More patients are treated for nonruptured
abdominal aortic aneurysms, but the proportion
of women remains unchanged
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Background: Large variations in the intervention rates for ruptured and nonruptured abdominal aortic aneurysm (AAA)
over time have been reported, both decreasing and increasing numbers. Women have been reported to constitute an
increasing proportion of patients treated for several manifestations of cardiovascular disease; whether a similar trend is
true for AAA is not well understood. This study investigated recent temporal trends in a complete national register
regarding the number and type of procedure performed for AAA, and outcome, with special emphasis on gender
differences.

Methods: Data for all individuals treated for nonruptured or ruptured AAA in Sweden (1990 to 2005) were obtained from
the Swedish National Board of Health and Welfare (NBHW). A total of 14369 individuals were identified; 2327 (16%)
were women. Date and type of intervention, date and cause of death, age, and sex were included in the statistical model.
Results: There was a relative annual increase in interventions for nonruptured AAA; 4% for women (P < .0001) and 2%
for men (P < .0001). No significant trends were observed for interventions for rupture during the observation period. No
significant increase in the proportion of women was recorded for nonrupture (17%) or rupture (15%). Women had higher
crude 30-day mortality rate than men after treatment for both nonruptured (5.7% vs 4.9%) and ruptured (41.9% vs
36.8%) AAA. In a logistic regression model, survival improved over time after intervention for nonrupture (P < .0001)
and rupture (P < .0001). Increasing age (P < .0001 for both nonrupture and rupture) but not sex (P = .49 for non
rupture and P = .42 for rupture) had a negative influence on mortality.

Conclusion: Interventions for nonruptured but not for ruptured AAA increased over time, with an expected rapid increase
of endovascular repair in the nonruptured group. The unchanged fraction of women over time possibly reflects the true
distribution of AAA between the sexes. The outcome after treatment for both nonruptured and ruptured AAA improved,
as anticipated, over time. No increase in mortality among women was recorded after adjustment for age. (J Vasc Surg

2008;48:802-7.)

The prevalence of abdominal aortic aneurysm (AAA)
has been reported to increase.!* Atherosclerotic disease is a
risk factor for AAA. Consequently, it is possible that the
number of women treated for AAA will increase, similar to
an observed growing number of women treated for various
other manifestations of atherosclerosis.®*

Several important gender differences for AAA have
been described: women have a lower prevalence rate,”® a
higher mean age at onset of disease and time for treat-
ment,”'® and possibly poorer outcome.'*'* Women are
also reported to have a higher risk of rupture at a given
diameter and a higher aneurysm growth rate than
men.'*'” Relative AAA diameter based on the predicted
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size in relation to body surface area is larger in women than
men.'®

Large variations in the intervention rates for ruptured
and nonruptured AAA over time—both decreasing and
increasing numbers—have been reported.'®?2? The aim
of this study was to investigate recent temporal trends in a
complete national register for number and types of proce-
dures performed for AAA and outcome,with special em-
phasis on gender differences. The study identified individ-
uals treated for AAA in Sweden during a 16-year period by
linking nationwide databases managed by the Swedish Na-
tional Board of Health and Welfare (NBHW).

METHODS

National registries. All Swedish citizens have a
unique 12-digit personal identification number that facili-
tates identification on a patient-specific level in national
registries. The Swedish National Hospital Discharge Reg-
ister, managed by the NBHW, covers all information re-
garding public inpatient care. The Cause-of-Death Register
is managed by The Centre for Epidemiology (EpC) at
NBHW and covers data for causes of death for all deceased
individuals in hospitals and at home. Statistics Sweden
(SCB) is responsible for official statistics for the population,
divided by age and sex. The extraction of data was based on
the procedural codes for AAA, according to the Classifica-
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Table I. Logistic regression analysis of 30-day mortality
for patients treated for nonruptured abdominal aortic
aneurysm
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Table ITI. Logistic regression analysis of 30-day
mortality for patients treated for ruptured abdominal
aortic aneurysm

All-cause mortality  Point estimates 95% CL P All-cause mortality — Point estimates 95% CL P
Sex Sex
Men 1.00 Ref 49 Men 1.00 Ref 42
Women 1.09 0.86,1.38 Women 1.07 091, 1.26
Age Age
<60 1.00 Ref <.0001 <60 1.00 Ref <.0001
60-69 2.48 1.33,4.65 60-69 1.80 1.28,2.52
70-79 394 2.15,7.25 70-79 3.37 2.43,4.67
=80 7.07 3.74,13.37 =80 5.70 4.05, 8.00
Calendar year Calendar year
1990-1993 1.00 Ref <.0001 1990-1993 1.00 Ref <.0001
1994-1997 0.84 0.67, 1.05 1994-1997 0.81 0.70, 0.95
1998-2001 0.61 0.44, 0.84 1998-2001 0.71 0.59,0.87
2002-2005 0.52 0.39, 0.68 2002-2005 0.60 0.51,0.70
Procedure
Open 1.00 Ref 0032 CL, Confidence limits.
EVAR 0.53 0.35,0.81

CL, Confidence limits; EVAR, endovascular aneurysm repair.

Table II. Logistic regression analysis of 31-day to 1-year
mortality for patients treated for nonruptured abdominal
aortic aneurysm

All-cause mortality  Point estimates 95% CL P
Sex
Men 1.00 Ref 9965
Women 1.00 0.79,1.27
Age
<60 1.00 Ref <.0001
60-69 1.52 0.93,2.49
70-79 2.47 1.54, 3.96
=80 3.57 2.14,5.95
Calendar year
1990-1993 1.00 Ref 12
1994-1997 0.88 0.70,1.11
1998-2001 0.75 0.55,1.02
2002-2005 0.75 0.58,0.97
Procedure
Open 1.00 Ref .08
EVAR 1.29 097,1.71

CL, Confidence limits; EVAR, endovascular aneurysm repair.

tion of Surgical Procedures by the NBHW (edition 5, 6, and
7) and the diagnostic codes for AAA classified by clinical
modifications 9 and 10 of the International Classification of
Disease (ICD). The official code for classification of endo-
vascular aneurysm repair (EVAR) was introduced 1997.

Study population. The number of persons treated,
age at treatment, sex, and procedural codes were analyzed
on a patient-specific level. The study cohort includes the
14,369 patients who were treated with open or endovascu-
lar repair for nonruptured or ruptured AAA from 1990 to
2005 in Sweden. The Swedish population was 8.6 million
(50.4% women) in 1990 and 9.0 million (50.6% women) in
2005. This study was approved by the Regional Ethics
Committee.

Table IV. Logistic regression analysis of 31-day to
1-year mortality for patients treated for ruptured
abdominal aortic aneurysm

All-cause mortality  Point estimates 95% CL P
Gender
Men 1.00 Ref .34
Women 1.16 0.86,1.58
Age
<60 1.00 Ref <.0001
60-69 0.97 0.57,1.65
70-79 1.53 0.93,2.51
=80 2.38 1.40, 4.04
Calendar year
1990-1993 1.00 Ref 0.01
1994-1997 1.19 0.89,1.58
1998-2001 0.89 0.61,1.30
2002-2005 0.73 0.53,1.00

CL, Confidence limits.

Statistical analysis. Trends of surgical interventions
were analyzed by Poisson regression, where population
figures specific for age, sex, and calendar year were used as
the denominator (ie, as an offset). Trends in age at surgery
were analyzed by linear regression. The trends for interven-
tion rates were analyzed in a Poisson regression model, with
calendar time as a continuous variable and adjusted for age
at time of surgery according to age- and sex-specific popu-
lation numbers. Mortality rates were analyzed with a logis-
tic regression model considering sex, rupture vs nonrup-
ture, 10-year age groups, and calendar year (as presented in
Tables I, II, III, and IV). Results are presented as odds
ratios (OR) together with 95% confidence intervals. Crude
comparisons of proportions were performed by x* tests.
Significance was defined as P < .05.

RESULTS

During the observation period more patients (65.4%)
were treated for nonruptured compared to ruptured AAA.
The majority of patients (83.8%) were male (Table V).
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Table V. All patients treated for abdominal aortic
aneurysm during 1990-2005 in Sweden

Men, Women, Men +
Aneurysm type No (%) No (%) women
Nonruptured
Open 6901 (82.8) 1437 (17.2) 8338
EVAR 910 (85.6) 153 (14.4) 1063
All nonruptured 7811 (83.1) 1590 (16.9) 9401
Ruptured
Open 4119 (85.1) 720 (14.9) 4839
EVAR 112 (86.8) 17 (13.2) 129
All ruptured 4231 (85.2) 737 (14.8) 4968
Nonruptured +
ruptured 12042 (83.8) 2327 (16.2) 14369

EVAR, Endovascular aneurysm repair.

Nonruptured AAA. Between 1990 and 2005, 9401
patients (16.9% women) were treated for nonruptured
AAA (Fig 1). This represents an overall intervention rate of
30.6 per 100,000 inhabitants for nonruptured AAA in
persons aged >60 years in 2002 to 2005. No significant
increase was noted in the proportion of women during the
observation period, 16.4% in 1990 and 18.2% in 2005 (P =
.17). In the Poisson regression model, a 4% relative annual
increase in the intervention rate for surgery was recorded
for women (P < .0001) and 2% for men (P < .0001).
Overall, 11.3% of all patients were treated with EVAR
during the study period. The proportion of EVAR in-
creased from 1.7% in 1997 to 34.5% in 2005 for men and
1.0% to 25.0% for women. Mean age at intervention was
70.8 (SD, 7.4) years for men and 72.3 (SD, 7.5) for
women. During the observation period, the age for women
increased by 0.1 years (P = .014) and for men by 0.2 years
(P < .0001) per calendar year.

Women had higher crude mortality than men (Table
VI). This sex difference disappeared after adjustment for
age, EVAR, and calendar year (Table I). Increasing age at
time for treatment, open repair, and treatment during the
first calendar years of the observation period were influen-
tial risk factors for 30-day mortality (Table I). Increasing
age also had a negative influence on 31-day to 1-year
mortality, but no influence of calendar year or open repair
was recorded (Table IT). The most common cause of death
at 30 days was cardiovascular disease (women, 88%; men,
90%; P = .57). Similarly, no sex differences in cause of
death were seen for deaths that occurred =1 year.

Ruptured AAA. Of the 4968 interventions identified
for ruptured AAA, 14.8% patients were women. The pro-
portion of women increased slightly during the study pe-
riod, from 15.8% to 18.5% (P = .06). A mean of 15.0
interventions per 100,000 inhabitants aged >60 years oc-
curred between 2002 and 2005. No significant annual
relative increase was seen in the number of interventions for
ruptured AAA during the observation period. In the Pois-
son regression model, a 1% relative annual increase in the
incidence for surgery was recorded for women (P = .09)
and 0.5% for men (P = .24; Fig 2). A greater proportion of
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Fig 1. All men (solid line) and women (dashed line) treated for
nonruptured abdominal aortic aneurysm in Sweden from 1990 to
2005.

all men were treated for ruptured compared with nonrup-
tured AAA than women (35.1% vs 31.7%, P = .001). No
patients were treated with EVAR in 1997; this increased to
13% of men and 9% of women in 2005. Mean age was 72.4
(SD 7.8) years for men and 75.3 (SD 7.4) for women. The
mean age increased for men by 0.2 years (P < .0001) per
calendar year, whereas mean age was unchanged for
women.

The postoperative mortality rate =30 days was 37.6%
(Table VI). Patients treated for rupture continue to have a
high crude mortality rate =6 months (Table VI). Women
treated for ruptured AAA had a higher crude 30-day mor-
tality compared with men (41.9% vs 36.8%), this sex differ-
ence disappeared after age adjustment (Tables IIT and VI).
Increasing age and treatment during the first calendar years
of the observation period had a negative influence on
30-day mortality (Table IIT). Increasing age and treatment
in the earlier calendar years also had a negative influence on
mortality between 31 days and 1 year, but not gender
(Table IV). Causes of death =30 days were similar for
patients treated for ruptured AAA and patients treated for
nonruptured AAA. The most common cause of death was
cardiovascular disease, with no detectable sex difference.

DISCUSSION

The number of persons treated for nonruptured AAA
during the last decades in Sweden increased, but the num-
ber of persons treated for ruptured AAA did not. The
male/female ratio in treated patients also remained un-
changed.

The increasing number of procedures performed for
nonruptured AAA can be due to several factors. It could
reflect an increase in the prevalence of AAA.%* Several
other factors probably contribute; including a higher de-
tection rate, due to an increasing number of radiologic
investigations, as well as an improved awareness of the
disease. The increase could also indicate a more generous
attitude towards treating elderly patients, confirmed by the
increasing mean age in treated patients, as shown by
others.'%23
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Table VI. All deceased patients treated for nonruptured and ruptured abdominal aortic aneurysm

Aneurysm type No 0-30 days, No. (%) 31-180 days, No. (%) 181-365 days, No. (%)
Nonruptured

Men 7811 385 (4.9) 248 (3.2) 173 (2.2)

Women 1590 91 (5.7) 48 (3.0) 41 (2.6)
Ruptured

Men 4231 1559 (36.8) 207 (4.9) 87 (2.1)

Women 737 309 (41.9) 47 (6.4) 13 (1.8)

but not treated, are not included in our register-based
Rupture

Number
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Fig 2. All men (solid line) and women (dashed line) treated for
ruptured abdominal aortic aneurysm in Sweden from 1990 to
2005.

It is also obvious that Sweden still has a low interven-
tion rate compared with the intervention rate in the United
States that is almost three times higher (87.7,/100000
inhabitants in 2003)."® This cannot solely be explained by
different prevalence rates of AAA, but rather emphasizes
the need in Sweden to introduce screening programs. A
high rate of interventions for AAA in Sweden is for rup-
tured rather than nonruptured AAA (34.6%). This should
be compared with other countries, for example, the Neth-
erlands (22% in 1992) and the United States (17% in 2001
to 2004); however, a higher rate of 30% was found in
Finland (1991 to 1994).2922** The unchanged interven-
tion rate for ruptured AAA in our report can probably partly
be explained by the low intervention rate for nonruptured
AAA in Sweden, as was mentioned.

It is difficult to find any recent comparative studies on
temporal trends for ruptured and nonruptured AAA with a
complete population-based approach. The reported tem-
poral trends represent samples of the population, for exam-
ple, persons aged >65 years or a region, and do not analyze
nonruptured and ruptured AAA simultaneously. It is prob-
able that large variations in the reported numbers of inter-
ventions more reflect possible screening programs, number
ofactive vascular surgeons, study period, insurance policies,
possibility to perform EVAR, and number of computed
tomography scans in the region, rather than a specific
prevalence rate of AAA in the population studied.'%-'9-22-2%
Our data could indicate an increased restrictiveness in the
willingness to treat patients with rupture. Those admitted,

study. The low autopsy rate, 14% in 2005,2° makes any
further conclusions regarding the true number of ruptures
impossible.

An overall unchanged female proportion of 16% among
treated nonruptured patients could reflect the true distri-
bution between the sexes.”®2” Large variations in the
proportion of treated women with nonruptured AAA can
be found, however: 12% in Canada, 20% in the United
States, and 23% in New Zealand.?°?*-2° The proportion of
women treated for other manifestations of atherosclerotic
cardiovascular disease has grown during the last decades,
probably due to an increasing prevalence and a higher
detection rate.®® An increasing proportion of women with
AAA in the future could therefore be expected; of course,
we also expect an increase in the overall rate of interven-
tions.

The ratio for rupture/nonrupture interventions was
significantly different for women and men: Fewer women
were treated for ruptured AAA. This could be due to a
higher detection rate of intact aneurysms in women, but
that seems unlikely. Authors have reported that women are
less likely than men to be offered surgical intervention for
ruptured AAA, even after consideration of age and comor-
bidities.”"''*%-2% Again, the limitation of our study is that
no conclusions can be drawn about the number of patients
who were admitted but did not undergo surgery.

The 30-day mortality rate improved significantly for
patients treated for nonruptured AAA during the observa-
tion period. A referral system for major vascular surgery has
developed in Sweden during the last decades, implying that
larger volumes of major vascular procedures are being
performed in fewer centers. The influence of higher volume
(hospital or surgeon) on improved outcome has been re-
ported for AAA 23!

Mortality rates for patients treated for nonruptured
AAA occurring >30 days did not improve during the
observation period, however. It is important to notice that
this patient group has a continuously increased risk of
death, even after the first immediate postoperative period,
most prominently =6 months. In a previous report from
our group, the standardized mortality ratio for patients
surviving 60 days was 1.7 (range, 1.66-1.76), with a me-
dian survival of 8 years.?

Gender differences for outcome after nonruptured
AAA repair vary. In agreement with our findings, these
were equalized after age adjustment in a report from Can-
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ada.®® In two recent reports, one based on the United
States Nationwide Inpatient Sample (NIS), and a Swedish
report based on the Swedish Vascular (SWEDVASC) reg-
istry, women had a higher in-hospital mortality rate, even
after adjustment for age and comorbidities.>*** In the
SWEDVASC report, the influence by increasing age, open
repair, and early calendar years on 30-day mortality were
similar to our results. Gender was not a significant risk
factor in the ruptured group, but a continuously higher risk
for women for intact AAA repair was found (OR 1.5, P =
.01). Other risk factors influenced the risk more, including
renal impairment (OR, 2.4; P < .001) and heart disease
(OR, 1.7; P < .001 ). This could reflect selection in the
study population and the use of several risk factors in
the analysis, which probably influences the results in the
SWEDVASC and the NIS report.

Men more commonly have an aneurysm neck, iliac
arteries, and tortuosity that allow EVAR. This results in an
obvious sex difference in the EVAR /open repair ratio and
could contribute to different outcome rates in a society
with a high frequency of EVAR. Less than 11% of all
elective repairs were EVAR in this material, and our find-
ings cannot be extrapolated to societies with a higher rate of
EVAR. As in most reports, our data showed that patients
treated with EVAR for nonruptured AAA had an improved
outcome at 30 days, but not after 1 year.3%3”

The high mortality rate =30 days after surgery for
ruptured AAA must still be compared to the >99% mortal-
ity rate in untreated patients. In their report, Patel et al®®
concluded that surgical repair of ruptured AAA is cost-
effective. The overall 30-day mortality risk has, however,
decreased during the last years, and improvement can also
be shown in the analysis for 31 days to 1 year. The contin-
uous increased risk of death =6 months after intervention
for patients treated for ruptured AAA compared with the
population should be emphasized; this is maybe best illus-
trated by comparison with the age-matched population.

A previous study from our group found that women
had a higher risk for aneurysm-related death than men after
successful repair of AAA.3? Therefore, the causes of death
=1 year were analyzed in detail in this report. Other
cardiovascular diseases dominated, however, which indi-
cates that the increased risk for women to die from aneurysm-
related causes is most pronounced 1 year after surgery.

Our data are based on all patients treated in Sweden,
with a high validity regarding type of intervention, number
of interventions, time of procedure, and date of death. All
major vascular procedures are performed in community-
based hospitals and are registered with the NBHW because
of the reimbursement system. The limitations of register-
based studies are well known, such as a limited number of
possible variables to analyze. Missing cases would be a small
problem because health providers must report treated pa-
tients to receive funding. Furthermore, all data extracted
from the NBHW are possible to analyze on a patient-
specific level, which increases the strength of the analyses
performed.
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CONCLUSIONS

Interventions for nonruptured AAA—but not for rup-
tured AAA—increased over time, with an expected rapid
increase of EVAR in the nonruptured group. The un-
changed fraction of female patients over time possibly
reflects the true distribution of AAA between the sexes. The
postoperative survival after treatment of AAA improved, as
anticipated, over time. The survival data for women and
men treated in Sweden highlight that preoperative risk
evaluation regarding postoperative survival not should in-
clude female sex as a risk factor, but rather older age or open
repair.
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