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Evaluation of aortic elastic properties in patients with
systemic sclerosis
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ABSTRACT

Objectives: The aim of this study was to investigate the elas-
tic properties of the aorta, which are known to be predictors
of cardiovascular morbidity and mortality in patients with sys-
temic sclerosis (SSc).

Study design: Forty patients (2 males, 38 females) with
SSc who had been referred to echocardiography without any
exclusion criteria were enrolled in the study. The control group
consisted of 38 subjects (4 males, 34 females) who were
examined in the cardiology out-patient clinic and referred to
echocardiography for any indication in the same period. Pa-
rameters related to diastolic functions of the left ventricle were
obtained by echocardiography and the following parameters of
aortic elasticity were calculated according to these formulas:
aortic strain = ([AOS - AOD]J/AOD), aortic stiffness index (0O)
= In (systolic blood pressure/diastolic blood pressure)/aortic
strain and aortic distensibility = 2 x aortic strain/pulse pressure.
Results: Aortic strain and distensibility were significantly low-
er, and aortic stiffness index O was significantly higher in the
SSc group compared to the control group. While the systolic
diameter of the aorta did not differ between study and control
groups, the diastolic diameter of the aorta was significantly
higher in SSc patients. On the other hand, left ventricular dia-
stolic functions were compromised in the SSc group. Mitral
A velocity, E-wave deceleration time and E/Em ratio were in-
creased and mitral E/A ratio, lateral and medial annular Em
velocity were significantly decreased in SSc patients.
Conclusion: Our study demonstrated that aortic stiffness is
increased and left ventricular diastolic functions are compro-
mised in patients with SSc.

OZET

Amac: Bu ¢alismada, sistemik sklerozlu hastalarda kardiyo-
vaskuler mortalite ve morbiditenin belirtecleri olarak deger-
lendirilen aortun elastik ozelliklerinin incelenmesi amaglan-
migtir.

Calisma plani: Diglanma kriterleri olmayan ve ekokardiyog-
rafi uygulanan 40 hasta (2 erkek, 38 kadin) calismaya alin-
di. Kontrol grubu ayni donem icinde kardiyoloji polikliniginde
gorulen ve herhangi bir nedenle ekokardiyografi uygulanan
38 kisiden (4 erkek, 34 kadin) olusmaktadir. Ekokardiyografik
olarak sol ventrikul diyastolik fonksiyonu ile ilgili parametre-
ler elde edilerek, aortun elastik dzellikleri asagidaki formuller
kullanilarak hesaplandi. Aort gerilimi = [(AOS - AOD)/AQOD],
aort sertligi indeksi () = In (sistolik kan basinci/diyastolik kan
basinci)/aortik strain ve aort esnekligi = 2 x aortik strain/nabiz
basincl.

Bulgular: Aort gerilimi ve esneklik kontrol grubu ile kiyaslan-
diginda sistemik sklerozlu hastalarda anlamli olarak dusuk
iken, aort sertligi indeksinin daha yuksek oldugu saptandi.
Aortanin sistolik capinda iki grup arasinda anlamli bir fark
gbdzlenmezken hasta grubunda diyastolik ¢apin belirgin ola-
rak buyuk oldugu gbzlendi. Diger taraftan sistemik skleroziu
hastalarda sol ventrikul diyastolik fonksiyonlarinin bozuldugu
tespit edildi. Galisma grubunda mitral A velositesi, E dalgasi
deselerasyon zamani ve E/Em oraninin arttigi, 6te yandan
mitral E/A oraninin, lateral ve mediyal anuler Em velositeleri-
nin ise anlamli oranda azaldigi gdzlendi.

Sonuc: Sonug olarak bu calisma sistemik sklerozlu hastalar-
da aorta katiliginin arttigini ve sol ventrikul diyastolik fonksi-
yonlarinin bozuldugunu godstermektedir.
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ences aortic conduit function, causing pressure eleva-
tion and an abnormal pressure pattern that increases the
afterload of the left ventricle. Consequently, increased
aortic stiffness may induce left ventricular hypertro-
phy and may alter left ventricular diastolic and systolic
functions.!!! Tt is well known that aortic stiffness is an
independent predictor of all-cause and cardiovascular
mortality in a different group of patients.!*

Systemic sclerosis (SSc) is a chronic autoimmune
disease that affects the skin and various internal or-
gans. The most characteristic histopathological al-
teration of SSc is an extensive accumulation of ex-
tracellular matrix.?®! The resulting fibrosis disrupts the
physiological tissue structure and frequently leads to
dysfunction of the affected organs.™ In addition to fi-
brosis, vascular changes are a major hallmark of SSc.
These may be classified as destructive and prolifera-
tive vasculopathy. Destructive vasculopathy affects
small vessels and manifests early in the course of SSc
as a progressive loss of capillaries and insufficient an-
giogenesis. In contrast, proliferative vasculopathy is
characterized by proliferation of vascular cells with
obstruction of the lumen, affects larger vessels like
the pulmonary arteries and often manifests later in the
course of the disease as pulmonary arterial hyperten-
sion.’! In addition, alterations in the physical proper-
ties of peripheral arteries, such as increased rigidity
and impaired distensibility, i.e. increased arterial stiff-
ness, have been reported.”® As mentioned above, SSc
may lead to arterial dysfunction and premature aging
of the arteries. This coexistence of SSc and vasculop-
athy brings to mind the hypothesis that SSc and vas-
cular damage may be ethiopathogenetically related.
The pathogenetic mechanisms underlying macrovas-
cular pathology in SSc are thought to depend on the
degree of the ongoing inflammatory fibrotic process,
the hallmark of the disease.'”) Whether vascular
compromise extends to large arteries such as the aor-
ta, and the mechanism of this process have not been
fully understood.

The aim of this study is to investigate the elastic
properties of the aorta, which are known to be pre-
dictors of cardiovascular morbidity and mortality in
patients with SSc.

PATIENTS AND METHODS

Study protocol

This study was designed with the collaboration of the
cardiology and rheumatology clinics in our hospital.
The study population with SSc was enrolled from
patients who were being followed up in the rheu-
matology outpatient clinic, while the control group
consisted of patients from the cardiology out-patient
clinic. After acquiring the patients’ informed consent,
echocardiographic examinations were practiced. The
study conforms with the ethical principles of the Hel-
sinki Declaration.

Between December 1% 2007 and December 31
2009, 40 patients (2 male, 38 female) with SSc, who
had been referred to echocardiography without any
exclusion criteria, were enrolled in the study. The
control group consisted of 38 subjects (4 male, 34 fe-
male), who were examined in the cardiology out-pa-
tient clinic and referred to echocardiography for any
indication in the same period.

Exclusion criteria were lack of informed consent
and existence of hypertension, diabetes, chronic ob-
structive pulmonary disease, coronary artery disease,
chronic renal disease, atrial fibrillation, left bundle
branch block, right bundle branch block, pacemaker
or implantable cardioverter defibrillator, collagen vas-
cular diseases other than scleroderma, rheumatic heart
valve disease, and heart valve prosthesis.

General examination and measurements

Clinical histories of all patients were recorded, and
a general physical examination was carried out. Age,
sex, weight, height, body surface area, body mass in-
dex, blood pressure and heart rate measurements of
the patients and control group were acquired. Blood
pressure measurements were made with a mercuric
sphygmomanometer under the guidance of ESH/ESC
2007 Arterial Hypertension Guideline simultaneously
with the echocardiographic examination. SSc severity
was assessed according to the Medsger scale, which
includes a general status of the patient, peripheral
vascular, skin, joint, tendon, muscle, gastrointestinal
tract, lung, and kidney involvement.!'!
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Echocardiographic assessment

Echocardiographic examination was performed with
a commercially available device (General Electric,
Vivid 7 Pro, Vingmed Ultrasound AS, Horton, Nor-
way) using a 2.5-3.5 MHz transducer in the lateral de-
cubitis position according to the American Society of
Echocardiography guidelines, with a simultaneously
recorded electrocardiogram. Left atrium diameter and
aortic diameter were measured on M-mode tracing
at aortic sinus valsalva level in the parasternal long
axis view, and left ventricle end-systolic diameter, left
ventricle end-diastolic diameter, posterior wall (PW)
and interventricular septum thickness were measured
on the M-mode tracing at the papillary muscle level.

Parameters related to diastolic functions of the left
ventricle were obtained as follows: sample volume
(size 2 mm) of the pulsed wave Doppler was placed
between the tips of the mitral leaflets in the apical
four-chamber view. Early (E) and late (A) transmitral
flow velocities, the ratio of early to late peak veloci-
ties (E/A) and deceleration time of E velocity were
obtained. Pulsed wave Doppler tissue imaging (DTI)
was performed by activating the DTI function of the
machine. Sample volume was located at the lateral
and septal side of the mitral annulus. Early (Em) and
late (Am) diastolic and systolic (Sm) mitral annulus
velocities were measured. Doppler echocardiograms
were recorded on a strip chart recorder with a sweep
speed of 100 mm/s; the values of three different car-
diac cycles were averaged. The diameter of the as-
cending aorta was measured in the parasternal long
axis view by M-mode tracing at a level of 3 cm above
the aortic valve. Systolic aortic diameter (AOS) was
measured at the maximal anterior motion of the aorta,
while diastolic aortic diameter (AOD) was measured
at the peak of the QRS complex on the simultaneously
recorded electrocardiogram. Five consecutive mea-
surements were averaged. Aortic elasticity parameters
were calculated according to the following formulas:

* Aortic strain = ([AOS — AOD]/AOD)

* Aortic stiffness (B) index = In (systolic blood pres-
sure/diastolic blood pressure)/aortic strain

* Aortic distensibility = 2 x aortic strain/pulse pres-
sure

Statistical analyses

Analyses were performed, using the MedCalc® (Ver-

sion 11.3.8.0) pocket program. Numerical data were
expressed as the meantstandard deviation and were
tested for a normal distribution using the Kolmogorov-
Smirnov test. Comparisons between groups were
made using Student’s independent t-test for normally
distributed data (strain) or the Mann-Whitney U-test
for non-normal distributed data (stiffness, distensibil-
ity). Difference between categorical variables was as-
sessed using the chi-square or Fisher’s exact test. The
correlation coefficient was calculated using Pearson
analysis. The results were considered as significant
when p<0.05.

RESULTS

Forty patients with SSc (mean age 49.8+£9.4 years; 38
female, 2 male) and 38 controls (mean age 46.2+13.7
years; 34 female, 4 male) were enrolled in the study.
The patient and control groups were age- and gender-
matched. Clinical characteristics of the patient group
are given in Table 1. Eleven patients (27.5%) had
diffuse and 29 patients (72.5%) had localized SSc.

Table 1. Clinical and laboratory parameters of the SSc
group (n=40)

Mean+SD
Fasting blood glucose (mg/dl) 89.7+23.6
Blood urea (mg/dl) 33.2+25.3
Creatinine (mg/dl) 0.91+1.06
Haemoglobin (g/dl) 12.5+1.62
Haematocrit (%) 36.9+4.32

7441.2+2756.7
3655 (1700-13160)
1675 (500-4500)
2.4 (0.78-11.5)

White blood cell count (mm3)
Median neutrophil count (mms3)
Median lymphocyte count (mm3)
Median neutrophil/lymphocyte ratio

Platelet count (mm3) 263852.9+82936.7
Total cholesterol (mg/dl) 194.2+46.3
LDL-C (mg/dl) 115.5+33.3
HDL-C (mg/dl) 51.2+19.4
Triglycerides (mg/dl) 133.9+59.9
Median hs-CRP (mg/L) 6.43 (3.02-99.1)
ESR (mm/h) 31.8+19.8
Medsger disease severity score 5.18+2.5

LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipopro-
tein cholesterol; hs-CRP: High sensitivity C-reactive protein; ESR: Eryth-
rocyte sedimentation rate.
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Table 2. Comparison of echocardiographic measurements between the study and control groups

SSc (n=40) Control (n=38) b
Left atrium (cm) 3.4+0.48 3.3+0.46 0.2845
Interventricular septal thickness (cm) 0.89+0.17 0.90+0.13 0.8376
Posterior wall thickness (cm) 0.85+0.16 0.82+0.13 0.3466
End-diastolic diameter (cm) 4.45+0.43 4.51+0.33 0.4368
End-systolic diameter (cm) 3.39+4.24 2.77+0.21 0.3750
Fractional shortening (%) 38.5+6.7 38.5+5.1 0.9746
Ejection fraction (%) 67.1+£7.4 68.4+5.1 0.338

SSc: Systemic sclerosis.

The mean Medsger scale of the patient group was
5.18+2.5. The prominent involvement was vascular
(Raynaud) and skin-joint in half of the patients. 14
(35%) had varying degrees of pulmonary fibrosis. 6
(15%) patients had significant gastrointestinal tract
involvement. Fourteen were on a calcium channel
blocker, 22 on steroid therapy. Fifteen used immuno-
suppressive agents (azathiopurine, cyclophosphamide
or methotrexate). Nearly all patients were on renin-
angiotensin-aldosterone blocking agents and aspirin
therapy. The comparison of study and control groups
by means of echocardiographic measurements is giv-
en in Table 2. Left atrial diameter, left ventricular end-
systolic and end-diastolic diameter, thickness of the
interventricular septum and PW, left ventricular ejec-

tion fraction, and fractional shortening were not sta-
tistically different between the two groups (Table 2).
Factors that may affect elastic properties of aorta such
as age, gender, body surface area, body mass index,
systolic and diastolic blood pressure, pulse pressure
and heart rate were similar between the two groups
(Table 3). The comparison of elastic properties of the
aorta between two groups is given in Table 3. Aortic
strain and distensibility were significantly lower, and
aortic stiffness index § was significantly higher in the
SSc group compared to the control group. While the
systolic diameter of the aorta did not differ between
study and control groups, the diastolic diameter of the
aorta was significantly higher in SSc patients (Table
3). Left ventricular diastolic functions were compro-

Table 3. Elastic properties of the aorta and related factors in study and control groups

SSc (n=40) Control (n=38) o)

Age (years) 49.8+9.4 46.2+13.7 0.1781
Gender (%)

Female 38 (95) 34 (89.5) 0.4254

Male 2 (5) 4 (10.5)
Body surface area (m?) 1.64+0.14 1.69+0.13 0.1068
Body mass index (kg/m?) 26.8+5.2 28.1£5.0 0.2778
Systolic blood pressure (mmHg) 118.1+24.9 123.9+20.8 0.2804
Diastolic blood pressure (mmHg) 75+13.6 80.9+13.6 0.0713
Pulse pressure (mmHg) 42.9+16.7 42.8+15.4 0.9709
Systolic diameter of the aorta (cm) 3.00+0.44 2.84+0.38 0.0901
Diastolic diameter of the aorta (cm) 2.8+0.45 2.5+0.35 0.0029
Strain 7.41+3.62 13.4+6.4 <0.0001
Stiffness index 7.16 (2.69-46.16) 3.72 (1.569-16.71) <0.0001
Distensibility 0.002968 (0.000595-0.04138) 0.005590 (0.001235-0.01361) <0.0001

SSc: Systemic sclerosis.
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Table 4. Comparison of left ventricular diastolic parameters between SSc and control groups

SSc (n=40) Control (n=38) p
Mitral E velocity (m/s) 0.79+0.22 0.80+0.14 0.8369
Mitral A velocity (m/s) 0.83+0.34 0.66+0.17 0.0105
Mitral E/A ratio 1.07+0.47 1.26+0.31 0.0433
Deceleration time (ms) 179.7+32.6 161.5+28.4 0.0114
Lateral Em (m/s) 0.12+0.038 0.15+0.038 0.0005
Lateral E/Em ratio 7.4+3.0 5.7+1.4 0.0027
Lateral Am (m/s) 0.12+0.027 0.11+0.036 0.0712
Lateral Sm (m/s) 0.10+0.022 0.11+0.021 0.1660
Medial Em 0.09+0.029 0.11+0.031 0.0002

SSc: Systemic sclerosis.

Table 5. Correlation coefficients between inflammation markers and aortic stiffness indices

Aortic strain

Stiffness index (f) Aortic distensibility

High sensitivity C-reactive protein r=0.00255
p=0.8650
White blood cell count r=—0.2582
p=0.0733
Neutrophil/lymphocyte ratio r=—0.2698
p=0.1228
Erythrocyte sedimentation rate r=—0.3295
p=0.0809

r=—0.00692 r=0.00406
p=0.6595 p=0.7962
r=0.2750 r=0.05109
p=0.708 p=0.7419
r=0.1644 r=-0.1752
p=0.3942 p=0.3634
r=0.00741 r=-0.1099
p=0.9720 p=0.6011

mised in the SSc group. Mitral A velocity, E wave
deceleration time and E/Em ratio were increased and
mitral E/A ratio, lateral and medial annular Em ve-
locity were significantly decreased in SSc patients
(Table 4). There was no correlation between stift-
ness index and inflammation markers (Table 5). Pear-
son’s correlation analysis revealed a significant cor-
relation between mitral E/Em ratio and aortic strain,
aortic stiffness index and aortic distensibility in SSc
patients (r=—0.2642, p=0.0179, confidence interval
[CI]=-0.4574 - —0.04722; r=0.6250, p<0.0001, CI:
0.3964-0.7807 and r=—0.2889, p=0.0119, CI=—0.4841
- —0.0663; respectively). No significant correlation
was found between the Medsger severity score and
stiffness index (1=0.02543, p=0.8865).

DISCUSSION

We found decreased strain and distensibility and in-
creased aortic stiffness in patients with SSc. In most

connective tissue diseases, the relationship between
the autoimmune disorder and atherosclerosis is well
recognized, as is the fact that this association leads
to increased cardiovascular morbidity and mortal-
ity. Microvascular disease is a prominent feature of
SSc and leads to Raynaud’s phenomenon, pulmo-
nary arterial hypertension, and scleroderma renal
crisis. The presence of macrovascular disease is less
well-established. Proposed mechanisms of the vas-
culopathy of SSc that have also been implicated in
atherosclerosis include endothelial dysfunction, a
reduced number of circulating endothelial progeni-
tor cells, and an increased number of microparticles.
Excess cardiovascular risk in SSc is suggested by in-
creased arterial stiffness and carotid intima thicken-
ing and reduced flow-mediated dilatation (FMD).['?]
Although macrovascular disease was not originally
considered a feature of SSc, multiple studies have
revealed an increased prevalence of large-vessel dis-
ease of the upper and lower limbs in patients with
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SSc.t®B Involvement of great vessels like pulmonary
arteries is also proved in addition to the well-known
microvasculatory destructive and proliferative path-
ological process.’! Accordingly, evaluation of the
elastic properties of the aorta became the center of
interest for physicians. Several previous studies have
researched this issue using various methods. Ander-
sen et al.l” investigated the relationship between en-
dothelium-dependent and endothelium-independent
factors and the stiffness of conduit arteries, as well
as levels of endothelial activation markers in patients
with SSc. They used the maximum increase in sys-
tolic pressure per unit of time (dP/dt[max]), assessed
in the radial artery by pulse applanation tonometry
as a measure of arterial wall stiffness. The ability of
the brachial arteries to dilate in response to hyper-
emia and nitroglycerin challenge was preserved in
SSc and stiffness of the radial artery was found to
be increased in this study. The ERAMS study, a mul-
ticenter, prospective trial, determined stiffness by
another method, namely ambulatory measurement of
the QKd interval, which is the time between onset of
the QRS wave on the electrocardiogram and detec-
tion of the last Korotkoff sound during auscultatory
measurement of blood pressure.l! This study did not
show any relationship between arterial rigidity and
prognosis at the end of a 1-year follow-up. However,
when the study was completed at the end of 3 years,
it revealed that a severe progression was predicted by
the QKd interval.l'¥ Moyssakis et al.l'* determined
aortic stiffness non-invasively by aortic distensibility
and aortic strain measurements. The results of this
study presented that stiffness of the aorta is increased
in patients with established SSc regardless of the ex-
tent of the inflammatory fibrotic process in the skin
and lungs, suggesting that additional pathogenetic
mechanisms may contribute to the compromise of
large arteries. Another method for identification of
stiffness, measurement of augmentation index (Al)
and pulse wave velocity (PWYV) of the brachial ar-
tery, was carried out in another study and revealed
that increased Al and PWYV of the aorta in compari-
son to age- and sex-matched healthy controls indi-
cate increased large-vessel stiffness in patients with
SSc.l'8l Similarly, Cypiene et al.l'”! designed a study
to determine if carotid-radial PWYV, aortic Al and en-
dothelial function were altered in SSc patients. PWV
and Al were assessed non-invasively by applanation
tonometry. The endothelium-dependent FMD test in

the brachial artery was performed by an ultrasound
system. SSc patients had increased Al and PWYV and
lower FMD as compared to control subjects. These
studies focused on different arteries and used vari-
ous methods for measurements, and similar results
were reported regarding the elastic properties of ar-
teries. Several recent studies also revealed similar
outcomes.['®211 On the other hand, conflicting results
have also been reported. Liu et al.?) demonstrated
that there were no differences between study and
control groups in the stiffness index and other elas-
ticity parameters when all vessels are considered,
and when assessed individually, macrovasculopathy
occurs preferentially at the forearm and aorta in SSc.
In our study, we evaluated the elastic properties of
the aorta in 40 patients with SSc and 38 healthy sub-
jects. Aortic strain, aortic stiffness and aortic disten-
sibility were assessed by transthoracic echocardiog-
raphy, which is a widely-available and non-invasive
tool. Because increased cardiovascular morbidity
and mortality was attributed especially to macrovas-
cular changes and flow dynamics, which are assigned
via parameters like increased arterial stiffness, carot-
id intima thickening and reduced FMD, further re-
search on the elastic properties of great vessels had
to be carried out. We designed this study to focus on
the aorta, one of the most important predictors of car-
diovascular events, and to contribute to the evidence
that the elastic properties of vessels, especially great
ones, are altered. . In line with previous reports, we
found increased aortic stiffness and decreased aortic
strain and distensibility in SSc patients. All other fea-
tures that are likely to affect elastic parameters were
excluded, and the control group consisted of strictly
age- and gender-matched individuals. Therefore, the
difference between study and control groups may
causatively be attributed to the presence of the dis-
ease. These outcomes strengthened the evidence on
macrovascular involvement in SSc patients.

In addition to arterial stiffening, left ventricular di-
astolic functions were compromised in the SSc group.
These two conditions may co-exist, or increased aor-
tic stiffness may cause left ventricular diastolic dys-
function. Abnormal arterial stiffness may potentially
contribute to the development of left ventricular dia-
stolic dysfunction through increased afterload, which
may exacerbate sub-endocardial ischemia, impair
myocardial relaxation and promote interstitial fibro-
sis, leading to reduced left ventricular compliance.*
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Although the importance of inflammation in the
pathogenesis of arterial stiffness has been demonstrat-
ed in a number of studies,” we found no significant
correlation between inflammatory markers and aortic
stiffness parameters. This may be due to anti-inflam-
matory and immunosuppressive medications taken by
patients. We can also speculate on mechanisms other
than inflammation, or the result may be related to the
small number of patients.

Lack of a confirmation method like PWV mea-
surements and other methods used in previous studies
may be considered as a limitation of the study. On
the other hand, a previous report on the same issue,
with the same method and similar patient and control
group populations has revealed outcomes consistent
with our study. Hence, this may not be a substantial
determinant for results. An effort was made to ex-
clude flow dynamics by matching groups with simi-
lar blood pressure and heart rate measurements, and
thus minimalizing the effect of confounding factors.
Eventually, aortic strain and distensibility were lower
in patients with SSc, and consequently, aortic stiffness
as a marker of cardiovascular morbidity and mortal-
ity was increased. Another limitation is the relatively
small number of the study group.

There is limited information regarding the preva-
lence of traditional cardiovascular risk factors in
SSc. Data obtained from small studies also conflict.
On the other hand, it is well known that overall car-
diovascular morbidity and mortality is increased in
patients with SSc. Since the increase in cardiovas-
cular adverse events cannot be explained only by the
conventional cardiovascular risk factors, a more de-
tailed aspect should be provided in current potential
determinants of cardiovascular diseases in patients
with SSc. The microvascular pathological process
is well-established in patients with SSc, but less is
known about macrovascular changes and flow dy-
namics. Our study demonstrated that aortic stiffness
is increased in patients with SSc and, in light of the
literature, it is well known that macrovascular chang-
es in particular confer excess cardiovascular risk. As
long as increased risk of cardiovascular events is at-
tributed to effects of the disease on the macrovas-
cular system, further studies regarding current car-
diovascular risk factors such as stiffness, and other
hemodynamical parameters, will continue to be the
focus of interest.

Conflict-of-interest issues regarding the authorship or
article: None declared

REFERENCES

1. Zapolski T, Wysokinski A, Ksigzek A, Jaroszynski A. Left
atrial volume index and aortic stiffness index in adult hemo-
dialysed patients-link between compliance and pressure me-
diated by endothelium dysfunction; a cross-sectional study.
BMC Cardiovasc Disord 2012;12:100. CrossRet

2. Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize
L, et al. Aortic stiffness is an independent predictor of all-
cause and cardiovascular mortality in hypertensive patients.
Hypertension 2001;37:1236-41. CrossRet

3. Gabrielli A, Avvedimento EV, Krieg T. Scleroderma. N Engl J
Med 2009;360:1989-2003. Crosskef

4. Distler JH, Jungel A, Huber LC, Schulze-Horsel U, Zwerina
J, Gay RE, et al. Imatinib mesylate reduces production of ex-
tracellular matrix and prevents development of experimental
dermal fibrosis. Arthritis Rheum 2007;56:311-22. CrossRef

5. Constans J, Gosse P, Pellegrin JL, Ansoborlo P, Leng B, Clé-
menty J, et al. Alteration of arterial distensibility in systemic
sclerosis. J Intern Med 1997;241:115-8. CrossRef

6. Veale DJ, Collidge TA, Belch JJ. Increased prevalence of
symptomatic macrovascular disease in systemic sclerosis.
Ann Rheum Dis 1995;54:853-5. CrossRef

7. Andersen GN, Mincheva-Nilsson L, Kazzam E, Nyberg G,
Klintland N, Petersson AS, et al. Assessment of vascular func-
tion in systemic sclerosis: indications of the development of
nitrate tolerance as a result of enhanced endothelial nitric ox-
ide production. Arthritis Rheum 2002;46:1324-32. cCrossRet

8. Spieker C, Barenbrok M, Zidek W. Stiffness of systemic arter-
ies in patients with progressive systemic sclerosis. Hyperten-
sion 1995;25:196.

9. Gosse P, Taillard J, Constans J; ERAMS Study Investigators.
Evolution of ambulatory measurement of blood pressure and
parameters of arterial stiffness over a 1-year period in patients
with systemic sclerosis: ERAMS study. ] Hum Hypertens
2002,16627-30 CrossRef

10. Rodnan GP, Myerowitz RL, Justh GO. Morphologic changes
in the digital arteries of patients with progressive systemic
sclerosis (scleroderma) and Raynaud phenomenon. Medicine
(Baltimore) 1980;59:393-408. crossRet

11. Medsger TA Jr, Bombardieri S, Czirjak L, Scorza R, Della
Rossa A, Bencivelli W. Assessment of disease severity and
prognosis. Clin Exp Rheumatol 2003;21(3 Suppl 29):42-6.

12. D’Angelo WA, Fries JF, Masi AT, Shulman LE. Pathologic
observations in systemic sclerosis (scleroderma). A study of
fifty-eight autopsy cases and fifty-eight matched controls. Am
J Med 1969;46:428-40. CrossRef

13. Ho M, Veale D, Eastmond C, Nuki G, Belch J. Macrovascular
disease and systemic sclerosis. Ann Rheum Dis 2000;59:39-
43. CrossRef


http://dx.doi.org/10.1186/1471-2261-12-100
http://dx.doi.org/10.1161/01.HYP.37.5.1236
http://dx.doi.org/10.1056/NEJMra0806188
http://dx.doi.org/10.1002/art.22314
http://dx.doi.org/10.1046/j.1365-2796.1997.87110000.x
http://dx.doi.org/10.1136/ard.54.10.853
http://dx.doi.org/10.1002/art.10191
http://dx.doi.org/10.1038/sj.jhh.1001466
http://dx.doi.org/10.1097/00005792-198011000-00001
http://dx.doi.org/10.1016/0002-9343(69)90044-8
http://dx.doi.org/10.1136/ard.59.1.39

642

Tirk Kardiyol Dern Ars

14.

15.

16.

17.

18.

19.

20.

Constans J, Germain C, Gosse P, Taillard J, Tiev K, Delevaux
I, et al. Arterial stiffness predicts severe progression in system-
ic sclerosis: the ERAMS study. J Hypertens 2007;25:1900-6.
Moyssakis I, Gialafos E, Vassiliou V, Taktikou E, Katsiari C,
Papadopoulos DP, et al. Aortic stiffness in systemic sclerosis
is increased independently of the extent of skin involvement.
Rheumatology (Oxford) 2005;44:251-4. CrossRef

Timar O, Soltész P, Szamosi S, Dér H, Szant6 S, Szekanecz Z,
et al. Increased arterial stiffness as the marker of vascular in-
volvement in systemic sclerosis. J Rheumatol 2008;35:1329-
33.

Cypiene A, Laucevicius A, Venalis A, Dadoniene J, Ryliskyte
L, Petrulioniene Z, et al. The impact of systemic sclerosis on
arterial wall stiffness parameters and endothelial function.
Clin Rheumatol 2008;27:1517-22. CrossRef

Piccione MC, Bagnato G, Zito C, Di Bella G, Caliri A, Catala-
no M, et al. Early identification of vascular damage in patients
with systemic sclerosis. Angiology 2011;62:338-43. CrossRef
Karoli NA, Rebrov AP. Arterial stiffness in patients with sys-
temic sclerosis. [Article in Russian] Ter Arkh 2011;83:38-41.
[Abstract]

Turiel M, Gianturco L, Ricci C, Sarzi-Puttini P, Tomasoni L,
Colonna Vde G, et al. Silent cardiovascular involvement in

21.

22.

23.

24.

patients with diffuse systemic sclerosis: a controlled cross-
sectional study. Arthritis Care Res (Hoboken) 2013;65:274-
80. CrossRef

Colaci M, Giuggioli D, Manfredi A, Sebastiani M, Coppi F,
Rossi R, et al. Aortic pulse wave velocity measurement in sys-
temic sclerosis patients. Reumatismo 2012;64:360-7. CrossRef
Liu J, Zhang Y, Cao TS, Duan YY, Yuan LJ, Yang YL, et al.
Preferential macrovasculopathy in systemic sclerosis detected
by regional pulse wave velocity from wave intensity analy-
sis: comparisons of local and regional arterial stiffness pa-
rameters in cases and controls. Arthritis Care Res (Hoboken)
2011;63:579-87. Crossket

Hu Y, Li L, Shen L, Gao H. The relationship between arterial
wall stiffness and left ventricular dysfunction. Neth Heart J
2013,21 :222-7. CrossRef

Park S, Lakatta EG. Role of inflammation in the pathogenesis
of arterial stiffness. Yonsei Med J 2012;53:258-61. CrossRef

Key words: Aortic stiffness; echocardiography; heart failure, diastolic;
heart atria/pathology; systemic sclerosis.

Anahtar sézclikler: Aortik sertlik; ekokardiyografi; kalp yetersizligi,
diyastolik; kalp atria/patoloji; sistemik skleroz.


http://dx.doi.org/10.1097/HJH.0b013e328244e1eb
http://dx.doi.org/10.1093/rheumatology/keh478
http://dx.doi.org/10.1007/s10067-008-0958-1
http://dx.doi.org/10.1177/0003319710387918
http://dx.doi.org/10.1002/acr.21819
http://dx.doi.org/10.4081/reumatismo.2012.360
http://dx.doi.org/10.1002/acr.20306
http://dx.doi.org/10.1007/s12471-012-0353-z
http://dx.doi.org/10.3349/ymj.2012.53.2.258

