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Prologue

When we started this project back in 2007 cardiovascular disease was, as it is still 
now, a ‘hot’ topic. It is a field in medicine which has received a lot of attention 
and funding and has therefore been extensively researched. The striking fea-
ture, which can not be found to the same degree in other fields of medicine, is 
that all the attention went to men. Back in 2007 only one cardiovascular confer-
ence had ever been organised for women and it focussed on how to recognise a 
stroke or heart attack occurring in your husband!

I feel we have come a long way since then, the American Heart Association lead-
ing the way with their campaigns followed in our own country on a national level 
by the “Hartstichting” with their 2010 campaign. All are striving to create aware-
ness for cardiovascular disease in women. I feel honoured to have contributed, 
in however small a way, to this movement and will continue to do so as we still 
have a lot more to do.
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For a long time, cardiovascular dis-
ease was considered a male disease. 
However, for women too, cardio-
vascular disease is the leading cause 
of death, and one out of every three 
women dies as a result of it. At the 
moment in the Netherlands, more 
women than men die annually due to 
cardiovascular disease. Women are 
less likely to die from a myocardial 
infarction but more likely to die from 
a cerebrovascular accident (CVA) (fig-
ure 1)1. Seeing that women in general 
have a longer life expectancy this has 
huge implications for our health care 
system

The reason for the focus on men in 
my opinion is twofold. On the one 
hand doctors are less inclined to think 
of cardiovascular disease in women 
as it often presents itself in a differ-
ent manner than in men2,3. Women 
do not have ‘typical’ male symptoms 
and also convey their history differ-
ently than men (emphasising emo-
tions such as stress), which could dis-
tract the thought of cardiovascular 
disease being present. On the other 
hand women themselves worry more 

about easily identifiable (female) 
diseases such as breast cancer, and 
also don’t recognise their a-typical 
symptoms as being cardiovascularly 
related4.  Whatever the reason may 
be, this view has contributed to the 
fact that most cardiovascular studies 
are based on populations that include 
a majority of male patients. Due to 
the underrepresentation of women, 
treatment guidelines are based on a 
predominately male population and it 
is debatable whether these guidelines 
can be applied to women. A reason 
for this scepticism is that for coronary 
artery disease, gender differences 

have been well documented and show 
that women fare worse when suffer-
ing from this condition. We know for 
a fact  that the pathophysiology dif-
fers between men and women. Until 
the menopause women are protected 
by hormones, leading to a slower pro-
gression of atherosclerosis which in 
its turn leads to a more diffuse con-
dition compared to the more focal 
condition observed in men (figure 2). 
After the menopause however, wom-
en ‘catch up’, and have higher inci-

Figure 1. Cardiovascular causes of death for women and men in the Netherlands 2011 (source CBS)
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dence rates of cardiovascular disease 
compared to men1. The difference in 
pathophysiology leads to a different 
presentation of symptoms. Women 
less often report ‘typical’ chest pain 
but more often suffer from fatigue 
and more generalised pain in the up-
per half of the body5,6.

Seeing that conventional diagnostic 
tests are aimed at finding focal mal-
formations, women undergoing these 
tests often get a negative test. They 
are, therefore thought not to have a 
cardiovascular problem while in actu-
al fact they have a functional problem 
instead of an obstructive one. This 
leads to a delay in diagnosis or even 
the entire diagnosis being missed.

There are also differences between 
the genders as far as risk factors for 
cardiovascular disease are concerned. 
Smoking, diabetes and hypertension 
have been demonstrated to be much 
higher relative risk factors for myo-
cardial infarction and cardiovascular 
death in women than in men7-9. It is 
not fully understood which mecha-
nisms lie at the base of this. It is there-
fore extra important that these co-
morbidities are well treated/regulat-

ed in women, but unfortunately it has 
also been demonstrated that women 
are treated less aggressively and lag 
behind in both primary and secondary 
preventions10,11.

Sometimes the kind of treatment also 
does not suffice for women. A good 

example is heart failure. It is under-
stood that women mostly suffer from 
diastolic heart failure, compared to 
systolic heart failure in men. All thera-
pies, both invasive and medicational, 
have focussed on systolic heart fail-
ure, which is quite a different disease, 
thus leading to suboptimal treatment 
of women with heart failure12. 

Regarding invasive coronary artery 
interventions, women receive fewer 
coronary angiographies and revascu-
larisation procedures and have higher 
complication and mortality rates fol-
lowing these procedures13,14.

Gender differences in non-cardiac 
vascular diseases have been re-
searched to a far lesser extent. Be-
cause mechanisms in peripheral vas-
cular disease are thought to be similar 
to those in coronary artery disease we 

Figure 2. Atherosclerosis in an artery: A ‘typical’ pattern showing a focal malformation (obstruc-
tion). B image of diffuse malformations (non-obstructive)  
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set out to study gender differences in 
non-cardiac vascular diseases such as 
abdominal aortic aneurysms (AAA) 
and stroke due to carotid artery ste-
nosis.

Abdominal Aortic 
Aneurysm (AAA)

The current manage-
ment of abdominal aor-
tic aneurysms (AAA) 
arose from two rand-
omized controlled trials 
(RCTs) conducted in the 
‘90s, which indicated 
no benefit of opera-
tion versus surveillance 
for AAAs smaller than 
5.5 cm. Although these 
two RCTs included a 
predominantly male population (83% 
in the UK Small Aneurysm trial and 
99.2% in the ADAM trial) their results 
are applied to both sexes15,16. Gender 
specific differences in the expression 
of enzymes, responsible for vascular 
structure degradation have been doc-
umented, higher risks of rupture have 
been reported for women and women 
also seem to fare worse after both 
elective and ruptured AAA repair. All 
these factors have led to doubt about 
whether the current management of 
AAAs ensures that women receive ad-
equate treatment.

 

Stroke due to carotid artery 
stenosis

Stroke is the leading cause of disa-
bling disease and the third major 
cause of death in the Western world. 
More women than men die of stroke 
each year17. Approximately 20% of 
strokes can be attributed to athero-
sclerotic disease of the carotid arter-

ies. For patients with symptomatic 
carotid artery disease two RCTs) 
clearly demonstrated the benefit of 
carotid endarterectomy (CEA) over 
medical treatment18,19. They also dem-

onstrated, however, that women ben-
efit less than men due to their higher 
perioperative risk and lower stroke 
risk with medical treatment alone. In 
the last decade, carotid artery stent-
ing (CAS) has emerged as an alterna-
tive to surgical endarterectomy in an 
effort to minimize interventions. The 
published and ongoing studies fo-
cused on comparing treatment strat-
egies and not on the possible effect 
of gender differences on outcomes. 
It remains unclear whether gender 
influences the outcome after carotid 
revascularization. Also, the impact 
of gender may differ depending on 
whether a patient is symptomatic vs. 
asymptomatic and which procedure is 
used, CEA or CAS.

Aim and outline of this thesis

The aim of the studies described in 
this thesis was to evaluate the effect 
of gender on the diseases and inter-
vention techniques in question.
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We started by reviewing the literature 
and addressing the epidemiology, eti-
ology, risk of rupture and treatment 
of abdominal aortic aneurysms and 
to what extent gender plays a role, 
giving an extensive overview of the 
current state of knowledge regarding 
gender and abdominal aortic aneu-
rysms. (Chapter 2)

The review described in Chapter 2 
gave us reason to believe that the 
current management of abdominal 
aortic aneurysms was not optimal for 
women and led us to conduct a sys-
tematic review and meta-analysis on 
the topic. The aim was to assess pos-
sible differences in mortality between 
men and women with an abdominal 
aortic aneurysm (AAA) treated with 
elective open repair, elective endo-
vascular repair, ruptured open repair 
and ruptured endovascular repair 
(Chapter 3).

In Chapter 4 we sought to aid clini-
cians by performing a systematic 
review of current guidelines on AAA 
screening as recommendations on the 
same topic varied across the guide-
lines and there is still no consensus on 
which patient groups to screen. The 
role of women in screening programs 
also still needed to be determined.

As in other fields, minimally invasive 
surgery also made its entrance in vas-
cular surgery and endovascular aneu-
rysm repair (EVAR) was implemented 
widely. To see whether this technique 
benefitted women too we reviewed 
the literature and give an overview in 
Chapter 5.

After having performed the review on 
EVAR in women in Chapter 5 we were 
able to analyse one of the world’s 
biggest EVAR registries in the world. 
11,000 men and 700 women were reg-
istered in the EUROSTAR database 
and we analysed their 30-day and 
long-term outcomes leading to the 
results as depicted in Chapter 6.

The database we used for our final 
study was the Carotid Artery Revascu-
larization and Endarterectomy Regis-
try (CARE-Registry). We determined 
the influence of gender on short-term 
outcome in both symptomatic and 
asymptomatic patients treated either 
by carotid endarterectomy (CEA), 
or carotid angioplasty and stenting 
(CAS) (Chapter 7).

Finally, in Chapter 8, the findings of 
this thesis and their implications are 
summarised and discussed and sug-
gestions for further research are out-
lined.
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Chapter 2
Epidemiology, Aetiology, Risk 
of Rupture and Treatment of 
Abdominal Aortic Aneurysms:  
Does Sex Matter?

N. Grootenboer, J.L. Bosch, J.M. Hendriks, M.R.H.M. van Sambeek 

Eur J Vasc Endovasc Surg. 2009 Sep;38(3):278-84. Epub 2009 June 21. Review.
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Abstract

Objectives
To unravel the extent to which gender plays a role in the epidemiology, aetiol-
ogy, risk of rupture and treatment of abdominal aortic aneurysms (AAAs) and to 
give an overview of these factors.

Design, Materials and Methods
A literature review was performed in the Medline database and Cochrane Li-
brary for gender-specific articles on epidemiology, aetiology, risk of rupture and 
treatment of AAAs.

Results
Our literature review suggests that the prevalence of AAA in women is underes-
timated. Regarding aetiology, an oestrogen-mediated reduction in macrophage 
MMP-9 production seems to be an important mechanism causing gender-relat-
ed differences in AAA development. We found consensus in the literature that 
women run a greater risk of rupture compared to men under the current man-
agement rules for AAAs. Their treatment mortality also seems to be higher for 
both elective and ruptured repair.

Conclusions
Gender-specific guidelines should be put into place for the management of 
AAAs and awareness for this disease should be increased, both in women them-
selves and in their doctors.
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Introduction

The current management of abdomi-
nal aortic aneurysms (AAAs) has 
mainly resulted from two randomised 
controlled trials (RCTs), which indicat-
ed no benefit of operation vs. surveil-
lance for AAAs smaller than 5.5 cm in 
diameter. [1]  and  [2] Nevertheless, there 
are good indications to treat certain 

smaller-diameter aneurysms (e.g., 
rapid growth and saccular form). Al-
though these two RCTs included a 
predominantly male population (the 
UK Small Aneurysm trial, 83% and the 
ADAM trial, 99.2%), their results are 
applied to both sexes. There is, how-
ever, increasing evidence that this 
may not be correct. Gender-specific 
differences in the expression of en-
zymes, responsible for vascular struc-
ture degradation, have been docu-
mented, higher risks of rupture have 
been reported for women and women 
also seem to fare worse after both 
elective and ruptured AAA repair.

To assess whether current manage-
ment of AAAs ensures that women 
receive adequate treatment it is nec-
essary to unravel the extent to which 
gender plays a role in the epidemiol-
ogy, aetiology, risk of rupture and 
treatment of AAAs. The aim of this 
review was to give an overview of the 
current state of knowledge regarding 
these factors.

Methods

Three searches of the Medline data-
base and Cochrane Library were per-
formed by the first author. For ‘ae-
tiology’, keywords describing AAA, 
aetiology, MMP and genes were used. 
For ‘risk of rupture’, keywords de-
scribing AAA, rupture and outcome 
were used. For ‘treatment’, we used 
keywords describing AAA, treatment 
and outcome. Each of these searches 
was combined with the search term 
(‘women’, ‘gender’, ‘female’, ‘sex’) 
to identify gender-related articles. 
Articles retrieved were restricted to 

Figure 1. Literature search
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those published in English, Dutch, 
French, German and Spanish. Lists of 
references of identified articles were 
checked to obtain additional refer-
ences. Articles were excluded if AAA 
was not the main disease, and if they 
did not report on the relevant topic for 
men and women separately. Case-re-
ports and reviews were also excluded. 
(See the flowchart for the description 
of the selection procedure) (Fig.  1). 
In perusing the gender-specific arti-
cles identified through the searches, 
references were found to further per-
tinent articles that did not meet the 
search criteria in full. These articles 
have also been included in this review.

Epidemiology

The prevalence of AAA varies with a 
number of factors, including advanc-
ing age, family history, gender and 
tobacco use. The prevalence of AAAs 
larger than 2.9 cm in diameter ranges 
from 1.9% to 18.5% in men and 0% 
to 4.2% in women, the ranges being 
explained by the different age groups 
used and the differences in case-mix. 

[3], [4], [5] and [6]

The prevalence of AAAs in women is 
currently considered too low for their 
inclusion in ultrasonographic screen-
ing programmes and stratified analy-
ses in the various RCTs. Wanhainen 
recently demonstrated that preva-
lence in women is underestimated by 
using the standard definition for AAA 
of a 30 mm diameter. The prevalence 
for 65–75-year-old was 16.9% for men 
and 3.5% for women, whereas when 
using another definition, ≥1.5  ×  nor-
mal infrarenal aortic diameter (pre-
dicted from a nomogram), the preva-
lence was 12.9% for men and 9.8% for 
women.7

Aetiology

Histologically, AAAs are characterised 
by destruction of elastin and collagen 
in the media and adventitia, smooth 
muscle cell loss with thinning of the 
medial wall, infiltration of lympho-
cytes and macrophages and neovas-
cularisation.8 Traditional views held 
that most aneurysms were caused by 
degenerative atherosclerotic disease 
but, in recent years, matrix metallo-
proteinases (MMPs) are considered to 
play an important role.

Matrix metalloproteinases (MMPs)
Experimental data of human AAAs 
suggest that matrix metalloprotein-
ases (MMPs) and other proteases, de-
rived from macrophages, ‘activated’ 
endothelial cells, aortic smooth mus-
cle cells and adventitial fibroblasts, 
are secreted into the extracellular ma-
trix causing its degradation and lead-
ing to aneurysm formation. [9]  and  [10] 
While some MMPs have a particular 
affinity for specific components of the 
connective tissue matrix (e.g., MMP-
3 for elastin), the breakdown of other 
components, such as collagen, prob-
ably requires a mixture of MMPs (e.g., 
MMP-1 for collagen types I and III, 
MMP-9 for collagen type IV). [11]  and  [12] 
The MMPs are released into the tis-
sues as inactive MMPs, which are 
then converted into an active state. 
Several studies have reported on the 
gender-specific aspects of MMP-9. 

[13]  and  [14] This metalloproteinase is ac-
tively produced by aneurysm-infil-
trating macrophages and its expres-
sion appears to correlate with increas-
ing aneurysm diameter.15 Hovsepian 
et  al. reported that MMP-9 plasma 
levels appeared to directly reflect the 
amount of MMP-9 produced within 
aneurysm tissue.16 MMP-9 plasma 
levels also decreased substantially 
after surgical AAA repair. Two experi-
mental studies showed that MMP-9 
expression was up to 10 times higher 
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in male vs. female rats, that oestradi-
ol-treated male rats had smaller an-
eurysms and less macrophage infiltra-
tion and MMP-9 expression than non-
treated male rats. Male-to-male aor-
tic transplants uniformly developed 
aneurysms, female-to-female aortic 
transplants remained resistant to an-
eurysm formation, but female aortas 
transplanted to male recipients lost 
their aneurysm resistance.13 These 
data suggest that an oestrogen-medi-
ated reduction in macrophage MMP-
9 production may be one mechanism 
causing gender-related differences in 
AAA development.

Genetics
A positive family history of AAA in a 
first-degree relative is known to in-
crease the risk of aortic aneurysm.17 
Brothers of patients with an AAA 
seem to be at highest risk. [18]  and  [19] 
One explanation is that families are 
usually subjected to similar socio-
economic and environmental factors. 
Blanchard et  al., however, showed 
that after correcting for these factors, 
positive family history remained an 
independent risk factor for the devel-
opment of AAA.20 Investigations have 
been undertaken to identify a possi-
ble inheritability pattern or gene ac-
counting for AAA formation. Majum-
der et  al. and Kuivaniemi found the 
recessive inheritance pattern to best 
fit their data. [21] and [22] In contrast, Ver-
loes et  al. found that a single domi-
nant gene gave the best explanation 
of their findings.23

In families where AAAs appear to be 
inherited dominantly, no significant 
difference in the transmission of the 
disease between mothers and fathers 
has been found. It has, however, been 
observed that, in these families, AAAs 
are transmitted from one of the par-
ents to a son in 79% of the cases and 
only in 21% of the cases to a daugh-
ter.22

Vlijmen-van Keulen et  al. studying 
three Dutch families with four or five 
affected siblings identified a candi-
date locus at chromosome 19q13.3.24 
When analysis was performed on af-
fected sib-pairs, no evidence was 
found that this locus was common in 
familial AAA.

Overall, there is considerable evi-
dence for genetic factors to play a 
role in AAA formation, but to date 
no single gene or polymorphism has 
been identified as a common denomi-
nator. The exact role of genders also 
still needs to be determined.

Risk of AAA rupture

An AAA is usually asymptomatic, but 
when it ruptures patients’ overall 
mortality may be as high as 80–90%.25 
Therefore, ideally, factors contribut-
ing to rupture should be identified so 
that appropriate screening and treat-
ment guidelines can be formulated 
to prevent AAAs from rupturing. The 
UK Small Aneurysm trial reported a 4 
times higher risk of rupture for wom-
en than men (hazard ratio (HR) 4.0; 
95% confidence interval (CI): 2.0–7.9). 
This higher risk was confirmed in a 
study with patients unfit for elective 
study.26 A 3-times higher risk of rup-
ture for women was found and occur-
ring at a smaller diameter than men 
(5.0  ±  0.8 vs. 6.0  ±  1.4, p  =  0.001) in 
patients kept under surveillance.27 

Recently, several studies have evalu-
ated the factors that may contribute 
to AAA rupture. The most commonly 
reported factors were aneurysm size, 
aneurysm growth rate and biome-
chanical factors.
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Aneurysm size

Absolute AAA diameter
It is universally agreed that the diame-
ter of an AAA is an important predictor 
of rupture. Szilagyi et al. were among 
the first to demonstrate this.28 Since 
then, several studies have looked into 
this relationship. [26], [27], [29] and [30] These 
studies show considerable variation 
in the estimates of actual rupture risk 
for any specific AAA diameter. The 
Joint Council of the American Asso-
ciation for Vascular Surgery and Soci-
ety for Vascular surgery suggest that 
a diameter of 5.5 cm may be the best 
threshold for repair in the ‘average’ 
patient.31 They also recommend elec-
tive repair as from 4.5 cm in women, 
although no evidence is presented for 
this recommendation.

Relative AAA diameter
There are significant variations in 
aorta diameter. In a normal male 
adult for instance, the aorta diameter 
gradually decreases from 28  mm in 
the thorax to 20  mm infrarenally. It 
increases with age, increasing height, 
weight, body mass and body surface 
area (BSA). In women, aorta diam-
eter is on average 2 mm smaller than 
in men. [32], [33]  and  [34] For this reason, 
various authors have suggested using 
relative AAA diameter instead of ab-
solute AAA diameter.

Several criteria have been used to de-
fine relative AAA diameter: 

-	 AAA size vs. predicted normal aor-
tic diameter. The predicted diame-
ter is calculated using nomograms 
that take age, body surface area 
(BSA) and gender into account.33

	 Lanne et  al. found that while the 
absolute AAA diameter did not 
significantly differ (46.5  mm vs. 
48  mm) between men and wom-
en, BSA was lower in women 

than men, 1.63  m2 (1.42–1.95) vs. 
1.89  m2 (1.47–2.37), p  <  0.0001, 
so that the predicted normal 
aortic diameter was smaller 
(16.4  mm (14.3–17.8) vs. 19.7  mm 
(18.0–21.6); p < 0.0001). Thus, the 
relative AAA diameter increase 
from the predicted size was larg-
er in women than in men (2.93 
(2.25–3.53) vs. 2.46 (1.90–2.94); 
p < 0.0001).35

-	 Maximum AAA diameter vs. supra-
renal aortic diameter Using com-
puted tomography (CT), Forbes 
et  al. demonstrated that AAAs of 
equal size represent a significant 
greater relative dilatation in wom-
en compared to men (2.83  ±  0.52 
vs. 2.55 ± 0.42, p = 0.02).29

Growth rate
Most authors agree that a faster 
AAA growth rate is associated with 
increased rupture risk. [36]  and  [37] Three 
studies, encompassing 1639 patients, 
reported growth rates stratified for 
gender. The first38 reported a faster 
growth rate in women compared with 
men (2.43 mm per year vs. 1.65 mm per 
year). High initial diameter (p < 0.001) 
and female sex (p  =  0.003) were sig-
nificant predictors of increased 
growth rate. The second39 study found 
that growth rates in women were sig-
nificantly higher than men (3.67  mm 
per year (range: 1.2–37.02) vs. 2.03 mm 
per year (range: 4.80–21.00), p < 0.01), 
once again showing that initial aortic 
diameter (AP) (odds ratio (OR) 3.83, 
p  <  0.001) and female sex (OR 2.04, 
p  =  0.006) were independent risk fac-
tors for expansion.

The third study reported that higher 
AAA growth rate (+1.82 mm per year, 
p  =  0.008) and aneurysm diameter 
(+0.06  mm per year, p  =  0.049) were 
associated with female gender.40 In 
contrast, Brown et al., in a study with 
895 patients, reported no significant 
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difference in AAA expansion rate be-
tween men and women.36

Biomechanical factors
Aneurysms rupture when the local 
stress in the wall exceeds the corre-
sponding local wall strength. In prac-
tice, this means that larger aneurysms 
have a higher wall stress, and there-
fore have a higher rupture rate than 
smaller aneurysms. This is confirmed 
by a study that showed that peak wall 
stress was a significant independent 
predictor of rupture (OR = 25, 95% CI: 
5.7–110; p < 0.0001).41 In other studies, 
computer-based three-dimensional 
‘finite element analyses’ were used to 
determine the wall stress distribution 
in AAA. One such study revealed that 
aneurysms of similar size arising from 
small aortas have much greater wall 
stress than those arising from larger 
aortas.42 The only study to specifi-
cally report on gender differences in 
these biomechanical properties43 sug-
gested a trend towards a decrease in 
ultimate tensile strength in females 
compared to men (87.6  ±  6.7  N  cm−2 
vs. 67.6 ± 8.1 N cm−2, p = 0.09). Owing 
to a small population size their results 
were only nearly significant.

Treatment

Since the first open surgical repair in 
the 1950s, elective operative mortal-
ity has decreased dramatically44 but 
to a lesser extent for women than for 
men. The introduction of endovascu-
lar aneurysm repair (EVAR) marked 
a further decrease in operative mor-
tality. Again this effect, is not as 
pronounced for women, one reason  
being that they receive less EVAR 
treatment. [45] and [46] In 2003, it was re-
ported that EVAR was performed in 
28% of women compared to 44.3% 
of men (p < 0.001).46 The poorer ana-
tomical suitability of women com-

pared with men most commonly giv-
en as reason.

There has been an overall trend (for 
both sexes) towards a reduction in rup-
tured AAA repair in the last decade.46 
From 1994 to 2003, ruptured AAA re-
pair decreased by 29.3% for men and 
12.2% for women (p < 0.001). So while 
for men it decreased significantly, it did 
not for women.46 Mortality associated 
with rupture remains high and is also 
significantly higher for women than 
for men (52.8% vs. 44.2%; p < 0.01).46

Probability of admission to hospital 
and operative treatment
It has been suggested that women are 
admitted to hospital less frequently 
than men when suffering from an 
AAA. One study, considering admis-
sions for ruptured AAA, found that 
only 50% of women were admitted to 
hospital vs. 59% of men.47

Once admitted to hospital with 
the diagnosis of AAA, women have 
lower rates of surgery than men for 
both elective48 and ruptured repair.47  
The probability of receiving treatment 
for a ruptured AAA ranges from 37% to 
70% for women compared with 63% to 
89% for men. [46], [47], [49], [50], [51] and [52]

Treatment mortality
Once it has been decided to perform 
surgery, women also have higher 
30-day mortality. One of the largest 
studies, with more than 400 000 pa-
tients, using the 1979–1997 National 
Hospital Discharge Survey (NHDS) 
data reported significantly higher 
30-day mortalities for women than 
men for both elective and ruptured 
AAA repairs.53 A recent study by Wan-
hainen, of over 10 000 primary AAA 
repairs, reported women also to have 
a significantly higher 30-day mortality 
after elective repair, but only found a 
near significant increase for women 
after ruptured AAA repair.54
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Discussion

Epidemiology
Wanhainen demonstrated that de-
pending on the definition of an AAA 
used, the prevalence of AAA in wom-
en could be much higher than cur-
rently thought. It seems reasonable to 
assume that a definition of 30 mm for 
the average woman is inappropriate 
and leads to an underestimate of the 
prevalence of AAA. The prevalence of 
AAAs in men and women is probably 
not as far apart as first thought and a 
greater awareness of this disease in 
women is desirable and their inclusion 
in screening programmes warrants 
close consideration.

Aetiology
Only in the case of MMPs have gen-
der-specific (experimental) studies 
been undertaken. The results of these 
provide evidence of gender-related 
differences in AAA development, 
which may reflect an oestrogen-
mediated reduction in macrophage 
MMP-9 production. These observa-
tions explain why AAAs hardly occur 
pre-menopausally in women. This ap-
parent correlation suggests that gen-
der-based experimental studies may 
provide important information on the 
occurrence and development of AAAs 
in humans.

Risk of rupture
Numerous studies have reported 
3–4 times higher risks of rupture for 
women, with ruptures also occurring 
at smaller diameters than for men. 

[26]  and  [27] Further, while the incidence 
of AAA rupture between men and 
women is about 3:1,47 most studies 
indicate the ratio of men to women 
undergoing an elective operation for 
AAA to be approximately 5:1. Simi-
larly, a population-based screening 
study found the prevalence ratio of 
men to women aged 65–80 years 
with AAA to be almost 6:1.55 In other 

words, it would appear that a dispro-
portionate number of women present 
with ruptured AAA. In addition, sever-
al studies also found that women had 
a higher proportion of ruptured vs. 
elective repair than men. [27], [47]  and  [56] 
Several authorities have suggested 
that this problem can be overcome 
by using relative AAA diameters, but 
such guidelines are not widely applied 
in clinical practice. If they were, the 
higher risk of rupture in women could 
be reduced.

Whether or not the higher reported 
AAA growth rate for women simply 
reflects a more advanced stage in an-
eurysm development (during which 
AAA diameter increases exponen-
tially) rather than a specific gender-
related feature is not clear.

Biomechanical studies also appear 
to hold promise for modelling aneu-
rysm development, but only a single 
paper was found that dealt with gen-
der differences in the tensile strength 
of aortas. It reported a lower tensile 
strength for women. Biomechanical 
studies may represent a fruitful area 
for further investigation of the effect 
of gender. They will most probably 
lead to superior indicators of rupture 
than AAA diameter.

Treatment
In the last decade, the rate of repair 
of ruptured AAAs has significantly 
declined for men but not for women. 
Mortality associated with repair also 
remains higher for women than for 
men. Mortality associated with elec-
tive repair has decreased dramatically 
for both sexes but again to a lesser ex-
tent for women.

Once admitted to hospital, women 
also have less chance of receiving 
operative treatment and their out-
comes are worse than men. A striking 
feature of many of the articles that 
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report a higher mortality for women 
is that many use North American 
population-based databases and very 
large sample populations. Whether 
this outcome reflects an inherent bias 
in these types of databases or more 
accurate statistical results because 
of the larger populations is not clear. 
If the latter is the case and there is a 
real difference in mortality for men 
and women, it is possible only to 
speculate about the reasons for this 
at present. These differences would 
be similar to those seen in coronary 
heart disease where women have a 
worse outcome, which is only partly 
explained by greater age.57 As with 
coronary heart disease, women with 
an AAA may have worse risk factor 
profiles (other than age), resulting in 
greater co-morbidity.58 Several alter-
native suggestions have been put for-
ward to explain their worse treatment 
mortality such as their poorer ana-
tomical suitability compared to men 
for EVAR and the lack of endovascular 
surgical devices specifically designed 
for women. Furthermore women with 
an AAA may be more likely than men 
to be current smokers.5 Women may 
also have different role patterns and/
or attitudes than males. By the time 
they develop an AAA they have of-
ten survived their spouse and may 
choose not to be operated on. There 
is also evidence that, as in the case 
of myocardial infarction (MI), women 
delay seeking medical attention.59 A 
reduced awareness of AAA in women, 
both in the women themselves and 
their doctors, as well as gender bias, 
both of which may result in diagnostic 
and surgical delay probably also play 
a role. Support for this suggestion 
is provided by the fact that the pro-
portion of women in surgical series 
is generally less than the proportion 
determined from autopsy studies, ul-
trasound studies, hospital discharge 
data and national mortality informa-
tion. [46] and [60]

Conclusions

All the above findings indicate that 
women have a greater chance of rup-
ture compared to men under the cur-
rent management regime for AAAs. 
While women are older than men 
when they experience a ruptured 
AAA, they are still dying from a con-
dition that could have been detected 
and treated. Allowing for the greater 
life expectancy of women at all ages, 
there appears to be a need for great-
er attention to aneurysm disease in 
women. Many reasons have been but 
forward for this disproportionately 
poorer outcome for women, the most 
important ones being the current ab-
solute threshold for repair and the 
lower awareness and therefore diag-
nosis of AAA in women. These find-
ings warrant gender-specific guide-
lines for the management of AAAs. A 
greater effort should also be made to 
increase the awareness, of both wom-
en and their doctors for this disease.
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Abstract

Background
The aim of this study was to assess possible differences in mortality between 
men and women with an abdominal aortic aneurysm (AAA) treated either by 
elective repair or following aneurysm rupture.

Methods
A systematic literature search was performed using the MEDLINE, Cochrane 
and Embase databases. Data were analysed by means of bivariate random-
effects meta-analysis. Data were pooled and odds ratios (ORs) calculated for 
women compared with men.

Results
Sixty-one studies (516 118 patients) met the predetermined inclusion criteria. 
Twenty-six reported on elective open AAA repair, 21 on elective endovascular 
repair, 25 on open repair for ruptured AAA and one study on endovascular re-
pair for ruptured AAA. Mortality rates for women compared with men were 7·6 
versus 5·1 per cent (OR 1·28, 95 per cent confidence interval (c.i.) 1·09 to 1·49) 
for elective open repair, 2·9 versus 1·5 per cent (OR 2·41, 95 per cent c.i. 1·14 to 
5·15) for elective endovascular repair, and 61·8 versus 42·2 per cent (OR 1·16, 
95 per cent c.i. 0·97 to 1·37) in the group that had open repair for rupture. The 
group that had endovascular repair for ruptured AAA was too small for mean-
ingful analysis.

Conclusion
Women with an AAA had a higher mortality rate following elective open and 
endovascular repair. 
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Introduction

For both men and women, the main 
treatment guideline for elective re-
pair of abdominal aortic aneurysm 
(AAA) is a diameter measuring at 
least 5·5 cm. This guideline is based 
on a predominantly male population 
in natural history studies1, 2. For small-
er AAAs (4·0–5·5 cm) the treatment 
guideline is based on two randomized 
controlled trials (RCTs): the UK Small 
Aneurysm Trial (UKSAT) and the An-
eurysm Detection And Management 
(ADAM) trial3, 4. Both RCTs reported 
that surgery for AAAs smaller than 
5·5 cm had no long-term survival ben-
efit over regular surveillance. Neither 
trial initially distinguished between 
men and women. The UKSAT in-
cluded 17 per cent women, whereas 
the ADAM trial included only 0·8 per 
cent. A follow-up report to the UKSAT 
compared results between men and 
women5; even though no difference 
in mortality was reported, a three-
fold higher risk of rupture was found 
for women (hazard ratio 3·0, 95 per 
cent confidence interval (c.i.) 1·99 to 
4·53), and at smaller aortic diameter 
than for men: mean(s.d.) 5·0(0·8) ver-
sus 6·0(1·4) cm. These findings were 
confirmed by Brown and colleagues6, 
who reported a four times higher risk 
of rupture in women with an AAA be-
tween 5·0 and 5·9 cm6. As the aver-
age diameter of a healthy infrarenal 
aorta is 1·99 cm in men and 1·66 cm in 
women, doubts are raised as to how 
applicable the results of these studies 
are for the development of treatment 
guidelines applied to both men and 
women7.

Conflicting results regarding the in-
fluence of sex on operative mortality 
have been reported for both elective 
and ruptured AAA repair8–24. There-
fore, currently it is unclear whether 
mortality is different for women ver-
sus men. Before treatment guidelines 

for AAA are reconsidered it is essen-
tial to gain insight into whether treat-
ment outcomes differ between men 
and women. The impact of sex on 
mortality may be different for elec-
tive versus ruptured AAA repair, and 
for open versus endovascular repair. 
As AAA anatomy is a major selection 
criteria for endovascular aneurysm 
repair (EVAR) and women have been 
reported to have a poorer anatomical 
suitability, it is important to evaluate 
whether mortality is different for men 
and women in these groups25, 26. In 
this systematic review, the mortality 
rates of women versus men for elec-
tive and ruptured AAA repair by either 
an open or endovascular procedure 
were analysed.

Methods

A literature search was performed in 
July 2009 using the databases of the 
Cochrane Library and MEDLINE. The 
search was subsequently reproduced 
in Embase and records unique to Em-
base were retrieved. Keywords de-
scribing AAA, open repair, endovas-
cular repair and mortality were used 
(Appendix 1, supporting information). 
The PRISMA statement was adhered 
to in conducting this research27. The 
English language literature28 pub-
lished between January 1995 and 
July 2009 was searched. As current 
practice is based primarily on the two 
RCTs published since 1995, the search 
was started from January 1995. Ad-
ditional studies were identified by re-
viewing the reference lists of articles. 
Contact with authors was sought if 
articles were not available for logisti-
cal reasons.

Studies were included if they fulfilled 
all of the following criteria: 30-day 
or in-hospital mortality was reported 
separately for women and men; mor-
tality was stratified by manner of re-
pair (open versus endovascular) and 
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by status of repair (elective versus rup-
tured); and at least ten women were 
treated in the study. Inclusion was not 
limited to RCTs. Studies that reported 
on mortality of infected, mycotic, in-
flammatory and (predominantly) su-
prarenal aneurysms were excluded, 

as were reviews and case reports. The 
most recent data were used if multi-
ple reports from one institution were 
published or in the case of multiple ar-
ticles covering the same study popu-
lation. Two authors independently re-

viewed and extracted data from each 
article using a specially derived data 
extraction form. Discrepancies were 
resolved by consensus. The extracted 
study data included: study character-
istics (number of centres, study inter-
val, study design); treatment criteria 

(AAA diameter, growth rate); patient 
demographics (number of men and 
women, age, co-morbidities); lesion 
characteristics (mean maximum AAA 
diameter); procedure characteristics 
(tube graft, bifurcated graft, aortou-

Total Articles  2665 

Excluded on the basis of title/
abstract: 1603 

No access: 58 

Retrieved in full 873 

AAA concominant disease: 14 

< 10 women: 198 

No original data: 38 

Non-infrarenal AAA: 22 

No 30-day/in-hospital mortality 
reported: 118 

No gender stratification for 
mortality: 553 

Articles Included 61 

Fig 1. Study selection. AAA, abdominal aortic aneurysm
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ni-iliac graft with crossover, clamp 
time); and outcomes including 30-day 
or in-hospital mortality and complica-
tions.

Data synthesis and analysis

Four groups were defined according 
to the manner of intervention (open 
versus endovascular) and status of 
the AAA (elective versus ruptured). 
Co-morbidities and complications 
were mostly not stratified by sex for 
the elective open repair and ruptured 
open repair groups and were there-
fore reported for the total group in 
appendices. In the elective EVAR 
group, co-morbidities and complica-
tions were stratified by sex in eight 
of the 21 studies and this information 
was pooled based on these studies 
only. Co-morbidities were grouped 
into ‘diabetes’, ‘hypertension’, ‘car-
diac’, ‘cerebrovascular’, ‘pulmonary’, 
‘renal’ and ‘smoking’. Complications 
were grouped into ‘cardiac’, ‘cerebro-
vascular’, ‘pulmonary’, ‘renal’, ‘bowel 
ischaemia’, ‘sepsis or multiple organ 
failure’ and ‘endoleak’ (the latter for 
EVAR only). To avoid double count-
ing, the highest rate within each co-
morbidity or complication group was 
reported.

In the studies found, procedure char-
acteristics were not stratified by sex 
and so it was not possible to assess 
possible differences between men 
and women.

The primary outcome of interest was 
mortality. To pool mortality across 
the studies a bivariate random-ef-
fects meta-analysis was used29, 30. 
The random-effects analysis weighed 
the outcome of the study according 
to both the within-trial variance and 
between-trial variance which implied 
that the pooled results and confi-

dence intervals took heterogeneity 
across the studies into account29. The 
bivariate analysis allowed calculation 
of the odds of death for women and 
men separately together with the 
co-variance between them. Based 
on this the odds ratio (OR) of mor-
tality among women compared with 
men was then calculated. The stand-
ard method of adding 0·5 to all cell 
counts was used to avoid ‘zero’ cells, 
resulting in a well defined OR and 
confidence interval for each study. 
Both unadjusted (crude) and adjusted 
ORs were calculated. The latter were 
adjusted for patients’ age in all analy-
ses for the four groups and addition-
ally for AAA diameter in the elective 
EVAR group.

Results

Literature and study characteristics
A total of 2665 articles were identified 
from the literature search. On the ba-
sis of title and abstract, 1004 articles 
were retrieved in full and 61 of these 
met the inclusion criteria (Fig.1). The 
primary reason for exclusion was lack 
of sex stratification when reporting 
mortality. Review of the reference 
list of each article did not lead to any 
additional articles being included. Of 
the 61 included articles, 26 reported 
on elective open repair8, 9, 11, 18, 20, 31–51, 

21 on elective EVAR20, 31, 36, 52–69, 25 on 
open repair of ruptured AAA8, 13, 18, 21, 

24, 31, 33, 36, 40, 49, 51, 70–83, and one study on 
EVAR for ruptured AAA36 (Tables1 and 
2). Eight studies reported mortality 
data for both elective and emergency 
open repair. Two studies reported on 
both elective open repair and elective 
EVAR, and one study reported mortal-
ity data for all four treatment groups. 
Thirty-two studies were performed in 
North America, 19 in Europe, four in 
Australia, two in Japan, one in Cana-
da, one in China, one in New Zealand 
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and one in Brazil. The articles were 
published between 1995 and 2008, 
and patients were enrolled from Feb-
ruary 1979 to November 2007. All but 
five studies were retrospective. Sev-
enteen of the 61 studies were analy-
ses of registries or databases (Appen-
dix 2, supporting information).

For the elective open repair group, 
treatment criteria such as AAA di-
ameter or rapid AAA growth were 
reported in two of 26 articles32, 46. For 
the elective EVAR group this was six 
of 2155, 57, 58, 60, 62, 66. In these studies the 
indication to intervene was an AAA 
diameter of 4·0 to above 5·5 cm. For 
the group with ruptured AAA treated 
by open repair, rupture was assumed 
to be the reason for treatment as this 
was reported explicitly in ten of the 25 
articles8, 18, 70, 71, 77–81, 83. Only one study 
was retrieved that described EVAR for 

ruptured AAA36, precluding meaning-
ful analysis.

Patient characteristics
Tables1 and 2 show the patient de-
mographics for all four treatment 
groups. The total number of patients 
in the included articles was 516 118: 
112 883 women and 403 235 men. The 
proportion of women varied from 12·8 
per cent in the elective EVAR group to 
22·3 per cent in the elective open re-
pair group. On average, women were 
older than men in all groups. The 
largest difference in age was found 
in the group that had open repair of 
ruptured AAA where women were on 
average 5 years older than men (mean 
77·5 versus 72·1 years) (Table2). De-
tails of co-morbidities are shown in 
Appendices 3a and 3b (supporting in-
formation).

Study name Dead / Total Odds ratio and 95% CI

Odds 
ratio

Women Men

Berge                         0.22 1 / 81  24 / 450
Faizer                        0.17 1 / 105  25 / 453
Hultgren                      1.05 121 / 1478  574 / 7305
Bonamigo 1.56 4 / 100  15 / 575
Haug                          0.77 2 / 23  9 / 82
Leon                          1.63 225 / 2746  415 / 7974
Lifeline                      1.28 1 / 69   3 / 265
Mackenzie                     7.84 5 / 42   3 / 177
Urbonavicius                  2.01 3 / 17  5 / 52
Rigberg                       1.27 0 / 18  1 / 71
Sasaki                        2.57 0 / 11  1 / 89
Stenbaek                      1.31 12 / 109  42 / 488
Biancari                      1.25 15 / 239   85 / 1672
Upchurch                      0.32 1 / 68  4 / 90
Rayan                         1.29 2 / 100   5 / 321
Alonso-Perez                  2.38 3 / 13   19 / 170
El-Sabrout                    4.45 3 / 95   3 / 412 
Huber                         1.69 204 / 3340    485 / 13114
Brady                         1,24 9 / 136   37 / 684
Heller                        1.55 6267 / 81384   14134 / 277137
Dardik                        1.44 23 / 510    58 / 1825
Akkersdijk                    0.78 1 / 30   11 / 261
Semmens                       0.81 5 / 139   35 / 797
Katz                            1.63 156 / 1469  457 / 6716
Starr                         0.85 4 / 92   25 / 490
Henderson                     0.05 0 / 68   23 / 185

0.01 0.1 1 10 100

   favours women favours men 

Pooled Odds Ratio  1.50 (1.33-1.69)

Figure 2. Forest plot of mortality for women versus men after elective open abdominal aortic 
aneurysm (AAA) repair. Odds ratios are shown with 95 per cent confidence intervals
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For the elective open surgery group, 
seven of 26 studies reported mean 
AAA diameter; only two, however, 
reported mean AAA diameter strati-
fied by sex (Table1)34, 35. For the elec-
tive EVAR group, the majority of the 
studies reported mean AAA diameter 
(13 of 21) and six of these stratified 
by sex; mean AAA diameter was 55·5 
mm for women and 55·4 mm for men. 
Papers on ruptured AAA did not re-
port aneurysm diameter.

Thirty-day or in-hospital mortality
For the elective open repair group, 
the mortality rate was 7·6 per cent for 
women and 5·1 per cent for men. The 
unadjusted OR for mortality among 
women versus men was 1·50 (95 per 
cent c.i. 1·33 to 1·69) (Fig.2). After ad-
justment for age the OR was 1·28 (95 
per cent c.i. 1·09 to 1·49).

For the elective EVAR group, the mor-
tality rate was 2·9 per cent for women 
and 1·5 per cent for men (unadjusted 
OR 2·51, 95 per cent c.i. 1·72 to 3·69) 
(Fig.3). After adjustment for age the 
OR was 2·41 (95 per cent c.i. 1·49 to 
3·88). It remained the same after ad-
ditional adjustment for AAA diameter 
(OR 2·41, 95 per cent c.i. 1·14 to 5·15).

For the group with open repair of a 
ruptured AAA, the mortality rate was 
61·8 per cent for women and 42·2 per 
cent for men (unadjusted OR 1·41, 95 
per cent c.i. 1·22 to 1·63) (Fig.4); the 
adjusted OR was 1·16 (95 per cent c.i. 
0·97 to 1·37).

Complications
Where complications were reported 
by sex after elective EVAR, there were 
higher rates of conversion and/or 
aborted procedures for women com-

Study name Dead / Total Odds ratio and 95% CI

Odds 
ratio

Women Men

Berge                         2.42 1 / 17  3 / 119
Ting                          1.08 0 / 15 2 / 85
Azizzadeh                     1.47 1 / 58  4 / 340
Biebl                         0.89 0 / 40  4 / 326
Leon                          3.04 15 / 295   24 / 1384
Lifeline                      1.45 5 / 235   27 / 1828
Zarins                        0.93 0 / 23  6 / 289
Sampaio                       7.78 2 / 29  2 / 212
Criado                        2.93 0 / 24  1 / 216
Elkouri                       2.57 0 / 11 1 / 89
Nordness                      32.74 2 / 17  0 / 101
Parlani                       1.33 0 / 25  5 / 377
Shames                        1.63 1 / 42  3 / 203
Slovut                        1.03 0 / 27  2 / 143
Wyers                         1.62 0 / 34  1 / 168
Sanchez                       1.54 1 / 22  4 / 133
Wolf                          1.22 0 / 26  2 / 163
Howell                        2.72 0 / 23  1 / 192
Mathison                      0.66 0 / 24  8 / 281
Romero                        1.89 1 / 17  5 / 156
Cao                           3.32 0 / 10  1 / 105

0.01 0.1 1 10 100

  favours women favours men

Pooled Odds Ratio       2.51 (1.72-3.69)

Figure 3. Forest plot of mortality for women versus men after elective endovascular repair. Odds 
ratios are shown with 95 per cent confidence intervals
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Table 3. Complications after elective endovascular aneurysm repair

  Conversion/Aborted Hospital stay (days) Endoleak
Reference Women Men Women Men Women Men
Sanchez et al 64 5 (23)* 1 (0.8)* 3.3 1.9 1 (5)¶ 4 (3.0)¶
Nordness et al 59 2 (12) † 2 (2.0) † - - 2 (12)# 3 (3.0)#
Sampaio et al 56 - - 3.9 3.3 - -
Parlani et al 60 1 (4) 5 (1.3) - - - -
Shames et al 61 6 (14) 1 (0.5) 2.9 2.6 - -
Howell et al 66 0 (0) 0 (0) - - - -
Mathison et al 67 4 (17) ‡ 10 (3.6) § 4.5 3.8 7 (35) 60 (22.1`)
Lifeline20 20 (8.5) 71 (3.9) - - - -
         
Pooled outcome 38 (9.8) 90 (2.9) 3.6 3.1 10 (16) 67 (13.0)
         

Values is parentheses are percebtages. *Conversion or aborted procedure; †one conversion and 
one aborted procedure; ‡four aborted procedures; §six conversions and four aborted procedures. 
¶Types 1 and 3 endoleak; #types 1 and 2 endoleak.

Study name Dead / Total Odds ratio and 95% CI 
Odds  
ratio Women Men 

Grant                          1.67 55 / 115 175 / 493 
Berge                          2.56 38 / 63 88 / 236 
Sharif                         0.50 12 / 28 90 / 150 
Hultgren                       1.19 270 / 598 1447 / 3536 
Filipovic                      1.19 512 / 976 2430 / 5059 
Visser                         1.44 325 / 663 1972 / 4930 
Stone                          0.63 6 / 17 31 / 67 
Leon                           1.62 245 / 476 628 / 1587 
Stenbaek                       1.60 28 / 42 115 / 207 
Korhonen                       1.21 54 / 105 340 / 728 
Janczyk                        0.88 13 / 29 34 / 71 
Roddy1                         0.72 8 / 40 54 / 209 
Roddy2                         1.43 12 / 26 18 / 48 
Hans                           2.85 11 / 16 37 / 85 
Turton                         0.84 16 / 32 38 / 70 
Heller                         2.58 9834 / 15176   21871 / 52575 
Evans                          1.25 40 / 105 159 / 481 
Sasaki                         1.30 12 / 30 52 / 153 
Alonso-Perez                   0.58 7 / 13 66 / 99 
Semmens                        1.62 19 / 41 84 / 242 
Dardik                         1.25 56 / 108 194 / 419 
Katz                             1.78 189 / 307  721 / 1522 
Barry                          3.70 13 / 17 36 / 77 
Rutledge                       1.48 192 / 307 621 / 1173 
Hardman                        1.71 12 / 24 48 / 130 
Henderson                      0.40 3 / 19 26 / 82 

0.01 0.1 1 10 100 
favours women favours men 

Pooled odds ratio    1.41 (1.22-1.63) 

Figure 4. Forest plot representation for women versus men after open repair of ruptured abdomi-
nal aortic aneurysm (AAA). Odds ratios are shown with 95 per cent confidence intervals
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pared with men (9·8 versus 2·9 per 
cent respectively) and endoleaks (16 
versus 13·0 per cent) (Table3). Details 
of other complications in each group 
are shown in Appendices 4a and 4b 
(supporting information).

Discussion

The debate on whether sex itself in-
fluences mortality following AAA re-
pair or whether women have worse 
risk profiles than men is still ongoing. 
Before this question can be answered 
an actual difference in mortality be-
tween women and men needs to be 
demonstrated. Many studies have ex-
amined sex differences in mortality, 
sometimes with conflicting results8, 

11, 16, 17. The present study reviewed the 
literature published between 1995 
and 2009.

The mortality rate was significantly 
higher for women after both elective 
open repair and EVAR. Women were 
on average older than men, but the 
difference persisted after adjustment 
for age. The difference in mortal-
ity was most pronounced after EVAR. 
The mortality rate was also higher 
for women after open repair of a rup-
tured AAA, but the difference was not 
statistically significant after adjust-
ment for age.

Previous studies have suggested sev-
eral possible mechanisms to explain 
the higher consequent mortality 
among women compared with men84, 

85. The most important factors include 
the absolute criteria for repair, the 
use of endovascular devices that are 
not specifically designed for women, 
and the reduced awareness of AAA in 
women compared with men.

It has been suggested that women 
with an AAA should have treatment at 

a smaller diameter than men. Howev-
er, it is still common practice to treat 
both sexes at an AAA diameter of 5·5 
cm. As the normal aortic diameter of a 
woman is smaller than that of a man, 
by the time it has reached 5·5 cm the 
aorta has undergone a bigger relative 
increase in diameter. By using this ab-
solute size threshold, women could 
be in a later stage of atherosclerotic 
disease when they undergo surgery, 
leading to inferior outcomes.

Women are thought to have poorer 
anatomical suitability than men for 
EVAR86. This was reflected in the pre-
sent study by the higher conversion 
rate in women. Endovascular devices 
have, as yet, not been designed spe-
cifically for women, which could play 
a role in the worse outcome. The aor-
ta and access arteries are often small-
er in women, making EVAR more dif-
ficult to perform than in men.

The most likely explanation for the 
higher mortality rate in women, how-
ever, is that cardiovascular disease 
as a whole, including AAA, is under-
recognized in women. This leads to 
an array of problems such as delayed 
diagnosis and intervention, but also 
to fewer primary and secondary pre-
ventive measures including cardio-
vascular medication and lifestyle ad-
justment.

Every systematic review is limited by 
the level of detail and quality of the 
original reports. Owing to the lack 
of standardization in the studies for 
many of the variables considered, it 
was possible to adjust only for age 
and AAA diameter. Co-morbidities 
were reported poorly and only a few 
studies stratified for men and women. 
The studies that did report stratified 
co-morbidity data did not show very 
different results for men and women. 
Another limitation of this study is the 
inclusion of predominantly non-ran-
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domized trials. Observational studies 
are known to be subject to selection 
bias but, as there was only one ran-
domized trial reporting sex-specific 
results, a meta-analysis of RCTs was 
not possible. Another limitation is 
that many of the articles reporting a 
higher mortality rate for women stud-
ied population-based databases with 
very large sample populations. The 
reason for this remains unclear.

Although an apparent difference in 
mortality rates following open repair 
of ruptured AAA was found, it did not 
remain statistically significant after 
adjustment. Either there could be a 
lack of power in the setting of a small 
difference, taken that the crude OR 
was statistically significant and af-
ter adjustment it approached signifi-
cance. Alternatively, factors related 
to acute rupture, such as shock, may 
play a more substantial role than sex 
itself.

The present study demonstrated that 
women have a higher consequent 
mortality rate than men after elec-
tive AAA treatment. This suggests 
that current treatment criteria are 
not optimal for women. Women may 
be in a worse medical state than men 
at which they undergo surgery. The 

AAA diameter when repair becomes 
indicated in women remains to be de-
termined. Meanwhile, women with an 
AAA smaller than 5·5 cm in diameter 
should be treated only after every 
effort has been made to ensure that 
they are in the same cardiovascular 
condition as men. Women may have 
a worse risk profile than men; the 
difference in consequent mortality 
could possibly be explained by less 
effective perioperative investigation 
and secondary prevention. EVAR in 
women also needs to be considered 
thoroughly as outcomes were worst 
in the elective EVAR group. Current 
practice does not seem to be optimal 
for women, and this is further reflect-
ed by the higher procedure abortion 
and conversion rates.
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Appendices

Appendix 1 Search

((((((abdominal aort*[text word])) AND ((aneurysm*[text word])))) OR ((Aortic 
Aneurysm, Abdominal[Mesh]))))

AND	 ((((((((Blood vessel Prosthesis Implantation [Mesh])) OR ((Blood Vessel 
Prosthesis[Mesh]))) OR ((repair[text word]))) OR ((endovascular 
surgery[text word]))) OR ((open surgery[text word]))) OR ((Aortic 
Aneurysm, Abdominal/surgery[Mesh])))))

AND	 (((((((((((((((Aortic Aneurysm, Abdominal/mortality[Mesh])) OR 
((Aortic Aneurysm, Abdominal/complications[Mesh]))) OR ((Hospital 
mortality[Mesh]))) OR ((Surgical Procedures, Minimally Invasive/
mortality[Mesh]))) OR ((Treatment Outcome[Mesh]))) OR ((Vascular 
Surgical Procedures/mortality[Mesh]))) OR ((Vascular Surgical 
Procedures/adverse effects[Mesh]))) OR ((mortality[text word]))))

NOT	 (((((((((((Animals[Mesh])) NOT ((Humans[Mesh])))) OR 
((Editorial[Publication Type]))) OR ((Comment[Publication Type]))) OR 
((Letter[Publication Type]))) OR ((Meta-Analysis[Publication Type]))) OR 
((Review[Publication Type]))) OR ((Case Reports[Publication Type])))))) 
AND ((English[lang]))

Limit: start 1995 

Appendix 2 Characteristics of studies reporting mortality of abdominal aortic 
aneurysm repair for women and men separately

Study Year of 
publication

Study 
location

Study 
period

Type of 
study

No. of 
centres

Database name

Elective open AAA repair           

Berge31 2008 Norway 1983–2002 OR 1
Faizer32 2007 Canada 1999–2004 OR 2
Hultgren33 2007 Sweden 1987–2002 OR Database National Board of Health and Welfare
Bonamigo34 2006 Brazil 1983–2003 OR 1
Haug35 2005 Norway 1983–2002 OR 3
Leon36 2005 USA 1995–2003 OR Database Illinois Hospital Association COMPdata
Lifeline20 2005 USA – OP Multi Lifeline Registry
Mackenzie37 2005 Australia 1991–1998 OR 1
Urbonavicius38 2005 Lithuania 1999–2003 OR 1
Rigberg9 2004 USA 2001–2002 OR 1
Sasaki39 2004 Japan 1991–2002 OR 1
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Stenbaek40 2004 Sweden 1981–2000 OR 1
Biancari41 2003 Finland 1991–1999 OR Database Finnvacs registry
Upchurch42 2003 USA 1988–2000 OR 1
Rayan43 2002 USA 1990–1999 OR 1
Alonso-Perez44 2001 Spain 1995–1996 OR Database 21 hospitals
El-Sabrout45 2001 USA 1993–1998 OR 1
Huber11 2001 USA 1994–1996 OR Database NIS
Brady46 2000 UK 1991–1998 RP Multi UKSAT
Heller18 2000 USA 1979–1997 OR Database National Hospital Discharge Survey 

(NHDS)
Dardik47 1999 USA 1990–1995 OR Database Maryland Health Services Cost Review 

Commission (HSCRC)
Akkersdijk48 1998 NL 1993–1995 OP 5
Semmens49 1998 Australia 1985–1994 OR Database WA Linked Database
Katz8 1997 USA 1980–1990 OR Database The Michigan Inpatient Data Base
Starr50 1996 USA 1983–1988 OR 1
Henderson51 1995 Australia 1986–1991 OR 1

Elective endovascular AAA repair         

Berge31 2008 Norway 1983–2002 OR 1
Ting52 2008 China  1999–2007 OR 1
Azizzadeh53 2006 USA 1999–2004 OR 1
Biebl54 2005 USA – OR Multi
Leon36 2005 USA 1995–2003 OR Database Illinois Hospital Association COMPdata 
Lifeline20 2005 USA – OR Multi Lifeline Registry
Zarins55 2005 USA 1997–1999 OR Multi
Sampaio56 2004 USA 1996–2003 OR 1
Criado57 2003 USA 1999–2000 OP Multi
Elkouri58 2003 USA 1996–2001 OR 1
Nordness59 2003 USA 1997–2001 OR 1
Parlani60 2003 Italy 1997–2002 OR 1
Shames61 2003 USA 1999–2001 OR 2
Slovut62 2003 USA 1999–2002 OR 3
Wyers63 2003 USA 1996–2001 OR 2
Sanchez64 2002 USA 1999–2000 OR 1
Wolf65 2002 USA 1996–2001 OR 1
Howell66 2001 USA 1998–l2001 OP 1
Mathison67 2001 USA 1994–2000 OR 1
Romero68 2001 USA 1995–1999 OR 1
Cao69 1999 Italy 1997–1998 OR 1

Ruptured AAA: open repair           

Grant70 2008 New 
Zealand

1993–2005 OR Database NZVASC (national audit Database)

Berge31 2008 Norways 1983–2002 OR 1
Filipovic72 2007 UK 1998–2002 OR Database English National Hospital Episode 

Statistics
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Hultgren33 2007 Sweden 1987–2002 OR Database Registry of the National Board of Health 
and Welfare

Sharif71 2007 Ireland 1999–2004 OR 2
Leon36 2005 USA 1995–2003 OR Database Illinois Hospital Association COMPdata
Stone24 2005 USA 1998–2003 OR 1
Visser13 2005 NL 1991–2000 OR Database Prismant
Janczyk74 2004 USA 1990–1999 OR 1
Korhonen73 2004 Finland 1991–1999 OR Database Finnvasc registry
Stenbaek40 2004 Sweden 1981–2000 OR 1
Hans76 2003 USA 1980–2001 OR 2
Roddy75 2003 USA 1980–2000 OR 1
Evans77 2000 UK 1983–1995 OR Multi
Heller18 2000 USA 1979–1997 OR Database National Hospital Discharge Survey 

(NHDS)
Turton21 2000 UK 1990–1997 OR 1
Alonso-Perez79 1999 Spain 1995–1996 OR Multi
Sasaki78 1999 Japan 1968–1997 OR Multi
Dardik80 1998 USA 1990–1995 OR Database Maryland Health Services Cost Review 

Commission (HSCRC)
Semmens49 1998 Australia 1985–1994 OR Database WA Linked Database
Barry81 1997 Ireland 1987–1993 OR 1
Katz8 1997 USA 1980–1990 OR Database The Michigan Inpatient Data Base
Hardman83 1996 Australia 1985–1993 OR 1
Rutledge82 1996 USA 1988–1993 OR Database North Carolina Medical Database 

Commission
Henderson51 1995 Australia 1986–1991 OR 1

Ruptured AAA: endovascular repair         

Leon36 2005 USA 1995–2003 OR Database Illinois Hospital Association COMPdata 

OR, observational retrospective; OP, observational prospective; RP, randomized prospective.
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Appendix 3b Open elective and ruptured aneurysm repair, and endovascular ruptured aneurysm repair: risk factors 

Study Diabetes* Hypertension† Cardiac‡ Cerebrovascular§ Pulmonary║ Renal# Smoking**

 
Total 
group %

Total 
group %

Total 
group %

Total 
group %

Total 
group %

Total 
group %

Total 
group %

Elective: 
open repair 

                         

                         

Berge31 33 6.2 255 48 247 46.5 88 16.6 16 13 51 9.6 275 51.8

Faizer32 NR  – 480 86 220 39.4 12 2.2 65 11.6 11 2 NR – 

Hultgren33 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Bonamigo34 42 6.2 432 64 145 21.5 19 2.8 NR – 35 5.2 457 67.8

Haug35 5 4.8 38 36.2 31 29.5 7 6.7 7 6.7 17 15.2 NR – 

Leon36 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Lifeline20 42 12.6 224 67.1 198 59.3 NR –  96 28.7 10 3 NR – 

Mackenzie37 11 5.0 149 69.6 71 32.4 29 13 NR  – 12 5.5 60 27.4 

Urbonavicius38 NR  – NR –  34 49.3 NR –  18 26.1 11 15.9 NR – 

Rigberg9 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Sasaki39 NR  – NR –  47 47 NR –  NR  – NR –  NR – 

Stenbaek40 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Biancari41 135 7 782 41 915 48 216 11 266 14 84 4 646 34

Upchurch42 NR  – 106 69 90 57 NR –  NR  – NR –  154 97.5

Rayan43 52 12 258 61.1 194 46 NR –  NR  – 22 5.2 384 91

Alonso-Perez44 20 11.2 93 51.7 75 41 20 11.4 75 44.1 41 28.3 141 83

El-Sabrout45 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Huber11 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Brady46 NR –  NR –  NR  – NR –  NR  – NR –  510 62.2

Heller18 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Dardik47 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Akkersdijk48 20 7 77 26 124 42.6 26 9 44 15 7 2 126 43

Semmens49 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Katz8 NR –  2509 30.7 2431 29.7 NR –  NR  – 326 4 NR – 

Starr50 79 13.6 373 64.1 NR  – NR –  NR  – 117 20.1 NR – 

Henderson51 NR –  108 43 103 40.7 NR –  NR  – NR –  189 74

 

No. of studies   10   14   15   8   8   13   10

Weighted mean  8.6   54.1   42.0   9.1   19.9   9.2   63.2

 

Ruptured:                            

open repair

Berge31 21 7 126 42.1 133 44.5 38 12.7 16 15.4 63 21.1 94 31.4

Grant70 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Filipovic72 285 4.7 1720  28.5 1092 18.1 246  4.1 925 15.3  528 8.7  NR – 

Hultgren33 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Sharif71 NR –  NR –  38 27.1 NR –  NR  – 15 10.3 NR – 

Leon36 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Stone24 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Visser13 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Janczyk74 NR –  NR –  NR  – NR –  NR  – NR –  NR – 

Korhonen73 56 6.7 311 37.2 NR  – 122 13.4 122 13.4 28 3.3 151 18.1

Stenbaek40 NR –  NR –  NR  – NR –  NR  – NR –  NR – 
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and co-morbidities 
*Defined as ‘diabetes mellitus’, ‘insulin dependence/use of oral antidiabetic medication’, ‘hyperglycaemia requir-
ing diet, oral medication or insulin treatment’. †Defined as ‘hypertension’, ‘diastolic blood pressure over 105 mmHg 
measured on admission or use of antihypertensive medication’, ‘at least 180/90 mmHg or antihypertensive medica-
tion’, ‘medication or blood pressure > 160/95 mmHg’, ‘over140 mmHg’. ‡Defined as ‘cardiopathy (angina or previous 
myocardial infarction (MI) or cardiac failure or dilated cardiopathy or ventricular arrhythmia or symptomatic valvular 
disease)’, ‘MI (electrocardiogram (ECG) indicating MI less than 6 months ago)’, ‘previous MI’, ‘angina pectoris (cur-
rent or treated angina pectoris)’, ‘angina pectoris, MI or treatment with aortocoronary bypass/percutaneous coro-
nary intervention’, ‘ischaemic heart disease’, ‘angina (history of MI, angina, ischaemic changes on ECG, previous cor-
onary artery bypass graft)’, ‘coronary artery disease (CAD)’, ‘myocardial disease’, ‘CAD chronic not further defined’, 
‘ECG ischaemia: defined as more than 1 mm ST depression or T wave changes’. §Defined as ‘symptomatic’, ‘history 
of transient ischaemic attack (TIA) or cerebral infarction/bleeding (CVA)’, ‘cerebrovascular disease’, ‘history of 
stroke/TIA’, ‘all grades of previous stroke and includes TIA’, ‘previous CVA/TIA’. ║Defined as ‘pulmonary obstructive 
disease’, ‘symptomatic or abnormal chest X-ray or abnormal respiratory function assessment’, ‘pulmonary disease 
associated with chronic outflow obstruction, with exclusion of specific lung diseases (e.g. sarcoidosis) recorded on 
the patient’s history and the use of bronchodilators’, ‘chronic obstructive pulmonary disease’, ‘lung disease’, ‘asthma 
or chronic obstructive disease’. #Defined as ‘creatinine over >1.4 mg/dl’, ‘serum creatinine over 110 mmol/l’, ‘requir-
ing haemodialysis’, ‘serum creatinine over 140 mmol/l’, ‘serum creatinine over 1.5 mg/dl’, ‘renal failure, according 
to Glasgow Aneurysm Score’, ‘renal failure: creatinine over 150 mmol/l’, creatinine over 0.18 mmol/l’, ‘renal disease, 
failure: history of chronic or acute renal failure with a serum urea level greater than 20 mmol/l and/or creatinine 
level above 150 mmol/l at presentation’, ‘renal failure chronic’, ‘serum creatinine over 0.19 mmol/l’, ‘creatinine at 
least 2.0mg/dl’. **Defined as ‘smoker’, ‘current smoker’, ‘positive smoking history’, ‘current + ex-smoker combined’, 
‘tobacco use: yes’. NR, not reported.

Hans76 NR –  NR –  74 73.3 NR –  NR  – NR –  NR – 

Roddy75 24  7.4 NR –  NR  – NR –  NR  – NR –  77 23.8 

Evans77 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Heller18 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Turton21 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Alonso-Perez79 13 12.9 62 60 43 41.3 16 16.2 33 38.8 56 61.5 68 77.3

Sasaki78 12 6.6 58 31.7 33 18 18 9.8 7 3.8 21 11.5 NR – 

Dardik80 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Semmens49 NR  – NR –  NR  – NR –  NR  – NR –  NR – 

Barry81 NR  – NR  – NR  – NR –  NR  – NR –  NR – 

Katz8 NR  – 330 18 369 20.2 NR –  NR  – 342  18.7 NR – 

Hardman83 5 3.7 71 52.2 48 35.3 23 16.9 32 23.5 7 5.1 94 79.7

Rutledge82 NR  – NR  – NR  – NR –  NR  – NR –  NR – 

Henderson51 NR  – 39 39 23 22.8 NR –  NR  – NR –  61 60

 

No. of studies   7   8   9   6   6   8   6

Weighted mean  7.0   38.6   33.4   12.2   18.4   17.5   48.4

 

Ruptured:                        

endovascular repair

Leon36 NR – NR – NR – NR – NR – NR – NR –
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Appendix 4b Open elective and ruptured aneurysm repair, and endovascular ruptured aneurysm repair: in-
hospital/30-day complications 

Study Cardiac* Cerebrovascular† Pulmonary‡ Renal§ Bowel 
ischaemia║

Sepsis or 
MOF#

  Total 
group

% Total 
group

% Total 
group

% Total 
group

% Total 
group

% Total 
group

%

Elective: open repair                    
   

Berge31 NR – NR – NR – NR – NR – NR –

Faizer32 NR – NR – NR – NR – NR – NR –

Hultgren33 NR – NR – NR – NR – NR – NR –

Bonamigo34 39 5.8 NR – 37 5.5 8 1.2 32 4.7 NR –

Haug35 11 10.5 NR – 14 13.3 10 11.4 NR – NR –

Leon36 NR – NR – NR – NR – NR – NR –

Lifeline20 NR – NR – NR – NR – NR – NR –

Mackenzie37 NR – NR – NR – NR – NR – NR –

Urbonavicius38 NR – NR – NR – NR – NR – NR –

Rigberg9 NR – NR – NR – NR – NR – NR –

Sasaki39 NR – NR – NR – NR – NR – NR –

Stenbaek40 NR – NR – NR – NR – NR – NR –

Biancari41 139 7 NR NR NR NR NR  

Upchurch42 NR – NR – NR – NR – NR – NR –

Alonso–Perez44 22 12.2 NR – 36 19.9 29 16.1 6 3.3 12 6.6

El–Sabrout45 10 1.9 9 1.8 NR – 25 4.9 3 0.6 NR –

Huber11 1297 7.9 NR – NR – NR – NR – NR –

Brady46 NR – NR – NR – NR – NR – NR –

Heller18 NR – NR – NR – NR – NR – NR –

Dardik47 NR – NR – NR – NR – NR – NR –

Akkersdijk48 29 10 NR – 29 10 NR – NR – NR –

Semmens49 NR – NR – NR – NR – NR – NR –

Katz8 NR – NR – NR – NR – NR – NR –

Starr50 NR – NR – NR – NR – NR – NR –

Henderson51 15 5.9 NR – NR – NR – 1 0.7 2 1.3
   

Ruptured: open repair                    
   

Berge31 NR – NR – NR – NR – NR – NR –

Grant70 NR – NR – NR – NR – NR – NR –

Filipovic72 NR – NR – NR – NR – NR – NR –

Hultgren33 NR – NR – NR – NR – NR – NR –

Sharif71 NR – NR – NR – NR – NR – NR –

Leon36 NR – NR – NR – NR – NR – NR –

Stone24 8 10 1 1 NR – 10 12 12 14 NR –

Visser13 NR – NR – NR – NR – NR – NR –
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*Defined as ‘coronary’, ‘myocardial infarction (MI)’, ‘cardiac complications’, ‘cardiac complications: increase 
in cardiac enzymes accompanied by electrocardiographic changes or development of arrhythmia’, ‘ischaemia 
or infarction’, ‘heart failure’, ‘acute MI or heart failure’. †Defined as ‘neurological deficit lasting more than 24 h 
or any new infarct on brain imaging’,’stroke’. ‡Defined as ‘pulmonary’, ‘respiratory complications’, ‘pulmonary 
complications’, ‘respiratory failure’. §Defined as ‘renal’, ‘renal failure’, ‘renal dysfunction’, ‘renal insufficiency 
in a patient without preoperative renal failure’, ‘renal failure with dialysis’, ‘temporary or permanent dialysis’, 
‘acute respiratory failure’. ║Defined as ‘gastrointestinal’, ‘intestinal ischaemia’, ‘gut infarction’, “colon ischae-
mia’, ‘ischaemic colitis’, ‘gut ischaemia’. #Defined as ‘sepsis, ‘multiple organ failure (MOF)’. NR, not reported.

Janczyk74 NR – NR – NR – NR – NR – NR –

Korhonen73 NR – NR – NR – NR – NR – NR –

Stenbaek40 NR – NR – NR – NR – NR – NR –

Hans76 NR – NR – NR – NR – NR – NR –

Roddy75 15 4.6 6 1.9 22 6.8 5 1.5 8 2.5 NR –

Evans77 NR – NR – NR – NR – NR – NR –

Heller18 NR – NR – NR – NR – NR – NR –

Turton21 NR – NR – NR – NR – NR – NR –

Alonso–Perez79 41 45.1 NR – 36 39.6 47 51.6 9 10 11 12.2

Sasaki78 21 1.1 NR – 23 1.3 45 2.5 16 0.9 – – 

Dardik80 NR – NR – NR – NR – NR – NR –

Semmens49 NR – NR – NR – NR – NR – NR –

Katz8 NR – NR – NR – NR – NR – NR –

Hardman83 14 12.1 NR – 23 19.8 63 54.3 14 12.1 30 25.9

Rutledge82 NR – NR – NR – NR – NR – NR –

Henderson51 13 13 2 2 16 16 NR – 5 5 16 16
   

Ruptured: endovascular repair                    

Leon36 NR – NR – NR – NR – NR – NR –
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Abstract

Objectives
Usually, physicians base their practice on guidelines, but recommendations 
on the same topic may vary across guidelines. Given the uncertainties regard-
ing abdominal aortic aneurysm (AAA) screening, physicians should be able to 
identify systematically and transparently developed recommendations. We per-
formed a systematic review of AAA screening guidelines to assist physicians in 
their choice of recommendations.

Methods
Guidelines in English published between January 1, 2003 and February 26, 2010 
were retrieved using MEDLINE, CINAHL, the National Guideline Clearinghouse, 
the National Library for Health, the Canadian Medication Association Infobase, 
and the G-I-N International Guideline Library. Guidelines developed by national 
and international medical societies from Western countries, containing recom-
mendations on AAA screening were included. Three reviewers independently 
assessed rigor of guideline development using the Appraisal of Guidelines Re-
search and Evaluation (AGREE) instrument. Two independent reviewers per-
formed extraction of recommendations.

Results
Of 2415 titles identified, seven guidelines were included in this review. Three 
guidelines were less rigorously developed based on AGREE scores below 40%. 
All seven guidelines contained a recommendation for one-time screening of el-
derly men by ultrasonography to select AAAs ≥5.5 cm for elective surgical re-
pair. Four guidelines, of which three were less rigorously developed, contained 
disparate recommendations on screening of women and middle-aged men at 
elevated risk. There was no agreement on the management of smaller AAAs.

Conclusion
Consensus exists across guidelines on one-time screening of elderly men to de-
tect and treat AAAs ≥5.5 cm. For other target groups and management of small 
AAAs, prediction models and cost-effectiveness analyses are needed to provide 
guidance.
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Clinical Relevance

Usually, physicians base their practice 
on guidelines, but recommendations 
on the same topic may vary across 
guidelines. Given the uncertainties 
regarding AAA screening, physicians 
should be able to identify system-
atically and transparently developed 
recommendations. To assist physi-
cians, a systematic review of national 
and international guidelines on AAA 
screening was performed. Consensus 
was found across the included guide-
lines on one-time screening of elderly 
men to detect and treat AAAs ≥5.5 
cm. For other target groups and man-
agement of small AAAs, prediction 
models and cost-effectiveness analy-
ses are needed to provide guidance.

Abdominal aortic aneurysms (AAAs) 
contribute significantly to disease 
burden in developed countries, ac-
counting for approximately 0.5% of 
total mortality in the United States.1 
Because rupture of an AAA is preced-
ed by a preclinical detectable phase 
and because accurate tests and effec-
tive treatment are available, screen-
ing is likely to be beneficial. A recent 
Cochrane systematic review, includ-
ing four screening trials, showed a 
significant decrease in AAA-related 
mortality in asymptomatic men aged 
65 to 79 years who underwent ultra-
sound screening.2 A beneficial effect 
on total mortality was not demon-
strated and uncertainties remain re-
garding other target groups, the opti-
mal screening strategy, policy toward 
small AAAs, cost-effectiveness, and 
psychological effects of screening.

In the United Kingdom, the Nation-
al Health Service Abdominal Aortic 
Aneurysm Screening Program is be-
ing introduced gradually with a full 
coverage across England expected 
by March 2013. In this program, men 
aged 65 are invited for a one-time 

ultrasound scan examination. In the 
United States, an abdominal ultra-
sound scan study for AAA detection 
is offered as part of the one-time 
“Welcome to Medicare” preventive 
health examination. Medicare covers 
AAA screening for all men who turned 
65 years of age and smoked at least 
100 cigarettes and individuals with a 
family history of AAA.3 In many West-
ern countries, however, systematic, 
nationwide screening programs are 
not implemented, and decisions on 
screening are made on the individual 
level by primary care physicians. For 
example, in The Netherlands, system-
atic screening programs are only al-
lowed in a research setting.4 Instead, 
opportunistic screening of siblings of 
patients with an AAA is recommend-
ed.

The purpose of guidelines is to close 
the gap between the best available 
evidence and what physicians do in 
their practice. The usual method of 
disseminating and implementing 
guidelines is rather passive, by pub-
lication in medical journals or mail-
ing to targeted professionals. This 
method does not seem to achieve 
the guidelines’ aim: changing physi-
cians’ behavior.5 Variations in recom-
mendations across guidelines on the 
same topic may cause physicians to 
lose confidence in the construction 
process and validity of guidelines and 
lead to a further derivation from this 
aim. In addition, relationships with 
the industry can potentially influence 
choices made within guideline devel-
opment, making the validity of rec-
ommendations even more questiona-
ble.6 Given the potential uncertainties 
regarding AAA screening, physicians 
require recommendations that have 
been developed systematically and 
transparently.7

Our purpose was to assist physicians 
in their choice of recommendations 
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on AAA screening by a systematic re-
view and critical appraisal of current 
guidelines.

Methods

Data sources and searches.
The literature search, used for a pre-
vious article on cardiovascular risk 
assessment,8 was updated to iden-
tify guidelines of interest. Briefly, 
MEDLINE, CINAHL, and four guide-
line-specific databases: the National 
Guideline Clearinghouse (United 
States), the National Library for 
Health on Guideline Finder (United 
Kingdom), Canadian Medical Asso-
ciation Infobase (Canada), and the 
G-I-N International Guideline Library 
(http://www.g-i-n.net) were searched. 
Guidelines published from January 1, 
2003, to February 26, 2010, and in the 
English language were considered. 
Additional guidelines were sought by 
searching websites of guideline de-
velopment organizations. See Appen-
dix, online only, for the exact search.

Study selection.
A guideline was only considered if it 
met the Institute of Medicine defini-
tion for clinical practice guidelines. In 
order to meet this definition, a guide-
line has to contain “systematically 
developed statements to assist prac-
titioner and patient decisions about 
appropriate health care for specific 
clinical circumstances.” In order to 
meet inclusion criteria, guidelines 
had to: (1) be developed on behalf of a 
national or international medical spe-
cialty society; (2) contain recommen-
dations for an asymptomatic popu-
lation with no previous diagnosis of 
AAA; and (3) originate from or apply 
to Western countries (eg, the United 
States, Canada, Australia, New Zea-
land, or the United Kingdom).

Titles and abstracts were reviewed in-
dependently by two reviewers (B.S.F. 
and E.B.C.). Articles were only exclud-
ed if both reviewers agreed on the 
decision. Discrepancies were resolved 
by consensus. The first author made 
the final selection of articles based on 
full text.

Data extraction and quality 
assessment.
Relevant recommendations from the 
included guidelines were indepen-
dently extracted by two reviewers 
(B.S.F. and N.G). Discrepancies were 
resolved by consensus. Each guide-
line provided one or more relevant 
recommendations. Data extracted 
included the reported methodology 
for evidence synthesis, formulating of 
recommendations, consideration of 
cost-effectiveness, the target popula-
tion, the strategy for delivery of the 
test, recommended tests, and test 
thresholds for intervention and fol-
low-up. In addition, the recommen-
dation was classified as “for,” “consid-
er,” “not for not against,” “insufficient 
evidence,” or “against.”

The quality of development of each 
included guideline was determined 
using the “Rigor of Development” 
domain of the Appraisal of Guidelines 
Research and Evaluation (AGREE) in-
strument, a seven item score.9 This 
score looks at: (1) methods to search 
for evidence; (2) criteria for select-
ing the evidence; (3) methods for 
formulating the recommendations; 
(4) consideration of health benefits, 
side effects, and risks; (5) supporting 
evidence; (6) procedures for external 
peer review; and (7) the update pro-
cess. Each item is rated on a 4-point 
Likert scale. Three reviewers (B.S.F., 
N.G., and J.J.V.) independently scored 
each guideline. Additional informa-
tion on development was also exam-
ined by these three reviewers by pe-
rusing websites of guideline develop-
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ers. For each reviewer, AGREE scores 
were calculated as a percentage using 
the sum of the seven items and the 
maximum possible score. Final rigor 
scores were calculated by averaging 
the AGREE scores from all reviewers 
(see Table I, online only, for AGREE 

item scores per guideline). Reproduc-
ibility of the three reviewers’ aver-
age rigor scores was measured with 
an intraclass correlation coefficient. 
We ranked included guidelines ac-
cording to their average score. Edito-
rial independence from funding body, 

Fig 1. Literature search and selection. Numbers of guidelines of each step of the process are indi-
cated. Group totals may exceed the reported numbers for the excluded articles at abstract and full 
text level because several reasons for exclusion were allowed. AAA, Abdominal aortic aneurysm; 
CMA, Canadian Medical Association; NGC, National Guideline Clearinghouse.
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external funding, and disclosure of 
relationships with industry by indi-
vidual guideline group members were 
assessed (B.S.F.) and checked (N.G.). 
Discrepancies were resolved by con-
sensus. SRS version 4.0 (Mobius, Ot-
tawa, Ontario, Canada), a web-based 
software package developed for sys-
tematic review data management, 
was used to remove duplicates, store 
citations and track results at title, ab-
stract, quality assessment, and data 
extraction levels.

Data synthesis and analysis.
We constructed a table to compare 
the recommendations from the in-
cluded guidelines. The table was di-
vided into the following sections: (1) 
methodology of guideline develop-
ment; (2) consideration of cost-effec-
tiveness regarding the recommenda-
tion; (3) target group and delivery of 
AAA screening; (4) tests considered; 
and (5) thresholds for intervention 
and follow-up.

Results

Selection and assessment of 
guidelines.
We screened 2415 guidelines for eligi-
bility at title level, of which 416 were 
included for review at abstract level 
(Fig 1). Of these, seven guidelines rel-
evant to AAA screening were eligible 
for full data extraction. Table II sum-
marizes the selected guidelines, to-
gether with rigor scores and conflict 
of interest results. Most guidelines 
(six of seven) were developed in North 
America. AGREE scores varied from 
17% to 79% with three guidelines (Ca-

nadian Cardiovascular Society [CCS], 
Society for Vascular Surgery [SVS]1, 
and SVS2) having an AGREE score be-
low the median, 40%. Reproducibility 
of the AGREE scores by the three re-
viewers was good, with an intraclass 
correlation coefficient of 0.86. In two 
of the seven guidelines (American 
College of Cardiology [ACC], SVS2), 
at least one panel member declared 
having a relevant financial relation-
ship with the industry. None of these 
guidelines reported exclusion of 
group members from voting or dis-
cussions. Only one guideline (United 
States Preventive Services Task Force 
[USPSTF]) contained a statement of 
being developed independently from 
the funding organization. Two guide-
lines (National Screening Committee 
[NSC] and CCS) neither reported that 
they were developed independently 
from funding organization(s), nor did 
they report a statement about con-
flicts of interest of group members. 
The seven included guidelines con-
tained 12 recommendations on AAA 
screening (Table III). Two (USPSTF 
and ACC) of the seven guidelines were 
developed on the basis of a system-
atic review of the medical literature. 
The remaining five guidelines were 
developed using a non-systematic 
selection of previously developed sys-
tematic reviews or primary research. 
Evaluation of cost-effectiveness of 
AAA screening strategies was done in 
six of seven guidelines by reviewing 
existing decision modeling studies.
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Areas of agreement and 
disagreement among 
recommendations.
All guidelines contained at least one 
recommendation that supported AAA 
screening in elderly men. Although 
guideline groups (six of seven) gener-
ally agreed on the age at which screen-
ing should be started in elderly men 
(that is 65 years of age), they disagreed 
on whether a smoking history should 

be present or not. In recommendations 
from two (USPSTF and ACC) of the 
seven guidelines, ever smoking (cur-
rent or past smoking) was required. 
In the other five guidelines, screening 
was recommended for elderly men re-
gardless of smoking habits.

Three guidelines (USPSTF, ACC, and 
NSC) only contained recommenda-
tions for AAA screening in elderly men 

Fig 2. Summarizing screening algorithm and suggestions for future research. a Restricting this tar-
get group by adding a history of smoking requires the reduced life expectancy caused by smoking 
to be taken into consideration in decision analysis. b Multivariable modeling to predict abdominal 
aortic aneurysm (AAA) risk can be used to identify groups at high risk within men 50 to 65 years, 
men _75 years, and women _60 years. Variables to consider are age, gender, family history of 
AAA, history of smoking, history of cardiovascular disease, other cardiovascular risk factors.14,18 

The expected benefit of screening these groups can be calculated by decision analysis. c Prediction 
models considering variables such as age, gender, aortic diameter size, smoking status, blood pres-
sure, history of cardiovascular disease, pulmonary and renal impairment can estimate these 
risks.23-25 d The optimal intervals for periodic ultrasound scan surveillance can be calculated 
with cost-effectiveness analysis

Individuals at risk for AAA 

Men aged 65 – 75 yearsa

Other target groups could be identified by 
multivariable prediction modelsb

Aortic diameter 
 ≥ 5.5 cm 

Aortic diameter 
3 -  5.5 cm 

Aortic diameter 
< 3.0 cm

Low rupture risk 
and/or high 
operative risk c

No re-screening 
required

Surgical repairSurveillance with 
intervals based 
on decision 
analysisd

High rupture risk 
and low 
operative risk c

No re-screening
required

Aortic diameter
3 - 5.5 cm 
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or recommended explicitly against 
screening women. These three guide-
lines had the highest AGREE scores. 
Guidelines with lower AGREE scores 
also contained recommendations for 
other target groups. Four guideline 
groups (Canadian Society for Vascular 
Surgery [CSVS], CCS, SVS1, and SVS2) 
recommended screening in women if 
risk factors for development of AAA 
were present. Although in two of 
these guidelines (CSVS and CCS) mul-
tiple risk factors were required, in two 
guidelines (SVS1 and SVS2) the pres-
ence of one risk factor was considered 
sufficient reason to screen. Three 
guidelines (CCS, SVS1, and SVS2) rec-
ommended screening of middle-aged 
men (that is 50 or 55 years) if a family 
history of AAA is present. Although 
not all guideline groups reported an 
age criterion when screening should 
no longer be offered, in most guide-
lines (four of seven) 75 years of age 
was considered as the upper age limit.

Abdominal ultrasonography was 
unanimously advocated as the prima-
ry screening test and only one guide-
line group (ACC) recommended phys-
ical examination as a useful screening 
tool in addition to ultrasonography. 
All guideline groups recommended 
elective surgical repair at an abdomi-
nal aortic diameter of 5.5 cm in elderly 
men. Some guideline groups advocat-
ed using a lower threshold (ie, 5.0 cm) 
for women (CCS and SVS2) or young 
healthy patients (SVS2) as an indica-
tion for surgical repair.

Except for the USPSTF guideline, all 
guidelines contained recommenda-
tions for surveillance of those with 
aneurysms smaller than 5.5 cm in 
diameter. These recommendations, 
however, varied across the guide-
lines with respect to the intensity of 
follow-up and aorta diameter cutoff 
values for the monitoring intervals. 
The two Canadian guideline groups 

(CSVS and CCS) were unique in rec-
ommending periodic rescreening for 
individuals with abdominal aortic di-
ameters below 3 cm; the remaining 
guideline groups recommended one-
time screening.

Discussion

In summary, we identified seven 
guidelines on AAA screening. A ma-
jority of guidelines lacked a system-
atic method for the evaluation of the 
evidence or achieved a low AGREE 
score for rigor of development. Most 
guidelines contained recommenda-
tions that were in favor of one-time 
AAA screening for men 65 years and 
older using ultrasonography scans. 
Four guidelines, of which three had 
low AGREE scores, also contained dis-
parate recommendations on screen-
ing women and middle-aged men 
at elevated risk, whereas guidelines 
with higher AGREE scores did not. Al-
though an abdominal aortic diameter 
of 5.5 cm was unanimously used as 
criterion for elective surgical repair in 
elderly men, no consensus existed on 
management of smaller AAAs.

A previously published review already 
summarized and discussed a selection 
of three guidelines on AAA screening, 
but the review was neither systematic 
nor were the selected guidelines ap-
praised on quality.10 We used a sensi-
tive search strategy to identify guide-
lines and we assessed the included 
guidelines by a validated tool, the 
AGREE instrument. Our article can 
also have additive value to guideline 
summaries provided by the National 
Guideline Clearinghouse, as this da-
tabase has only summarized some of 
the guidelines that we reviewed, and 
does not appraise guidelines on qual-
ity of development.11 We tried to cre-
ate awareness of differences across 
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guidelines from Western countries, 
which generally have a comparable 
population health status and access 
to medical resources.12 The differ-
ences, which we identified, can have 
major implications for clinical prac-
tice. Because most guidelines were 
produced by North American organi-
zations, this report is most valuable 
to guide physicians from this region in 
choosing which recommendations to 
follow. Physicians may decide based 
on AGREE scores and their specific 
clinical context which recommenda-
tions to adopt or to avert.

Despite these strengths, we have 
to face certain limitations of our re-
view. First, we neither evaluated the 
source nor the quality of the underly-
ing evidence that supported the rec-
ommendations, but instead assessed 
the guidelines’ construction process-
es. For example, disparate evidence 
cited by guideline developers could 
provide possible causes for variation 
in recommendations. Transparent 
development methods and complete 
information on how judgments were 
made increase the reliability of rec-
ommendations and allow physicians 
to make more informed decisions on 
adopting them. Which recommenda-
tions would result in better outcomes 
can be determined in comparative 
effectiveness research,13 but this 
was beyond the scope of our review. 
Second, the AGREE instrument only 
considers the details of reporting in-
formation related to the development 
of the guideline. The true quality of 
the guideline can, therefore, not be 
fully captured. For example, a guide-
line group which performs a system-
atic search for evidence and which 
does not report detailed information 
on the search strategy followed, will 
receive a low AGREE score for this 
item. In reality, the search followed 
may be adequate for identifying solid 
evidence. Although we did search the 

organization’s website for additional 
background information, we did not 
contact guideline developers for ad-
ditional information that was lacking 
in the guideline document or on the 
website. Third, the AGREE instrument 
provides a quality score on a linear 
scale. This means that each item is 
weighed equally. We believe that all 
items of the AGREE Rigor of Develop-
ment domain are relevant, support-
ing equal weighting across items. The 
contribution of each individual item 
to the total quality of a guideline is, 
however, difficult to assess. Fourth, 
it was difficult to quantify the true 
degree of influence by industry rela-
tionships. We had to rely on the dis-
closures that were believed to be rel-
evant for decision-making by group 
members themselves. We also could 
not assess the size of entanglements 
with industry, because guidelines did 
not report the payment amounts re-
ceived.

Although all guidelines agreed upon 
screening elderly men, some guide-
lines advocated a more selective 
screening regime based on smoking 
history. Selective screening instead of 
whole population screening could re-
sult in too many missed AAAs.14 Nev-
ertheless, a modeling study showed 
that selective screening of men aged 
65 to 75 years who have ever smoked, 
as recommended by the USPSTF and 
ACC, did not severely affect the de-
tection rate.15 Using ever-smoking as 
a preselection tool, however, poten-
tially has the disadvantage that ever-
smoking not only acts on prevalence 
of AAA, but also on comorbidities.16 
The expected gain in life years by 
AAA screening could then be nullified 
by the raised competing risk due to 
other death causes. This was not tak-
en into account for calculation of the 
effectiveness of screening in the pre-
viously mentioned modeling study.15 
Other guideline groups recommend-
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ed screening also in populations other 
than men aged 65 to 75 years if risk 
factors are present (eg, men aged 50 
to 65 years, men older than 75 years, 
and women). For these populations, 
no clear evidence exists from experi-
mental research for such a recom-
mendation.2 The reasoning is that the 
risk of having an AAA is markedly in-
creased if risk factors are present. The 
odds ratio, however, generally needs 
to be high before a risk factor can 
be used for risk classification.17 The 
odds ratios of single risk factors other 
than smoking are low for clinically 
relevant large AAAs. [14]  and  [18] There-
fore, combining risk factors may be 
warranted to avoid unnecessary ul-
trasonographies and over-diagnosis 
of small AAAs for which the optimal 
treatment strategy is unclear. [19] and [20] 
On the other hand, when screening 
is recommended both at a younger 
age if risk factors are present and at 
an older age regardless of risk factors, 
such as in ACC, CCS, SVS1, and SVS2 
guidelines, then a bias similar to lead 
time bias could occur. Only the AAAs 
that are vulnerable to rupture in the 
short term contribute to benefit of 
screening at an earlier age. Slowly 
growing AAAs would most likely be 
identified at the older screening age. 
The additional benefit of screening in 
middle-aged men and women at ele-
vated risk can be explored by compar-
ing the different screening strategies 
in a decision analysis.

The variation in recommendations 
for policy toward small asymptomatic 
AAAs is relevant because with screen-
ing approximately 90% of the de-
tected AAAs will be smaller than 5.5 
cm in diameter. [18] and [21] Two guideline 
groups (CCS and SVS2) suggested 
using smaller diameters for women 
and healthy young patients as the 
threshold for elective surgical repair. 
Two meta-analyses did not show an 
improvement of overall survival in the 

immediate surgical repair group as 
compared to those allocated to sur-
veillance. [19]  and  [20] There was insuffi-
cient power to identify subgroups that 
might benefit from immediate repair. 
A recent published trial not included 
in the two meta-analyses also did not 
demonstrate a benefit on overall mor-
tality after immediate endovascular 
repair, although this trial was stopped 
earlier because the event rate of the 
primary outcome measure of rupture 
or aneurysm-related death was too 
low to achieve sufficient statistical 
power.22 According to the Cochrane 
review,20 an individual patient-level 
data meta-analysis is under way to 
conduct subgroup analyses, which are 
expected to elucidate risks and bene-
fits of each treatment option for an-
eurysm size subgroups, and age sub-
groups (for example ≤69 years, and 
>69 years). Multivariable prediction 
models of rupture and operative risk 
could also be used to identify those 
expected to benefit from immediate 
surgical repair. Multiple predictors 
determine rupture [23] and [24] and opera-
tive risk25 and, therefore, variation in 
treatment effect is difficult to be cap-
tured by single patient characteris-
tics. The use of prediction models for 
rupture risk and operative risks has 
the advantage that predictors that 
influence both, for example, female 
gender,26 can be taken into account. 
A combination of a high-predicted 
rupture risk and a low-predicted op-
erative risk is then likely to result in a 
survival benefit from immediate sur-
gical repair. In the absence of experi-
mental evidence for a survival bene-
fit, the trade-off between immediate 
surgical repair and surveillance can 
be based on costs and quality of life 
by using decision modeling and cost-
effectiveness analyses. In addition, 
the optimal screening and monitoring 
intervals can then be evaluated.
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Although methods are available for 
integrating various recommendations 
into a single guideline, our purpose 
was not to create a new “universal” 
AAA screening guideline. However, 
a summarizing screening algorithm 
comprising the recommendations 
that the guidelines had in common 
and our suggestions for future re-
search is depicted in Fig 2. The actual 

implementation of these recommen-
dations in primary care is critical in 
optimizing patient outcomes. Meth-
ods to measure and improve the de-
livery and adherence of AAA screen-
ing interventions are, for example, 
performance measures and decision 
support systems, but these are still 
topics for further research. [27] and [28]
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Abstract

The objective of this review was to establish the role of endovascular aortic an-
eurysm repair (EVAR) in women. A step by step approach was taken looking at 
sex and gender differences in epidemiology, pathogenesis and natural history. 
We then proceed to discuss the results from the three randomized controlled 
trials comparing EVAR to open repair. Finally, sex-specific secondary preven-
tion, risk factor management and medication, is discussed. Women seem to 
have higher mortality and more complications after EVAR. Risk factors such as 
diabetes and hypertension are associated with worse outcome in women com-
pared to men. The role of EVAR in women is poorly investigated and its definite 
role remains to be determined. Aggressive treatment of risk factors and the op-
timisation of medication in women are indicated and deserve more attention in 
clinical practice and future research. 
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Introduction

In the last 50 years a lot of research 
has been done on cardiovascular dis-
ease. This research has taught us a 
lot about the causes, the symptoms 
and how we can best treat cardiovas-
cular disease. Unfortunately most of 
this research was done in men and we 
have learnt that these results can not 
just simply be generalized and imple-
mented in women.

A lot of research has focused on 
coronary artery disease where ap-
parent sex and gender differences 
are already well established. Women 
receive a later diagnosis than men, 
receive less aggressive treatment and 
have higher complication and mortal-
ity rates following revascularization 
procedures.1-2

For non-cardiac vascular disease such 
as abdominal aortic aneurysm, stud-
ies are fewer, but the mechanisms are 
thought to be the same. Here too, it 
is thought that women are diagnosed 
later, are admitted to hospital less 
frequently and have worse outcome 
after repair.3

Endovascular repair has emerged 
as an alternative to surgery in an at-
tempt to minimize surgery. Although 
initially introduced as an alterna-
tive to no repair for the very frail and 
unfit-for-open surgery patients, it is 
being implemented widely in current 
practice.

As a result of this wide implementa-
tion more knowledge is being gen-
erated and advancements are being 
made to the devices. Most patients 
receiving EVAR, however, are men 
and therefore it remains uncertain 
whether women are benefitting to 
the same extent as men are.

In this review we will take a step-by-
step approach starting with the sex 
and gender differences in the basics 
such as the epidemiology and patho-
genesis of abdominal aortic aneu-
rysms and proceeding to an overview 
of results from the major trials look-
ing at (endovascular) abdominal aor-
tic aneurysm repair. The foregoing 
will enable us to arrive at a better un-
derstanding of the role of endovascu-
lar aneurysm repair in women.

Epidemiology (and risk 
factors)

The prevalence of abdominal aortic 
aneurysms is subject to a number of 
variables including, age, gender, fam-
ily history and smoking status. Most 
studies looking at risk factors have 
been done in men and one can not 
assume that the magnitudes of these 
risk factors are the same in men and 
women. Physiological differences ex-
ist between men and women. Also 
there are risk factors unique to wom-
en such as endogenous and exog-
enous oestrogen, many believing to 
account for the serious increase in the 
progression of atherosclerosis after 
menopause.

AAAs of 3.0cm or larger are thought 
to occur in between 1.9%-18.5% in 
men and 0%-4.2% in women, depend-
ing on age and composition of case-
mix.4 It was recently demonstrated, 
however, that by using the standard 
definition of AAA (30mm) the preva-
lence in women is underestimated. 
By using the more precise, but clini-
cally “more difficult” to use, defini-
tion of ≥1.5 x normal infrarenal aortic 
aneurysm, the prevalence was quite 
similar, 12.9% for men vs. 9.8% for 
women respectively.5
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Pathogenesis

The underlying cause of abdominal 
aortic aneurysm is mostly unknown 
in the majority of patients. Traditional 
views are that atherosclerosis causes 
the dilatation but a genetic compo-
nent has also been suggested. The 
fact that a positive family history in 
a first-degree relative increases the 
risk of AAA points in this direction, 
but another explanation could be that 
families are generally subjected to 
the same environmental and social 
factors. The actual cause most likely 
is multifactorial, in which proteases 
(matrix metalloproteinases (MMPs) 
in particular) play an important role in 
the degradation of the vascular wall 
and thus to dilatation and eventually 
rupture of the aorta. Sex differences 
have been reported for these MMPs 
suggesting oestrogen-mediated re-
ductions in the production of MMP-9 
(an MMP with particular affinity for 
the breakdown of collagen).6 This 
could explain the difference in preva-
lence between men and women at 
younger age (oestrogen protection in 
women) and the increased rate of ab-
dominal aortic aneurysms in women 
after middle-age.

Natural history

Abdominal aortic aneurysms are usu-
ally asymptomatic and found whilst 
performing diagnostic strategies for 
other purposes. Once diagnosed, sur-
veillance is indicated to prevent rup-
ture.

Understanding which factors contrib-
ute to rupture is therefore vitally im-
portant.

Several studies have looked into fac-
tors contributing to AAA rupture and 
apart from aneurysm size and aneu-

rysm growth rate, women have been 
reported to have a 3 to 4 fold higher 
risk of rupture.7-8

This fact is easily understandable if 
one takes into account that the nor-
mal size of the aorta differs substan-
tially between men and women. The 
normal diameter of a female is on 
average smaller than that of a man. 
So using a definition of 3.0cm for an 
aneurysm and 5.5cm as a threshold 
for repair leads to a higher relative 
increase in AAA diameter for the av-
erage women compared to the aver-
age man. To overcome this problem 
it has been suggested to use relative 
AAA diameters instead of absolute 
diameters. A way of doing this is by 
comparing the AAA diameter to the 
predicted normal diameter, which is 
calculated using nomograms devel-
oped by Sonesson et al., which take 
age, gender and body surface area 
into account9.

Example

For a 75-year-old male with a 
BSA of 2.3 m², the predicted aor-
tic diameter (nomogram) is 21.9 
mm. If this person then has an 
AAA of 40 mm, dividing 40 mm 
by 21.9 indicates that the aneu-
rysm of this patient has increased 
1.83 times. But if an AAA of 40 
mm is encountered in a 50-year-
old female with a BSA of 1.4 m², 
the normal aortic diameter of 
this patient has enlarged by 2.88 
times. It seems quite reasonable 
to assume that a 40 mm diameter 
aneurysm that has expanded 2.9 
times from the original size has 
a weaker arterial wall than a 40 
mm diameter aneurysm that has 
expanded only 1.9 times
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This approach has been deemed clini-
cally unfriendly and is therefore not 
implemented widely. 

Treatment
Open surgical repair
The main treatment guideline for the 
elective repair of abdominal aortic 
aneurysms is a diameter of 5.5cm. 
At this diameter the operative risk is 
thought to be smaller than the risk of 
rupture. For aneurysms smaller than 
5.5cm two randomized controlled tri-
als (RCTs) demonstrated no benefit 
of open surgery over surveillance of 
the aneurysm10-11. Unfortunately few 
women were included in these trials 
(17% in the UK Small aneurysm trial 
and 0.8% in the ADAM trial), raising 
doubts as to whether these results 
and recommendations, when general-
ized, lead to the appropriate manage-
ment in women. A recently published 
systematic review and meta-analysis 
looking at 30-day outcome after an-
eurysm repair reported women to 
have significantly higher mortality 
rates following elective open repair.12 
Ruptured open repair was not signifi-
cantly different between women and 
men but the absolute mortality rates 
were 61.8% for women and 42.2% for 
men.

Endovascular repair 
Endovascular abdominal aortic aneu-
rysm repair (EVAR) was developed in 
an attempt to reduce mortality and 
morbidity and to provide an alterna-
tive to patients at (too) high risk for 
open surgical repair. The thought was 
that due to its less invasive nature, it 
might lead to better results and less 
costs. The choice between open en 
endovascular repair should be made 
on an individual basis taking patient 
factors and the surgeon’s experience 
into account. In short it is thought 
that young patients with a low to av-

erage operative risk may benefit from 
open surgical repair and average to 
high risk patients with favorable anat-
omy from endovascular repair.

EVAR has lead to a decrease in short-
term mortality, but women have not 
benefitted from this decrease as much 
as men, which has been suggested to 
be a result of their poorer anatomical 
suitability13-14. Access arteries and the 
aorta itself are on average smaller in 
women and endovascular stents and 
deployment devices have not been 
specifically designed for women. This 
all could be the explanation of their 
statistically significant worse out-
come in mortality, 2.9% versus 1.5% 
and higher complication rates such as 
conversion.12

The three RCTs comparing EVAR 
to open repair started off with very 
promising results for EVAR.15-17 30-
day survival of endovascular patients 
was up to 3-fold better than open 
surgically repaired patients. Then 2-4 
years later the mid-term results were 
published, already showing the dif-
ference receding. Finally, the recently 
published long-term survival results 
of the DREAM and EVAR 1 trial show 
no difference in long-term survival.18 
Outcomes other than mortality, such 
as systemic complications, graft re-
lated complications, reinterventions 
and not to be forgotten, costs are 
therefore very important. 

Interesting, the percentage of women 
in these three trials was around 9% in 
the DREAM trial and the EVAR-1 trial 
and 0.6% in the OVER trial. No gen-
der-specific analyses were done in the 
DREAM and OVER trial. In the EVAR-
1 trial sub-analyses were performed. 
Variables found to predict serious 
graft complications after EVAR were 
older age, large initial AAA diameter 
and large common iliac artery diam-
eters. Gender was not a predictor, but 
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there were probably too few women 
(n=79) in this study to show a signifi-
cant result. The hazard rate ratio for 
women was 1.46 (0.91-2.36)19. For re-
interventions after EVAR again older 
age, large initial AAA diameter, and 
large common iliac artery diameters 
were significant predictors. The HRR 
for women was 1.60 (0.89-2.88)19. 
Both HRRs show a trend in much 
higher complications and reinterven-
tions in women, and indicate that the 
reason for them not being statistically 
significant most likely is due to the 
small sample size of women.

Another issue with EVAR is the need 
of diligent follow-up. In general EVAR 
patients require, 1, 6, 12 month, and 
yearly thereafter (for life) imaging 
studies to evaluate the status of the 
stent. These assessments are nec-
essary because as opposed to open 
surgical repair late complications, ne-
cessitating reinterventions are quite 
common after endovascular repair.

The EVAR 2 trial, comparing endo-
vascular repair of the unfit-for-open 
surgery patients to no repair, showed 
a benefit of EVAR over no repair for 
aneurysm-related death but not for 
all-cause mortality.20 Also, graft-relat-
ed complications, reinterventions and 
costs were high.

Currently gender-specific analyses are 
being conducted in the EUROSTAR 
database, a European multicenter 
registry encompassing around 10.000 
patients who received elective en-
dovascular repair. This database will 
have enough power to demonstrate 
possible sex and gender differences in 
mortality and complications follow-
ing EVAR and the results are expected 
in the first half of 2011. 

Secondary prevention
The same risk factors have been re-
ported to have different effects in 

women compared to men. The IN-
TERHEART study, with a study popu-
lation of over 27,000 patients report-
ed a much stronger effect of certain 
risk factors associated with myocar-
dial infraction (MI) in women than 
men. Most pronounced were diabetes 
[4.26 (3.68-4.94) vs. 2.67(2.43-2.94) 
and hypertension [2.95(2.66 -3.28) 
vs. 2.32(2.16-2.48)]21, for women and 
men respectively. Levy et al.22 in 1996 
already reported these two risk fac-
tors to have much worse outcomes 
in women compared to men. Further-
more the INTERHEART group just re-
cently published these risk factors and 
some other risk factors comprising 
the metabolic syndrome to be much 
higher in women compared to men23. 
While MI is the main outcome in this 
study, Huxley et al.24 reported the rel-
ative risk for fatal coronary heart dis-
ease associated with diabetes also to 
be 50% higher in women compared to 
men. Seeing that the prevalence and 
outcome/mortality associated with 
these risk factors is higher in women, 
aggressive treatment is indicated in 
women when these risk factors are 
detected.

Medication is another field in which 
great sex difference are known to 
exist but not implemented widely in 
clinical practice. Women have been 
underrepresented in clinical drug 
studies and female animals have been 
studied less in preclinical studies. 
Seeing the physiological differences 
between women and men, these dif-
ferences will also affect drug efficacy 
and safety. Pharmacokinetics in wom-
en is affected by lower weight, body 
composition, slower gastrointestinal 
motility, less gastric secretion, differ-
ent enzymatic activity and slower glo-
merular filtration rate. All the above 
factors should be taken into account 
when prescribing medicine to women 
and in general lower dosages should 
be administered to women. Another 
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example are β-blockers. Metoprolol 
and Propanolol are metabolized in 
the liver by CYP2D6, this substrate is 
much more active in men than wom-
en. This leads to an increase in plasma 
levels of around 100% in women. Ad-
verse drug reactions are therefore 50-
75% more likely in women. Thus, for 
the example of β-blockers, it would 
be safer to use a β-blocker which is 
metabolized less or not at all by CY-
P2D6, such as Atenolol. Pharmacody-
namic differences in women include 
greater sensitivity to opoids, leading 
to a stronger analgesic response, so 
here too lower dosages should be giv-
en to women25. 

But apart from the difference in phar-
macokinetics and dynamics, medical 
undertreatment of vascular surgery 
patients as a whole is big problem. Al-
though this affects both sexes, wom-
en receive significantly less medica-
tion compared to men. Furhermore, 
the sole information whether or not a 
patients receives medications is inad-
equate. Important to know is whether 
the treatment target of medication 
is achieved. Only once this target is 
reached do patients have good sec-
ondary prevention. So a patient re-
ceiving a statin should be tested to 
see whether the appropriate level of 
LDL is achieved, because only know-
ing whether he or she receives medi-
cation is therefore not sufficient. 

Considerations

EVAR is a widely available alternative 
to open repair of an abdominal aortic 
aneurysm. In light of the recent pub-
lished long-term results of EVAR, the 
precise role of EVAR is not completely 
defined. Modeling and cost-effective-
ness studies will need to shed light on 
in which situations one treatment is 
preferred to the other.

We can also conclude that the role of 
EVAR in women is poorly investigat-
ed. Just as after open repair, women 
also seem to have higher mortality 
rates and more complications than 
man after EVAR. Whether this is 
mainly due to different effects of the 
same risk factors or whether this spe-
cific treatment is prone to worse out-
come due to the fact that anatomy 
plays such an important role remains 
to be determined.

Therefore at this moment it is diffi-
cult to state what the role of EVAR in 
women should be. What is apparent 
though is that aggressive treatment 
of risk factors and the optimisation of 
medication in women is indicated and 
deserves more attention in clinical 
practice and further research. 
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Abstract

Objective
 The purpose of this study was to determine the effect of gender on 30-day and 
long-term outcomes after elective endovascular aortic repair (EVAR)

Methods: Patients entered into the EUROSTAR study (European collaborators 
on stent-graft techniques for abdominal aortic aneurysm repair) formed the ba-
sis of our study. Data were analyzed by means of multivariable logistic regres-
sion for 30-day mortality and composite outcome of mortality, systemic com-
plication or conversion. Kaplan-Meier survival analyses were used to compare 
long-term survival and long-term event-free survival times between women and 
men over a median follow-up period of 12.6 months. The log rank test was used 
to test for differences. Cox proportional hazards regression was used to analyze 
survival and event-free survival (with endpoint mortality or re-intervention). 
Multivariable analyses were adjusted for age, comorbidities, aneurysm charac-
teristics and treatment characteristics. 

Results
There were 9227 patients available for analysis (623 women and 8604 men). 
No difference in 30-day mortality was demonstrated for women compared to 
men (OR 0.89, 95%CI 0.48 -1.67), but women did have a statistically significant 
higher cumulative incidence of the composite end-point mortality, systemic 
complication or conversion (OR 1.32, 95%CI 1.05-1.66). The Kaplan-Meier curves 
demonstrated worse outcomes for both long-term survival (p=0.05) and long-
term event-free survival (p=0.004). Survival analyses adjusting for covariates 
demonstrated a higher albeit statistically non-significant difference in long-
term mortality for women compared to men (HRR 1.21, 95%CI 0.96-1.53) and 
a statistically significant higher rate of the composite endpoint mortality or re-
intervention (HRR 1.28, 95%CI 1.07-1.54).

Conclusions
Our results suggest that women undergoing endovascular aortic repair have 
higher complication and re-intervention rates compared to men implying that 
the role of elective EVAR in women needs to be reconsidered. 
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Introduction

The three large randomized controlled 
trials comparing endovascular aneu-
rysm repair (EVAR) to open repair have 
shown that 30-day mortality can sig-
nificantly be reduced by endovascular 
repair 1-3. EVAR has been associated 
with similar long-term mortality and 
higher delayed complication and re-
intervention rates compared to open 
repair in the EVAR 1 trial and DREAM 
trial, but not in the OVER trail. In the 
OVER trial women comprised 0.6% 
of the study population; in the other 
two trials women comprised 9% of the 
study population. 

Determining the role of EVAR for AAA 
repair depends on being able to iden-
tify variables that influence outcomes 
after EVAR. A recent study demon-
strated that age and the American 
Society of Anesthesiology Physical 
Status Classification Score (ASA) are 
independent predictors of mortal-
ity. Gender was not an independent 
predictor for mortality but was an 
independent predictor for procedure 
related complications, women having 
a 4 times higher rate of complications 
compared to men4. It has been sug-
gested, as is the case for many other 
vascular procedures, that women 
have more complications as a result 
of the smaller diameter of their arter-
ies. Various studies have put forward 
possible mechanisms for the worse 
outcome and have demonstrated sig-
nificantly higher mortality in women 
following (endovascular) AAA re-
pair5-7. Such studies are few and the 
role of female sex has been poorly 
investigated mainly due to the low 
proportion of females in clinical trials 
evaluating EVAR.

The aim of this study therefore was 
to determine the effect of gender on 
mortality and morbidity after endo-
vascular aneurysm repair using one of 

the largest endovascular aneurysm 
repair registries. 

Methods

Study Design
This study was part of the European 
collaborators on stent-graft tech-
niques for abdominal aortic aneurysm 
repair (EUROSTAR) study, a voluntary 
registry, which was established in June 
1996. Objective of the EUROSTAR 
study was to collect and analyze infor-
mation from a prospective longitudi-
nal cohort of patients who underwent 
endovascular treatment of AAAs.8 
Patients with an asymptomatic intact 
and infrarenal aneurysm were pro-
spectively enrolled into the registry. 
The last patient was included in No-
vember 2006. The median follow-up of 
the whole cohort was 12.6 months.

Data collection
Patient characteristics, comorbidi-
ties, aneurysm characteristics, treat-
ment characteristics, postoperative 
outcomes and information at follow-
up visits (1, 3, 6, 12, 18, and 24 months 
and yearly thereafter) were recorded 
on a standardized case record form 8. 
All cardiovascular comorbidities were 
scored using the Society for Vascular 
Surgery (SVS) – International Society 
for Cardiovascular surgery risk score 
and recoded into a yes/ no variable 
where a score of 0 represented no co-
morbidity present and a score of 1,2, 
or 3 indicated the comorbidities pre-
sent. American Society of Anesthesi-
ology (ASA) score9-10 (Appendix 1). 
The following commercially available 
and CE-approved stent-grafts were 
used: Zenith (Cook Inc, Blooming-
ton, Indiana; 3705 patients), Talent 
(Medtronic Vascular; 2589 patients), 
Excluder (W.L.Gore & Associates, Inc, 
Flagstaff, Ariz; 1290 patients), Aneu-
Rx (Medtronic Vascular, Santa Rosa, 
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Calif; 1022 patients), Powerlink (En-
dologix, Irvine, Calif; 166 patients), 
Lifepath (Edwards Lifesciences, Irvine 
Calif, 136 patients), Fortron (Cordis, 
a Johnson & Johnson company, Mi-
ami lakes, Fla; 97 patients) Anacon-
da (Sulzer Vascutek Ltd, Inchinnan, 
Scotland; 87 patients), EVT (Guidant 
inc Menlo Park, Calif; 77 patients). In 

the remaining 58 patients the type of 
stent graft used was not documented. 
Patients treated with first generation 
devices (Vanguard or Stentor stent-
graft) were excluded from the analy-
sis as these devices have long been 
withdrawn from the market.

  Women (623)   Men (8604)    

  Available Value   Available Value P-value

Age, mean (+-sd) 623 (100%) 75.49 7.72* 8604 (100%) 72.35 7.72* <0.001

ASA, n with class 3 or 4 (%) 614 (98.6%) 316 51.47% 8501(98.8%) 4299 50.57% 0.668

Comorbidities (SVS) n (%)    

Diabetes 597 (95.8%) 62 10.39% 8346 (97%) 1097 13.14% 0.053

Smoking 596 (95.7%) 182 30.54% 8316 (96.7%) 4312 51.85% <0.001

Hypertension 598 (96%) 429 71.74% 8356 (97.1%) 5452 65.25% 0.001

Hyperlipidemia 585 (93.9%) 282 48.21% 8186 (95.1%) 3818 45.64% 0.464

Cardiac 595 (95.5%) 323 54.29% 8354 (97.1%) 5084 60.86% 0.002

Carotid 588 (94.4%) 95 16.16% 8254 (95.9%) 1455 17.63% 0.365

Renal 594 (95.3%) 94 15.82% 8282 (96.3%) 1605 19.38% 0.033

Pulmonary 593 (95.2%) 215 36.26% 8289 (96.3%) 3505 42.28% 0.004

 Previous laparotomy 610 (97.9%) 217 35.57% 8472 (98.5%) 2148 25.35% <0.001

 Obesity 609 (97.8%) 170 27.91% 8461 (98.3%) 2233 26.39% 0.411

AAA characteristics (mean +-sd)    

AAA diameter 607 (97.4%) 57.34 11.04* 8401 (97.6%) 58.16 12.29* 0.109

Neck diameter 600 (96.3%) 22.57 3.47* 8234 (95.7%) 24.04 3.26* <0.001

Neck length 589 (94.5%) 26.72 12.48* 8046 (93.5%) 27.74 12.67* 0.059

Distance renal artery – iliac bifurcation 552 (88.6%) 116.17 20.18* 7514 (87.3%) 119.06 20.63* 0.001

Significant angulation 618 (99.2%) 366 59.22% 8559 (99.5%) 4312 50.38% <0.001

Classification of AAA (DE vs. ABC) 623 (100%) 73 11.71% 8604 (100%) 1600 18.59% 0.000

Treatment characteristics    

 Time since start 623 (100%) 5.99 2.39 8604 (100%) 5.74 2.31 0.007

Type of anaesthesia    

General 623 (100%) 444 71.27% 8604 (100% 5807 67.49% 0.052

Regional 623 (100%) 139 22.31% 8604 (100%) 2262 26.29% 0.029

Local 623 (100%) 40 6.42% 8604 (100%) 535 6.22% 0.840

Table 1. Patient demographics. 

ASA: American Society of Anesthesiology, SVS: Society of Vascular Surgery, AAA: Abdominal Aortic Aneurysm, sd: standard 
deviation Classification of AAA see appendix 2:
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  Women (623) Men (8604)  

 

30-day outcomes
Available n / mean % / SD Available n / mean % / SD p-value

Intraoperative      

Duration of procedure, minutes 601 137.72 64.62 8303 128.99 58.42 <0.001

Replaced bloodvolume, ml 136 693.84 714.14 1289 583.18 737.79 0.095

Endoleak 623 114 18.3  8604 1382  16.1 0.144

Blocking of side branches 623 100 16.1  8604 1668  19.4 0.041

Device-related complications 607 42  6.9 8502 351  4.1 0.001

Failure to complete procedure 607 20  3.3 8502 122  1.4 <0.001

Arterial complications 607 34  5.6 8502 279  3.3 0.002

       

From operation to discharge      

Systemic complications 623 90 14.4  8604 927 10.8  0.005

Procedure and device related 607 25 4.1  8502 216  2.5 0.019

Access site and lower limb complications 607 56  9.2 8502 508  6.0 0.001

       

Conversion to bifurcation graft  623 21  3.4 8604 179  2.1 0.033

AAA rupture 623 2  0.3 8604 49  0.6 0.581

Hospital stay 603 11.06 17.02 8412 7.62 10.15 <0.001

       

30-day Death:      

All cause 623 12 1.9  8604 164  1.9 0.972

       

Long-term outcomes              

       

Abnormal findings or systemic complications 623 45 7.2 8604 649 7.5 0.770

       

Procedure or device related complications 623 144 23.1 8604 1868 21.7 0.413

       

Graft migration 495 8  1.6 7272 133 1.8  0.732

Graft stenosis 495 2  0.4 7272 51  0.7 0.774

Graft thrombosis 495 7  1.4 7272 136  1.9 0.465

Endoleak 495 55 11 .1 7272 521 7.2  0.001

Bleeding perianeurysmal (rupture) 495 1  0.2 7272 35  0.5 0.727

Intervention transfemoral (PTA) 495 25  5.1 7272 387  5.3 0.794

Intervention transabdominal (conversion) 495 9  1.8 7272 88  1.2 0.238

Intervention extra anatomic (crossover) 495 7  1.4 7272 96  1.3 0.860

 
     

Late Death:

All cause 623 72 11.6  8604 857 10  0.201

Table 2. 30-day and long-term outcomes

PTA: percutaneous transluminal angioplasty
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Outcomes
The primary outcome was 30-day 
mortality. Secondary outcomes were 
a 30-day composite endpoint (con-

sisting of mortality, systemic compli-
cations and conversion), long-term 
survival and long-term event-free 
survival. 30-day outcomes were in-

Table 3a Odds ratios (OR) from logistic regression analysis for 30-day mortality and for the combined endpoint of 30-
day mortality, systemic complications and conversion. Univariable is unadjusted, multivariable is adjusted for covari-
ates. 

ASA: American Society of Anesthesiology physical status classification score, CV: Cardiovascular, AAA: Abdominal 
Aortic Aneurysm.

30-day Mortality 30-day Mortality, Systemic 
Complications and Conversion

  Univariable Multivariable Univariable Multivariable

         

  OR 95%CI OR 95%CI OR 95%CI OR 95%CI

         

Gender 1.01 0.56-1.83 0.89 0.48-1.67 1.39 1.12-1.72 1.32 1.05-1.66

         

Age   1.07 1.05-1.10   1.02 1.01-1.03

ASA (3or4)   2.45 1.67- 3.59   1.7 1.49-1.95

CV Comorbidities:        

 Diabetes   1.05 0.68-1.64   0.94 0.77-1.13

 Smoking   1.42 1.02-1.97   0.93 0.81-1.06

 Hypertension   0.86 0.61-1.23   0.98 0.85-1.13

 Hyperlipidemia   0.77 0.55-1.07   1.03 0.90-1.18

 Cardiac   1.34 0.93-1.95   1.05 0.91-1.21

 Carotid   1.22 0.83-1.77   1.03 0.87-1.21

 Renal   2.02 1.43-2.82   1.41 1.21-1.65

 Pulmonary   1.18 0.85-1.64   1 0.88-1.15

 Previous laparotomy   1.04 0.74-1.47   0.98 0.85-1.13

 Obesity   0.58 0.39-0.87   0.91 0.79-1.05

AAA characteristics:        

 AAA diameter   1.03 1.02-1.04   1.01 1.01-1.02

 Neck diameter   0.98 0.93-1.02   1.01 0.99-1.02

 Neck length   0.99 0.97-1.00   0.99 0.99-1.00

Distance a.renalis – iliac bifurcation   0.99 0.99-1.00   0.99 0.99-1.00

 Significant angulation   1.1 0.80-1.52   1.15 1.01-1.31

 Classification AAA (DE vs. ABC)   1.09 0.75-1.59   1.03 0.88 -1.21

Treatment characteristics:        

 Time since start   1.01 0.95-1.09   0.88 0.86-0.91

 Type anaesthesia     1.66 1.16-2.36     1.53 1.32-1.76
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Table 3b Hazard rate ratio (HRR) from Cox proportional hazards regression analysis for survival and 
for event-free survival (death or apercutaneous transluminal angioplasty (PTA), a transabdominal 
surgical intervention (conversion) or an extra-anatomic surgical bypass procedure (femoral-femo-
ral or axillo-femoral cross-over). Univariable is unadjusted, multivariable is adjusted for covariates. 

ASA: American Society of Anesthesiology physical status classification score, CV: Cardiovascular, 
AAA: Abdominal Aortic Aneurysm.

Survival
Event-free survival  

(death or re-intervention)

  Univariable Multivariable Univariable Multivariable

         

  HR 95%CI HR 95%CI HR 95%CI HR 95%CI

         

Gender 1.25 1.00-1.56 1.21 0.96-1.53 1.30 1.09-1.56 1.28 1.07-1.54

         

Age   1.05 1.04-1.06   1.03 1.02-1.03

ASA (3or4)   1.63 1.42-1.87   1.28 1.15-1.43

CV Comorbidities:        

 Diabetes   1.10 0.92-1.32   1.10 0.95-1.27

 Smoking   1.14 1.01-1.30   1.02 0.92-1.13

 Hypertension   0.84 0.74-0.96   0.97 0.87-1.08

 Hyperlipidemia   0.71 0.62-0.82   0.79 0.70-0.88

 Cardiac   1.23 1.07-1.42   1.15 1.03-1.29

 Carotid   1.11 0.95-1.30   1.01 0.88-1.16

 Renal   1.53 1.33-1.77   1.32 1.17-1.49

 Pulmonary   1.32 1.16-1.50   1.23 1.11-1.36

 Previous laparotomy   1.11 0.97-1.27   1.11 0.97-1.24

 Obesity   0.88 0.76-1.02   0.92 0.82-1.03

AAA characteristics:        

 AAA diameter   1.02 1.01-1.02   1.02 1.01-1.02

 Neck diameter   1.02 1.00-1.04   1.02 1.00-1.04

 Neck length   0.99 0.99-1.00   1.00 0.99-1.00
 Distance a.renalis – iliac 
bifurcation   1.00 1.00-1.01   1.00 1.00-1.00

 Significant angulation   0.95 0.84-1.08   1.00 0.91-1.11
 Classification AAA (DE 
vs. ABC)   1.12 0.97-1.30   1.19 1.05-1.35
Treatment 
characteristics:        

 Time since start   0.98 0.95-1.01   0.97 0.94-0.99

 Type anaesthesia     1.13 0.98-1.29     1.15 1.03-1.29
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cluded in the analysis of long-term 
outcomes. Systemic complications in-
cluded cardiac, cerebral, pulmonary, 
renal, hepatobililiary, or bowel com-
plications and sepsis. An event was 
defined as either death or a re-inter-
vention which could be a percutane-
ous transluminal angioplasty (PTA), a 
transabdominal surgical intervention 
(conversion) or an extra-anatomic 
surgical bypass procedure (femoral-
femoral or axillo-femoral cross-over).

Statistical methods 
For each of the 9227 patients, 27 vari-
ables were considered in the analyses 
and of the total 249.129 (that is, 9227 
x 27) data points, 6286 (2.5%) were 

Women 459.5 88.5 13.5 - -

Men 6518 1399 242 7 0.5

Figure 1 Kaplan-Meier survival curves for women and men

missing values. We used multiple im-
putations following fully conditional 
specification to account for the miss-
ing values and to avoid biased esti-
mates of our parameters 11.

Data were presented for women and 
men separately. Continuous variables 
were expressed as mean ± sd, and 
categorical variables were presented 
as frequencies. Differences in patient 
characteristics and outcomes were 
compared with t tests, Wilcoxon tests, 
or the c2 statistic, as appropriate. 

Multivariable logistic regression anal-
ysis was used to compare 30-day out-
comes between women and men ad-

Numbers at risk at each time point
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Women 469.5 79.5 12 - -

Men 6616.5 1329.5 218.5 7 -

Numbers at risk at each time point

justing for covariates. Kaplan-Meier 
survival analysis was used to compare 
long-term survival and long-term 
event-free survival times between 
women and men without adjust-
ment. To test for differences, the log 
rank test was used. Cox proportional 
hazards regression analysis was used 
to compare long-term outcomes be-
tween women and men adjusting for 
covariates.

Odds ratios for women compared 
to men were calculated for the 30-
day outcomes. Hazard rate ratios for 
women compared to men were calcu-
lated for long-term outcomes.

As the effect of gender was our main 
interest we constructed various mod-
els, starting with a univariable model 
for gender and then gradually adding 
groups of covariates to result in mul-
tivariable models to see whether and 
how the outcome for gender was af-
fected. The groups of covariates we 
added were: 1) age and ASA, 2) car-
diovascular risk factors or a history 
of cardiovascular disease or other 
relevant disease (diabetes, smoking, 
hypertension, hyperlipidemia, cardiac 
disease, carotid disease, pulmonary 
disease, renal disease, previous lapa-
rotomy, and obesity), 3) AAA charac-
teristics (AAA diameter, neck diam-
eter, neck length, distance from the 

Figure 2 Kaplan-Meier event-free survival curves for women and men (death or reintervention)
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renal artery to iliac bifurcation, signif-
icant angulation, classification of AAA 
(according to EUROSTAR protocol8) 
and finally 4) treatment character-
istics (time since start of study indi-
cating the degree of advancement of  
the stent graft, and type of anesthe-
sia).

All tests were performed 2-sided, and 
a probability value of <0.05 was con-
sidered statistically significant. All 
analyses were performed with SPSS 
software version 17.0. The first author 
(NG) had full access to the data and 
the senior author (JB) takes full re-
sponsibility for its integrity. 

Results
There were 9227 patients for analysis 
(623 women and 8604 men). Mean 
age was 75 years for women and 72 
years for men (p<0.001) (Table 1). 
Regarding cardiovascular comorbidi-
ties women more often than men had 
hypertension and a previous lapa-
rotomy, while men more often had 
diabetes, were current or ex-smokers, 
and had a history of cardiac, renal or 
pulmonary disease. For AAA charac-
teristics women more often had sig-
nificant angulation of their AAA and 
smaller AAA neck diameters while 
men had higher classed AAAs. Wom-
en more often received general an-
esthesia whereas men received more 
regional anesthesia (Table 1).

Thirty-day mortality was 1.9% for 
both women and men, whilst intra-
operative and post-operative (device 
related and systemic) complications 
were significantly higher for women 
compared to men. Hospital stay was 
also significantly longer, on average 
four days, for women than for men. 
Late outcomes did not differ signifi-
cantly between women and men, ex-
cept for the rate of endoleaks, 11.1% 
for women compared to 7.2% for men 
(p=0.001). Long-term mortality was 

11.6% for women and 10% for men 
(p=0.201) (Table 2).

Multivariable logistic regression ad-
justing for age, ASA, comorbidities, 
AAA characteristics and treatment 
characteristics demonstrated no dif-
ference in 30-day mortality for wom-
en compared to men (OR 0.89, 95%CI 
0.48 -1.67). Variables that did inde-
pendently influence 30-day outcome 
were age, ASA, smoking, renal co-
morbidity, AAA diameter and type of 
anesthesia. General anaesthesia was 
associated with higher mortality rate 
then regional or local anaesthesiea.

For the composite endpoint of 30-day 
mortality, systemic complication and 
conversion to a surgical procedure, 
female sex did have an independent 
influence (OR 1.32, 95%CI 1.05-1.66). 
Other independent variables were 
age, ASA, renal comorbidity, AAA di-
ameter, significant angulation, time 
since start of the study and type of 
anesthesia. (Table 3a).

The Kaplan Meier survival curve and 
the log rank test (p=.05) showed 
worse survival for women compared 
to men (Figure 1). The Kaplan Meier 
event-free survival curve and the log 
rank test (p=0.004) again showed 
worse outcome for women com-
pared to men (Figure 2). In the Cox 
proportional hazards model adjust-
ing for age, ASA, cardiovascular co-
morbidities, AAA characteristics and 
treatment characteristics no differ-
ence was demonstrated in survival 
for women compared to men (HRR 
1.21, 95%CI 0.96-1.53). Variables that 
did influence survival were age, ASA, 
smoking, hypertension, hyperlipi-
demia, cardiac disease, renal disease, 
pulmonary disease and AAA diam-
eter. For the composite endpoint of 
event-free survival (death or re-inter-
vention), female sex did have a statis-
tically significant independent effect 
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(HRR 1.28 95%CI 1.07-1.54). Other in-
dependent variables were age, ASA, 
hyperlipidemia, cardiac disease, renal 
disease, pulmonary disease, AAA di-
ameter and type of anesthesia. (Table 
3b)

Discussion

The current study based on the  
EUROSTAR registry represents one of 
the first big scale investigations into 
the role of female sex on mortality 
and morbidity after endovascular an-
eurysm repair (EVAR). No difference 
in 30-day mortality was demonstrat-
ed for women compared to men, but 
women did have a higher incidence 
of the composite end-point (mortal-
ity, systemic complication or conver-
sion). Hospital stay was also longer 
for women than for men. The Kaplan-
Meier curves demonstrated worse 
outcomes in women for both long-
term survival and long-term event-
free survival. Adjusting for covariates 
demonstrated a higher albeit statis-
tically non-significant difference in 
long-term mortality and a statistically 
significant higher rate of the compos-
ite endpoint (mortality or re-interven-
tion) in women compared to men. 

Differences existed between women 
and men in the registry which need 
to be taken into account when com-
paring outcomes between the two 
groups. Factors that were less favora-
ble in women included their more 
advanced age, more frequent hyper-
tension or previous laparotomy, less 
favorable AAA morphology, and more 
frequent use of general anethesia. To 
analyze whether these factors can 
explain the poorer outcomes we per-
formed a multivariable adjustment 
and found that the OR and HRR for 
the composite endpoints hardly de-
creased suggesting that gender is an 

independent predictor for the com-
posite endpoint. 

Anatomy is frequently indicated as 
an explanation for the higher rate 
of complications (mostly periproce-
dural) for women compared to men. 
This was confirmed in the present 
study where anatomical differences 
between men and women were ob-
served. Due to women’s smaller ar-
tery diameters, problems obtaining 
access and completing the procedure 
can be expected more frequently, as 
was demonstrated in this study (Ta-
ble 2). Due to these difficulties proce-
dural time was longer in women than 
in men. Also, in women significantly 
more frequently angulation of the 
aneurysm was observed compared to 
men, which is another variable known 
to negatively influence outcome. 

Our 30-day mortality outcomes are 
consistent with the results from three 
RCTs of endovascular AAA repair 
demonstrating no difference between 
women and men 1-3. An inferior 30-
day composite endpoint for women 
compared to men, however, has not 
previously been demonstrated to 
such an extent. 

The EVAR-1 trial depicted a trend 
of worse outcomes for serious graft 
complications after EVAR (HRR 1.46, 
95%CI 0.91-2.36) and reinterventions 
after EVAR (HRR 1.60, 95%CI 0.98-
2.88) for women, but was unable to 
demonstrate a significant difference 
probably due to the small sample size 
of women (n=79). In contrast, our study 
included a far larger number of women 
and clearly demonstrated a signifi-
cant difference in the composite 30-
day (death, systemic complications or 
conversion) and composite long-term 
endpoint (death or re-intervention).

Wisniowski et al. recently also demon-
strated female sex to be an independ-
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ent predictor of higher re-intervention 
rates compared to men with only 15 
women in his study.4. With respect to 
the other variables which were inde-
pendently associated with worse out-
come, our study demonstrated that 
high ASA class, renal comorbidity, 
type of anesthesia and age are the ma-
jor variables that have a negative im-
pact on outcome, which is in line with 
most other large studies 12.

This study has several limitations. First 
of all, this study was based on registry 
data collected in daily clinical practice. 
As with all registries, inclusion of all 
consecutive patients at all sites cannot 
be ensured, leading to possible gener-
alizability issues. Nevertheless, every-
thing was done to make the registry 
as complete as possible and this same 
limitation also applies to (randomized) 
trials. Second, although data was col-
lected prospectively, it is possible that 
events were not recorded due to loss 
of follow-up. Third, no comprehensive 
information regarding medication was 
documented in the database, making 
it impossible to adjust for its effect. 
Finally, although we demonstrated a 
correlation between gender and out-
come, a true causal relationship is dif-
ficult if not impossible to establish. All-
in-all the demonstrated associations 
do suggest that gender independently 
affects outcome.

Our findings have implications for 
both clinical decision making and 
for the device industry. Anatomical 
features once again arise as a major 
component influencing the success 
of EVAR. Tailored devices for women 
taking their anatomical situation into 
consideration could narrow the gap 
between men and women. Device 
manufacturing companies have not 
been aware of the typical differences 
of aortoiliac dimensions in females, 
i.e. smaller infrarenal neck diamtere, 
greater angulation and a different 

aorto-iliac configuration as refelect-
ed by the AAA classification. Devices 
tailord according to these anatomic 
characterstics should be made avail-
able by the industry. Modeling and 
cost-effectiveness studies (taking 
into account the higher complication 
and re-intervention rates and longer 
hospital stays) will be needed to shed 
light on the role that EVAR may play 
in elective aneurysm repair in women 
given the poorer results compared to 
that of men. Until then endovascular 
treatment of AAAs should be per-
formed with caution in women. 

Collaborative centres

The EUROSTAR Collaborative 
Centers are:

Austria: Vienna, University Hospital.

Belgium: Aalst, City Hospital; Aalst, 
Onze Lieve Vrouwe Hospital; Ant-
werpen, Hospital Middelheim; Ant-
werpen, St Vincentius Hospital; 
Antwerpen, University Hospital; 
Antwerpen, Monica Hospital/OLV/
Eeuwfeestkliniek; Antwerpen, St Au-
gustinus Hospital; Arlon, Clinique St 
Joseph; Assebroek, Hospital St Lu-
cas/St Jozef; Aye, Hospital Princesse 
Paola; Baudour, Reseau Hospital de 
Medecine Sociale; Bonheiden, Imelda 
Hospital; Brasschaat, Hospital Klina; 
Brugge, Hospital St Jan; Brussels, 
Hospital Erasme; Brussels, Free Uni-
versity Hospital; Brussels, Clinique de 
l’Europe St Michel; Brussels, Hospital 
Brugmann; Brussels, Central Hospital 
Edith Cavell; Brussels, Hospital d’Iris 
Sud; Brussels, University Hospital St 
Luc; Brussels, Clinique Saint Jean; 
Charleroi, University Hospital; Den-
dermonde,

Hospital St Blasius; Duffel, Hospital 
St Maarten; Eeklo, Hospital Heilig 
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Hart; Geel, Hospital St Dimpna; Genk, 
St Jan Hospital; Gent, Volkskliniek; 
Gent, Hospital St Lucas; Gent, St 
Jan Palfijn Hospital; Gent, University 
Hospital; Gent, Hospital Maria Mid-
delares - St Jozef; Gilly, St Joseph 
Hospital; Haint Saint Paul, Hospital 
de Jolimont; Halle, Hospital St Maria; 
Hasselt, Virga Jesse Hospital; Her-
enthals, St Elisabeth Hospital; Heu-
sden-Zolder, St Franciskus Hospital; 
Ieper, Hospital Jan Yperman; Knokke, 
Gezondheidszorg Oostkust; Kortrijk, 
Hospital Groenige; La Louvie` re, 
Central Hospital de Tivoli; Leuven, 
University Hospital; Leuven, Heilig 
Hart; Lie` ge, University Hospital; Lie` 
ge, Hospital St Joseph; Lie`ge-Che-
nee, NotreDame des Bruyeres; Lier, 
Heilig Hart Hospital; Lommel, Maria 
Hospital; Malmedy, Hospital Reine 
Astrid; Mechelen, Onze Lieve Vrouwe 
Hospital; Mont Godinne, Hospital de 
Mont Godinne; Mouscron, Central 
Hospital; Namur, Central Hospital Re-
gional; Namur, Hospital St Elisabeth; 
Ottignies, Clinique Saint-Pierre; Reet, 
Hospital Heilige Familie; Roeselare, 
City Hospital; Roeselare, Heilig Hart 
Hospital; Sambreville, Hospital Val 
de Sambre; St Niklaas, Hospital Ma-
ria Middelares; St Truiden, St Trudo 
Hospital; Tielt, St Andries Hospital; 
Tongeren, Hospital Vesalius; Tournai, 
Hospital Notre Dame et St Georges; 
Tournai, Central Hospital; Turnhout, 
St Josef Hospital; Turnhout, St Elisa-
beth Hospital; Veurne, St Augustinus 
Hospital; Vilvoorde, St Josef Hospital; 
Zottegem, St Elisabeth Hospital.

Denmark: Copenhagen, Rigshospita-
let; Odense, University Hospital.

France: Draguignan, Hospital Notre 
Dame; Lyon, Hospital E Herriot; Paris, 
Hospital Henri Mondor.

Germany: Bonn, Surgical University 
Hospital; Dusseldorf, Augusta Hos-
pital; Frankfurt, City Hospital; Frank-

furt, Bethanien Hospital; Frankfurt, St 
Katharinen Hospital; Hamburg, Alto-
na General Hospital; Karlsruhe, Hos-
pital Karlsruhe; Kempten, Hospital 
Kempten; Koblenz, Bundeswehrzen-
tral; Leipzig, Park-Hospital; Marburg, 
Philipps-University; Munchen, Hos-
pital Rechts der Isar; Munchen, City 
Hospital; Mu¨ nchen, Ludwig-Maxi-
milian University

Hospital; Oldenburg, Pius Hospital; 
Ulm, University Hospital.

Greece: Athens, University Medical 
School.

Ireland: Dublin, St James Hospital.

Israel: Tel Aviv, Sheba Medical Centre.

Italy: Perugia, Hospital Monteluce; 
Roma, Hospital San Giovanni; Varese, 
Hospital diCircolo.

Luxembourg: Luxembourg, Central 
Hospital.

Monaco: Monaco, Cardiothoracic 
Centre.

The Netherlands: Alkmaar, Medical 
Centre; Amsterdam, Academic Medi-
cal Centre; Amsterdam, Free Univer-
sity Hospital; Amsterdam, Onze Lieve 
Vrouwe Hospital; Apeldoorn, Gelre 
Hospital; Arnhem, Rijnstate; Breda, 
Amphia Hospital; Delft, Reinier de 
Graaf Group; Doetinchem, Slinger-
land Hospital; Dordrecht, Albert Sch-
weitzer Hospital;

Drachten, Ny Smellinghe Hospital; 
Eindhoven, Catharina Hospital; En-
schede, Medisch Spectrum Twente; 
Geldrop, St Anna Hospital; Groningen; 
University Hospital; Groningen, Mar-
tini Hospital; Leeuwarden, Medical 
Centre; Maastricht, University Hos-
pital; Nieuwegein, St Antonius Hos-
pital; Nijmegen, Canisius Wilhelmina 
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Hospital; Nijmegen, University Hos-
pital St Radboud; Rotterdam, St Clara 
Hospital; Rotterdam, Dijkzicht Hospi-
tal; Rotterdam,

Franciscus Hospital; The Hague, Med-
ical Centre Haaglanden Westeinde; 
The Hague, Leijenburg Hospital; 
Tilburg, Elisabeth Hospital; Tilburg, 
Tweesteden Hospital; Utrecht, Uni-
versity Hospital; Veldhoven, St Josef 
Hospital; Zwolle, Isala Hospital

Norway: Oslo, Aker University Hospi-
tal; Oslo, Ulleval Hospital; Trondheim, 
University Hospital.

Poland: Lublin, L’Academie de medi-
cine; Warsaw, Medical University; 
Warsaw, MSWiA Hospital; Warsaw, 
Central Military Hospital.

Spain: Barcelona, University Hospi-
tal; Barcelona, Ciutat Sanitaria I Uni-
versitaria de Bellvitge; Barcelona, 
Hospital Santa Creu I S Pau; Donostia 
San Sebastian, Hospital de Gipuzkoa; 
La Corun˜ a, Hospital Juan Canalejo; 
La Corun˜ a, Hospital Santa Teresa; 
Leon, Hospital de Leon; Lugo, Hos-
pital Xeral Lugo; Madrid, University 
Hospital de la Princesa;

Madrid, Virgen de la Salud; Madrid, 
Hospital Ramon y Cajal; Madrid, Fun-
dacion Jimenez Diaz; Madrid, Univer-
sity Hospital of Getafe; Madrid, Hos-
pital de la Zarzuele; Madrid, Hospital 
Ruber International; Malaga, HR Car-
los Haya; Pamplona, University Hos-
pital of Navarra; Valladolid, Hospital 
Valladolid. 

Sweden: Lund, University Hospital; 
Orebro, Medical Centre; Stockholm, 
Karolinska Hospital.

Switzerland: Bern, Clinic for Cardio-
vascular Surgery; Zurich, Gefasszen-
trum.

Turkey: Ankara, Hacettepe University 
Hospital; Istanbul, Memorial Hospital; 
Istanbul, University Hospital.

United Kingdom: Bournemouth, 
Royal Hospital; Bristol, Royal Infir-
mary; Chester, Countess of Chester 
Hospital; Glasgow, Gartnavel Hospi-
tal; Hull, Royal Infirmary; Liverpool, 
Royal University Hospital; Manches-
ter, Withington

Hospital; New Castle-Upon-Tyne, 
Freeman Hospital.
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Appendices

Appendix 1
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Appendix 2
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Abstract

The impact of sex on short-term outcome after carotid endarterectomy (CEA) or 
carotid angioplasty and stenting (CAS) remains unclear and may differ between 
symptomatic and asymptomatic patients. Prior studies focused on different 
treatment options for carotid artery stenosis but few original studies analyzed 
the effect of sex on outcome. 

Patients entered into the Carotid Artery Revascularization and Endarterectomy 
registry (CARE-registry) from 2005 until September 2009 were analyzed. Our 
outcome of interest was 30-day stroke or death. Propensity score matching fol-
lowed by stratified Cox-proportional hazards regression was performed to eval-
uate the influence of sex.

There were 12701 patients in total. The event rate for the symptomatic CEA 
group was 4.4% for women and 2.9% for men. In the symptomatic CAS group it 
was 5.1% for women and 4.4% for men. The asymptomatic CEA group showed 
event rates of 2.8% vs. 2.1% and for the asymptomatic CAS group of 2.6% vs. 
2.4%, for women vs. men respectively. These differences remained non-signif-
icant after propensity score matching and multivariable regression. Sex-differ-
ences were most pronounced in the symptomatic CEA group (HRR 1.62, 95%CI 
0.81-3.23). 

In conclusion our data does not provide strong evidence for sex-differences in 
short-term outcome following CEA or CAS. Event rates were higher for women 
in all groups but not statistically significant. A trend of a higher event rate for 
women was seen in the symptomatic CEA group. 

Indexing words: Carotid Stenosis, Carotid Endarterectomy, Stents, Female
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Introduction

Stroke is the leading cause of disa-
bling disease and the third major 
cause of death in the Western world. 
More women than men die of stroke 
each year1. 

For patients with symptomatic ca-
rotid artery disease two randomized 
controlled trials (RCT) clearly dem-
onstrated the benefit of carotid en-
darterectomy (CEA) over medical 
treatment2-3. The ECST also demon-
strated that women benefit less than 
men due to their higher perioperative 
risk and lower stroke risk with medical 
treatment alone while the NASCET 
showed the same trend however not 
statistically significant2-3. In patients 
with asymptomatic carotid artery 
disease studies again demonstrated 
a significant benefit of surgery over 
medical treatment for men but not 
for women4.

As a result of these studies it is ad-
vocated to treat symptomatic sten-
oses (50-99% for men and 70-99% for 
women) when a stroke or death rate 
<6% following CEA can be ensured 
and for asymptomatic stenosis (60-
99%) when a stroke or death rate <3% 
can be ensured. Timing of CEA is also 
an important factor; best results are 
obtained if CEA is performed within 2 
weeks of the onset of symptoms and 
is no longer beneficial after 12 weeks. 
With regards to timing, gender differ-
ences were also demonstrated, show-
ing a shorter beneficial time window 
for women compared to men5.

In the last decade, carotid angioplasty 
and stenting (CAS) has emerged as an 
alternative to CEA in an effort to mini-
mize the need for surgery. Compared 
to CEA it is less invasive and traumatic 
and patients with contraindications 
for surgical repair can still be treated. 
The clinical trials comparing CAS to 

CEA demonstrate equal or inferior 
results for CAS. The two most recent 
RCTs, the European International Ca-
rotid Stenting Study (ICSS), reported 
significantly fewer events after CEA 
compared to CAS6 and the American 
Carotid Revascularization Endarterc-
tomy vs. Stenting Trial (CREST) trial 
showed equal results7. (The latter tri-
al however encompassed nearly 50% 
asymptomatic patients). The ICSS 
further demonstrated that women 
had equal results in the CEA and CAS 
group (event rate 8%) while men did 
better in the CEA group compared to 
the CAS group (4% vs. 9%). The CREST 
investigators reported no significant 
interaction (p=0.34) between treat-
ment effect and sex. A recent meta-
analysis showed CEA to be superior 
to CAS for short-term outcomes but 
no longer significant for intermediate 
term outcomes, the difference driven 
mainly by non-disabling stroke8. No 
sex-specific analyses were reported. 

Published and ongoing studies fo-
cused on comparing treatment strat-
egies and not on sex differences in 
outcomes. In general, women are 
underrepresented in cardiovascular 
studies and sub-analyses often lack 
statistical power. It remains unclear 
whether sex influences the outcome 
after CEA or CAS. Also, the impact of 
sex may differ between symptomatic 
and asymptomatic patients and be-
tween type of procedure, CEA or CAS.

The aim of the study was to deter-
mine the influence of sex on short-
term outcome in both symptomatic 
and asymptomatic patients treated 
either by CEA or CAS. We used the 
Carotid Artery Revascularization and 
Endarterectomy Registry (CARE-Reg-
istry), currently the largest registry on 
CEA and CAS.
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Methods

Study design and patient selection
Patients entered into the CARE-Reg-
istry from 2005 until September 2009 
formed the basis of our analysis. The 
objectives and design of the CARE-
Registry have previously been report-
ed9. In short, the CARE-Registry is 
an American web-based data collec-
tion tool developed by The American 
College of Cardiology’s National Car-
diovascular Data Registry. It collects 
and analyzes clinical data to measure 
clinical practice, patient outcomes, 
and enable quality improvement for 
patients undergoing CEA or CAS. It 
also satisfies the Center for Medicare 
and Medicaid Services criteria for re-
imbursement. Outcome events and 
follow-up were defined prospectively 
and preprocedure, postprocedure and 
follow-up assessments are performed 
by independent neurologists. The 
NCDR performs annual onsite audits 
on a random sample of participating 
hospitals, evaluating consistency and 
accuracy in data reporting compared 
with source documentation.

The majority of patients had signifi-
cant carotid artery stenosis (≥50% 
NASCET measurement) and under-
went CEA or CAS and were catego-
rized into: 1) symptomatic CEA, 2) 
symptomatic CAS, 3) asymptomatic 
CEA, and 4) asymptomatic CAS.

Patient and lesion characteristics
For all patients, we recorded demo-
graphics, cardiovascular risk factors, 
cardiac history, neurological history, 
hostile neck, and anatomical con-
figuration. Demographics included, 
age, sex and race. Cardiovascular risk 
factors included, tobacco history (de-
fined as ‘current’, ‘former’ or ‘never’), 
renal dysfunction (GFR<60), renal 
failure (serum creatinine >1.5mg/
dL (within 3 months prior to the cur-
rent procedure), currently on dialysis, 

hypertension (systolic blood pres-
sure >140 mm Hg or diastolic blood 
pressure >90 mm Hg on at least 2 
occasions, or use of antihyperten-
sive medication), dyslipidemia (total 
cholesterol >200 mg/dL, or LDL ≥ 130 
mg/dL, or HDL < 40 mg/dL), diabetes 
mellitus (fasting blood glucose of > 
126 mg/dL or a history of diabetes, 
regardless of duration or need for 
antidiabetic agents), peripheral ar-
tery disease (PAD), chronic lung dis-
ease (history of chronic lung disease, 
e.g., chronic obstructive pulmonary 
disease, chronic bronchitis, emphy-
sema, or currently chronically treated 
with inhaled or oral pharmacological 
therapy), body mass index (obesity 
defined as BMI >30) and major sur-
gery planned within 8 weeks. Car-
diac history included, ischemic heart 
disease (prior myocardial infarction 
(MI), prior coronary revascularization 
(percutaneous coronary intervention 
(PCI) or coronary artery bypass graft-
ing (CABG)) and >=50% stenosis in at 
least one major coronary artery dem-
onstrated by conventional coronary 
angiography), two or more major 
coronary arteries with stenosis ≥70% 
(LAD, LCX, RCA), MI within 6 weeks, 
Angina Canadian Cardiovascular Soci-
ety (CCS) Class III or IV within 6 weeks, 
New York Heart Association (NYHA) 
classification III or IV within 6 weeks, 
chronic heart failure, pacemaker or 
implantable cardioverter defibrilla-
tor (ICD), atrial fibrillation or flutter, 
moderate to severe aortic stenosis, 
moderate to severe mitral stenosis, 
and mechanical aortic or mitral valve. 
Neurological history included, de-
mentia, history of seizure, previous 
carotid intervention, previous neuro-
logical events, acute evolving stroke, 
and whether the lesion was sympto-
matic or asymptomatic (symptomatic 
defined as target lesion symptomatic 
within past 6 months). Prior neck in-
volvement included, previous neck 
radiation (x-ray therapy of the neck 
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prior to current procedure), prior neck 
surgery (extensive (i.e., radical) neck 
dissection (other than CEA) prior to 
current procedure), tracheostomy 
present, and previous laryngeal nerve 
palsy. Anatomical features included 
restenosis after prior CEA, restenosis 
after prior CAS, contralateral carotid 
artery occlusion, fibromuscular dys-
plasia carotid artery, spontaneous 
carotid artery dissection, and stenosis 
grade. Stenosis grade was obtained 
directly from CTA and/or MRA and or 
indirectly from Duplex Ultrasound. 
The peak systolic volume (PSV) was 
then transformed to stenosis grade 
using the Heijenbrok et al10 formula.

Device characteristics
Stents used included the ACCULINK 
Carotid Stent System (Abbott), the 
Xact carotid stent system (Abbott), 
the Precise nitinol stent system 
(Cordis), the Carotid Wallstent Mono-
rail Endoprothesis (Boston Scientific), 
the NexStent Carotid Stent and De-
livery System (EndoTex), the Protégé 
Self-Expanding Nitinol Stent (ev3 
Inc.), and non-carotid stents (off label 
use).

Embolic protection devices were at-
tempted in 94% and successful in 
92% of the cases. Embolic protection 
devices included the Emboshield (Ab-
bot), Angioguard (Cordis), the Accu-
net (Cordis), The SpiderFX (ev3 Inc.), 
the Filterwire (Boston Scientific), the 
Proxis (St Jude), the TriActiv (Kensey 
Nash), the Guardwire (Medtronic), 
Neuro protection system (Gore), 
Mo.Ma Ultra Proximal Cerebral Pro-
tection (Invatec), and the FiberNet 
(Lumen Biomedical Inc.)

Clinical follow-up and end points
Post-operative information was ob-
tained at discharge and follow-up. 

Our outcome of interest was the com-
posite endpoint of 30-day stroke or 

death (stroke or death occurring dur-
ing in-hospital stay or stroke or death 
occurring after hospital discharge but 
within the first 30-days after CEA or 
CAS). 30-day follow-up was complete 
for 65% of patients (8316/12701). 77% 
(312/405) of the events occurred pre-
discharge. Median time to discharge 
was 1 day (IQR = 1,2). 

Due to the fact that 30-day follow-
up was complete for 65% of the pa-
tients we did an additional in-hospital 
events analysis (stroke or death oc-
curring during in-hospital stay) of 
which we had 100% follow-up

Statistical analysis
Continuous variables were described 
as means and standard deviations 
(SD) and compared using unpaired 
t-tests. Categorical variables were 
described as counts and percentages 
and compared using the chi-square 
test or Fisher exact test.

Missing data were dealt with by mul-
tiple imputations with the Markov 
chain Monte Carlo algorithm. Overall, 
6.9% (880/12701) patients required 
imputation. Most (508/880) required 
imputation for pre-procedural creati-
nine; the remaining was spread out 
among the other variables.

To isolate the effect of sex on 30-day 
stroke or death, propensity score 
matching was used to perform adjust-
ed analyses. Propensity score meth-
odology has been shown to adequate-
ly balance two groups on observed 
characteristics and has advantages 
over traditional multivariable adjust-
ments11. A nonparsimonious logistic 
regression model was developed to 
estimate the propensity score using 
an extensive list of demographics, 
cardiovascular risk factors, disease 
history, and anatomical variables. A 
1:1 match on the logit of the propen-
sity score was used where a caliper 
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of 0.2 times the pooled standard de-
viation of the logits was enforced11 
along with exact matching on pro-
cedure type (CEA/CAS) and status 
(symptomatic/asymptomatic). Stand-
ardized differences demonstrate bal-
ance before and after matching. This 
is the preferred metric, as it is unaf-
fected by a smaller sample in the 
matched cohort12. A value of ‘10’ was 
used as cut-point to determine bal-
ance of variables13. Finally, stratified 
Cox-proportional hazard regression 
analysis was performed to determine 
the effect of sex on the 30-day out-
come and a logistic regression analy-
sis was performed for the in-hospital 
outcome. 

SAS, version 9.2 (SAS Institute, Cary, 
North Carolina), was used to con-
duct our analyses. All analyses were 
pre-specified, and a 2-sided P-value 
less than 0.05 was considered statis-
tically significant. All analyses were 
performed at the Mid America Heart 
Institute in Kansas City, MO.

Results

Patient characteristics
There were 12701 patients, including 
7661 men (4910 CAS and 2751 CEA) 
and 5040 women (3159 CAS and 1881 
CEA). 

Figure a 
Y-axis shows the variables considered. 
X-axis shows the standardized difference of these variables between women and men, before (red) 
and after (blue) matching. The standardized difference represents how many standard deviations 
two groups differ by, and is described as a percentage. A value of “10” means that two groups 
differ by 0.1 standard deviation. The hatched line represents the cut-point to determine balance of 
variables. This figure demonstrates that after matching all variables are well balanced.
BMI = body mass index, CAS = carotid angioplasty and stenting, CCS = Canadian cardiovascular 
society, CEA = carotid endarterectomy, CHF = congestive heart failure, GFR = glomerular filtration 
rate, MI = myocardial infarction, NYHA = New York Heart association
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Patient Characteristics

  Women Men  

n=5040 % n= 7661 % p-value

Mean age (±SD) 71.2 (±10.1) 70.7 (±9.7) 0.008

Caucasian race 4603 91.4 7176 93.8 <0.001

Procedure type

Symptomatic CEA 601 11.9 1009 13.2

Symptomatic CAS 1359 27.0 2077 27.1

Asymptomatic CEA 1280 25.4 1742 22.7

Asymptomatic CAS 1800 35.7 2833 37.0

Cardiovascular risk factor

Ever smoked 3337 66.2 5985 78.1 <0.001

Renal failure 580 11.5 1449 18.9 <0.001

Renal dysfunction 2213 46.0 2420 33.2 <0.001

Currently on dialysis 108 2.1 169 2.2 0.795

Hypertension 4522 90.0 6681 87.6 <0.001

Dyslipidemia 4130 82.2 6344 83.1 0.168

Diabetes Mellitus 1838 36.6 2700 35.4 0.176

Peripheral arterial disease 1930 38.4 3019 39.6 0.171

COPD 1396 27.8 1862 24.4 <0.001

BMI 30.3 (±28.1) 29.4 (±18.9) 0.050

Major surgery 185 3.7 324 4.3 0.112

Cardiac history

Ischemic heart disease 2340 46.6 4564 59.8 <0.001

>=2 Major coronary artery>70% 962 21.4 2160 31.5 <0.001

MI within 6 weeks 117 2.3 160 2.1 0.381

Angina CCS III or IV within 6 weeks 349 7.0 540 7.1 0.783

NYHA III or IV within 6 weeks 365 7.3 563 7.4 0.826

Chronic heart failure 768 15.3 1180 15.5 0.782

Pacemaker/ICD 263 5.2 638 8.4 <0.001

Atrial fibrillation 526 10.5 949 12.5 <0.001

Aortic stenosis 174 3.5 283 3.7 0.463

Mitral stenosis 64 1.3 77 1.0 0.168

Mechanical aortic or mitral valve 108 2.2 166 2.2 0.910

Table 1. Descriptives stratified by sex
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Descriptives of the sexes differed sig-
nificantly for the following variables 
(Table 1). Women were older than 
men and more often African Ameri-
can. Women more often had renal 
dysfunction, hypertension, chronic 
obstructive pulmonary disease and 
higher BMI. Men were more likely to 
have a history of or be current smok-

ers, and more often had renal failure. 
Men had higher rates of ischemic 
heart disease, more often had >= 2 
major coronary arteries >70% steno-
sis, more likely had a pacemaker or 
ICD and more likely had a history of 
atrial fibrillation. Women more of-
ten had a previous carotid interven-
tion while men more often had acute 

Neurological history

Dementia 148 2.9 205 2.7 0.389

Seizure 129 2.6 182 2.4 0.519

Previous carotid intervention 1272 25.3 1711 22.4 <0.001

Previous neurological events 2292 45.6 3620 47.5 0.038

Acute evolving stroke 77 1.5 160 2.1 0.021

Target lesion symptomatic 1960 39.0 3086 40.5 0.099

Prior neck involvement

Prior neck radiation 117 2.3 359 4.7 <0.001

Prior neck surgery 172 3.4 393 5.2 <0.001

Tracheostomy present 41 0.8 85 1.1 0.098

Previous laryngeal nerve palsy 38 0.7 55 0.7 0.523

Anatomical features

Restenosis after prior CEA 660 13.1 748 9.8 <0.001

Restenosis after prior CAS 117 2.3 136 1.8 0.032

Contralateral occlusion 365 7.3 779 10.2 <0.001

Fibromuscular dysplasia 41 0.8 40 0.5 0.044

Spontaneous dissection 46 0.9 57 0.8 0.304

Stenosis grade 72.6 (±18.7) 72.5(±19.1) 0.787

Medication - preprocedural

ASA (Aspirin) 3920 78.4 6068 79.8 0.023

Clopidogrel 2953 59.0 4606 60.6 0.145

Medication - discharge

ASA (Aspirin) 4379 88.3 6841 90.5 <0.001

Clopidogrel 3497 70.6 5504 72.9 0.022

Statin 3482 70.2 5494 72.7 0.004

Other lipid lowering agent (non-statin) 813 16.4 1289 17.1 0.485

BMI = body mass index, CAS = carotid angioplasty and stenting, CCS = Canadian cardiovascular 
society, CEA = carotid endarterectomy, CHF = congestive heart failure, GFR = glomerular filtration 
rate, MI = myocardial infarction, NYHA = New York Heart association
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evolving strokes. Men more often had 
prior neck radiation and prior neck 
surgery. Women had higher rates of 
restenosis after both CEA and CAS, 
but men had higher rates of con-
tralateral occlusion. Pre-procedural, 
men received more aspirin, and at 
discharge they received more aspirin, 
clopidogrel and statins. 

After matching, 8414 patients were 
available for analysis, 4207 men and 
4207 women (2629 CAS and 1578 CEA 
for each sex). Matching led to two 
well balanced groups. (Figure a)

Primary end point
The 30-day stroke or death rates and 
unadjusted and adjusted hazard rate 
ratios (HRR) with accompanying 95% 
confidence intervals (95% c.i.) are de-

picted in Table 2. Table 3 depicts the 
in-hopital stroke or death rates.

For the symptomatic CEA patients 
event rates were 4.4% for women and 
2.9% for men. The unadjusted HRR 
for women vs. men was 1.50 (95%CI 
0.90-2.53). After matching, the ad-
justed HRR was 1.62 (95%CI 0.81-
3.23) p=0.17. For the symptomatic 
CAS patients, event rates were 5.1% 
for women and 4.4% for men (unad-
justed HRR 1.15 95%CI 0.85-1.57). Af-
ter matching the adjusted HRR was 
1.11 (95%CI 0.74-1.65) p=0.61. For the 
asymptomatic CEA patients, event 

rates were 2.8% for women and 2.1% 
for men (unadjusted HRR 1.35 95%CI 
0.74-1.54; adjusted HRR 0.96 95%CI 
0.53-1.72) p=0.88.

Women 
(%)

95%c.i. Men 
(%)

95%c.i. HRR 
unadj

95%c.i. HRR 
adj

95%c.i.

Symptomatic CEA 4.4 2.8-6.0 2.9 1.9-3.9 1.50 0.90-2.53 1.62 0.81-3.23

Symptomatic CAS 5.1 3.9-6.3 4.4 3.5-5.3 1.15 0.85-1.57 1.11 0.74-1.65

Asymptomatic CEA 2.8 1.9-3.7 2.1 1.4-2.8 1.35 0.74-1.54 0.96 0.53-1.72

Asymptomatic CAS 2.6 1.9-3.3 2.4 1.8-3.0 1.06 0.80-1.42 0.89 0.56-1.43

CEA = carotid endarterectomy, CAS = carotis angioplasty and stenting, c.i. = confidence interval

Table 2. 30-day stroke or death rates and hazard rate ratios (HRR) with accompanying confidence 
intervals (c.i.) for women and men. 

Women 
(%)

95%c.i. Men 
(%)

95%c.i. OR 
unadj

95%c.i. OR adj 95%c.i.

Symptomatic CEA 3.3 1.9-4.8 2.3 1.4-3.2 1.48 0.90-2.71 1.55 0.72-.30

Symptomatic CAS 3.8 2.7-4.8 3.7 2.9-4.5 1.01 0.71-1.45 1.12 0.72-1.72

Asymptomatic CEA 2.0 1.2-2.7 1.7 1.1-2.3 1.18 0.69-2.02 0.95 0.51-1.78

Asymptomatic CAS 2.0 1.4-2.7 1.8 1.3-2.3 1.11 0.72-1.71 0.84 0.51-1.41

Table 3 In-hospital stroke or death rates and odds ratios (OR) with accompanying confidence 
intervals (c.i.) for women and men. 

CEA = carotid endarterectomy, CAS = carotis angioplasty and stenting, c.i. = confidence interval
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For asymptomatic CAS patients, 
event rates were 2.6% for women and 
2.4% for men (unadjusted HRR 1.06; 
95%CI 0.80-1.42; adjusted HRR 0.89 
95%CI 0.56-1.43) p=0.63

Figure b, apart from the above-
mentioned results, also depicts the 
HRR for all symptomatic patients, 
all asymptomatic patients, all CEA 
combined, all CAS combined and 
all patients combined. Women did 
slightly worse in the combined CEA 
and combined symptomatic groups 
and slightly better in the combined 
asymptomatic group. Figure c depicts 
the odds ratios of gender for the in-
hospital event rates matched cohort.

Sex differences in 30-day stroke or 
death were most pronounced in the 
symptomatic CEA group. The power 
to detect a clinically relevant dif-
ference of 2% was 37%, 60%, 80% 
and 89%, for the symptomatic CEA, 
symptomatic CAS, asymptomatic 
CEA and asymptomatic CAS group, 
respectively. 

Figure b
Forest plot representation of 30-day stroke or death of women compared to men. For each group 
the hazard rate ratio (HRR) with accompanying 95% confidence interval is given.
The vertical line represents a HRR of 1 (no difference). The dots represent the HRRs, the horizontal 
lines the 95% confidence intervals. The higher the HRR, the worse the outcome for women.
CEA = carotid endarterectomy, CAS = carotid angioplasty and stenting, OR = odds ratio
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In this study from a large national reg-
istry, 30-day and in-hospital stroke or 
death rates associated with CEA or 
CAS were not significantly different 
between women and men. The event 
rates were slightly higher for women 
for all four groups but not statistically 
significantly so. The difference was 
most pronounced in the symptomatic 
CEA group were women had a 30-day 
event rate of 4.4% vs. 2.9% for men. It 
is possible that a difference does exist 
but that the CARE registry as yet has 
insufficient numbers of events to de-
tect this as demonstrated by the pow-
er calculations. For both women and 

men and for both CEA and CAS, event 
rates were higher for symptomatic 
than for asymptomatic patients. For 
symptomatic patients, CEA had lower 
event rates than CAS for both women 
and men. For all four groups, event 
rates were below the recommended 
standard threshold of perioperative 
risk for CEA or CAS. Our results sug-
gest a higher event rate for women 
with a symptomatic lesion treated 
with CEA. The reason why women 
may be at higher operative risk re-
mains speculative. Both symptomatic 
and asymptomatic randomized CEA 
trials were not powered to determine 
the influence of sex on perioperative 
outcome but all did demonstrate less 

Figure c
Forest plot representation of in-hospital stroke or death of women compared to men. For each 
group the odds ratio (OR) with accompanying 95% confidence interval is given.
The vertical line represents a OR of 1 (no difference). The dots represent the ORs, the horizontal 
lines the 95% confidence intervals. The higher the OR, the worse the outcome for women.
CEA = carotid endarterectomy, CAS = carotid angioplasty and stenting, OR = odds ratio
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benefit of surgery for women com-
pared to men. 

For CAS the ICSS demonstrated no 
differences for women in periop-
erative outcome compared to CEA6. 
(Combined outcome of stroke or 
death or MI, both had an event rate 
of 8%) This trial received some com-
ments because less strict criteria 
(experience) was needed for sten-
ters compared to surgeons. The re-
sults from the CREST, the American 
trial comparing CEA to CAS and with 
equally strict criteria for surgeons as 
stenters, reported equal results be-
tween the two treatment groups for 
their combined outcome of stroke or 
death or MI. The CREST, however, in 
comparison to the ICSS, included si-
lent MIs in their outcome. When look-
ing at the outcome stroke or death, 
the CREST, just as the ICSS, reported 
significantly higher event rates after 
CAS than CEA. The outcome of stroke 
or death has not been stratified on 
sex in ICSS and CREST yet, complicat-
ing comparability. De Rango et al. re-
cently demonstrated no statistically 
significant difference between CAS 
and CEA for women in 30-day stroke 
or death. Long term outcomes, al-
though not statistically significant, 
did favour CAS (4.1% vs. 8.1%) and 
the authors conclude that CAS may 
be the treatment of choice for asymp-
tomatic women seeing that their risk 
of surgery seems to be higher14. A 
recently published meta-analysis of 
individual patient data from three 
randomized controlled trials (EVA-
3S, SPACE, and ICSS) showed a clear 
benefit of CEA over CAS for men for 
the outcome stroke or death (event 
rate of 5.4% vs. 9.0%, risk ratio (RR) 
1.68 (95%CI 1.25-2.25)) but not for 
women (event rate 6.9% vs. 8.5%, RR 
1.22 (95%CI 0.79-1.89))15. The CREST 
Lead-in Phase study (CAS) n=1564) 
reported stroke or death rates for 
symptomatic women of 5.6% and for 

symptomatic men of 5.9%. Asympto-
matic women had event rates of 4.1% 
and asymptomatic men of 3.5%16. 
Our event rates are lower but in line 
with the abovementioned studies. 

The present study has some limita-
tions. First of all, our study was not a 
RCT and was based on retrospective 
analysis of data. As with all registries, 
inclusion of all consecutive patients 
at all sites can not be ensured, lead-
ing to possible generalizability issues. 
Although there is standardization and 
uniformity in processes related to 
data collection, with quality controls 
and participant feedback, any volun-
tary national database effort is inher-
ently limited. 

Secondly, evident differences be-
tween the female and male popula-
tion were adjusted for by propensity 
score matching, but inevitably, we 
could not account for everything.

Thirdly, 30-day follow-up was avail-
able for 65% of patients. But seeing 
77% of events occurred pre-discharge, 
up to which point data was available 
for all participants, a potential bias in 
effect estimates due to informative 
censoring will be limited. We also did 
an additional analysis with in-hospi-
tal events as our outcome of which 
we had 100% follow up. For all four 
groups this lead to unchanged direc-
tion of the effect estimates, enforcing 
our belief that bias in effect estimates 
of the 30-day outcome will be limited. 

Concluding, the results from this 
study do not provide strong evidence 
that women have higher 30-day 
stroke or death rate following CEA or 
CAS. Women do, however, seem to 
have higher 30-day stroke or death 
rate following CEA for a symptomatic 
lesion. Further studies and pre-spec-
ified subgroup analyses by sex are 
needed to confirm this.
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Summary and general 
discussion 

In this thesis we described studies 
which evaluated the effect of gender 
on the presentation of cardiovascu-
lar disease and clinical outcome after 
vascular surgery. The main conditions 
studied were abdominal aortic aneu-
rysms and carotid artery stenoses. 
In Chapter 1, the rationale for this 
research is presented. Since cardio-
vascular disease has for a long time 
been thought to occur mainly in men, 
women have been underrepresented 
in cardiovascular studies. Guidelines 
are therefore based on a predomi-
nately male population and it is de-
batable whether these guidelines can 
be applied to women. Cardiovascular 
disease is the main cause of death for 
women too and one out of every three 
women dies as a result of it. 

Main results and 
interpretation

In order to evaluate the effect of gen-
der on abdominal aortic aneurysm 
outcome we started by conducting a 
review (Chapter 2). We focussed on 
the epidemiology, aetiology, risk of 
rupture and outcome after treatment 
and demonstrated that the preva-
lence of abdominal aortic aneurysms 
(AAAs) is underestimated in women. 
On the one hand we believe this to 
be due to the fact that the diagnosis 
is usually made based on an absolute 
measurement (30 mm) instead of a 
relative one (1.5 times the normal size 
of the aorta). On the other hand the 
awareness of this disease in women is 
low. We also found that as far as aetiol-
ogy is concerned, an oestrogen-medi-
ated reduction in macrophage MMP-9 
production seems to be an important 
mechanism causing gender-related 

differences in AAA development. This 
would explain why AAAs hardly occur 
pre-menopausal. Furthermore, we 
found consensus in the literature that 
women run a 3 to 4 times greater risk 
of rupture compared to men under 
the current management of AAAs, 
and that their peri-procedural mor-
tality is higher for both elective and 
ruptured repair. We conclude that al-
though many reasons have been put 
forward for this disproportionately 
poorer outcome for women, the most 
important ones are the current abso-
lute threshold for repair and the lower 
awareness, and therefore diagnosis, 
of AAA in women.

In Chapter 3 we present the results of 
the systematic review and meta-anal-
ysis we performed, analysing the mor-
tality rates of women versus men for 
elective and ruptured AAA repair by 
either an open or endovascular proce-
dure. Sixty-one studies, encompass-
ing over half a million patients met 
the inclusion criteria. We demonstrat-
ed that the mortality rate was signifi-
cantly higher for women after both 
elective open repair and elective en-
dovascular aneurysm repair (EVAR). 
Women were on average older than 
men, but the difference persisted af-
ter adjustment for age. The difference 
in mortality was most pronounced af-
ter elective EVAR. The mortality rate 
was also higher for women after open 
repair of a ruptured AAA, but this dif-
ference was not statistically signifi-
cant after adjustment for age.

These findings demonstrate that the 
current treatment criteria are not op-
timal for women. Possible explana-
tions for the higher mortality in wom-
en are the absolute criteria for repair, 
their poorer anatomical suitability for 
the present EVAR devices and the un-
der recognition of cardiovascular dis-
ease, including AAA, as a whole. This 
leads to delayed diagnosis and inter-
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vention, but also to fewer primary 
and secondary preventive measures 
including cardiovascular medication 
and lifestyle adjustment.

We concluded that the threshold (AAA 
diameter) above which repair is indicat-
ed in women remains to be determined. 
Especially the indication for elective 
EVAR in women needs to be recon-
sidered thoroughly as outcomes were 
worst in this group (Apart from higher 
mortality women also have higher con-
version rates and higher rates of abort-
ed procedures). Current practice does 
not seem to be optimal for women.

We subsequently performed a sys-
tematic review of AAA screening 
guidelines (Chapter 4) to obtain an 
overview of screening recommenda-
tions, in particular with respect to 
women. We found seven guidelines on 
AAA screening. The majority lacked a 
systematic method for evaluating the 
evidence and achieved a low AGREE 
score for rigour of development. Most 
guidelines contained recommenda-
tions that were in favour of one-time 
AAA screening for men 65 years and 
older using ultrasonography scans. 
Four guidelines, of which three had 
low AGREE scores, also contained dis-
parate recommendations on screen-
ing women and middle-aged men at 
elevated risk, whereas guidelines with 
higher AGREE scores did not. One 
guideline explicitly recommended 
that women should not be screened. 
Although an abdominal aortic diam-
eter of 5.5 cm was unanimously used 
as the criterion for elective surgical 
repair in elderly men, no consen-
sus existed on the management of 
smaller AAAs or the management of 
AAAs in women. We concluded that 
consensus exists across guidelines 
on the one-time screening of elderly 
men to detect and treat AAAs ≥5.5 
cm. For other target groups such as 
for women, or for the management 

of small AAAs, prediction models and 
cost-effectiveness analyses are need-
ed to provide guidance. Also, the use 
of the same absolute diameter for the 
diagnosis (30 mm) for both men and 
women could explain why women 
have been demonstrated not to ben-
efit from screening.

In Chapter 3 we demonstrated that 
women undergoing elective EVAR 
have far worse outcomes compared 
to men. We felt that further investi-
gation was warranted and this lead 
to the review as portrayed in Chapter 
5. Taking a step-by-step approach we 
set out to establish the role of this 
relatively new technique in women. 
The three randomized controlled tri-
als in which EVAR is compared with 
open repair are discussed as are gen-
der-specific secondary prevention, 
risk factor management and medica-
tion. Although we found that the role 
of EVAR in women has been poorly 
investigated, women seem to have 
higher mortality and more complica-
tions after EVAR. Risk factors such as 
diabetes and hypertension are associ-
ated with worse outcome in women 
compared to men. Aggressive treat-
ment of risk factors and the optimiza-
tion of medication in women are indi-
cated and deserve more attention in 
clinical practice and future research. 
Until the definite role of EVAR in 
women is determined such treatment 
should be implemented with caution.

In Chapter 6 we aimed to determine 
the effect of gender on 30-day and 
long-term outcomes after EVAR. We 
had at our disposal the EUROSTAR 
database, a registry containing infor-
mation on more than 10,000 patients 
who underwent elective EVAR. We 
found no difference in 30-day mortal-
ity for women compared to men, but 
women did have a higher cumulative 
incidence of the composite end-point. 
Kaplan-Meier curves demonstrated 
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worse outcomes for both long-term 
survival and long-term event-free 
survival. Survival analyses adjusted 
for covariates and comorbidities also 
demonstrated no difference in mor-
tality for women compared to men, 
but again women did have higher 
rates of the composite end-point. So 
although women undergoing endo-
vascular aortic repair have the same 
30-day mortality, they have signifi-
cantly higher complication and re-
intervention rates than men. Long-
term survival and event-free survival 
in women is also lower than in men. In 
this study we again conclude, similar 
to the conclusions we drew in Chap-
ters 3 and 5, that the role of elective 
EVAR in women needs to be reconsid-
ered.

In the final chapter (Chapter 7) we 
focussed on the 30-day mortality or 
stroke rate after carotid artery ste-
nosis treated by either open repair 
(carotid endarterectomy, CEA) or en-
dovascular repair (carotid angioplasty 
and stenting, CAS). We collaborated 
with the National Cardiovascular 
Data Registry (NCDR) and were able 
to analyse the CARE-Registry encom-
passing more than 12,000 patients. 
The event rate for the symptomatic 
CEA group was 4.4% for women and 
2.9% for men. In the symptomatic 
CAS group it was 5.1% for women and 
4.4% for men. The asymptomatic CEA 
group showed event rates of 2.8% vs. 
2.1% and for the asymptomatic CAS 
group of 2.6% vs. 2.4%, for women 
vs. men respectively. These differ-
ences remained non-significant after 
propensity score matching and multi-
variable regression. Our data did not 
provide strong evidence for sex-dif-
ferences in short-term outcome fol-
lowing CEA or CAS. Event rates were 
higher for women in all groups but not 
statistically significantly so. A trend 
of a higher event rate for women was 
seen in the symptomatic CEA group.

Methodological 
considerations

Systematic reviews and guidelines
The health care literature contains 
hundreds of thousands of studies of 
health care interventions, and it ex-
pands vastly each year. In nearly all 
areas of health care, there are too 
many studies for people involved in 
providing care to identify and consid-
er when making decisions. Research-
ers have recognised this problem and 
have come up with a solution to it by 
preparing systematic reviews of in-
dividual studies in order to appraise, 
summarise and bring together exist-
ing studies in a single document.

There are now several organisations 
dedicated to the preparation of sys-
tematic reviews, including the Na-
tional Institute of Health and Clinical 
Excellence (NICE) in the UK and the 
Cochrane Collaborations in the USA, 
the latter being the largest single pro-
ducer of systematic reviews in health 
care.

Recently a new problem has, howev-
er, arisen. Decision-makers who were 
once overwhelmed by the number of 
individual studies are now faced by a 
multitude of reviews. These reviews 
are of variable quality and scope, with 
more than one systematic review on 
important topics.

The quality and strength of evidence 
presented in the individual reviews 
should influence the conclusions 
drawn in any systematic review of 
them. The strength of the conclusions 
and the ability to provide decision-
makers with reliable information de-
pends on the inclusion of reviews that 
meet a minimum standard of quality. 
When assessing the quality of the re-
views, one should try to avoid being 
influenced by extraneous variables, 
such as authors, institutional affilia-
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tions and journal names, and should 
focus on the quality of the conduct of 
the review.

Tools have been developed which 
provide standards of reporting, thus 
making it easier to compare the vari-
ous studies. The PRISMA (formerly, 
QUOROM) being the best known tool.

The AMSTAR tool, which became 
available after we started work on 
our systematic review, is the only tool 
that has been validated to assess the 
methodological quality of systematic 
reviews and can be used to determine 
whether the potentially eligible re-
views meet minimum requirements 
based on quality. Important domains 
identified within the tool are:

•	 establishing the research ques-
tion and inclusion criteria before 
the conduct of the review,

•	 data extraction by at least two in-
dependent data extractors,

•	  comprehensive literature review 
with search of at least two data-
bases, key word identification, 
expert consultation and limits ap-
plied,

•	 detailed list of included/excluded 
studies and study characteristics,

•	 quality assessment of included 
studies and consideration of qual-
ity assessments in analysis and 
conclusions,

•	 appropriate assessment of homo-
geneity,

•	 assessment of publication bias 
and a statement of any conflict of 
interest. 

Although our systematic review be-
gan before the publication of the AM-
STAR tool, we used similar domains 
to construct our systematic review.

Guidelines

Guidelines often arise from reviews 
and systematic reviews but evidence 
for many clinical decisions is lacking 
or of limited quality and therefore ex-
pert panels are called upon to assess 
the available evidence and provide 
consensus recommendations. Biases 
and differences in values are inherent 
in any set of recommendations, par-
ticularly in efforts directed at saving 
lives, weighing the risks and benefits 
of intervention, and optimizing cost-
effective care. Limiting bias, improv-
ing the quality of decisions, and en-
hancing forecasts in a world where 
information is incomplete is an area 
of active investigation and great in-
terest. 

In an attempt to aid decision makers 
in assessing guideline quality the Ap-
praisal of Guidelines, REsearch and 
Evaluation (AGREE) instrument was 
developed. This tool assesses the pro-
cess of guideline development and 
how well this process is reported, as 
its primary means of appraising the 
quality of a guideline.

As an example, in Chapter 5, we 
used this tool to determine the qual-
ity of development of each included 
guideline by using the “Rigor of De-
velopment” domain of the AGREE 
instrument. This score looked at: (1) 
methods used to search for evidence; 
(2) criteria for selecting the evidence; 
(3) methods for formulating the rec-
ommendations; (4) consideration 
of health benefits, side effects, and 
risks; (5) supporting evidence; (6) pro-
cedures for external peer review; and 
(7) the update process.
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The problem with every systematic 
review, every guideline and every tool 
that assesses these, is that informa-
tion is incomplete and thus every sys-
tematic review, every guideline and 
every assessment tool is flawed to 
some degree. Optimizing the avail-
able information by creating report-
ing standards for one, but assessment 
tools too, play a major role in mini-
mizing these flaws. Clinical judge-
ment will always remain necessary 
as recommendations are by default 
general and their application to one’s 
unique practice remains the clinician’s 
decision. 

Registry data

Registry data is nowadays an impor-
tant data source. Particularly when 
evaluating differences in prognosis 
depending on risk factors, large pro-
spectively collected cohorts with lon-
gitudinal data collection are appropri-
ate in establishing differences as we 
demonstrated in Chapters 6 and 7. 
We were very fortunate to collaborate 
with various groups and institutions 
which gave us the opportunity to ana-
lyze large cohorts of patients. We col-
laborated with the Catharina Hospital 
Eindhoven and thus were able to ana-
lyze the EUROSTAR database, com-
prising approximately 10,000 patients 
(Chapter 6), and with the NCDR we 
were able to analyze the CARE-Regis-
try database, comprising over 12,000 
patients (Chapter 7). 

Furthermore, registry data reflects 
results as obtained in daily clinical 
practice as opposed to the highly 
controlled setting of an RCT. Many 
clinicians are thus in favour of well 
executed large prospectively col-
lected cohort trials, or at least like to 
see ‘proof’ of a systematic review, by 
means of such a trial.

Registry data has several limitations 
though. First of all, registry data is 
collected in daily clinical practice and 
inclusion of all consecutive patients 
at all sites cannot be ensured, lead-
ing to possible generalizability issues. 
Nevertheless, everything was done 
to make the registries as complete as 
possible and this same limitation also 
applies to (randomized) trials. Sec-
ondly, although data is collected pro-
spectively, it is possible that events 
are not recorded due to loss of follow-
up. Thirdly, true causal relationships 
are difficult if not impossible to dem-
onstrate.

Clinical relevance and future 
directions of research

Gender medicine is a novel and rap-
idly expanding field of research. Over 
the last few decades, but particularly 
since the 1990s, publications includ-
ing sex- and gender-specific differ-
ences have increased. One feature 
common to all disciplines, except 
maybe cardiology, is the dramatic 
under-representation of investiga-
tions of sex and gender differences 
in clinical management. Research on 
clinical management, i.e. diagnostic 
approaches, referral practices, inva-
sive and non-invasive therapy choic-
es, is essential in understanding and 
improving clinical practice. Lack of 
knowledge about gender differences 
and inadequacies in health care provi-
sion have led to significant and poten-
tially fatal imbalances in outcomes.

This has been demonstrated in the 
field of cardiology, where the num-
bers of women dying of heart in-
farction at a young age significantly 
dropped after two decades of re-
search and the dissemination of es-
sential information about gender 
differences in clinical presentation, 
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symptoms, diagnostic and therapeu-
tic approaches. Examples from other 
disciplines are also starting to appear, 
but the information is still scarce.

The incorporation of sex- and gender-
specific analyses in medical research 
is increasing due to pressure from 
public agencies, funding bodies, and 
the clinical and research community. 
Pre-specified subgroup analysis by 
sex is commonly a prerequisite stipu-
lated by funding agencies for obtain-
ing grants (NIH, ZonMW, NHS, Hart-
stichting). This means that the time 
is now ripe for sex-specific research. 
The 3 major areas which we believe 
need further work are considered be-
low.

Improving diagnosis
It all starts with a better recognition 
of symptoms and improved diagnos-
tic accuracy of tests. This requires a 
better understanding of the pathofys-
iology. As we now know for coronary 
artery disease gender differences do 
exist, necessitating functional diag-
nostic tests instead of solely signifi-
cant stenosis (focal) assessment tests 
for women. We need to gain insight 
into the exact differences in AAA 
formation and carotid artery plaque 
formation and consistency so that we 
can improve the recognition of symp-
toms and the diagnostic accuracy of 
tests. What is certain is that we have 
to move away from absolute thresh-
olds for diagnosis (such as 30 mm 
for an AAA) and instead use relative 
measures, so that we have no delay 
in diagnosis and can start treating the 
condition (invasively or with medica-
tion) at once.

Therapy
As far as therapy is concerned, we again 
need to move away from absolute 
thresholds for repair (at present 5.5 cm 
for AAAs) and to a much more tailored 
advice for the individual patient.

Decision tools (web based) which a 
clinician can easily and quickly use in 
the outpatient clinic and which can aid 
in deciding on how to treat a specific 
patient (invasively or with medication 
or both) represent the future. Before 
they can be developed though, more 
information is needed.

We need to study the differences in 
comorbidities (e.g. smoking, diabe-
tes and hypertension are much higher 
risk factors in women than in men) 
and how we can best treat these (ei-
ther by life-style adjustment or medi-
cation). The best strategies still need 
to be determined in women.

Certain therapies such as EVAR really 
need further investigation in women. 
Modelling and cost-effectiveness 
studies (taking their higher compli-
cation and re-intervention rates and 
longer hospital stay into account) are 
needed to shed light on the role that 
EVAR should have in elective aneu-
rysm repair in women. Furthermore, 
because anatomical features play 
such an important role in endovas-
cular repair (both in AAA and carotid 
artery stenosis) it would be interest-
ing to develop more tailored devices 
for women and then study whether by 
using tailored devices the differences 
in outcomes disappear.

Increasing awareness
In our opinion this is the single most 
important aspect. As long as people 
are unaware of their risk of cardio-
vascular disease no progress can be 
made. By increasing awareness in 
both medical personnel and in the 
patients themselves progress can be 
made. Many women are still unaware 
that cardiovascular disease is their 
main cause of death and even when 
they do, have no idea what effect cer-
tain risk factors have on the disease. 
This in turn leads to less aggressive 
adjustments in lifestyle and adher-
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ence to secondary prevention. Cam-
paigns such as the ‘Dress Red Cam-
paign’ (American Heart Association) 
have proven to increase awareness 
and better recognition of symptoms. 
In the Netherlands too, the 2010 cam-
paign of the ‘Hartstichting’ increased 
the awareness from 25% to 50% in 
one month! Although this is a won-
derful result it has been proven that 
repetition of the message is the only 
way to keep up awareness.

Incorporating gender differences in 
the medical curriculum is another ex-
cellent way of increasing awareness 

and a greater focus should be put 
on enhancing/facilitating this in the 
Netherlands too, in line with leading 
universities such as Harvard and the 
Karolinska Institute which have re-
cently opened Gender Medicine de-
partments.

Once the aforementioned points have 
been addressed, gender specific (or 
rather patient specific) guidelines/
decision tools can be put into place 
which will lead to better health care 
on the whole, not only for women but 
for men too.
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Samenvatting 

In dit proefschrift beschrijven wij 
studies waarin het effect van geslacht 
op de presentatie van hart-en vaatz-
iekten en de klinische uitkomst na 
vaatchirurgie is onderzocht. De voor-
naamste onderzochte aandoeningen 
waren het aneurysma van de ab-
dominale aorta (AAA) en halsslaga-
der (carotis) stenose. In Hoofdstuk 1 
wordt de achtergrond van dit onder-
zoek gepresenteerd. Aangezien er 
lange tijd gedacht werd dat cardio-
vasculaire aandoeningen vooral bij 
mannen voorkwamen, zijn vrouwen 
ondervertegenwoordigd in cardiovas-
culaire studies. De daaruit volgende 
richtlijnen zijn daarom gebaseerd op 
een overwegend mannelijke bevolk-
ing en het is de vraag of deze richtli-
jnen zomaar kunnen worden toege-
past op vrouwen. Hart- en vaatziekten 
zijn ook voor vrouwen de belangrijk-
ste doodsoorzaak en een op de drie 
vrouwen overlijdt als gevolg hiervan.

Belangrijkste bevindingen

Om het effect van geslacht op de uit-
komsten van een AAA te evalueren, 
hebben we als eerste een literatu-
uronderzoek verricht (Hoofdstuk 2). 
We richtten ons op de epidemiologie, 
etiologie, het risico op een ruptuur en 
het resultaat na de behandeling, en 
toonden aan dat de prevalentie van 
het AAA wordt onderschat bij vrou-
wen. Enerzijds denken wij dat dit te 
wijten is aan het feit dat de diagnose 
gewoonlijk wordt gedaan op basis van 
een absolute maat (30 mm) in plaats 
van een relatieve (1.5 maal de normale 
grootte van de aorta). Anderzijds is 
het bewustzijn van deze aandoenin-
gen bij vrouwen laag. Ten aanzien 
van de etiologie, lijkt de bij vrouwen 
oestrogeen-gemedieerde verminder-

ing van macrofagen MMP-9 produc-
tie, een belangrijk mechanisme te 
zijn voor het verschil in AAA vorming 
tussen mannen en vrouwen. Dit zou 
verklaren waarom AAAs nauwelijks 
pre-menopauzaal voorkomen. Verder 
vonden we consensus in de literatuur 
dat vrouwen een 3 tot 4 keer groter 
risico op ruptuur lopen in vergelijking 
met mannen onder de huidige behan-
delingsstrategie van AAAs, en dat hun 
peri-procedurele sterfte kans hoger 
is voor zowel electieve en geruptu-
reerde behandeling. We concluderen 
dat, hoewel vele redenen naar voren 
gebracht zijn voor deze onevenredig 
slechtere uitkomst voor vrouwen, 
de belangrijkste de huidige absolute 
drempelwaarde voor behandeling en 
het lagere bewustzijn, en dus ook di-
agnose, van AAAs bij vrouwen zijn.

In Hoofdstuk 3 presenteren we de 
resultaten van onze systematische 
literatuuronderzoek en meta-anal-
yse. We analyseerden de sterftekans 
van vrouwen ten opzichte van man-
nen na electieve en geruptureerde 
AAA behandeling door ofwel een 
open of endovasculaire procedure. 
Eenenzestig studies, die bij elkaar 
meer dan een half miljoen patiënten 
omvatten, voldeden aan de inclusie-
criteria. We hebben aangetoond dat 
de sterftekans significant hoger was 
voor vrouwen na zowel electieve open 
chirurgie als electieve endovasculaire 
behandeling (EVAR). Vrouwen waren 
gemiddeld ouder dan mannen, maar 
het verschil bleef na correctie voor 
leeftijd bestaan. Het verschil in mor-
taliteit was het meest uitgesproken 
na electieve EVAR. De sterftekans 
was ook hoger voor vrouwen na open 
herstel van een geruptureerd AAA, 
maar dit verschil verdween na correc-
tie voor leeftijd.

Deze bevindingen tonen aan dat de 
huidige behandelings criteria niet 
optimaal zijn voor vrouwen. Mo-
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gelijke verklaringen voor de hogere 
sterftekans bij vrouwen zijn het ab-
solute criterium voor behandeling, de 
slechtere anatomische geschiktheid 
voor de huidige EVAR apparaten en 
onder erkenning van cardiovasculaire 
ziekte, waaronder AAA, als geheel. 
Dit leidt tot vertraagde diagnose en 
behandeling, maar ook tot minder 
primaire en secundaire preventieve 
maatregelen, waaronder cardiovas-
culaire medicatie en leefstijl aanpass-
ingen.

Wij concludeerden dat de drempel-
waarde (AAA diameter) waarboven 
herstel moet plaatsvinden in vrouwen 
nog vastgesteld moet worden. Vooral 
de indicatie voor electieve EVAR bij 
vrouwen moet grondig worden her-
zien, omdat de uitkomsten in deze 
groep het slechtste waren. (naast 
mortaliteit ook hogere kans op con-
versies en afgebroken procedures). 
Het huidige beleid rondom AAAs lijkt 
niet optimaal te zijn voor vrouwen.

Vervolgens hebben we een system-
atisch literatuuronderzoek uitgevo-
erd van AAA screening richtlijnen 
(Hoofdstuk 4) om een overzicht van 
screening aanbevelingen te verkrij-
gen, met name met betrekking tot 
vrouwen. We vonden zeven richtli-
jnen voor AAA screening. Bij de meer-
derheid ontbrak een systematische 
methode voor het evalueren van het 
bewijs en behaalden de richtlijnen 
een lage AGREE score voor rigorosit-
eit van ontwikkeling. De meeste 
richtlijnen deden aanbevelingen tot 
de eenmalige screening van man-
nen 65 jaar of ouder door middel van 
echografie. Vier richtlijnen, waarvan 
drie met lage AGREE scores, bevatte 
uiteenlopende aanbevelingen ten 
opzichte van vrouwen en mannen van 
middelbare leeftijd met enkele risico-
factoren, terwijl richtlijnen met ho-
gere AGREE scores geheel geen aan-
bevelingen deden voor deze groepen. 

Eén richtlijn meldde uitdrukkelijk dat 
vrouwen niet gescreend dienden te 
worden. Hoewel een diameter van de 
abdominal aorta van 5.5 cm unaniem 
gehanteerd werd als criterium voor 
electieve behandeling in oudere man-
nen, bestond er geen consensus over 
de behandelingsstrategie voor AAAs 
met een kleinere diameter of de be-
handelingsstrategie voor AAAs bij 
vrouwen. Wij concludeerden dat er 
consensus bestaat dat mannen van 
65 jaar en ouder eenmalig gescreened 
dienen te worden en behandeld bij 
een diameter van het AAA van ≥5.5 
cm. Voor de andere groepen, zoals 
patiënten met kleinere AAAs of voor 
vrouwen is aanvullend onderzoek no-
dig in de vorm van predictiemodellen 
en kosteneffectiviteits analyses om 
richting te geven. Ook zou het ge-
bruik van dezelfde absolute diameter 
van de diagnose (30 mm) voor zowel 
mannen als vrouwen kunnen verk-
laren waarom vrouwen niet lijken te 
profiteren van screening.

In Hoofdstuk 3 hebben we aan-
getoond dat vrouwen na electieve 
EVAR veel slechtere resultaten had-
den in vergelijking met mannen. We 
vonden dat nader onderzoek gerech-
tvaardigd was en dit leidde tot het 
literatuuronderzoek zoals beschreven 
in Hoofdstuk 5. Door middel van een 
stap voor stap benadering bekeken 
we de rol van deze relatieve nieuwe 
techniek in vrouwen. De drie geran-
domiseerde studies waarin EVAR 
wordt vergeleken met open chirur-
gische behandelingen worden be-
sproken evenals seksespecifieke se-
cundaire preventie, risicofactoren en 
medicatie. Hoewel de rol van EVAR 
bij vrouwen slecht onderzocht bleek, 
lijken vrouwen een hogere sterfte 
kans en meer complicaties te hebben 
na EVAR. Risicofactoren zoals diabe-
tes en hypertensie blijken bij vrouwen 
geassocieerd te zijn met slechtere uit-
komsten dan bij mannen. Agressieve 
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behandeling van risicofactoren en 
het optimaliseren van de medica-
tie bij vrouwen zijn nodig en verdi-
enen meer aandacht in de praktijk 
en in toekomstig onderzoek. Tot de 
definitieve rol van EVAR bij vrouwen 
is bepaald moet dergelijke behandel-
ing worden uitgevoerd met de nodige 
voorzichtigheid.

In Hoofdstuk 6 hadden we als doel 
de invloed van het geslacht op 30-da-
gen en lange termijn resultaten na 
EVAR te bepalen. We hadden de EU-
ROSTAR-database tot onze beschik-
king, een register met informatie over 
meer dan 10.000 patiënten die elec-
tieve EVAR ondergingen. We vonden 
geen verschil in 30-dagen mortalit-
eit voor vrouwen in vergelijking met 
mannen, maar vrouwen hadden wel 
een hogere cumulatieve incidentie 
van het samengestelde eindpunt. Ka-
plan-Meier curves toonden ook slech-
tere resultaten voor vrouwen voor 
zowel de overleving op lange termijn 
als de gebeurtenis-vrije overleving. 
Survival analyses gecorrigeerd voor 
covariaten toonden geen verschil in 
sterftekans voor vrouwen in vergelijk-
ing met mannen, maar vrouwen had-
den wederom een hoger kans op het 
samengestelde eindpunt. Vrouwen 
die een EVAR ondergingen hadden 
dezelfde sterfte kans als mannen, 
maar hadden een aanzienlijk hogere 
kans op complicaties en re-interven-
ties. De lange-termijn overleving en 
gebeurtenis-vrije overleving waren 
bij vrouwen lager dan bij mannen. In 
deze studie concludeerden we, zoals 
eerder in Hoofstuk 3 en 5, dat de rol 
van electieve EVAR bij vrouwen herz-
ien moet worden.

In het laatste hoofdstuk (Hoofdstuk 
7) hebben we ons gericht op de 30-da-
gen mortaliteit of beroerte kans na 
een halsslagader stenose behandeld 
door open reparatie (carotis endar-
teriëctomie, CEA) of endovasculaire 

behandeling (carotis angioplastiek 
en stenting, CAS). We werkten sa-
men met de National Cardiovascular 
Data Registry (NCDR) en waren zo in 
staat om het CARE-register met meer 
dan 12,000 patiënten te analyseren. 
De kans op sterfte of een beroerte 
voor de symptomatische CEA-groep 
was 4.4% voor vrouwen en 2.9% voor 
mannen. In de symptomatische CAS 
groep was het 5.1% voor vrouwen en 
4.4% voor mannen. De asymptoma-
tische CEA groep vertoonde 2.8% ten 
opzichte van 2.1% en voor de asymp-
tomatische CAS groep 2.6% vs 2.4%, 
voor vrouwen ten opzichte van man-
nen respectievelijk. Deze verschillen 
bleven niet-significant na propensity 
score matching en multivariabele re-
gressie. Deze resultaten geven geen 
sterke aanwijzingen voor seksever-
schillen op het korte termijn resul-
taat na CEA of CAS. De kansen op 
sterfte en een beroerte waren hoger 
voor vrouwen in alle groepen, maar 
niet statistisch significant. De sterk-
ste trend voor een slechtere uitkomst 
voor vrouwen werd gevonden in de 
symptomatische CEA-groep. 

Klinische relevantie en 
toekomstige ontwikkelingen 
van het onderzoek 

‘Gender Medicine’ is een nieuw en 
snel groeiende gebied van onderzoek. 
In de afgelopen decennia, maar vooral 
sinds de jaren 1990, zijn de publicaties 
over sekseverschillen toegenomen. 
Een gemeenschappelijk kenmerk van 
alle disciplines, behalve misschien de 
cardiologie, is de enorme onderverte-
genwoordiging van onderzoek naar 
sekse en sekseverschillen in klinische 
behandelingsstrategieën. Onderzoek 
naar klinische behandelingsstrat-
egieën, dat wil zeggen diagnostische 
benaderingen, doorverwijzingsprakti-
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jken, invasieve en niet-invasieve ther-
apie keuzes, is van essentieel belang 
bij het begrijpen en verbeteren van de 
praktijk. Gebrek aan kennis over sek-
severschillen en onvolkomenheden in 
de gezondheidszorg hebben geleid 
tot belangrijke en potentieel fatale 
onevenwichtigheden in uitkomsten.

Dit is aangetoond in de cardiologie, 
waar het aantal vrouwen dat op jonge 
leeftijd stierf aan een hartinfarct sterk 
daalde na twee decennia van onder-
zoek en de verspreiding van belan-
grijke informatie over de verschillen 
tussen de geslachten in klinische pre-
sentatie, symptomen, diagnostische 
en therapeutische benaderingen. 
Voorbeelden uit andere disciplines 
beginnen ook te verschijnen, maar de 
informatie is nog steeds schaars.

De integratie van seksespecifieke 
analyses in medisch onderzoek neemt 
toe als gevolg van druk van de pub-
lieke instanties, financieringsinstan-
ties en klinische en wetenschappelijke 
onderzoekers. Vooraf gespecificeerde 
subgroepanalyses naar sekse zijn 
vaak een voorwaarde bepaald door 
financieringsinstanties voor het ver-
krijgen van subsidies (NIH, ZonMW, 
NHS, Hartstichting). Dit betekent dat 
de tijd nu rijp is voor seksespecifieke 
onderzoek. De drie belangrijkste ge-
bieden waarvan wij denken dat verder 
onderzoek nodig is worden hieronder 
beschouwd

Verbetering van de diagnose
Het begint allemaal met een betere 
herkenning van de symptomen en een 
betere diagnostische nauwkeurigheid 
van testen.

Dit vereist een beter begrip van de 
pathofysiologie. Zoals we nu weten 
voor coronaire hartziekten bestaan 
er sekseverschillen, waardoor er func-
tionele diagnostische tests in plaats 
van uitsluitend significante stenose 

(focale) tests noodzakelijk zijn voor 
vrouwen. We moeten inzicht krij-
gen in de precieze verschillen in AAA 
vorming en halsslagader plaquevorm-
ing en consistentie, zodat we de 
herkenning van de symptomen en de 
diagnostische nauwkeurigheid van 
testen kunnen verbeteren. Wat zeker 
is, is dat we moeten afstappen van ab-
solute drempels voor de diagnose (zo-
als 30 mm voor een AAA) en in plaats 
daarvan gebruik maken van relatieve 
maten, zodat we geen vertraging in 
het stellen van de diagnose oplopen 
en gelijk kunnen beginnen met het 
behandelen van de aandoening (in-
vasief of met medicatie).

Therapie
Wat therapie betreft, moeten we ook 
hier afstappen van absolute maten 
voor behandeling (momenteel 5.5 cm 
voor AAAs) en ons richten op een veel 
meer op maat gesneden advies voor 
de individuele patiënt.

Besluitvormingsinstrumenten (web-
based), die een arts eenvoudig en 
snel kan gebruiken op de polikliniek 
en die kunnen helpen bij de beslissing 
over de wijze waarop een specifieke 
patiënt (invasief of met medicijnen 
of beide) behandeld moet worden, 
vertegenwoordigen de toekomst. 
Voordat deze echter ontwikkeld kun-
nen worden, is meer informatie nodig 
over het volgende.

- 	 We moeten de verschillen in comor-
biditeit bestuderen (bijvoorbeeld 
roken, diabetes en hypertensie zijn 
veel hoger risicofactoren bij vrou-
wen dan bij mannen) en hoe we 
deze het beste kunnen behandelen 
(hetzij door life-style aanpassing of 
medicatie). De beste strategieën 
moeten nog worden vastgesteld bij 
vrouwen.

- 	 Bepaalde behandelingen zoals 
EVAR dienen nodig onderzocht 



138

te worden bij vrouwen. Modeller-
ing- en kosteneffectiviteitstudies 
(hun hogere complicatie en re-
interventie kans en langer verblijf 
in het ziekenhuis in acht nemend) 
zijn nodig om licht te werpen op de 
rol die EVAR zou moeten hebben 
in electieve behandeling van het 
AAA bij vrouwen. Bovendien, om-
dat anatomische kenmerken zo’n 
belangrijke rol spelen bij endovas-
culaire behandeling (zowel bij het 
AAA als de halsslagader stenose) 
zou het interessant zijn om meer 
op maat gemaakte apparaten voor 
vrouwen te ontwikkelen en dan te 
kijken of hierdoor de verschillen in 
uitkomsten verdwijnen.

Vergroting van het bewustzijn
Naar onze mening is dit het belangri-
jkste aspect. Zolang mensen zich niet 
bewust zijn van hun risico op hart-en 
vaatziekten kunnen we geen vooruit-
gang boeken. Door zowel medisch 
personeel als de patiënt zelf meer 
bewust te maken van deze risico’s 
is vooruitgang mogelijk. Veel vrou-
wen zijn nog steeds niet bewust dat 
hart-en vaatziekten de belangrijkste 
oorzaak van overlijden is en zelfs als 
ze dat wel zijn, dan hebben ze geen 
idee wat het effect van bepaalde risi-
cofactoren is op de ziekte. Dit op zijn 
beurt leidt tot minder agressieve aan-

passingen in de levensstijl en de nal-
eving van secundaire preventie. Cam-
pagnes zoals de ‘Dress Red Campaign’ 
(American Heart Association) hebben 
bewezen het bewustzijn te vergroten 
en de herkenning van symptomen te 
verbeteren. Ook in Nederland nam na 
de 2010-campagne van de Hartstich-
ting het bewustzijn toe van 25% tot 
50% in een maand! Hoewel dit een 
prachtig resultaat is, is bewezen dat 
herhaling van het bericht de enige 
manier is om dit bewustzijn te be-
houden.

Het opnemen van sekseverschillen 
in het medisch curriculum is een uit-
stekende manier om het bewustzijn 
te vergroten en een grotere nadruk 
zou moeten worden gelegd op het 
implementeren hiervan in Nederland. 
Dit zou in overeenstemming zijn met 
toonaangevende universiteiten zoals 
Harvard en het Karolinska Instituut 
die onlangs ‘Gender Medicine” af-
delingen geopend hebben .

Zodra de bovengenoemde punten 
zijn aangepakt, kunnen sekse-spec-
ifieke (of liever patiënt-specifieke) 
richtlijnen danwel besluitvorming-
sinstrumenten worden opgezet die 
zullen leiden tot een betere gezond-
heidszorg in het algemeen, niet alleen 
voor vrouwen maar ook voor mannen.
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