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Abstract Objective: To determine whether advanced age was independently associated with
prohibitive surgical risks or impaired long-term prognosis after ruptured aortic aneurysm
repair.
Design: Post-hoc analysis of prospective cohort.
Materials: Consecutive patients undergoing ruptured aneurysm repair between January 2001
and December 2010 at a tertiary referral centre.
Methods: Surgical mortality (i.e., <30 days) was compared between octogenarians and
younger patients using logistic regression modelling to adjust for suspected confounders and
to identify prognostic factors. Long-term survival was compared with matched national popu-
lations.
Results: Sixty of 248 involved patients were octogenarians (24%) and almost all were offered
open repair (n Z 237). Surgical mortality of octogenarians was 26.7% (adjusted odds ratio
(OR) 2.1; 95% confidence interval (CI), 0.9e5.2) and confounded by cardiac disease. Hypovo-
laemic shock predicted perioperative death of octogenarians best (OR 5.1; 95%CI, 1.1e23.4;
P Z 0.037). After successful repair, annual mortality of octogenarians averaged 13.7% vs.
5.2% for younger patients. At 2 years, octogenarian survival was at 94% of the expected
‘normal’ survival in the general population (vs. 96% for younger patients).
Conclusions: Surgical mortality of ruptured aneurysm repair was not independently related to
advanced age but mainly driven by cardiac disease and manifest hypovolaemic shock. An
almost normal long-term prognosis of aged patients after successful repair justifies even
attempts of open repair, particularly in carefully selected patients.
ª 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Rupture of abdominal aortic aneurysm is a catastrophic
event that usually ends fatally if bleeding cannot be
stopped in time. Emergency repair is the only potentially
life-saving intervention. It is, however, associated with
substantial mortality and morbidity even in relatively young
and fit patients: the combination of profound haemorrhagic
shock, lower body ischaemia and extensive reperfusion
injury predisposes to systemic inflammatory response and
multiple organ failure, particularly after open repair.1

Therefore, many clinicians are reluctant to expose their
patients to such an ordeal or to use associated resources
unnecessarily if they consider the surgical risk prohibitive
for the patient’s physiologic reserves and, thus, the
potential for successful recovery to be minimal. This is
often assumed in elderly patients and may lead to unfair
denial of potential rescue or to covert rationing if age
thresholds were to be used uncritically.

Octogenarians are known to carry a higher perioperative
risk of death than younger patients for elective aortic
surgery,2 and various surgical risks scores have suggested
advanced age as an independent predictor of poor outcome
also for ruptured aneurysm repair.3 However, most of these
scoring systems were derived on explorative analyses of
historic data sets and none of them accounts for long-term
recovery. A recent prospective evaluation of the most
commonly used scores including Hardman index, Glasgow
aneurysm score and Edinburgh ruptured aneurysm score
yielded conflicting results and demonstrated their limited
validity.4 Of note, the score with the best predictive fit did
not feature patients’ age.

Interestingly, a recent report from the Swedish national
registry suggested that octogenarians might even carry
a relative survival benefit during long-term follow-up, at least
afterelectiveaortic repair.2 Bycontrast,andalthoughneeded
for informed decision making, evidence regarding impact of
advanced age on ruptured aneurysm repair is scarce.5 The
largest availablemeta-analysis even excluded reports dealing
with octogenarians explicitly.6 Therefore, the aim of this
study was to evaluate whether advanced age as such had an
independent effect on perioperative mortality and carried
prohibitive surgical risks for ruptured aneurysm repair.
Secondary aim was to relate long-term prognosis of survivors
to the life expectancy of a matched normal population.
Materials and Methods

A consecutive series of patients presenting with ruptured
abdominal aortic aneurysm at a single centre in central
Europe was analysed. The Swiss cardiovascular centre is
a tertiary referral centre and attends a catchment area of
roughly 1.5 million inhabitants. All patients were assessed
between January 2001 and December 2010 and were
offered open or endovascular repair at the discretion of the
attending surgeon. Outcome was analysed between two age
cohorts: one cohort included all patients at the age of or
above 80 and the other consisted of younger patients.
Cohorts were compared in terms of surgical mortality and
long-term survival, and a predefined set of risk factors for
early death was explored among octogenarians. In addition,
survival estimates of both cohorts were related to expected
‘normal’ survival rates.
Patient identification

All patients admitted for abdominal aorto-iliac aneurysm
repair during the predefined study period were potentially
eligible and identified through interrogation of an in-house
vascular registry that continually records all vascular surgery
patients. All types of aneurysmwere accepted including true,
false and mycotic aneurysm at aortic and/or iliac level.
Ruptured aneurysm was defined as presence of blood (or
contrastmedium) outside the aneurysmwall in an emergently
presenting patient (Fig. 1). Clinically or radiologically sus-
pected ruptures were to be reconfirmed during surgery. To
avoid selection bias, completeness was cross-checked against
the emergency department database and the hospital
administration system, respectively (Fig. 1). In addition, all
surgical records and discharge documents of the study period
were cross-referenced by hand by one investigator (PO) and
validated independently bya second (RvA).Patientswhowere
not offered repair were considered for in-hospital mortality
but excluded from surgical mortality. Patients with two
ruptured aneurysms during the study period were included
only at first rupture and follow-up was censored at second
presentation. All patients or their relatives provided written
informed consent for registration as well as for anonymous
analyses, and ethical approval for the present investigation
was granted by the local ethics’ committee.
Exposure and outcome variables

Primary outcome measure was surgical mortality, which
was defined as death from any cause within 30 days from
ruptured aneurysm repair. Secondary outcome measures
were (1) independent predictive value of patient-related
risk factors for perioperative death among octogenarians
and (2) relative long-term survival up to 3 years of follow-
up. ‘Normal’ reference survival rates were calculated from
national mortality statistics (Swiss federal agency of
Statistics7 and Human Mortality Database�8) using age, sex
and calendar year-matched national population samples as
described.2 Baseline characteristics included age, sex, body
mass index, cardiovascular co-morbidities and risk factors,
renal function (i.e., glomerular filtration rate according to
Cockcroft9), haemoglobin level, type and configuration of
aneurysm, extent of rupture (contained vs. free), type of
attempted repair (open vs. endovascular), preoperative
arterial pressure and shock index10 as well as intravenous
volume used during resuscitation. Shock index was defined
as ratio between heart rate and systolic blood pressure as
measured at admission and before complete anaesthetic
installation. Follow-up information included survival status
at the end of 2010 including dates and causes of death,
which were inquired from the Swiss federal agency of
statistics. If information was not available, patients or
relatives were contacted directly or, if unsuccessful,
general practitioners, last treating doctors, healthcare
insurances or municipal administrations. Long-term survival
rates were estimated using KaplaneMeier survival function
to account for different lengths of follow-up. Patients were
uncensored in the event of death (any cause) and censored
when last known alive, in case of a second rupture or at the
end of follow-up, which was truncated in January 2011.



Figure 1 Study design including patient identification, selection and analysis. Abdominal aortic aneurysm (AAA) included all
abdominal aneurysms at aortic and/or iliac level. Horizontal box-plots display median and inter-quartile range of available follow-
up. Long-term survival was stratified for study cohorts and compared to expected ‘normal’ survival of a matched national
population.
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Data sources and missing values

Most data were available from the in-house registry, which
continually collects a conventional range of patient- and
procedure-related characteristics. All preoperative computed
tomography (CT) scans and surgical records were reviewed to
reconfirm diagnosis of rupture and to size the aneurysm,
respectively, and haemodynamic condition was extracted
from anaesthesia protocols in a structured process. Data were
checked for plausibility and aberrant outliers. In case of
missing values, alternative data sources such as hospital
records were explored before imputation was considered.
Statistical methods

The statistical analysis plan was agreed before data were
inspected, and analyses were performed in February 2011
using Statistical Package for the Social Sciences (SPSS)
Statistics 17.0 for Windows. Characteristics are described
using conventional summary statistics, that is, median with
inter-quartile range (IQR), mean with standard deviation or
absolute numbers (percentages) as appropriate. To mini-
mise bias, continuous variables were generally assumed
non-parametric and compared using ManneWhitney U test.
Proportions were compared using Fisher’s exact test, and
cumulative survival estimates using log-rank statistics.
Surgical mortality was excluded for calculations of relative
long-term survival. All tests used were two-sided, and
differences were considered statistically significant for P-
values of less than 0.05.

For comparisons of surgical mortality, logistic regression
modelling was used to adjust for suspected confounding
factors. Results are reported as odds ratios (OR) with 95%
confidence intervals (CIs). Suspicion of confounding was
based on established correlations with predictor and
outcome variables, biological plausibility or inhomogeneous
distributions at P-values <0.1. In cases of missing data,
values were replaced by subgroup medians (e.g., weight or
aneurysm size per gender) as long as patients with and
without missing values were similar regarding other
potential confounders, and only if <10% were missing.
Categories were not imputed, but missing values were
combined (category ‘unknown’). Since in emergencies
information is unlikely to be missing randomly, a conserva-
tive imputation strategy was considered to introduce less
bias than simple exclusion of cases with missing data.
Proportions of missing values are declared in Tables 1 and 2.
The same model was used to explore the following risk
factors among octogenarians regarding independent asso-
ciation with perioperative death: age and renal function
(both as continuous variables), gender, presence of coro-
nary artery disease or atrial fibrillation (both ‘yes’ vs. ‘no’
vs. ‘unknown’) and hypovolaemic shock at presentation



Table 1 Demographic and perioperative information.

Characteristic Octogenarians Non-Octogenarians P-value

n Z 60 n Z 188

Male gender, n (%) 50 (83.3) 171 (91) 0.15b

Age in years 83 (81e85) 71 (65e75) <0.001a

Shock indexd in (beats/min)/mmHg 0.73 (0.57e1.02) 0.72 (0.56e0.97) 0.52a

Preoperative volumee in L/h 0.82 (0.58e1.05) 0.95(0.54e1.5) 0.82a

Haemoglobin levelf in g/L 87 (72.2e102.7) 94.5 (78.6e112.1) 0.036a

Maximum aneurysm diameter in mm 80 (63e87) 80 (70e92) 0.41a

Location of ruptured aneurysm, n (%) 0.99b

Infrarenal 40 (67) 122 (65)
Juxta-/pararenal 14 (23) 40 (21)
Othersc 6 (10) 22 (12)
Missing information 0 4 (2)

Iliac arteries involved, n (%) 19 (32) 77 (41) 0.43b

No iliac arteries involved 39 (65) 106 (56)
Missing information 2 (3) 5 (3)

Extent of rupture, n (%) 1.0b

Free 13 (22) 40 (21)
Contained 47 (78) 148 (79)

Ruptured aneurysm repair, n (%) 0.026b

Open 54 (90) 183 (97)
EVAR 6 (10) 5 (3)

Duration of repair in min 225 (170-268) 210 (170-289) 0.83a

Stay on ICU in d 4.0 (1.7e6.8) 3.1 (1.5e5.6) 0.37a

Hospital stay in d 13 (6-17) 12 (9-17) 0.52a

Summary statistics are given as median (inter-quartile range), if not specified otherwise.
EVAR, endovascular aneurysm repair; ICU, intermediate care or intensive care unit.
a ManneWhitney U test.
b Fisher’s exact test.
c Other locations include supra-renal as well as isolated common iliac and internal iliac aneurysm.
d At admission.
e Intravenous volume administered for resuscitation before surgical control of rupture, including crystalloid and colloid fluids as well as
packed red cells.
f Lowermost preoperative haemoglobin level.
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(shock index �1 vs. <1).10 Long-term survival estimates
were compared using Cox regression modelling and hazard
ratios (HRs), and were additionally calculated as propor-
tions of ‘normal’ survival as described.2
Results

Fig. 1 describes patient flow through identification and
selection process. A total of 274 ruptured aortic aneurysms
was identified. Twenty-four patients including 14 octoge-
narians (58%) were not offered repair for various reasons:
13 (six octogenarians) presented in critical condition after
prolonged cardio-pulmonary resuscitation during trans-
portation and were considered beyond remedy at arrival.
Of the remaining 11 patients, seven (six octogenarians)
refused surgery, and four (two octogenarians) were palli-
ated because of known other end-stage disease. Two
patients presented twice with a ruptured aneurysm and
were censored at second presentation.

Therefore, a total of 248 operated patients was analysed
per end point. Almost all were offered open repair (96%).
Sixty were categorised octogenarian (24%) and had
a median age of 83 years (IQR, 81; 85). Two-thirds of them
(n Z 41) had been admitted to another hospital first and
were transferred subsequently. The corresponding propor-
tion was similar in younger patients (n Z 131, 70%).
Aneurysm characteristics, shock index, haemoglobin level
and volume needed for preoperative resuscitation were
similar between age cohorts (Table 1). Use of resources
(i.e., operating time, stay on intensive care unit and
hospital stay) was also similar. Endovascular repair was
used more often in octogenarians (Table 1).

Table 2 details cardiovascular co-morbidities and
includes missing information. Octogenarians were more
often affected by coronary artery disease, atrial fibrillation
and impaired renal function. By contrast, body mass index
and prevalence of diabetes and arterial hypertension were
similar between cohorts.

Survival status at 30 days was known for all patients.
Surgical mortality refers to 248 operated patients and was
15.3% at 30 days (n Z 38 deaths). It was significantly higher
in octogenarians (26.7% vs. 11.7%; P Z 0.007). Half of these
octogenarians died within the first 72 h (three during



Table 2 Co-morbidities and cardiovascular risk factors at time of repair.

Characteristic Octogenarians Non-Octogenarians P-value

n Z 60 n Z 188

Glomerular filtration ratec in ml/min 48.3 (38.5e56.7) 59.6 (49.1e81.6) <0.0001a

Diabetes mellitus, n (%) 8 (13) 24 (13) 0.11b

No diabetes 45 (75) 156 (83)
Missing information 7 (12) 8 (4)

Arterial hypertension, n (%) 51 (85) 151 (80) 0.82b

No arterial hypertension 7 (12) 30 (16)
Missing information 2 (3) 7 (4)

Coronary artery disease, n (%) 30 (50) 64 (34) 0.052b

No coronary artery disease 27 (45) 118 (63)
Missing information 3 (5) 6 (3)

Atrial fibrillation, n (%) 21 (35) 29 (15) 0.002b

No atrial fibrillation 35 (58) 151 (80)
Missing information 4 (7) 8 (4)

Chronic obstructive lung disease, n (%) 12 (20) 48 (26) 0.22b

No chronic obstructive lung disease 41 (68) 130 (69)
Missing information 7 (12) 10 (5)

Current smoker, n(%) 10 (17) 60 (32) 0.003b

Never smoked 32 (53) 56 (30)
Ex smoker 11 (18) 57 (30)
Missing information 7 (12) 15 (8)

Summary statistics are given as median (inter-quartile range), if not specified otherwise.
a ManneWhitney U test.
b Fisher’s exact test.
c Calculated according to Cockcroft Gault formula.
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surgery and five afterwards), the remaining eight died after
3 days. Of the 22 younger patients, 13 died within the first
72 h (six during surgery) and nine after 3 days.

In-hospital mortality refers to 272 admitted patients and
was 20.5% (n Z 56 deaths) corresponding to 36.5% in 74
admitted octogenarians (n Z 27) and 14.6% in 198 younger
patients (n Z 29). The remainder (n Z 6) died after
hospital discharge but within 30 days of surgery.

Table 3 reports confounder-adjusted results of survival
analyses. OR and HR indicate estimated changes of risk of
death, and precision of estimates is indicated by 95% CI.
Various levels of adjustment were calculated. Crude results
were only adjusted for type of repair. Primary adjusted
results compensated additionally for gender, renal func-
tion, preoperative shock index, haemoglobin level, extent
of rupture and volume administered during resuscitation.
Secondary adjusted results were calculated as primary, but
compensated additionally for presence of coronary artery
disease or atrial fibrillation. Of note, advanced age lost its
independent association with increased risk of perioper-
ative death when presence of coronary artery disease was
considered. Free rupture was an important effect modifier
(secondary adjusted OR 2.8; 95%CI, 1.1; 7.4; P Z 0.035),
whereas technique of attempted repair (i.e., open vs.
endovascular) had no statistically significant effect
(secondary adjusted OR 0.81; 95%CI, 0.09; 7.2; P Z 0.85).

Table 4 details the risk factor analysis for octogenarians.
Manifest hypovolaemic shock at presentation was the most
important independent predictor of poor outcome in this
age group.

Follow-up was available for a median of 2.4 years (IQR,
1.2; 4.5; max 9.1) in octogenarians vs. 3.2 years (IQR, 1.2;
5.4; max 9.4) in younger patients (P Z 0.41, Fig. 1). Annual
mortality of octogenarians averaged 13.7% (n Z 18/132
person-years) as compared to 5.2% in younger patients
(n Z 30/579 person-years, P < 0.001). Causes of death are
given in Table 5 and survival estimates are displayed in
Fig. 2. Excluding surgical mortality, cumulative survival of
octogenarians was 88%, 77% and 63% at 1, 2 and 3 years of
follow-up, respectively. This corresponds to 97%, 94% and
84% of the expected ‘normal’ survival in a matched national
population (Fig. 3). Corresponding figures for younger
patients were 97% at 1 year (100% of expected normal
survival), and 92% (96%) and 90% (96%) at 2 and 3 years,
respectively.
Discussion

Every clinician who deals with vascular emergencies has
come across the ethical dilemma of whether to offer or
deny a probably hopeless but potentially life-saving inter-
vention when an aged patient presents with ruptured
aneurysm. Such decisions are typically based on emotional
grounds as evidence is scarce to guide clinical decision
making.5 However, the challenge occurs not as rarely; in



Table 3 Association between age cohort and increased risk of death of any cause.

Perioperative death Death up to 1 year Death up to 3 years

OR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Crude associationsa <80 years 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)
�80 years 2.9 (1.4e6.1) 0.004 2.7 (1.5e4.8) 0.001 2.9 (1.8e4.8) <0.0001

Primary confounder-adjusted
modelb

<80 years 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)
�80 years 2.6 (1.1e5.9) 0.023 2.2 (1.2e4.2) 0.011 2.7 (1.6e4.5) <0.0001

Secondary confounder-adjusted
modelc

<80 years 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)
�80 years 2.1 (0.9e5.2) 0.099 1.6 (0.8e3.1) 0.155 2.0 (1.2e3.5) 0.011

OR, odds ratio (using logistic regression modelling); HR, hazard ratio (using proportional hazards modelling).
a Adjusted for type of aneurysm repair (open vs. endovascular).
b Additionally adjusted for gender, renal function (according to Cockcroft), shock index, lowermost haemoglobin level before surgical
control of bleeding, open vs. contained rupture, intravenous volume during preoperative resuscitation.
c Additionally adjusted for presence of coronary artery disease and atrial fibrillation (both as ‘yes’ vs. ‘no’ vs. ‘unknown’).
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the current series, every fourth patient with a ruptured
aneurysm was an octogenarian, and this was very similar in
a recent National survey in Sweden.2 Key finding of the
present study was that even for open repair, octogenarians
carried an acceptable surgical risk, which was mainly driven
by a higher prevalence of coronary artery disease and was
predicted by hypovolaemic shock. Given an almost normal
life expectancy after successful repair, salvage attempts,
therefore, seemed justified independently of age but under
reserve of a responsible patient selection.

A perioperative mortality of almost 27% for octogenar-
ians is considerable and reflects the severity of ruptured
aneurysms. However, it still compares favourably to
a pooled overall surgical mortality estimate of 41% for open
Table 4 Risk factor analysis for perioperative death among oct

Characteristic

Age, per year increment
Male gender
Glomerular filtration ratea, per
ml/min increment

Haemoglobin levelb per g/L
increment

Shock indexc

<1.0
�1.0

Coronary artery disease
No
Yes
Unknown

Atrial fibrillation
No
Yes
Unknown

Analysis was adjusted additionally for extent of rupture and type o
confidence interval.
a According to Cockcroft Gault.
b Lowermost level before surgical control of bleeding.
c In (beats/min)/mmHg.
repair,6 particularly when it is considered that in this meta-
analysis studies dealing specifically with octogenarians
were excluded. There are a number of reasons why results
of single specialist units tend to excel averaged outcomes
many of which may impair generalisability. Nonetheless,
such differences provide an important benchmark and may
be taken as what centralised care can potentially
achieve.11

Mortality differences between age groups are less
systematic in aggregate observations than one would intu-
itively expect. For instance, a recent subgroup analysis of
the Swedish Vascular registry reported a similar perioper-
ative mortality for octogenarians (51%)2 as above meta-
analysis which had excluded them. In the present study,
ogenarians (n Z 60).

OR (95%CI) P-value

1.1 (0.9e1.3) 0.58
0.5 (0.7e3.0) 0.41
1.0 (0.9e1.0) 0.32

1.0 (1.0e1.0) 0.40

1.0 (ref.)
5.1 (1.1e23.4) 0.037

1.0 (ref.)
2.2 (0.5e10.0) 0.31
4.9 (0.2e100.0) 0.30

1.0 (ref.)
1.1 (0.2e5.0) 0.92
8.8 (0.5e156.0) 0.14

f repair. OR, odds ratio (using logistic regression modelling); CI,



Table 5 Causes of death during follow-up (>30d, nZ 210).

n Z 48

Related to aneurysm repaira 1
Cardiac 16
Cerebral 3
Cancer 7
Gastrointestinal 3
Pulmonary 5
Renal failure 1
Not known 12
a Ruptured false aneurysm at anastomotic site.

Figure 3 Comparison of postoperative survival with expec-
ted ‘normal’ survival. 30-day mortality was excluded from this
analysis. Cumulative survival estimates of study cohorts are
compared to the expected ‘normal’ survival of matched
national population (in terms of age, gender and calendar
year). Expected ‘normal’ survival is displayed using box-plots
indicating medians and inter-quartile ranges. Comparisons by
Fisher’s exact.
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the survival benefit of younger patients was sustained only
as long as results were not adjusted for presence of coro-
nary artery disease (Table 3). The suggested confounding is
biologically plausible as the fatal sequence of sudden
hypovolaemic shock and lower body ischaemia followed by
extensive reperfusion injury impacts primarily on cardiac
reserves.1 Accordingly, cardiac disease predicted not only
perioperative death but was also the reason for most
deaths during follow-up (Table 5).

Hypovolaemic shock was an independent predictor of
perioperative death in octogenarians. This is consistent
with the Edinburgh ruptured aneurysm score which features
absolute systolic blood pressures below 90 mmHg as one of
its key parameters. However, increased heart rate is the
body’s first reaction to haemorrhagic shock.12 The shock
index relates the heart rate to the perfusion pressure at
organ level and could be more sensitive than absolute
pressures. Indeed, there is convincing evidence from
trauma series that shock index correlates directly with the
need for massive transfusion in relatively normotensive
patients,13 with important indices of impaired organ
Figure 2 Cumulative survival estimates after attempted
repair of ruptured aneurysm. KaplaneMeier survival curves for
study cohorts up to three years after attempted aortic repair.
All causes of death were included and are detailed in Table 5.
Comparison of survival functions by Log-rank test.
perfusion such as central venous oxygen saturation,14 and
with mortality.15 Hence, shock index had been predefined
as a potential risk factor in the current analysis.

The concept of ‘prohibitive surgical risk’ clearly depends
on the natural history of the condition. For ruptured
abdominal aneurysm, the natural history is deleterious.5

For similar emergencies such as aortic type A dissection
or cardiogenic shock in the context of severe aortic valve
stenosis, surgical mortality rates between 30% and 38% have
been perfectly acceptable for octogenarians.16,17 There-
fore, a 27% mortality should not discourage attempts of
emergency repair e particularly as age as such was a poor
predictor of outcome. Thus, critical evaluation of aged
patients presenting with severe coronary artery disease or
haemorrhagic shock seems much more promising to
improve overall survival than to refuse patients solely
based on their age.

Potential for recovery is another important determinant
for surgical decision making. Not surprisingly, absolute
prognosis after successful repair was better for younger
patients. However, survival prognosis was in the normal
range for both cohorts if compared to matched national
population samples (Fig. 3). Others have reported similar
findings.18 For instance, a recent population-based Swedish
survey reported a relative survival of 94% of the adjusted
national life expectancy up to 5 years after repair.2 In the
current series, such excellent outcome was found only
during the first 2 years for octogenarians; after that relative
survival declined to 84% at 3 years (Fig. 3). Part of this
difference may be explained by the fact that 90-day
mortality was excluded in the Swedish survey whereas
only 30-day mortality was excluded in the present series.
Absolute survival rates after emergency repair ranged from
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48 to 68% at 5 years in a systematic review, but they were
not stratified for age.19 For comparison, pooled 5-year
survival estimates after elective aneurysm repair were at
60% for octogenarians.20 This suggests that long-term
outlook after ruptured aneurysm repair is mainly deter-
mined by the perioperative rather than the postoperative
course, which followed the normal pattern of a matched
reference population independently of age in a number of
studies.

The study has potential limitations that may affect the
validity of the findings. First, the dataset is not randomised
and, thus, susceptible to confounding. However, as the
effect of an epidemiological factor (age) was investigated,
randomisation is obviously impossible and comparison of
prospective cohorts represents the next best alternative. To
limit confounding, multivariable statistics were used to
account for known or suspected undue influences. Second,
identification and selection of patients is particularly chal-
lenging when emergency interventions are investigated, as
patient paths tend to vary unpredictably. Although selection
was based on a prospectively maintained computer data-
base, every effort was given to guarantee consecutivity by
additional predefined cross-referencing. By contrast,
selection bias by incomplete referral cannot be excluded. In
the absence of systematic autopsy surveys, the estimated
number of unreported cases of missed or not referred
ruptured aneurysms is essentially unknown. However, for
those patients who entered a hospital within the catchment
area, referral paths are firmly established and maintained
by close collaboration, hence were close to 70% of patients
were secondary referrals and, as distances are relatively
short, some patients were even sent under ongoing resus-
citation. Therefore, it is unlikely that many patients were
palliated outside without consultation. Third, emergency
series are prone to missing data, as priority is always given
to patient care and not to data sampling. Hence, a number
of alternative data sources were searched in addition to
the computer database, which improved overall data
completeness to 94%. For effectively missing data,
a conservative imputation approach was chosen to prevent
selection bias by excluding patients with missing data from
analysis. Fourth, the series involved almost exclusively open
repair. Although type of repair was accounted for within
multivariate adjustment and did not influence results,
generalisability may be limited. Endovascular repair has
been reckoned to improve outcome of ruptured aneurysm,
particularly in elderly and frail patients1,5; however, its use
is still quite limited in current practice.2,5 Therefore, the
present findings can still be considered representative and,
if anything, would probably underestimate the outcome of
octogenarians.

To summarise, ‘prohibitive’ surgical risks are not abso-
lute but need to be balanced against expected natural
course and available socio-economic resources. The
desperate prognosis of untreated ruptured aneurysm
justifies liberal use of rescue interventions. Even in this
predominantly open repair series, advanced age as such did
not predict failure but was confounded by important risk
factors such as coronary artery disease and limited reserves
to cope with haemorrhagic shock. Endovascular repair
might be particularly appropriate in this frail subset of
patients and has the potential to improve their prognosis
further. As life expectancy after successful emergency
repair was almost normal across age cohorts, denial of
a life-saving operation solely based on age does not seem
warranted.

Conflict of Interest/Funding

None declared.

Acknowledgements

The authors would like to thank their study nurse Laetitia
Krummen for her unfatiguing help during data manage-
ment, and their biostatistician Brigitta Gahl, Msc, for her
support during conception and implementation of the
statistical analysis plan.

References

1 Dillon M, Cardwell C, Blair PH, Ellis P, Kee F, Harkin DW.
Endovascular treatment for ruptured abdominal aortic aneu-
rysm. Cochrane Database Syst Rev; 2007:CD005261.

2 Mani K, Bjorck M, Lundkvist J, Wanhainen A. Improved long-
term survival after abdominal aortic aneurysm repair. Circula-
tion 2009;120:201e11.

3 Tambyraja AL, Murie JA, Chalmers RT. Prediction of outcome
after abdominal aortic aneurysm rupture. J Vasc Surg 2008;47:
222e30.

4 Tambyraja AL, Lee AJ, Murie JA, Chalmers RT. Prognostic
scoring in ruptured abdominal aortic aneurysm: a prospective
evaluation. J Vasc Surg 2008;47:282e6.

5 Moll FL, Powell JT, Fraedrich G, Verzini F, Haulon S, Waltham M,
et al. Management of abdominal aortic aneurysms clinical
practice guidelines of the European Society for Vascular
Surgery. Eur J Vasc Endovasc Surg 2011;41(Suppl. 1):S1e58.

6 Bown MJ, Sutton AJ, Bell PR, Sayers RD. A meta-analysis of 50
years of ruptured abdominal aortic aneurysm repair. Br J Surg
2002;89:714e30.

7 Swiss Federal Agency of Statistics. Democratic portrait of
Switzerland. inquired at, info.dem@bfs.admin.ch; 03.02.2011.

8 Human mortality database. As accessed at, http://www.
mortality.org; 04.02.2011.

9 Gault MH, Longerich LL, Harnett JD, Wesolowski C. Predicting
glomerular function from adjusted serum creatinine. Nephron
1992;62:249e56.

10 Allgower M, Burri C. shock index. Dtsch Med Wochenschr 1967;
92:1947e50.

11 Holt PJ, Karthikesalingam A, Poloniecki JD, Hinchliffe RJ,
Loftus IM, Thompson MM. Propensity scored analysis of
outcomes after ruptured abdominal aortic aneurysm. Br J Surg
2010;97:496e503.

12 Rushing GD, Britt LD. Reperfusion injury after hemorrhage:
a collective review. Ann Surg 2008;247:929e37.

13 Vandromme MJ, Griffin RL, Kerby JD, McGwin Jr G, Rue 3rd LW,
Weinberg JA. Identifying risk for massive transfusion in the
relatively normotensive patient: utility of the prehospital shock
index. J Trauma 2011;70:384e90.

14 Rady MY, Rivers EP, Martin GB, Smithline H, Appelton T,
Nowak RM. Continuous central venous oximetry and shock index
in the emergency department: use in the evaluation of clinical
shock. Am J Emerg Med 1992;10:538e41.

15 Cannon CM, Braxton CC, Kling-Smith M, Mahnken JD, Carlton E,
Moncure M. Utility of the shock index in predicting mortality in
traumatically injured patients. J Trauma 2009;67:1426e30.

mailto:info.dem@bfs.admin.ch
http://www.mortality.org
http://www.mortality.org


Ruptured Aneurysm in Octogenarians 483
16 Pasic M, Unbehaun A, Dreysse S, Drews T, Buz S, Kukucka M,
et al. Transapical aortic valve implantation in 175 consecutive
patients: excellent outcome in very high-risk patients. J Am
Coll Cardiol 2010;56:813e20.

17 Trimarchi S, Eagle KA, Nienaber CA, Rampoldi V, Jonker FH,
De Vincentiis C, et al. Role of age in acute type a aortic
dissection outcome: report from the International Registry of
Acute Aortic Dissection (IRAD). J Thorac Cardiovasc Surg
2010;140:784e9.
18 Aune S, Laxdal E, Pedersen G, Dregelid E. Lifetime gain related
to cost of repair of ruptured abdominal aortic aneurysm in
octogenarians. Eur J Vasc Endovasc Surg 2004;27:299e304.

19 Norman PE, Semmens JB, Lawrence-Brown MM. Long-term
relative survival following surgery for abdominal aortic aneu-
rysm: a review. Cardiovasc Surg 2001;9:219e24.

20 Henebiens M, Vahl A, Koelemay MJ. Elective surgery of
abdominal aortic aneurysms in octogenarians: a systematic
review. J Vasc Surg 2008;47:676e81.


	 Repair of Ruptured Abdominal Aortic Aneurysm in Octogenarians
	 Materials and Methods
	 Patient identification
	 Exposure and outcome variables
	 Data sources and missing values
	 Statistical methods

	 Results
	 Discussion
	 Conflict of Interest/Funding
	 Acknowledgements
	 References


