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Abstract Özet 
Background: There are limited data comparing aortic di-
mensions and elastic properties between transthoracic 
echocardiography (TTE) and transesophageal echocardiog-
raphy (TEE). Therefore, we aimed to investigate aortic di-
mensions and indices of aortic elastic properties as well as 
their relation with left ventricular (LV) filling and diastolic 
parameters obtained from TTE and TEE. 
Method: Forty two patients were included in the study. 
Aortic dimensions and related elasticity parameters, LV 
filling and diastolic parameters, left atrial volume index 
(LAVi), LV mass index were calculated from TTE and TEE 
recordings in all patients. The correlation analyses were 
performed for aortic elasticity indices and LV filling and 
diastolic parameters obtained from TTE and TEE. 
Results: There were no significant differences in aortic di-
mensions and elasticity indexes obtained from TTE and TEE. 
The correlation analysis revealed that while age E/A, E/E` 
and LAVi were significantly correlated with aortic elasticity 
indexes obtained from both TTE and TEE, LV mass index was 
significantly correlated with only TEE aortic elasticity indices. 
Conclusion: When compared to TTE, aortic elastic properties 
obtained from TEE were more closely related with LV filling 
and diastolic parameters. In addition, the indexes of aortic 
function were comparable between TEE and TTE with good 
intra and interobserver variability. 

Amaç: Aort boyutlar ve elastik özelliklerini transtorasik 
ekokardiyografi (TTE) ve transözofageal ekokardiyografi 
(TEE) ile karşılaştıran sınırlı veri vardır. Bu nedenle, TTE ve 
TEE elde edilen aort boyutlar ve aortik elastik indekslerinin 
karşılaştırmanın yanı sıra bunların sol ventrikül (LV) dolum ve 
diyastolik parametreleri ile ilişkisini araştırmayı amaçladık. 
Yöntem: Çalışmaya kırk iki hasta dahil edildi. Tüm hastaların 
TTE ve TEE kayıtlarından aort boyutları ve ilgili elastikiyet 
parametreleri, sol ventrikül dolum ve diyastolik parametre-
leri, sol atriyal volüm indeksi (LAVİ), sol ventrikül kütle in-
deksi hesaplandı. TTE ve TEE elde edilen aort elastikiyeti 
indeksleri ve sol ventrikül dolum ve diyastolik parametreleri 
için korelasyon analizi yapıldı. 
Bulgular: TTE ve TEE ile elde edilen aort boyutları ve elastiki-
yeti indeksleri arasında anlamlı bir fark yoktu. Korelasyon 
analizinde yaş, E / A, E / E`ve LAVİ hem TTE hem de TEE ile 
edilen aort elastikiyeti indeksleri ile anlamlı derecede ilişkili 
iken, sol ventrikül kitle indeksi sadece TEE ile elde edilen aort 
elastikiyeti indeksleri ile ilişkili saptandı. 
Sonuç: TTE ile karşılaştırıldığında, TEE elde edilen aortik 
elastik özellikleri sol ventrikül dolum ve diyastolik paramet-
releri ile daha yakından ilişkili bulunmuştur. Buna ek olarak, 
TEE ve TTE ile elde edilen aort fonksiyon indeksleri iyi göz-
lemci içi ve gözlemciler arası değişkenliği ile benzerdir. 

 
Keywords: aortic dimensions, transthoracic echocardiog-
raphy and transesophageal echocardiography. 

Anahtar Kelimeler: aort boyutları, transtorasik ve transözo-
fageal ekokardiyografi. 

    
Introduction 
 
Impaired aortic elasticity may be cause the in-
crease of afterload. Increasing the afterload can 
be also increased left ventricular filling pressure 
and impaired of LV systolic and diastolic func-
tion(1-5). Impaired aortic elasticity may contrib-
ute to the development of left ventricular dias-
tolic and systolic dysfunction due to increased 
pulse pressure and left ventricular afterload 
which results in left ventricular hypertrophy and 
subendocardial ischemia (6). To quantify the 
aortic elasticity, many techniques can be used 
such as transthoracic echocardiography (TTE) or  
 
 

transesophageal echocardiography (TEE), mag-
netic resonance imaging, and computed tomog-
raphy (CT)(7-9). However, there are very limited 
studies related to assessment of aortic elasticity 
on TEE (10-16). Moreover, in majority of these 
studies, the elastic properties of aorta were 
measured on descending aorta in contrast to TTE 
studies and there were only a few data regarding 
to elasticity indices of ascending aortic by TEE. In 
addition, there is no data comparing aortic elas-
tic properties on TTE and TEE and their relation 
with LV diastolic parameters. The purpose of this 
study was to compare indices of aortic elastic 
properties obtained from patients undergoing 
simultaneous TTE and TEE and to determine 
their relation with LV diastolic parameters. 
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Material and Methods 
 
Study Patients 
 
Forty-two patients underwent a clinically indi-
cated study. The patients with atrial fibrillation, 
previous ischemic heart disease, LV hypertrophy, 
left bundle brunch block, pericardial disease, 
poor image quality and inability to give consent 
were excluded from the study. TTE and TEE was 
indicated for 31 patients included in the study 
for the evaluation of patent foramen ovale, 11 
patients for the evaluation of bicuspid aortic 
valve. The study protocol was approved by the 
institutional review board, and patients provided 
a written informed consent. 
 
Transthoracic Echocardiography 
 
Transthoracic echocardiography, with a 2.5 MHz 
phased-array transducer, was performed using a 
GE Vivid 7 system (GE Vingmed Ultrasound, Hor-
ten, Norway). Three consecutive measurements 
were obtained and the results were averaged. 
Recordings were taken in the left lateral decubi-
tus position. The Doppler signals were also rec-
orded at a speed of 100 mm/s and the M-mode 
traces were recorded at a speed of 50 mm/s 
(17). Simultaneous electrocardiographic record-
ings were also taken.  
 
Ascending aorta diameter was measured on the 
M-mode tracing at 3 cm above the aortic valve. 
The systolic diameter was measured at the max-
imal anterior motion of the aorta, whereas the 
diastolic diameter was measured at the peak of 
the QRS complex on the simultaneously record-
ed electrocardiogram. By the biplane Simpson's 
method LV ejection fraction (LVEF) was calculat-
ed. According to the recommendations of the 
American Society of Echocardiography LV filling 
and diastolic parameters such as left atrial vol-
ume index (LAVi), E, A, Em waves and Decelera-
tion time (DecT) were calculated (18). Besides, 
LV mass was calculated according to previously 
suggestions (19). 
 
Transesophageal Echocardiography 
 
TEE, with a 5.0-MHz transesophageal probe, was 
performed by using a GE Vivid 7 system (GE 

Vingmed Ultrasound AS, Horten, Norway). TEE 
was performed after 4 hours fasting period just 
after transthoracic echocardiography. For poste-
rior pharyngeal anesthesia ten percent lidocain 
spray was used. The procedure was performed 
with continuous monitoring of blood pressure, 
heart rate, one lead ECG and saturation. Ascend-
ing aortic elastic parameters was calculated from 
midesophageal long axis view with approximate-
ly 120°. Diameter of the ascending aorta was 
measured on the M-mode tracing at 3 cm above 
of the aortic valve. The systolic diameter was 
measured as previously mentioned at the maxi-
mal anterior motion of the aorta, whereas the 
diastolic diameter was measured at the peak of 
the QRS complex on the simultaneously record-
ed electrocardiogram  
 
Aortic Elasticity parameters 
 
For aortic elasticity, following formulas were 
used (20): aortic strain (%) = [(aortic systolic di-
ameter – diastolic diameter)× 100] / aortic dias-
tolic diameter, aortic stiffness index= ln (systolic 
pressure / diastolic pressure) / aortic strain, aor-
tic distensibility (cm2.dyn-1.10-6) = (2 × aortic 
strain) / (systolic pressure-diastolic pressure) and 
aortic elastic modulus (dyn.cm-2.106)= (systolic 
pressure-diastolic pressure) / aortic strain. 
 
Reproducibility 
 
The intra- and inter-observer variability of aortic 
dimension measurements were determined for 
TTE and TEE in all patients. For intraobserver 
variability, the same observer repeated the 
measurements after two weeks, whereas in-
terobserver variability was assessed from the 
measurements by two independent observers.   
  
Statistics 
 
Continuous variables are expressed as mean ±SD. 
The level of significance was accepted as p<0.05. 
For the normality test of all variables the Kolmo-
gorov-Smirnov test was used. For compare TTE 
and TEE parameters, independent Student t test 
or the Mann-Whitney U test was used. Correla-
tion between variables was tested by Pearson or 
Spearman correlation tests. Interobserver and 
intraobserver variability assessed by Bland-
Altman analysis and intraclass correlation coeffi-
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cient (ICC). An ICC greater than 0.75 represents 
excellent reproducibility, whereas values be-
tween 0.4 and 0.75 represent fair to good repro-
ducibility (21). 
 
Results 
 
The study population consisted of 42 patients 
(mean age 36.2±11.9 years and 48% male).. Pa-
tients’ mean body mass index were 25.5±5.1, 
mean LV-EF were 64±3.7, mean LV-Mass index 
were 105±18 and mean LAVi were 25±10.5.  The 
other characteristics were given in table 1 and 2.  
There were no significant differences between 
the TTE and TEE in terms of systolic and diastolic 
blood pressure and heart rate (p=0.32, p=0.42 
and p=0.58, respectively). 
 
Table 1. Basic characteristics of the patients. 
 

Age – years 36.2±11.9 
Male (%) 48 
Smoking (%) 24 
Hypertension (%) 12 
Body mass index (kg/m2) 25.5±5.1 
Body surface Area (m2) 1.79±0.16 
Systolic blood pressure (mmHg)  116±22 
Diastolic blood pressure (mmHg)  71±13 
Heart rate – per minute 82±12 

 
Table 2.Basic Echocardiographic characteristics 
of the patients. 
 

Left ventricular ejection fraction (%) 64±3.7 
Left ventricular Mass index (gr/m2) 105±18 
Left atrial volume index (ml/m2) 25±10.5 
E wave (m/sec) 0.75±0.19 
A wave (m/sec) 0.68±0.22 
E/A ratio 1.2±0.36 
E` wave (m/sec) 0.11±0.03 
E/E` ratio 6.7±1.7 
Deceleration time (msec) 186±43 

 
There were no significant differences between 
the TTE and TEE in terms of aortic elasticity pa-
rameters (Table 3). There was a moderate corre-
lation with TTE aortic strain E/A, e/e`, LAVi and 
age, and a weak correlation with LV-Mass-i and 
DecT. TEE aortic strain showed a moderate cor-
relation with all parameters except for DecT. TTE 
aortic distensibility had a moderate correlation 

with E/A, e/e`, LAVi and age, and a weak correla-
tion with LV-Mass-i and DecT. TEE aortic disten-
sibility was shown to have a weak correlation 
with DecT, a moderate one with LV Mass-i, and a 
strong one with the other parameters.  
 
Table 3. Comparison of aortic elasticity parame-
ters by TTE and TEE. 
 
Variable TTE TEE   p 
Aortic systolic diameter (mm) 27.4±2.6 27.3±2.7 0.95 
Aortic diastolic diameter (mm) 25.6±2.9 25.9±3.0 0.67 
Aortic strain (%) 7.1±4.4 5.5±2.9 0.12 
Aortic Distensibility  
(cm2.dyn-1.10-6) 

3.5±3.0 2.5±1.48 0.12 

Aortic Elastic modulus  
(dyn.cm-2.106) 

8.5±4.3 11±7.3 0.14 

Aortic stiffness index 9.2±4.7 11.7±6.8 0.15 
Aortic Sclerosis (Grade 0 - %) 76 56 0.13 
 
As for TTE aortic stiffness, a moderate correla-
tion was found with e/e` and LAVi, and a weak 
correlation with the other parameters. TEE aortic 
stiffness had a strong correlation with age, a 
weak correlation with DecT and a moderate cor-
relation with the other parameters. TTE-aortic 
elastic modulus had a moderate correlation with 
E/A, e/e`, LAVi and age and a weak correlation 
with LV-Mass-i ve DecT. TEE-aortic elastic modu-
lus was strongly with age, weakly correlated with 
DecT and moderately with the other parameters 
(Table 4). Inter and intraobserver agreement for 
aortic dimensions obtained from TTE and TEE 
were good (Table-5). 
 
Discussion 
 
The results of present study  demonstrated that 
indexes of aortic function such as aortic strain, 
distensibility, stiffness and elastic modulus, ob-
tained by TEE are more correlated LV filling pa-
rameters E/A, E/E’, LAVi, LV Mass-i than obtained 
by TTE. To the best of our knowledge, this is the 
first study that indexes of aortic function by 
measured TEE as a simple and reliable method 
for prediction of diastolic dysfunction in people 
with a normal LVEF. In our study, indexes of aor-
tic function such as aortic stiffness were associ-
ated with a prolonged DecT, increased E/A ratio 
and E/Em ratio suggesting a link between in-
creased aortic stiffness and impaired myocardial 
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Table 4. Correlation coefficients between aortic elasticity parameters and left ventricular filling pres-
sure-diastolic parameters and age. 
 
Aortic elasticity parameters 
 Strain Distensibility Stiffness Elastic modulus 
 TTE TEE TTE TEE TTE TEE TTE TEE 
E/A 0.43* 0.47* 0.37* 0.50* -0.19 -0.40* -0.28* -0.43* 
E/E` -0.30* -0.47* -0.34* -0.65* 0.28* 0.37* 0.43* 0.45* 
DecT -0.15 -0.19 -0.10 -0.17 0.14 0.21 0.09 0.17 
LAVi -0.41* -0.45* -0.43* -0.53* 0.39* 0.29* 0.38* 0.26* 
LVMass-i -0.19 -0.25* -0.20 -0.26* 0.14 0.30* 0.07 0.26* 
Age -0.43* -0.53* -0.39* -0.60* 0.13 0.60* 0.26* 0.66* 
*P value < 0.05  DecT: Deceleration time, LAVi: Left atrial volume index, LVMass-i: Left ventricular mass index 
 
relaxation. E/A ratio and E/Em ratio are the 
marker of cardiac diastolic dysfunction, and the 
changes in E/A ratio seem to precede the chang-
es in the deceleration time of mitral inflow in the 
early stage of cardiac diastolic dysfunction 
(18,22). Indexes of aortic function such as aortic 
distensibility are a more valid marker of arterial 
stiffness and better predictor of diastolic dys-
function (6,23).  
 
The reflected wave travels more rapidly along 
the arterial tree in those with arterial stiffness, 
resulting in an increase in aortic systolic pressure 
and a decrease in aortic pressure during diastole 
(7). The resultant increase in afterload during LV 
systole and reduction in coronary perfusion dur-
ing LV diastole may lead to LV hypertrophy and 
slowing of left ventricle relaxation (24). Clinical 
studies have also linked increased aortic stiffness 
to overt diastolic heart failure and coronary ar-
tery disease extension (7,25-27). Thus, abnormal 
aortic elastic properties may represent one of 
the mechanisms of LV diastolic dysfunction in 
our study population with normal LVEF.  
 
Table 5. Inter and intraobserver agreement for 
aortic dimension obtained from TTE and TEE. 
 

Dimensions Intraobserver 
agreement 
ICC, 95% CI 

Interobserver 
agreement, Mean  
difference, 95% CI 

TTE-Aortic 
systolic  

0.96 (0.91-0.98) -0.03 (0.31, -0.37) 

TTE-Aortic 
diastolic  

0.94 (0.87-0.97) -0.09 (0.17, -0.35) 

TEE-Aortic 
systolic  

0.92 (0.83-0.97) -0.07 (0.38, -0.52) 

TEE-Aortic 
diastolic 

0.90 (0.78-0.96)  0.03 (0.33, -0.27) 

 

Also, we showed that indexes of aortic function 
such as aortic stiffness were associated with age. 
Dilatation of blood vessel occurs not only nor-
mally with aging, but in addition, elastic proper-
ties of the arterial vessel wall decrease with ad-
vancing age (28,29). Lipid deposits and lipid me-
tabolism in arterial walls accelerate elastic fiber 
destruction during the process of atherosclero-
sis, thus further reducing the distensibility of the 
aorta. Since the destroyed elastic fibers are re-
placed with collagen fibers, the stiffness of the 
aorta increases, thereby greatly affecting not 
only cardiovascular dynamics, but also cardiac 
function. Furthermore, the calcium content of 
the aorta that is observed in atherosclerosis also 
reduces the distensibility of the aorta (30). 
 
In conclusion, aortic elastic properties obtained 
from TEE were more closely related with LV fill-
ing and diastolic parameters than aortic elastic 
properties obtained from TTE. In addition, the 
indexes of aortic function were comparable be-
tween TEE and TTE with good intra- and interob-
server variability. 
 
Limitations 
 
The most important limitations of the present 
study are the low number of participants and not 
being used of TEE in routine clinical practice fre-
quently. However, the implication of our study is 
that when compared to TTE aortic elasticity pa-
rameters, TEE aortic elasticity parameters were 
better reflects the LV diastolic function in pa-
tients who underwent TEE for any reason. Be-
sides, non-invasive measurement of blood pres-
sures from brachial artery could be accepted as a 
limitation, however in the clinical setting, it can-
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not be feasible to have invasively measured cen-
tral pressure. Moreover, assessment of E/A and 

E/Em in patients with normal EF have some limi-
tations.        
 

 
KAYNAKLAR 
 
1. Eren M, Gorgulu S, Uslu N, Celik S, Dagdeviren B, 

Tezel T. Relation between aortic stiffness and left 
ventricular diastolic function in patients with hyper-
tension, diabetes, or both. Heart 2004;90:37-43. 

2. Karamitsos TD, Karvounis HI, Didangelos TP, Papado-
poulos CE, Kachrimanidou MK, Selvanayagam JB, Par-
haridis GE. Aortic elastic properties are related to left 
ventricular diastolic function in patients with type 1 
diabetes mellitus. Cardiology 2008;109:99-104. 

3. Mottram PM, Haluska BA, Leano R, Carlier S, Case C, 
Marwick TH. Relation of arterial stiffness to diastolic 
dysfunction in hypertensive heart disease. Heart 
2005;91:1551-6. 

4. Seyfeli E, Duru M, Saglam H, Akgul F, Kuvandik G, 
Kaya H, Yalcin F.Association of left ventricular diastol-
ic function abnormalities with aortic elastic properties 
in asymptomatic patients with type 2 diabetes melli-
tus. A tissue doppler echocardiographic study. Int J 
Clin Pract 2008;62:1358-65. 

5. Tsioufis C, Chatzis D, Dimitriadis K, Stougianos P, 
Kakavas A, Vlasseros I, Tousoulis D, Stefanadis C, Kal-
likazaros I. Left ventricular diastolic dysfunction is ac-
companied by increased aortic stiffness in the early 
stages of essential hypertension: a TDI approach. J 
Hypertens 2005;23:1745-50. 

6. Safar ME, Levy BI, Struijker-Boudier H. Current per-
spectives on arterial stiffness and pulse pressure in 
hypertension and cardiovascular diseases. Circulation 
2003;107:2864-9. 

7. Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, 
Giannattasio C, Hayoz D, Pannier B, Vlachopoulos C, 
Wilkinson I, Struijker-Boudier H.  Expert consensus 
document on arterial stiffness: methodological issues 
and clinical applications. Eur Heart J 2006;27:2588-
605. 

8. Ganten MK, Krautter U, von Tengg-Kobligk H, Bockler 
D, Schumacher H, Stiller W, Delorme S, Kauczor HU, 
Kauffmann GW, Bock M. Quantification of aortic dis-
tensibility in abdominal aortic aneurysm using ECG-
gated multi-detector computed tomography. Eur Ra-
diol 2008;18:966-73. 

9. Stefanadis C, Stratos C, Boudoulas H, Kourouklis C, 
Toutouzas P. Distensibility of the ascending aorta: 
comparison of invasive and non-invasive techniques 
in healthy men and in men with coronary artery dis-
ease. Eur Heart J 1990;11:990-6. 

10. Vitarelli A, Conde Y, Cimino E, D'Orazio S, Stellato S, 
Battaglia D, Padella V, Caranci F, Continanza G, Detto-
ri O, Capotosto L. Assessment of ascending aorta dis-
tensibility after successful coarctation repair by strain 
Doppler echocardiography. J Am Soc Echocardiogr 
2008;21:729-36. 

11. Honma H, Ohno T, Fujimoto H, Matsuzaki T, Murata 
H, Mizuno K. Evaluation of the elastic properties of 
the thoracic descending aorta with strain-rate meas-
urement with transesophageal echocardiography: its 
correlation with the left ventricular diastolic function 

assessed with transthoracic echocardiography. J Nip-
pon Med Sch 2010;77:145-54. 

12. Kim KH, Park JC, Yoon HJ, Yoon NS, Hong YJ, Park HW, 
Kim JH, Ahn Y, Jeong MH, Cho JG, Kang JC. Usefulness 
of aortic strain analysis by velocity vector imaging as a 
new echocardiographic measure of arterial stiffness. J 
Am Soc Echocardiogr 2009;22:1382-8. 

13. Vitarelli A, Conde Y, Cimino E, D'Angeli I, D'Orazio S, 
Stellato S, Padella V, Caranci F.  Aortic wall mechanics 
in the Marfan syndrome assessed by transesophageal 
tissue Doppler echocardiography. Am J Cardiol 
2006;97:571-7. 

14. Pasierski TJ, Binkley PF, Pearson AC. Evaluation of 
aortic distensibility with transesophageal echocardi-
ography. Am Heart J 1992;123:1288-92. 

15. Petrini J, Yousry M, Rickenlund A, Liska J, Hamsten A, 
Eriksson P, Franco-Cereceda A, Caidahl K, Eriksson MJ. 
The feasibility of velocity vector imaging by 
transesophageal echocardiography for assessment of 
elastic properties of the descending aorta in aortic 
valve disease. J Am Soc Echocardiogr 2010;23:985-92. 

16. Sako H, Miura S, Kumagai K, Saku K. Associations 
between augmentation index and severity of athero-
ma or aortic stiffness of the descending thoracic aorta 
by transesophageal echocardiography. Circ J 
2009;73:1151-6. 

17. Kurt M, Karakas MF, İpek G, Arslantaş U, Bilen E, 
Yüksel İÖ, Yaşar AS, Bilge M. Assessment of right ven-
tricular function in patients with rheumatic mild mi-
tral involvement by tissue Doppler Echocardiography. 
Abant Med J, 2012;1:39-44. 

18. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh 
JK, Smiseth OA, Waggoner AD, Flachskampf FA, Pel-
likka PA, Evangelista A. Recommendations for the 
evaluation of left ventricular diastolic function by 
echocardiography. J Am Soc Echocardiogr 
2009;22:107-33. 

19. Foppa M, Duncan BB, Rohde LE. Echocardiography-
based left ventricular mass estimation. How should 
we define hypertrophy? Cardiovasc Ultrasound 
2005;3:17. 

20. Ulusoy RE YM, Baysan O, Kırılmaz A,Kılıcaslan F,Cebeci 
BS. Ventricular functions, aortic elastic properties, 
and endothelial functions in patients with hyperten-
sive response to treadmill exercise testing. Turk J Med 
Sci 2011;41:781-787. 

21. Tanboga IH, Ekinci M, Isik T, Kurt M, Kaya A, Sevimli S. 
Reproducibility of Syntax Score: From Core Lab to Re-
al World. J Interv Cardiol 2011. 

22. Redfield MM, Jacobsen SJ, Burnett JC, Jr., Mahoney 
DW, Bailey KR, Rodeheffer RJ. Burden of systolic and 
diastolic ventricular dysfunction in the community: 
appreciating the scope of the heart failure epidemic. 
JAMA 2003;289:194-202. 

23. Wang CP, Hung WC, Yu TH, Hsu HL, Chen YH, Chiu CA, 
Lu LF, Chung FM, Cheng YA, Lee YJ. Brachial-ankle 
pulse wave velocity as an early indicator of left ven-



 

 

Kurt M et al.                                                                                     Assessment of Aortic Elasticity 

   

81 

 

Abant Med J 2013;2:76-81 

tricular diastolic function among hypertensive sub-
jects. Clin Exp Hypertens 2009;31:31-43. 

24. Roman MJ, Ganau A, Saba PS, Pini R, Pickering TG, 
Devereux RB. Impact of arterial stiffening on left ven-
tricular structure. Hypertension 2000;36:489-94. 

25. Şatıroğlu Ö BM, Bayar N, Çiçek Y,Çetin M, Bozkurt E. 
Relation between aortic stiff ness and extension of 
coronary artery disease. Turk J Med Sci;42:417-424. 

26. Weber T, O'Rourke MF, Ammer M, Kvas E, Pun-
zengruber C, Eber B. Arterial stiffness and arterial 
wave reflections are associated with systolic and dias-
tolic function in patients with normal ejection frac-
tion. Am J Hypertens 2008;21:1194-202. 

27. Hundley WG, Kitzman DW, Morgan TM et al. Cardiac 
cycle-dependent changes in aortic area and distensi-
bility are reduced in older patients with isolated dias-

tolic heart failure and correlate with exercise intoler-
ance. J Am Coll Cardiol 2001;38:796-802. 

28. Stefanadis C, Wooley CF, Bush CA, Kolibash AJ, Bou-
doulas H. Aortic distensibility abnormalities in coro-
nary artery disease. Am J Cardiol 1987;59:1300-4. 

29. Kang SM, Ha JW, Chung N, Jang KJ, Shin MS, Rim SJ, 
Cho SY. Assessment of elastic properties of the de-
scending thoracic aorta by transesophageal echocar-
diography with acoustic quantification in patients 
with a stroke. Echocardiography 2000;17:713-20. 

30. Al-Mallah MH, Nasir K, Katz R, Takasu J, Lima JA, 
Bluemke DA, Hundley G, Blumenthal RS, Budoff MJ. 
Thoracic aortic distensibility and thoracic aortic calci-
um (from the Multi-Ethnic Study of Atherosclerosis 
[MESA]). Am J Cardiol 2010;106:575-80. 

 


