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Effects of anatomical characteristics as factors in
abdominal aortic aneurysm rupture
CT aortography analysis
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Abstract
The aim of this study was to analyze the anatomical characteristics of patients with ruptured abdominal aortic aneurysms (AAAs)
using computed tomography (CT) aortography in order to determine the risk factors for rupture.
We retrospectively reviewed the CT aortography findings and medical records of patients with ruptured AAAs who underwent CT

aortography between February 2002 and December 2014. Age, sex, blood pressure at the time of rupture, treatment methods used
for the ruptured AAAs, and treatment outcomes were analyzed. Statistical analyses were performed to determine the association
between the maximum aneurysm diameter, which is considered the standard predictor of aneurysm rupture, and anatomical
characteristics such as proximal neck diameter, angle between the suprarenal aorta and the aneurysm neck (a angle), angle between
the aneurysm neck and aneurysm sac (b angle), and angles between the abdominal aorta and both iliac arteries.
Data were reviewed for a total of 36 patients. The mean maximum diameter of AAAs was 76.84±21.08mm. Multivariate analysis

adjusted for age and sex indicated statistical correlations between the a and b angles and maximum aneurysm diameter and
between the b angle and iliac artery involvement.
Our results suggest that the tortuosity of the aorta tends to be associated with the diameter of AAAs and iliac artery involvement.

Investigation of the anatomical characteristics of individual patients using CT aortography is expected to aid in predicting the risk of
AAA rupture.

Abbreviations: 3D = three-dimensional, AAA = abdominal aortic aneurysm, CIA = common iliac artery, CT = computed
tomography.
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1. Introduction

The prevalence of abdominal aortic aneurysms (AAAs) is
increasing with a concomitant increase in the mortality rate,
which is approximately 65% to 85% for cases of rupture.[1]
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Considering this high mortality rate, estimation of the risk factors
for AAA rupture is important for preventing aneurysm-related
mortality without an unnecessary increase in the rate of
intervention.
The maximum diameter of AAA is a well-known standard

predictor of rupture. The American Association for Vascular
Surgery and the Society for Vascular Surgery recommend
intervention if AAA enlarges by 5mm per year, is >55mm in
diameter, or is symptomatic.[2] However, the risk of rupture of
AAAs with a maximum diameter of >55mm is not equal to or
directly proportional to the increment in the diameter. Moreover,
the rupture of AAAs with a maximum diameter of <55mm has
been reported, whereas giant AAAs measuring>10cm have been
found to remain intact.[1,2] This indicates that additional
parameters should be considered as risk factors for AAA rupture.
From a biomechanical standpoint, rupture is found to occur

when the stress exerted on the aneurysm wall exceeds its failure
strength.[3] Therefore, to overcome the limitations associated
with the use of the maximum AAA diameter as a standard for
predicting AAA rupture and to estimate the rupture risk more
accurately, studies have examined the effects of mechanical wall
stress and revealed features that affect AAA mechanics, such as
tortuosity, asymmetry, presence of intraluminal thrombi, and
wall thickness.[4–9]

The mechanical wall stress of the abdominal aorta can be used
to predict AAA rupture and appears to be more accurate than the
maximum AAA diameter.[5] Several studies have assessed the
predictive value of biomechanical parameters, with a particular
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[3,5,10,11]

Table 1

Clinical characteristics of 36 patients with ruptured abdominal
aortic aneurysms.

Characteristics Patients (n=36) (%)

Age, y 72.1±9.6
Sex
Male 31 (86.1)
Female 5 (13.9)

Blood pressure, mm Hg
Systolic 110±33
Diastolic 68±21

Past history
PCI
Yes 29 (80.6)
No 7 (19.4)

Hypertension medication
Yes 15 (41.7)
No 14 (38.9)
Unknown 7 (19.4)

Clinical results
Surgery 19 (16 survival, 2 deaths) (52.8)
EVAR 16 (13 survival, 3 deaths) (44.4)
Observation 1 (death) (2.8)

EVAR= endovascular aneurysm repair.
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focus onmechanical wall stress. However, the estimation
of mechanical wall stress is not feasible or commonly available in
clinical practice.
Computed tomography (CT) aortography has become a

standard imaging modality for the diagnosis of and treatment
planning for AAAs. Therefore, if more detailed and accurate
predictors can be individually determined for patients using CT
aortography before AAA rupture, more appropriate treatment
plans can be charted. According to the computational evaluation
of the risk for AAA rupture, the geometric characteristics of
aneurysms, such as the AAA neck angle, neck length, diameter,
and angle, have been reported as significant predictors of
aneurysm rupture.[3,12–14] These anatomical characteristics may
be major local hemodynamic factors that affect mechanical wall
stress and tend to affect the increase in the AAA diameter.
Although several studies have evaluated AAA rupture, few have
evaluated the anatomical characteristics of ruptured AAAs.[15]

Accordingly, we conducted the present study to determine the
relationship between the anatomical characteristics of ruptured
AAAs and the maximum AAA diameter, which is the current
standard predictor of rupture, using CT aortography.
2. Methods

2.1. Patient selection

This retrospective study was approved by the institutional review
board of our hospital, who waived the need for informed consent
because of the retrospective study design (IRB No. 2014-04-001-
001). Between February 2002 and December 2014, 39 patients
with ruptured AAAs underwent CT aortography. Among these
patients, 2 exhibited AAAs involving the suprarenal abdominal
aorta and 1 presented with AAA rupture after endovascular
repair. The remaining 36 patients exhibited AAAs involving the
infrarenal abdominal aorta and reported no history of surgical or
endovascular treatment.We included the CT aortography data of
these 36 patients in our retrospective analysis. The clinical
2

characteristics of each patient, including age, sex, initial systolic
and diastolic blood pressures recorded in the emergency room,
treatment methods for the ruptured AAAs, and final treatment
outcomes, were documented. Table 1 summarizes the character-
istics of the study group. Before analysis, all patient information
was anonymized and deidentified.
2.2. Image analysis

All images were evaluated by consensus between 2 radiologists
experienced in the diagnosis of aortic aneurysms and
interpretation of aortic imaging findings. On the basis of the
renal artery ostium, they measured the suprarenal angle
(a angle), defined as the angle between the flow axis of the
suprarenal aorta and the flow axis of the AAA neck, and the
infrarenal angle (b angle), defined as the angle between the flow
axis of the aneurysm neck and the flow axis of the AAA sac, on
3-dimensional (3D) volume-rendered images.[11] The angles of
the abdominal aorta, right common iliac artery, and left
common iliac artery were also measured. RI was recorded as
the angle between the abdominal aorta and right common iliac
artery, LI as the angle between the abdominal aorta and left
common iliac artery, and BI as the angle between both common
iliac arteries on the volume-rendered images. The major and
minor axes were measured at the point of the maximum AAA
diameter on axial CT aortography images, and the cross-
sectional diameter difference was calculated from the major
and minor axes at the point of the maximum AAA diameter
(Fig. 1). The presence of unilateral or bilateral involvement of
the common iliac artery was recorded. Sites of contrast
extravasation in the ruptured AAAs were assessed on axial
images and the quadrant was recorded.

2.3. Statistical analyses

We assessed the relationships between the initial blood pressure
values and clinical outcomes using logistic regression analysis.
Univariate analyses were performed to determine the correla-
tions between the major axis of AAAs at the point of the
maximum diameter and anatomical characteristics, including
the a angle, b angle, AAA neck diameter, proximal neck length,
RI, LI, and BI. The correlations between the cross-sectional
diameter difference and the abovementioned anatomical
characteristics were also determined. Then, multivariate linear
regression analyses adjusted for age and sex were performed for
factors found to be significant in the univariate analyses. The
relationship between iliac artery involvement and the aortic
axis (a angle, b angle) and the relationship between the
anatomical characteristics and the quadrant of the rupture site
were statistically assessed using general linear models. We also
performed a comparative analysis of CT data obtained before
and after AAA rupture and determined the correlations
between the major axis of AAA at the point of the maximum
diameter and the a and b angles before and after AAA rupture.
Kruskal–Wallis tests were used to analyze the correlation
between the b angle and iliac artery involvement before and
after AAA rupture. Finally, we performed correlation analysis
to access the relationship between the maximum AAA diameter
and interval change before and after AAA rupture. A P value of
<.05 was considered statistically significant. All statistical
analyses were performed using SAS software (ver. 9.2; SAS
institute Inc., Cary, NC).



Figure 1. Measurement of anatomical characteristics of ruptured abdominal aortic aneurysms (AAAs) on computed tomography (CT) aortography. Images are
reconstructed by Rapidia 2.8 software (Infinite, Seoul, Korea). (A–E) a angle (A), b angle (B), RI

∗
(C), LI† (D), and BI‡ (E) are measured on 3-dimensional (3D) volume-

rendered images. (F) Proximal neck diameter is measured on an axial image. (G) Proximal neck length is measured on a curvedmultiplanar reconstruction image. (H)
Major and minor axes at the point of the maximum AAA diameter are measured on an axial image. (I, J) Right (I) and left (J) common iliac artery diameters are
measured on an axial CT image.

∗
Angle between right iliac artery and abdominal aorta, †Angle between left iliac artery and abdominal aorta, ‡Angle between both

iliac arteries.
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3. Results

In total, there were 31 men and 5 women with an age range of 49
to 89 (mean, 72.1) years. Thirty of the 36 patients survived after
treatment for AAA, and the remaining 6 succumbed to
hypovolemic shock or multiorgan failure within 2 weeks after
treatment. Three of the 30 survivors died within 3 months of
follow-up; 2 died from pneumonia [endovascular aneurysm
repair (EVAR) in one and surgery in one] and 1 from metabolic
acidosis (surgery). The remaining 27 patients survived for more
than 3 months after treatment. Seven of these patients have been
alive for more than 30 months after treatment (EVAR in 2 and
surgery in 5), while the remaining 20 were lost to follow-up.
Among the 36 patients, 30 showed involvement of only a segment
of the aorta, 5 showed uni-iliac involvement, and 1 showed bi-
iliac involvement. The anatomical characteristics of the 36
patients as observed on CT aortography are summarized in
Table 2. Logistic regression analysis showed that neither systolic
Table 2

Anatomical characteristics of 36 patients with ruptured abdominal
aortic aneurysms on CT angiography.

Variable Results (mean±SD)

Infrarenal neck diameter, mm 22.8±4.8
Infrarenal neck length, mm 29.4±14.8
The major axis of AAA, mm 76.8±21.1
Diameter difference, mm 11.8±10.3
a angle, ° 49.1±33.4
b angle, ° 77.8±33.2
Right CIA diameter, mm 18.6±12.1
Left CIA diameter, mm 15.4±7.5
Right iliac angle, ° 146.6±17.0
Left iliac angle, ° 136.5±22.7
Angle between both iliac, ° 86.4±24.7

AAA= abdominal aortic aneurysm, CIA= common iliac artery.
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nor diastolic blood pressure at the initial visit to the emergency
room was a significant factor that affected mortality (P= .64 for
systolic pressure and P= .86 for diastolic pressure). The findings
of statistical analyses of the anatomical characteristics are
summarized in Tables 3 and 4. According to linear regression
analysis, the major axis of AAA at the point of the maximum
diameter was significantly correlated with the a (P< .001) and b
(P= .021; Table 3) angles. General linear model analysis revealed
a positive correlation between the b angle and iliac artery
involvement (P< .001; Table 4). The proximal neck length and
neck diameter showed no significant correlation with the major
axis of AAA at the point of themaximum diameter, and there was
no correlation between the cross-sectional diameter difference
and any of the anatomical characteristics. Furthermore, RI, LI,
and BI showed no significant correlation with the major axis of
AAA at the point of the maximum diameter, and there was no
significant correlation between the location of AAA rupture and
the a angle, b angle, and major and minor axis differences at the
point of the maximum diameter. Only 11 of the 36 patients had
available CT data obtained before AAA rupture. Correlation
analyses in these 11 patients revealed no significant correlation
between the major axis of AAA at the point of the maximum
diameter and both a and b angles before and after AAA rupture.
The Kruskal–Wallis test showed no correlation between the b
angle and iliac artery involvement in these 11 patients. A
significant correlation was found between the maximum AAA
diameter and interval change (correlation coefficient, 0.9681;
P< .001).
4. Discussion

In the present study, we determined the relationship between the
anatomical characteristics of ruptured AAAs and the maximum
AAA diameter, which is the current standard predictor of
rupture, using CT aortography. Although the maximum AAA
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Table 3

Univariate andmultivariate linear regression of correlation of anatomic characteristics on the CT aortography with major axis of the AAAs
at the point of maximum AAA diameter.

Major axis of the AAAs at the point of maximum AAA diameter
Univariate analysis Multivariate analysis

Regression beta (SE) P Regression beta (SE) P

a angle 0.3742 (0.0878) <.001 0.3269 (0.0839) <.001
b angle 0.2485 (0.0876) .008 0.1808 (0.0746) .022
AAA neck diameter 0.1499 (0.7432) .84
Proximal neck length 0.3375 (0.2294) .15
RI
∗ �0.1634 (0.2103) .44

LI† �0.0104 (0.1593) .98
BI‡ 0.1296 (0.1449 .38

AAA= abdominal aortic aneurysm, SE= standard error.
∗
Angle between right iliac artery and abdominal aorta.

† Angle between left iliac artery and abdominal aorta.
‡ Angle between both iliac arteries.
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diameter is considered a standard predictor of AAA rupture,
there are some limitations concerning its sole use for the
prediction of rupture.[3,5,16,17] Mechanical wall stress is also a
well-known predictor of AAA rupture.[3,5,18,19] Several factors
affect mechanical wall stress, such as locoregional pressure, aortic
wall stiffness, and the anatomical characteristics of the aorta.
This mechanical wall stress is possibly a trigger for an increase in
the aortic diameter, which results in AAA formation. However,
estimation of mechanical wall stress is not feasible or commonly
available in clinical practice. Recently, CT aortography has
become the standard diagnostic modality for aortic diseases,
including AAA. Using this modality, it is easy to acquire images;
moreover, the sophisticated anatomical characteristics of the
aorta are effectively reflected. Accordingly, we analyzed the
anatomical characteristics of the aorta in patients with ruptured
AAAs to evaluate any correlation with the maximum AAA
diameter on CT aortography, with a focus on the estimation of
mechanical wall stress.
We found that both the a and b angles correlated with the

maximumAAAdiameter,withapositive correlationbetween theb
angle and common iliac artery involvement. These findings suggest
that aortic tortuosity is associated with an increase in the AAA
diameter andmay affect iliac artery involvement. Therefore, aortic
tortuosity is a potential risk factor for aneurysm wall stress, and
increased tortuosity is expected tobe associatedwithAAA rupture.
Unlike the results of previous studies reporting the computa-

tional evaluations of the risk of AAA rupture, our results showed
that theAAAneck angle, AAAneck length, and angles between the
aorta and both iliac arteries exhibited no significant correlation
with the maximum AAA diameter on CT aortography.[6,12] We
Table 4

Correlation of iliac artery involvement in AAA with the a and b
angles.

Correlation of iliac artery
involvement of AAA

AAA diameter
(Mean±SD), mm P

a angle Group 1
∗

48.690±34.373 .55
Group 2† 51.045±30.584

b angle Group 1
∗

69.585±32.777 <.001
Group 2† 119.17±32.925

AAA= abdominal aortic aneurysm, SD= standard deviation.
∗
Abdominal aortic aneurysm involving only aortic segment.

† Abdominal aortic aneurysm involving both of aorta and common iliac artery.
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speculate that thedifferences in resultsbetween theprevious studies
and our study were caused by the sole use of geometric parameters
in the computational evaluations and the omission of detailed
anatomical characteristics as observed on CT aortography. In
general, AAA geometry has to be relatively uniform, and blood
pressure is also uniform in computational evaluations. This results
in a gap between computational simulations and actual phenome-
na. In the present study, we focused on specific anatomical
characteristics as observed on CT aortography. First, we excluded
evaluations of intraluminal thrombi as an anatomical characteris-
tic. Some studies have considered intraluminal thrombi to prevent
AAA rupture, while others have asserted a positive role for
intraluminal thrombi in AAA rupture.[20–22] Because of these
arguments, we excluded any effects of intraluminal thrombi on
AAA rupture in our study. In addition, specific anatomical
characteristics of the abdominal aorta, suchas vessel diameters and
angles, were evaluated. However, patient-specific data regarding
the endogenous characteristics of the aortic wall were not
considered. Moreover, patient-specific data regarding the distri-
bution of mechanical wall stress in AAA and failure strength or
susceptibility to rupture were not considered. Although these
patient-specific data could be important factors for AAA rupture,
practically, such data could not be acquired in the present study.
Another limitation of the study is the small sample size. In general,
the vital signs of patients with ruptured AAAs are very unstable
because of which all such patients cannot undergo CT aortogra-
phy.Therefore, the total number of includedpatientswas relatively
small in our study. Annual expansion rate of the AAAdiameter is a
well-known important risk factor of AAA rupture. In this study,
our analysis focused on the anatomic characteristic of the present
CT aortography. Therefore, we could not perform analysis on the
annual expansion rate of maximumAAA diameter as a risk factor
caused by small sample size. To overcome this limitation, further
study could be needed with a large sample size.
In conclusion, our results suggest that the tortuosity of the

aorta tends to be associated with the diameter of AAAs and
iliac artery involvement. Although the maximum AAA
diameter is a standard predictor of rupture and the annual
diameter expansion rate is also an important predictor, we
believe that investigation of the anatomical characteristics of
individual patients using CT aortography will aid in the more
accurate prediction of rupture and overcome the limitations
associated with the sole use of the maximum AAA diameter as
a predictor of rupture.
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