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WHAT THIS PAPER ADDS

This paper examined retrospectively the outcomes of octogenarians that underwent either open surgical repair
or endovascular repair for an intact abdominal aortic aneurysm in an obligatory nationwide registry, reflecting
daily clinical practice in the Netherlands. The study showed that besides an increased age, comorbidities were
clearly associated with impaired peri-operative survival after both open surgical and endovascular repair.
Objective: Age is an independent risk factor for mortality after both elective open surgical repair (OSR) and
endovascular aneurysm repair (EVAR). As a result of an ageing population, and the less invasive nature of
EVAR, the number of patients over 80 years (octogenarians) being treated is increasing. The mortality and
morbidity following aneurysm surgery are increased for octogenarians. However, the mortality for
octogenarians who have either low or high peri-operative risks remains unclear. The aim of this study was to
provide peri-operative outcomes of octogenarians vs. non-octogenarians after OSR and EVAR for intact
aneurysms, including separate subanalyses for elective and urgent intact repair, based on a nationwide
cohort. Furthermore, the influence of comorbidities on peri-operative mortality was examined.
Methods: All patients registered in the Dutch Surgical Aneurysm Audit (DSAA) undergoing intact AAA repair
between 2013 and 2018, were included. Patient characteristics and peri-operative outcomes (peri-operative
mortality, and major complications) of octogenarians vs. non-octogenarians for both OSR and EVAR were
compared using descriptive statistics. Multivariable logistic regression analyses were used to examine whether
age and the presence of cardiac, pulmonary, or renal comorbidities were associated with mortality.
Results: This study included 12 054 EVAR patients (3 015 octogenarians), and 3 815 OSR patients (425
octogenarians). Octogenarians in both the EVAR and OSR treatment groups were more often female and had
more comorbidities. In both treatment groups, octogenarians had significantly higher mortality rates following
intact repair as well as higher major complication rates. Mortality rates of octogenarians were 1.9% after
EVAR and 11.8% after OSR. Age � 80 and presence of cardiac, pulmonary, and renal comorbidities were
associated with mortality after EVAR and OSR.
Conclusion: Because of the high peri-operative mortality rates of octogenarians, awareness of the presence of
comorbidities is essential in the decision making process before offering aneurysm repair to this cohort,
especially when OSR is considered.
Keywords: Abdominal aortic aneurysm, Elderly, Endovascular procedure, Octogenarians, Operative surgical procedure
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INTRODUCTION Participants
In the last decade, endovascular aneurysm repair (EVAR)
has become the preferred treatment for many patients with
an intact abdominal aortic aneurysm (AAA),1 because of its
lower peri-operative risks. Age is a known independent risk
factor for post-operative mortality after both elective open
surgical repair (OSR) and EVAR.2 As a result of an ageing
population,3 the number of patients over 80 years (octo-
genarians) who qualify for elective AAA repair is
increasing.4,5 However, the mortality and morbidity after
AAA surgery for octogenarians is increased,6e9 which is
important in the decision making process of when and how
to intervene in this usually frailer population.

In current literature that reports on octogenarians, meta-
analyses that include mainly observational studies have not
described outcomes with details for octogenarians,7e9 while
RCTs barely enrolled patients over 80 years.6 Peri-operative
mortality of octogenarians after primary AAA repair in 11
countries was assessed by the Vascunet collaboration.
However, themorbidity of these patients was not described.4

Therefore, there is a paucity of real life clinical data con-
cerning mortality and morbidity after AAA surgery for octo-
genarians. Moreover, published studies scarcely report on
the peri-operative mortality of subgroups of octogenarians
with either low or high peri-operative risks. The recent ESVS
guideline state that it is reasonable to consider elective AAA
repair of octogenarians with reasonable life expectancy and
quality of life after informing them of the pros and cons of
different treatment strategies including conservative treat-
ment.10 However, no statements were made on which oc-
togenarians have high peri-operative risks. The aim of this
study was to provide peri-operative mortality and major
complication rates of octogenarians vs. non-octogenarians
following intact AAA repair. This was assessed following
both open surgical and endovascular aneurysm repair
including separate subanalyses for elective and urgent intact
repair using a nationwide prospective registry. Furthermore,
which octogenarians have low and high peri-operative risks
was identified, examining the influence of age and the
presence of comorbidities on peri-operative mortality.

MATERIALS AND METHODS

Data sources and study design

The dataset was retrieved from the Dutch Surgical Aneu-
rysm Audit (DSAA), a nationwide prospective and compul-
sory quality registry that registers all patients undergoing
aortic aneurysm surgery in the Netherlands. The DSAA was
initiated in 2013, and includes all patients who underwent
surgical repair of an infrarenal or juxtarenal AAA without
previous aortic surgery. Since 2016, patients undergoing
revisional aneurysm surgery and/or patients undergoing
thoracic or thoraco-abdominal aortic aneurysm repair have
been registered as well. Data verification took place through
a random sample of hospitals.11 The data were analysed
retrospectively and reported following the STROBE
guidelines.12
For this study, all patients who were registered in the DSAA
undergoing primary repair (EVAR or OSR) for an intact AAA
between January 2013 and December 2018 were included
for analysis, provided that sex, date of birth, date of surgery,
survival status at the time of discharge or 30 days post-
operatively were registered. Data analyses were per-
formed on an anonymised dataset. Ethical approval was not
needed according to Dutch law.
Definitions

Patients were considered octogenarians when turning 80
years old or older in the year of surgery. EVAR procedures
followed by immediate conversion were categorised by
intention to treat. Intact aneurysm repairs included pooled
data of both elective repair and urgent intact AAA repair.
“Cardiac comorbidity” was defined as the use of diuretic or
digoxin, antianginal or antihypertensive therapy, peripheral
oedema, warfarin therapy, raised jugular venous pressure,
or cardiomegaly.13 “Abnormality on ECG” was defined as
atrial fibrillation, ischaemia or any other ECG abnormal-
ities.13 Because of possible confounding caused by the
variables “Cardiac comorbidity” and “Abnormality on ECG”,
it was decided to combine these variables into the variable
“Cardiac comorbidity including abnormality on ECG” in the
analyses. “Pulmonary comorbidity” was defined as dysp-
noea on exertion, limiting dyspnoea, dyspnoea at rest, or
visible consolidations or fibrosis on chest imaging.13 “Renal
comorbidity” was defined as an eGFR < 60 mL/min/1.73m2,
which is categorised as “chronic kidney disease” by the In-
ternational Society of Nephrology.14 The eGFR was esti-
mated using the CKD-EPI equation15 and the variables
“creatinine”, “sex”, and “age”.
Outcomes

All outcomes of octogenarians were compared with the
results of non-octogenarians. The primary outcome was
peri-operative mortality, which was defined as intra-
operative mortality, mortality � 30 days after surgery, or
during admission (in hospital mortality). The secondary
outcomes were peri-operative major complications (� 30
days), defined as either an intra-operative or post-operative
complications that needed a re-intervention, induced pro-
longed stay, or caused death16 and the peri-operative
mortality in patients with and without comorbidities.
Furthermore, subgroup analyses were performed to
compare outcomes of octogenarians and non-octogenarians
treated in elective and urgent intact settings.
Statistical methods

Descriptive analysis was performed using t tests for para-
metrically distributed data, chi square tests and Fisher exact
tests. Baseline characteristics, as well as peri-operative
outcomes, were compared between octogenarians and
non-octogenarians undergoing either EVAR or OSR. Missing
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values were shown as separate categories. A p value of
<.05 was considered statistically significant.

To investigate whether age � 80 was associated with
peri-operative mortality, multivariable logistic regression
analyses were performed for both EVAR and OSR. Patient
and aneurysm related variables, based on the V(p)-
POSSUM predictive score,13,17 that were potential con-
founders and available in the DSAA were included as
covariates: age �80, sex, pulmonary comorbidity, cardiac
comorbidity including results of last pre-operative elec-
trocardiogram, renal comorbidity, pre-operative haemo-
globin, urgency, location, and diameter of the aneurysm.
Factors with a p value of <.10 in univariable analysis were
selected for multivariable analysis. Finally, the peri-
operative mortality rates of octogenarians and non-
octogenarians with no comorbidities, cardiac comorbidity
(including abnormality on the ECG), pulmonary comor-
bidity, and renal comorbidity were shown.
Missing data

The data for this study contained some variables with
missing values. If patients with any missing data had been
excluded from the analyses, information on 2 477 (19.1%)
patients including 538 octogenarians who underwent
EVAR and 685 (18.0%) patients including 74 octogenarians
who underwent OSR would have been lost. To prevent
such loss of information, a state of the art method of
multiple imputation using chained equations (MICE) was
used.18

Missing data were imputed separately for EVAR and OSR
patients. The outcome peri-operative mortality was not
imputed, and the following variables were used in the
imputation process: age, sex, cardiac and pulmonary co-
morbidity, results of the last electrocardiogram, haemo-
globin, creatinine, diameter, location, urgency, peri-
operative mortality, pre- and post-operative complications,
length of ICU stay, length of hospital stay, re-intervention,
and re-admission. Twenty-five completed datasets were
generated (each with 10 iterations) for both EVAR and OSR
patients.18 Values that were imputed were compared with
values that were observed using scatter and density plots.
For the multivariable regression models, the results of the
imputed datasets were combined to produce a final result
using Rubin’s rules.18 For comparison, multivariable
regression analyses using the subsets of complete cases
were performed.

All analyses were performed using R version 3.6.1.
RESULTS

Between January 2013 and December 2018, 21 950
consecutive patients were registered in the DSAA. Of these
patients, 15 906 underwent primary AAA repair for an intact
aneurysm, of whom 15 869 (99.8%) were eligible for anal-
ysis (Figure 1). In total, 12 054 EVAR patients including 3
015 (25%) octogenarians, and 3 815 OSR patients including
425 (11%) octogenarians, were included.
Patient characteristics, aneurysm morphology, and
operative data

Patient characteristics, aneurysm morphology, and opera-
tive data comparing octogenarians and non-octogenarians
who received either EVAR or OSR are shown in Table 1.
In both groups, octogenarians were more often female, had
larger aneurysm diameters, and more often had pulmonary
and renal comorbidity compared with younger patients. In
the EVAR group and after multiple imputation in the OSR
group, octogenarians suffered more often from cardiac
comorbidity. In both the EVAR and OSR groups, octoge-
narians were more often treated for urgent intact aneu-
rysms compared with non-octogenarians.

Peri-operative outcomes

Mortality. As shown in Table 2, octogenarians had statisti-
cally significantly higher peri-operative mortality rates than
non-octogenarians after surgery for all intact AAA. The odds
ratio for peri-operative mortality in octogenarians
compared with non-octogenarians was 2.5 for EVAR (1.9%
vs. 0.8%, p < .001, OR 2.51) and 2.7 for OSR respectively
(11.8% vs. 4.7%, p < .001, OR 2.73). In the Supplementary
material, Appendix B shows the distribution of 30 day
mortality and in hospital mortality in the composite
outcome peri-operative mortality. In subgroup analyses of
electively treated AAA patients (both EVAR and OSR),
mortality rates were higher for octogenarians compared
with non-octogenarians as well (EVAR: 1.4% vs. 0.6%, p <
.001, OR 2.28; OSR: 9.3% vs. 4.4%, p < .001, OR 2.24). In
patients treated for urgent intact AAAs, octogenarians had
higher mortality rates compared with non-octogenarians
(EVAR: 6.6% vs. 2.6%, p ¼ .007, OR 2.59; OSR: 20.7% vs.
6.6%, p < .001, OR 3.69).

Major complications. Table 2 shows that octogenarians
more often developed major complications compared with
non-octogenarians following both intact EVAR and OSR, as
well as following elective and urgent intact repair. Major
octogenarian complication rates in the intact setting were
12.4% after EVAR and 28.0% after OSR.

Associations with mortality

After univariable analyses, the factor “location” (EVAR) was
not selected for multivariable analysis because of a p value
> .10 (Table 3). The factor “age � 80” was statistically
significantly associated with higher mortality rates after
adjusting for confounding factors after both EVAR and OSR
(Tables 3 and 4). Sensitivity analysis involving multivariable
analysis using complete cases showed a similar association
of “age � 80”, with mortality after EVAR (OR 1.67, 95% CI
1.09 e 2.56) and OSR (OR 1.99, 95% CI 1.34 e 2.92)
(Supplementary material, Appendix B).

Observed comorbidities and corresponding peri-operative
mortality

Only 317 (10.5% in original data; 12.0% in imputed data)
and 42 (9.9% in original data; 12.8% in imputed data)



Patients registered in DSAA (n = 21 950)

Patients underwent primary repair
for an intact AAA (EVAR/OSR) (n = 15 906)

Patients eligible for analysis (n = 15 869)

Patients underwent EVAR, (n = 12 054):
  Octogenarians (n = 3 015)
  Non-octogenarians (n = 9 039)

Patients not included (n = 5 956)

Patients excluded from the study (n = 37):
  Unknown sex (n = 9)
  Unknown date of birth / date of surgery (n = 5)
  Unknown survival status (at time of discharge/30 days
    postoperatively) (n = 18)
  Age < 18 or > 110 (n = 5)

Patients underwent OSR, (n = 3 815):
  Octogenarians (n = 425)
  Non-octogenarians (n = 3 390)

Figure 1. Study flow chart of included octogenarians and non-octogenarians who were registered in the Dutch
Surgical Aneurysm Audit (DSAA) and who underwent primary repair of an intact abdominal aortic aneurysm
(AAA) by endovascular aneurysm repair (EVAR) or open surgical repair (OSR).
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octogenarians undergoing EVAR and OSR had no comor-
bidities, respectively (Table 5). Observed peri-operative
mortality rates following intact AAA repair in patients
with no comorbidity, cardiac, pulmonary, or renal comor-
bidity are shown in Table 5. After EVAR, the mortality rates
of octogenarians with a cardiac, pulmonary, or renal co-
morbidity reached 2.4%, 4.2%, or 2.5%, respectively, while
octogenarians with no comorbidities had a rate of 0.4% (all
percentages are based on imputed data). After OSR, the
mortality rates of octogenarians with cardiac, pulmonary, or
renal comorbidity reached 13.4%, 13.6%, and 14.8%, while
octogenarians with no comorbidities had a mortality rate of
3.8% (based on imputed data).

DISCUSSION

The octogenarians in this study were at risk of significantly
higher peri-operative mortality and major complication
rates after both EVAR and OSR for intact AAA compared
with younger patients. Furthermore, the effect of comor-
bidities in this age group was more pronounced and was
clearly associated with impaired survival. In octogenarians,
mortality after OSR exceeded 10%, especially when
comorbidities were present. After EVAR, octogenarians with
pulmonary comorbidities had a mortality rate of approxi-
mately 4%. In contrast, mortality was 1.9% for all octoge-
narians in the EVAR group.

Surgical risk is at the heart of clinical (shared) decision
making, especially when prophylactic surgery is performed
on asymptomatic patients such as in elective AAA care.19 To
inform patients appropriately before undergoing high risk
surgery, robust data are needed concerning morbidity and
mortality. The DSAA is a mandatory national verified quality
registry, set up to monitor and improve the quality of AAA
care by providing benchmarked information to vascular
surgeons. Since 2013, all patients undergoing primary
abdominal aortic aneurysm surgery in the Netherlands have
been registered, providing objective, real world data.
Because of its scale and in contrast to other published
studies, it enables relevant subanalyses such as the analysis
described in this paper.8,9 Additionally, local data on out-
comes of octogenarians could be valuable to inform pa-
tients and family accurately, for example because of a
potential hospital related volume outcome relationship for
OSR.20 Since 2019, a specific dashboard called the Codman
Dashboard has enabled all Dutch vascular surgeons to
analyse their registered outcomes of particular subgroups.21

This study describes a mortality rate of 11.8% for all
octogenarians after OSR, and this seems to exceed the
yearly rupture risks of smaller aneurysms. Moreover, oc-
togenarians with comorbidities have mortality rates > 10%
after OSR, in contrast to the mortality rate of 3.6% in the
(small) group of octogenarians without comorbidities
(12.8% of all octogenarians in this cohort, based on
imputed data). In the literature, a mortality rate of 7.5% for
octogenarians who were treated electively by OSR was
described in a meta-analysis.7 For intact aneurysm repair, a
mortality rate of 9.5% for octogenarians was described in
an international study by Budtz-Lilly et al., which combined
the results of 11 vascular registries,4 similar to the results
from the present study. However, mortality rates in these
studies were rarely specified for either high or low risk
octogenarians.22 In previous studies that examined the
safety of surveillance for small aneurysms up to 5.5 cm, 30
day operative mortality rates of only 5.5%23 and 2.1%24

were described. This poses the question of whether oper-
ative mortality rates exceeding these numbers are accept-
able, in particular in elderly patients undergoing preventive
aneurysm repair at relatively small diameters that are at
low risk of rupture.

After EVAR, this study reports a mortality rate of 1.9% for
octogenarians. This is in line with the previously mentioned
international study by Budtz-Lilly et al., which reported a
mortality rate of 1.8% of octogenarians after EVAR. Meta-
analyses that included older studies have described



Table 1. Patient characteristics, aneurysm morphology, and operative data for octogenarians vs. non-octogenarians who
underwent either endovascular aneurysm repair (EVAR) or open surgical repair (OSR) of an intact abdominal aortic aneurysm

EVAR OSR

<80 y
(n [ 9 039)

‡80 y
(n [ 3 015)

p value <80 y
(n [ 3 390)

‡80 y
(n [ 425)

p value

Female sex 1095 (12.1) [12.1] 495 (16.4) [16.4] <.001 [<.001] 624 (18.4) [18.4] 108 (25.4) [25.4] .001 [<.001]
Age e y 70.76 � 5.95 83.30 � 2.91 N.A. 69.27 � 6.85 82.18 � 2.21 N.A.
Cardiac comorbidity

including abnormalities
on ECG

<.001 [<.001] <.001 [.11]

No 2556 (33.2) [28.3] 678 (25.2) [22.5] 981 (32.1) [28.9] 104 (27.9) [24.5]
Yes 5810 (66.8) [64.3] 2190 (74.8) [72.6] 2244 (67.9) [66.2] 295 (72.1) [69.4]
Unknown/missing 673 (e) [7.4] 147 (e) [4.9] 165 (e) [4.9] 26 (e) [6.1]

Pulmonary comorbidity <.001 [.014] <.001 [.028]
No 6623 (74.5) [73.3] 2143 (72.7) [71.1] 2521 (76.3) [74.4] 296 (72.9) [69.6]
Yes 2263 (25.5) [25.0] 802 (27.3) [26.6] 781 (23.7) [23.0] 110 (27.1) [25.9]
Unknown/missing 153 (e) [1.7] 70 (e) [2.3] 88 (e) [2.6] 19 (e) [4.5]

Renal comorbidity <.001 [<.001] <.001 [<.001]
No, eGFR � 60 mL/min/

1.73m2
6603 (74.8) [73.1] 1477 (50.2) [49.0] 2371 (72.6) [69.9] 209 (50.6) [49.2]

Yes, eGFR <60 mL/min/
1.73m2

2224 (25.2) [24.6] 1471 (49.8) [48.8] 893 (27.4) [26.3] 206 (49.4) [48.5]

Unknown/missing 212 (e) [2.3] 67 (e) [2.2] 126 (e) [3.7] 10 (e) [2.4]
Haemoglobin e mmol/L 8.75 � 1.00 8.36 � 1.02 <.001 [<.001] 8.65 � 1.01 8.25 � 0.99 <.001 [<.001]
Missing 228 (e) [2.5] 74 (e) [2.5] 87 (e) [2.6] 8 (e) [1.9]

Urgency: urgent intact 606 (6.7) [6.7] 274 (9.1) [9.1] <.001 [<.001] 425 (12.5) [12.5] 92 (21.6) [21.6] <.001 [<.001]
Location: aortoiliac aneurysm 600 (6.6) [6.6] 160 (5.3) [9.1] .010 [<.001] 208 (6.1) [6.1] 16 (3.8) [3.8] <.001 [.064]
Aneurysm diameter e mm 58.97 � 10.73 61.41 � 11.51 <.001 [<.001] 62.68 � 13.99 67.31 � 15.48 <.001 [<.001]
Missing 109 (e) [1.2] 33 (e) [1.1] 72 (e) [2.1] 10 (e) [2.4]

Procedure <.001 [.003]
EVAR 8484 (93.9) [93.9] 2878 (95.5) [95.5]
Conversion 26 (0.3) [0.3] 10 (0.3) [0.3]
Complex endovascular 529 (5.8) [5.8] 127 (4.2) [4.2]

Data are presented as n (%) [%] and for continuous variables as mean � standard deviation. Values in parentheses “(%)” are percentages after
multiple imputation (25 datasets for EVAR patients, 25 datasets for OSR patients). Values in square brackets “[%]” are percentages including
missing data with p values presented in square brackets as well.
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mortality rates for octogenarians of 3.7%9 and 4.6%7 after
EVAR. The impact of improved device technology (lower
profile devices), peri-operative management including bet-
ter anaesthetic techniques,25 and cardioprotective medica-
tion26 might play a role in improved survival of
octogenarians in this study compared with the meta-
analyses with older data.4 In the present study, a peri-
operative mortality rate of 4.2% was observed for octoge-
narians with a pulmonary comorbidity. This mortality rate
was low compared with the mortality rate of 7.3% reported
in the EVAR-2 study in patients who were considered not
physically fit enough to undergo OSR.27

Apart from the mortality rates following intact AAA
repair, other outcomes for octogenarians are important as
well and could assist in the clinical decision making process.
First, to deal with the heterogeneity in the group of intact
AAA repairs, subanalyses were performed for elective and
urgent intact repair including adjustment for urgent intact
repair in the multivariable analyses. Furthermore, in the
present study, major complication rates were examined. As
expected, octogenarians had higher major complication
rates compared with non-octogenarians. Obviously, other
outcome parameters, such as quality of life,28 re-
intervention rate,6 long term outcomes,29 and costs,30 are
also important to consider in the clinical decision making
process for octogenarians, but these are not captured in the
DSAA registry.

In this study, no association between aneurysm size and
mortality was found in OSR patients, which might suggest
that postponing OSR does not result in higher mortality
rates. Remarkably, in EVAR patients, aneurysm size was
associated with mortality. The diameter threshold for elec-
tive abdominal aneurysm repair is based on both peri-
operative risk and the risk of rupture. However, the risk of
rupture according to aneurysm diameter was not investi-
gated. In the literature, little is known about the diameters
of ruptured aneurysms between octogenarians and non-
octogenarians.31 In studies up to 2010, the mean annual
risk of rupture of a 5 cm aneurysm was 0.6% in men and
2.9% in women. It is stated that the mean diameter of
ruptured aneurysms in all patients has increased during the
last decade, possibly because of increased statin therapy.26

A previous study demonstrated that some patients with
severe comorbidities and large aneurysms could be
managed conservatively with acceptable results for long
periods (7 e 76 months).32 Therefore, the question remains



Table 2. Peri-operative mortality rates and major complications rates for octogenarians vs. non-octogenarians who underwent
either endovascular aneurysm repair (EVAR) or open surgical repair (OSR) of abdominal aortic aneurysm in intact, elective, and
intact urgent setting

Patients Peri-operative mortality* Major complicationsy

<80 y ‡80 y <80 y (ref.) ‡80 y p OR (95% CI) <80 y (ref.) ‡80 y p OR (95% CI)

EVAR
Intact 9039 (75.0) 3015 (25.0) 69 (0.8) 57 (1.9) <.001 2.51 (1.75e3.56) 700 (7.7) 375 (12.4) <.001 1.69 (1.47e1.92)
Elective 8433 2741 53 (0.6) 39 (1.4) <.001 2.28 (1.50e3.45) 600 (7.1) 298 (10.9) <.001 1.59 (1.37e1.83)
Urgent
intact

606 274 16 (2.6) 18 (6.6) .009 2.59 (1.30e5.22) 100 (16.5) 77 (28.1) <.001 1.98 (1.41e2.79)

OSR
Intact 3390 (88.9) 425 (11.1) 158 (4.7) 50 (11.8) <.001 2.73 (1.93e3.79) 672 (19.8) 119 (28.0) <.001 1.58 (1.25e1.98)
Elective 2965 333 130 (4.4) 31 (9.3) <.001 2.24 (1.46e3.33) 580 (19.6) 86 (25.8) .012 1.44 (1.10e1.86)
Urgent
intact

425 92 28 (6.6) 19 (20.7) <.001 3.69 (1.94e6.92) 92 (21.6) 33 (35.9) .006 2.02 (1.24e3.27)

Data are presented as n (%) unless stated otherwise.
* Peri-operative mortality including intra-operative, 30 day, and in hospital mortality.
y Major complication: post-operative death or a peri- or post-operative complication leading to a re-intervention or prolonged hospital stay.

Table 3. Multivariable logistic regression analysis to examine the association between age ‡ 80 and peri-operative mortality in
patients with endovascular repair of abdominal aortic aneurysm. Missing data were completed by multiple imputation

Factor Univariable analysis Multivariable analysis

OR (95% CI) p value aOR (95% CI) p value

Age � 80 2.51 (2.33e2.69) <.001 1.66 (1.54e1.79) <.001
Female sex 1.48 (1.35e1.62) <.001 1.16 (1.06e1.28) .002
Cardiac comorbidity including abnormalities on ECG 2.43 (2.21e2.67) <.001 1.69 (1.53e1.86) <.001
Pulmonary comorbidity 3.98 (3.46e3.98) <.001 3.18 (2.96e3.42) <.001
Renal comorbidity, eGFR <60 mL/min/1.73m2 2.66 (2.48e2.86) <.001 1.84 (1.70e1.98) <.001
Haemoglobin 0.62 (0.60e0.64) <.001 0.75 (0.73e0.78) <.001
Urgent intact 4.84 (4.47e5.24) <.001 3.89 (3.57e4.24) <.001
Aortoiliac location of aneurysm 1.01 (0.90e1.16) .92 e e

Aneurysm diameter per 10 mm 1.28 (1.25e1.32) <.001 1.10 (1.07e1.13) <.001

OR ¼ odds ratio; aOR ¼ adjusted odds ratio; CI ¼ confidence interval.

Table 4. Multivariable logistic regression analyses to examine the association between age ‡ 80 and peri-operative mortality in
patients with open surgical repair of abdominal aortic aneurysm. Missing data were completed by multiple imputation

Factor Univariable analysis Multivariable analysis

OR (95% CI) p value aOR (95% CI) p value

Age �80 2.73 (2.55e2.92) <.001 2.02 (1.88e2.17) <.001
Female sex 1.73 (1.62e1.84) <.001 1.42 (1.33e1.52) <.001
Cardiac comorbidity including abnormalities on ECG 1.99 (1.86e2.13) <.001 1.76 (1.64e1.89) <.001
Pulmonary comorbidity 1.98 (1.87e2.10) <.001 1.78 (1.67e1.89) <.001
Renal comorbidity, eGFR <60 mL/min/1.73m2 2.30 (2.18e2.44) <.001 1.85 (1.75e1.96) <.001
Haemoglobin 0.74 (0.72e0.76) <.001 0.85 (0.83e0.88) <.001
Urgent intact 1.95 (1.82e2.08) <.001 1.81 (1.68e1.95) <.001
Aortoiliac location of aneurysm 0.38 (0.32e0.45) <.001 0.48 (0.40e0.58) <.001
Aneurysm diameter per 10 mm 1.07 (1.05e1.09) <.001 0.99 (0.97e1.01) .25

OR ¼ odds ratio; aOR ¼ adjusted odds ratio; CI ¼ confidence interval.
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of whether the diameter threshold at which to intervene
should be increased for octogenarians because of a much
higher peri-operative risk, in particular when octogenarians
experience comorbidities and OSR is considered to be the
treatment modality.
Despite the relatively large number of octogenarians in
this cohort, this study has some limitations. First, the DSAA
includes only patients who were considered fit enough to
undergo surgery, which was a clinical decision by the sur-
geon. Because of this selection bias, predictions of mortality



Table 5. Peri-operative mortality rates for octogenarians and non-octogenarians who underwent either endovascular aneurysm
repair (EVAR) or open surgical repair (OSR) of abdominal aortic aneurysm in intact setting, stratified by the presence of
comorbidities

EVAR OSR

<80 y (n [ 9 039) ‡80 y (n [ 3 015) <80 y (n [ 3 390) ‡80 y (n [ 425)

Comorbidities
No comorbidities* 1654 (22.2) [18.3] 317 (12.0) [10.5] 612 (21.0) [18.1] 42 (12.8) [9.9]
Cardiac comorbidity including
abnormalities on ECG

5810 (66.8) [64.3] 2190 (74.8) [72.6] 2244 (67.9) [66.2] 295 (72.1) [69.4]

Pulmonary comorbidity 2263 (25.5) [25.0] 802 (27.3) [26.6] 781 (23.7) [23.0] 110 (27.1) [25.9]
Renal comorbidity 2224 (25.2) [24.6] 1471 (49.8) [48.8] 893 (27.4) [26.3] 206 (49.4) [48.5]

Peri-operative mortality
All patients 69 (0.8) [0.8] 57 (1.9) [1.9] 158 (4.7) [4.7] 50 (11.8) [11.8]
No comorbidities* 4 (0.3) [0.2] 1 (0.4) [0.3] 11 (1.9) [1.8] 2 (3.8) [4.8]
Cardiac comorbidity including
abnormalities on ECG

51 (0.9) [0.9] 51 (2.4) [2.3] 234 (5.5) [5.5] 38 (13.4) [12.9]

Pulmonary comorbidity 35 (1.6) [1.5] 32 (4.2) [4.0] 60 (7.8) [7.7] 14 (13.6) [12.7]
Renal comorbidity 31 (1.4) [1.4] 36 (2.5) [2.4] 67 (7.5) [7.5] 30 (14.8) [14.6]

Data are presented as n (%) [%]. Values in parentheses “(%)” are percentages after multiple imputation (25 datasets for EVAR patients, 25
datasets for OSR patients). Values in square brackets “[%]” are percentages including missing data.
* No comorbidities: based on no pulmonary comorbidity, no cardiac comorbidity including no abnormalities on ECG, and no renal dysfunction
(eGFR <60 mL/min/1.73m2).
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rates based on the number of comorbidities of octogenar-
ians who could be incorporated in the decision making
process could not be made, as the decision to perform
surgery had already been made. Therefore, the reported
peri-operative outcomes of octogenarians in this study will
probably be better than peri-operative outcomes of all oc-
togenarians with an intact AAA. Second, information bias
might have taken place, as age was calculated as the year of
surgery minus the year of birth. This calculation included
some patients of age 79 in the group “octogenarians”,
which might have led to an underestimation of the out-
comes of octogenarians. Furthermore, this was a retro-
spective study of a retrieved dataset from the DSAA, a
prospectively maintained national quality registry. As this
audit is not designed purely for scientific research, infor-
mation on some potential confounders such as peripheral
artery obstructive disease,33 type of anaesthetic, anatomical
details, surgeon experience, or frailty were not available. It
would be interesting to examine the influence of frailty, as it
has been reported that frailty is associated with age as well
as with peri-operative mortality.34 Furthermore, Joseph
et al. stated that a frailty index was better for predicting
mortality compared with age in emergency general surgery
in the elderly,35 while age was a predictor of mortality in
vascular studies that did not report on frailty.36,37 Another
limitation of this study is that the specific categories in the
groups cardiac and pulmonary comorbidity were potentially
not equally weighted between octogenarians and non-
octogenarians, which might have caused heterogeneity in
the groups of octogenarians vs. non-octogenarians and
thus, these groups were not compared. Finally, the dataset
had some missing data and thus, for multivariable logistic
regression analyses and analyses stratified for the presence
of comorbidities, missing data were imputed using multiple
imputation. Sensitivity analyses using complete cases were
performed for the multivariable analyses that examined the
association of age � 80 with mortality, with similar results.

In conclusion, age � 80 and comorbidities are signifi-
cantly associated with mortality after endovascular and
open repair for abdominal aortic aneurysms. Mortality after
OSR in octogenarians is exceedingly high, especially in the
presence of comorbidities. Reported observed rates in this
study can be used by everyone involved in the decision
making process considering optimal care for aneurysm pa-
tients. More research focused on optimal treatment
thresholds for elective AAA repair in both low and high risk
subgroups of octogenarians is needed. For now, awareness
of the presence of comorbidities is key in the decision
making process.
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