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Abstract

Purpose: Octogenarians are known to have less-favorable outcomes following ruptured abdominal aortic aneurysm
(rAAA) repair compared with their younger counterparts. Accurate information regarding perioperative outcomes following
rAAA-repair is important to evaluate current treatment practice. The aim of this study was to evaluate perioperative
outcomes of octogenarians and to identify factors associated with mortality and major complications after open surgical
repair (OSR) or endovascular aneurysm repair (EVAR) of a rAAA using nationwide, real-world, contemporary data.
Methods: All patients that underwent EVAR or OSR of an infrarenal or juxtarenal rAAA between January |, 2013, and
December 31, 2018, were prospectively registered in the Dutch Surgical Aneurysm Audit (DSAA) and included in this
study. The primary outcome was the comparison of perioperative outcomes of octogenarians versus non-octogenarians,
including adjustment for confounders. Secondary outcomes were the identification of factors associated with mortality and
major complications in octogenarians.

Results: The study included 2879 patients, of which | [46 were treated by EVAR (382 octogenarians, 33%) and 1733 were
treated by OSR (410 octogenarians, 24%). Perioperative mortality of octogenarians following EVAR was 37.2% versus
14.8% in non-octogenarians (adjusted OR=2.9, 95% CI=2.8-3.0) and 50.0% versus 29.4% following OSR (adjusted OR=2.2,
95% Cl=2.2-2.3). Major complication rates of octogenarians were 55.4% versus 31.8% in non-octogenarians following
EVAR (OR=2.7, 95% Cl=2.1-3.4), and 68% versus 49% following OSR (OR=2.2, 95% Cl=1.8-2.8). Following EVAR, 30.6%
of the octogenarians had an uncomplicated perioperative course (UPC) versus 49.5% in non-octogenarians (OR=0.5, 95%
Cl=0.4-0.6), while following OSR, UPC rates were 20.7% in octogenarians versus 32.6% in non-octogenarians (OR=0.5,
95% Cl1=0.4-0.7). Cardiac or pulmonary comorbidity and loss of consciousness were associated with mortality and major
complications in octogenarians. Interestingly, female octogenarians had lower mortality rates following EVAR than male
octogenarians (adjusted OR=0.7, 95% CI=0.6-0.8).

Conclusion: Based on this nationwide study with real-world registry data, mortality rates of octogenarians following
ruptured AAA-repair were high, especially after OSR. However, a substantial proportion of these octogenarians following
OSR and EVAR had an uneventful recovery. Known preoperative factors do influence perioperative outcomes and reflect
current treatment practice.
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Introduction patients undergoing surgical treatment for a rAAA, 30-day

mortality rates of 24.5% (95% CI=23.4-25.7) following
A ruptured abdominal aortic aneurysm (rAAA) represents endovascular aneurysm repair (EVAR) and 37.8% (95%
a highly lethal condition, especially in older patients. In  CI=36.4-39.2) following open surgical repair (OSR) are
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described.! Advanced age is associated with increased in-
hospital mortality.>? A meta-analysis which included stud-
ies up to 2010 reported perioperative mortality rates of
59.2% for octogenarians treated with OSR after rAAA* and
a more recent meta-analysis which included studies from
centers of excellence, (nationwide) vascular registries, an
administrative database, and an insurance database pub-
lished 30-day mortality rates of 27% (95% CI=18-38) for
octogenarians after EVAR and 52% (95% CI=44-60) after
OSR, respectively.’ Although these perioperative mortality
rates are high, AAA repair is the only option for these
patients to survive a rAAA. Long-term outcomes of octoge-
narians who were successfully treated appeared to be rea-
sonable as in the Swedish Vascular Registry, the survival of
octogenarians treated for rAAAs and who survived the first
90 days after surgery was similar to non-octogenarians.’
Furthermore, in the recent meta-analysis, 1-year mortality
rates in octogenarians of 35% (95% CI=18-56) following

EVAR and 54% (95% CI=47-60) following OSR were
reported.’

A swift decision regarding treatment is vital in patients
with TAAAs. Current predictive models were developed
using data up to 2012 and have limited value in predicting
mortality or major complications following rAAA repair.”
However, this information is essential for decision-making
regarding treatment or palliation, especially in elderly
patients. The identification of patient factors associated with
perioperative mortality in a nationwide cohort of octogenar-
ians could evaluate the current selection of octogenarians to
be treated for a rAAA. However, specific contemporary
perioperative outcomes in octogenarians following rAAA
repair based on a nationwide data reflecting real-world prac-
tice are scarce.

This study aimed to evaluate perioperative outcomes of
octogenarians compared with non-octogenarians after OSR
or EVAR of a ruptured infrarenal or juxtarenal AAA using
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nationwide, real-world, contemporary data. Furthermore,
we identified factors associated with mortality and major
complications in octogenarians and assessed time-trends of
applied surgical techniques. Finally, we investigated the
impact of complications on mortality and length of hospital
stay based on a validated nationwide and mandatory clini-
cal registry.

Materials and Methods

Data sources and Study Design

Data were collected from the Dutch Surgical Aneurysm
Audit (DSAA), a mandatory nationwide clinical registry.
All Dutch vascular surgeons performing aortic aneurysm
interventions register their aortic aneurysm interventions in
the DSAA. Since the establishment of the DSAA in 2013,
the DSAA includes all patients that underwent repair of an
infrarenal or juxtarenal aneurysm without previous aortic
surgery and, thus, all TAAA repairs performed in the
Netherlands were included in the DSAA. Data verification
took place through a random sample of hospitals, conclud-
ing that the data had a high degree of reliability, with very
few discrepancies detected and showing a case ascertain-
ment of 98.4%.'%!! The data derived from this registry were
anonymized and were retrospectively analyzed. The study
followed the STROBE statement. '

Participants

All consecutive patients that were registered in the DSAA
undergoing primary repair (EVAR or OSR) of a ruptured
infrarenal or juxtarenal AAA between January 1, 2013 and
December 31, 2018 were included for analysis. Patients
with missing date of birth, sex, or survival status at the time
of discharge or 30-days postoperatively were excluded. No
ethical approval or informed consent was required for this
study according to Dutch law.

Definitions

Age was calculated as year of surgery minus year of birth.
Patients were considered octogenarians when their age was
80 years or older at the time of surgery. EVAR procedures
followed by immediate conversion were categorized by
intention-to-treat.

Outcomes

The primary outcome was the comparison of perioperative
outcomes (perioperative mortality, major complications,
and the desirable composite outcome “uncomplicated peri-
operative course” [UPC]) of octogenarians with non-octo-
genarians. Secondary outcomes were the identification of

factors associated with perioperative mortality and major
complications in octogenarians and the influence of compli-
cations on perioperative mortality and length of hospital
stay of living patients. Finally, time-trends per year regard-
ing applied surgical techniques were evaluated.

Perioperative mortality was defined as death within
30-days or in-hospital. Major complications were defined
as either intraoperative or postoperative complications that
resulted in a prolonged length of stay, needed a reinterven-
tion, or caused mortality'® and described the perioperative
period (first 30 days) following rAAA-repair. Prolonged
length of stay was defined as the length of stay exceeding
the 75th percentile of the length of stay of all living patients.
The UPC was achieved when no perioperative mortality, no
intraoperative complications, no postoperative surgical
complications (for details, see Supplementary Table 1), no
reinterventions, no readmission, and no prolonged length of
stay occurred, and was based on the composite outcome
Textbook Outcome, which was previously described for
elective AAA repairs.'*

Statistical Methods

Baseline characteristics were stratified by EVAR and OSR
and were compared between octogenarians and non-octoge-
narians. Categorical variables were compared between
groups using Chi-square tests and Fisher exact tests, when
appropriate. Continuous variables were compared using
t-tests were used for normally distributed variables and
Mann—Whitney U tests otherwise.

Differences in perioperative outcomes were examined
with univariable logistic regression analyses with odds ratios
including 95% confidence intervals. The associations
between age =80 and mortality and major complications
were examined for EVAR and OSR patients with multivari-
able logistic regression analyses using covariates and the fac-
tor “age = 80.” In these analyses, patient characteristics
based on both the V(p)-possum score'> and the Hardman
index'® were included as covariates to adjust for confound-
ing. Covariates used for analysis were gender, pulmonary
comorbidity, cardiac comorbidity, abnormalities on preoper-
ative electrocardiogram (ECG), preoperative renal dysfunc-
tion (creatine=190umol/L), systolic blood pressure (per
10mmHg), loss of consciousness (Glasgow Coma Scale<<12),
anemia (hemoglobin<<5.6mmol/L), aneurysm diameter (per
10mm), and location of the aneurysm (abdominal aortic or
aortoiliac). Factors with a p<<0.10 in univariable analysis
were selected for multivariable logistic regression analysis.

Factors associated with mortality and major complica-
tions were examined for octogenarians who underwent
EVAR and OSR using logistic regression analyses. For this
analysis, covariates mentioned earlier and age (as a continu-
ous variable) were included. Factors with a p<<0.10 in uni-
variable analysis and factors considered clinically relevant
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(age and sex) were selected for multivariable logistic
regression analysis.

Furthermore, we examined whether the proportion of
applied surgical techniques and the proportion of octogenar-
ians versus non-octogenarians decreased or increased lin-
early, using univariable logistic regression analyses. The
impact of subgroups of complications, as registered in the
DSAA, on mortality and median hospital-stay length of liv-
ing patients was examined using descriptive statistics. For all
analyses, statistical significance was defined as a p<<0.05.

Missing Data

The data of this subset from the DSA A contained variables with
missing values (Supplementary Table 2). If patients with any
missing data had been excluded from the multivariable analy-
ses, information of 237 octogenarians (62%) that received
EVAR and 290 octogenarians (71%) that received OSR would
have been lost. In all variables with missing data, 7.8% and
10.1% of the information was missing for EVAR and OSR,
respectively. No patterns of missing data were found. Therefore,
missing data were assumed to be missing at random for all
covariates allowing to impute missing data.!”

In order to deal with the missing data, the method of mul-
tiple imputation using chained equations (MICE) was per-
formed for both EVAR and OSR patients.'® Outcomes, as
perioperative mortality, were not imputed. To account for the
variation in completing the data set with multiple imputation,
60 data sets were used for EVAR patients and 70 data sets
were used for OSR patients (each with 20 iterations).'®
Further details are shown in Supplementary Table 2. After
imputation, values that were imputed were compared with
values that were observed using scatter plots and plots of the
densities.

For the multivariable logistic regression models, the
results of the imputed data sets were combined to produce a
final result using the Rubin’s rules.!” For comparison, mul-
tivariable logistic regression models 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, 2904 patients
from 61 hospitals who underwent primary repair for an
infrarenal or juxtarenal rAAA were registered in the DSAA
database. Of these patients, 2879 (99.1%) were eligible for
analysis (Figure 1). In total, 792 octogenarians and 2087
non-octogenarians were included. Of all included patients,
1146 patients were treated with EVAR (382 octogenarians
[33.3%] and 764 non-octogenarians (66.7%)), while 1733
patients were treated with OSR (410 octogenarians [23.7%]
and 1323 non-octogenarians (76.3%)). In the EVAR group,
34 EVAR procedures (3.0%) were followed by immediate

conversion. Of all 792 octogenarians in this study, 382
(48.2%) received EVAR, while of all 2087 non-octogenari-
ans, 764 (36.6%) received EVAR (p<<0.001).

Patient Characteristics, Aneurysm Morphology,
and Operative Data

Original data and percentages of imputed data of patient
characteristics, aneurysm morphology, and operative
data, are shown in Table 1. Octogenarians were more
often female compared with non-octogenarians, espe-
cially in the OSR group. Furthermore, octogenarians had
more cardiac comorbidities, pulmonary comorbidities, or
abnormalities on ECG, and presented with lower base-
line hemoglobin and higher baseline creatinine levels.
Octogenarians undergoing EVAR and OSR more often
had a loss of consciousness (GCS<12) compared with
non-octogenarians. From 2013 up to 2015, the exact
location of the aneurysm relative to the renal arteries and
information of referral patterns were not registered in the
DSAA. From 2016 to 2018, 210/750 (28.0%) AAAs reg-
istered following OSR were juxtarenal AAAs (46 octo-
genarians, 164 non-octogenarians) and 7/638 (1.1%)
AAAs registered following EVAR had a juxtarenal loca-
tion. Most patients were presented at the emergency
department of the hospital in which they received treat-
ment, 465/638 (72.9%) following EVAR, 586/791
(74.1%) following OSR, while some patients were first
presented in another hospital, 60/638 (9.4%) following
EVAR, 67/791 (8.5%) following OSR. It was not regis-
tered in the DSAA whether patients were suitable for
EVAR. More procedural data (intraoperative blood loss,
use of cell saver, intraoperative complications, admis-
sion to ICU, and length of ICU-stay) can be found in
Supplementary Table 3.

Perioperative Mortality

The perioperative mortality rate of all octogenarians was
43.8% compared with 24.1% in all non-octogenarians
(p<<0.001). Table 2 shows that octogenarians following
EVAR had a mortality rate of 37.2% compared with 14.8%
in non-octogenarians (OR=3.41, 95% CI=2.56-4.55). The
mortality rate of octogenarians following OSR was 50.0%
compared with 29.4% in non-octogenarians (OR=2.40,
95% CI=1.91-3.01).

Moreover, after adjustment for confounders, octogenar-
ians had a significantly higher mortality rate compared with
non-octogenarians following both EVAR and OSR (EVAR:
aOR 2.87, 95%-CI 2.76-2.99, OSR: aOR 2.21, 95%-CI
2.15-2.28). We found similar results using the subsets with
complete cases following both EVAR (aOR 2.93, 95%-CI
1.74-4.98, p<0.001) and OSR (aOR 2.20, 95%-CI
1.39-3.48).
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- unknown date of birth / date of surgery (n = 1)
- unknown survival status (at time of
discharge/30 days postoperatively) (n = 15)

21950 patients 19046 patients were
registered in DSAA not included (elective
AAA repair, thoracic
v aortic aneurym repair,
(" 2904 patients ) secondary AAA repair
underwent primary
repair for an
infrarenal or & =\
juxtarenal ruptured 25 patients were excluded from the study:
\ AAA (EVAR/OSR) ) / - unknown sex (n=7)

-age<18or>110(n=2) )

2879 patients were
eligible for analysis

A 4

4 N
1146 patients underwent
EVAR, of which:
- 382 octogenarians
- 764 non-octogenarians

N AR

1733 patients underwent
OSR, of which:
- 410 octogenarians
- 1323 non-octogenarians

~

J

Figure |. Flow diagram of included octogenarians and non-octogenarians following rAAA-repair. DSAA, Dutch Surgical Aneurysm
Audit; EVAR, endovascular aneurysm repair; OSR, open surgical repair; rAAA, ruptured abdominal aortic aneurysm.

Major Complications and Uncomplicated
Perioperative Course

Table 2 shows that octogenarians develop major complica-
tions more often, compared with non-octogenarians, follow-
ing both EVAR (55.4% vs 31.8%, OR=2.66, 95%
CI=2.07-3.43) and OSR (68.2% vs 49.3%, OR=2.21, 95%
CI=1.75-2.80). In octogenarians who underwent EVAR and
developed major complications, cardiac complications were
most common (28.9%), while abdominal complications

were most common in octogenarians following OSR
(28.7%). More details of cardiac and abdominal complica-
tions are provided in Supplementary Table 4. Octogenarians
with major complications that survived perioperatively had
a median length of hospital stay of 18 days (IQR=15-31)
following EVAR and 31 days (IQR=26-41) following OSR
(Table 3). Furthermore, octogenarians had less often an UPC
than non-octogenarians following both EVAR (30.6% vs
49.5%, OR=0.45, 95% CI=0.35-0.58) and OSR (20.7% vs
32.6% (OR=0.54, 95% CI=0.41-0.70).
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Table 3. Perioperative Outcomes (Perioperative Mortality and Length of Hospital-Stay of Living Patients) of All Octogenarians,
Octogenarians With No Postoperative Complications, Octogenarians With Specific Postoperative Complications, Octogenarians
With Major Complications, Stratified for EVAR and OSR.

No. of octogenarians Perioperative mortality Length of hospital-stay of living patients
n (%) n (%) median (IQR)
EVAR
All octogenarians 382 (100) 142 (37.2) 9 [6-15]
Octogenarians with no 132 (34.6) 8 (6.1) 7 [5-10]
postoperative complications
Octogenarians with | or more 249 (65.2) 133 (53.4) 13 [8-21]

postoperative complications
Octogenarians with specific postoperative complications

Abdominal 53 (13.9) 43 (81.1) 26.5 [18.75-33.50]
Cardiac 68 (17.8) 47 (69.1) 15 [6-18.5]
Pulmonary 73 (19.1) 27 (37.0) 15 [11-27.5]
Arterial occlusion 22 (5.8) 13 (59.1) 25 [18-32]
Reconstruction 20 (5.2) 8 (40.0) 6.50 [4.75-10.50]
Re-bleeding 16 (4.2) 15(93.8) NA
Wound 8 (2.1) 1 (12.5) 8 [7-13.5]
Neurologic 28 (7.3) 12 (42.9) 16.5 [8.75-31.5]
Renal 42 (11.0) 28 (66.7) 17 [13-21]
Other 73 (19.1) 41 (56.2) 15 [9-21]

Octogenarians with no major 170 (44.5) 0 (0.0 8 [5-10]

complications

Octogenarians with major 211 (55.2) 142 (67.3) 18 [15-31]

complications

OSR

All octogenarians 410 (100) 205 (50.0) 19 [12-28]

Octogenarians with no 90 (22.0) 26 (28.9) I1.5[7.25-16.75]

postoperative complications

Octogenarians with | or more 319 (77.8) 178 (55.8) 21 [15.5-32]

postoperative complications
Octogenarians with specific postoperative complications

Abdominal 84 (20.5) 54 (64.3) 31.5[19-39.75]
Cardiac 82 (20.0) 49 (59.8) 21 [17-30]
Pulmonary 85 (20.7) 28 (32.9) 22.5[16.75-37.25]
Arterial occlusion 34 (8.3) 19 (55.9) 30 [22-40]
Reconstruction 3(0.7) 3 (100.0) NA
Re-bleeding 28 (6.8) 23 (82.1) 17 [16-19]
Wound 10 (2.4) 3(30.0) 25 [20-30.75]
Neurologic 40 (9.8) 12 (30) 31 [20.25-37.5]
Renal 74 (18.0) 48 (64.9) 27 [17-38]
Other 106 (25.9) 57 (53.8) 21 [16-36]

Octogenarians with no major 130 31.7) 0 (0.0 14 [9-19]

complications

Octogenarians with major 279 (68.0) 205 (73.5) 31 [26-41]

complications

Abbreviations: EVAR, endovascular aneurysm repair; OSR, open surgical repair.

Data are presented as n (%) and for continuous variables as median with IQR. Patients can suffer from more than | postoperative complication
simultaneously and thus can fall into more than | postoperative complication category. Thus, the perioperative outcomes can also be caused by
another complication than by the complication of the reported group.

Factors Associated With Perioperative Mortality Following EVAR, an increase in age was associated with mor-
and Major Complications in Octogenarians tality, while female sex was associated with less mortality.

Following OSR, both an increase in age and gender were not
Figure 2 and Supplementary Table 5 show patient-related risk ~ associated with mortality. Moreover, creatinine =190 was
factors that are associated with mortality in octogenarians. associated with less mortality, as well as hemoglobin <5.6.
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A. Age (per year) n 1.13[1.12-1.14)
e (per year, u 1.08[1.07-1.09]
Female sex n 0.69 [0.63 - 0.75) A. Age (per year)
Female sex | 0.68 [0.63 - 0.73]
Cardiac comorbidity R 3 1.93 [1.80 - 2.06)
Cardiac comorbidity = 1.43[1.35-1.52]
Pulmonary comorbidi = 1.77 [1.66 - 1.88]
Y ty [ ! Pulmonary comorbidity = 1.67 [1.58-1.78]
Abnomslitics on ECG bl 1.5411:44.21:65) Abnormalities on ECG = 1.60[1.51-1.70]
Creatinine 2 190 - 231[2.11-2.53] Creatinine > 190 - 2.19[1.99-2.41)
Systolic blood pressure (per Systolic blood pressure
n 0.90 [0.89 - 0.91! ¥ X -0.
. ; 10 mmHg) [ ] (per 10 mmHg) ] 0.93[0.92-0.94]
055 O con(s(l;c;:l;s:i; —8 3.30[2.97-3.66] Loss of consiousness (GCS <12) —l— 3.70(3,28-4,19]
Hemoglobin <5.6 = 3.30[2.97 - 3.66) Hemoglobin <5.6 ] 1.03[0.95-1.12]
Diameter (per 10
Aortoiliac location | | 1.12 [1.03-1.22] mm) n 1.02[1.00-1.03)
Di (per 10 r T T T T T T T ]
r T u T T T T 1 0.62[0.55 - 0.69]
00 05 1,0 1,5 20 25 30 35 40
™Moo 05 10 LS 20 25 30 35 OR (95% Ci
OR (95% C1) B. Age (per year) n 0.97[0.96 - 0.97)
2 1.00[0.99 - 1,01
B. Age (per year) n [ ] Female sex n 1.29[1.21-1.37]
Female sex n 105{0.98-1.09) Cardiac comorbidity - 1.40[1.32- 1.48]
Cardiac comorbidity hd 185(175-1.95] Pulmonary comorbidity = 1.23 [1.16 - 1.30)
Pulmonary
comorbidity = 1.36[1.29-1.44] Abnormalities on ECG - 1.25 [1.16 - 1.30]
Abnormalities on ECG k3 1.10[1.04 - 1.16] Creatinine > 190 - 0.66 [0.59 - 0.73]
Creatinine > 190 B 0.64[0.58-0.71] Systolic b'°°‘i:’°“:’e . 052[092-093]
er mm|
Systolic blood pressure n 0.890.88 - 0.90] z (p €)
(Per 10 mmHg) . . . Loss of consiousness (GCS <12) ——  2.96[2.69-3.26]
Loss of consiousness .
(GCs <12) —— 2.80 [2.60 - 3.03] Hemoglobin <5.6 = 1.18 [1.09 - 1.27)
Hemoglobin <5.6 = 0.63 [0.58 - 0.67] Diameter (per 10 mm) [} 1.05 [1.03 - 1.06]
Diameter (per 10 n 1.00[0.99 - 1.01]
mm) 00 05 1,0 15 20 25 30 35
: . T OR (95% Cl)
00 05 1,0 15 20 25 30 35
OR (95% C1)

Figure 2. Forest plots showing the results of multivariable
logistic regression analyses for EVAR (A) and OSR (B) to assess
the association of patient-related risk factors with perioperative
mortality in octogenarians (using original data completed by
multiple imputation). OR>1 indicates higher mortality. EVAR,
endovascular aneurysm repair; OSR, open surgical repair.

Loss of consciousness, abnormalities on ECG, and pulmonary
and cardiac comorbidity were associated with mortality in
both groups. Analysis on a subgroup of patients to assess
patient-related risk factors including aneurysm location (infra-
renal or juxtarenal) in octogenarians that underwent OSR
showed that a juxtarenal aneurysm location was associated
with less mortality compared with an infrarenal location
(aOR=0.93, 95% CI=0.89-0.98).

Figure 3 and Supplementary Table 6 show that in
octogenarians, an increase in age was associated with
more major complications following EVAR, while
female sex was associated with fewer major complica-
tions. Following OSR, an increase in age was associated
with fewer complications, while female sex was associ-
ated with more major complications. Abnormalities on
ECG, pulmonary, cardiac comorbidity, and loss of con-
sciousness were associated with major complications in
both groups.

Figure 3. Forest plots showing the results of multivariable
logistic regression analyses for EVAR (A) and OSR (B) to

assess the association of patient-related risk factors with

major complications in octogenarians (using original data
completed by multiple imputation). OR>1 indicates more major
complications. EVAR, endovascular aneurysm repair; OSR, open
surgical repair.

Time Trends of Applied Surgical Technique,
Number of Hospitals, Perioperative Mortality
and Proportion of Octogenarians

In all patients and in the subgroup of octogenarians, EVAR
was increasingly applied compared with OSR (all patients:
OR=1.15, 95% CI=1.10-1.21; octogenarians: OR=1.18,
95% CI=1.09-1.29). In all patients, the percentage of EVAR
increased from 29% in 2013 to 47% in 2018, while in octo-
genarians, the percentage of EVAR increased from 39% in
2013 to 55% in 2018. In 2013, 36 hospitals performed
EVAR in ruptured setting, while in 2018, 47 hospitals per-
formed EVAR in ruptured setting. The number of hospitals
that performed OSR in ruptured setting was 55 in 2013 and
52 in 2018. The perioperative mortality remained stable
over the years in all patients, and in the subgroup of octoge-
narians (all patients: OR=0.98, 95% CI=0.94—1.03; octoge-
narians: OR=1.02, 95% CI=0.94-1.11), despite a higher



Alberga et al

proportion of patients treated with EVAR. During the study
period, the proportion of octogenarians versus non-octoge-
narians was stable in all patients (OR=0.98, 95% CI=0.93—
1.03), OSR patients (OR=0.95, 95% CI=0.89-1.02), and
EVAR patients (OR=0.97, 95% CI=0.91-1.05).

The Impact of Complications on Perioperative
Outcomes in Octogenarians

Table 3 shows that some octogenarians with specific com-
plications have high perioperative mortality rates (EVAR:
abdominal complication 81.1%, re-bleeding 93.8%; OSR:
re-bleeding 82.1%, and renal complication: 64.9%).
Moreover, an abdominal complication or an arterial occlu-
sion following EVAR, and an abdominal or a neurologic
complication following OSR have the highest median
length of hospital-stay of living patients.

Discussion

This study showed that perioperative mortality rates of
octogenarians following both EVAR and OSR were high
(37.2% after EVAR; 50.0% after OSR) and significantly
unfavorable compared with younger patients, similar to the
existing literature.>* However, a substantial proportion of
the octogenarians had an uneventful recovery after surgery
(1/3 after EVAR and 1/5 after OSR). The preoperative risk
factors pulmonary or cardiac comorbidity and loss of con-
sciousness were associated with mortality and major com-
plications in octogenarians following both EVAR and OSR
for rAAAs, while an increased age was not associated with
mortality following OSR, and female sex was associated
with less mortality following EVAR.

The recently published ESVS guidelines state that
acceptable results of treatment for rAAA can be achieved in
patients aged >80 years.?’ A recent meta-analysis regarding
the outcome of rAAA-repair in octogenarians, which
included besides a study from the nationwide Swedish
Vascular Registry, studies from expert centers, (non-nation-
wide) vascular registries, an administrative database, and an
insurance database, found pooled 30-day mortality rates of
27% (95% CI=18-38) following EVAR and 52% (95%
CI=44-60)° following OSR. Interestingly, our perioperative
mortality rates following OSR were similar compared with
the rates reported in the meta-analysis, while our periopera-
tive mortality rates following EVAR were increased. In our
study, “age = 80" was associated with mortality following
both EVAR (aOR=2.87) and OSR (aOR=2.21), while a
recent nationwide study using administrative data from
Japan reported that “age = 80” was not associated with
mortality in patients that underwent EVAR (aOR=1.13,
95% CI=0.77-1.66) and described mortality rates of 24.7%
in octogenarians and 23.5% in younger patients following
EVAR.?' Furthermore, 55% of the octogenarians did not

undergo OSR or EVAR in this Japanese study. In contrast, a
recent Dutch multicentre cohort study reported a turndown
rate for rAAA treatment of only 29.9%,?? suggesting that
the Japanese octogenarians were more strictly selected.
Therefore, although we could not report the turndown rate
of our nationwide cohort, we hypothesize that the increased
perioperative mortality rates after EVAR in our study may
suggest that relatively many high-risk octogenarians in the
Netherlands underwent EVAR for rAAAs as a last resort.
Moreover, we described major complications and UPC
rates in octogenarians compared with non-octogenarians.
As expected, major complication rates were higher, and
UPC rates were lower in octogenarians compared with non-
octogenarians. The UPC was based on Textbook Outcome,
which is usually used for reporting the Quality of Care in an
elective setting of abdominal aneurysm treatment.'* We
chose to describe UPC rates to clarify the proportion of
octogenarians that achieves a desirable outcome following
rAAA-repair, which was not described before. As is shown
in Table 2, it is important to note that about 1/3 of octoge-
narians with rAAA undergoing EVAR and 1/5 undergoing
ORS had a completely uneventful recovery, arguing that the
current selection process for surgery is quite acceptable.
Although we did not have information on turndown rates,
better outcomes of octogenarians could probably be
achieved with stricter selection for treatment. However, in
our opinion, our UPC results suggest that turning down
patients solely based on their age should be avoided since
some octogenarians do have acceptable results. Besides, it
is described that a substantial proportion of the octogenari-
ans that survive TAAA repair (>80%) returned to their
home after rehabiliaton.??> Moreover, it is hard to predict
patients that definitely will perish after surgery, and it
remains questionable whether current prediction models are
sufficient to do this in this patient category reliably.®
Without an almost perfect prediction, patients will not be
withheld from treatment using a scoring system.” Although
current prediction models, using a cohort with patients up to
2015, could not reliably predict mortality in preoperative
setting with area under the receiver operating characteristic
curves (AUCs) varying from 0.59 to 0.72,7 we did not
develop a new predictive model since our database does not
include patients turned down for surgery and lacks morpho-
logical or anatomical details. In 2016, the Dutch Aneurysm
Score (DAS) was developed, which reported an externally
validated AUC of 0.77.° However, we could not externally
validate the DAS using our nationwide cohort since the
DSAA does not include information on cardiopulmonary
resuscitation. Therefore, our study described preoperative
patient risk factors associated with perioperative mortality
and major complications in octogenarians, reflecting their
current real-life treatment practice. Loss of consciousness
was highly associated with mortality and major complica-
tions following both EVAR and OSR, suggesting that few
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octogenarians with loss of consciousness survive TAAA-
repair. Interestingly, we found that females had lower mor-
tality following EVAR, but not following OSR. Usually,
higher 30-day mortality rates in women following rAAA-
repair have been reported.” Therefore, our results could
suggest that female octogenarians potentially were strictly
selected for EVAR. Moreover, we found that in both treat-
ment groups, lower systolic blood pressure was associated
with less mortality, which was not in line with another study
that reported on predictors of mortality after repair of
rAAAs.?* This somewhat contradictory result may be due to
higher turndown rates for octogenarians with low systolic
blood pressure. In octogenarians, increased age was associ-
ated with mortality following EVAR, but was not associated
with mortality following OSR. Moreover, clevated preop-
erative creatinine and decreased preoperative hemoglobin,
a predictor for mortality in the DAS,’ were associated with
less mortality in octogenarians following OSR. In addition,
a juxtarenal anecurysm location was associated with less
mortality compared with an infrarenal location following
OSR, which was in contrast with the results of the
IMPROVE trial in which a short aneurysm neck of rAAAs
was associated with mortality following OSR.? We hypoth-
esize that all these counterintuitive findings could be a
reflection of selection bias and that octogenarians with ele-
vated preoperative creatinine, decreased preoperative
hemoglobin, or a juxtarenal aneurysm who received OSR
were more strictly selected for surgery, resulting in a selec-
tion of relatively fit octogenarians with low general frailty.
For Dutch vascular surgeons, this information reflects the
current treatment practice of octogenarians. This informa-
tion could serve as a first step to evaluate the selection of
octogenarians for surgery. However, it will be essential to
have additional information on octogenarians who were not
selected for surgery to assess the entire selection process of
octogenarians for surgery. Moreover, survival after ancu-
rysm repair is not the sole parameter of clinical success and
should be complemented by patient-centered outcomes
such as health-related quality of life and postoperative liv-
ing situation.??

This study shows that octogenarians underwent EVAR
more frequently than non-octogenarians (48.2% vs 36.6%)
and that EVAR was increasingly applied during the study
period in both octogenarians and non-octogenarians. Our
study showed that the endovascular treatment of rAAAs in
all patients increased from 29% in 2013 to 47% in 2018.
This percentage has increased over the years since physi-
cians became more familiar with the EVAR technique and a
stock of stent-grafts became more widely available.?
However, the actual clinical decision in octogenarians
regarding the surgical procedure when both EVAR and
OSR are suitable could be dependent on local or regional
setting as well.?” Surprisingly, our study showed that despite
the increased use of EVAR, the perioperative mortality rates

of octogenarians and all patients were stable over the years,
which was in contrast with previous studies.?® A possible
explanation for these stable mortality rates could be that due
to the increased application of EVAR, relatively more frail
patients have received treatment for an rAAA during the
study period, which could have influenced perioperative
mortality rates.”” Although the proportion of octogenarians
did not change over the years in our study, we could not
objectify an increasing frailty rate with the data registered
in the DSAA. The decreasing numbers of OSR in ruptured
setting should have our attention in upcoming years, as a
study that included data from 11 vascular registries reported
lower in-hospital mortality rates in hospitals with high vol-
umes of OSR in ruptured setting.>

For a correct interpretation of our findings, it is impor-
tant to note that the results of OSR patients are not directly
comparable with the results of EVAR patients since the
characteristics of patients included in both groups were not
similar. Octogenarians that underwent OSR had more often
loss of consciousness and were more frequently female,
compared with the octogenarians that underwent EVAR. It
was described that in intact setting, only 34% of the female
were morphologically suitable for EVAR within the instruc-
tions for use (IFU) due to short and angulated proximal
aneurysm necks or unsuitable iliac arteries (access vessels)
compared with 54% in male,’' which could clarify our high
proportion of females undergoing OSR. Moreover, in our
study, the OSR group included several juxtarenal AAAs,
while only a few juxtarenal AAAs were treated with EVAR,
which was probably due to a lack of suitable endovascular
treatment options for juxtarenal AAAs. Future solutions
with physician-modified grafts, chimney technique or off-
the-shelf solutions might change these numbers.33*
Besides the differences in measured characteristics, which
could be a reflection of selection bias and could influence
outcomes, unmeasured characteristics were probably also
different between the two groups. Therefore, we refrained
from a direct comparison between both groups (EVAR vs
OSR) and propensity score matching.

A limitation of this study is that our data was retrieved
from a nationwide quality registry that contains limited
data. Consequently, we could not correct for all potential
confounders in our multivariable analyses—for example,
as mentioned before, we could not correct for frailty since
frailty was not registered in our registry. Frailty is described
as an independent predictor of in-hospital mortality in
emergency general surgery?® and could influence periop-
erative mortality rates. Moreover, the variable aneurysm
location (infrarenal or juxtarenal) was not available in the
entire study period. Therefore, we could only perform an
analyses on a subgroup of patients to assess the influence
of aneurysm location on perioperative mortality. Finally,
no information is available of patients not eligible for sur-
gical repair since only patients who were stable enough to
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reach the hospital and underwent surgery were included.
Therefore, our findings could be a reflection of selection
bias and we could not report on all patients with rAAAs.
An important strength of our study is the mandatory nation-
wide setup.

Conclusion

This nationwide study provides us with valuable real-life
contemporary data on outcomes after repair of rAAA in
octogenarians that could serve as a first step to evaluate the
selection of octogenarians for surgery. Although aneurysm
repair is associated with high mortality in this patient cate-
gory, especially after OSR, it is important to realize that a
substantial proportion of these patients (1/3 after EVAR and
1/5 after OSR) had an uneventful recovery. Known preop-
erative risk factors do influence these outcomes and reflect
current treatment practice.
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