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A comparison of perioperative pres sure 
measurements in the aneurysm sac and parent 
artery in ruptured and unruptured aneurysm

Porovnání perioperačního měření tlaku ve vaku 

aneuryzmatu a v mateřské tepně u prasklých 

a neprasklých aneuryzmat

Abstract
Aim: The purpose of this study is to compare the pres sure diff  erences between the aneurysm 

sac and the parent artery in both ruptured and unruptured aneurysms to investigate the ef-

fect of pres sure diff  erences on the aneurysm rupture. Material and methods: Patients treated for 

ruptured and unruptured aneurysms were included in the study. All the cases were imaged us -

ing catheter angiography and the aneurysms were fi l led with coils. The measurement was made 

just before and after the microcatheter was advanced into the aneurysm. The aneurysm‘s height-

-width, maximum dome diameter, neck diameter and entrance angle were measured in three-

-dimensional images. Results: Endovascular treatment of 40 aneurysms was performed. Of these 

aneurysms, 17 (42.5%) were unruptured; 23 (57.5%) were ruptured. There was no statistical ly 

signifi cant diff  erence between patient groups with ruptured and unruptured aneurysms in 

terms of the demographic data and risk factors, the perioperative pres sure measurements in the 

aneurysm sac and parent artery and the aneurysm morphological measurement. Conclusion: In our 

study, peroperative pres sure measurements in the aneurysm sac and parent artery were similar in 

both ruptured and unruptured aneurysms, and no statistical ly signifi cant diff  erence was found in 

any result between the groups. A wider series of studies about aneurysm’s characteristics such 

as shape or wall properties will contribute to our knowledge to clarify the mechanisms that play 

a role in the formation, growth and rupture of intracranial aneurysms.

Abstrakt
Cíl: Cílem studie je porovnat rozdíly tlaku ve vaku aneuryzmatu a v mateřské tepně (u prasklých 

i neprasklých aneuryzmat) a vyhodnotit vliv rozdílů tlaku na rupturu aneuryzmatu. Materiál 

a metody: Do studie byli zahrnuti pacienti s rupturou i bez ruptury aneuryzmatu. Ve všech případech 

byla provedena katetrizační angiografie a aneuryzmata byla vyplněna kovovými spirálami. 

Měření bylo provedeno těsně před zavedením mikrokatetru do aneuryzmatu a těsně po něm. 

Na třírozměrných snímcích byly změřeny rozměry výška-šířka, maximální průměr aneuryzmatu, 

průměr ústí a angulace. Výsledky: Celkem 40 aneuryzmat bylo léčeno endovaskulárním přístupem. 

V 17 (42,5 %) případech z těchto aneuryzmat nedošlo k ruptuře, ve 23 (57,5 %) případech k ruptuře 

došlo. Mezi skupinami pacientů s rupturou aneuryzmatu a bez ruptury nebyly statisticky významné 

rozdíly v demografi ckých údajích a rizikových faktorech, perioperačním měření tlaku ve vaku 

aneuryzmatu a v mateřské tepně a v morfologických měřeních aneuryzmatu. Závěr: V naší studii 

byla perioperační měření tlaku ve vaku aneuryzmatu a v mateřské tepně podobná jak ve skupině 

s rupturou aneuryzmatu, tak ve skupině bez ruptury. V žádném z hodnocených parametrů nebyly 

mezi skupinami pozorovány statisticky významné rozdíly. Mechanizmy hrající roli při vzniku, růstu 

a ruptuře intrakraniálních aneuryzmat pomohou vyjasnit další studie charakteristik aneuryzmatu, 

mezi něž patří například jejich tvar nebo vlastnosti stěny.
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Introduction
Intracranial aneurysms are cerebrovascular 

lesions with high mortality and morbidity. 

Various studies show that 3– 6% of the popu-

lation over 30 years of age have an aneurysm. 

Subarachnoid haemor rhage (SAH) with aneu-

rysm rupture has a mortality of up to 50%. 

Many factors such as smoking, alcohol con-

sumption, cocaine use, ethni city, gender, age, 

family history and most importantly, arterial 

hypertension may play a role in the forma-

tion of aneurysms. However, the mechanisms 

about the formation, growth and rupture 

of intracranial aneurysms are not ful ly eluci-

dated [1]. Arterial hypertension and haemo-

dynamic stress are accepted as the oldest 

and most widely accepted factors for aneu-

rysm formation and rupture [2,3]. The fl ow 

pattern in the aneurysm is thought to be af-

fected by the geometry of the dilatation, the 

relationship between the aneurysm and the 

parent artery, the volume of the aneurysm 

and the aspect ratio [4,5]. The morphological 

relationship between the aneurysm and the 

parent artery is important because of its ef-

fect on the aneurysmal fl ow pattern [6]. There 

are diff  erences in the internal structures and 

clinical features of ruptured and unruptured 

aneurysms. Due to this reason, many inves-

tigators try to identify the risk factors for in-

tracranial aneurysm rupture. The cur rent risk 

as ses sment is based on the size of the aneu-

rysm, and the risk of rupture is higher in large 

aneurysms [7,8]. However, small aneurysms 

may also rupture and aneurysm size alone 

is insuffi   cient to determine the risk of rup-

ture [9]. Therefore, attempts are be  ing made 

to explain the risk of rupture with more com-

plicated geometric measurements; these at-

tempts focus on the size, location and shape 

of the aneurysm [10]. In experimental aneu-

rysms, pres sure measurements in the parent 

artery and aneurysm show similarities [11]. 

This fi nd  ing highlights the role of hyperten-

sion in aneurysm rupture.

Material and methods
A total of 37 patients treated for intracranial 

aneurysm were included in the study be-

tween May and December 2012 in the Inter-

ventional Radiology Unit of Dokuz Eylül Uni-

versity Hospital. The patients were evaluated 

for demographic data and risk factors such as 

age, gender, smoking, arterial hypertension 

and familial history of aneurysm. The ages 

of the patients ranged from 40 to 66 (mean 

53) years. Pediatric patients were excluded 

from the study. 24 patients were smok-

ers, 11 patients had arterial hypertension 

and 4 patients had a family history of aneu-

rysm. Imag  ing and measurements with cath-

eter angiography digital subtraction angio-

graphy) were performed for 40 aneurysms 

includ  ing 1 for 35 patients, 2 for 1 patient, 

and 3 for 1 patient. An informed consent 

form was obtained from the patients before 

the treatment. Cases with vasospasms due to 

SAH were excluded from the study. The pa-

tient and aneurysm data are given in Tab. 1.

Perioperative pres sure 

measurement

Perioperative pres sure measurement was 

performed just before and after the mi-

crocatheter entered into the aneurysm sac 

dur  ing microcatheterization. The measure-

ments were performed while the micro-

catheter tip was inside the parent artery (at 

the neck of the aneurysm) and in the aneu-

rysm sac (in the middle of the sac). All pa-

tients can nulated from the radial artery dur -

ing general anaesthesia and simultaneous 

radial arterial pres sures were recorded.

Morphological measurements 

of the aneurysm

Three-dimensional (3D) cerebral angiogra-

phy images were obtained us  ing software 

and reconstruction systems. The aneurysm 

height-width (H/ W), neck diameter, maxi-

mum dome diameter and entrance angle 

were measured in 3D images (Fig. 1). The 

image ratio, H/ W ratio and aneurysm aver-

age volume were calculated us  ing this volu-

metric measurement system.

Statistical analysis

The data and statistical analysis were 

evaluated with SPSS 20.0 (IBM, Armonk, NY, 

USA). The variables are indicated by mean 

and distributions. The chi-square test and 

Fisher‘s exact test were used for the values 

specified by count  ing in statistical analysis. 

For measured values, cor relation analysis 

and the Wilcoxon test were used for intra-

group comparison and the Man n-Whitney 

U test was used for comparison between 

groups. Receiver operat  ing characteristic 

(ROC) analysis was used to evaluate sensitiv-

ity and specifi city in aneurysm morphologi-

cal measurements. P < 0.05 was accepted for 

statistical signifi cance.

Results
When compar  ing patient groups with rup-

tured and unruptured aneurysms, no 

statistical ly signifi cant diff  erence was found 

between the groups in terms of demo-

graphic data and risk factors. The patients 

showed a homogeneous distribution in 

both groups. Demographic data about the 

fi ndings and patients are presented in Tab. 1.

No statistical ly signifi cant diff  erence was 

found between the ruptured and non-rup-

tured aneurysm groups in the comparison 

of perioperative parent artery and aneurysm 

pres sures (Tab. 2).

Significant cor relation was found be-

tween the pres sure of the parent artery and 

aneurysm sac (Tab. 3).

In the ruptured and unruptured aneurysm 

groups, there was no signifi cant diff  erence in 

the systolic and diastolic pres sure values be-

tween the parent artery and aneurysm sac, 

measured simultaneously (Tab. 4).

There were diff  erences between the rup-

tured and unruptured aneurysms in terms 

of internal structures and clinical features. 

Tab. 1. Descriptive data.

Ruptured 
aneurysms (N = 23)

Unruptured 
aneurysms (N = 17) P value

age 50.8 ± 11.7 53.2 ± 13.8 0.551

male/female ratio 12 (52.2%) / 11 (47.8%) 10 (71.4%) / 4 (28.6%) 0.247

smoking 16 (69.6%) 8 (57.1%) 0.495

arterial hypertension 7 (30.4%) 4 (28.6%) 1.000

family aneurysm history 2 (8.7%) 2 (14.3%) 0.625

aneurysm location

• lateral wall

• bifurcation

15 (57.7%)

8 (57.1%)

11 (42.3%)

6 (42.9%)
0.487

N – number
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However, there was no statistical ly signifi -

cant diff  erence between the groups in the 

aneurysm morphological measurements. In 

addition, no signifi cant diff  erence was found 

between morphological diff  erences accord -

ing to rupture status. The morphological 

data are shown in Tab. 5 and 6.

Accord  ing to the ROC analysis, the areas 

under the curve are 0.495 ± 0.097 for the as-

pect ratio; 0.447 ± 0.094 for the maximum 

dome diameter (D
max

); 0.454 ± 0.095 for the 

infl ow angle; 0.425 ± 0.095 for the H/ W ratio; 

and there was no statistical significance 

(P > 0.05).

Discus sion
The most widely accepted reasons for aneu-

rysm formation and rupture are arterial hy-

pertension and haemodynamic stres s [2,3,12]. 

Factors such as transmural pres sure changes 

and wall shear stress in the aneurysm and pa-

rent artery can be determinant for an aneu-

rysm rupture. These variables may also be af-

fected by the morphology and fl ow velocity 

of the parent artery and aneurysm. The fl ow 

pattern in the aneurysm is thought to be as-

sociated with the shape of the dilatation, the 

relationship between the aneurysm and the 

parent artery, the volume of the aneurysm 

and the aspect ratio. A large aspect ratio is an 

indicator of intra-aneurysmal stagnation and 

may be the cause of SAH. In addition, turbu-

lence due to atypical shape of the ves sel wall 

may also cause stress in the aneurysm wall 

and transmural pres sure increase [4,5].

Genetic factors, perianeurysmal and vas-

cular wall structure, and haemodynamic 

Fig. 1. (A) Example of aneurysm morphological parameters; (B) aneurysm input angle 
measurement.
Obr. 1. (A) Příklad morfologických parametrů aneuryzmatu; (B) měření angulace 
aneuryzmatu.

Tab. 2. Comparison of parent artery and intra-aneurysmal pressures in ruptured and unruptured aneurysms.

Ruptured aneurysms (N = 23) Unruptured aneurysms (N = 17) P value
systolic pressure averages of parent artery 66.5 ± 9.84 71.7 ± 9.00 0.115

diastolic pressure averages of parent artery 61.1 ± 8.96 64.4 ± 7.22 0.162

pressure averages of parent artery 64.2 ±  9.33 67.6 ± 8.54 0.228

intra-aneurysmal systolic pressure averages 67.7 ± 11.7 69.5 ± 14.6 0.297

intra-aneurysmal diastolic pressure averages 62.7 ± 10.5 62.4 ± 12.2 0.816

intra-aneurysmal pressure averages 65.2 ± 11.3 66.5 ± 13.3 0.331

normalized systolic pressure averages of parent artery 0.63 ± 0.11 0.69 ± 0.09 0.054

normalized diastolic pressure averages of parent artery 1.11 ± 0.18 1.13 ± 0.15 0.140

normalized pressure averages of parent artery 0.89 ± 0.13  0.90  ± 0.11 0.538

intra-aneurysmal normalized systolic pressure averages 0.63 ± 0.09 0.67 ± 0.13 0.176

intra-aneurysmal normalized diastolic pressure averages 1.08 ± 0.18 1.10 ± 0.20 0.662

intra-aneurysmal normalized pressure averages 0.88 ± 0.14 0.89 ± 0.15 0.352

N – number
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stress can be determinant in the growth 

and rupture of aneurysms [13]. The growth 

of aneurysms depends on the interaction 

between haemodynamic loads and the 

mechano-bio logical responses of cell ele-

ments in the wal l, result  ing in a weaken -

ing of the ves sel wal l [14]. Rupture oc-

curs when the wall stress exceeds the wall 

strength of the aneurysm. However, the 

mechanisms caus  ing growth and rup-

ture have not been ful ly elucidated. Defi n -

ing the haemodynamic variables most 

as sociated with clinical progres sion and rup-

ture may help to explain the eff  ects of these 

mechanisms and improve the treatment 

approaches.

In a study performed by Sekhar et al [11], 

experimental models of saccular aneurysms 

in dogs were created and intra-aneurys-

mal pres sures were measured. Intracarotid 

and intra-aneurysmal pres sures were sim-

ilar in this study and showed a linear rela-

tionship with mean arterial pres sure. The re-

sults are similar to those in our study, and it 

is understood that the fi ndings in humans 

are similar to the experimental aneurysms in

animals.

Studies based on intra-aneurysmal and 

parent artery pres sure measurements are 

limited. In a study conducted by Sorteberg 

et al [15], no statistical diff  erence in pres sure 

was found in the aneurysm and in the par-

ent artery in the experimental silicone aneu-

rysm models. In another experimental study, 

aneurysm pres sures were similar to those of 

the parent arterial pres sures [16]. The exper-

imental silicon aneurysm models also have 

similar fi ndings to our results and support 

the idea that intra-aneurysm pres sure alone 

can not cause rupture.

There are diff  erences between ruptured 

and unruptured aneurysms in terms of in-

ternal structures and clinical features. There-

fore, attempts are be  ing made to explain 

the risk of rupture us  ing complicated geo-

metric measurements. In a study by Hoh 

et al, the aneurysm aspect ratio and the 

H/ W width ratio were higher in the ruptured 

aneurysms [17]. In another study, the infl ow 

angle was defi ned as an independent sepa-

rator for the rupture. The infl ow angle was 

signifi cantly higher in ruptured aneurysms 

in comparison with unruptured aneurysms. 

Also in this study, D
max

, H/ W ratio and as-

pect ratio were signifi cantly higher in rup-

tured aneurysms. The infl ow angle and H/ W 

ratio were defi ned as an independent and 

signifi cant separator for the rupture [6]. In 

another study, however, D
max

, aspect ratio 

and H/ W ratio were high in ruptured aneu-

rysms. But only the infl ow angle and H/ W 

ratio were found as independent separators 

and stated as more important than the size 

of the aneurysm and more reliable in the risk 

clas sification of aneurysm morphological 

features [18]. In our study, the infl ow angle, 

H/ W ratio, aneurysm neck diameter and D
max

 

were higher in ruptured aneurysms in com-

parison with unruptured aneurysms, but 

these diff erences were not statistical ly signif-

icant. A study with more cases may change 

the statistical signifi cance.

As a result of many studies and our study, 

diff  erences in pres sure measurements alone 

Tab. 3. Evaluation of the relationship between aneurysm sac and parent artery 
pressures.

Intra-aneurysmal 
systolic pressure

Intra-aneurysmal 
diastolic pressure

Intra-aneurysmal 
mean pressure

systolic pressure of parent artery r = 0.766 r = 0.501 r = 0.602 

diastolic pressure of parent artery r = 0.459 r = 0.578 r = 0.515 

mean pressure of parent artery r = 0.542 r = 0.574 r = 0.579 

Tab. 4. Comparison of pressures in ruptured and unruptured aneurysms.

Ruptured 
aneurysms

Unruptured 
aneurysms

systolic pressure of parent artery and aneurysm sac P = 0.808 P = 0.701

diastolic pressure of parent artery and aneurysm sac P = 0.784 P = 0.814

mean pressure of parent artery and aneurysm sac P = 0.808 P = 0.424

Tab. 6. Evaluation of aneurysm morphological parameters according to rupture 
status.

Area under the curve P value

height/width ratio 0.425 ± 0.095 0.428

infl ow angle 0.453 ± 0.095 0.620

aspect ratio 0.495 ± 0.097 0.955

maximal dome diameter (D
max

) 0.447 ± 0.094 0.571

Tab. 5. Evaluation of rupture status according to the morphological characteristics 
of the aneurysm.

Ruptured 
aneurysms (N = 23)

Unruptured 
aneurysms (N = 17) P value

aneurysm neck diameter (mm) 4.47 ± 1.68 4.74 ± 1.73 0.620

aneurysm height (mm) 7.59 ± 4.66 7.58 ± 3.36 0.571

aneurysm width (mm) 7.77 ± 4.46 7.42 ± 3.10 1.000

maximal dome diameter (D
max

) 8.92 ± 4.56 9.09 ± 3.95 0.571

aneurysm volume (ml) 0.30 ± 0.60 0.31 ± 0.48 0.479

aneurysm aspect ratio 1.79 ± 1.02 1.66 ± 0.63 0.955

aneurysm height/width ratio 0.98 ± 0.20 1.02 ± 0.21 0.428

aneurysm infl ow angle 103.77 ± 26.13  108.23 ± 27.55 0.620

N – number
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can not explain aneurysm rupture and we 

understand from the results of our study 

that pres sure measurements can not be used 

as a treatment plan n  ing indicator and can-

not guide the treatment algorithm even if 

done before treatment. On the other hand, 

pres sure measurement is not a practical 

method because it is performed us  ing cath-

eter angiography, which is an interventional 

procedure.

Conclusion
In our study, no significant pres sure dif-

ference was detected in the aneurysm sac 

and parent artery between unruptured and 

ruptured aneurysms, and we think that the 

rupture can be a process related to the mul-

tifactorial eff  ect of all conditions that cause 

stress in an aneurysm, especial ly the aneu-

rysm shape and ves sel wall properties. On 

the other hand, studies based on intra-aneu-

rysmal and parent artery pres sure measure-

ments are limited and we need studies with 

a wider series based on geometric meas-

urements such as the aneurysm shape and 

wall properties; this will contribute to our 

knowledge to better understand the rup-

ture mechanisms.
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