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The calcific aortic stenosis (AS) is characterized by progressive obstruction of the aortic valve
opening and results from the action of several active cellular processes that lead to valve
remodelling, promote fibrosis and valvular calcification. The purpose of the study is to assess the
relationship between the severity of aortic valve calcifications quantified by the Agatston score
density and the hemodynamic impact of aortic stenosis determined through Doppler
echocardiography. The authors performed a retrospective analysis of 70 cases that benefited of
transcatheter aortic valve implantation between January 2015-October 2019. All patients
underwent cardiac computed tomography and comprehensive Doppler echocardiography prior to
the procedure. The degree of calcification of aortic leaflets was quantified on non-contrast CT
examinations in all cases using the Agatston score and its relationship with dynamic
echocardiographic parameters was evaluated using specific statistical tests. Aortic valve Agatston
score density showed a significant correlation with mean transvalvular gradient (R = 0,62,
p<0.0001) same as age (R = 0.51, p = 0.036). These parameters together with sex, body mass
index, body surface area, the status of arterial hypertension, dyslipidaemia, smoking, bicuspid
aortic valve, history of coronary artery disease were introduced into a multivariate regression to
identify independent predictors of the mean transvalvular gradient. Age (B= -0.25, p = 0.003),
aortic valve Agatston score density (8 =-0.63, p<0.001) and bicuspid aortic valve (8 = -0.32, p =
0,003) proved to be the only independent predictors of the haemodynamic severity of aortic
stenosis. In conclusion, the degree of aortic valve calcifications is a strong indicator for the
haemodynamic impact of AS. Cardiac computed tomography is a non-invasive and accurate
method of evaluating aortic valve calcifications and could be used to grade the severity of AS in
cases where echocardiographic findings are discordant.
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The calcific aortic stenosis (AS) is characterized by progressive obstruction of the aortic valve opening and results
from the action of several active cellular processes that lead to valve remodelling, promote fibrosis and valvular
calcification. The first stage of the disease is called aortic valve sclerosis, mainly characterized by thickening of
valvular leaflets, and is not associated with significant obstruction of the valve opening. Aortic sclerosis marks the
beginning of a continuum leading to AS and its progression over time. Although it does not yet alter the hemodynamic
properties of the valve, some studies show that aortic valve sclerosis is associated with atherosclerosis and a higher
risk of cardiovascular events [1-3]. Its prevalence is around 25% among people over 65 years of age, and every year
about 2% of these individuals will progress to AS [4-6]. Aortic stenosis has long been considered to be the result of
passive degeneration of the valve with aging, but it is well demonstrated today that many active processes are
involved in its initiation and progression [7].

Aortic valve stenosis begins with damage to the valvular endothelium triggered by mechanical stress, radiation,
accumulation of oxidized low-density lipoprotein (LDL) and inflammation (cytokines) that will promote a cascade of
pro-inflammatory processes and calcification through overexpression of osteogenic genes. Following years of
aggression, aortic leaflets’ fibrosis and deposition of hydroxyapatite (Caio(PO4)s(OH),) crystals obstruction of the
valve opening occurs with severe hemodynamic consequences [8, 9].
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The purpose of the current study is to assess the relationship between the severity of aortic valve calcifications
quantified by the Agatston score density and the hemodynamic impact of aortic stenosis determined through Doppler
echocardiography.

Experimental part
Material and methods

We performed a retrospective analysis of 70 cases who benefited of transcatheter aortic valve implantation (TAVI)
between January 2015-October 2019. Relevant clinical data was registered in all cases (age, sex, height, body surface
area, body mass index, personal history of arterial hypertension, diabetes, dyslipidaemia, coronary heart disease and
smoking). All patients underwent cardiac computed tomography and comprehensive Doppler echocardiography prior
to the procedure.

All echocardiographic evaluations were performed on a General Electric Vivid E9 machine according to the
recommendations of the European Society of Cardiology and involved determining the following parameters: stroke
volume index, left ventricular outflow tract (LVOT) diameter, LVOT cross-sectional area, peak aortic jet velocity,
aortic valve area (AVA), left ventricular ejection fraction (LVEF), transvalvular mean gradient (MG), valvulo-arterial
impedance, systemic arterial compliance.

Cardiac computed tomography (CCTA) examinations were performed on a 2x128-slices multi-detector CT
(MDCT) machine (Siemens Somatom Definition Flash) using 100 or 120 kV tube voltage according to patient weight,
tube current automatically adjusted by CareDose 4D algorithm, 0.75 mm slice thickness (pitch <1) and a gantry
rotation time of 280 ms. The examination started with an unenhanced scan for calcium scoring evaluation followed by
a contrast enhanced scan. An average volume of 120 mL of contrast media and 50 mL of saline chaser were injected
intravenously in two phases, an initial fast injection of 100 mL of iodinated contrast media (5 mL/s) followed by a
slower injection of 20 mL contrast media (2.5 mL/s) and 50 mL saline chaser (5 mL/s). The heart was scanned using
ECG gating during a first breath hold and the abdominal aorta and iliac vessels during a second breath hold with no
ECG synchronisation.

Optimal systolic reconstructions of the cardiac acquisition were performed and transfered to the Syngo.via
workstation (Siemens Medical Solutions, Germany) for specific analysis. The following parameters were determined
on the cardiac computed tomography: systolic area of the aortic annulus, LVOT area, AVA, height of the coronary
arteries, aortic root diameters, aortic valve calcification (AVC) score (Agatston method), AVC density (AVC value
indexed to LVOT area).

Agatston score is a partially automated tool implemented in Syngo.via that computes a calcium score based on
unenhanced cardiac CT. We assessed only the calcifications of the aortic leaflets paying attention to exclude aortic
wall, mitral annulus and coronary calcifications. The computation uses a weighted score attributed to the highest
attenuation value in Hounsfield units multiplied by calcification area:

Agatston score = Area x X-Factor,

the X-Factor can take a value between 1 and 4 according to the value range of the highest intensity pixel of the
plagque (130-199 = value 1, 200-299 = value 2, 300-399 = value 3, >400 = value 4).

Statistical analysis was performed in IBM SPSS 25.0 for Mac. Continuous variables were expressed as mean
values + standard deviation and compared using Student’s t test or Wilcoxon-Mann-Whitney depending on the normal
distribution. Categorical variables were expressed as ranks or percentages and analysed using chi-square or Fisher’s
exact test. Association between continuous variables was tested using Pearson correlation.

Results and discussions
The clinical data of the studied population is presented in table 1. Patients with bicuspid aortic valves represented
20% of the study group.

Table 1
CLINICAL DATA OF THE STUDIED POPULATION
Age (years) 76.4716.83
Sex (no. % female) 37 (52.86%)
BMI (kg/m?) 28.5614.05
EuroSCORE I1 2242+14.12
AHT (no. %) 32 (45.71%)
NYHA (no. %) NYHAII - 2 (2.86%)
NYHA III - 43 (61.43%)
NYHA IV — 25 (35.71%)
Type 2 DM (no. %) 8 (11.43%)
AMI (no. %) 8 (11.43%)
Stroke 5 (7.14%)
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eGFR (ml/min) 78.334£23.03
COPD (no. %) 12.86%
PAD (no. %) 10 (14.29%)
Hepatitis (no. %) 4 (5.88%)
Bicuspid aortic valve (no. %) 14 (20%)
PPM 5 (7.14%)
Prior cardiac surgery (no. %) 7 (10%)
PHT (no. %) 18 (25.71%)

BMI — body mass index, AHT — arterial hypertension,
NYHA — New York Heart Association class, DM — diabetes mellitus,
AMI — acute myocardial infarction, GFR — glomerular filtration ratio,
COPD - chronic obstructive pulmonary disease,
PAD - peripheral artery disease, PPM — permanent pacemaker, PHT — pulmonary hypertension

Echocardiographic and cardiac computed tomography data are presented in table 2.

Table 2
ECOCARDIOGRAPHIC AND CARDIAC COMPUTED TOMOGRAPHY DATA

Echocardiographic parameters
LVEF (%) 53.88+11.20%
AVA (cm?) 1.04+0.3
Indexed AVA (cm?*/m?) 0.6240.15
LVOT diameter (mm) 23.242.1
Stroke volume (mL) 77.9+14.2
Stroke volume indexed (mL/m?) 42.146.5
Peak aortic jet velocity (cm/s) 307162
MG (mmHg) 21.548.3
Systemic arterial compliance (mL/mmHg/m?) 0.78+0.25
Valvulo-arterial impedance (mmHg/mL/m?) 3.79+0.68
Cardiac computed tomography parameters
Aortic valve Agatston score 937+£382
Aortic valve Agatston score density (Agatston score/cm?) 249487

LVEF — left ventricular ejection fraction; AVA — aortic valve area, LVOT — left ventricular outflow tract,
MG — mean transvalvular gradient

Aortic valve Agatston score density showed a significant correlation with mean transvalvular gradient (R = 0.62,
p<0.0001) same as age (R =10.51, p=0.036).

These parameters together with sex, BMI, BSA, AHT, dyslipidaemia, smoking, bicuspid aortic valve, history of
coronary artery disease were introduced into a multivariate regression to identify independent predictors of the mean
transvalvular gradient. Age (B = -0.25, p = 0.003), aortic valve Agatston score density (fp = -0.63, p<0.001) and
bicuspid aortic valve (B = -0.32, p = 0.003) proved to be the only independent predictors of the haemodynamic
severity of aortic stenosis.

Following valve aggression through various factors (ex. mechanical stress) inflammatory cells and lipid derivatives
infiltrate into valve leaflets, pro-inflammatory cytokines are produced, remodelling of the extracellular matrix and
chronic inflammation are promoted and interstitial cells are activated and can differentiate into osteoblasts and
contribute to the development of valvular calcification, cell necrosis and apoptosis [10]. As these processes act on the
valve, valvular leaflets thicken, stiffen, and progressively develop fibrosis and calcification. During the initiation and
progression of the calcific AS, substantial changes occur in the biochemical composition, organization, and
mechanical properties of the valve [11].

In the early stages of the disease, it has been shown that lipid infiltration plays an important role, particularly in the
promotion of inflammation. Histological studies on surgically excised valves show the presence of different types of
apolipoproteins [12]. The role of lipids can also be amplified by the action of oxidative stress which leads to the
production of oxidized lipids, especially oxidized-LDL. These have the properties of being particularly small and
dense which facilitates their infiltration and retention in the valve. Oxidized LDL levels found in surgically excised
stenotic valves are strongly correlated with the degree of inflammation and fibrocalcic remodelling of the valve [13,
14]. Elevated systemic levels of lipoprotein (a) [Lp (a)] and oxidized phospholipids are also associated with AS and its
progression [15, 16]. Furthermore, it has recently been demonstrated that the LPA gene that codes for apolipoprotein
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(a) and determines Lp (a) levels is associated with the development and progression of calcific AS, in addition to
being a risk factor for cardiovascular diseases [17, 18]. High Lp (a) levels are associated with a higher prevalence of
AS.

Inflammation plays a major role in the initiation and development of AS. Indeed, it promotes sclerosis,
remodelling and calcification of the valve [19]. It can initiate the disease by the action of pro-inflammatory cytokines
that can damage the valvular endothelium, but it can also intervene in response to endothelial damage by recruiting
immune cells. Explanted valve analysis shows infiltrates containing macrophages, mast cells and T cells [20]. Finally,
it can maintain the already present inflammation, caused by the infiltration and oxidation of lipids (102). Many pro-
inflammatory cytokines are also secreted by inflammatory cells and will end up in the valve. They will promote
calcification by activating and stimulating interstitial cells differentiation into osteoblasts. Proinflammatory and pro-
fibrotic cytokines increase extracellular matrix production and cell turnover, resulting in stiffening and fibrosis of the
valve matrix.

In the development and progression of AS, the imbalance between overproduction of matrix metalloproteinases
(MMPs) and tissue inhibitors of metalloproteinases (TIMPs) that are underproduced, causes disruption of the collagen
fibres. This disorganized fibrous tissue accumulated in the valve will increase its stiffness. In addition, angiotensin II,
often present in high plasmatic concentrations in patients with calcific AS, is associated with inflammation and
remodelling of the valve [21]. Angiotensin II is thus overproduced and promotes fibrosis and valvular remodelling.
Animal studies in mice have shown that the administration of angiotensin II promotes fibrosis in the aortic valve [22].
In contrast, administration of angiotensin II receptor antagonists is associated with less fibrocalcic remodelling of
valve leaflets.

Valve calcification is the most common factor associated with AS and disease progression. The first lesions of the
valve appear preferentially and remain predominant on the aortic side of the leaflets. This valve layer is more prone to
mechanical shear stress and high pressures of the aorta following closure of the valve. The valvular calcification
process has many similarities with bone development. In particular, there are numerous osteogenic genes
overexpressed in human stenotic valves, including BMP2 and RUNX2 [23]. The interstitial cells of the valve would
be "reprogrammed" into osteoblast-like cells able to secrete pro-calcifying vesicles. In human valves, osteogenic and
apoptotic processes contribute to valve calcification [24].

In our study, the density of aortic valve calcifications quantified through Agatston score, proved an independent
predictor of transvalvular mean gradient. Non contrast coronary CT could be used both for coronary artery disease risk
estimation and AS assessment and we plead for its introduction into standard evaluation of patients with calcific AS
prior to any surgical or interventional treatment.

Conclusions

The degree of aortic valve calcifications is a strong indicator for the haemodynamic impact of AS. Cardiac
computed tomography is a non-invasive and accurate method of evaluating aortic valve calcifications and could be
used to grade the severity of AS in cases where echocardiographic findings are discordant.
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