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OBJECTIVE  
Haemodynamic stress has been considered to be an important factor in aneurysm 
formation and growth. The aim of this study was to reveal the effect of salt induced 
hypertension on the experimental saccular aneurysm model  
MATERIALS AND METHODS  
Forty Sprague-Dawley rats of both sexes in equal number were used in this study. Under 
general anesthesia with ketamine hydrochloride (Ketalar, Parke-Davis, England), a linear 
arteriotomy of the right carotid artery was performed in all rats. Transluminally a tunica 
intima and media defect at the arterial bifurcation was made under the microscope and 
the wound was closed after arteriotomy. They were divided into four groups according to 
type and duration of diet. After the sacrifice of each rat, the carotid bifurcation with 
aneurysm was fixed in 10% formalin and embedded in paraffin. Each aneurysm section 
was examined in detail and the height of aneurysmal sac was measured using an ocular 
micrometer in the section in which the aneurysm was observed to be largest. 
RESULTS 
The mean size of each group was compared using the single-sided variance analysis 
technique and among the 4 groups of rats, the mean size of aneurysmal sac of 4th group 
found greater than the others (P< 0.05). 
CONCLUSION 
The present study indicates that haemodynamic stress plays a very important role in the 
growth of saccular aneurysms. 
 
 
INTRODUCTION: 
 
Many factors that influence the 
formation and growth of saccular 

aneurysms have been studied in detail. 
Haemodynamic factors, such as 
persistent hypertension or unilateral 
common carotid ligation, have been 
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considered to be very important [2,19] it 
has been found a relationship between 
the enlargement or rupture of saccular 
aneurysms and temporary physical stress 
in patients [12]. 
 
In our previous study we described an 
experimental saccular aneurysm in the 
rat [3]. This animal model was used to 
test the effect of haemodynamic stress 
on the growth of experimental saccular 
aneurysms. 
 
MATERIAL AND METHODS 
 
Forty Sprague-Dawley rats of both sexes 
in equal number were used in this study. 
They were 6 months old and weighted 
220-250 g. Under general anesthesia 
with ketamine hydrochloride (Ketalar, 
Parke-Davis, England), a linear 
arteriotomy of the right carotid artery 
was performed in all rats. 
Transluminally a tunica intima and 
media defect at the arterial bifurcation 
was made under the microscope and the 
wound was closed after arteriotomy. 
After closing the incision, an 
experimental saccular aneurysm 
developed in all rats immediately and the 
rats were fed with two different diets 
after the operation. They divided into 
four groups according to type and 
duration of diet. 
 
Group I, which consisted of ten rats, was 
fed a standard diet and water without 
drugs before and after the operation. 
They were sacrificed 7 days 
postoperatively. Group II, consisting of 
another the rats, was fed a standard diet 
and water without drugs before and after 
the operation. They were sacrificed 14 
days postoperatively. These two groups 
are considered as control groups. 
 

Group III, consisting of ten rats, was fed 
a standard diet and water replacing by 
2% NaCl solution after the operation. 
They were sacrificed 7 days 
postoperatively. Group IV, consisting of 
ten rats, was fed a standard diet and 
water replacing by 2% NaCl solution 
after the operation. They were sacrificed 
14 days postoperatively. 
 
After the sacrifice of each rat, the carotid 
bifurcation with aneurysm was fixed in 
10% formalin and embedded in paraffin. 
The specimen was cut into 6 um sections 
perpendicularly to the site of aneurysm 
and stained with haematoxylin-eosin 
(H&E). The pathological examination of 
specimens was made in the department 
of pathology. Each aneurysm section 
was examined in detail and the height of 
aneurysmal sac was measured using 
ocular micrometer in section in which 
the aneurysm was observed largest. 
 
RESULTS 
 
All rats survived without neurological 
disturbance during the entire 
experimental period. All aneurysms 
were still of the saccular type and 
located at the apex of the bifurcation of 
the common carotid artery. No 
aneurysms bulge was found after 
incision. The experimental aneurysms 
were neither thrombosed nor ruptured 
during the study. 
 
The mean sizes of experimental saccular 
aneurysms were summarized in Table I. 
The mean size of each group was 
compared using the single-sided 
variance analysis technique and among 
the 4 groups of rats, the mean size of 
aneurysmal sac of 4th group was found 
to be greater than the others (P< 0.05). 
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Group Mean Aneurysm 
size 

I 0.535 mm 
II 0.667 mm 
III 0.616 mm 
IV 0.894 mm 

Table I: the mean size of the saccular 
experimental aneurysms 

 
DISCUSSION: 
 
Several factors are considered to be of 
importance in the pathogenesis and 
pathophysiology of saccular aneurysms. 
These include congenital defects in the 
tunica media, degenerative changes of 
the internal elastic lamina and 
haemodynamic factors [4,16]. 
Degenerative changes of the elastic 
lamina play a very important role in the 
development of saccular aneurysms. But, 
it might be thought that augmented 
haemodynamic stress is related to 
diffuse degenerative changes of the 
internal elastic lamina, and that 
experimental aneurysms are induced 
rapidly and frequently in the presence of 
the degenerated elastic lamina and a 
defect of the medial muscle layer 
[10,11]. High blood pressure has also 
some influence on the development of 
cerebral saccular aneurysms [14]. 
During the last few decades, the 
importance of haemodynamic factors in 
the formation and growth of saccular 
aneurysms has been widely studied both 
clinically and experimentally. 
Experimental and clinical evidence has 
suggested that haemodynamic stress may 
be a casual factor in the formation, 
growth and, rupture of intracranial 
saccular aneurysms [6,20]. 
 
The pathogenesis, expansion, and 
rupture of aneurysms has been 
associated clinically with hypertension 

[5,17]. It may be assumed that, because 
hypertension increases haemodynamic 
stress and accelerates atherosclerosis, a 
persistently hypertensive subject is more 
likely to develop a saccular aneurysm 
from an arterial wall defect. Once the 
aneurysm is formed, it is more likely to 
enlarge and rupture [4,9,18]. Our 
experimental study showed that 
hypertension increased the size of 
aneurysms. 
 
The aim of these experimental studies 
was to determine the factors that cause 
the development of aneurysms, elucidate 
the likelihood pathophysiology of 
aneurysms and to define the affect of 
such factors on the size of aneurysm. 
Most of the experimental aneurysms 
were induced by damaging the arterial 
walls [11]. In the present study, we 
developed saccular aneurysms in the rat 
carotid artery using such a method and 
obtained saccular aneurysms in all 
animals. Then, we fed the rats with two 
different diet, including a standard diet 
with water without salt and standard diet 
with water and salt. After 7 and 14 days, 
we sacrificed the rats and measured the 
size of each aneurysm after the 
histopathological examination. The size 
of the aneurysms in group IV was larger 
than in the others. 
 
Gadowski and Andijar showed that 
experimental abdominal aortic 
aneurysms in hypertensive animals grew 
larger than those in normotensive rats 
[8]. It seems to follow that simple 
treatment of the high blood pressure 
would result in a decrease in aneurysm 
size. 
 
Andrew and Spiegel compared more 
than 200 aneurysm patient with an age 
and sex matched populations and found 
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that the systolic blood pressure was 
significantly higher in women with 
aneurysms in the age range 18-45 years. 
In both men and women under the age of 
55, persistent hypertension was twice as 
likely to occur in aneurysm patients as in 
the normal population [1]. 
 
Some aneurysms were discovered due to 
the appearance sudden neurological 
signs. This was because of an abrupt 
change in volume that may result in a 
lobular formation or an enlargement of 
the original shape. In either case, 
concomitant pressure on one of the 
cranial nerves may result in typical the 
signs of visual blurring, visual field loss, 
or dropping of one eyelid. Another 
feature of aneurysms is that some tend to 
bleed [2,7]. 
 
Austin et al have showed that the danger 
of either a high pulse rate or suddenly 
increased pressure which can give rise to 
critical pressure jump phenomena and 
increased turbulence of flow within an 

aneurysm. These pressure jump 
phenomena tend to cause sudden 
enlargement or rupture of a aneurysms 
[2]. 
 
On the other hand, in all clinical studies, 
there are always many aneurysm patients 
without persistent hypertension, and 
many environmental events, such as 
lifting and bending, emotional strain and 
coitus all of which are observed to be 
factors that induce acute enlargement 
and rupture of aneurysms [2,13]. 
Research has proved that these events 
can temporarily and repeatedly elevate 
venous and arterial pressure [15,21]. 
 
In conclusion, it is suggested that 
aneurysm growth can be linked to acute 
blood pressure changes and thickening 
of the wall with increasing aneurysm 
diameter. The present study indicates 
that haemodynamic stress plays a very 
important role in the growth of saccular 
aneurysms. 

 
 
REFERENCES: 

1. Andrews RJ, Spiegel PK. Intracranial aneurysms; age, sex, blood pressure and 
multiplicity in an unselected series of patients. J Neurosurg 51:27-32, 1979 

2. Austin GM, Schievink W, Williams R. Controlled pressure-volume factors in the 
enlargement of intracranial aneurysms. Neurosurgery 24:722-730,1989 

3. Baysefer A. Erdoğan E. Demiriz M. Gönül E, Timurkaynak E, Seber N. An 
experimental saccular Aneurysms Model and its pathological Evaluation Turkish 
Neurosurg. 6:51-54, 1996 

4. Crompton MR. The pathology of degenerative cerebral arterial disease. In: Russel 
RWR, ed. Cerebral Arterial Disease. Edinburgh-London-NewYork: Churchill-
Livingstone, 1976 PP:40-56 

5. Dobrin PB. Pathophysiology and pathogenesis of aortic aneurysms Surg Clin No 
Am 69:687-703, 1989 

6. Dyste GN, Beck DW. De novo aneurysm formation following carotid ligation; 
case report and review of the literature. Neurosurgery 24:88-92,1989 

7. Fox JL. Intracranial Aneurysms, Vol.1 NewYork-Berlin-Heidelberg-Tokyo; 
Springer-Verlag, 1983: PP:118-183 

8. Gadowski GR, Ricci MA, Hendley ED, Pillcher DB. Hypertension accelerates the 

Erdogan E et al. Annals of Neurosurgery, 2002; 2(4): 1-6 



Haemodynamic Effect on Aneurysm 
 

5 

growth of experimental aortic aneurysms. J Surg Res 54:431-436, 1993 
9. Kim C, Kikuchi H, Hashimoto N, Hazama F, Kataoka H. Establishment of the 

experimental conditions for inducing saccular cerebral aneurysms in primates 
with special reference to hypertension. Acta Neurochir 1989;96:132-136 

10. Kim Ch, Kikuchi H, Hashimoto N, Hazama F. Histopathological Study of induces 
cerebral aneurysms in primates, Surg Neurol 32:45-50, 1989 

11. Kim Ch, Navarro JC. Spontaneous Saccular Cerebral. Aneurysm in a Rat. Acta 
Neurochir (Wien) 109:63-65, 1991 

12. Mc Cormick WF, Nofzinger JD. Saccular intracranial aneurysms. An autopsy 
study. J Neusorg 22:155-159,1965 

13. McCormick WF, Schmalstieg Ej. The relationship of arterial hypertension to 
intracranial aneurysms. Arch Neurol 34:285-287, 1977 

14. Ostergaad JR, Esben H. Incidence of multiple intracranial aneurysms: Influence 
of arterial hypertension and gender. J Neurosurg 63:49-55, 1985 

15. Schneider RA, Costiloe JP. Twenty-Four hour automatic monitoring of blood 
pressure and heart rate at work and at home. Am Heart J 90:695-702, 1975 

16. Sekhar LN, Heros RC. Origin, growth and rupture of saccular aneurysms. A 
review. Neurosurgery 1981;8:248-260 

17. Spittell JA Jr. HyperTension and arterial aneurysm. J. Am Coll Cardiol 1:533-
540, 1983 

18. Stchbeus  W E.. Etiology of intracranial berry aneurysms J Neurosurg 70:823-
831,1989 

19. Stehbens WE. Hypertension and cerebral aneurysms. Med J Aust 2:8-10, 1962 
20. Waga S, Okada M, Kojima T. Saccular aneurysm associated with absence of the 

left cervical carotid arteries. Neurosurgery 3:208-218, 1978 
21. Weir B. Aneurysms Affecting The Nervous System. Baltimore-London-Los 

Angeles-Sydney; Williams and Witkins, 1987; PP:74-224 
 
Submitted: 10 May 2002 
Accepted: 18 August 2002 
Published: 18 August 2002 
 
Commentary 
This experimental study describes a successful technique for the production of aneurysms 
at the carotid bifurcation. The use of saline almost doubled the size of the aneurysms. The 
importance of the study is in relation to producing a reliable model of arterial aneurysms 
for future use and also in relation to modelling of size and blood pressure. It is a pity that 
the authors didn’t report blood pressure values because the use of saline would probably 
have elevated the prevailing blood pressure. It would be good to see more studies using 
this model. 
 
AD Mendelow 
FRCS Ed (Surgical Neurology) PhD 
Professor of Neurosurgery, University of Newcastle upon Tyne 
Hon. Consultant Neurosurgeon & Head of Department, Newcastle General Hospital, U.K 
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Disclaimer 
While every effort has been made by the publisher, editor, and 
editorial board to make certain that there are no inaccuracies 
in this journal, statements, opinions, data, figures appearing in 
the articles herein are the responsibility of the authors and 
advertisers concerned. The Information on this journal are 
published for physicians only.  
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