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Evaluation of the Effect of Aortic Stenosis and Severity on Left Ventricular
Function by Isovolumic Myocardial Acceleration

Aort Darlig1 ve Ciddiyetinin Sol Ventrikiil Fonksiyonuna Etkisinin Isovolumik Miyokardiyal
Akselerasyon ile Degerlendirilmesi

Ertan AKBAY REETRACT
0000-0002-9146-0621 Aim: Tissue Doppler-derived isovolumic acceleration (IVA) is a parameter that evaluates the
Mehmet ERTURK systolic function of both ventricles, without being affected by pre-load and post-load. We
0000-0002-2468-2793 aimed to detect left ventricular systolic dysfunction at an early stage with IVA in patients with
595‘5&“02(@%26’\‘6818 asymptomatic aortic stenosis (AS).
Mustafa Umut SOMUNCU Material and Methods: A total of 105 patients were included in the study, 75 of which had

isolated AS and 30 were free of any valve disease. Patients with AS were divided into three
groups (mild, moderate and severe) according to their aortic valve area (AVA) and aortic peak
velocities, as determined by means of a transthoracic echocardiography. Conventional
echocardiography, systolic and diastolic Tissue Doppler parameters [peak myocardial velocity
during isovolumic contraction (1VVV), myocardial velocity during ejection phase (Sm), early
diastolic myocardial velocity (e"), late diastolic myocardial velocity (a'), and acceleration time
(AT)] were calculated in all patients. IVA was obtained by dividing the IVV flow rate by the
AT time.

Results: The systolic parameters IVV (p<0.001), Sm (p<0.001), IVA (p=0.002) and diastolic
Istanbul Mehmet Akif Ersoy Thoracic Parameters e’ wave (p<0.001), a' wave (p=0.001) were found to be significantly lower in
and Cardiovascular Surgery Training Patients with AS compared to the control group. However, this relationship observed in IVA
and Research Hospital Department of Was not different in AS subgroups (p=0.122). Sm and e’ waves were positively correlated with
Cardiology, Istanbul, Turkey AVA (p=0.001, p<0.001, respectively) and negatively correlated with aortic peak gradient
(p=0.008, p<0.001, respectively), but VA was not correlated.

Conclusion: Left ventricular function is impaired in patients with AS and this is independent
of the severity of AS.
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Amag: Doku Doppler kaynakli isovolumik akselerasyon (IVA) her iki ventrikiiliin sistolik
fonksiyonunu 6n ve ard yiikten etkilenmeden degerlendiren bir parametredir. Bu ¢aligmada
asemptomatik aort darlig1 (AD) olan hastalarda, sol ventrikiil sistolik disfonksiyonun IVA ile
erken agamada tespiti amaglanmustir.

Gerec ve Yontemler: Calismaya izole AD bulunan 75 hasta ve herhangi bir kapak hastalig:
bulunmayan 30 hasta olmak iizere toplam 105 hasta dahil edildi. AD hastalari, transtorasik
ekokardiyografi ile belirlenen aort kapak alan1 (AKA) ve aortik pik velositeye gore ii¢ gruba
(hafif, orta ve ileri) ayrildi. Konvansiyonel ekokardiyografi parametreleri, sistolik ve diyastolik
doku Doppler parametreleri [isovolumik kontraksiyon esnasinda olusan pik miyokardiyal
velosite (IVV), ejeksiyon fazinda olusan miyokardiyal velosite (Sm), erken diyastolik
miyokardiyal velosite ('), ge¢ diyastolik miyokardiyal velosite (a'), akselarasyon zamani
(AT)] tiim hastalarda hesaplandi. IVA, IVV akim hizinin AT siiresine boliinmesiyle elde

edildi.

Bulgular: Sistolik parametrelerden IVV (p<0.001), Sm (p<0.001), IVA (p=0.002) ve
Corresponding Author diyastolik parametrelerden e' dalgast (p<0.001), a' dalgasi (p=0.001) AD bulunan hastalarda
Sorumlu Yazar kontrol grubuna gore anlamli sekilde diisiik izlendi. Fakat [VA da izlenen bu iligki AD alt
Ertan AKBAY gruplarinda anlaml degildi (p=0.122). Sm ve e' dalgasinin, AKA ile pozitif yonde (sirasiyla
drertanakbay@hotmail.com p=0.001, p<0.001) aortik pik gradiyentle negatif yonde korelasyonu vardi (sirayla p=0.008,

p<0.001), ancak [VA ise korele degildi.
Sonu¢: AD olan kisilerde sol ventrikiil fonksiyonu bozulmustur ve bu AD ciddiyetinden
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INTRODUCTION

Aortic stenosis (AS) is the most common acquired heart
valve disease in the population (2-7%) over 65 years (1).
With the onset of symptoms, it shows a very rapid
progression (2,3). 50-60% of patients who are not treated
surgically are lost in approximately 2 years (4,5). Decreased
left ventricular (LV) ejection fraction (EF) and the
development of symptoms in AS are associated with poor
prognosis (6). In addition, the presence of subclinical systolic
dysfunction has been associated with mortality in patients
with asymptomatic severe AS with preserved EF (7).
Recently, tissue Doppler imaging (TDI) and/or
strain/strain-rate imaging have proven to be effective in
demonstrating both global and regional LV systolic
functions. Although LV EF is preserved in patients with AS,
subclinical systolic dysfunction in the left ventricle has been
demonstrated by both the S' wave obtained by TDI and the
strain measured using two and three-dimensional speckle-
tracking (8-16). It is known that TDI measurements are
angle-dependent, influenced by the pre-load and after-load,
and strain/strain-rate imaging requires complex programs,
requires good image quality and is time consuming.
Isovolumic acceleration (IVA), which is calculated by tissue
Doppler method, is an easily measurable parameter in
showing right ventricular (RV) and LV systolic functions. It
is unaffected by pre-load and after-load (17-20).
Experimental and clinical studies with VA have shown
strong correlation with invasive and non-invasive
measurements of LV function (18-21). Although it is so
advantageous, it is not used enough in our daily practice.
Its easy application will allow early intervention before
myocardial damage becomes apparent or symptoms begin.
There are no previous data comparing the severity of AS
with healthy people. In this study, we aimed to evaluate
the effect of asymptomatic AS on LV systolic function
using TDI-derived IVA.

MATERIAL AND METHODS

A total of 105 patients; 75 patients with isolated AS (36
male, 39 female, mean age 65.7£11.5) and 30 patients
without any valve disease (15 male, 15 female, mean age
63.9£6.0) were included in the study. All were evaluated
by transthoracic echocardiography (TTE) and TDI. Those
with AS were divided into three groups (mild, moderate
and severe) according to their aortic valve area (AVA) and
aortic peak velocities (APV) determined by TTE. Mild AS
(AVA>1.5 cm?, APV<3 m/sec) was found in 24 patients,
moderate AS (AVA=1-1.5 cm?, APV=3-4 m/sec) in 20
patient and severe AS (AVA<1.0 cm?, APV>4 m/sec) was
found in 31 patients (22).

In addition, patients with mildly more severe valve disease
other than AS, low ejection fraction (EF<50), congenital
heart disease, subvalvular and supravalvular AS, left
bundle branch block, atrial fibrillation, pacemaker rhythm,
chronic renal failure, ischemic ECG changes, and those
with angina and/or acute coronary syndrome were all
excluded from the study. Approval was sought and
obtained by the ethics committee of the Istanbul Mehmet
Akif Ersoy Thoracic and Cardiovascular Surgery Training
and Research Hospital on December 16, 2013, decision
number 16. Written informed consent was obtained from
all patients prior to enrollment and the study was
performed in the Helsinki Declaration.

Aortic Stenosis and Isovolumic Myocardial Acceleration

Conventional Echocardiography

A GE-Vivid 6 instrument (Horten, Norway) 2-4 MHz
transducer was used to perform the echocardiographic
evaluation of the patients and all images were recorded on
digital media. Patients were evaluated with the parasternal
long axis, apical four cavities, two cavities and five cavities
images according to the guidelines. Two-dimensional, M-
mode, PW, CW-Doppler and color flow Doppler
echocardiographic measurements were performed. All
images were recorded in a single-lead ECG recording and
were calculated by averaging 5 consecutive cycles.

In the parasternal long axis window, LV end diastolic
(LVEDD) and LV end systolic diameters (LVESD), LV
outflow tract (LVOT) diameter, left atrial (LA) diameter,
LV septum thickness (IVS) and posterior wall thickness
(PW) were measured. Left ventricular mass (LVM) was
calculated using the Devereux equation (23):

LVM=0.8{1.04[([LVEDD+IVST+PWT]? - LVEDD?)]}+0.6

The left ventricular mass index (LVMI) was calculated by
dividing the LVM by the body surface area. LVOT cross
sectional area (CSA) was calculated by taking the LVOT
diameter. LV end-diastolic volume (LVEDV) and LV end-
systolic volume (LVESV) were measured from the apical
four-chamber and two-chamber images and the LV EF was
calculated using the modified Simpson method (24). The
CW-Doppler was placed on the aortic valve from the apical
5-chamber image and the aortic time velocity integral (TVI),
maximal and mean aortic gradients were measured. LVOT
TVI was measured by the PW-Doppler over the LVOT.
AVA was calculated using the continuity equation (6,22):

LVOT CSA (cm?) = 0.785 x (LVOT Diameter)?

AVA = (LVOT CSA x LVOT TVI) / Aortic TVI

In addition, the PW-Doppler was used to measure the early
(E) and late (A) diastolic flow velocities and deceleration
time (DT).

Tissue Doppler Imaging (TDI)

TDI measurements were performed at a high frame rate
(>150 fps), using minimal optimal gain, with transducer
frequency between 3.5 and 4.0 MHz, with the Nyquist
limit set to 15-20 cm/sec. The monitor sweep rate was set
to 50 to 100 mm/sec in order to optimize the spectral
analysis of the myocardial velocities. Apical window
images were selected to quantify regional wall motions
simultaneously with Doppler inflow and outflow currents
and to minimize the angle between Doppler beam and wall
motion. A 5 mm pulsed Doppler sample volume was
placed in the basal portion of the LV medial and lateral
wall, at the end of the expiration on apical 4-chamber
images (25). Peak myocardial velocity during isovolumic
contraction (1VV), myocardial velocity during ejection
phase (Sm), early diastolic myocardial velocity (e"), late
diastolic myocardial velocity (a) flow rates and
acceleration time (AT), were calculated by TDI. All
measurements were calculated by averaging 5 consecutive
cycles. IVA was obtained by dividing the 1V flow rate by
the AT time (Figure 1):

IVA=IVV /AT

Global LV tissue Doppler measurements were obtained by
averaging the tissue Doppler parameters measured from
the septal and lateral walls.

155



Akbay et al.

IVA = IVV/ AT

Figure 1. Tissue Doppler imaging-derived IVV and AT
obtained from left ventricular septal basal wall of patients
with aortic stenosis. 1VV; peak myocardial velocity during
isovolumic contraction; AT; isovolumic acceleration time,
Sm; myocardial velocity during ejection phase, €'; early
diastolic myocardial velocity, a'; late diastolic myocardial
velocity, IVA; isovolumic acceleration

Statistics Analysis

In all statistical analysis, we used the SPSS v.21.0
statistical package. Distribution of the variables were
tested with the Kolmogorov-Smirnov normality test.
Descriptive statistics were expressed as meantstandard
deviation (SD) or median, interquartile range (IQR) and
minimum-maximum values depending on the distribution

Aortic Stenosis and Isovolumic Myocardial Acceleration

pattern. Categorical variables were expressed as frequency
and percentages. If there was a normal distribution, the
independent samples t test was used to compare two
groups, one-way ANOV A was used when comparing more
than two groups; if there was no normal distribution, the
Mann-Whitney U test was used to compare two groups, the
Kruskal-Wallis test was used to compare more than two
groups. Tukey and Mann-Whitney U test with Bonferroni
correction were used to determine which group caused the
difference. The correlation analysis was performed using
the Spearman correlation analysis and categorical
variables were analyzed with Pearson chi-square test. The
cases where the p value was less than 0.05 were evaluated
as statistically significant.

RESULTS

Clinical Properties

There was no statistically significant difference in
traditional risk factors and drug use between AS patients
and the control group (Table 1). There was no statistically
significant difference in these parameters between the
subgroups of patients with AS (Table 1).

Two Dimensional and CW-Doppler Echocardiography
Parameters

LVEDD, LVVESD, LV EF, LVEDV and LVESV
parameters did not differ between the AS and the control
group (Table 2). Similarly, no difference was found in
these parameters between the AS subgroups (Table 2).
IVS, PW, LVMI and LA diameter were found to be
significantly higher in the AS group compared to the
control group (Table 2). LVMI and IVS thickness were
found to be significantly lower in mild AS compared

Table 1. Demographic characteristics of the patients with aortic stenosis and control group

Severity of AS
AS Total (n=75)  Control (n=30) p
Mild (n=24) Moderate (n=20)  Severe (n=31) p

Age (year) 65.711.5 63.9+6.0 0.408 61.6+11.6 68.0+10.7 67.6x11.4 0.098
Gender, n (%)

Male 36 (48.0) 15 (50.0) 0.853 11 (45.8) 9 (45.0) 16 (51.6) 0.870

Female 39 (52.0) 15 (50.0) 13 (54.2) 11 (55.0) 15 (48.4)
Body mass index (kg/m?) 28.4+4.9 28.5+£3.9 0.575 28.8+4.3 28.6+6.3 27.8+6.3 0.683
Body surface area (m?) 1.9+0.2 2.0+0.2 0.086 1.9£0.2 1.9+£0.2 1.8+£0.2 0.412
Heart rate (beats/min) 76.4£14.0 79.7£11.7 0.242 75.6£13.4 78.7£15.5 75.5+13.7 0.700
Systolic BP (mm Hg) 138 (29) [103-207] 130 (20) [110-159] 0.192 140 (45) [105-200] 140 (33) [103-183] 131 (22) [110-207] 0.332
Diastolic BP (mm Hg) 79 (20) [42-130] 70 (10) [60-90]  0.507 80 (16) [57-130] 79 (20) [57-110] 70 (23) [42-101] 0.032
Hypertension, n (%) 54 (72.0) 16 (53.3) 0.067 17 (70.8) 15 (75.0) 22 (71.0) 0.941
Diabetes mellitus, n (%) 23 (30.7) 8(26.7) 0.685 7(29.2) 7 (35.0) 9 (29.0) 0.886
Current smoking, n (%) 29 (38.7) 9 (30.0) 0.404 2(8.3) 6 (30.0) 7 (22.6) 0.181
CAD, n (%) 15 (20.0) 3(10.0) 0.219 7(29.2) 9 (45.0) 13 (41.9) 0.499
Hyperlipidemia, n (%) 25(33.3) 10 (33.3) 1.000 8(33.3) 4 (20.0) 13 (41.9) 0.268
Drug use, n (%)

ACE inhibitor 25(33.3) 12 (40.0) 0.518 9(37.5) 10 (50.0) 6(19.4) 0.067

ARB 16 (21.3) 3(10.0) 0.173 6 (25.0) 2(10.0) 8(25.8) 0.351

Statin 26 (34.7) 6 (20.0) 0.140 9(37.5) 4 (20.0) 13 (41.9) 0.258

Beta blocker 30 (40.0) 7(23.3) 0.106 8(33.3) 7(35.0) 15 (48.4) 0.458

CCB 16 (21.3) 5(16.7) 0.589 2(8.3) 5(25.0) 9 (29.0) 0.159

AS: aortic stenosis, BP: blood pressure, CAD: coronary artery disease, ACE: angiotensin converting enzyme, ARB: angiotensin receptor blockers, CCB: calcium channel
blocker, descriptive statistics were given as mean+standard deviation for normally distributed variables, otherwise median (interquartile range) [minimum-maximum] were used
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to severe AS (p<0.001, p=0.002, respectively), but there
was no statistically significant difference between the
other subgroups (p>0.017). PW thickness was
significantly lower in mild and moderate AS subgroups
than in the severe AS subgroup (p<0.001, p=0.004,
respectively), but there was no statistically significant
difference between the mild and moderate AS subgroups
(p=0.230). LA diameters increased with the degree of AS,
but this increase was not statistically significant (p=0.058).
PW-Doppler and Tissue Doppler Echocardiography
Parameters

E wave, A wave, DT, E/e' ratio, e' wave, a' wave, IVV, Sm
parameters were found to be statistically significantly
different when the AS and the control groups were
compared (Table 3). When subgroups of AS were
compared to each other, E wave, A wave, DT, E/A ratio,

Aortic Stenosis and Isovolumic Myocardial Acceleration

and a' wave parameters were not observed to be different
between the groups (Table 3).

E/e', ', IVV and Sm were found to be statistically different
among subgroups of AS (p=0.005, p<0.001, p=0.016,
p=0.029, respectively). When the groups were compared
with each other, the E/e' and Sm were significantly
different in the mild and severe AS subgroups, the e' wave
in the mild to moderate AS and mild to severe AS, the IVV
parameter was statistically different between the mild and
moderate AS subgroups (p=0.001, p=0.011, p=0.016,
p<0.001, p=0.003, respectively). There was no significant
difference in other subgroup comparisons (p>0.017).

IVA was significantly lower in the AS group than in the
control group (p=0.002). However, in the subgroup
analysis, IVA was did not differ in severity of the stenosis
(p=0.122).

Table 2. Comparison of two-dimensional, M-mode and CW-Doppler echocardiographic parameters of aortic stenosis

patients and control group

Severity of AS
AS Total (n=75)  Control (n=30) p -
Mild (n=24) Moderate (n=20)  Severe (n=31) p
LVEDD (mm) 48.4+4.5 47.843.5 0.532 48.3+4.8 50.0+4.6 40.7+4.0 0.183
LVESD (mm) 30.3+4.5 29.8+£2.7 0.527 30.2+4.9 31.7+4.7 29.4+3.9 0.213
IVS (mm) 12.0 (3.0) [0.9-2.1] 10.0 (1.0) [0.9-1.3] <0.001 11.5 (1.0) [0.9-1.5] 12.0 (3.0) [1.0-1.6] 13.5 (3.0) [1.2-2.1]" <0.001
PW (mm) 12.0 (2.0) [0.9-1.7] 10.0 (0.5) [0.9-1.2] <0.001 11.0 (1.8) [0.9-1.3] 11.0 (2.0) [1.0-1.4] 12.0 (2.7) [1.1-1.7]¥ <0.001
LVEF (%) 61.0 (5.0) [50-70] 60.0 (3.7) [55-70] 0.980 62.0 (4.0) [52-69] 62.0 (7.0) [65-70] 60.5 (5.0) [50-70] 0.830
LV diastolic volume (ml) 112.1+24.6 104.9+24.2 0.179 109.8+£26.5 112.1£22.6 114.0+£25.1 0.822
LV systolic volume (ml) 40.0 (19.0) [23-85] 40.5 (12.5) [27-80] 0.511 37.5(26.0) [23-68] 40.0 (13.0) [27-80] 43.0 (23.2) [25-85] 0.904
LVMI (gr/m?) 123.4+33.7 91.8+17.6 <0.001 106.4+20.5 121.4429.6 137.5+38.7% 0.008
LA diameter (cm) 3.9(0.6) [2.8-5.0] 3.6 (0.3)[3.2-4.2] 0.003 3.8(0.4)[2.8-4.5] 3.9(0.9)[3.0-5.0] 4.0(0.5)[3.4-4.9] 0.058
Aortic valve area (cm?) 1.7+0.1 1.3+0.2 0.8+0.2 <0.001~
Aortic peak velocity (m/sn) 2.740.1 3.5+0.3 4.6+0.5 <0.001~
Aortic peak gradient (mm Hg)
Maximum 29.3+2.4 50.1£7.7 87.4£19.1 <0.001"™
Mean 16.1+1.7 30.4+10.8 52.8£12.6 <0.001"™

AS: aortic stenosis, LVEDD: left ventricular end-diastolic diameter, LVESD: left ventricular end-systolic diameter, IVS: left ventricular septum thickness, PW: posterior
wall thickness, LVEF: left ventricular ejection fraction, LV: left ventricle, LVMI: left ventricular mass index, LA: left atrium; *: p=0.002 vs mild, #: p<0.001 vs mild and
p=0.004 vs moderate, % p<0.001 vs mild, ~: p <0.001 between all subgroups, descriptive statistics were given as meantstandard deviation for normally distributed variables,
otherwise median (interquartile range) [minimum-maximum] were used

Table 3. Comparison of PW and tissue Doppler echocardiographic parameters of aortic stenosis patients and control group
Severity of AS

AS Total (n=75)  Control (n=30) p

Mild (n=24) Moderate (n=20)  Severe (n=31) p
E wave (cm/sn) 80.0 (40.0) [40-150]78.5 (23.0) [33-100] 0.013 78.0 (29.0) [46-135]84.0 (40.0) [50-120] 77.5 (33.0) [40-150] 0.711
A wave (cm/sn) 102.2+£29.1 78.8+17.5 <0.001 95.2+27.6 107.5€25.0 104.3+£32.3 0.334
E/A rate 0.78 (0.5) [0.4-2.1] 0.96 (0.4) [0.4-1.7] 0.147 0.78 (0.5) [0.5-1.5] 0.75 (0.5) [0.5-1.3] 0.79 (0.4) [0.4-1.5] 0.580
DT (msn) 306.2+£73.5 255.5+60.7 0.001 279.9£51.1 324.3+88.4 314.9+74.3 0.094
Ele' rate 11.7 (8.3) [4.5-37.5] 7.1 (4.7) [2.7-12.1] <0.001 9.5 (6.4) [4.5-16.2] 13.8 (9.7) [6.1-25.0]12.8 (10.7) [8-37.5]" 0.005
e' (cm/sn) 6.5 (1.2) [2.0-14] 9.7 (0.6) [6.0-15.0] <0.001 7.5 (2.0) [4.0-14.0]* 6.0 (2.0) [2.0-9.0] 5.5 (2.0) [4.0-11.0] <0.001
a' (cm/sn) 10.4+2.4 12.1£2.0 0.001 11.2+0.2 10.3+0.2 9.7+0.3 0.078
IVV (cm/sn) 7.0 (4.0) [4.0-19.0] 8.7 (5.0) [4.0-19.0] <0.001 7.5 (3.0) [4.0-16.0]% 5.0 (2.0) [4.0-9.0] 7.5 (4.0) [2.0-12.0] 0.016
Sm (cm/sn) 7.0 (2.0) [3.0-12.0] 8.2 (2.0) [7.0-12.0] <0.001 8.2 (3.0) [5.0-12.0] 6.5 (2.0) [3.0-10.0] 6.5 (2.0) [3.0-12.0] 0.029
IVA (m/sn?) 2.2 (1.4)[0.6-5.7] 2.9(1.9)[1.1-55] 0.002 23(1.1)[1.2-42] 19(0.7)[1.0-3.7] 2.7(1.7)[0.6-5.7] 0.122

AS: aortic stenosis, E: early diastolic flow velocities, A: late diastolic flow velocities, DT: deceleration time, e": peak myocardial velocity during early diastole, a": peak
myocardial velocity during atrial contraction, 1VV: peak myocardial velocity during isovolumic contraction, Sm: peak myocardial velocity during systole, IVA: myocardial
acceleration during isovolumic contraction, *: p=0.001 vs mild, *: p=0.016 vs moderate and p<0.001 vs severe, & p=0.003 vs moderate, ~: p=0.011 vs mild, descriptive
statistics were given as mean£standard deviation for normally distributed variables, otherwise median (interquartile range) [ minimum-maximum] were used
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Correlation between TDI Velocities and Conventional
Echocardiographic Parameters

In the Spearman correlation analysis, E/e' ratio, IVS and
PW thickness were negatively correlated with AVA,
whereas LVMI, e' wave, a' wave and Sm parameters were
positively correlated with AVA. When the correlation of
echocardiographic parameters with aortic peak gradient
(APG) was examined, Sm and e' wave were negatively
correlated, whereas E/e', LVMI, IVS, PW thickness were
positively correlated. However, there were no correlations
between IVA (Table 4).

Table 4. Correlation between tissue Doppler imaging
velocities and conventional echocardiographic parameters
Aortic valve area Aortic peak gradient

r p r p
E/e' rate -0.380 0.001 0.363 0.001
LVMI 0.413 0.001 0.360 0.002
Global IVA 0.039 0.744 0.090 0.444
e' 0.531 <0.001 -0.526 <0.001
a' 0.340 0.007 -0.201 0.087
Sm 0.388 0.001 -0.305 0.008
vv 0.163 0.165 -0.017 0.889
IVS -0.495 <0.001 0.533 <0.001
PW -0.487 <0.001 0.518 <0.001

E: early diastolic flow velocities, e': peak myocardial velocity during early diastole,
LVMI: left ventricular mass index, IVA: myocardial acceleration during isovolumic
contraction, a': peak myocardial velocity during atrial contraction, Sm: peak
myocardial velocity during systole, IVV: peak myocardial velocity during isovolumic
contraction, 1VS: left ventricular septum thickness, PW: posterior wall thickness

DISCUSSION

In our study, TDI-derived LV systolic and diastolic
velocities were found to be reduced in patients with AS
compared to the control group. While we determined the
relationship between the severity of stenosis, systolic and
diastolic parameters, we were unable to determine the
relationship of IVA in the subgroups of AS. This is the first
study to compare the severity of AS with LV systolic
parameters, with the inclusion of a control group. Thus, we
understood that subclinical systolic dysfunction occurred
independently of AS severity.

LV systolic function is normal in most patients with severe
AS. Impaired myocardial contraction can be detected
using the tissue Doppler and/or the speckle tracking strain
method without EF decline (8-16,26). Detection of
subclinical systolic dysfunction often results in a poor
prognosis and has been shown to improve after aortic valve
replacement (15,27,28). Similarly, Nieh et al. (29) found
that echocardiographic parameters of patients operated for
severe AS did not change LV diameter, mass and EF, but
improvements in systolic and diastolic parameters
measured by TDI were noted at a mean follow-up of 120
days. Subclinical systolic dysfunction detected by TDI has
been shown in other valve pathologies and systemic
diseases (30-34).

In our study, LVMI, IVS and PW thickness were higher in
the AS group compared to the control group, as expected,
and this increase correlated with the severity of AS. In the
subgroup analysis, likewise Galema et al. (12), LWMI and
IVS thickness differed from mild to severe AS, and as with
Rajani et al. (35), there was no difference between
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moderate to severe AS in terms of LWMI. In our study,
PW thickness was different between both mild to severe
and moderate to severe AS. It is known that LV
hypertrophy occurs to compensate for the pressure burden
caused by AS (36). Post-operative mortality and morbidity
were found to be high in patients with LV hypertrophy and
undergoing aortic valve surgery (37). While only 20% of
patients with AS have impaired EF, many patients with
preserved EF have experienced increased LVMI heart
failure rates and subclinical systolic dysfunction (38).
Although LV EF is not reduced in patients with AS,
emerging symptoms such as dyspnea and fatigue have been
associated with disturbances in diastolic parameters,
measured by non-invasive methods (8,12,14). In our study,
diastolic parameters (mitral flow E, A, E/A, DT) measured
by conventional methods were different from the control
group, regardless of the severity of AS. Galema et al. (12),
in their study comparing healthy controls with patients with
symptomatic severe AS, as well as Jassal et al. (8) in their
own study, divided mild-moderate AS patients into three
groups, and similarly to our study, did not find a significant
relationship between the degree of stenosis and the
traditional diastolic function parameters. When diastolic
functions were measured by the more sensitive TDI method,
we found that AS was impaired compared to controls and
this impairment was associated with the degree of AS,
similar to what was reported in other studies (8,10-13,39).
Diastolic dysfunction in AS may be associated with
increased myocardial stiffness, decreased LV compliance,
increased LVMI, increased end-diastolic pressure and
impaired LA function. Truong et al. (40) showed that high
LV diastolic pressures before transcatheter aortic valve
replacement were associated with mortality.

In patients with severe AS, a positive correlation was
shown between end-diastolic LV pressure and E/e’ ratio,
measured by invasive method (10). In addition, E/e' >15
was associated with an elevated mean LA pressure; in our
study, the LA diameter, LVMI and E/e' ratio were found
to support LV diastolic dysfunction. Polito et al. (41),
while comparing moderate and severe AS with the control
group, found that the LVMI and E/e' ratio was similarly
high. In their study where they used LA volume instead of
LA diameter, this value was also significantly higher. In
previous studies, increased E/e’ was associated with
symptoms, surgical necessity and mortality in AS (42).

In many studies, AS patients with preserved systolic function
were evaluated for LV subclinical systolic functions by TDI
method and a significant decrease was found compared to the
control groups (10,11,13-15,39). Systolic dysfunction cannot
be detected by conventional echocardiography, but can be
detected by the TDI method, LVH and subendocardial
ischemia due to increased pressure load, and thus
longitudinal contraction is affected (43). The systolic
parameters measured by the TDI method are evaluated in the
longitudinal axis functions of the left ventricle and show loss
of function at the subclinical stage, without obvious LV
systolic dysfunction. In our study, Sm, IVV and IVA, which
showed LV subclinical systolic dysfunction, were decreased
in the AS group, and only the decrease in Sm wave was
moderately correlated with AVA and APG. Similar to our
study, Poh et al. (39) found 53 patients with AS in their study
correlated Sm and AVA index. Barthelemy et al. (34)
compared RV function in critically ill patients with invasive
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methods and non-invasive methods, while they could not
find the correlation of IVA, but they observed that Sm wave
correlated with RV EF.

In our study, although LV IVA decreased in patients with
AS, this decrease did not correlate with the severity of
stenosis like Sm; this may be due to the Sm wave being
affected more by preload and afterload. In support of our
study, Erttrk et al. (33) found that LV IVA decreased in
patients with mitral stenosis, but could not correlate this
decrease with the severity of mitral stenosis. If we consider
IVA as the time to overcome the resistance against the
stenosis in front of it, in patients with mild AS, the IVA
extends for a certain period and remains constant regardless
of resistance. This stability suggests that a solid left
ventricle is sufficient to overcome the resistance in front of
it, regardless of the valve area and gradient. Further clinical
studies suggest that IVA may become significant between
groups or in the severe AS group, which may be explained
by this difference with patients with low EF.

Study Limitations

Our study had some limitations; the number of patients was
low, the systolic function parameters were not compared
with parameters measured by invasive methods. In
addition, patients were not evaluated with strain/strain rate
imaging and the value of systolic function parameters in
predicting clinical deterioration and surgery in long-term
follow-up was not investigated. Although asymptomatic
patients were included in our study, the existing coronary
lesions and myocardial ischemia were not known. Patients
with systolic dysfunction were not included in our study.

CONCLUSION

We found that asymptomatic AS with normal EF, systolic and
diastolic function parameters measured by the TDI method
were impaired and this deterioration was associated with
degree of stenosis. We could not determine the relationship
with the degree of stenosis by IVA during LV contraction.
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