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WHAT THIS PAPER ADDS

This is a retrospective study of the short and long-term outcome after repair of ruptured abdominal aortic
aneurysm (rAAA) in octo- and nonagenarians from the Swedish Vascular Registry 1994—2014. It shows that
approximately 50% of octo- and nonagenarians undergoing surgery for rAAA will die within 90 days, and that
50% of those who survive the peri-operative period will live for 5 years. This is valuable information when
making the decision of whether or not to attempt to repair a rAAA in an elderly patient.

Objective: To report the outcome after ruptured abdominal aortic aneurysm (rAAA) repair in octo- and
nonagenarians from the Swedish Vascular Registry 1994—2014.
Material and methods: 2335 intact AAA (iAAA) and 1538 rAAA were identified in patients aged 80 years and
older. Crude, long-term, and relative survival data were analysed using the Kaplan-Meier method. Crude survival
was calculated including all deaths. Long-term survival was analysed excluding AAA repair related mortality,
defined as death within 90 days of surgery. Relative survival was assessed by comparing the observed long-term
survival after AAA repair with the expected survival of a Swedish population adjusted for age, gender, and
operation year. Differences were compared using log-rank tests. The multivariate Cox model was used for
adjusting for confounding factors between open repair (OR) and endovascular aneurysm repair (EVAR).
Results: Crude survival after rAAA repair was 30 days (55%), 90 days (50%), 1 year (45%), 5 years (26%), and 10
years (9%). Long-term survival was 1 year (90%), 5 years (53%), and 10 years (18%). When individuals with rAAA
were categorized into males and females, crude and long-term survival showed no significant differences
(p = .204 and p = .134). When rAAA patients were categorized into age groups (80—84 years, 85—89 years, 90+)
crude survival diminished with increasing age, but long-term survival was not (p = .009 and p = .368). Compared
with the general population, rAAA patients showed only a minor decrease in relative survival. Crude survival after
rAAA was better for EVAR compared with OR (p = .007), hazard ratio 1.3 (95% Cl 1.1—1.6, p < .012).
Conclusions: There is a high (50%) peri-operative mortality after surgery for rAAA in octo- and nonagenarians,
with no significant differences between the sexes and worse survival with increasing age. However, if a patient
has survived the initial 90 days, long-term survival in this very old cohort is surprisingly good at more than 50%
after 5 years, only slightly less than the general population.
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INTRODUCTION

The number of elderly people in society is increasing. From
the Oxford Vascular Study it is known that two thirds of
acute abdominal aortic aneurysm (AAA) events occur at age
75 years and above and that 25% of these are in women."
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Thus, a significant number of elderly individuals will present
with a ruptured AAA (rAAA). This raises questions regarding
the benefit of repair in this cohort in terms of short and
long-term survival. According to the latest Cochrane review
(2014), survival data are scarce in terms of treatment of
rAAA.” A previous analysis of long-term survival after rAAA
repair in Sweden in the open repair era showed inferior
survival in individuals older than 80 compared with younger
patients.?

The proportion of endovascular aneurysm repair (EVAR)
compared with open repair (OR) when treating AAA is
increasing globally, and there are indications that at least for
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the first year there might be a survival benefit for EVAR
compared with OR”? in rAAA. The lesser invasiveness of EVAR
might be an advantage in elderly patients with a rAAA.

The Swedish Vascular Registry includes all aortic surgery
performed in Sweden (10 million inhabitants) since 1994
and provides an opportunity to analyse both short and long-
term survival in octo- and nonagenarians, as well as time
trends in surgical technique, with excellent internal and
external validity.”® The primary aim of the present investi-
gation was to report the survival after rAAA repair in octo-
and nonagenarians from the Swedish Vascular Registry
1994—2014. The secondary aim was to compare the survival
after ruptured repair (rAAA) in these two cohorts with
survival after intact (iAAA) repair, and with survival of an
age and sex matched cohort during the same time period.

MATERIALS AND METHODS

All AAA repairs registered in the Swedvasc Registry between
1994 and 2014 were identified. Survival and mortality data
for each individual in the registry were cross-checked against
data obtained from the Swedish national population data
registry August 31, 2015. Each citizen in Sweden has a unique
social security number which makes it possible to obtain
100% accurate survival data of those registered. External
validation of AAA data in Swedvasc was done by two inter-
national independent validators, who showed 98.8% (95% ClI
96.9—99.5%) agreement when local hospital administrative
data were compared with the registry.>® Expected survival
for the general population was calculated using life tables
obtained from the Human Mortality Database.”

Crude, long-term, and relative survival data were ana-
lysed separately for patients operated on for iAAA and
rAAA. Crude survival was calculated including all deaths.
Long-term survival was analysed excluding AAA repair
related mortality, defined as death within 90 days of sur-
gery. Relative survival was assessed by comparing the
observed long-term survival after rAAA repair (excluding
AAA repair related 90 day mortality) with the expected
survival of a Swedish population adjusted for age, sex, and
operation year.

Subgroup analyses were based on age, sex, comorbid-
ities, time period (1994—2004 and 2005—2014), and oper-
ative technique (endovascular aneurysm repair [EVAR],
versus open repair [OR]). Registered comorbidities included
heart disease (history of ischaemic heart disease or
congestive heart failure), pulmonary disease (history of any
pulmonary disorder), and renal disease (creatinine
>150 umol/L or renal replacement therapy). Patients were
further categorized into those with comorbidities (one or
more of the above) or no comorbidities (none of the above
comorbidities registered).

Statistics

The independent samples t test was used to compare dif-
ferences in continuous variables, the chi-square test was
used to test proportional differences in categorical variables
(Table 1), and the multivariate Cox model for adjusting for
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Table 1. Patient characteristics in iAAA and rAAA.

iAAA rAAA iAAA compared rAAA
(n) (n) (chi-square)
Overall 2335 1538
Male 1855 1183 .062
Female 480 355
Age group, years
80—84 1929 1121 <.001
85—89 375 366
>90 31 51
Period
1994—2004 771 740 <.001
2005—2014 1564 798
Technique
OR 992 1268
EVAR 1343 270 <.001
Comorbidities
No 346 357 <.001
Yes 1989 1181
Cardiac
No 1080 621 .204
Yes 1137 714
Pulmonary
No 1757 1066 .830
Yes 415 247
Renal
No 2010 1069 <.001
Yes 217 219

confounding factors (Table 2). Plots of survival for crude,
long-term (Kaplan-Meier), and relative survival (Paul Dick-
man’s relative survival method)’ were produced as well as
the log-rank test, which tests for differences in survival
curves by various groups of interest: sex, age group, period,
and technique for 1 year and 15 year time spans.

Survival proportions at specified times were calculated
for those same groups for both crude and long-term sur-
vival (excluding 90 day survival) (Table 2 and Appendix). A p
value of <.01 was considered to be significant and no
further adjustments for multiple comparisons were deemed
necessary. All estimates were calculated with 99% confi-
dence intervals (Cls).

Relative survival analysis was done using actuarial
methods combining the Swedvasc cohort with life tables for
Sweden from the Human Mortality Database,® which pro-
duces life table estimates adjusted for age, sex, and year to
compare with the general Swedish population. This was
done for both crude and long-term survival (excluding 90
day survival).

Table 2. Risk-factor analysis for death in rAAA.
Hazard ratio (95% Cl)

Age 1.1 (1.0—1.1) <.000
Sex 0.9 (0.8—1.1) 446
Comorbidities 1.1 (0.9—1.4) .315
Hearth 1.1 (1.0—1.3) .098
Pulmonary 1.3 (1.1-1.6) .001
Renal 1.3 (1.1—1.5) .003
OR versus EVAR 1.3 (1.1-1.6) .012
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All analyses were performed in STATA 13.

All registered patients consented to participate in the
Swedvasc registry. The current study was approved by the
regional ethical board (Ethics Committee at Lund University,
Sweden EPN; 2014/732, 2015/3), which waived the need for
a study specific informed consent for this registry based
analysis.

RESULTS

During the study period 1994—2014, 3873 AAA repairs were
identified in octo- and nonagenarians. Of these, 2335 were
for iAAA and 1538 for rAAA. Mean follow-up for iAAA was
4.4 + 3.4 years, median 3.7, IQR 4.5, and for rAAA 2.4 + 3.4
years, median 0.2 years, IQR 4.0.

Patient characteristics are given in Table 1. Those having
surgery for rAAA were older than those having surgery for
iAAA; 83.1 years versus 82.5 years (p < .001), and the
proportion of those aged >90 years was larger in rAAA
(p < .001). The proportion of gender showed no differences
(p = .062) between the groups but a larger number of in-
dividuals with rAAA had no comorbidities compared with
iAAA (p < .001). There was no difference between the
groups regarding cardiac (p = .830) and pulmonary disease
(p = .204), but a lower proportion of renal failure in rAAA
(p < .001).

The total number of individuals operated on for rAAA
estimated as percentages were: 80—84 years 73%, 85—89
years 24%, and above 90 years of age 3%.The number of
rAAA operated on was constant during the two time pe-
riods (1994—2003 vs. 2004—2014). However, for iAAA there
were more than twice as many in the later period
(p < .001). There were slightly more EVAR than OR in the
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iAAA group. In the rAAA group, 97% of repairs were per-
formed by OR and 3% by EVAR in the early time period,
changing to 69% OR and to 31% EVAR (p < .001) in the
later time period.

Crude and long-term overall survival differences between
rAAA and iAAA

Survival after rAAA is presented in Figs. 1 and 2. For com-
parison, data for iAAA are also presented in Figs. 1 and 2.

Thirty day, 90 day, and 1 year crude survival for rAAA was
55% (99% Cl 52—58) 50% (99% Cl| 46—53), and 45% (99% ClI
41—48) respectively. Corresponding values for iAAA were
96% (99% ClI 95—97), 93% (99% CI 92—95), and 88% (99% ClI
87—90) respectively.

One, 5, and 10 year long-term survival (excluding all
deaths up to 90 days) for rAAA was 90% (99% Cl 87—92),
53% (99% Cl 5 48—58), and 18% (99% Cl 14—23) respec-
tively. Corresponding values for iAAA were 95% (99% ClI
93—96), 60% (99% Cl 57—63), and 27% (99% Cl 24—31)
respectively.

Gender differences

There were no gender differences in rAAA regarding crude
(p = .204) or long-term survival (p = .134) up to 15 years.

Age group differences

If rAAA individuals were grouped into different age groups,
80—84 years, 85—89 years, and 90 years and above, the
crude survival was worse the older the age group (p = .009;
Fig. 4). However, if estimated as long-term survival, no
differences were found (p = .368).

logrank P<0.001
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Figure 1. Crude survival (all deaths included) in rAAA compared with iAAA for the first year. Thirty day survival is approximately 55% and 90

day survival 50% in rAAA. The 1 year result shows 45% survival.
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Figure 2. Long-term survival (all deaths up to 90 days excluded). There are only minor differences between iAAA and rAAA, although

significant (p < .001).

Relative survival after rAAA compared with the general
population

Expected survival in the general population for both males
and females compared with relative survival in rAAA is
shown in Fig. 4. Female patients with rAAA had, at 1 year
0.6%, at 5 years 4.6%, and at 10 years 6.3%, lower survival
compared with the general female population. Male

1.00 1
0.90
0.80
0.70+
0.60
0.50
0.40
0.30
0.20
0.10+

Crude survival

patients with rAAA had, at 1 year 1%, at 5 years 2.5%, and
at 10 years 2.3%, lower survival compared with the general
male population.

EVAR versus OR in rAAA

The number of individuals operated on during 1994—2004
was n = 740, versus n = 798 during 2005—2014 (p < .001).

logrank P = .009
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Figure 3. Crude survival in rAAA categorized into different age groups: 80—84 years, 85—89 years, and 90 years and above; the older the

patient, the worse the outcome.
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Figure 4. Relative survival in males and females with rAAA compared with the age and sex-matched general population in Sweden.

The proportions of OR and EVAR were 97% and 3% in the
early period, whereas in the later period these were 69%
and 31%.

Thirty day, 90 day, and 1 year crude survival for rAAA
treated by EVAR was 71% (99% Cl 63—78), 64% (99% Cl 56—
71), and 55% (99% ClI 47—63) respectively. Corresponding
values for rAAA treated by OR were 52% (99% Cl 48—55),
47% (99% Cl 43—50), and 43% (99% Cl 39—46) respectively
(p < .001; Fig. 5).

1.00 1
0.90+
0.80
0.70
0.60
0.50
0.40

Crude survival

0.30
0.204
0.104

One vyear, 5 year, and 10 year long-term survival
(excluding all deaths up to 90 days) for rAAA treated by
EVAR was 86% (99% Cl 78—92), 47% (99% Cl 35—58), and
12% (99% ClI 2—35) respectively. Corresponding values for
rAAA treated by OR were 91% (99% Cl 87—93), 55% (99% ClI
50—60), and 19% (99% Cl 14—24) respectively (p = .26).

The hazard ratio was 1.3 (95% ClI 1.1—1.6) when OR was
used compared with EVAR in a risk-factor analysis for death
in rAAA (Table 2)

logrank P = .007
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Figure 5. Crude survival shows a benefit of EVAR compared with open repair rAAA.
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DISCUSSION

The present investigation shows a high peri-operative mor-
tality, approximately 50%, after surgery for rAAA in octo- and
nonagenarians (Fig. 1). However, in this very old cohort, if a
patient survived the initial 90 days, long-term survival after 5
years was high (>50%) (Fig. 2). Furthermore, compared with
the age and sex-matched general population, relative sur-
vival was only marginally decreased (Fig. 4). Data in the
literature are scarce regarding survival data in this very old
cohort. Bakarat found a 30 day mortality of 43.5% with a
median survival of 5.4 years in a small series of just over 100
octogenarians.” In a selected cohort of 60 octogenarians,
Opferman et al.”® found a 30 day mortality of 27% and that
more than half of the cohort did not survive beyond 3 years.
In accordance with the present investigation, they also
found that expected survival was only slightly less compared
with the general population if patients survived the initial
post-operative period. A previous report from Mani et al.
showed decreased crude survival in individuals older than 80
compared with younger individuals.®

A recent meta-analysis of the 1 year outcome after repair
of rAAA, compiling the randomised IMPROVE, AJAX, and
ECAR trials,"* showed a 61.4% (EVAR) to 57.2% (OR) 1 year
survival, compared with 45% in the present investigation.
However, it must be noted that the present study is a
register study and that the patients were substantially older
(for instance, the mean age in the IMPROVE study was 76.7
years). Furthermore, it is likely that there was selection bias
in the present study, accepting only the fittest patients for
surgery. The turndown rate is unknown but might be high.
In the largest of the randomised studies, the IMPROVE
study, only half of the patients who arrived at the hospital
were included.

No sex differences in survival were observed, which is
interesting as both expansion rate, likelihood of rupture at
smaller diameter, and higher mortality following rupture
have been found in females in a previous study.'? This in-
dicates that there might be a selection bias not only with
regards to the selection of the fittest for surgery, but also
with respect to sex.

Peri-operative mortality increases with increasing age
(Fig. 3). From a biological standpoint this seems plausible;
however, the number of individuals who are very old (>90)
is very low, and it does not allow for differentiation between
sexes, making this conclusion less robust. Furthermore,
there are indications in the literature that it is not age per
se but rather haemodynamic stability that predicts survival
in this cohort."”

EVAR has achieved widespread implementation around
the world and is the first choice for elective repair of AAA in
many countries. In the acute situation it is also emerging as
the method of choice in some centres. The logistics sur-
rounding EVAR treatment around the clock are being
addressed in many centres and will allow for more frequent
use. Recent randomised trials (IMPROVE, AJAX, ECAR) indi-
cate that EVAR could be particularly beneficial for women as
are procedures done under local anaesthesia.™* The present
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investigation shows that crude survival after EVAR is
favourable compared with open repair (Fig. 5). However, it
must be noted that the proportion of patients who had
EVAR was much lower than the proportion who had open
repair, and there was probably selection in favour of those
who were more haemodynamically stable. Furthermore, the
EVAR procedures may have been performed more frequently
in specialised endovascular centres. However, the data point
in the same direction as the randomised trials.

It is also interesting to note that the number of in-
dividuals treated for rAAA was constant during the early and
late time periods, in contrast to the numbers treated for
iAAA which doubled during the later period. Another dif-
ference between the two groups was that EVAR was the
dominant operative technique in the iAAA group, whereas
OR was more frequently used in the rAAA group, probably
reflecting the more complex logistics of emergency EVAR.
Also, those who underwent emergency repair for rAAA
were healthier, with a lower proportion of comorbidities
(p < .001) and renal impairment (p < .001) when compared
with those treated for iAAA (Table 1).

Limitations and strengths of the investigation

The Swedvasc Register data has been externally validated
and has very high agreement with local hospital adminis-
trative data. This, in combination with every Swede having a
unique social security number, makes mortality data abso-
lutely accurate. Date of operation, type of procedure (EVAR
vs. OR), and whether the individual was dead or alive at the
end of the study period can therefore be regarded as ac-
curate. Rather, the limitation is whether the patient had
been deemed unfit or unwilling to undergo surgery and
because of this no operative attempt was pursued. The
decision for this as well as whether to perform OR or EVAR
was made by the individual surgeon and was influenced by
many different factors, which vary among surgeons, type of
institution, local policy, and tradition, and also over time.
The turndown rate for surgery during the study period
could not be estimated. Data regarding haemodynamic
stability were missing in more than half of the patients and
therefore, unfortunately, could not be evaluated. Further-
more, the number of nonagenarians (3%) in the study was
limited, making conclusions in this age group less robust.

Traditionally, in the surgical literature, peri-operative
mortality has been defined as death that occurring in hos-
pital or within 30 days of surgery. However, this may un-
derestimate ‘true’ mortality related to the procedure. For
this reason 90 day mortality has been proposed as the
preferred indicator of peri-operative outcome by several
authors.>**** This was also observed in the present report,
where mortality after intact AAA increased significantly
from 4% to 7% between 30 and 90 days, and from 45% to
50% after rAAA repair. The difference between 30 and 90
day mortality is however, small in relation to the long-term
mortality in this aged patient group, and therefore 90 day
peri-operative mortality was chosen in the present
investigation
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The strength of the study is that it reflects real life
practice and outcome of rAAA in Sweden over a long period
of time.

In conclusion, this study suggests that approximately 50%
of octo- and nonagenarians having surgery for rAAA will die
within 90 days, and 50% of those who survive the peri-
operative period will live for 5 years. Of all patients with
rAAA operated on in this elderly cohort, 25% will be alive
after 5 years. Long-term survival is only slightly lower than
that of an age and sex-matched population if the patient
survives the initial 90 days.
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