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Abstract 
 
OBJECTIVE: To investigate the elastic properties of the ascenting aorta in untreated 
patients with giant cell arteritis, as compared to age-sex matched normal subjects.   
 
METHODS: The distensibility of the ascending aorta as well as the aortic strain were 
measured in 22 patients with a recent diagnosis of giant cell arteritis before the 
initiation of  therapy with corticosteroids, documented with a positive temporal artery 
biopsy, and in 44 age-sex matched  healthy subjects. Aortic distensibility and aortic 
strain were calculated using the formulas:  2 x (pulsatile change in aortic diameter) / 
[(diastolic aortic diameter) x (aortic pulse pressure)], and (pulsatile change in aortic 
diameter) / (diastolic aortic diameter)  respectively. Aortic diameters were measured by 
echocardiography and aortic pressures were obtained by external 
sphygmomanometer.  
 
RESULTS: The distensibility of the ascending aorta and the aortic strain were both 
lower in patients with giant cell arteritis compared to normal subjects (P<0.01). In the 
group of patients with giant cell arteritis, aortic distensibility was inversely correlated 
with white blood cells count (P<0.05), while no statistical correlations were found with 
erythrocyte sedimentation rate or  C-reactive protein.   
 
CONCLUSIONS: Aortic distensibility and aortic strain are decreased in patients with 
giant cell arteritis before the initiation of corticosteroid therapy, compared with healthy 
subjects.  There was an association between the degree of aortic distensibility 
reduction and  white blood cells count,  in the patients group. 
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Introduction 
 
      Giant cell arteritis, also referred as temporal atreritis, cranial arteritis and 
granulomatus arteritis, is an inflammatory arterial disease, that most prominently 
involves the cranial branches of the arteries originating from the aorta arch[1]. Patients 
are almost always over 50 years old at the time of the diagnosis[2,3],  having a mean 
age of 70 years. The symptoms of the disease are related to the affected arteries[1,2].  
The American College of Rheumatology (ACR) criteria for the classification of giant 
cell arteritis have been formulated[1,4]. Corticosteroids are the drug of choice for 
therapy in patients with giant cell arteritis.          
     The implication of the heart and ascending aorta in patients with giant cell arteritis 
is more frequent than expected[5]. The most common clinical presentations are 
coronary ischemia[6], dilatation of ascending aorta , aortic regurgitation and aortic 
dissection[7,8,9]. The inflammatory process weakens the aortic wall, while fragmentation 
of elastic fibers has been observed[10]. 
     Several conditions and diseases such as increased age, coronary artery disease, 
congestive heart failure, arterial hypertension, diabetes mellitus, chronic renal failure, 
Marfan syndrome, smoking and severe aortic regurgitation may cause alterations of 
the physical properties of the aorta, resulting in increased rigidity and impaired aortic 
distensibility[11]. 
      Aortic distensibility can be measured from the changes of the aortic diameter      
and pulse pressure[11]  using invasive  and non-invasive techniques [12,13,14].    
       The aim of this study was to investigate the elastic properties of the ascending 
aorta (aortic distensibility and aortic strain) in patients with giant cell arteritis before the 
initiation of therapy with corticosteroids. For this purpose a group of patients was 
compared to a group of healthy controls. The possible correlation between the degree 
of reduction  of aortic distensibility or aortic strain and inflammatory markers, in the 
patients group, was also examined.  
 
Patients and methods 
 
  Study population: Subjects for the study were 22 sequential patients, from May 
2001 to December 2003, with a recent diagnosis of giant cell arteritis, in accordance to 
the ACR criteria for the disease and  confirmed by a biopsy of temporal artery, before 
the initiation of drug therapy with corticosteroids, and 44 matched for age and sex 
healthy persons. Patients with a history of coronary heart disease or cerebrovascular 
events, moderate or severe arterial hypertension or patients receiving antihypertensive 
drugs, diabetes mellitus, moderate or severe aortic regurgitation, Marfan syndrome, 
chronic renal failure or congestive heart failure were excluded from the study. There 
were no differences in the use of statins or other medication that may influence 
endothelial function, between the two groups.  
     The two groups were compared in terms of two primary outcomes: aortic 
distensibility (AD) and aortic strain (AS) and in terms of a number of secondary 
outcomes: Mild Aortic Regurgitation (AR), Left Ventricular Ejection Fraction (EF), 
Aortic Root Diameter (Ao root), Ascending Aorta Diameter (Ao asc), Systolic Blood 
Pressure (SBP), Diastolic Blood Pressure (DBP) and Heart Rate(HR). In addition, for 
the group of patients with   giant cell  arteritis,  the  association  between  inflammatory  
parameters    [Erythrocyte Sedimentation Rate (ESR), White Blood Cell count (WBC),  
Hematocrit (Ht), C-Reactive Protein levels (CRP), duration of symptoms before the 
diagnosis (Dur)] and the primary outcomes were investigated.    
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Methods:  BLOOD EXAMINATIONS:     Blood samples were taken from patients   
with giant cell arteritis. Common hematological and inflammatory markers               
(i.e.: Ht, WBC, ESR  and CRP) were performed. 
ECHOCARDIOGRAPHIC STUDY: Comprehensive echocardiographic examination 
was performed with a  Hewlett Packard Sonos 1000 ultrasound system,  using a       
2.5 MHz transducer. From the two dimensional four chamber view the Ejection  
Fraction (EF) of left ventricular was calculated using the Simpson’s rule.  The aortic 
valve structure and function were examined using the Doppler method beginning with 
color flow imaging. When abnormal intracardiac flow was detected, pulsed and 
continuous wave Doppler studies were performed. Regurgitation severity grading was 
semiquantitative and based on the size and duration of the transvalvular jet[15].  
Measurements of diastolic and systolic diameter of ascending aorta and aortic root 
were record at a level 3 cm above the aortic valve and at the aortic orifice respectively, 
guided by the M-mode tracking by a two dimensional echocardiogram in the 
parasternal long axis view. Systolic and diastolic aortic diameter were measured at the 
maximal anterior motion of the aorta and at the peak of the QRS complex respectively. 
The intraobserver and interobserver mean percentage error (absolute difference 
between two observations devided by the mean and expressed in percentage) was 
determined for the aortic dimensions in 20 randomly selected subjects and were 4.2% 
and 4.6% for the systolic and 4.1% and 4.4% for the diastolic dimensions in our center, 
respectively. Blood pressure was measured with an external sphygmomanometer. 
Brachial artery pressures (systolic and phase V diastolic) were determined before and 
after the echocardiographic study and the mean of the pressures was used in 
subsequent calculations. 
CALCULATION OF AORTIC DISTENSIBILITY AND AORTIC STRAIN:  The 
distensibility of the ascending aorta was calculated from the pulsatile changes of the 
echocardiographic aortic diameters and pulsatile changes of the aortic pressure, using 
the formula:  
 Aortic distensibility = 2 x (pulsatile change in aortic diameter) / [(diastolic aortic 
diameter) x (aortic pulse pressure)], where pulsatile change in aortic diameter = 
systolic - diastolic aortic diameter,  and aortic pulse pressure = systolic - diastolic blood 
pressure. 
Aortic strain, expressed as a percent change, was calculated using the formula:  
   Aortic strain = pulsatile change in aortic diameter / diastolic aortic diameter. 
STATISTICAL ANALYSIS: The differences in the primary (aortic distensibility and 
aortic strain), in the secondary outcomes (AR, EF, Ao root, Ao asc SBP, DBP, HR) 
and in age, Body Mass Index (BMI), cholesterol level between the patients and the 
control groups were investigated using the non parametric Mann-Whitney U test. 
Moreover, the two groups were compared overall combining the two primary outcomes 
using a bivariate analysis of variance. The two groups were compared for the AR 
parameter and smoking status using a Chi-squared test. In addition, the group effect 
and the interaction between group differences and aortic regurgitation effect were 
tested compared for each primary outcome using a general linear model. 
    For the group of patients, the association between aortic distensibility or aortic 
strain, and the inflammatory parameters ESR,  WBC, Ht, CRP Dur. was investigated 
by fitting two multiple linear regression models. In this model, the response is the 
primary outcome and explanatory variables are the inflammatory parameters. When 
P<0.05, then the effects are considered significant. The analysis was performed using 
the statistical software SPSS r.11. 
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Results 
 
      No differences in demographic variables and other characteristics (BMI, smoking 
status,cholesterol level), blood pressure, heart rate or left ventricular ejection fraction 
were observed between the two groups.  Patients   with giant cell arteritis had  
statistically significant reduced  aortic distensibility, compared to healthy age-sex 
matched individuals (1.49+0.24x10-6m2dyn-1 vs 2.07+0.18x10-6m2dyn1, P<0.01) Aortic 
strain was also reduced in  patients  with  giant cell  arteritis (5.25+0.91% vs  
6.58+0.58%, P<0.01).  
The two groups were statistically significantly different for the following secondary 
outcomes: AR (mild aortic regurgitation was observed in 50% of patients vs 11% of 
healthy subjects, P<0.01), Ao root (3.60+0.27mm vs 3.42+0.25mm, P<0.01) and  Ao 
asc (3.97+0.48mm vs 3.56+0.23mm, P<0.01). The general linear model analysis 
revealed that there is significant (P<0.01) difference  between the groups and  there is 
 no significant (P>0.05) interaction between groups and aortic regurgitation effect for 
each  primary outcome. Conversely, the two groups did not show significant difference 
in the following parameters: EF, SBP, DBP, HR (Table 1). 
Regarding the possible association between aortic distensibility or aortic strain and 
inflammatory markers (ie: ESR, WBC, Ht, CRP, Dur), the linear regression analysis 
revealed that only aortic distensibility was reversely associated  with the  WBC  
(P<0.05, Table 2,  Figure1).  
 
Discussion: 
 
    This study showed that aortic distensibility and aortic strain are reduced in patients 
with a recent onset of giant cell arteritis, before the initiation of corticosteroid therapy, 
compared to healthy subjects. Some correlation between the degree of  impairment on  
aortic distensibility or aortic strain and inflammatory markers was found. Specifically, 
aortic distensibility  was reversely correlated with the WBC  (P<0.05). The incidence of 
aortic regurgitation or dilatation of ascending aorta in patients with giant cell arteritis 
that we found in our study, is in  accordance  to  previous reports[9]. To our knowledge, 
this is the first study to demonstrate the alterations of the elastic properties of the 
ascending aorta in patients with giant cell arteritis. 
    It is well known that the elastic properties of large arteries are impaired in several 
conditions, including the elderly, coronary artery disease, congestive heart failure, 
arterial hypertension, diabetes mellitus, chronic renal failure, Marfan syndrome and 
severe aortic regurgitation[11]. It has been reported that aortic distensibility is increased 
in elite athletes[16].  The literature presents little evidence about the relation between 
rheumatic diseases in general and elastic properties of large arteries. It has            
been reported decreased distensibility of large arteries in patients with systemic 
sclerosis[17,18] . 
    Structural changes of the aortic wall and/or alterations of vasa vasorum flow have 
been detected in conditions like arterial hypertension and aging, conditions related to 
impaired elastic properties of the aorta[19]. Regarding the pathology of the inflammatory 
arterial lesions in patients with giant cell arteritis, the prominent finding is that the 
inflammatory process is usually more apparent in the inner portion of the media, 
adjacent to the internal elastic lamina[1], described as granulomatus reaction[10]. 
Fragmentation and disintegration of elastic fibers occurs, closely associated with an 
accumulation of giant cells [1,10]. Moreover, elastolysis by multinucleated giant cells has 
also been reported[20]. The granulomatous  inflammatory reaction in the arterial wall 
has been observed not only through temporal artery biopsy, but in surgical and 
autopsy aortic tissue speciments [10,21]. Positron Emission Tomography also detects 
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inflammatory process of the aortic arch as well[5]. In fact, most patients with giant cell 
arteritis appear to have giant cell aortitis at some time point[5]. These observations 
bring about the question of impaired elastic properties of the ascending aorta in 
patients with giant cell arteritis. Although it is difficult to assess structural changes in 
the intact human aorta, it is relatively easy to assess the elastic properties of the aorta.                    
    The partial correlation between the degree of impairment of aortic elastic properties 
and inflammatory markers,  supports the pathophysiological base, according to which,  
inflammatory process of the inner portion of the media and the resulting fragmentation 
and disintegration of elastic fibers is probably responsible for the impaired elastic 
properties of ascending aorta, in patients with recent diagnosis of giant cell arteritis, 
before the initiation of drug therapy.  
    Our study has the below limitations: In this study aortic diameters were measured 
echocardiographically and not invasively.  Previous studies have shown that aortic 
diameters can be obtained with a high degree of accuracy in subjects whose 
cardiothoracic anatomy permits an echocardiographic signal of satisfactory quality[13]. 
However, in our study, we did not have any difficulty to obtain  an echocardiographic 
signal of good quality. In previous studies also,   the values of aortic diameter obtained 
by echocardiography were not significantly different from those obtained by 
angiography[13]. In addition,  the pulse pressure estimated  non-invasively from the 
brachial artery by external sphygmomanometry has been correlated well with that 
measured directly from the aorta and has been used for the calculation of aortic 
distensibility in previous reports. Although this non-invasive  technique introduces an 
error factor[22] due to slight amplification of pulse pressure at more distal arterial sites, 
the final result in the validity of the aortic distensibility calculation is trivial. The      
above non-invasive techniques have been used for the calculation of aortic 
distensibility in previous reports as well[23,24,25] Thus, a reliable estimation  of the elastic 
properties of ascending aorta with completely non-invasive techniques is feasible.  
   In conclusion, structural and molecular changes of the aortic wall in patients with 
giant cell  arteritis may be responsible for the finding of reduced elastic properties of 
the ascending aorta in those patients. An increase in the number of the examined 
patients, will probably enforce the reverse correlation between impaired elastic 
properties of the ascending aorta and inflammatory markers.  
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Table 1. Summary statistics [mean+ s.d. and median (min – max)] and significant 
levels (P) for the comparison of the patients with giant cell arteritis and the control 
group. 
 

 Giant cell arteritis   
n=22 

Control group   
n=44 

P-value

Demography-
characteristics 
 

   

Sex (male / female) 
 

12/10   24/20    

Age (years) 71.18±7.56 
70.5(54-90) 

71.73±5.5 
70(59–89) 

NS 

BMI (Kg.m-2) 27.52±4.51 
27.50 (21-34) 

26.81±5.72 
27 (20-35) 

NS 

Smoking (Yes/Not) 13/9 25/19 NS 
Cholesterol level (mg.dl-1) 231±12.4 

229 (184-272) 
220±17.6 

221 (175-260) 
NS 

Primary outcomes 
 

   

AD (10-6 m2 dyn-1 ) 
 

1.49±0.24 
1.49(1.2-2.16) 

2.07±0.18 
2.00(1.8-2.5) 

<0.01 

AS (%) 5.25±0.91 
5.30(3.4-7.2) 

6.58±0.58 
6.50(5.5-8.4) 

<0.01 

Secondary outcomes 
 

   

AR (mild) 
 

11(50%) 5(11%) <0.01 

EF (%) 
 

55.39±3.12 
55(51-59) 

 

55.82±2.71 
56.00(52-59) 

NS 

Ao root (mm) 
 

3.60±0.27 
3.6(3.11-4.1) 

3.42±0.25 
3.5(2.8- 3.9) 

<0.01 

Ao asc (mm) 
 

3.97±0.48 
4(3.3-5.5) 

3.56±0.23 
3.6 (2.83-4) 

<0.01 

SBP (mmHg) 
 

130.3±11.9 
130(105-50) 

131.4±9.97 
130(110-160) 

NS 

DBP (mmHg) 
 

81.4±6.37 
80(70-100) 

82.6±5.54 
80(70-95) 

NS 

HR (beats per minute) 71±8.7 69±1.2 NS 
 
 

Abbreviations:  BMI: Body Mass Index, AD: aortic distensibility, AS: aortic strain, AR: 
aortic regurgitation,  EF: ejection fraction, Ao root: aortic root diameter,  Ao asc: 
ascending aorta, SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: 
heart rate. 
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Table 2. Summary statistics of the inflammatory parameters and regression 
coefficients (b) for the association between the inflammatory parameters and the 
primary outcomes, in the patients group. 

 
 

Parameters Mean±s.d. b 
(AD) 

B 
(AS) 

Constant  2.01 3.06 
ESR(mm/1h) 79.00±38.27 1.10*10-3 9.48*10-3

WBC(µl-1) 8662±2178 -7.57*10-5§ -1.03*10-4

Ht(%) 33.65±4 3.75*10-3 8.14*10-2

CRP(mg/dl) 53.64±43.24 -8.06*10-4 -3.16*10-3

Dur(months) 3.36±2.17 -1.10*10-2 -7.01*10-2

 
§P<0.05 
 
 
  Abbreviations: AD: aortic distensibility, AS: aortic strain, ESR: erythrocyte 
sedimentation rate, WBC: white blood cells, Ht: hematocrit, CRP: C-reactive protein, 
Dur: duration of disease. 
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Figure 1. Scatter plots indicating the association between aortic distensibility (AD) and 
white blood cells (WBC) (P<0.05). 
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