa-
tient characteristics. The primary indication for performing
PCI was the presence of at least one stenosis 250% of the
left main coronary artery trunk or a stenosis 270% of major
coronary branches.

Diastolic function was evaluated echocardiographically
according to the 2016 guidelines of the European Associa-
tion of Cardiovascular Imaging (EACVI) [13], using a stan-
dardized multiparametric algorithm. Key parameters ob-
tained from pulsed-wave Doppler included the transmitral
inflow velocities: the E wave, representing early diastolic
filling, and the A wave, corresponding to atrial contraction.
The E/A ratio was analyzed for initial insight into the fill-
ing pattern. Tissue Doppler imaging (TDI) of the septal and
lateral mitral annulus was used to measure early diastolic
myocardial velocities (e’), providing information on active
myocardial relaxation. The E/e’ ratio was calculated as a
surrogate marker of left ventricular filling pressures, with
values >14 generally indicating elevated filling pressures.
Additional structural parameters included the left atrial
volume index (LAVI), measured by the biplane area-length
method, which serves as a chronic marker of diastolic bur-
den. A LAVI >34 mL/m? was considered abnormal. The peak
tricuspid regurgitation velocity was assessed using contin-
uous-wave Doppler to estimate pulmonary artery systolic
pressure, a secondary indicator of increased left-sided fill-
ing pressures. Where image quality permitted, pulmonary
venous flow and mitral deceleration time were also evaluat-
ed. Diastolic dysfunction was classified as: grade I (impaired
relaxation with normal filling pressures), grade II (pseud-
onormal pattern indicating moderate elevation of filling
pressures), and grade III (restrictive filling, associated with
severe elevation of left atrial pressure and poor prognosis).
All echocardiographic measurements were performed at
end-expiration, with the patient in left lateral decubitus,
using apical four-chamber views. To ensure reproducibility,
each value was averaged over at least three cardiac cycles
in sinus rhythm and five in the presence of atrial fibrilla-
tion. The classification of diastolic dysfunction required
concordance between at least three out of four principal
parameters, as per guideline recommendations. Cases with
discordant or borderline values were categorized as “inde-
terminate diastolic function.”

Statistical analyses were performed using SPSS ver-
sion 25.0 (2017). Due to non-normal data distribution,
non-parametric tests were applied. Continuous variables
were presented as median and interquartile range (IQR)
and compared using the Mann-Whitney U test. Categorical
variables were analyzed with Chi-square or Fisher’s exact
test, as appropriate. A p-value <0.05 was considered statis-
tically significant.
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Results

To assess the impact of coronary revascularization on
postprocedural outcomes following TAVI, the preprocedur-
al characteristics of the two patient groups were compared,
as presented in Table 1.

Table 1. Preprocedural characteristics of the “TAVI” and “TAVI+PCI”
groups.

Parameter TAVI TAVI+ PCI
(n=56) (n=29) p

772+46  769+5.0 0.82
15 (26.3%) 14 (48.2%) 0.04
30.7+51  28.9%4.7 0.14
56 (100%) 28(96.5%) 0.33
18 (31.5%) 12 (41.3%) 0.40
22 (38.6%) 5(20.58%) 0.04
Dyslipidemia, n (%) 44 (77.2%) 27(93.1%) 0.07
AVA (cm?, mean * SD) 0.55+0.17 0.69+0.16 0.57
Mean gradient (mm Hg, mean + DS) 55.1+14.8 53.4+145 0.53
Peak gradient (mm Hg, mean + DS) 89.1+21.8 85.1+222 043
V__ (m/s, mean + DS) 4.6+0.6 4.64+0.7 0.54
LVEF (%, mean * DS) 59.2+7.6 57.4+79 0.10
Pulmonary hypertension, n (%) 47 (82.4%) 21(72.4%) 0.58
Angina pectoris (FC II-11I), n (%) 38 (66.6%) 27 (93.1%) 0.008
NYHA III-1V, n (%) 43 (75.4%) 24(88.8%) 0.24
EuroSCORE II (%, mean * DS) 44+26 3.7+25 0.17
STS score (%, valoarea medie + SD) 45+1.8 3.1+3.6 0.96

Note: BMI - body mass index, AVA - aortic valve area, V, - maximum ve-
locity across the aortic valve, LVEF - left ventricle ejection fraction, STS
score - the Society of Thoracic Surgeons risk score.

Age (years, mean * SD)
Male sex, n (%)

BMI (kg/m? mean + SD)
Hypertension, n (%)
Diabetes mellitus, n (%)
Atrial fibrillation, n (%)

n - number of patients; mean (SD), Wilcoxon rank-sum test, Pearson Chi-
Square test with estimated p-value.

In the study, among the 85 evaluated patients, 80% (n
= 68) reported retrosternal pain, confirming the high fre-
quency of anginal symptoms in severe aortic stenosis. In
12.9% of patients (n = 11), chest pain was the dominant
symptom and the primary reason for cardiologic evaluation.
Regarding triggering factors, chest pain was induced by
physical exertion in 71.7% of patients (n = 61). Only one pa-
tient (1.17%) attributed the pain onset to emotional factors,
and 2.35% (n = 2) reported an association with exposure
to low temperatures. In 4.7% of cases (n = 4), chest pain
could not be correlated with any evident trigger. According
to the functional class (FC) of angina pectoris based on the
Canadian Cardiovascular Society (CCS) classification, symp-
tom severity was distributed as follows: 3 patients (4.4%)
were classified as FC I, presenting occasional pain episodes
during strenuous exertion; 33 patients (48.5%) were in
FC 11, reporting chest pain during moderate effort; and 32
patients (47.1%) were in FC III, experiencing pain during
minimal effort. This distribution indicates a predominance
of effort angina with moderate to severe severity.

Following the correlation of angina pectoris with isch-
emic coronary artery disease, an uneven distribution of
symptoms was observed according to the severity of cor-
onary lesions. Among the 32 patients with severe angina
(FC III), 62.5% (n = 20) presented coronary lesions with
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>50% stenosis, while 37.5% (n = 12) had minimal coronary
lesions, suggesting a non-atherosclerotic ischemic mecha-
nism of chest pain, likely due to impaired coronary flow sec-
ondary to severe aortic stenosis. In patients with moderate
angina (FC II), 33.3% (n = 11) had coronary artery disease,
whereas 66.7% (n = 22) did not exhibit significant coronary
lesions. All patients with FC I (n = 3) had patent coronary
arteries (Table 2).

Table 2. Association between angina severity and coronary artery
disease CAD.

CCS Functional Class of  Patients with  Patients without Total

Angina Pectoris CAD CAD Patients
Class |, 3 (4.41%) 0 (0%) 3 (100%) 3
Class 11, 33 (48.53%) 11 (33.33%) 22 (66.67%) 33
Class 111, 32 (47.06%) 20 (62.5%) 12 (37.5%) 32
Total 31 37 68

Note: CCS - Canadian Cardiovascular Society; CAD - Coronary Artery Dis-
ease;. n - number of patients; mean (SD), Wilcoxon rank-sum test, Pearson
Chi-Square test with estimated p-value.

Although there are some differences between the groups,
the overall patient profile is similar in terms of comorbidi-
ties, aortic stenosis severity, preoperative surgical risk, and
left ventricular function.

Left ventricular diastolic dysfunction (LVDD) was sig-
nificantly more frequent in Group II—patients undergoing
concomitant TAVI and PCI. This difference supports the hy-
pothesis that significant coronary artery disease, even when
treated percutaneously, is frequently associated with per-
sistent diastolic dysfunction, reflecting pre-existing myo-
cardial remodeling. From a clinical perspective, Group II
patients may represent a subgroup with greater functional
vulnerability after TAVI, requiring closer echocardiographic
monitoring during follow-up.

The distribution of LVDD grades according to the 2016
EACVI guidelines was as follows: Grade I (impaired relax-
ation) - 17.5% in Group I vs. 24.1% in Group II; Grade II
(pseudonormal) - 47.4% in Group I vs. 41.3% in Group II;
Grade III (restrictive) - 35.1% in Group I vs. 13.8% in Group
I1. Although the overall differences did not reach statistical
significance (p = 0.063), the presence of a restrictive pat-
tern in more than one-third of Group II patients has major
clinical implications. These patients may have an increased
risk of post-TAVI decompensation and could benefit from
more aggressive diuretic optimization and serial echocar-
diographic follow-up.

In our study, the median values of the E/A ratio were
significantly different between the group of patients treat-
ed with TAVI+PCI and the group undergoing TAVI alone,
suggesting more severe diastolic dysfunction in the former
group. The median E/A in Group II (TAVI+PCI) was 1.9 (IQR
= 0.4), indicating a trend toward a restrictive filling pattern,
compared to 1.6 (IQR = 0.3) in group I (TAVI only), reflect-
ing more preserved diastolic function with a less severe
dysfunction pattern (Fig. 1).

The velocity of the E wave was significantly lower in
Group II: 152.4 cm/s (IQR = 43.0) compared to 173.0 cm/s
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Fig. 1 Distribution of the E/A ratio in the both groups

Note: The blue box represents patients TAVI+PCI, while the orange box
represents patients undergoing TAVI alone.

(IQR = 32.0) in Group I (p = 0.014), suggesting more pro-
nounced impairment of active myocardial relaxation. This
finding is frequently observed in the presence of chronic
ischemia or fibrodegenerative infiltration—both common
features in TAVI-eligible patients with concomitant coro-
nary artery disease. An E/A ratio 22, indicative of a restric-
tive filling pattern, was more frequently observed in Group
I1. This difference reached statistical significance (p = 0.04)
and, clinically, is often associated with severe heart failure
symptoms and reduced tolerance to hemodynamic changes
after the procedure.

The velocity of the A wave was slightly lower in Group
1I—70.3 cm/s (IQR = 18.6) compared to 75.9 cm/s (IQR =
21.2) in Group I, without statistical significance (p = 0.13).
However, this contributes to the picture of passive ventricu-
lar filling dominated by elevated pressures, especially when
correlated with increased E wave velocity and decreased e’
wave velocity.

The E/e’ ratio, used to estimate left ventricular filling
pressure, was significantly higher in Group 1I—9.2 (IQR =
5.4) compared to 6.4 (IQR =4.2) in Group I (p = 0.003). Val-
ues close to or exceeding 10 in the TAVI+PCI subset sug-
gest elevated end-diastolic pressure, which may clinically
manifest as residual pulmonary congestion post-proce-
dure despite correction of the stenosis (Fig. 2). Additional-
ly, 42.1% of patients in Group I had an E/e’ 210, compared
to only 13.8% in Group I (p = 0.012). This observation may
indicate the need for early reassessment of diuretic ther-
apy post-TAVI in patients undergoing concomitant revas-
cularization.

The E/Vp ratio was significantly higher in Group II: 1.2
(IQR = 0.4) versus 0.8 (IQR = 0.5) in Group I (p < 0.001).
E/Vp is a robust parameter for estimating filling pressure,
independent of sinus rhythm, making it especially valuable
in the context of the frequent atrial fibrillation observed in
these patients.

The median isovolumetric relaxation time (IVRT) was



Diastolic dysfunction and myocardial ischemia in TAVI patients

12 ¢
¢
11 S
¢
10
[ ]
9 | e
()]
o 8
7 4
6 ‘
5
4
TAVI+PCl TAVI

Grup

Fig. 2. Comparison of the E/e’ ratio

Note: The blue box represents patients TAVI+PCI, while the orange box rep-
resents patients undergoing TAVI alone.
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Fig. 3. Distribution of the E/Vp ratio

Note: The blue box represents patients TAVI+PCI, while the orange box rep-
resents patients undergoing TAVI alone.

shorter in Group II—72 ms (IQR = 14) compared to 78 ms
(IQR =17) in Group I (p = 0.082). A reduced IVRT reflects a
stiff left ventricle that rapidly enters passive filling—typical
for pseudo normal or restrictive filling patterns.

The deceleration time of the E wave (DTE) was signifi-
cantly shorter in Group 1I—184 ms (IQR = 38) versus 207
ms (IQR =41) in Group I (p =0.033). ADTE <160 ms is con-
sidered an indirect marker of elevated end-diastolic pres-
sure and decreased left ventricular compliance. In Group 1],
over one-third of patients had a DTE <160 ms.

Discussion

Aortic stenosis is the leading cause of valvular heart dis-
ease in the Western world and is associated with increased
morbidity and mortality [14]. Progressive narrowing of the
valve results in pressure overload of the left ventricle (LV),
leading to hypertrophy and fibrosis, which can ultimately
cause systolic and/or diastolic dysfunction of the LV [15].
The severity of diastolic dysfunction correlates with the se-
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verity of postprocedural hemodynamic parameters and the
clinical course of the patient.

Percutaneous coronary revascularization (PCI) before
TAVI is traditionally recommended to optimize coronary
blood flow and reduce the risk of ischemic events during
the hemodynamic stress generated by transcatheter aortic
valve implantation [16]. This approach is consistent with
current guidelines, which recommend prioritizing PCI for
coronary artery lesions with >70% stenosis in proximal
segments or >50% in the left main coronary artery, in or-
der to ensure adequate myocardial perfusion, thereby re-
ducing the risk of perioperative myocardial infarction and
improving overall outcomes [2]. However, our results show
that patients undergoing concomitant TAVI and PCI exhibit
amore severe degree of diastolic dysfunction despite revas-
cularization, compared with those treated with TAVI alone.
Echocardiographic parameters (E, E/A, E/e’, E/Vp, DTE) in-
dicated elevated end-diastolic pressures and a predominant
restrictive diastolic pattern in the TAVI+PCI group, suggest-
ing persistent subendocardial myocardial impairment, like-
ly reflecting fibrotic remodeling or residual microvascular
dysfunction.

This observation supports the hypothesis of a bidirec-
tional mechanism between chronic myocardial ischemia
and diastolic dysfunction: on one hand, coronary artery
disease contributes to impaired ventricular filling through
subendocardial ischemia, while on the other hand, elevated
filling pressures and reduced ventricular compliance fur-
ther compromise subendocardial coronary flow, especially
in the context of reduced coronary flow reserve in severe
aortic stenosis [17-19].

The presence of a restrictive diastolic pattern in one-
third of revascularized patients highlights the importance
of diastolic function assessment as a prognostic parameter.
Moreover, the higher E/e’ and E/Vp ratios in the TAVI+P-
CI group are correlated with elevated filling pressures and
more fragile hemodynamic tolerance, suggesting the need
for rigorous postprocedural echocardiographic monitoring
[20-21].

Recent literature supports the use of diastolic echocar-
diography not only as a diagnostic tool but also for guiding
post-TAVI therapy. Studies such as PARTNER 3 and sub-
analyses from the TVT registry have shown that diastolic
dysfunction correlates with cardiovascular mortality and
rehospitalizations for heart failure [22]. In this context, pa-
tients undergoing TAVI+PCI may represent a functionally
vulnerable subgroup requiring a personalized therapeutic
strategy, including optimization of volume status, BNP/
NT-proBNP assessment, and serial echocardiographic fol-
low-up.

Our data support integrating diastolic dysfunction
assessment into the pre-TAVI evaluation algorithm and
postprocedural monitoring, particularly in patients with
concomitant coronary artery disease. Evaluating diastolic
function can guide patient selection and therapeutic adjust-
ments, with potential independent prognostic value. In an
increasingly complex clinical setting marked by comorbid-
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ities and multidimensional therapeutic decisions, a thor-
ough understanding of the interplay between ischemia and
diastolic function becomes essential for treatment individu-
alization and optimization of post-TAVI outcomes.

The main limitation of our study is the relatively small
sample size, explained by the limited number of procedures
performed and the low prevalence of significant coronary
stenoses; however, the findings remain clinically relevant
and provide valuable hypothesis-generating insights.

Conclusion

Left ventricular diastolic dysfunction was more frequent
and more severe in patients undergoing concomitant TAVI
and PCI compared to those treated with TAVI alone. Echo-
cardiographic parameters (E/A, E/e’, E/Vp, DTE, IVRT)
demonstrated a more impaired diastolic profile, with ele-
vated end-diastolic pressures and a prevalent restrictive
pattern in the TAVI+PCI group. These results suggest that
significant coronary artery disease, even when treated, is
associated with persistent myocardial remodeling and com-
promised diastolic function. Clinically, patients undergoing
TAVI+PCI represent a vulnerable subgroup requiring more
frequent echocardiographic follow-up and careful adjust-
ment of postprocedural therapy.
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