
Long term relative survival after surgery for abdominal
aortic aneurysm in Western Australia: population based
study
Paul E Norman, James B Semmens, Michael M D Lawrence-Brown, C D’Arcy J Holman

Abstract
Objective: To determine the long term relative
survival of all patients who had surgery for abdominal
aortic aneurysm in Western Australia during 1985-94.
Design: Population based study.
Setting: Western Australia.
Subjects: All patients who had had surgery for
abdominal aortic aneurysm in Western Australia
during 1985-94.
Main outcome measures: Morbidity and mortality
data of patients admitted and surgically treated for
abdominal aortic aneurysm in Western Australia
during 1985-94. Elective, ruptured, and acute
non-ruptured cases were analysed separately.
Independent analyses for sex and patients aged 80
years or more were also undertaken. Postoperative
( > 30 days) relative survival was assessed against age
and sex matched controls.
Results: Overall, 1475 (1257 men, 218 women) cases
were identified. The crude five year survival after
elective surgery, including deaths within 30 days of
surgery, was 79% for both men and women. When
compared with a matched population the five year
relative survival after elective surgery was 94.9% (95%
confidence interval 89.9% to 99.9%) for men but only
88.0% (76.3% to 99.7%) for women. The five year
relative survival of those aged 80 years and over was
good: 116.6% (89.1% to 144.0%) compared with
92.4% (87.7% to 97.0%) for those under 80 years of
age (men and women combined). Cardiovascular
disease caused 57.8% of the 341 deaths after 30 days.
Conclusion: In a condition such as abdominal aortic
aneurysm, which occurs in elderly patients, relative
survival is more clinically meaningful than crude
survival. The five year relative survival in cases of
elective and ruptured abdominal aortic aneurysm was
better in men than in women. This is probably because
of greater comorbidity in women with abdominal aortic
aneurysm and this deserves more attention in the
future. The long term survival outcome in
octogenarians supports surgery in selected cases.

Introduction
Surgeons place much emphasis on the 30 day case
fatality rates after surgery for abdominal aortic
aneurysm, and there is much literature on the topic.1–3

Long term survival, particularly in a condition that
affects elderly patients with significant comorbidity, is
equally important yet infrequently reported. Data on
long term survival are especially important if
population screening and endoluminal grafting of
abdominal aortic aneurysms are introduced, as the
diagnostic rate and intervention rate for abdominal
aortic aneurysm may increase.

At least 20 publications in English report a diverse
range of five year survival rates after surgery for
abdominal aortic aneurysm. As with case fatality rates
the results depend on several factors including source
of data (institutional versus population based), period
studied (1970s versus 1990s), patient characteristics
such as age, sex, and admission status (elective,
ruptured, acute non-ruptured), and methods of analy-
sis. Clinicians caring for patients with abdominal aortic
aneurysm are usually familiar with the immediate case
fatality rate after surgery for the condition, but are
unlikely to be confident about quoting the expected
five year survival to their patients. This information
may influence the referral practices of physicians and
general practitioners.

We aimed to establish the five year relative survival
in all patients who were surgically treated for abdomi-
nal aortic aneurysm in Western Australia during 1985-
94. Western Australia is an ideal location for the study
of long term outcomes after surgery because it has a
database of linked hospital and vital records that
provides complete information on its population, it has
a geographically isolated population, and tertiary
health services are centralised. Our study is one of the
largest population based studies of surgery for
abdominal aortic aneurysm and shows the influence of
admission status, age, and sex on relative survival after
surgery for abdominal aortic aneurysm.

Subjects and methods
Selection of patients
The Western Australia linked database consists of hos-
pital morbidity data, birth and death records, mental
health services’ data, cancer registrations, and mid-
wives’ notifications for the population of Western Aus-
tralia from 1980.4 In our study the database was used to
link hospital records for all patients who had had sur-
gery for abdominal aortic aneurysm during 1985-94.
All morbidity records with a patient admission date
before 1988 were selected using the combined ICD-9
(international classification of diseases, 9th revision)
diagnosis codes (441.30 or 441.40) and ICPM
(international classification of procedures in medicine)
procedure code (58.53).5 6 Patients admitted during
1988-94 were selected using the combined ICD-9-CM
diagnosis codes (441.30 or 441.40) and ICD-9-CM
procedure code (38.44).7 8 The anonymised data file for
our study was obtained from the Western Australia
database and was current on 20 November 1996.

Our study population was divided into three
groups based on admission status and procedure code:
patients admitted for elective surgery, those undergo-
ing surgery for ruptured abdominal aortic aneurysm,
and those admitted to hospital as an emergency with-
out mention of rupture, but who underwent surgery
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for abdominal aortic aneurysm (acute non-ruptured).
Validation of 10% of records failed to identify any
errors in this method of classification. The acute
non-ruptured group was studied separately as there is
evidence that the mortality rate in this group differs
from that in elective cases.9–12 Surgery for abdominal
aortic aneurysm (without evidence of rupture) was the
primary procedure in 94% (241/257) of cases within
this group; the remaining 16 (6%) cases included addi-
tional procedures described elsewhere.9 Patients were
restricted to those aged 55 years and over because
cases of abdominal aortic aneurysm under this age
were rare (n = 30, 2% of total) and may have been
atypical.13

Relative survival
The concept of relative survival was described in the
1960s14 and its application to survival of cancer
patients developed in the 1980s.15 16 Relative survival is
the ratio of the survival observed in patients to the sur-
vival of a population similar to the patient group
regarding calendar period, geographical location, age,
and sex. Although relative survival is a ratio of two pro-
portions, not a rate, rate is often used in this context.

In those patients who survived the repair
procedure for more than 30 days, long term relative
survival was estimated with the use of a computer pro-
gram developed by the Mayo Clinic17 using the
Hakulinen method.15 18 The program was modified to
include yearly life table data for the Western Australian
population in 1980-96, as supplied by the Australian
Bureau of Statistics, and estimates the expected
survival based on population hazard rates. Differences
between the survival estimates of the observed cases
and the expected population were determined by a
one sample log rank test.17 The influence of patient
admission status (elective, ruptured, and acute non-
ruptured), sex, and age on the outcomes was examined
separately.

The index admission for each patient was defined
as the hospital episode in which the repair procedure
was first carried out. The exact date of the procedure
was not available from the morbidity discharge
records. Therefore, survival time was calculated from
the date of admission for patients admitted for rupture.
For those admitted as an elective or acute non-
ruptured case, survival time was calculated from a date
two days after the date of admission because standard
practice in some hospitals involved admission two days
before surgery. Case fatality was calculated from the
number of deaths occurring within 30 days from the
estimated date of surgery. Survival time in patients who
remained alive during the study period was censored at
31 December 1995.

Results
Table 1 summarises the case fatality at 30 days and five
years in men and women. The expected five year
survival in Western Australia for men and women
respectively was 93.6% and 96.4% at 60 years, 79.5%
and 90.2% at 70 years, and 59.7% and 73.9% at 80
years.

Figures 1 to 3 give the results of the relative survival
analysis; deaths occurring within 30 days of surgery are
excluded. Figure 1 combines elective and emergency

cases and shows the poor relative survival of women
compared with men. After elective surgery the survival
of women but not men was significantly worse
(P = 0.003 versus P = 0.149, log rank test) than that of
the expected group (fig 2). The survival curve for
patients less than 80 years of age was significantly less
(P < 0.001) than the expected group, but the curve for
the octogenarians rose (fig 3) as their survival was
better than that expected in the matched population
(P = 0.048).

The primary cause of death for all cases (n = 341)
dying more than 30 days after surgery for abdominal
aortic aneurysm was: ischaemic heart disease (n = 124,
36.4%), stroke (n = 22, 6.5%), other cardiovascular
disease (n = 51, 15.0%), malignant disease (n = 87,
25.5%), respiratory disease (n = 29, 8.5%), and other
causes (n = 28, 8.1%).

Discussion
Over the past 15 years published reports on the five
year survival after surgery for abdominal aortic
aneurysm have included at least four multicen-
tre,3 10 19 20 three population based,21–23 and several insti-

Table 1 Deaths from abdominal aortic aneurysm at 30 days and 5 years in men and
women by admission status in Western Australia, 1985-94. Values are numbers
(percentages)

Admission status

Men (n=1257) Women (n=218)

No
operated

on 30 days 5 years

No
operated

on 30 days 5 years

Ruptured* 242 84 (34.7) 117 (48.3) 41 18 (43.9) 29 (70.7)

Elective 796 35 (4.4) 167 (21.0) 139 5 (3.6) 28 (20.1)

Acute non-ruptured 219 16 (7.3) 75 (34.2) 38 7 (18.4) 14 (36.8)

*283 cases undergoing surgery for rupture represent only 32.4% of all ruptured abdominal aortic
aneurysms (n=873) during study period; remainder died before admission (n=379) or after admission but
without surgery (n=211).9
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Fig 1 Relative survival of men and women, excluding 30 day
mortality, who had surgery for abdominal aortic aneurysm in
Western Australia during 1985-94

1 year 5 years

Men:

No at risk 1059 352

Relative survival (%) (95% CI) 98.5 (97.1 to 99.9) 92.3 (88.2 to 96.5)

Women:

No at risk 179 61

Relative survival (%) (95% CI) 98.4 (95.3 to 101.6) 85.8 (76.2 to 95.5)
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tutional studies.1 2 24–28 Based on these reports, the
range of crude five year survival after elective surgery
would seem to be about 60-80%. Although most
reports include an expected survival in a matched
population, they do not provide enough detail for rela-
tive survival to be calculated accurately. In abdominal
aortic aneurysm, which usually occurs in elderly
patients with substantial comorbidity, relative survival
as well as crude survival is clinically meaningful.
Furthermore, institutional data are subject to bias,12

which may be minimised by the use of a community
based study design. Our study addresses these

problems by providing relative survival analysis of
population based data.

Sometimes the quality of administrative data is
questioned, but from our experience the Western Aus-
tralia core datasets are of a high standard. In the case of
the hospital morbidity data system, 21 different quality
checks are built into the provision of data from hospi-
tals, and there are periodic audits of random selections
of hospital assigned codes. By September 1996, the
proportions of invalid links (false positives) and missed
links (false negatives) were both estimated at 0.11%.

Although a perceived limitation of the Western
Australia linked database may be that it does not detect
deaths outside Western Australia, the mortality data
are more than 99% complete. Estimations of census
data supplied by the Australian Bureau of Statistics
show that only 1.7% of the population over 18 years of
age leave Western Australia permanently each year.
Allowing for deaths and greater residential stability in
an older age group with a significant medical history, it
is estimated that less than 1% of the patients in this
study were lost to follow up due to migration. The
number of deaths occurring outside Western Australia
is therefore very small and unlikely to influence the
observed five year survival. Apart from the reliability of
a database, various methodological factors (such as the
inclusion or exclusion of deaths within 30 days of sur-
gery and whether the acute non-ruptured cases were
combined with elective cases) can also influence the
results and make comparisons between studies
difficult.

Five year relative survival was estimated for those
patients who survived beyond 30 days of the initial
procedure (figs 1-3). As the crude case fatality within 30
days may be substantial, particularly in ruptured
abdominal aortic aneurysm, this has been provided in
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Fig 2 Relative survival of men and women, excluding 30 day
mortality, admitted for elective, rupture, and non-rupture surgery for
abdominal aortic aneurysm in Western Australia during 1985-94

Men Women

1 year 5 years 1 year 5 years

Ruptured:

No at risk 146 54 17 5

Relative survival
(%) (95% CI)

96.9 (92.6
to 101.2)

95.0 (84.1
to 105.8)

77.0 (58.3
to 95.6)

52.3 (22.5
to 82.1)

Acute non-ruptured:

No at risk 185 84 30 20

Relative survival
(%) (95% CI)

95.2 (91.1
to 99.3)

82.3 (72.8
to 91.8)

100.7 (94.2
to 104.0)

96.0 (76.4
to 115.5)

Elective:

No at risk 728 214 132 36

Relative survival
(%) (95% CI)

99.7 (98.1
to 101.2)

94.9 (89.8
to 99.9)

101.6 (99.5
to 103.1)

88.0 (76.3
to 99.7)
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Fig 3 Relative survival of all patients aged less than 80 years (693
men, 117 women) or 80 years and over (68 men, 17 women) who
had elective surgery for abdominal aortic aneurysm in Western
Australia during 1985-94

1 year 5 years

55-79 years:

No at risk 781 239

Relative survival (%)
(95% CI)

99.6 (98.2 to 100.1) 92.4 (87.7 to 97.0)

>80 years:

No at risk 79 11

Relative survival (%)
(95% CI)

103.7 (97.6 to
109.8)

116.6 (89.1 to 144.0)
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Table 1. Figure 1 highlights the poor outcome in
women compared with men. Although combining all
cases provides a useful overview, the clinical differences
between elective, ruptured, and acute non-ruptured
abdominal aortic aneurysm are such that their survival
needs to be examined separately (fig 2).

Elective surgery—In terms of clinical management it
is information about five year survival after elective
surgery that is most useful, particularly for clinicians
considering referral of a patient for surgery. It is likely
that for most men the chance of surviving five years
after surgery equal to 95% of that expected for their
age would be acceptable. They and their doctors would
be more concerned about the 4% mortality within 30
days of surgery (table 1). These data support a policy of
elective surgery given the cumulative risk of rupture of
an abdominal aortic aneurysm ( > 5 cm in diameter),
and the case fatality from rupture is 80%.9 29 Although
we do not address quality of life there is evidence that
patients undergoing elective surgery for repair of
abdominal aortic aneurysm retain good quality of life.30

The results in women are more difficult to interpret
because of small numbers. Their relative survival after
elective surgery seems to be worse than in men (fig 2).
A recent population based study found that women
were less likely than men to survive to discharge after
both elective and emergency surgery for abdominal
aortic aneurysm.31 Evidence from screening studies
suggests that women with abdominal aortic aneurysm
are more likely to have been smokers than men with
the condition.32 This may contribute to greater cardio-
vascular comorbidity and consequently poorer five
year survival and needs to be considered in the follow
up of women with abdominal aortic aneurysm.

Emergency cases—Acute non-ruptured cases present
several problems in the analysis of outcome after
surgery. Although cases in our group were heterogene-
ous, we believed they were sufficiently distinct from
both elective and ruptured cases to be analysed
separately.9 In men the crude 30 day and five year case
fatality seems to lie between the elective and ruptured
cases (table 1). This has been previously reported.1 10 27

The relative survival at five years for men in the acute
non-ruptured group was only 82.3%, presumably
reflecting other disease that may have resulted in
admission.

Any survival after rupture of an abdominal aortic
aneurysm is a bonus although quality of life may be
variable. The five year relative survival of 95% in men
after rupture is tempered by the observation that 80%
die before admission to hospital or within 30 days of
surgery9; that is, this is a highly selected group with only
the fittest patients surviving beyond 30 days. As with
the elective cases the outcome in women was worse
than in men especially after rupture. The high 30 day
case fatality in acute non-ruptured cases in women
may explain the good five year relative survival.

Influence of age—We examined the relative survival
after elective surgery for abdominal aortic aneurysm in
octogenarians because of several reports advocating
surgery in this age group.26 28 Surgery for abdominal
aortic aneurysm in octogenarians is often reluctantly
undertaken because even if they survive the operation,
long term survival would not justify such major surgery
in an elderly person. The relative survival of
octogenarians undergoing elective surgery (n = 85)

was better than those aged less than 80 years (fig 3).
Clearly all these cases were highly selected, but these
data indicate that reasonable longevity (albeit of
unknown quality) can be expected after elective
surgery for abdominal aortic aneurysm in selected
patients aged 80 or more years.

The management of abdominal aortic aneurysm
seems to produce better short and long term results in
men compared with women. Because of increasing
awareness of abdominal aortic aneurysm in otherwise
healthy men the rate of detection and treatment within
this group has increased over the past decade.9 This
may not be occurring to the same extent in women,
and it is possible that the rate of detection has tended
to be greatest for women with other medical
conditions and comorbidity—that is, case selection has
contributed to the poor long term outcome in women.
If the current randomised controlled trials of screening
for abdominal aortic aneurysm in elderly men show
screening to be beneficial, the outlook for men with the
condition should remain satisfactory. The situation for
women is not so favourable: they are not being
assessed in screening trials because of the low
prevalence of abdominal aortic aneurysm, they may be
less likely to undergo elective surgery than men,31 and
they do worse than men after surgery for abdominal
aortic aneurysm. Our study suggests that the clinical
management of abdominal aortic aneurysm in women
needs more attention.
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Key messages
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Effect of sex of fetus on asthma during pregnancy: blind
prospective study
N Beecroft, G M Cochrane, Heather J Milburn

The course of asthma during pregnancy is variable and
may remain unchanged, worsen, or improve, returning
to the pre-pregnancy state within three months after
parturition.1 Some patients experience the same
changes in each pregnancy, but nearly half do not, sug-
gesting some intrinsic or extrinsic factor unique to
each pregnancy such as the sex of the fetus.1 We
observed that the condition of patients with moderate
to severe asthma generally deteriorated when they
were pregnant with girls but not boys, raising the
intriguing possibility that the sex of the fetus might
influence the course of asthma during pregnancy. We
investigated this possibility in a blind prospective study.

Subjects, methods, and results
All women aged 25-34 who were receiving regular
drug treatment for asthma and were in the second tri-
mester of pregnancy (12-21 weeks’ gestation) were
approached directly to participate in the study. Twenty
eight women were recruited from three hospital and

four general practice antenatal clinics and six from an
asthma clinic. Twelve had not taken inhaled steroids
(beclomethasone or budesonide) regularly before
pregnancy, 16 took 200-500 ìg daily, and six more
than 500 ìg daily. None was taking oral steroids. None
knew the sex of their baby before delivery. The study
took the form of a questionnaire on symptoms of
asthma, cough, shortness of breath, nocturnal waking
due to asthma, drug treatment (frequency and
amount), and visits to a doctor for asthma before and
since the beginning of pregnancy, a minimum period
of 12 weeks. Subjects were also asked to keep daily
diary cards and peak expiratory flow readings
throughout pregnancy. All 34 subjects completed the
questionnaire; only 15 agreed to keep daily records
and only 6 successfully completed these. We have
therefore based our analysis on the questionnaire
alone. Subjects were contacted again after parturition
to ascertain the sex of the baby.

Eighteen women had boys and 16 girls. There was
no difference in age range of mothers, gestation at time
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