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Gender-Based Differences in Abdominal Aortic Aneurysm
Rupture: A Retrospective Study
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Abstract

Background: Annually, 5% of sudden deaths are due to abdominal
aortic aneurysm (AAA) rupture. There is evidence suggesting that
AAA ruptures have worse outcomes in females than males and the
aneurysms rupture at a smaller size in females than in males. The
United States Preventive Services Task Force (USPSTF) recom-
mends a one-time ultrasound screening for males aged 65 - 75 years
who ever smoked. There is insufficient evidence to screen females
aged 65 - 75 years who ever smoked though there is evidence sug-
gesting that AAAs rupture at a smaller size and have worse out-
comes in females. The objective of this study is to compare the char-
acteristics, mortality and morbidity of ruptured AAAs in females
and males.

Methods: This is a retrospective review of 117 patients from two
teaching institutions over a period of 6 years. A total of 39 parameters
were compared between males and females including demographic
variables, comorbidities like hypertension, dyslipidemia, cardiovas-
cular diseases; previous history of AAA; medications, characteristics
of aneurysm, type of surgery and its outcome; postoperative compli-
cations and long-term survival.

Results: The overall incidence of AAA rupture was higher in males
(68%) than in females (32%). Females die from AAA rupture at
a later age. There was a significant difference in the size of AAA
rupture between females (mean = 7.4 cm, standard deviation (SD) =
2.0) and males (mean = 8.2 cm, SD = 1.8; P=0.04). The probability
to undergo surgery for ruptured AAA was significantly lower for
females as compared to males (P = 0.03). Females had higher over-
all mortality (P = 0.001), postoperative mortality (P = 0.02), higher
length of intensive care unit (ICU) stay, incidence of postoperative
complications, use of vasopressors and use of ventilator.

Manuscript submitted October 25, 2020, accepted October 31, 2020
Published online December 18, 2020

aDepartment of Medicine, Temple University Health System, Philadelphia,
PA, USA

®Department of Medicine, Bristol Hospital, Farmington, CT, USA
“Department of Pulmonology, Oregon Health and Science University, Port-
land, OR, USA

dCorresponding Author: Srikrishna Varun Malayala, Department of Medicine,
Temple University, Philadelphia, PA 19111, USA.

Email: Srikrishna.V.Malayala@tuhs.temple.edu

doi: https://doi.org/10.14740/jocmr4376

Conclusions: Using a similar threshold of size of AAA for elective
surgery for both males and females might not be appropriate. Further
population-based studies are needed to warrant AAA screening for
high-risk females owing to the higher morbidity and mortality.
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Introduction

Abdominal aortic aneurysms (AAA) affect males to females at
the ratio of 4:1, but females are known to have worse outcomes
[1]. Available literature suggests that ruptured aneurysms oc-
cur in females more frequently and also at smaller diameters
compared to males [1]. The prevalence of AAAs with diameter
larger than 2.9 cm in males ranges from 1.9% to 18.5% which
is much higher than females (0-4.2%) [2]. Females with AAAs
usually present late, grow rapidly than males, and also have a
four-time higher risk of rupture at a diameter 5.0 - 5.9 cm than
males [3]. The average annual risk of rupture of AAA with > 6
cm is 14.1% in males and 22.3% in females. The mortality of
AAA rupture is about 50% [4].

In 2017, total deaths due to AAA were about 9,928, which
was up from 2,600 in 2013 [5, 6]. Surgical intervention either
by endovascular repair (EVAR) or open repair is offered for an-
eurysms > 5.5 cm in both males and females. Rupture of AAA
is a medical emergency and is associated with a very high pre-
hospitalization mortality [7]. Some reports also suggest that
females who received EVAR or open repair were more likely
to have a higher postoperative mortality than males. Differ-
ences in diagnosis and treatment rates or inherent anatomical
dissimilarities and lack of screening for females seem to be the
reasons for higher mortality rate in females [5].

Ultrasound has 90% sensitivity and 100% specificity to
diagnose AAA and has been the standard screening tool for
AAA. The 2019 United States Preventive Services Task Force
(USPSTF) guidelines recommend one-time screening with
ultrasonography in males aged 65 - 75 years who had ever
smoked. When it comes to screening guidelines in females,
USPSTF concludes that there is insufficient evidence to screen
females aged 65 - 75 years who had ever smoked [8]. These
recommendations have been consistent for many years even
after multiple studies suggesting higher mortality in females as
illustrated above. While further population-based studies are
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needed to address the guidelines related to screening; with this
study, we attempt to specifically study the AAA ruptures and
subsequent outcomes in females.

Materials and Methods

Objectives

The objective of the study was to compare the outcomes of
ruptured AAAs between males and females. We also compared
the patients presenting with the ruptured AAAs, the character-
istics of the aneurysms itself and postoperative course between
males and females.

Sample

The study was nested as a multi-center retrospective study
and the sample was obtained from two community-based sis-
ter hospitals located in a metro city in Western New York.
Over a period of 6 years, all the patient charts admitted with
a diagnosis of AAA in the two hospitals were reviewed. The
data were collected through a retrospective review of paper
charts and electronic medical records. Approval was obtained
from the Institution’s Review Board (IRB) of the hospital
system.

The inclusion criteria for the study were the patients who
presented with a rupture of the aneurysm. The patients who
were admitted for elective repair were excluded.

Variables

Demographic variables like age and gender, patient’s comor-
bidities (hypertension, dyslipidemia, diabetes mellitus, cardio-
vascular diseases), previous history of AAA (size at previous
diagnosis, previous attempt to repair and history of rupture),
current use of cardio-protective medications (statins, aspirin,
clopidogrel and beta-blockers), the characteristics of aneurysm
(size, involvement of iliac arteries) were noted and compared
between males and females. They were labeled as smokers if
they smoked at least 100 cigarettes in their lifetime.

The computed tomography (CT) scan findings at the time
of presentation to the hospital were used to identify the rup-
tured aneurysms, their size (in centimeters), location (supra or
infrarenal) and iliac artery involvement.

The hospital course including length of stay in intensive
care unit (ICU) and hospital, incidence and type of surgery, im-
mediate postoperative complications like ventilator dependent
respiratory failure, hypovolemic shock, acute renal failure, and
myocardial infarction were reviewed. The immediate postop-
erative mortality and overall mortality with or without surgery
were noted. The long-term survival of the discharged patients
was identified using the SSN database. Patients discharged
alive were followed for a period of 2 years. Date of death were
procured from https://ladmf.ntis.gov (SSN database).

A total of 39 parameters were compared between males
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and females. The patient data were kept confidential and the
only primary investigators had access to the data through a
personal access key.

Statistical analysis

SPSS version 26 was used for analysis of the study. We ana-
lyzed between-group differences on demographic and baseline
characteristics by using Chi-square tests for categorical vari-
ables and #-tests for continuous variables. The predictors of
mortality were projected based on a logistic regression model,
adjusting for age, hypertension, major comorbidities, smoking
status and use of preventive medications. We took the P value
as less than 0.05 for statistical significance. Kaplan-Meier sur-
vival curve analysis was used to analyze the long-term survival
of these patients (2-year mortality).

Results

A total of 1,538 patients were hospitalized to either hospital
with a diagnosis of AAA. About 92% of the samples (1,417
patients) were excluded and 117 patients were included for fi-
nal analysis (Fig. 1) as the sample was restricted to ruptured
aneurysms only. Out of the 117 patients, 79 were male (67.6%)
and 38 were female patients (32.4%) admitted with an AAA
rupture.

Table 1 demonstrates the demographic variables of the
sample, and 100% of the samples were Caucasian. Obesity
was more prevalent in the male patients with a significant
statistical difference (P = 0.02), but there was no difference
in the distribution of tobacco use, hypertension, other major
cardiovascular comorbidities or use of any cardio-protective
medications.

Gender was identified as an independent predictor of age
of rupture after adjusting the effects of hypertension, comor-
bidities, smoking, use of medications and previous history of
aneurysms (P = 0.005). The mean age of rupture in males was
75.8 years (standard deviation (SD) = 10); and in females, it
was 82.4 years (SD = 8.6). We evaluated the age specific in-
cidence of the aneurysm ruptures and it was noted that 65.8%
of the male patients were under 85 years age and 65.7% of the
female patients were over 85 years old (Fig. 2).

Table 2 describes the characteristics of the ruptured an-
eurysms in male and female patients. There was no difference
in the pattern of the location of the rupture, whether they are
suprarenal, infrarenal or both, whether they are located on the
left, right or both sides. There were 75 males (94.9%) and
34 females (89.5%) with an infrarenal aneurysm. However,
there was a significant difference in the size of the aneurysm
rupture between the two groups. Female patients tend to have
a significantly smaller size of aneurysm at the time of rupture
(mean = 7.46 cm, SD = 2.09) as compared to the males (mean
=8.23 cm, SD = 1.84; P = 0.04). About 58% of the male pa-
tients had a known previous diagnosis of AAA and 29% of
them had their aneurysms repaired on an elective basis. In the
female patients, AAA was a known diagnosis in only 50% of
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Total number of cases
reviewed

1538

IExclusion criteria:

» Elective repair
e Endo-vascular leak
* Endo-vascular revision

Total number of cases
excluded = 1417 (92%)

Total number of cases
reviewed

117 (8%)

Males
79

(67.6%)

Females
38

(32.4%)

Figure 1. Inclusion and exclusion criteria of the study.

the cases and surgical repair was performed only in 10.5% of
the cases. At their previous diagnosis, the mean size of the an-
eurysm was significantly smaller in males (4.0 cm, SD = 3.3),
as compared to the females (5.0 cm, SD =2.6; P=0.03). The
AAA was found in either routine screening or as an incidental
finding.

Table 3 explains the characteristics describing hospital
course and mortality of the ruptured AAAs and the postop-
erative complications. The overall mortality (irrespective of
surgery or not) was significantly higher in women (68.4%) as
compared to men (31.6%), P < 0.001. The postoperative mor-
tality was also higher in females which is 50% versus 21.2% in
males, P = 0.05. The overall mortality and postoperative mor-
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tality were adjusted for tobacco use, age, major comorbidities
and use of cardio-protective medications using a logistic re-
gression model.

Out of the 79 male patients in the sample, 74 of them
(93.7%) had an operative management of the ruptured AAA
as compared to only 24 of the 38 females (63.2%), P = 0.03.
Endovascular repair of the ruptured AAA was performed
more frequently in both males and females (72.2% vs. 42.1%)
than open repair, P < 0.01. The postoperative complications
(ventilator dependent respiratory failure, requirement of vaso-
pressors and other unexpected complications like blood loss,
renal failure, etc.) tend to happen more frequently in females
as compared to males at a statistically significant level (P <
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Table 1. Demographic Characteristics of the Male and Female Patients Admitted With Abdominal Aortic Aneurysm (AAA) Rupture

Characteristic Males (n =79) Females (n = 38) P value
Site, n (%)

Facility 1 52 (65.8) 20 (52.6)

Facility 2 27 (34.2) 18 (47.4) 0.17
Race, n (%)

Caucasian 79 (100) 38 (100)

Others 0 0 N/A
BMI, n (%) 0.02

Normal (< 25.0) 15 (25.8) 11 (58.0)

Overweight (25.1 - 30) 24 (41.3) 6(31.5)

Obese (> 30.0) 19 (32.9) 2 (10.5)
Smoking, n (%) 66 (83.5) 26 (68.4) 0.06
Hypertension, n (%) 66 (83.5) 33 (86.8) 0.64
Major comorbidities, n (%)? 38 (48.1) 20 (52.6) 0.64
Aspirin, n (%) 40 (50.6) 18 (47.4) 0.10
Statin, n (%) 40 (50.6) 18 (47.4) 0.74
Clopidogrel, n (%) 7 (8.9) 5(13.1) 0.47
Beta-blocker, n (%) 24 (30.4) 14 (36.8) 0.48
Age at rupture, mean (SD)P 75.8 (10.0) 82.4 (8.6) 0.005

aMajor comorbidities are defined as diabetes mellitus, cardiovascular diseases including coronary artery, cerebrovascular and carotid artery dis-
eases. PAge was adjusted for BMI, smoking history, hypertension, comorbidities, use of aspirin, statin, clopidogrel, beta-blockers, previous history of
aneurysm, size and location of aneurysm. BMI: body mass index; SD: standard deviation.

0.001) even when adjusted for age, comorbidities, tobacco use
and use of medications. The length of stay in the ICU was
significantly longer in females as compared to males (5.5 days
versus 4.1 days) using the same model, P = 0.02.

Figure 3 shows the long-term survival of the patients dis-
charged alive after the AAA repair. The available sample for
this analysis was 27 patients; out of them 21 were male and
six patients were female patients. Males survived an average

of 11.0 months (SD = 2.2) as compared to 9.3 months (SD =
2.9) in females, though not at a significant level (P = 0.41).

Discussion

Cardiovascular disease is the number one cause of death for
both men and women in the USA [3]. Traditionally, all the car-

B Males B Females [ Overall

50

<55 56-65 66-75

76-85 86-95 >95

Figure 2. Age specific distribution of male and female patients admitted with abdominal aortic aneurysm (AAA). It was noted that
65.8% of the male patients admitted with AAA rupture were under 85 years of age and 65.7% of the female patients admitted for

AAA rupture were more than 85 years old.
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Table 2. Characteristics of the Ruptured Abdominal Aortic Aneurysms (AAA) in the Male and Female Patients at Presentation,
Based on the CT Scan Findings

Characteristic Males (n =79) Females (n = 38) P value
Location of the aneurysm, n (%) 0.28
Infrarenal 75 (94.9) 34 (89.5)
Suprarenal 0(0) 1(2.6)
Both 4(5.1) 3(7.9)
Involvement of iliac arteries, n (%) 0.42
Left 6 (7.6) 1(2.6)
Right 9(11.4) 4(10.5)
Both 12 (15.2) 3(7.9)
None 52 (65.8) 30 (78.9)
Size of aneurysm at rupture (cm), mean (SD) 8.23 (1.84) 7.46 (2.09) 0.04
Known history of AAA repair, n (%) 46 (58.2) 19 (50) 0.34
Previous surgical history of AAA repair, n (%) 23 (29.1) 4(10.5) 0.04
AAA size at earlier diagnosis, (cm), mean (SD) 4.0 (3.3) 5.0(2.6) 0.03

CT: computerized tomography; SD: standard deviation.

diovascular diseases were considered as “men’s diseases.” Our
study concludes that there was a significant effect of gender on
the age of death from AAA rupture, and there was a significant
difference in the size of AAA rupture between males and fe-
males. Women tend to present at an advanced age and have a
smaller size of the ruptured aneurysm though the overall inci-
dence of AAA rupture was higher in males. The probability of
undergoing surgery for ruptured AAA was significantly lower
for women. Female gender was also identified as an independ-
ent predictor of longer length of ICU stay, higher incidence of
postoperative complications, more frequent use of vasopres-

sors and ventilators.

There are a few previous studies which showed the dispar-
ities of risks and outcomes of AAAs in males and females, and
our study adds to the literature that even ruptured aneurysms
tend to fare worse in females. Females are usually protected
from the development of AAAs, but behave aggressively with
faster growth, frequency of rupture, and higher mortality rate
[5].

One hundred percent of the patients included in our study
were Caucasian. AAAs are commonly seen in Caucasian
population, and few studies have reported differences in the

Table 3. Characteristics Describing the Hospital Course and Mortality of the Ruptured Abdominal Aortic Aneurysms in the Male and

Female Patients

Characteristic Males (n =79) Females (n = 38) P value®
Overall mortality, n (%)? 25 (31.6) 26 (68.4) 0.001
Operative course
Surgical management, n (%)° 74 (93.7) 24 (63.2) 0.03
Type of surgery®
EVAR, n (%) 57 (72.2%) 16 (42.1%) <0.01
Open, n (%) 17 (21.5%) 8 (21.1%)
None, n (%) 5(6.3%) 14 (36.8%)
Postoperative course® Males (n = 74) Females (n = 24)
Ventilator requirement, n (%) 44 (59.5) 18 (75) 0.17
Requirement of vasopressors, n (%) 40 (54.1) 17 (70.8) 0.15
Unexpected postoperative complications, n (%) 38 (48.6) 10 (58.3) 0.41
Length of stay in intensive care unit, days (SD) 4.1(4.1) 5.5(6.0) 0.02
Postoperative mortality, n (%)? 21(21.4) 12 (50.0) 0.05

aAdjusted for tobacco use, age, size at presentation, major comorbidities and use of cardio-protective medications. PThe incidence of surgery was
adjusted for age, major comorbidities and size at presentation. °The overall mortality was still at a statistically significant level of less than 0.05 even
for the unadjusted sample. However, the postoperative mortality for the unadjusted sample was 0.26 as compared to 0.05 for the adjusted sample.
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Figure 3. Long-term (over 2 years) survival of the patients discharged alive after AAA repair. X axis represents the months of
survival after an emergent abdominal aortic aneurysm (AAA) repair. Y axis is the survival of the patients on a scale of 1 to 0.
Males survived an average of 11.0 months (SD = 2.2 months) as compared to 9.3 months in the females (SD = 2.9 months, P =
0.41). The total sample available for the analysis was 27 patients, 21 males and six females.

development of AAA in Caucasians and African American
populations [9]. The number of females in the sample is also
smaller as compared to males (38 versus 79), reflecting the
prevalence pattern of AAAs. Out of 117 patients included
in the study, 92 (78.6%) of them have at least smoked 100
cigarettes in their lifetime. Smoking and genetics play a key
role in the development of AAA [10]. Among all the cardio-
vascular diseases, AAA has the strongest association with
smoking, precisely current smoking. In a study by Ulug et al
on the prevalence of screening-detected AAAs in women, it
was found that smoking had a greater impact on prevalence
of AAA in females than in males [11]. As seen in our study,
there is also a strong correlation between obesity with high
waist circumference and AAA. This is probably due to the re-
lease of adipokines and obesity-induced aortic inflammation
leading to weakening of the vessel and further aneurysmal
formation [12]. We wanted to neutralize the effect of current
use of medications on AAA outcomes as there is evidence
suggesting that use of cardio-protective medications like
aspirin, clopidogrel, statins and beta blockers have protec-
tive effects against AAA [13-16]. Ninety-three percent of our
sample presented with infrarenal aneurysm, which is consist-
ent with the data that 85% of the AAAs are infrarenal [17].
Though estrogen has a protective effect in the development
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of AAA in females, hormonal replacement therapy increases
the risk of AAA development after menopause [18]. Overall,
the development of AAA, its progression and outcome are
a combination of genetic predispositions and environmental
factors [10].

In our sample, mean diameter at the time of rupture in
males is 8.23 cm with SD of 1.84, while that of females is
7.46 cm (SD = 2.09). Few authors believe that discrepancies
in geometric and bio-mechanical properties are the reasons for
faster growth of AAA and increased rate of rupture than that of
males in spite of low prevalence. Females also exhibit higher
proportion of aneurysms with high peak wall stress [19]. In
males, the average infrarenal diameter of aorta at the age of 65
years or more is 2.02 cm, whereas in females it is 1.75cm [11].
The intuitive thought for smaller diameters of AAA in females
when compared to males is that females inherently have small-
er aortas [19]. These innate differences could call for gender
specific guidelines in screening and elective surgical repair of
AAAs in females.

AAA is usually asymptomatic and diagnosis is usually
made as an incidental finding on imaging for other medical
complaints [20]. Sixty-five patients (55.5%) in our sample had
the previous diagnosis of AAA who were diagnosed as part of
routine screening or as an incidental finding on imaging for
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other medical illnesses. Few studies suggest that non-specific
inflammatory markers like D-dimer levels are elevated in pa-
tients with AAA, but there are no other diagnostic and prog-
nostic markers for the diagnosis of AAA, and there is also no
drug therapy to limit the progression of AAA [20-22]. The only
effective way of diagnosis and follow-up of the AAA is ab-
dominal ultrasound. No repeat ultrasound is recommended if
the AAA is less than 3 cm, but if the initial size is 3 - 4 cm, an
ultrasound is recommended every 2 - 3 years; and for the AAA
sized 4 - 5.5 cm, ultrasound is recommended every 6 months
to 1 year [20].

Fifty percent of the females in our sample who had a pre-
vious diagnosis of AAA had a mean diameter of 5 cm. Con-
sidering the worse outcomes in females with higher mortality
and delayed age at presentation, a threshold of 5.5 cm might
be too high for females though this has been the recommended
size of elective repair in males [23]. The current indications for
elective AAA repair include diameter of 5.5 cm for a patient
with symptomatic AAA (irrespective of the size), and rapid
expansion like 1 cm in 1 year irrespective of the size. Though
elective AAA repair is associated with decreased morbidity
and mortality, overall operative mortality and long-term sur-
vival mainly depend on the patient’s age and other risk factors.
Hence, the decision to perform an elective AAA repair must
weigh the patient’s risk of rupture depending on AAA diameter
against the individual risk of surgery [24]. Endovascular re-
pair (72.2% and 42.1%) for ruptured AAA is performed more
frequently than open repair (21.5% and 21.1%) in both males
and females [25]. In spite of advanced ICU and techniques for
repair, mortality still remains high following repair of ruptured
AAA [5]. We adjusted our sample for age, cardio-protective
medications and comorbidities and still found that the postop-
erative complications, overall mortality and morbidity remain
higher in females.

Postoperative complications tend to happen more com-
monly in females as compared to males at a statistically sig-
nificant level (P < 0.0001) when adjusted for age, comorbidi-
ties, tobacco use and use of medications. Hence, very close
postprocedural surveillance and prompt correction of compli-
cations are required to avoid fatal outcomes [26]. Twenty-four
out of 38 female patients had undergone surgical repair, either
EVAR or open repair. Of these, 18 (75%) patients required
ventilator, 17 (70.8%) required vasopressors and 10 (58.3%)
had other unexpected postoperative complications like blood
loss, renal failure, etc. Females (12 out of 24, 50%) who re-
ceived EVAR or open repair have postoperative complications
and are more likely to die than males. Differences in diagnosis
and treatment rates or inherent anatomical dissimilarities and
lack of screening for females are the reasons for high mortality
rate in females after EVAR or open repair [5]. Hence, there is
a need to focus on improving ruptured AAA outcomes in fe-
males with a repair at a smaller size and earlier age. EVAR has
been identified as one of the biggest determinants in ruptured
AAA outcomes. However, with this study we could not study
the outcomes of EVAR versus open repair as the sample size
was too small.

Gender-based differences in outcomes and sex specific
guidelines have been identified and studied in multiple sce-
narios including cholesterol levels, use of prophylactic medi-
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cines and coronary artery disease screening and management
[27-30]. In 2017, USPSTF considered a revised draft plan for
AAA screening including asymptomatic males and females.
If this plan is implemented, it is possible that there may be re-
duction in mortality disparity between males and females with
ruptured AAA [5].

Limitations

Our study is prospective and single-centered. It lacks exter-
nal validity required to support widespread changes in prac-
tice. We compared smoking, hypertension and other medica-
tions but we missed comparing covariates like family history
and age of menopause in the retrospective review. Our find-
ings could be considered hypothesis generating, perhaps
serving as the basis for a larger study. While we were able
to come to a conclusion that ruptures of AAA have worse
outcomes in females as compared to males, we do realize
that these results need reinforcements from other multi-cent-
er and population-based studies to comment on the screen-
ing guidelines. Also, the number of females in the sample is
less than males (38 versus 79); this might reflect the overall
prevalence of AAAs in females but limited a lot of analyses.
For example, we could not study the outcomes of EVAR vs.
open repair which has been identified as a significant predic-
tor of outcome.

Conclusions

With the findings from our study, we call for further studies
to suggest the importance of screening for AAAs in high-risk
women and the importance of formulating “sex-specific” man-
agement guidelines of AAA. Routine screening in men of age
65 years and over has significantly reduced the mortality from
ruptured AAA. Nearly one-third of the patients who present
with ruptured AAA are women, and they do have a very high
mortality contributing to a large proportion of deaths from
AAA[11].
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