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Relationship between aortic valve calcification
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Abstract

Introduction: Clinical and laboratory data provide an increasing amount of information regarding the common
aetiopathogenetic background of acquired heart defects with calcification and arterial atherosclerosis.

Aim: To evaluate the relationship between presence and severity of calcifications of the aortic semilunar valves and the
intensity of atherosclerotic lesions in the aorta and aortic stiffness (AS).

Methods: The study group comprised 80 subjects (49 males and 31 females) aged 72.2 (+8.0) years with an aortic valve
defect found on echocardiography. Patients were divided into two subgroups depending on the severity of valvular disease.
Subgroup | comprised 42 patients with small valvular lesions (0 - absence of calcification of the valve, or + - trivial valvular
calcifications, possible to find on detailed evaluation of the valve). Subgroup Il consisted of 38 patients with intense
calcifications (++ - large, easily found valve calcifications, +++ - massive calcifications affecting leaflet mobility). All patients
underwent transoesophageal echocardiography to evaluate atherosclerotic lesions in the aorta. The assessment included the
following: location of the lesions in the aorta, intimal thickness, presence of calcifications and mobile parts of plaques and
possible associated thrombi. Aortic stiffness was also measured using the formula: AS=log (SBP/DBP)/A0,1ax-A0 min)/AOmin-

Results: Atherosclerotic plagues were more frequent in patients with more prominent calcifications of the aortic valve (19
vs 10 patients, p <0.05). Intimal thickness was larger in patients with more pronounced valve calcifications (3.9£0.8 mm
vs 2.240.6 mm, p <0.05). Presence of calcifications in the aortic wall was also more frequent in patients from group Il, as they
were found in 10 subjects compared to only 3 cases in group |. Mobile plague parts were observed in 3 patients from group I;
also thrombi were found in 3 individuals from this group. Patients with more prominent calcifications of the aortic valve had
decreased aortic wall elasticity (AS 5.5£1.2 cm vs 3.4+0.9 cm, p <0.05).

Conclusions: Severity of aortic valve calcification indicates simultaneous changes in the thoracic aorta. Stiffness of the
aortic wall is greater in patients with a more pronounced defect of the aortic valve. Prevalence of atherosclerosis risk factors
is increased in patients with aortic valve defect, enhanced atherosclerosis and rigidity of the aorta. Defect of the aortic valve
and increased aortic rigidity may be different manifestations of atherosclerosis.
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Introduction aortic stenosis is occasionally observed in this age
Thickening of the aortic valve leaflets and their group: 2-7% [1].
calcification without impairment of the left It has been shown that changes of the aortic valve are

ventricular outflow tract flow are commonly observed
and in patients over the age of 65 years appear in
approximately 25% of cases, whereas significant

repeatedly associated with coronary artery atherosclerosis
[2]. Calcifications of the aortic valve are also connected
with severity of atherosclerosis of the carotid arteries
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[3] and other peripheral arteries, particularly the
arteries of the lower limbs [4]. It was shown that the
prevalence of atherosclerosis risk factors is increased in
patients with aortic valve defect compared to the
general population [1]. Clinical observations were
confirmed by histopathological data where the
presence of foam cells (which represent early forms of
atherosclerosis) was documented in the endothelium
of the coronary arteries and on the aortic surface of
semilunar leaflets [5].

Interest in the biochemical features of the aorta and
large vessels has increased significantly over the last
few years. The aorta is not only the canal for passive
distribution of blood from the heart to the periphery
but, as documented by more and more studies, it
appreciably contributes to the function of the entire
vascular system [6]. It performs correctly provided it
has the proper elasticity, which is determined by the
complex structure of the aortic wall. However, a range
of aspects including especially those commonly known
as risk factors of atherosclerosis cause increased
stiffness of the aorta even prior to clinical evidence of
atherosclerosis of other arteries [7]. Increase of aortic
stiffness is associated with higher risk of cardiovascular
death [8]. A number of noninvasive and invasive
methods of evaluation of central and peripheral artery
stiffness have been developed [9]. Transoesophageal
echocardiography is an important, minimally invasive
and accurate method. In addition to the evaluation of
aortic elasticity it provides visualization of the intensity
of atherosclerotic lesions, including calcifications,
thrombi and mobile parts of atherosclerotic plaques.

The aim of the study was to evaluate the
relationship between the presence and severity of
calcifications of the aortic semilunar valve and the
intensity of atherosclerotic lesions in the aorta
expressed as morphological abnormalities as well as
aortic wall stiffness.

Methods
Patients

The study group comprised 80 subjects (49 males
and 31 females) aged 54 to 88 (mean 72.2+8.0) years with
an aortic valve defect confirmed on echocardiography.

A detailed medical history of all patients was
recorded taking into special account the presence of
ischaemic heart disease risk factors: hypertension, lipid
metabolism disturbance, diabetes mellitus, smoking,
and family history of cardiovascular disease.
Furthermore, lipid profile was checked: total
cholesterol, LDL-cholesterol, HDL-cholesterol, and
triglyceride levels were determined.

Transthoracic echocardiography

Standard transthoracic echocardiography was
performed in study groups including measurement of the
following parameters: left ventricular end-diastolic
diameter (LVEDd), interventricular septum end-diastolic
diameter (IVSDd), left ventricular posterior wall
end-diastolic diameter (LVPWDd), left atrium diameter
(LA), left ventricular ejection fraction (EF), left ventricular
shortening fraction (FS), left ventricular stroke volume
(SV), left ventricular end-diastolic volume (EDV), maximum
aortic valve gradient (Aomax), and magnitude of aortic
valve regurgitation (Al). Additionally, the presence of
calcifications of the aortic valve was determined:

e 0 — absence of calcification of the aortic valve;

e + — trivial calcifications of the aortic valve, possible to
find on detailed evaluation of the valve;

* ++ — large, easily found aortic valve calcifications;

e +++ — massive calcifications affecting aortic leaflet
mobility.

Patients were divided into two subgroups
depending on the severity of aortic valve disease.
Subgroup | comprised 32 patients with small valvular
lesions (0 or +). Subgroup Il consisted of 28 patients
with intense calcifications (++ or +++).

Transoesophageal echocardiography

All  patients underwent transoesophageal
echocardiography (TEE) to evaluate atherosclerotic
lesions in the aorta (Figures 1 and 2). The following
parameters were assessed:

« position of the lesions in the aorta (Ao);

e intimal thickness;

« presence of calcifications;

» mobile parts of atherosclerotic plaques;

« presence of thrombi;

* A0hax — Maximum diameter of the descending aorta,
measured at T-wave peak of simultaneous ECG trace;

* A0ax — Minimum diameter of the descending aorta,
measured at R-wave peak of simultaneous ECG trace;

e Ao stiffness was calculated using this formula:
AS=log (SBP/DBP)/A0 1 44-A0min)/AOmin;

e maximum flow velocity in the descending aorta.

Statistical analysis

Results are shown as means + standard deviation or
numbers and percentages. The analysed parameters were
compared using Student’s t-test. The results were found
statistically significant if the p value was less than 0.05.

Results

Clinical evaluation showed that patients with more
pronounced calcification of the aortic valve were older,
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Figure 1. Atherosclerotic plaques in the thoracic
aorta on TEE - transverse view
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Figure 3. Location of lesions in 29 (100%) patients
with known atherosclerotic plaques in the aorta

Table I. Clinical characteristics of the study
group in relation to progression of aortic valve
calcifications

Patient groups
with calcifications

Risk factor small intense

(Oor+) (4++ or +++) p

n=42 n=38

Age 67.4 (x9.3) 775 (#8.9) <0.05
Males 24 (571%)  25(65.7%) NS
Hypertension 30 (71.4%) 28 (73.7%) NS
Smoking 19 (45.2%) 18 (47.3%) NS
Diabetes mellitus 5 (11.9%) 15 (39.5%) <0.05
Lipid disturbances 18 (42.8%) 31 (81.6%)  <0.05
Obesity 11 (26.2%) 10 (26.3%) NS
Family history 8 (19.0%) 8 (21.0%) NS
Ischaemic heart disease 15 (35.7%) 23 (60.5%) <0.05
Cerebral stroke/TIA 2 (4.8%) 7 (18.4%)  <0.05
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Figure 2. Atherosclerotic plaques in the thoracic
aorta on TEE - longitudinal view

suffered more often from diabetes and had lipid profile
disturbances. Moreover, they had more often previously
experienced major cardiovascular events and cerebral
stroke or transient ischaemic attacks (Table ).

Patients with more severe aortic valve defects had
higher left ventricular wall thickness. They also had
significantly higher mean and maximum aortic valve
gradient and higher grade of aortic regurgitation (Table II).

Atherosclerotic lesions were found in 29 patients.
These were primarily located in the aortic arch, descending
aorta or in both these segments, whereas location only in
the ascending aorta was relatively rare (Figure 3).

Atherosclerotic plaques and calcifications in
subjects with more prominent changes within the

Table Il. Comparison of echocardiographic
parameters in relation to progression of aortic
valve lesions

Patient groups
with calcifications

Parameter small intense

(Oor+)  (++or+++) o

n=42 n=38

LVEDd [cm] 5.1 (x0.9) 5.3 (x0.8) NS
IVSDd [cm] 10 (x0.12) 13 (+0.14) <0.05
PWDd [cm] 0.9 (+0.11)  11(+0.09) <0.05
EF [%] 60.6 (+7.8) 57.9 (+8.1) NS
FS [%] 323 (¢5.6) 304 (+6.1) NS
SV [ml] 88.3 (#21.6) 87.1 (x20.3) NS
EDV [ml] 1483 (+34.7) 152.6 (32.2) NS

LA [cm] 3 (05 4406 NS

43
Max Ao gradient [mmHg] 7.1 (

)
+0.7) 215 (#1.3)  <0.05
Mean Ao gradient [mmHg] 4.5 (+0.5) 12.8 (+1.5)  <0.05
Aortic regurgitation magnitude 0.7 (+0.3) 14 (x0.4)  <0.05

Abbreviations: see “Methods” section
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Table Ill. Comparison of patients with more or
less prominent lesions of the aortic valve

Patient groups
with calcifications

Parameter small intense
Oor+) (++or+++) p
h=42 n=38
Presence of atherosclerotic
plagues in the aorta 10 (23.8%) 19 (50%)  <0.05
(number of patients, %)
Presence of calcifications
in the aorta 3(71%) 10 (26.3%) <0.05
(number of patients, %)
Mobile parts of plaques 0 3(7.9%)  <0.05
(number of patients, %)
Thrombi (number of patients, %) 0 3 (7.9%) <0.05

aortic valvular apparatus were significantly more
frequent compared to patients with minor valvular
changes. Complicated forms of plaques present as
mobile parts or thrombi were only observed in patients
with significant valve defects (Table Il1).

Intimal thickness was significantly larger in patients
with severe aortic valve defect in comparison to
patients with minor valvular disease (Figure 4).

Mean AS index was 4.7 (+1.1). It was significantly higher
in patients with more pronounced valve defects (Figure 5).

Comparison of medical history data revealed that
patients with less elastic aorta were older, had higher
incidence of hypertension and diabetes and more severe
lipid profile disturbances. Additionally, a correlation
between patients’ age and intensity of AS was found
(Figure 6).

Medical history data analysis showed that
cardiovascular episodes, cerebral strokes or transient
ischaemic attacks were more often present in the
subgroup with more stiff aorta (Table V).

p <0.05

351
34
257
2
151
1
0.5
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3.9 (+0.8)

Intimal thickness [mm]

B small calcifications

[ severe calcifications

Figure 4. Intimal aortic thickness vs severity of
aortic valve lesions

Table IV. Clinical characteristics of the study
group in relation to grade of aortic stiffness

Aortic stiffness index (AR)

Risk factor Below mean Above mean p
(<4.7£L.1) (>4.71.1)
n=35 n=45
Age 66.7 (+8.9) 78.4 (+8.6) <0.05
Males 27 (60.%) 22 (62.8%) NS
Hypertension 21 (46.6%) 27 (771%) <0.05
Smoking 22 (48.8%) 15 (42.8%) NS
Diabetes mellitus 4 (8.8%) 16 (45.7%) <0.05
Lipid disturbances 20 (44.4%) 29 (82.8%) <0.05
Obesity 13 (28.8%) 8 (22.8%) NS
Family history 9 (20.0%) 7 (20.0%) NS
Ischaemic heart disease 14 (31.1%) 24 (68.6%) <0.05
Cerebral stroke/TIA 2 (4.4%) 7 (20.0%) <0.05

It was confirmed that patients with larger changes
had lower maximum flow velocity within the
descending aorta (Figure 7).

Discussion

The results of the study provide evidence that there
is a close correlation between nonrheumatic aortic valve
disease and the presence of specific atherosclerotic
lesions in the aorta and significant unfavourable
changes of aortic function.

Our studies showed that the internal aortic layer in
patients with calcifications of the aortic valve is notably
thicker than in patients with trivial valvular defect.
Moreover, the presence of atherosclerotic plaques and
calcifications was significantly more frequent in subjects
with calcifications of the aortic valvular apparatus. More
advanced atherosclerotic lesions such as mobile parts of
plaques and thrombi were only observed in patients

p <0.05

d 54
o
£
2 4]
g
£ 34
@ 5.5 (+1.2)
— 24
b
<

1_

0 T

B small calcifications

[ severe calcifications

Figure 5. Aortic stiffness index in relation to
progression of aortic valve calcifications
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Correlation: r=0.68724; p <0.05
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Figure 6. Influence of age on aortic elasticity

with severe destructive changes of the aortic valve.
Similar observations were reported by Agmon et al. [10],
who showed that patients with more severe aortic valve
defects presented more often with atherosclerotic
plaques of different thickness and mobile fragments.
Furthermore, they found a relationship between plaque
thickness and acceleration of flow velocity within the
ascending aorta. Compared to the above-mentioned
investigations, in our study group more intense lesions
were shown in the arch and descending part of the
aorta. We also recorded acceleration of flow velocity in
the descending aorta in patients with aortic valve
defect. However, we did not analyse the flow velocity in
the ascending aorta because of possible distortion of
results dependent on flow acceleration through the
diseased valve. It could influence measurement within
the ascending aorta related to the technical aspects of
flow velocity calculations using Doppler mode.

The presented relationship between degeneration
of the aortic valve and atherosclerotic lesions within
the aorta is consistent with relations known so far.
Many studies have concluded that aortic valve defect is
associated with considerably higher risk of
atherosclerosis of various location including coronary
arteries [11], carotid and cerebral vessels [12] and
inferior limb arteries [13]. On the other hand,
a correlation between the presence of atherosclerosis
in the thoracic aorta and severity of atherosclerosis in
the coronary arteries and carotid artery intima-media
complex thickening was established [14].

Morphological abnormalities, although easier to
visualise, are not the only manifestation of
atherosclerosis. Repeatedly, even with their absence,
worsening of the aorta and other arteries’ function is
observed which is referred to as stiffness. Atherosclerosis

Kardiologia Polska 2006; 64: 7
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Figure 7. Flow velocity in the descending aorta
in relation to progression of aortic valve lesions

is associated with concentric and eccentric thickening
of the hyaline layer of arteries and arterioles and
impairment of endothelial function, proliferation of
smooth muscle cells, and accumulation of lipids and
collagen, elastin and proteoglycans [15, 16]. Besides
acquired factors also some genetic abnormalities
influence the stiffness of large vessels. Medley et al. [17]
observed in patients with fibriline 2-3 genotype, which
is a protein of the extracellular matrix, higher stiffness
of large arteries, higher blood pressure and more severe
ischaemic heart disease.

We found in our study group that patients with more
severe lesions of the aortic valve had decreased
elasticity of the aorta. Stefanadis et al. [18] showed that
parameters of elasticity of the aorta were strong and
independent risk factors of recurrent acute
cardiovascular events. Other studies confirmed the
importance of aortic stiffness as an independent risk
factor of primary coronary events in patients with
arterial hypertension [19]. Consistently, findings of
Kinwell et al. [20] highlighted the relationship of
impaired elasticity of great vessels with a decrease in
the myocardial ischaemic threshold. According to the
authors’ suggestions it may be caused by the relation
between systolic function and myocardial perfusion.
Animal studies have shown that pumping blood into
a rigid vessel significantly elevates myocardial
dysfunction and ischaemia following experimental
occlusion of the coronary artery [21]. This phenomenon
occurs secondary to the increase of pulse wave velocity
which shifts the pressure curve from diastole to the
systolic phase. Additionally, the rigid aorta has limited
volume while being a reservoir during systolic blood
ejection. It is commonly known that myocardial
perfusion depends more on diastolic pressure and its
duration as well as vascular resistance, and less on the
severity of lesions in the arteries. Increase of blood
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pressure secondary to enlarged stiffness of great arteries
expressed as higher systolic pressure and lower diastolic
pressure may, therefore, cause an unfavourable balance
between coronary supply and demands.

Our study showed that some commonly recognised
risk factors of atherosclerosis were present significantly
more often in cases with severe aortic valve lesions.
These include age and metabolic factors such as
diabetes and hypercholesterolaemia in particular.
Moreover, patients with more prominent calcifications
of the aortic valve suffered more frequently from
serious cardiovascular and cerebrovascular events in
the past. This is consistent with previous observations
indicating that aortic valve defect appears or
progresses along with aging in patients with a negative
history of rheumatic heart disease. Concomitant
presence with risk factors of coronary artery disease
and atherosclerotic lesions in the coronary arteries is
also typical [22]. The role of lipid profile abnormalities in
the pathogenesis of aortic valve degeneration should
be particularly addressed. It was observed that in the
defective aortic valve extracellular deposits of neutral
fat induce changes of collagen structure in the
connective tissue of the valve, with its resultant
calcification [23]. Studies of Kawaguchi et al. [24]
confirmed that in patients with familial
hypercholesterolaemia valvular defects are commonly
seen in homozygotes, being rarer in heterozygotes, in
whom cholesterol levels are lower. An adverse influence
on the progression of the defect was also observed in
other studies where patients with cholesterol level
above 200 mg% were found to have a stenosis
progression rate twice that seen in patients with
normal cholesterol concentration [25]. It was confirmed
that reduction of aortic valve area in patients without
statins in therapy was 0.1 cm per year and only 0.06 cm
in subjects taking lipid lowering medications [26].

Clinical analysis with respect to the severity of
aortic stiffness revealed that loss of elasticity was more
frequent in patients at older age, with arterial
hypertension, diabetes and hypercholesterolaemia.
Also, we found a correlation between age and aortic
stiffness. The presented results show that aortic
function may adversely influence many factors.
Similarly to patients with advanced lesions of the aortic
valvular apparatus, subjects with increased aortic
stiffnress had ischaemic heart disease and cerebral
stroke or TIA in the past. Studies of Stefanadis et al. [27]
showed a reverse relationship between aortic elasticity
and patients’ age and progression of atherosclerosis. It
was not surprising that diabetes, one of the major risk
factors of atherosclerosis, negatively influenced aortic
elasticity. Although the above-mentioned mechanism is
an attractive explanation of reduced arterial

compliance in diabetes, observations of Oxlunda et al.
[28] indicate that changes of vascular elasticity do not
depend on the progression of atherosclerosis and are
probably caused by other mechanisms.

Airaksinen et al. [29] highlighted the importance of
nonenzymatic glycosylation of matrix protein with
formation of atypical collagen.

The majority of data suggest that hypercholestero-
laemia is associated with the loss of elasticity of the aorta.
A model example of this phenomenon is familial
hypercholesterolaemia, where a reduction of aortic
elasticity is found well before clinical manifestation of
atherosclerosis [7, 8]. Implementation of lipid-lowering
therapy causes significant reduction of aortic stiffness.
Studies of Tomochika et al. [30] documented that more
intense and effective lowering of total cholesterol levels
from 333 mg% to 219 mg% reduced the aortic stiffness
index from 9.88 to 7.88 and also caused partial regression
of atherosclerotic lesions. Similarly, two-year therapy with
atorvastatin 20 mg daily allowed aortic stiffness to be
reduced by 14%. It was accompanied by lowering of the
left ventricular mass index and increase of left ventricular
ejection fraction, while no significant changes in blood
pressure were seen [31]. Also, 3-month but more
aggressive treatment with atorvastatin 80 mg daily
caused reduction of stiffness of the great arteries and
aorta, and it was associated with significant reduction of
arterial blood pressure [32]. Long-term treatment with
statins reduced expression of matrix metalloproteinase
and consequently limited degradation of the aortic wall
[33]. Decrease in blood pressure during relatively
short-term treatment results most likely from the
enhanced production of nitrogen oxide due to stimulation
of its synthesis with statins [34] and inhibition of
endothelin synthesis, which leads to relaxation of walls of
the great vessels [35].

In summary, we may confirm the relationship
between degeneration of aortic leaflets and
calcification as well as morphological and functional
evidence of atherosclerosis. More frequent presence of
many common risk factors of atherosclerosis in
patients with severe lesions in the valvular apparatus
and higher stiffness of the aorta in combination with
more numerous, adverse cardiovascular events suggest
that two forms of atherosclerosis of various locations
may exist. This conclusion along with the published
data also gives hope for successful reduction of the
incidence of these potentially different diseases.

Conclusions

1. Prominent aortic valve calcifications indicate
simultaneous changes in the thoracic aorta.
2. Stiffness of the aortic wall is greater in patients with

more severe defect of the aortic valve.

Kardiologia Polska 2006; 64: 7



700

Andrzej Wysokinski et al

3. Prevalence of atherosclerosis risk factors is increased
in patients with aortic valve defect, enhanced
atherosclerosis and stiffness of the aorta.

4. Defect of the aortic valve and increased aortic stiffness
may be different manifestations of atherosclerosis.
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Katedra i Klinika Kardiologii, Akademia Medyczna im. F. Skubiszewskiego, Lublin

Streszczenie

Wstep: Dane kliniczne i badania laboratoryjne dostarczaja coraz wiecej danych za wspélnym ttem etiopatogenetycznym
nabytych wapniejacych wad serca a miazdzyca tetnic.

Cel: Ocena zaleznosci miedzy obecnoscig i nasileniem zwapnief zastawki potksiezycowatej aorty a natezeniem zmian
miazdzycowych w aorcie oraz sztywnoscig aorty (SA).

Metodyka: Grupa badana sktadata sie z 80 0sdéb (49 mezczyzn i 31 kobiet) w wieku 72,2 (+8,0) lat, u ktérych w czasie badania
echokardiograficznego stwierdzono uszkodzenie zastawki aortalnej. Chorych podzielono na dwie podgrupy w zaleznosci
od zaawansowania zmian na zastawce. W podgrupie | znalazto sie 42 chorych z niewielkimi zmianami zastawkowymi (0 — catkowity
brak zwapnief na zastawce lub + — niewielkie, drobne zwapnienia na zastawce, mozliwe do zauwazenia przy wnikliwej ocenie
zastawki). Podgrupa Il liczyta 38 chorych i sktadata sie z chorych z nasilonymi zwapnieniami (++ — duze, tatwo widoczne zwapnienia
zastawki, +++ — masywne zwapnienia, powodujace zaburzenia ruchomosci ptatkdw). Nastepnie wszystkim chorym wykonano
przezprzetykowe badanie echokardiograficzne w celu oceny zmian miazdzycowych w aorcie. Oceniano lokalizacje zmian w aorcie,
grubos¢ btony wewnetrznej, obecnos¢ zwapnien, a takze ruchomych fragmentéw blaszek i ewentualnych zwigzanych z nimi
skrzeplin. Mierzono takze sztywnos¢ aorty, ktéra obliczano wg wzoru SA=log (SBP/DBP)/A0 2x-A0min) /A0 min-

Wyniki: Obecnos¢ blaszek miazdzycowych byta czestsza u chorych z bardziej nasilonymi zwapnieniami zastawki aortalnej
(19 pacjentéw vs 10 pacjentow, p <0,05). Grubos¢ btony wewnetrznej byta wieksza u chorych z nasilonymi zwapnieniami zastawki
(3,9£0,8 mm vs 2,2£0,6 mm), p <0,05. Obecnos¢ zwapnien w Scianie aorty byta takze czestsza u chorych z grupy I, gdyz
stwierdzono je u 10 chorych w poréwnaniu do grupy | gdzie zaobserwowano je tylko w 3 przypadkach. Ruchome fragmenty blaszek
stwierdzono u 3 chorych z grupy Il, podobnie skrzepliny stwierdzono u 3 chorych z grupy Il. Chorzy z nasilonymi zwapnieniami
zastawki aortalnej mieli mniejsza elastycznosc Sciany aorty (SA odpowiednio 5,5+1,2 cm vs 3,4+0,9 cm, p <0,05).

Whioski: Stopien zwapnienia zastawki potksiezycowatej aorty wskazuje na wspétistnienie zmian w aorcie piersiowej.
Sztywnosé Sciany aorty jest wieksza u chorych z nasilonym uszkodzeniem zastawki aortalnej. U chorych z uszkodzong zastawka
aortalng, nasilong miazdzyca i sztywnoscig aorty wieksze jest rozpowszechnienie czynnikéw ryzyka miazdzycy. Uszkodzenie
zastawki aortalnej oraz zwiekszona sztywnos$¢ aorty mogg byé réznymi manifestacjami miazdzycy.

Stowa kluczowe: zastawka pétksiezycowata aorty, aorta, miazdzyca, zwapnienia, echokardiografia przezprzetykowa
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