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Abstract
Introduction: This study examined the cause of death of patients with aortic aneurysms treated for this disease between 1987 and 2014 to understand the current
natural history of this condition. Methods: This study results from analysis of a
prospectively maintained data base of patients treated by the author. Data points
were obtained from practice records and supplemented by data made available
through CHeRL (Centre for electronic Health Record Linkage). Six hundred and
twenty two patients were treated consecutively between 1987 and 2014. At closure of
the study in 2014, 402 patients had died and date of death was available. Cause of
death was available by ICD (International Classification of Diseases) 9 or 10 in 89%
of patients. Method of treatment of aneurysmal disease was available in all patients.
Ethics approval for this study was obtained from the Centre for Health Research,
Cancer Institute, New South Wales Department of Health. Statistical analysis was
conducted by comparison of mean ±95% conference interval. Where appropriate
contingency table analysis was constructed. Statistical significance was accepted at P
< 0.05. Results: Mean age at presentation was 75.6 years (95%C.I. 74.8 - 76.3). Mean
age at death was 81 years (95%C.I. 80.2 - 81.7). Predicted age at death based on Australian Bureau of Statistics life tables was 86.25 years (95%C.I. 85.8 - 86.8). Between
1987 and 1999, mean age at presentation was 74.5 years (95%C.I. 73.3 - 75, n = 304,
Females = 78). Between 2000 and 2014, mean age at presentation was 75.3 years
(95%C.I. 74.1 - 75, n = 318, females = 54). The difference for females presenting 1987
to 1999 compared 2000 to 2014 was significant, p < 0.01. Death was due to the following causes unknown 11%, cardiovascular disease 27.7%, pulmonary related disease 9.7% and aortic related disease 20.6%. Patients died of aortic related causes significantly earlier (within 2 years) compared to patients with other causes of death (5
to 8 years) due to presentation with ruptured aortic aneurysm. Cardiovascular related causes of death, malignancy and pulmonary related causes of death accounted
for the majority of deaths post-treatment. There was no significant difference in
length of survival among patients dying from these causes. Conclusion: Patients
with successfully treated aneurysmal disease can expect to survive 5 - 8 years posttreatment. Presentation with aortic aneurysm rupture results in significantly short-
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ened life expectancy. Patients presenting in the ninth decade of life and with less than
5 years life expectancy may not benefit from elective repair of aortic aneurysm.
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1. Introduction
When cause of death is considered in relation to patients with aortic aneurysm disease,
the focus has been on preventing death from ruptured aneurysm [1] [2]. Following the
report of DuBost and Oeconomos [3] on successful repair of aortic aneurysms, the
natural history of aortic aneurysmal disease changed fundamentally. Since then, the
understanding of the natural history of aortic aneurysm disease has been defined only
in patients who have aortic aneurysmal disease but are unfit for surgical repair [4]. In
1997, the author reported a study entitled “outcome for patients with abdominal aortic
aneurysms that are treated non-surgically” [5]. In this study, we found that patients
who were unfit for surgery most frequently died as a result of the condition that makes
the patient unfit for surgical repair. The EVAR 2 Trial [6] demonstrated that those patients who are unfit for open surgical repair do not benefit from Endovascular Aneurysm Repair (EVAR).
In this study, we have examined all patients who have been treated for aortic aneurysmal disease by the current standards of practice. The objective of this study was to
assess the natural history of patients with aortic aneurysm disease in the light of modern clinical practice. The information produced from this study could be used to aid
management of elderly patients with aortic aneurysm disease.

2. Methods
The patients in this study are all those treated by the principal author for aortic aneurysm disease between 1987 and 2014. A prospectively created practice based data record
was maintained during this period. All patients were followed postoperatively at 12
monthly intervals. If treated conservatively, patients were also seen annually. On each
occasion of follow up an ultrasound examination of the aorta was conducted. Thoracic
reconstructions were followed as required by CT scanning.
Follow up data was complemented where appropriate by information obtained from
the Centre for Health Record Linkage (CHEREL) and from the Registry of Birth Deaths
and Marriages, New South Wales Government. The Centre for population Health and
Research, Department of Health New South Wales provided ethics approval under the
title HREC/14/CIPHS/44 Cancer Institute of New South Wales reference number
2014/07/542. Project title: Single practice review of treated aortic aneurysms 1980
7/2/2014 [7].
Data end points selected for this study were age and sex at presentation or initial
treatment, date of presentation or treatment, type of treatment, date of death, and cause
of death as classified by ICD (International Classification of Disease) 9 and 10.
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Initial analysis involved an assessment of age and sex of all patients at presentation to
determine whether or not there had been a variation in these parameters at yearly intervals over the course of the study. Additionally the study was divided into 2 periods,
1987 to1999 and 2000 to 2014. The patient groups for these periods were compared.
Patients who were known to have died between 1987 and 2014 were then studied
with respect to type of treatment of aneurysm disease, duration of survival post treatment and identified cause of death. Date of death was available for all patients in this
study.
In some patients cause of death was not known and these patient’s were classified as
unknown cause of death. When cause of death was provided by ICD 9 or 10 code, the
cause of death was classified into one of the following categories, cardiovascular disease,
aortic related cause, malignancy, pulmonary-related disease, gastrointestinal related
cause, chronic renal failure, sepsis, senility, drug related cause, paraplegia, diabetes related cause, dyslipidaemia and cause related to connective tissue disease.
Cross tabulation of these categories with the following treatment type was performed, open abdominal aortic reconstruction, open thoracic aortic reconstruction,
endovascular aortic aneurysm repair (abdominal) (EVAR), open repair for ruptured
aortic aneurysm, thoracic endovascular repair (TEVAR), no operation with elective
follow up and no operation presenting with ruptured aortic aneurysm.
Where appropriate for the purpose of comparing means, 95% confidence intervals
were calculated to compare groups and variation between groups. Contingency tables
were analysed by Chi squared test and significance accepted at p < 0.05 level.

3. Results
Examination of the age at presentation classified by year of presentation is shown in
Figure 1. The mean age at presentation is given by year of presentation with 95% confidence intervals. The age of presentation was constant during this study. Presentation
was almost invariably in eighth decade of life and most frequently during the first half
of this decade. Over the period 1987 to 2014 of this study there was no variation in age
at time of presentation. For the first period, 1987-1999 the mean age was 74.2 years
(95% CI: 73.3 - 75, n = 304). In the second period, 2000 to 2014 mean age 75.3 years
(95% CI: 74.1 - 76.2, n = 318).

Figure 1. Mean age by year of presentation.
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Between 1987 and 1999, 25% (n = 78) of patients were female while 17.3% (n = 54)
were female in the period 2000 to 2014. Contingency table analysis, Chi-squared = 6.9,
1˚ of freedom, P < 0.01. Therefore female patients presented less frequently during the
second period 2000to 2014.
There were 402 patients from total of 622 patients who were deceased at the time of
completion of the study in 2014. In all 402 patients date of death was available. The
cause of death was not determined in 46 patients (11%). Cause of death is cross tabulated with type of treatment in Table 1. The most common cause of death was due to
cardiovascular disease (27.6%). The second most frequent cause of death was aortic related (20.6%). In the majority of these cases death was related to presentation with a
ruptured aortic aneurysm with operation (n = 35) or with ruptured aortic aneurysm
treated conservatively (n = 25). The remaining patients presented at later dates with
aneurysms in the thoracic or iliac segments or developed complications such as
aorto-enteric fistula or graft infection. Causes of death other than aortic related death
accounted for 80% of mortality. Table 1 cross references duration of survival with
cause of death for the 8 most frequent causes of death. Among causes of death, with the
exception of aortic related death, duration of survival post presentation or treatment
was consistently between 5 - 8 years and did not significantly vary. Aortic related death
resulted in significantly shorter survival than all others. This is mostly due to presentation with ruptured aortic aneurysms.
Gender distribution between the most frequent causes of death showed no significant
difference between cause of death and expected frequency of males and females within

Cause of
Death

Elective Open
Abdominal

EVAR

RAAA
Open Op.

TEVAR

No
Operation
Elective f/u

RAAA
No Op.

%

Average
Age

Range

Male

Female

Average
Survival

(95%C.I.)

Table 1. AAA deaths.

CVS*

60

19

12

5

18

0

115 (27.6%)

75.16

53 - 93

84

31

6.27

5.3 - 7.2

Aortic related

29

3

24

1

10

15

83 (20.6%)

77.89

56 - 95

60

23

2.2

1.2 - 3.23

Malignancy

35

9

7

3

10

0

64 (16%)

74.8

58 - 88

55

9

5.5

4.6 - 6.4

Unknown cause

20

15

0

1

9

0

46 (11.4%)

75.2

61 - 88

32

14

6.9

5.4 - 8.3

Pulmonary

14

9

11

1

4

0

39 (9.7%)

75.5

63 - 89

34

5

6.75

6.57 - 6.94

G.I.**

8

2

5

0

3

0

18 (4.6%)

76.7

65 - 94

15

3

6.6

4.6 - 8.6

CRF***

8

3

0

0

0

0

11 (2.7%)

71.2

55 - 82

8

3

8.4

5.6 - 11.2

Sepsis

3

1

4

0

0

0

8 (1.9%)

77.5

69 - 89

6

2

7.18

3.3 - 11

Senility

1

1

1

0

1

0

4 (1%)

75.5

61 - 86

3

1

Drug related

1

2

0

0

1

0

4 (1%)

79

69 - 89

3

1

Paraplegia

1

1

0

0

0

0

4 (1%)

74

60 - 85

3

1

Diabetes

1

0

1

0

0

0

2 (0.5%)

84

84 - 85

2

0

Dyslipidaemia

0

1

1

0

0

0

2 (0.5%)

75

73 - 78

1

1

Connective
tissue

1

0

1

0

0

0

2 (0.5%)

75

72 - 78

2

0

Total

182

66

67

11

56

15

402 (100%)

308

94

*Cardiovascular system related deaths; **Gastrointestinal; ***Chronic renal failure.
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each of the 8 categories (Chi-squared = 10.1, 7˚ of freedom, p > 0.05).
For the total of 402 patients with known date of death, average age at presentation
was 75.6 years (95% CI: 74.8 - 76.3). Age at death was 81 years (95% CI: 80.2 - 81.77).
Predicted age and survival based on Australian Bureau of statistics life tables was 86.25
years (95% CI: 85.8 - 86.88) and 10.62 years (95% CI: 10.2 - 11). Presence of aortic aneurysm disease conferred a significantly shortened life expectancy compared to predicted population survival.

4. Discussion
In this study between 1987 and 2014 there was very little variation in the age of presentation among patients with aortic aneurysmal disease. Aneurysmal disease of the aorta
remained a disease of the eighth decade of life most frequently presenting in the first
half of this decade.
Female gender presentation accounted for 25% of patients between 1987 and 1999
but only 17.5% in the period between 2000 and 2014. This was a significant decrease
during that period and may have been related to the decrease in prevalence of smoking
among females and those over 55 years of age during that period [8].
Patients with aortic aneurysmal disease in this study had an incidence of 20% of
death from aortic related disease. In the majority of cases this death was related to
presentation with ruptured aortic aneurysm. The majority who died did so following
operation but a significant part of this group also consisted patients whose quality of
life and fitness for operation did not warrant intervention. Additionally there was a
small group who refused elective intervention but later presented with rupture resulting
in death.
Cardiovascular disease (28.6%) and pulmonary disease (9.7%) accounted for almost
40% of deaths. Death due to malignancy made a significant contribution to mortality.
The total of 80% of deaths in this study was related to cause other than those pertaining
to disease of the aorta.
Duration of survival in the aortic related group was significantly less than the duration of all other groups. The majority of patients dying from aortic related causes were
dead within 2 years. Once again this is most likely due to those patients presenting with
ruptured aortic aneurysm. Those dying with a longer delay did so as a result of graft
sepsis and intestinal erosion or recurrent aneurysmal disease at other sites.
In general the overall survival among different groups as classified by cause of death
was relatively consistent. The majority of patients not dying from aortic related death
did so within 5 - 8 years post presentation.
In 1972 Szilagyi et al. reported on the clinical course of 156 patients who were considered unfit for surgery between 1952 and 1977. One hundred and twenty seven of
these never came to operation and 90 died during the 20 year follow up. Cardiovascular
disease accounted for death in 55% but aortic aneurysm rupture resulted in death in
27.8%. Similarly in 1975 Thompson et al [9], reporting on an experience with elective
aneurysm repair reported a 5.5% mortality rate post operation and attributed all these
deaths to either cardiac or pulmonary causes. Stanley-Crawford et al. [10] in 1981 reported on 191 patients with complete survival information analysed by life table tech5

R. Englund

nique over 15 years. They found a significant relationship between long-term survival
and the presence or absence of heart disease or hypertension. Hollier et al. [11] reported an increasing incidence of aortic aneurysm disease, a significant disparity between age of women and men presenting with aortic aneurysms and a significant relationship between diameter of aneurysms and presentation with rupture. They used this
patient group to demonstrate that advanced age and heart disease or hypertension significantly effected long-term survival [12]. Contrary to this Wayne-Johnston and Scobie [13] in a multi centre prospective study found that preoperative correction of coronary artery disease by operation did not improve operative mortality rate although they
later identified cardiovascular disease as a significant contributor to mortality. In a followup report of this patient group in 1994 [14] cardiovascular disease and advanced age
were found to be significant contributors to long-term mortality. The role of cardiovascular disease in mortality was again demonstrated by study in 1997 Sayers et al. [15].
In 1998 the UK Small Aneurysm Trial [16] highlighted the importance of size with respect to risk from rupture. This study demonstrated that aneurysms smaller than 5.5
cm in diameter could be safely followed with ultrasound surveillance. Conway et al.
[17] in response to the UK Small Aneurysm Study examined patients (n = 106) with
aneurysms greater than 5.5 cm in diameter and considered unfit for surgery. They
found a progressive relationship between increasing aortic aneurysm diameter and
death from ruptured aneurysm. A similar study reported by Lederle et al. [18] unsurprisingly found similar results. They made the statement “these diameters could serve
as useful thresholds for decision making... but may not apply to women.”
The EVAR 2 Trial purported to compare patients unfit for open repair treated conservatively (n = 172) and patient’s unfit for open repair treated by endovascular aneurysm repair EVAR (n = 166). Although patients were randomised into either of these 2
groups, 192 patients underwent aneurysm repair. There appeared to be some crossover
between the groups and a significant number of patients assigned to no intervention
underwent open repair. Based on these parameters it is hard to believe that the EVAR 2
trial is the definitive answer to the treatment of patients unfit for open repair of aortic
aneurysm. However the authors claimed to have demonstrated no benefit for either in
this patient group.
In current practice a clinician may be faced with the decision as to what recommendation to make to a patient as an appropriate management strategy. The question arises
as to how one can arrive at a rational decision based on current data. Clearly not every
patient with an aortic aneurysm will die from an aortic related disease such as rupture.
EVAR appears to carry a reduced risk of peri-operative death [19]. Patients could reasonably be excluded for consideration for intervention for the following reasons quality
of life considerations, presence of short-term terminal illness or condition, small aneurysm under 5 - 5.5 cm diameter, patient rejection of intervention. For patients remaining the following considerations could be made; age and sex of patient, size of aortic
aneurysm, surgeon’s mortality rate and any intercurrent conditions which may influence mortality rate such as chronic renal failure (if EVAR is contemplated) or significant cardiovascular disease and intercurrent drugs that may need to be ceased for the
procedure thus posing a risk in relationship to their cessation.
6
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For patients 80 years or more, in this study we found that 95% of patients died within
2 years of presentation therefore time benefit for these patients may be no more than 2
years.
Consideration of aneurysm size may be the next most important issue. Lederle et al.
found probable risks of rupture with initial aneurysm diameter 6.5 cm to 6.9 cm was
10.3% at 6 months, 19.1% at 12 months and 19.1% at 18 months. One would probably
need to take into consideration that these diameters may not be appropriate for females
and adjust accordingly [18].
For males of 80 years of age and aortic aneurysm greater than 5.5 cm in diameter
with no intercurrent medical conditions in the hands of the Surgeon with standard
mortality rate it would seem reasonable to offer either open or EVAR procedures. For
males with concurrent coronary artery disease taking an anticoagulant or antiplatelet
inhibitor, EVAR may be preferred over open operation. In the presence of significant
renal impairment but not dialysis dependent renal failure, EVAR may be contraindicated. In short successful treatment of aortic aneurysm disease and long-term benefit is
predicated on selection of patients for an appropriate procedure. Reasonable risk assessment predicated on known factors is likely to influence both short and long-term
survival.

5. Conclusion
Aortic aneurismal disease is a degenerative condition most commonly presenting in the
eighth decade of life and affecting mainly males. Successful modern treatment confers
an extra 5 to 8 years life expectancy. Death from disease of the aorta accounts for 20%
of deaths while 80% of patients die from degenerative disease of other organ systems.
Overall aortic aneurismal disease represents a marker for systemic degenerative disease.
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