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Abstract

Introduction—Historically symptomatic AAAs were found to have intermediate mortality
compared to asymptomatic and ruptured AAAs but, with wider EVAR use, a more recent study
suggested mortality of symptomatic aneurysms were similar to asymptomatic AAAs. These prior
studies were limited by small numbers. The purpose of this study is to evaluate the mortality and
morbidity associated with symptomatic AAA repair in a large contemporary population.

Methods—All patients undergoing infrarenal AAA repair were identified in the 2011-2013
ACS-NSQIP, Vascular Surgery targeted module. We excluded acute conversions to open repair and
those for whom the surgical indication was embolization, dissection, thrombosis, or not
documented. We compared 30-day mortality and major adverse events (MAE) for asymptomatic,
symptomatic, and ruptured AAA repair, stratified by EVAR and open repair, with univariate
analysis and multivariable logistic regression.

Results—5502 infrarenal AAAs were identified, 4495 asymptomatic (830 open repair, 3665
[82%] EVAR), 455 symptomatic (143 open, 312 [69%] EVAR), and 552 ruptured aneurysms (263
open, 289 [52%] EVAR). Aneurysm diameter was similar between asymptomatic and
symptomatic AAAs, when stratified by procedure type, but larger for ruptured aneurysms (EVAR
symptomatic 5.8cm £1.6 vs. ruptured 7.5cm £2.0, P<.001; open repair symptomatic 6.4cm +1.9
vs. ruptured 8.0cm £1.9, P<.001). The proportion of females was similar in symptomatic and
ruptured AAA (27% vs. 23%, P=.14, respectively), but lower in asymptomatic AAA (20%, P<.
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001). Symptomatic AAAs had intermediate 30-day mortality compared to asymptomatic and
ruptured aneurysms after both EVAR (asymptomatic 1.4% vs. symptomatic 3.8%, P=.001;
symptomatic vs. 22% ruptured, P<.001) and open repair (asymptomatic 4.3% vs. symptomatic
7.7% , P=.08; symptomatic vs. 57% ruptured, P<.001). After adjustment for age, gender, repair
type, dialysis dependence, and history of severe COPD, patients undergoing repair of symptomatic
AAAs were twice as likely to die within 30-days compared to those with asymptomatic aneurysms
(OR 2.1, 95%CI 1.3-3.5). When stratified by repair type the effect size and direction of the odds
ratios were similar (EVAR OR 2.4, Cl 1.2-4.7; open repair OR 1.8, Cl 0.86-3.9), although not
significant for open repair. Patients with ruptured aneurysms had a sevenfold increased risk of 30-
day mortality compared to symptomatic patients (OR 6.5, Cl 4.1-10.6).

Conclusion—~Patients with symptomatic AAAs had a two-fold increased risk of perioperative
mortality, compared to asymptomatic aneurysms undergoing repair. Furthermore, patients with
ruptured aneurysms have a seven-fold increased risk of mortality compared to symptomatic
aneurysms.

Introduction

The 30-day mortality rate for abdominal aortic aneurysm (AAA) repair can range from
approximately 1% to over 70% depending on whether the aneurysm is intact, symptomatic,
or ruptured.[1-6] 3% to 15% of treated aneurysms have been described as symptomatic in
prior studies.[7-10] Symptomatic abdominal aortic aneurysms present with symptoms of
abdominal or back pain, often associated with tenderness to palpation of the aneurysm itself,
and are thought to represent an intermediate risk group between elective and ruptured
aneurysms.

Historically, many single institution studies showed that patients with symptomatic AAAs
had higher rates of mortality and major adverse events compared to asymptomatic AAA
repairs.[7, 10-14] However, most of these studies predated the wide use of EVAR and had
small numbers of symptomatic AAAs. De Martino et al, using a contemporary clinical
registry, the Vascular Study Group of New England (VSGNE), from 2003-2009, showed
that there was no difference in in-hospital mortality between symptomatic and elective
infrarenal AAA repairs, when stratified by procedure type.[8] This study had the largest
cohort of symptomatic AAAs treated with EVAR at the time. Prior to this study, Cambria et
al. reported that deferral of operation to medically optimize the patient and ensure
appropriate staff are available, instead of immediate repair within the first 4 hours, improved
outcomes for the symptomatic AAAs.[7] This led to an increased focus on preoperative
management of the symptomatic patient and was thought to contribute to the lack of
difference in perioperative mortality between elective and symptomatic patients in De
Martino’s study. However, many still believe that symptomatic AAAs continue to have an
intermediate operative mortality risk in the short-term but there have been no studies with a
current-practice distribution of EVAR and open repair and an adequate number of
symptomatic AAA patients to address this ongoing question.

The purpose of this study was to analyze the differences in mortality and morbidity between
patients with symptomatic AAAs compared to both asymptomatic and ruptured aneurysms
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in a contemporary population where EVAR was the preferred treatment modality for elective
repair.

Using the American College of Surgeons National Surgical Quality Improvement Program
(NSQIP) Vascular Surgery targeted module from 2011-2013, we identified all patients
undergoing endovascular (EVAR) and open AAA repair. The NSQIP vascular targeted
module is an extension of the original NSQIP with 72 participating hospitals in the AAA
module as of 2013. It is a multi-institutional collaboration that continues to collect all the
preoperative, intraoperative, and 30-day outcomes that were contained in the original NSQIP
as well as further clinical detail selected by vascular surgeons in an effort to better risk
adjust and determine best practices. Trained clinical nurse reviewers complete all data
collection, and each hospital has a surgeon champion, available to answer any questions
related to data entry for cases submitted. Additional information on the NSQIP is available
at www.facs.org/quality-programs/acs-nsqip.

Patients and Cohorts

All 6703 patients undergoing AAA repair in the targeted NSQIP were identified. For direct
comparison to prior studies the primary analysis of this paper focused on repair of infrarenal
aneurysms, as identified by proximal aneurysm extent. Juxtarenal aneurysms were included
in the analysis with adjustment in multivariable analysis. A subset of patients who were
documented to have infrarenal aneurysm extent yet had a suprarenal clamp position were
reclassified as juxtarenal. All those with a proximal aneurysm extent listed as pararenal,
suprarenal, or Type IV thoracoabdominal were excluded from the analysis. Patients with no
documented proximal aneurysm extent or operative indication were excluded (n= 439 and
n= 81 respectively). Patients with an operative indication of dissection, thrombosis, or
embolization or those undergoing conversion from EVAR to open repair (n=33) were also
excluded. Patients with symptomatic AAAs were defined as those without evidence of
rupture but presenting with abdominal or back pain, or symptoms from local compression by
the aneurysm causing early satiety, hydronephrosis, or deep venous thrombosis. Ruptured
aneurysms were divided into 2 groups based on hemodynamic status: hypotensive (defined
as systolic blood pressure <90mmHg or drop in systolic blood pressure of >40mmHg from
baseline or need for pressors preoperatively), and non-hypotensive. The asymptomatic non-
ruptured group consisted of those with a surgical indication for repair listed as diameter,
prior open repair with unsatisfactory result, or prior endovascular repair with unsatisfactory
result. The latter two indications were accepted because it was thought likely that the
symptomatic and rupture groups contained some of these patients as well, as only one
indication can be entered per patient.

All variable definitions captured by the NSQIP can be found at www.facs.org/quality-
programs/acs-nsgip. New or aggregate variables used in this analysis included, obesity,
defined as a body mass index >30, and a binary variable for diabetes mellitus, defined as
both insulin and non-insulin dependent diabetes. For EVAR, percutaneous access included
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attempted but failed percutaneous access attempts. We consolidated the main body devices
analyzed and created an “Other” group that included Cook Zenith Fenestrated (1.9%), Cook
Zenith Renu (1.4%), Lombard Aorfix (<0.1%), Medtronic Aneurx (0.2%), Medtronic Talent
(0.6%), Trivascular Ovation (0.9%), and other (4.1%). 10% of patients were missing data on
lower extremity revascularization but these patients were considered as not having
revascularization in our analysis. Time from admission to operation was recorded in days
with day 0 representing operation on day of admission. We identified patients undergoing
surgery after the day of admission to highlight the number of symptomatic patients who
have a delay in their repair since this has been shown to affect outcomes in prior literature.
[7] Operative details and outcomes were presented for EVAR and open repair separately.

All outcomes were within 30 days of the index operation. A major adverse event was
defined as a myocardial infarction (diagnosed as new Q waves on ECG and documentation
stating diagnosis of MI), intraoperative cardiac arrest, pneumonia, prolonged intubation
(defined as >48 hours), worsening renal function (defined as a rise in creatinine of
>2.0mg/dl or new requirement for dialysis), bowel ischemia as stated in the medical record
whether intervention was necessary or not, lower extremity ischemia requiring intervention,
or subsequent rupture after repair.

Statistical Analysis

Results

Continuous variables were presented as mean + standard deviation, or as median and
interquartile range based on distribution. Categorical variables were presented as counts and
percentages. Univariate differences between cohorts were assessed using 2 and Fisher’s
exact tests for categorical variables and Student’s t-test and Mann Whitney U test for
continuous variables, where appropriate. Comparisons were made between asymptomatic
and symptomatic AAAs and symptomatic to ruptured AAAs, stratified by repair type. To
identify independent risk factors for 30-day mortality and major adverse eventswe used
purposeful selection, which utilizes both univariate analysis and previously identified
predictors for the endpoint of interest, to fill the multivariable model for the comparison of
asymptomatic to symptomatic and symptomatic to ruptured AAAs.[15] Certain variables,
such as emergency repair and aneurysm diameter were not included in the model as they
were collinear with symptomatic aneurysms. We listed the Hosmer and Lemeshow statistic
for all steps of model optimization to support the stability of our model given the limited
number of total events. P-value < .10 on univariate analysis was used for inclusion into each
model. All tests were two-sided and significance was considered when P-value was < .05.
IBM SPSS Statistics version 22.0 (IBM Inc., Chicago, IL) was used for all analysis.
Permission to use deidentified data from the NSQIP, without the need for informed consent,
was obtained from the Institutional Review Board at Beth Israel Deaconess Medical Center.

From a total of 6703 patients undergoing AAA repair in the vascular targeted NSQIP from
2011-2013, we excluded 516 (7.7% of total) pararenal/suprarenal aneurysms, 439 (6.5%)
patients without documentation of aneurysm extent, 213 (3.2%) for indication of dissection,
embolization, thrombosis, or no documentation, and 33 (0.5%) for acute conversion from
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EVAR to open repair. This left 5502 patients undergoing repair of infrarenal (85%, 92%
EVAR) or juxtarenal (15%; 20% EVAR) aneurysms. The final cohort included 4495
asymptomatic patients (82% EVAR), 455 symptomatic patients (69% EVAR), and 552
ruptured patients (52% EVAR). Within the asymptomatic group there were 138 (3.1%)
patients with prior unsatisfactory endovascular repair (72% EVAR) and 19 (0.4%) with
unsatisfactory open repair (79% EVAR).

Patient Characteristics

Asymptomatic vs. Symptomatic—Symptomatic patients in general were younger
(mean 72.6 SD +10.1 vs. 73.6 £8.6, p=.01), and less likely to be white (80% vs. 87%, P <.
001), male (73% vs. 80%, P < .001), or obese (25% vs. 32%, P = .01)(Table I). They were
more likely to be current smokers (43% vs. 32%, P < .001), have preoperative acute renal
failure (0.9% vs. 0.2%, P =.03) or hemodialysis (2.6% vs. 0.8%, P < .001), and have a
preoperative transfusion (3.1% vs. 0.9%, P < .001). Patients with symptomatic AAAs had
larger mean aneurysm diameter overall compared to asymptomatic aneurysms
(asymptomatic 5.8 SD £1.2 vs. 6.0 £1.7, P = .045). Figure 1 illustrates a higher proportion
of asymptomatic AAA repairs occurring between 5.0-5.9cm compared to symptomatic
AAAs, which coincides with guidelines for elective repair in this group. As expected there
was a higher proportion of symptomatic patients listed as emergent compared to
asymptomatic patients (EVAR 26% vs. 2.1% P < .001; open repair 39% vs. 3.0%, P <.001).
Symptomatic patients were more likely to have surgery deferred and to not undergo surgical
repair on the same calendar day as admission (EVAR 44% vs. 12%, P < .001; open repair
42% vs. 23%, P < .001), which we hypothesized to represent time spent medically
optimizing the patient and avoiding off-hour operations, although a delay in diagnosis of a
symptomatic aneurysm could also be contributing. Out of the 198 symptomatic patients who
underwent repair after the day of admission 50% were operated on the next calendar day and
79% were operated on within three calendar days of admission.

Symptomatic vs. Ruptured—When compared to those with ruptured aneurysms,
symptomatic patients were less likely to be obese (25% vs. 32%, P = .03), intubated prior to
the OR (0.4% vs. 11%, P < .001), have dependent baseline functional status (1.8% vs. 5.8%,
P =.001), preoperative creatinine elevation (5.2% vs. 17%, P = .001), preoperative
transfusion (3.1% vs. 26%, P < .001), ASA score of 4 or 5 (43% vs. 86 %, P < .001)(Table
I). Symptomatic patients were more likely to have preoperative dyspnea on exertion (19%
vs. 10%, P < .001) and hypertension (79% vs. 71%, P < .001). Aneurysm diameter was
significantly smaller in symptomatic patients (6.0 £1.7 vs. 7.7 £2.0, P <.001), (Figure 1). As
expected, there was a lower proportion of emergent cases amongst the symptomatic patients
compared to those with rupture (EVAR 26% vs. 88%, P < .001; open repair 39% vs. 92%, P
<.001), and greater deferment of cases to the following days after admission (EVAR 44%
vs. 13%, P < .001; open repair 42% vs. 12%, P < .001).

Operative details

EVAR—The use of EVAR was highest in asymptomatic patients followed by symptomatic
patients (asymptomatic 82% vs. symptomatic 69%, P < .001), and lowest in ruptures (52%,
P <.001)(Table I1). Comparing EVAR for asymptomatic and symptomatic presentations,
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symptomatic patients were less likely to have a percutaneous attempt for access (20% vs.
27%, P = .01), had longer operative times (median 140 minutes [Inter-quartile range 110-
178] vs. 133 [102-175], P = .02), and were more likely to require a concomitant access
vessel conduit or repair (11% vs. 7.4%, P = .04).

When comparing symptomatic to ruptured EVAR, symptomatic EVAR cases had shorter
operative times (140 [110-178] vs. 157 [116-205], P = .01) and were less likely to have an
access vessel conduit or repair (11% vs. 18%, P = .01)(Table I1). There was a difference in
main body devices used between groups. Excluder was the most common device used for
asymptomatic, symptomatic, and ruptured aneurysms. Excluder was followed by Endurant
then Zenith for asymptomatic and symptomatic aneurysms, but was followed by Zenith then
Endurant for ruptures.

Open Repair—Comparing symptomatic to asymptomatic patients there was no difference
in operative time (246 [173-290] vs. 232 [178-302], P = 0.8 respectively), distal aneurysm

extent, aneurysm diameter, proportion of juxtarenal aneurysms, or concomitant procedures

performed (Table I11).

When comparing symptomatic to ruptured open repairs there was no difference in operative
time (246 [173-290] vs. 235 [178-296], P = 0.9 respectively), distal aneurysm extent,
proportion of juxtarenal aneurysms, or concomitant procedures performed (Table 111). A
retroperitoneal approach was more commonly used in symptomatic patients compared to
those with rupture (26% vs. 14%, P = .01).

30-day Outcomes

Symptomatic vs. Asymptomatic

Mortality: The overall 30-day mortality rate was higher in symptomatic patients (5.1% vs.
1.9%, P <.001). For EVAR, symptomatic patients had a higher 30-day mortality rate (3.8%
vs. 1.4%, P = .001) compared to asymptomatic patients (Table 1\Va). For open repair the
mortality difference did not reach statistical significance (7.7% vs. 4.3%, P = .08)(Table
IVb). There was also no difference in 30-day mortality for patients with symptomatic
aneurysms whose surgery was not performed on day of admission (EVAR- day of admission
3.4% vs. not on day of admission 4.3%, P = .68 ; open repair 8.4 vs. 6.7, P = .76).

Morbidity: The rate of major adverse events was higher for symptomatic, compared to
asymptomatic, patients after EVAR (9.3% vs. 3.7%, P < .001)(Table I\Va). However, no
significant difference was seen following open repair (19% vs. 20%, P = .64)(Table IVb).
After EVAR, rates of bleeding, myocardial infarction, cardiac arrest, and prolonged
intubation were also higher in symptomatic patients. Among those surviving through
hospital discharge, symptomatic patients undergoing EVAR had a longer length of stay than
asymptomatic patients (3 days [2-6] vs. 2 [1-3], P <.001). After open repair there were no
differences in peri-operative morbidity or length of stay.
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Symptomatic vs. Ruptured

Mortality: As expected, patients with symptomatic aneurysms had a lower 30-day mortality
rate than those with ruptured aneurysms (5.1% vs. 27%, P <.001; OR 0.14, 95% CI 0.1-
0.22). When stratified by type of repair, mortality was lower in the symptomatic group for
both EVAR (3.8% vs. 22%, P < .001)(Table 1Va) and open repair (7.7% vs. 34%, P < .001)
(Table 1Vb).

Morbidity: Symptomatic patients had lower major adverse event rates compared to ruptured
patients (EVAR 9.3% vs. 31%, P < .001 and open repair 18% vs. 57%, P < .001)(Table IVa
and IVb respectively). Symptomatic patients also had a lower rate of bowel ischemia (EVAR
1.0% vs. 8.3%, P <.001; Open 2.1% vs. 11%, P = .001) and subsequent rupture after repair
(EVAR 0.0% vs. 4.8%, P <.001; Open 1.4% vs. 9.1%, P =.002).

Multivariable Models

After adjustment symptomatic patients had twice the operative mortality compared to
asymptomatic patients (OR 2.1, 95% CI 1.3-3.5)(Table V). Additional predictors included
increasing age, female sex, open repair (vs. EVAR), history of severe COPD, and on dialysis
preoperatively. When stratified by procedure, this same model showed an increased risk for
mortality after EVAR (OR 2.4, Cl 1.2-4.7) and a similar effect size and direction for open
repair (OR 1.8, Cl 0.86-3.9), although not significant in the open repair group. Since method
of repair may be influenced by presence of symptoms we ran the overall model without
adjusting for this and found a similar risk of 30-day mortality associated with symptomatic
aneurysms (OR 2.3, CI 1.4-3.8). Symptomatic aneurysm was independently predictive of
major adverse events as well (OR 1.5, CI 1.07-2.08)(Table VI).

After similar adjustment for age, repair type, history of congestive heart failure, history of
COPD, dialysis dependence, and juxtarenal aneurysms, ruptured aneurysms were at a 7-fold
increased risk of 30-day mortality compared to symptomatic aneurysms (OR 6.5,CI 4.1-
10.6) and 5-fold increased risk of a major adverse event (OR 5.1, Cl 3.6-7.2).

Discussion

In this large contemporary series of symptomatic AAAs we found that symptomatic patients
have a 2-fold increased risk of 30-day mortality compared to asymptomatic patients.
Comparing ruptured and symptomatic patients we also found those with rupture have a 7-
fold increased risk of 30-day mortality.

The distribution of symptomatic aneurysms in our study, 8.3%, lies well within the incidence
previously reported in the literature, of 3% to 15%.[7-10] Many of the studies on
symptomatic AAA repairs are outdated and under-represent the contemporary utilization of
EVAR. We found that 69% of patients with symptomatic infrarenal aneurysms had EVAR in
the NSQIP from 2011-13, which is quite different from the majority of prior studies on this
topic in which open surgery was primarily or solely used.[14, 16-18] Studies that reported
higher proportions of EVAR repair for symptomatic AAAs were limited by low numbers and
were from single centers.[19, 20] From the Vascular Study Group of New England
(VSGNE) in 2010, De Martino et al reported that 38% of symptomatic AAA repairs were
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completed using EVAR (60 EVARs of 156 symptomatic AAAS).[8] They found no
difference in in-hospital mortality between asymptomatic and symptomatic infrarenal
aneurysm repairs, for EVAR (asymptomatic 0.4% and symptomatic 0.0%) and open repair
(asymptomatic 2.9% and symptomatic 2.1%). Their study, however, was limited both by
smaller numbers and the ability to detect only inhospital-mortality rather than 30-day.
However, over 1- and 4-years they did show reduced survival in symptomatic compared to
asymptomatic patients. We have previously demonstrated that in-hospital mortality misses a
substantial number of post discharge deaths that occur within 30 days, particularly after
EVAR.[21] We found a significant difference in the larger EVAR subgroup (n=312) but not
in the open repair subgroup (n=143), likely due to the smaller number of patients. Given the
similar magnitude and direction of the effect size (odds ratio) in both the open and EVAR
subgroups, it is reasonable to make the general statement from our larger multivariable
model, that includes procedure type, that repair of symptomatic AAA is associated with
twice the operative mortality compared to asymptomatic AAA repair. Subsequent to the
VSGNE study, the ENGAGE registry for Endurant post-market surveillance reported similar
30-day mortality in 185 symptomatic AAAs compared to 1015 asymptomatic AAAs (0.5%
vs. 1.5% respectively, p=.31).[9] However, it is difficult to compare real-world results from
the NSQIP to a post-marketing surveillance study where most patients met strict eligibility
criteria and received the same endograft. Our 30-day mortality rate for patients with
asymptomatic aneurysms undergoing EVAR or open repair were consistent with rates
previously reported for the NSQIP.[22]

Cambria et al reviewed the Mayo Clinic experience with symptomatic AAA and highlighted
the importance of preoperative optimization of patients presenting with symptomatic AAA.
[7] In that analysis patients with symptomatic AAAs undergoing operation within the first 4
hours of admission accounted for all deaths compared to those with surgery delayed either
4-24 hours or 24 hours to 7 days. The authors recommended delay to optimize fluid and
electrolyte status, evaluation and limited preoperative improvement of cardiac and
pulmonary status when necessary, and semi-elective repair when an experienced operating
room staff was available. Unfortunately, the NSQIP does not track time from admission to
operation in hours but instead by days. We were able to show that 42% of open repair and
44% of EVAR treated symptomatic patients underwent surgery at least one calendar day
after the day of admission. We believe this is a surrogate for surgeons choosing to not
operate on symptomatic AAAs emergently but allowing optimization and semi-elective
repair as advocated by the Mayo Clinic group. We did not find a benefit to delayed surgery,
but this may reflect our inability to quantify delay in hours rather than calendar days.

Symptomatic patients had higher rates of major adverse events after EVAR as well, when
compared to asymptomatic patients, similar to VSGNE, where major adverse events were
found to be approximately 7% and 28% after EVAR in asymptomatic and symptomatic
patients respectively.[8]

Similar to prior studies, we had a higher proportion of females in the symptomatic group
compared to the asymptomatic but there was no difference between symptomatic and
ruptured.[7-9, 23] The reason for this remains unclear from this analysis; however, our
previous work has shown that women are being repaired at relatively larger aneurysm sizes

J Vasc Surg. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Soden et al.

Page 9

when diameter is indexed to body size.[24] Patients presenting with symptomatic or
ruptured AAA were also more likely to be non-white. This could be from issues related to
unequal access to care, screening, or differences in natural history of aneurysm disease
between different races. Unfortunately further delineation between races could not be
adequately assessed due to small numbers.

There was a difference in main body device preference between ruptured aneurysm repair
and symptomatic/asymptomatic AAAs, with higher rates of the Cook Zenith and “other”
devices being used compared to elective utilization, although the Gore Excluder was the
most commonly used device for all 3 groups. Whether this is due to surgeon preference
related to indication or what is available on the shelf for the more emergent situations is not
clear from this analysis.

This study has several limitations. It was a retrospective analysis of a large clinical dataset.
Also, despite the large number of symptomatic AAAs our multivariable models were limited
by the number of total events. In addition, only one surgical indication could be chosen for
recording purposes in the targeted NSQIP and because of this we could not identify the
proportion of patients in the symptomatic and ruptured groups who had prior unsuccessful
EVAR or open repair. However, those with prior unsuccessful aneurysm repair represented a
very small percentage of the asymptomatic group, where it could be identified, and were
unlikely to influence the results of this analysis. In addition, the definition of ruptured and
symptomatic aneurysms are taken directly from the surgeon’s operative note and we believe
the larger than expected proportion of non-emergent ruptured aneurysms is likely from
miscoding of the emergent status, and may also include some contained ruptures that for
undocumented reasons were not repaired emergently. We expected and confirmed that some
small aneurysms were being repaired for symptoms but NSQIP lacks data for other potential
reasons for repair of small AAA including rapid growth, large concurrent iliac aneurysm,
saccular shape, pseudoaneurysm, infected aneurysm, or strong family history of rupture.
Similarly, rupture of small AAA could be a result of the above factors as well. Finally,
patients could be reported as symptomatic if their aneurysm caused local compression
symptoms; this subgroup of symptomatic patients is presumably not at risk for imminent
rupture but we could not differentiate them from the patients presenting with pain. However,
inclusion of these patients would likely lower the mortality in this group.

Conclusion

In this large contemporary study of symptomatic AAA patients, in which the majority were
treated with EVAR, we found that symptomatic patients have twice the perioperative
mortality compared to asymptomatic patients. Despite this we also find a reduction in
perioperative mortality for symptomatic aneurysms compared to prior reports where the
majority were treated by open repair, and believe this supports an EVAR-first approach for
symptomatic aneurysms with suitable anatomy.
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Figure 1.
AAA diameter at time of repair as a percentage of all patients within each indication
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