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WHAT THIS PAPER ADDS

Ruptured aneurysm of the abdominal aorta (rAAA) is a life threatening situation, and it is debatable whether or
not octogenarians should be operated for a rAAA. This systematic review provides an overview of the survival
outcomes of rAAA in octogenarians, which is useful in the conversation with the patient and family when
making the decision to operate or not. Based on the results patients should not be denied treatment for a rAAA
based on age alone.
Objective: This meta-analysis sought to identify the mortality and ambulatory state 30 days and one year post-
operatively in octogenarians treated for ruptured abdominal aortic aneurysm (rAAA) by endovascular aneurysm
repair (EVAR) or open repair (OR). rAAA is a life threatening emergency occurring increasingly in octogenarians.
Surgical treatment, open or endovascular, offers the only chance of survival albeit with significant mortality and
morbidity rates and a high burden to society. In order to make an informed decision on management,
contemporary treatment outcomes should be known. The aim of this study was to perform a systematic
review and meta-analysis on rAAA repair in octogenarians.
Methods: The Pubmed, Embase and Cochrane databases were searched for articles published between 2013 and
October 2018 on octogenarians treated for a rAAA. Meta-analysis was performed using the random effects model
to calculate the 30 day and one year mortality.
Results: The search resulted in a total of 1569 articles, of which eight retrospective studies could be included,
reporting on 7526 patients. All studies reported 30 day mortality in octogenarians, and the one year mortality
was addressed in four studies. Ambulatory state was not reported. Meta-analysis showed a 30 day mortality
of 43% (95% confidence interval (CI) 33e53) and a one year mortality of 47% (95% CI 32e62). Patients after
EVAR had a significant lower mortality at 30 days (risk ratio (RR) 0.50, 95% CI 0.38e0.67) and at one year
(RR 0.65, 95% CI 0.44e0.96).
Conclusion: The 30 day and one year mortality rates for rAAA repair in octogenarians are similar to the outcome
at all ages, with a significant survival advantage of EVAR over OR. Patients should therefore not be denied
treatment of a rAAA based on age alone.
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INTRODUCTION

Emergency surgery is the only treatment to enable/to offer
a chance of survival for ruptured abdominal aortic aneu-
rysm (rAAA). In the general population the one year mor-
tality rate after rAAA repair is 38.6% for endovascular
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aneurysm repair (EVAR) and 42.8% for open repair (OR)
according to a recent meta-analysis.1 Although AAA mainly
affects elderly people2 and age has been found to be an
independent risk factor for death after ruptured AAA
repair,3e5 little information is available concerning the
outcomes of treatment for rAAA in very elderly people. The
current European Society for Vascular Surgery clinical
practice guidelines of 2019 on the management of AAA6 are
the first to give cautious advice regarding treatment of
octogenarians who present with rAAA. In these guidelines
reference is made to a systematic review from the year
l Aortic Aneurysm Repair in Octogenarians: A Systematic Review and Meta-
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2010 describing OR outcomes of rAAA in octogenarians.7

This study yielded an immediate survival rate of 59.2%.
Those survivors showed a one year survival rate of 82.4%.
However, since 2010 further advances have been made in
rAAA treatment, mainly by the increased rates of emer-
gency EVAR. It is conceivable that the mortality rate after
rAAA repair has changed during the last years. Another
systematic review on rAAA in octogenarians has been per-
formed, but including only two articles with patients
treated between 1990 and 2014.8 Besides survival rates,
more subtle indicators of success in treatment of rAAA in
elderly people, such as ambulatory state after rAAA repair,
are poorly reported. In certain frail patients, palliative
treatment should be considered as an alternative option
and preferably be discussed with patient and family.
Outcome results and ambulatory state after rAAA repair are
important in those conversations to ensure true shared
decision making. The current systematic review and meta-
analysis was performed to provide insight into these re-
sults on contemporary outcome of rAAA repair in octoge-
narians, comparing OR vs. EVAR.

METHODS

The systematic review was performed according to the
Preferred Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA)9 and the Meta-analyses Of Observational
Studies in Epidemiology (MOOSE) checklist.10

Eligibility criteria

Studies examining patients of any gender, � 80 years with a
rAAA, treated by EVAR or OR were included in the systematic
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Figure 1. PRISMA flow diagram of search strategy. AA
abdominal aortic aneurysm.
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review, provided that 30 day mortality, one year mortality or
the post-operative ambulatory state were reported. All other
kinds of aneurysm, symptomatic AAA, or elective repair were
excluded. In addition, studies in which data were not speci-
fied for patients �80 years or for emergency repair, were
excluded. Case reports with fewer than three patients and
narrative reviews were excluded as well.
Search strategy

Electronic databases were searched including PubMed
(2013e2018), EMBASE (2013e2018), and the Cochrane Li-
brary (2013e2018) using medical subject heading (MeSH).
The last search was performed on 30 October 2018. The
following index terms and free text were used: “Aged, 80
and over”, “elderly”, “octogenarian”, “aged”, “very elderly”,
“Aortic Aneurysm, Abdominal”, “patient discharge”,
“ambulatory state”. Study titles and abstracts were
screened, and full texts were examined when a study
appeared to fulfil the inclusion criteria. Furthermore,
reference lists of included studies were screened to identify
potentially missing studies (snowball search). No language
restriction was used.
Study selection

Titles and abstracts of studies considered for the inclusion
criteria were reviewed by two independent reviewers (L.R.,
G.K.). If any article was marked for inclusion by either
reviewer, it went on to full text screening. The two re-
viewers did full text review separately and independently.
Records excluded n=1510  

ysis 

Full-text articles excluded with reasons 

- Only elective repair or elective
AAA data not separated from rAAA  

n=23 

- Data not specified for age 80+ 

n=20 

- Review n=2   

- None of the outcome variables n=5  

- Duplicate datasets n=1   

 identified
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A ¼ abdominal aortic aneurysm; rAAA ¼ ruptured
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When disagreement occurred, consensus was reached
following discussion with the senior author (V.J.).
Data extraction

The included studies were independently assessed by two
reviewers (L.R., G.K.) with a modified Cochrane data
extraction and assessment template.11 In case of missing
information, the corresponding author was contacted to
obtain this information.12e14 When studies used the same
database, the study with the largest patient population was
included.

The following data were extracted on study characteris-
tics (first author, year of publication, country of study, study
design, funding source of study), baseline characteristics
(age, sex, living place before admission, ambulatory state
pre/post-operative, medical history), procedure character-
istics (endovascular or open aneurysm repair), and out-
comes (30 day mortality, one year mortality, post-operative
ambulatory state).
Risk of bias in individual studies

Risk of bias was classified using the NewcastleeOttawa
Scale (NOS) assessing the quality of non-randomised
studies in meta-analyses.15 Each study was evaluated on
eight items and categorised into three groups; “Selection”,
Table 1. Thirty Day and 1 year mortality rates in 8 included studies
(n [ 7 526)

Study Study
design

Inclusion
period

Origin Tot
oct

Barakat,
201418

RO, PD 1990e2011 UK 138

Raats,
201412

RO 2005e2011 The
Netherlands

12

Edwards,
201419

RO 2001e2008 USA 347

De Rango,
201620

RO, PD 2006e2015 Italy 55

Hicks,
201613

RO, PR 2003e2014 USA 862

Sonesson,
201721

RO, PR, N, V 1994e2014 Sweden 153

Tan,
201722

RO, PR, V 2005e2014 USA 104

Von
Beckerath,
201814

RO, N, V 2005e2015 Germany 400

EVAR ¼ endovascular aneurysm repair; NP ¼ not provided, OR ¼ open r
PR ¼ prospective registry, N ¼ national registry, V ¼ validated.
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“Exposure/Outcome”, and “Comparability”. The maximum
number of 9 stars could be awarded, if the study was of
high quality. A score �8 suggests low risk of bias, 6e7
suggests moderate risk of bias, and �5 suggest a high risk of
bias. The risk of bias was individually assessed by two re-
viewers (L.R., G.K.). When disagreement occurred,
consensus was reached, followed by a final discussion with
the senior author (V.J.).

Statistical analysis

The statistical programs “R” �64 3.5.116 and RevMan 5.317

were used for the statistical analyses. A meta-analysis was
performed using the “random effect” model for pooling.
The heterogeneity across the studies was calculated with
the I2 test. The results were expressed as risk ratio (RR)
with 95% confidence interval (95% CI) and as pooled
proportions (%) with 95% CI.

RESULTS

Study selection

The initial search identified 1569 studies (Fig. 1), of which
1510 studies were excluded, based on title and abstract.
After reading the remaining 59 full texts, eight studies met
the inclusion criteria and were included in the review.12e
14,18e22 Twenty-three studies were rejected due to
of ruptured abdominal aortic aneurysm repair in octogenarians

al no. of
ogenarians

30 day mortality e % 1 year mortality e %

Overall EVAR OR Overall EVAR OR

EVAR: 0
OR: 138

NP NP 44 NP NP 55

EVAR: 3
OR: 9

33 NP NP 42 NP NP

3
EVAR: 440
OR: 3033

60 44 62 NP NP NP

EVAR: 31
OR: 24

51 42 63 NP NP NP

EVAR: 563
OR: 299

26 17 41 33 26 48

8
EVAR: 270
OR: 1268

45 29 48 55 45 57

8
EVAR: 450
OR: 598

41 33 47 NP NP NP

EVAR: 169
OR: 231

41 9 65 NP NP NP

epair; RO ¼ retrospective observational, PD ¼ prospective database,

l Aortic Aneurysm Repair in Octogenarians: A Systematic Review and Meta-
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Table 2. Risk of bias assessment using the NewcastleeOttawa
quality assessment scale criteria15

Study Selection Comparability Outcome

Barakat, 201418 +++ ++

Raats, 201412 +++ +++

Edwards, 201419 ++++ ++ +++

De Rango, 201620 ++++ +++
Hicks, 201613 ++++ ++ +++

Sonesson, 201721 ++++ ++ +++

Tan, 201722 ++++ +++

Von Beckerath, 201814 ++++ +++

Each study was evaluated on 8 items. A maximum number of 9 stars
could be awarded, if the study was of high quality. A score �8
suggests low risk of bias, 6 to 7 suggests moderate risk of bias, and
�5 suggest a high risk of bias.
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inclusion of elective AAA repair and data specifically for
rAAA could not be retrieved. Another 20 studies were
excluded due to lack of distinction between octogenarians
and younger patients. Another two studies were excluded
because of the study design (review) and five studies did
not meet any of the outcome variables. The same database
was used in two studies,21,23 leaving the larger study for
inclusion.21
Study characteristics

Eight studies were included in the systematic review,
reporting on a total of 7526 patients. Included studies were
retrospective observational studies12,18e20 or (national)
registries13,14,21,22 (Table 1). All studies mentioned the 30
day mortality in octogenarians and four of them reported
the one year mortality (Table 1). Only limited data were
found on long term survival. Of the included studies, three
studies reported five year mortality of 67%e100%.12,18,21)

The ambulatory state before admission was reported in only
two studies (see table, Supplementary information 1), and
after treatment in none. From two studies detailed
Study

Fixed effect model
Random effects model

Heterogeneity: I
2
 = 98%, τ2 = 0.3030, p < 0.01

Barakat 201418

Raats 201412

Edwards 201419

De Rango 201620

Hicks 201613

Sonesson 201721

Tan 201722

Von Beckerath 201814

Events

  60
   4

2078
  28
 220
 687
 430
 164

Total
Overall 30 day m

(EVAR + O

7526

 138
  12

3473
  55
 862
1538
1048
 400

0 20 40 6

Figure 2. Meta-analysis of 30 day mortality after ruptured abd
togenarians. CI ¼ confidence interval; EVAR ¼ endovascular an

Please cite this article as: Roosendaal LC et al., Outcome of Ruptured Abdomina
Analysis, European Journal of Vascular and Endovascular Surgery, https://doi.org
information could be retrieved from the authors, making
pooling of data possible.13,14
Risk of bias assessment of included studies

The results of the bias assessment can be found in Table 2.
In all studies quality was considered reasonable. All studies
started reporting in 2001, except Barakat et al.18 and
Sonesson et al,21 who included patients who were treated
in the 1990s.
Meta-analysis

No clinical heterogeneity was found, but there was a high
statistical heterogeneity for both 30 days (I2 ¼ 98%) and
one year (I2 ¼ 97%). Therefore a random effects model was
chosen for the meta-analysis.
30 day mortality

Eight studies reported the 30 day mortality. The pooled
mortality rate after OR or EVAR at 30 days in octogenarians
was 43% with 95% CI 33e53. With regard to the 30 day
mortality in EVAR vs. OR, the probability of death was 27%
(95% CI 18e38) and 52% (95% CI 44e60) respectively.

The results of EVAR compared with OR after 30 days
revealed significantly better outcomes in five of six studies
for the groups treated by EVAR.13,14,19,21,22 The meta-
analysis showed a RR of 0.50 (95% CI 0.38e0.67) and
p < .001.

Noteworthy is the lower 30 day mortality in the EVAR
group and higher mortality in the OR group in the study
from Von Beckerath et al.14 However, when the data from
this study were excluded, the outcomes did not change
substantially: pooled 30 day mortality after EVAR 32% (95%
CI 22e43) and after OR 50% (95%CI 41e58).
One year mortality

Four studies reported the overall one year mortality
rate.12,13,18,21 The pooled mortality rate was 47% (95% CI
32e62). These studies had a pooled 30 day mortality rate of
ortality 
R) - %

0 80 100

Proportion (95% - CI)

0.49 (0.48; 0.50)
0.43 (0.33; 0.53)

0.43 (0.35; 0.52)
0.33 (0.10; 0.65)
0.60 (0.58; 0.61)
0.51 (0.37; 0.65)
0.26 (0.23; 0.29)
0.45 (0.42; 0.47)
0.41 (0.38; 0.44)
0.41 (0.36; 0.46)

(fixed)

100.0%
−−

1.9%
0.1%

46.9%
0.8%
9.2%

21.4%
14.3%
5.4%

Weight
(random)

−−
100.0%

12.9%
6.3%

14.1%
11.4%
13.8%
14.0%
13.9%
13.6%

Weight

ominal aortic aneurysm repair (EVAR or OR) in 7 526 oc-
eurysm repair; OR ¼ open repair.
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Study

Fixed effect model
Random effects model
Heterogeneity: I  = 91%, τ2 = 0.1093, p < 0.01

2

Edwards 201419

De Rango 201620

Hicks 201613

Sonesson 201721

Tan 201722

Von Beckerath 201814

Events

194
 13
 98
 78
148
 15

Total

1923

 440
  31
 563
 270
 450
 169

EVAR

Events

1884
  15
 122
 609
 282
 149

Total

5453

3033
  24
 299
1268
 598
 231

OR

0.1 0.5 1

favours EVAR favours OR

2 10

Relative 30 day mortality risk RR (95% CI)

0.59 (0.55; 0.64)
0.50 (0.38; 0.67)

0.71 (0.64; 0.79)
0.67 (0.40; 1.13)
0.43 (0.34; 0.53)
0.60 (0.49; 0.73)
0.70 (0.60; 0.82)
0.14 (0.08; 0.23)

(fixed)

100.0%
−−

38.6%
1.4%

12.9%
17.3%
19.6%
10.2%

Weight
(random)

−−
100.0%

19.6%
12.3%
17.9%
18.4%
19.0%
12.8%

Weight

Figure 3. Meta-analysis of relative 30 day mortality risk after ruptured abdominal aortic aneurysm repair (EVAR versus OR)
in 7 376 octogenarians. EVAR ¼ endovascular aneurysm repair; OR ¼ open repair; RR ¼ risk ratio; CI ¼ confidence interval.
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37% (95% CI 25e51). Only two studies did report the one
year outcome after EVAR,13,21 showing a pooled one year
mortality of 35% (95% CI 18e56). The analysis on the one
year outcome of OR, demonstrated a probability of death of
54% (95% CI 47e60). The comparison of one year mortality
between EVAR and OR, showed a RR of 0.65 (95% CI 0.44e
0.96) and p < .01. Details of the meta-analysis can be found
in Figs. 2e5. Additional meta-analysis for EVAR and OR 30
day mortality is listed in Supplementary information 2e3.
Additional meta-analysis for EVAR and OR at one year is
also included here (Supplementary information 4e6).
DISCUSSION

This meta-analysis shows that the survival rate in octo-
genarians after repair for rAAA appears reasonable, with
a significant difference between EVAR and OR, in favour
of EVAR. Indeed, current results for octogenarians are
almost equivalent to those of the overall population. As
the one year mortality rate for the overall population
with a rAAA treated by EVAR was 38.6% and with OR
42.8%,1 in octogenarians rates of 35% and 54%, respec-
tively, were found.

The favourable outcome of EVAR over OR might be
explained by prevalence of more surgeons for EVAR, leaving
complex anatomy to be treated by OR. Furthermore, hae-
modynamically unstable patients weremore often treated by
Study

Fixed effect model
Random effects model
Heterogeneity: I2 = 97%, τ2 = 0.3292, p < 0.01

Barakat 201418

Raats 201412

Hicks 201613

Sonesson 201721

Events

 76
  5

287
845

Total
Overall mortality

(EVAR + OR

2550

 138
  12
 862
1538

0 20 40 6

Figure 4. Meta-analysis of overall mortality at 1 year after rup
2 550 octogenarians. CI ¼ confidence interval; EVAR ¼ endova
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OR.12,19 In one study, only OR was performed,18 while in two
other studies the decision to perform EVAR or OR was made
at the discretion of the surgeon.20,22 A possible explanation
for the high mortality after OR in the study from Von Beck-
erath et al. is that treatment of AAA in Germany is still per-
formed in smaller hospitals performing few open AAA repairs
and that complex AAA, unsuitable for EVAR were treated by
OR.14 This could also be true for other studies.

Patients and their families are more critical about the
care they receive and want to get involved in the process of
decision making. This increases the need to expand the
knowledge about the outcomes of rAAA repair in this
subgroup of the population. The most recent extended
systematic review on this subject included articles from
1979 until 2010.7 Rapid (technical) developments in rAAA
treatment have rendered these results outdated. This cur-
rent systematic review shows a much better post-operative
survival, providing the doctor and the patient with an
estimated surgical risk. This will be of importance in the
conversation with the patient and their family and in for
conformity in shared decision making guidelines.

The economic burden of treatment contributes to the
social relevance of this review. It is expected that healthcare
costs will rise in the next three years, partially caused by our
ageing society.24 Given that the number of octogenarians is
increasing, the prevalence of rAAA in octogenarians will rise
 at 1 year
) - %

0 80 100

Proportion (95% - CI)

0.48 (0.46; 0.50)
0.47 (0.32; 0.62)

0.55 (0.46; 0.64)
0.42 (0.15; 0.72)
0.33 (0.30; 0.37)
0.55 (0.52; 0.57)

(fixed)

100.0%
−−

5.6%
0.5%

31.4%
62.5%

Weight
(random)

−−
100.0%

27.1%
14.5%
29.1%
29.3%

Weight

tured abdominal aortic aneurysm repair (EVAR or OR) in
scular aneurysm repair; OR ¼ open repair.
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Heterogeneity: I2 = 91%, τ2 = 0.0704, p < 0.01
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1268
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2
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0.68 (0.61; 0.76)
0.65 (0.44; 0.96)

0.53 (0.44; 0.64)
0.79 (0.69; 0.91)
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100.0%
−−

42.4%
57.6%

Weight
(random)

−−
100.0%

48.8%
51.2%

Weight

Figure 5.Meta-analysis of relative risk of death at 1 year after ruptured abdominal aortic aneurysm repair (EVAR versus OR) in
2 400 octogenarians. EVAR ¼ endovascular aneurysm repair; OR ¼ open repair; RR ¼ risk ratio; CI ¼ confidence interval.
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as well, followed by increased healthcare costs. In the first
post-operative year, the costs of EVAR in rAAA are V13 627,
and for OR V18 595.25

The strength of this systematic review is that all of the
studies were performed recently and that five out of
eight13,14,19,21,22 studies were registries, making the results
generalisable. Detailed information not found in the original
articles could be derived from two studies, making a meta-
analysis possible. The retrospective study design of the
included studies is not a limiting factor, since mortality rate
is a hard endpoint, which can be measured objectively in
retrospect.

A limitation of this systematic review is the high statistical
heterogeneity across the studies in the meta-analysis,
therefore the pooled results should be interpreted with
care. Another limitation is the inclusion of only the patients
treated surgically. In the study of de Rango et al.,20 all pa-
tients who arrived at the hospital alive were offered
treatment for rAAA. In other included studies no data were
available on how patients were selected for treatment.
Most studies used databases or registries that only contain
information on operated patients. Therefore, no informa-
tion can be given on the number of patients receiving
palliative care.

While it is not possible to identify patients with a �95%
predicted death rate, several variables could help to predict
better outcome.26 Besides age, other parameters such as
haemodynamic state, renal function and the Glasgow score
have been shown to predict mortality in the general popu-
lation.27 The studies included in this review did not find other
predictors except age and type of repair (OR vs. EVAR).

Two of the included studies reported on patients treated
in the 1990s and selective information on patients treated
after 2000 could not be retrieved unfortunately.18,21 The
results of these two studies are in line with the other
studies and exclusion of these two studies did not change
outcome of the meta-analyses significantly (pooled 30 day
mortality 42%, 95% CI 29e56). Therefore it was decided to
include them.

The age of 80 was chosen as an endpoint, but this is in the
end an arbitrary cut off point and differences in outcome
between 80 and 90 year old patients cannot be ruled out.

All studies in this systematic review are retrospective,
whereof five are based on registry data. A limitation of
retrospective cohort studies is the likelihood of missed data,
Please cite this article as: Roosendaal LC et al., Outcome of Ruptured Abdomina
Analysis, European Journal of Vascular and Endovascular Surgery, https://doi.org
since not all the necessary data can be found in the patients
file. Using a study based on a “national” registry prevents
this limitation. However, only a limited number of variables
are included in the registry database, reducing the possi-
bilities for proper research.

Unfortunately, very little is known about the quality of
life before and after rAAA repair in octogenarians. Data on
ambulatory state was sought, since this is easily obtainable,
understandable and a well defined outcome measure indi-
cating self sufficiency and vitality. None of the studies
investigated the post-hospital ambulatory state or quality of
life of these octogenarians. The lack of knowledge about the
post-hospital quality of life variables, such as ambulatory
state, could increase concerns due to incorrect expectations
of the operation for a rAAA in octogenarians. This indicates
the need for further research.

CONCLUSION

The mortality rates of rAAA repair in octogenarians are
comparable to the all ages outcome, with a significant sur-
vival advantage of EVAR over OR. Patients should therefore
not be denied treatment of a rAAA based on age alone.
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