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ABSTRACT SAZETAK

The aim of this study was to demonstrate the preva-
lence of abdominal aortic aneurysm in patients with ca-
rotid disease and to analyse the influence of cardiovascu-
lar risk factors for abdominal aortic aneurysm. Methods:
Ultrasound for abdominal aortic aneurysm was per-
formed in 200 patients (112 men and 88 women, mean
age 65.72+7.71 years) with known carotid disease. The
primary cardiovascular risk factors (age, sex, hyperten-
sion, diabetes, dyslipidaemia and smoking) were anal-
ysed. Results: We found that 15.5% of patients with ca-
rotid stenosis also had abdominal aortic aneurysm. The
prevalence of abdominal aortic aneurysm was higher in
men (22.23%) than in women (6.81%). There was no cor-
relation between the severity of carotid disease and the
diameter of the abdominal aortic aneurysm (p>0.05).
Advanced age and smoking were independent risk factors
for abdominal aortic aneurysm. Conclusion: These results
demonstrate that the prevalence of abdominal aortic an-
eurysm is higher in patients with carotid disease than in
the general population. Patients with known carotid dis-
ease may be candidates for selective screening for abdomi-
nal aortic aneurysm detection.

Keywords: abdominal aortic aneurysm, carotid stenosis,
risk factors
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INTRODUCTION

Carotid stenosis and abdominal aortic aneurysm
(AAA) are frequent ailments in the elderly. It was previ-
ously thought that these illnesses were caused by athero-
sclerosis. However, despite that these two illnesses share
the majority of their risk factors, research has shown that
aneurysmal disease pathogenetically differs from occlu-
sive artery disease (1-3). Occlusive artery disease affects
the intima and partially media and is strongly associated
with atherosclerosis. On the other hand, aortic aneurysmal
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Cilj ovog istraZivanja jeste utvrdivanje prevalence aneu-
rizme abdominalne aorte kod pacijenata sa karotidnom ste-
nozom i analiza uticaja glavnih kardiovaskularnih faktora
rizika na razvoj aneurizme abdominalne aorte.

Ultrazvuk stomaka za otkrivanje aneurizme abdomi-
nalne aorte je primenjen na 200 pacijenata (112 muskaraca
i 88 Zena), prosecne starosti od 65.72+7.71 godine sa vel
potvrdenom bolescu karotidnih arterija. Analizirani su
glavni kardiovaskularni faktori rizika (godine, pol, hiperten-
zija, dijabetes, dislipidemija i pusenje).

Pronasli smo da 15.5% pacijenata sa karotidnim ste-
nozom ima aneurizmu abdominalne aorte. Prevalenca
aneurizme abdominalne aorte bila je veca kod muskaraca
(22.23%) nego kod zena (6.81%). Nije bilo korelacije izmedu
tezine karotidne stenoze i dimenzija aneurizme abdominal-
ne aorte (p>0.005). Starija Zivotna dob i pusenje su nezavis-
ni faktori rizika za nastanak aneurizme abdominalne aorte.

Rezultati ukazuju da je prevalenca aneurizme abdomi-
nalne aorte veca kod pacijenata sa karotidnom stenozom
nego u opstoj populaciji. Pacijenti sa potvrdenom karot-
idnom stenozom mogu biti ciljna grupa za skrining pregled
za postojanje aneurizme abdominalne aorte.

Kljucne reci: aneurizma abdominalne aorte, karotidna
stenoza, faktori rizika

disease affects the media and adventitia and leads to de-
generation of the elastin and collagen; however, compared
to occlusive disease, it has a weaker association with ath-
erosclerosis (4). The disease is usually asymptomatic until
the aneurysm ruptures, in which case the mortality rate is
high, even with surgical intervention. Early diagnosis of as-
ymptomatic AAA significantly reduces mortality in these
patients.

Ultrasonography of the abdomen is an accurate, re-
alistic and widely accepted method for detecting AAA
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that has a sensitivity and specificity of almost 100% (5).
Screening of the general population with elective surgical
intervention reduces the mortality caused by AAA, but
the screening process is expensive. Furthermore, there is
some disagreement as to which subpopulations should be
screened for AAA (6).

The aim of this study is to explore the prevalence of
AAA in patients who were previously diagnosed with ca-
rotid disease and to analyse the influence of major cardio-
vascular risk factors for the development of AAA.

MATERIALS AND METHODS

Between January 2006 and October 2008, ultrasound
of the abdominal aorta and carotid arteries was performed
in 200 patients (112 males and 88 females) who were previ-
ously diagnosed carotid disease. The mean age for all pa-
tients was 65.72+7.71 (range from 45 to 81; 65.55+7.91 for
men and 65.94+7.48 for women).

The registered risk factors were common for athero-
sclerosis and included the following: hypertension, diabe-
tes, dyslipidaemia and smoking. Patients were considered
hypertensive if they were taking anti-hypertensive therapy
(drugs or diet) or had a blood pressure over 140/90 mm Hg
on at least two different occasions. A diabetes diagnosis
was made for patients who were undergoing endocrinol-
ogy therapy or were on a modified diet; with an overall
cholesterol value over 5.7 mmol/L, LDL cholesterol over
3.5 mmol/L and HDL cholesterol below 1.81 mmol/L. Pa-
tients were classified as current smokers, former smokers
(smoked in the past, but not smoking for at least 5 years)
or non-smokers.

Carotid disease was diagnosed using a 7.5 MHz probe
with a Shimatzu SDU 2200 ultrasound device according
to the criteria for determining the level of carotid artery
stenosis based on the peak systolic velocity and end-dia-
stolic velocity. Patients with carotid stenosis were assigned
to one of two groups, the symptomatic or asymptomatic
carotid stenosis group, according to initial reports on the
carotid arteries, anamnesis and neurological status.

Symptomatic patients had a history of stroke or a tran-
sitory ischaemic attack, or they had a focal neurological
disorder.

Asymptomatic patients were recruited from a group of
patients who had visited the vascular surgeon because of
peripheral vascular disease, on which occasion their ca-
rotid arteries were examined and asymptomatic carotid
disease was diagnosed. Symptomatic carotid stenosis was
diagnosed in 86 patients (47 men and 39 women; mean
age of 66.98+6.72; range from 55 to 79; men 66.61+6.83;
women 67.41+6.64), whereas asymptomatic carotid steno-
sis was diagnosed in 114 patients (62 men and 49 wom-
en; mean age of 64.78+8.28; range from 45 to 81; men
64.78+8.34; women 64.77+8.22). The patients with carotid
stenosis were further divided into 7 subgroups according
to the following criteria provided by Filis et al. 2002 (7): a

o
Table 1. Distribution of patients with carotid stenosis by sex and age
<55 55-64 | 65-74 | >74 Total

Asymptomatic
carotid stenosis 9 22 47 8 86
Men/Women 6/3 13/9 25/22 | 3/5 47/39
Symptomatic
carotid stenosis 21 34 50 9 114
Men/Women 14/7 17/17 | 29/21 | 5/4 65/49
Total 30 56 97 17 200

reduced lumen in at least one carotid artery resulting from
occlusion within the following ranges: up to 50%, 50-59%,
60-69%, 70-79%, 80-89%, 90-99% or complete occlusion
(100%). If a patient had bilateral carotid disease, only the
carotid artery with more pronounced stenosis was includ-
ed in the statistics. The patient distribution by sex, age and
type of carotid stenosis is presented in Table 1.

A 3.5 MHz probe with a Shimatzu SDU 2200 ultrasound
device measured the largest transverse and anteroposterior
diameters of the infrarenal abdominal aorta. The patients
were classified according to the findings in the following 3
categories (7): normal aorta (diameter less than 27 mm),
dilated aorta (diameter of 27-29 mm) or aneurysm (diam-
eter over 29 mm). The patients with aneurysm were clas-
sified according to the aneurysm diameter into the follow-
ing 3 categories: diameter of 30-39 mm, diameter of 40-49
mm, and diameter equal to or exceeding 50 mm. Patients
with an AAA over 40 mm underwent a subsequent CT of
the abdomen, and patients with an aneurysm exceeding 50
mm were considered for surgical intervention. The finding
of an abdominal aorta was correlated with the most signifi-
cant risk factors for atherosclerosis.

Statistical analysis

SPSS v7.5 was used for the statistical analysis. As for
the descriptive statistics, the mean + standard deviation
were used for continuous variables, whereas the number
and percentage were used for nominal variables. The X?
test was used for comparisons between nominal variables,
whereas the t-test was used for comparisons between con-
tinuous variables. Correlations were calculated using a
univariate correlation analysis. A multivariate correlation
model was used to examine the variables that indepen-
dently affected the onset of AAA.

RESULTS

The average diameter of the abdominal aorta in the 200
examined patients was 28.14+10.34 mm (range from 18 to
70 mm). On average, men had a significantly larger abdom-
inal aorta diameter compared with women (30.19+11.24
vs. 25.52+8.45; t-test, p=0.001). The majority of the pa-
tients (135 patients, 67.5%; 62 men and 73 women) had a
normal aorta diameter, with an average of 22.35+2.95 mm.
An ectatic aorta was found in 34 patients (17%; 15 men



Table 2. Aortic diameters in patients with carotid stenosis

Definition (mm) | Total %
Normal aorta <27 135 67.5
Ectatic aorta 27-29 34 17
AAA >29 31 15.5
Table 3. Prevalence of abdominal aortic aneurysm related to sex and age
Age Total AAA Prevalence %
<55 30 1 3.33
Men 20 1 5
Women 10 - -
55-64 56 3 5.36
Men 30 2 6.67
Women 26 1 3.85
65-74 97 22 22.67
Men 54 19 35.18
Women 43 3 6.98
>75 17 5 29.41
Men 8 3 37.5
Women 9 2 22.22

Table 4. Risk factors and development of abdominal aortic aneurysm

Variables r p

Sex 0.199 0.04*
Hypertension 0.292. 0.007**
Diabetes -0.265 0.06
Dyslipidemia 0.175 0.360
Asymptomatic carotid stenosis | 0.285 0.009**
Smoking 0.317 0.002**
Age 0.648 0.000**

* statistical significance at 0.05 level;
** statistical significance at 0.01 level

Table 5. Variables significantly correlate to development of abdominal
aortic aneurysm

Analyzed variables t Ef)tjﬂicient SE p

Sex 0.819 0.071 0.148 0.415
Hypertension 0.947 0.124 0.196 0.234
Smoking 6.528 0.592 0.012 0.002**
Age 6.958 0.619 0.007 0.000%*
?:Z:Egt:tr:::; 0477 | 0.045 0.151 | 0.639

** statistical significance at 0.01 level

and 19 women), with an average diameter of 27.12+1.62
mm (Table 2).

Aneurysm of the abdominal aorta was found in 31 pa-
tients (25 men and 6 women), or 15.5% of all patients with
average diameter 0of 43.73+10.39 mm, i.e., 22.32% men with
average diameter of 44.1+9.59 mm and 6.81% women with
average diameter of 42.73+12.77 mm. The mean age of
patients with AAA was 76.34+7.49 mm. On average, men
with AAA were significantly younger than women with

AAA (73.9747.49 mm vs. 77.36+6.36 mm; t-test, p=0.018).
Small aneurysm, i.e., aneurysm with a 30 to 49 mm diam-
eter, was found in 19 patients (14 men and 5 women), or
9.5% of the total number of patients, whereas AAA above
49 mm was found in 12 patients (11 men and 1 woman),
or 6% of the total number of patients. Ten patients (9 men
and 1 woman), or 5% of the total number of patients, un-
derwent a successful surgery.

The prevalence of AAA increased significantly with
age (x2 test, p=0.008). The increase was most pronounced
above 65 years in men and 75 years in women (Table 3).

The patients with asymptomatic carotid stenosis had
a significantly larger average diameter of the abdominal
aorta compared to patients who had symptomatic carot-
id stenosis (29.03+11.62 mm vs. 26.95+8.29 mm; t-test;
p=0.005). AAA had a significantly higher prevalence in
patients with asymptomatic carotid stenosis (20 vs. 11, x2
test, p=0,023). This difference was significant with men (17
vs. 8; x2 test, p=0,039) but not women.

The correlation analysis showed no correlation be-
tween the extent of carotid stenosis and AAA (correlation
test, p<0.05). That is, there was no correlation between
patients with a severe type of carotid stenosis and an in-
creased prevalence of AAA or vice versa.

Patients with both carotid stenosis and AAA had a sig-
nificantly higher prevalence of hypertension (24 or 77.42%,
X2 test, p=0.005) and smoking (28 or 90.32%, X2 test,
p=0.000). The average diameter of the aortic aneurysm did
not differ between current smokers (46.79+11.4 mm) and
former smokers (43.89+8.75 mm) (t-test, p=0.628); how-
ever, both of these groups had aortic aneurysm diameters
that were significantly larger than those of non-smokers
(36.33+3.21 mm; t-test, p=0.021 for current smokers
and p=0.035 for former smokers). Patients with diabetes
(40.8249.15 mm) had a significantly smaller average di-
ameter of AAA than patients who did not have diabetes
(47.20+10.62 mm; t-test, p=0.047).

The univariate correlation analysis showed that asymp-
tomatic carotid stenosis (r=0.285, p=0.009), smoking (r=0.317,
p=0.002), hypertension (r=0.292, p=0.007), a male sex
(r=0.199, p=0.04) and an increasing age (r=0.648, p=0.000) had
significant positive correlations with the onset of AAA in pa-
tients with carotid stenosis. Dyslipidaemia (r=0.175, p=0.360)
was not presented as a risk factor that had a significant cor-
relation with the onset of AAA. Diabetes presented a negative
correlation with the onset of AAA (r=-0.265, p=0.06), but the
difference did not reach statistical significance (Table 4). The
multivariate regression analysis indicated that age (p=0.000)
and smoking (p=0.002) were risk factors that independently
affected the onset of AAA (Table 5).

DISCUSSION

To date, abdominal ultrasound is the most practi-
cal method for identifying AAA (8). The time needed to
perform abdominal ultrasound and measure the aortic di-
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ameter is less than 10 minutes (9). The best therapy for
AAA is presymptomatic elective surgery of carefully cho-
sen patients. Despite having different methodologies, a re-
cent meta-analysis and a randomised general population
screening study aimed at detecting asymptomatic AAA
and timely intervention both showed a significant reduc-
tion in AAA-related mortality (8, 10). However, a recent
analysis of 16 studies that investigated the cost efficiency
of AAA screening (11) failed to provide definitive recom-
mendations for the population groups in which abdominal
aorta screening should be performed.

The prevalence of AAA in the general population is ap-
proximately 4-10% for men over 60 years of age and 0.5-3%
for women over 80 years of age (8, 12-15). However, it is
very difficult to compare the results of these studies be-
cause of the differences in the study samples, methodology,
and definitions of AAA.

The comorbidity of carotid stenosis and AAA and the
prevalence of AAA in patients with carotid disease have
been rarely studied. It was shown that carotid intima me-
dia thickening in patients with AAA was higher than that
in the healthy population but lower than that in patients
with peripheral artery disease (16, 17). The 15.5% preva-
lence of AAA in patients with carotid stenosis that we
found in this study is higher than the prevalence found by
Carty et al. (11%) (18) and Kurvers et al. (6.5%) (19), lower
than the prevalence found by Karanjia et al. (20.22%) (20)
and Barba et al. (21.2%) (21) and similar to the prevalence
found by Kang et al. (22) (patients with carotid stenosis
over 50%, 18.2%; patients with carotid stenosis below
50%, 12.2%; only patients without diabetes were included
in the study). However, if one takes into consideration
that our study included a similar number of men and
women, whereas the number of men was much higher in
the previous studies, then one can consider that the pres-
ent results are in agreement with the findings of Karanjia
et al. and Barba et al. (20, 21). In our study, the preva-
lence of AAA was significantly higher in men (22.32%)
than in women (6.81%). However, this can be explained
by the fact that AAA occurs much later in women than in
men (23, 24), and the mean age was similar between men
and women in this study. Indeed, men with aneurysm
were significantly younger than women with AAA in this
study. The prevalence of AAA significantly increases with
age in both sexes, but the largest number of aneurysms
was found in men over 65 years of age and in women over
75 years of age.

The average AAA diameter was significantly larger in
patients with asymptomatic carotid stenosis than in pa-
tients with symptomatic carotid stenosis. The patients
with asymptomatic carotid stenosis had been diagnosed
with peripheral arterial disease, whereas the patients with
symptomatic carotid stenosis had been diagnosed with
cerebrovascular disease. Previous studies have shown that
patients with peripheral arterial disease have a high preva-
lence of AAA (21), but the same was not shown with cere-
brovascular disease.

Most of our patients (9.5% of total number of exam-
ined patients, and 61.29% of patients with AAA) who had
AAA also had a small AAA, with a typical diameter of 30
to 49 mm. Aneurysms of this size do not require surgical
intervention, but only periodic monitoring of the aneu-
rysm growth, which had been performed. A small number
of patients (12,6% of all examined patients, and 38.71% of
patients with AAA) had an aneurysm with a diameter of
49 mm. Of these 12 patients, 10 (9 men and one woman,
5% of all patients) underwent successful surgery. One pa-
tient did not undergo surgery for his AAA, which did not
exceed 5.5 mm, whereas another patient did not undergo
surgery due to a recent myocardial infarction and a poor
cardiovascular status.

No correlation was found between the size of an AAA
and the severity of carotid stenosis, i.e., it was not shown
that patients with a more severe form of carotid stenosis
also had a higher prevalence of AAA and vice versa. This
finding is consistent with the data published by Kang et al.
(22).

Carotid disease and AAA share many risk factors. Our
results show a significant positive correlation between hy-
pertension, smoking, age, male sex and asymptomatic ca-
rotid stenosis and the development of AAA. Furthermore,
the male sex, age and smoking are factors that indepen-
dently influence the development of AAA. The presence
of diabetes showed a negative correlation with the devel-
opment of AAA, but the difference was not statistically
significant.

All studies so far have shown that AAA has a much
higher prevalence above the age of 65. It is interesting that
there are many studies dealing with development of AAA
only in men, which likely stems from the previous opinions
that AAA is an extremely rare event in women and that
aneurysmal arterial disease in women differs from that in
men. The fact is that AAA develops in women after meno-
pause, myocardial infarction, or stroke. However, the latest
research (23) confirmed AAA is usually not diagnosed or
is misdiagnosed in women and that operated women had
a far worse postoperative outcome with procedures for a
ruptured AAA. The risk factors in women do not differ
significantly than those in men.

We have indicated that smoking is an independent risk
factor for the development of AAA, and this finding is in
compliance with other studies. An analysis of ten studies
with over one million patients who smoked reported a
prevalence of AAA that was 2.5 and 3.5 times higher than
those for coronary disease and cerebrovascular disease,
respectively (25). It appears that smoking is a greater risk
factor for the development of aneurysms than for obstruc-
tive arterial disease. The smoking-mediated dysfunction of
endothelium could be the underlying mechanism through
which smoking triggers the development and growth of an
AAA, resulting in a reduction in tissue-type plasminogen
activator, which in turn leads to hypercoagulability (26).
There are indicators that smoking cigarettes is a cause of
inflammation, which is expressed through increased lev-



els of circulating leucocytes, C-reactive protein, interleu-
kin 6 and fibrinogen (27). Signs of inflammation were also
present in passive smokers (28). Smoking cigarettes dete-
riorates the elasticity of the ascending aorta (29), whereas
long-term smokers have reduced distensibility of the as-
cending aorta compared to non-smokers (29).

Diabetes is the most interesting rick factor for the de-
velopment of AAA. Among the patients who had an ab-
dominal aorta examined for the presence of aneurysm,
54.5% also had diabetes. However, if only patients with
AAA are considered, then the diabetes prevalence drops
to a mere 16.13%. On the other hand, in the patients with
AAA, those with diabetes had a significantly smaller AAA
diameter than the AA A patients without diabetes. The uni-
variate correlation analysis revealed a negative correlation
between diabetes and the development of AAA, but that
difference was not significant. In other words, the results
of this study indicated the presence of diabetes has a pro-
tective effect on the development of AAA. The connection
between AAA and diabetes is not clear, but it is thought
that reduced monocyte activity and reduced production
of matrix metalloproteinases, as observed in diabetes, may
play a protective role in AAA (30). A negative association
between diabetes and AAA, meaning that diabetes plays a
protective role in the development and expansion of AAA,
was noted early as 1995 (31), and this was confirmed in a
number of patients (32). It was recently shown that the di-
ameter of the aorta has an inverse relationship with the se-
rum glucose concentration (33) and that diabetes reduces
the progression of AAA (30).

Aneurysm of abdominal aorta is a disease that differs
by its aetiology, pathogenesis, clinical picture, risk factors
and therapy from arterial occlusive disease (such as carotid
disease), although the both diseases include degenerative
atherosclerotic changes within the blood vessel wall. How-
ever, numerous factors affect the course of events in devel-
oping arterial occlusive disease (disease of endothelium) or
aneurysmal arterial disease (collagen and elastin disease).

The results of this study and a small number of other
studies that focused on the prevalence of AAA in patients
with carotid stenosis indicate different prevalence rates
for AAA in these patients, even for patients with stenosis
of less than 50%, which does not have to be considered as
clinically significant. Therefore, screening these patients
for the existence of AAA could be useful in reducing the
mortality resulting from the rupture of AAA.
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