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Abstract

Objective: Female sex is associated with worse outcomes following infrarenal abdominal aortic
aneurysm (AAA) repair. However, the impact of female sex on complex AAA repair is poorly
characterized. Therefore, we compared outcomes between female and male patients following
open and endovascular treatment of complex AAA.

Methods: We identified all patients who underwent complex aneurysm repair between 2011 and
2017 in the American College of Surgeons National Surgical Quality Improvement Program
Targeted Vascular Module. Complex repairs were defined as those for juxtarenal, pararenal or
suprarenal aneurysms. We compared rates of perioperative adverse events between females and
males, stratified by open and endovascular repair (EVAR). We calculated propensity scores and
used inverse probability weighted logistic regression to identify independent associations between
female sex and our outcomes.

Results: We identified 2,270 complex aneurysm repairs, of which 1,260 were EVARS (21.4%%
female) and 1,010 were open repairs (30.7% female). Following EVAR, female patients had higher
rates of perioperative mortality (6.3% vs 2.4%; P=.001) and major complications (15.9% vs. 7.6%,
P<.001) compared to males. In contrast, following open repair, perioperative mortality was not
significantly different (7.4% vs. 5.6%, P=.3) and the rate of major complications was similar
(29.4% vs. 27.4%, P=.53) between females and males. Furthermore, even though perioperative
mortality was significantly lower after EVAR compared to open repair for male patients (2.4% vs.
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5.6%, P=.001), this difference was not significant for women (6.3% vs. 7.4%, P=.60). On
multivariable analysis, female sex remained independently associated with higher perioperative
mortality (OR, 2.5; 95% ClI, 1.3-4.9; P=.007) and major complications (OR, 2.0; 95% Cl, 1.3-3.2;
P=.002) in patients treated with EVAR, but showed no significant association with mortality (OR,
0.9; 95% ClI, 0.5-1.6; P=.69) or major complications (OR, 1.1; 95% CI, 0.8-1.5; P=.74) after open
repair. However, the association of female sex with higher perioperative mortality in patients
undergoing complex EVAR was attenuated when diameter was replaced with Aortic Size Index in
the multivariable analysis (OR, 1.9; 95% CI, .9-3.9; P=.091). Conclusion: Female sex is
associated with higher perioperative mortality and more major complications than male patients
following complex EVAR, but not following complex open repair. Continuous efforts are
warranted to improve the sex discrepancies in patients undergoing endovascular repair of complex
AAA.

Table of content summary
In this NSQIP study of 2,270 complex aneurysm repairs a significant association of female sex
was found with higher perioperative mortality and major complications after complex EVAR but
not complex open repair. The authors suggest the use of ASI in determining the optimal threshold
for complex AAA repair and more sex-specific research to reduce these discrepancies.

Keywords
Complex abdominal aortic aneurysm; female sex; clinical research study

Introduction:

Abdominal aortic aneurysms (AAASs) are 4—6 times more common in men than in women.!
However, female sex is associated with a higher rupture risk and worse perioperative
outcomes after infrarenal AAA repair.23 Although the etiology of these differences is not
fully understood, the influence of sex hormones, more complex anatomy, more graft related
complications, and a higher incidence of undiagnosed cardiovascular disease, have all been
suggested as potential causes.*®

Abdominal aneurysms involving the renal and visceral segment of the aorta, also known as
complex AAAs, present additional technical challenges to both open and endovascular aortic
repair (EVAR). The introduction of new endovascular repair strategies such as fenestrated
and branched endografts, or chimney and snorkel techniques, have made endovascular repair
of these complex aneurysms possible with good results.5-11 However, the previously
reported promising outcomes for complex EVAR may not be applicable to the female
population as females are typically underrepresented in these studies and are less likely to
meet the necessary endograft anatomic criteria than male patients.5-12

As compared to infrarenal aneurysms, the impact of female sex on aneurysms involving the
renal and visceral segment of the aorta is poorly characterized and studies have shown
contradicting results.13-14 Therefore, we evaluated the association of female sex and
perioperative outcomes after endovascular and open complex AAA repair in a nationwide
registry. We hypothesize that female sex will impact complex AAA outcomes even more
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than in infrarenal repair due to the more challenging procedures with stiffer devices in
female patients with smaller vessels and more complex anatomy.

Methods:

Data Source

We performed a retrospective cohort study including patients from the American College of
Surgeons National Surgical Quality Improvement Program (NSQIP) targeted vascular
module. The NSQIP targeted vascular module is a multi-institutional collaboration with
prospectively collected clinical data of patients undergoing vascular interventions. The data
are collected by trained and certified surgical clinical reviewers and include demographics,
comorbid conditions, intraoperative variables and 30-day mortality and complications.
Moreover, the NSQIP database has previously been validated and the data are routinely
audited for accuracy and reliability.1>18 Further information is available at www.facs.org/
quality-programs/acs-nsqip. The Beth Israel Deaconess Medical Center Institutional Review
Board approved this study and waived the requirement for patient consent owing to the
retrospective and deidentified nature of the NSQIP database.

Patient Cohort

We included patients undergoing endovascular or open repair of complex AAAs between
2011 and 2017 within the vascular targeted NSQIP database. We defined complex
aneurysms as those with a proximal extent listed as juxtarenal, pararenal or suprarenal
according to the predefined variable in the dataset. In addition, we considered open
procedures coded as repair of a AAA involving visceral vessels (CPT 35091) and EVAR
using the Cook Zenith Fenestrated Endovascular Graft (Cook Medical, Bloomington, IN) as
complex repairs. We excluded patients undergoing open repair with an infrarenal proximal
clamp position. We additionally excluded patients undergoing emergency repair (n=407),
patients with prior AAA repair with unsatisfactory result (n=127), ruptured AAAs (n=54),
and thoracoabdominal aneurysms (n=38).

Definitions and variables

The NSQIP registry codes age as a continuous variable. However, in order to maintain
deidentification, all patients above the age of 89 are recorded as 90 years old. We calculated
the estimated glomerular filtration rate (eGFR) in accordance with the Chronic Kidney
Disease Epidemiology Collaboration equation using a single preoperative creatinine value.1’
We defined renal function categories as an eGFR value above 60 mL/min/1.73m2, an eGFR
between 30 and 60 mL/min/1.73m2, and an eGFR below 30 mL/min/1.73m? or preoperative
dialysis requirement. We calculated body mass index (BMI) and body surface area (BSA)
according to the standard weight (kg)/height? (m) formula and Du Bois and Du Bois
weight®425 (kg) x height®725 (cm) x 0.007184 formula respectively.1® We classified BMI
categories as underweight (BMI<18.5), normal (BMI 18.5 — 25), overweight (BMI 25-30)
obese (BMI 30-40) and, morbidly obese (BMI>40). Aortic size index (ASI) was defined as
aneurysm diameter/BSA.19.20
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Our primary outcome was perioperative mortality and our secondary outcomes included any
complication, major complications and its distinctive constituents which all occurred within
30 days after the index procedure. We defined major complications as the presence of one of
the following: intraoperative or postoperative cardiac complications comprising cardiac
arrest or myocardial infarction; major pulmonary complications including prolonged
ventilator requirement (>48h); unplanned reintubation or intraoperative or postoperative
pulmonary embolism; renal complications comprising acute renal failure requiring dialysis;
progressive renal insufficiency, which is defined by NSQIP as a creatinine concentration
increase >2 mg/dL from preoperative value; intraoperative or postoperative stroke; ischemic
colitis; lower extremity ischemia requiring intervention; postoperative aneurysm rupture; any
unplanned reoperation; or postoperative sepsis. Patients with preoperative dialysis
requirement were excluded from analyses of postoperative renal complications.

Statistical Analysis

We univariately compared male and female patients baseline and operative characteristics,
perioperative mortality, and postoperative complications, stratified by open and endovascular
repair. We presented categorical variables as counts and percentages and continuous
variables as median (interquartile range). We compared patient and operative characteristics
between female and male patients using the X2 or Fischer exact test for categorical variables
where appropriate, and the Wilcoxon rank-sum for continuous variables.

We investigated the independent associations between female sex and our outcomes,
stratified by EVAR and open repair. We also examined independent associations between
endovascular and open repair with the outcomes, for female and male patients separately.
We calculated propensity scores using logistic regression models and used these propensity
scores to create inverse probability weights. We opted for propensity scores instead of
multivariable regression as the relatively low event rates of our primary outcome precluded
us from robust multivariable adjustment. This allowed us to adjust for all a priori selected
covariates without the risk of overfitting our model. Our primary model was adjusted for
demographics, comorbid conditions and aneurysm diameter; However, in a secondary
model, BMI and diameter were replaced with ASI. The model included age, race (white,
black, other or unknown), BMI category, smoking status, insulin dependent diabetes mellitus
(IDDM), hypertension, congestive heart failure (CHF), chronic obstructive pulmonary
disease (COPD), renal function, steroid use for a chronic condition, weight loss (>10% in
the 6 months prior to surgery), bleeding disorders, systemic inflammatory response
syndrome (SIRS) within 48 hours prior to surgery, symptomatic aneurysm, and diameter. By
not adjusting for variables reflecting the anatomical complexity, we allowed the inherent
anatomical differences between female and males to persist. All variables had less than 5%
missing data except race for which we used an indicator variable. We tested the propensity
scores for adequacy of overlap by plotting the distribution of propensity scores between the
study groups. To adjust for extreme weights, we truncated weights below the 5t and above
the 95™ percentile. After weighting, all the standardized differences showed minimal
imbalance (<10%). Statistical significance was assumed at a P-value below .05. We
performed additional sensitivity analyses using a subgroup of the study cohort excluding
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patients with symptomatic aneurysms. Statistical analyses were performed using Stata 15
software (StataCorp LP, College Station, Texas).

Patient Characteristics

We identified 2,270 complex aneurysm repairs, of which 1,010 were EVARs and 1,260 open
repairs. Complex EVAR was performed in 270 females (21.4%) complex open repair was
performed in 310 females (30.7%). Female patients were older (median age 75, [IQR: 69—
80] vs. 73 [67-79], P=.002), were less commonly overweight (60.5% vs. 70.6%, P<.001),
were more often current smokers (46.9% vs. 37.0%, P<.001), less commonly had normal
renal function (55.6% vs. 65.7%, P<.001), and were more often symptomatic (12.8% vs.
7.6%, P<.001). (Table I).

Operative characteristic

Outcomes

Female patients who underwent EVAR had a longer operative time, though this difference
did not reach statistical significance (152 [110-252] vs. 146 [103-234], P=.055). AAA
diameter in females was not significantly different compared to men (5.5 [5.1-6] vs. 5.6
[5.1-6.2], P=.087), however female patients had a higher ASI (3.3 [2.8-3.8] vs. 2.8 [2.5-
3.2], P<.001). Use of percutaneous access (32.6% vs. 35.3%, P=.4), iliac conduit (8.1% vs.
7.2%, P=.6) and brachial arterial access (5.2% vs. 4.7%, P=.8) was similar between female
and male patients. Also, female patients less often underwent complex EVAR with a Cook
Zenith Fenestrated (ZFEN) device than male patients (17.9% vs. 25.7%, P=.008).

Female patients who underwent open repair had a shorter operative time (235 [176-299] vs.
242 [191-314], P=.049). Females in the open cohort had a smaller AAA diameter compared
to male patients (5.7 [5.2-6.4] vs. 6 [5.5-6.8], P<.001), however, they had a higher ASI (3.4
[3-3.9] vs. 3[2.7-3.5], P<.001). Also, female patients underwent repair with a
retroperitoneal approach more often than men, but this was not statistically significant
(47.2% vs. 40.6%, P=.052) (Table I1).

When comparing the outcomes of females and males among the patients treated with EVAR,
perioperative mortality was higher in female patients (6.3% vs 2.4%; P=.001). Also, the
rates of any complication (19% vs 9.7%; P<.001) and major complications (15.9% vs. 7.6%,
P<.001) were higher in female patients. Significantly different rates of individual major
complications were major respiratory complications (4.8% vs 1.8%, P=.012), renal
complications (4.4% vs 1.4%, P=.006), ischemic colitis (2.2% vs 0.5%, P=.016), aneurysm
rupture (1.1% vs 0.1%, P=.033), and return to the operating room (7.8% vs 3.7%, P=.008).
The most common reasons for reoperations were lower extremity revascularization (15.5%),
bleeding (12.1%), ischemic colitis (10.3%), and aneurysm related (5.2%). No significant
differences were found between female and male patients for these reoperation
subcategories.
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Among patients treated with open repair, perioperative mortality was 7.4% in female
patients and 5.6% in males (P=.30), and there was no significant difference in any
complications (35.5% vs. 31.9%, P=.26) and major complications (29.4% vs. 27.4%, P=.53)
rates (Table I11).

When comparing the perioperative events between EVAR and open repair, for female and
male patients separately, perioperative mortality for male patients was significantly lower
after EVAR compared to open repair (2.4% vs. 5.6%, P=.001), while this difference was not
seen for female patients (6.3% vs. 7.4%, P=.60).

Multivariable analysis

After adjustment with inverse-probability weighted logistic regression, in patients
undergoing EVAR, female sex was significantly associated with higher perioperative
mortality (OR, 2.5; 95% Cl, 1.3-4.9; P=.007), any complication (OR, 2.1; 95% Cl, 1.4-3.2;
P<.001), major complication (OR, 2.0; 95% CI, 1.3-3.1; P=.002), reoperation (OR, 1.9;
95% Cl, 1.0-3.6; P=.047), major respiratory complication (OR, 2.6; 95% ClI, 1.2-5.6;
P=.017), renal complication (OR, 3.1; 95% ClI, 1.4-7.2; P=.007) and ischemic colitis (OR,
4.1; 95% Cl, 1.2-14.1; P=.025) (Table 1V). However, when we replaced BMI and diameter
with ASI in the propensity score, the association between female sex and perioperative
mortality rate attenuated and was no longer statistically significant (OR, 1.9; 95% ClI, .9-3.9;
P=.091).

Adjusted analysis for open repair showed no significant associations of female sex with
perioperative mortality (OR, 0.9; 95% Cl, 0.5-1.6; P=.69), any complications (OR, 1.2; 95%
Cl, 0.9-1.7; P=.22) or major complications (OR, 1.1; 95% Cl, 0.8-1.5; P=.74) (Table V).
Replacing diameter with ASI in the model showed similar results.

Sensitivity analyses excluding symptomatic patients showed similar associations with
perioperative mortality and major complications in the open and EVAR cohort.

When comparing the outcomes between EVAR and open repair in male patients, after
adjustment for demographics, comorbid conditions and diameter, the patients undergoing
EVAR experienced lower rate of perioperative mortality compared to open repair (OR, 0.4;
95% ClI, 0.2-0.7; P=.003). However, this difference was not observed in the female
subgroup (OR, 0.8; 95% ClI, 0.4-1.7; P=.61). Lower major complication rates were
associated with EVAR in both male patients and female patients.

Discussion:

In this study, we demonstrated that females experienced higher rates of complications and
mortality following complex EVAR when compared to males. However, when substituting
ASI for diameter in the model, no significant association was found with perioperative
mortality. Following open repair, the rate of perioperative mortality and major complications
were similar between female and male patients. Furthermore, the benefit in terms of
perioperative mortality of EVAR over open repair in male patients was not seen in female
patients.
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Our findings in female patients undergoing complex EVAR are consistent with the
demographics and results found in studies focusing on the influence of sex on infrarenal
aneurysm repair. In a previous study using the NSQIP database, we showed that female sex
was associated with a higher mortality and major complication rates in patients undergoing
infrarenal EVAR.2 Our findings in female patients undergoing EVAR for complex
aneurysms are further supported by the study of Riel3 et al., who studied sex disparities
following fenestrated and branched EVAR using health insurance claims in Germany.13
However, compared to our results, they reported a higher 30-day mortality rate of 12.3% in
female patients and 5.4% in male patients (compared to the 6.3% in females and 2.4% in
males we found).13 This difference is likely explained by their inclusion of thoracic and
thoraco-abdominal AAA and patients with dissection. In contrast to this previous study,
Timaran et al. did not find a significant difference in major adverse events between female
and male patients after FEVAR apart from more severe renal function impairment (defined
as a 30% or greater increase of serum creatinine from baseline).14 However, this single
center study was limited by a small sample size, with only 16 female patients included in the
analysis, and therefore may have lacked power to detect a difference in major adverse
events.

Despite the older age and more prevalent comorbid conditions in our female population,
adjustment for these factors did not alter our conclusion. However, replacing aortic diameter
with ASI in the multivariate model attenuated our results, supporting the idea that the use of
ASI is a more accurate measurement than diameter alone to determine optimal threshold for
repair in female patients. We have previously shown that, unlike in men where aortic
diameter is the most predictive determinant, ASI is more predictive of rupture in female
patients.20 Prior data have shown that patients with a larger aneurysm diameter have worse
outcomes and it has previously been shown with NSQIP data that obesity was not associated
with worse perioperative mortality after EVAR.21.22 Therefore we believe that the
attenuation of the mortality difference when we account for ASI rather than diameter reflect
that a specific aneurysm diameter represents a proportionately greater aortic dilatation in
female patients compared to male patients.1 Therefore, female patients would have a more
progressed aortic aneurysm at a similar diameter. We therefore suggest that ASI should be
taken into account when identifying a treatment plan for female patients with complex
AAAs.

The benefits of infrarenal EVAR over open repair are predicated in several randomized
controlled trials and large retrospective studies showing lower mortality and complications
after EVAR.23-25 For treatment of complex AAA repair it was found that EVAR was
associated with a lower incidence of 30-day mortality and adverse outcomes than open
repair.26 However, our study found that females did not experience the benefit in
perioperative mortality following complex EVAR that the male cohort experienced. A factor
which has been hypothesized to contribute to this disparity in outcomes is that female
patients have smaller access vessels possibly making an endovascular intervention more
challenging.2” The available data in our study do not clearly support this as the use of an
iliac conduit and use of percutaneous access was similar in female and male patients.
However, the trend towards longer operative times in female patients undergoing EVAR but
shorter operative times in female patients undergoing open repair could indicate a more
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complex endovascular procedure, a factor which may contribute to the differences in
outcomes between these two procedures in female patients. Also, we found that women less
often underwent complex EVAR with a ZFEN device than men (17.9% vs. 25.7%) which
could be an indication that women are less likely to meet ZFEN instructions-for-use criteria
due to their smaller access vessels and higher angulations. As ZFEN devices have been
shown to have low perioperative mortality this could contribute to the sex disparities we
found.1! This shows the importance of focusing on sex disparities when developing
endovascular procedures and highlights an important target for improvement of the
accessibility and quality of endovascular repair.

This study should be interpreted in the context of its design. The NSQIP only collects data
of patients undergoing AAA repair, precluding us from commenting on patients with
complex AAAs who did not undergo surgery and the influence of surgical choice. Given the
lack of technical data in the NSIQP database, we were unable to account for the exact
technical approaches. Therefore, the effect of the specific complex repair technique could
not be evaluated. Also, the NSQIP does not include anatomical data other than maximum
diameter, specifically aortic neck length, angulation, and access vessel diameter, and
therefore, we could not show the anatomical differences between female and male patients.
Finally, follow-up data after 30 days are not recorded in NSQIP. Future studies assessing the
association of female sex with long-term outcomes in complex repair are warranted, and
future research initiatives should aim at determining causation of these sex differences and
implementing sex-specific treatment strategies.

Conclusion:

Female sex is independently associated with higher perioperative mortality and
complications after complex endovascular repair, even after adjustment for demographics,
comorbid conditions, and aneurysm diameter, and this association is not seen following
complex open repair. The use of ASI in determining the optimal threshold for complex AAA
repair and more sex-specific research may help reduce these sex discrepancies.
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ARTICLE HIGHLIGHTS
Type of research:

Retrospective analysis of prospectively collected National Surgical Quality Improvement
Program (NSQIP) targeted vascular module data.

Key Finding:

In this study of 2,270 complex aneurysm repairs, female sex was independently
associated with perioperative mortality (OR, 2.5; 95% ClI, 1.3—-4.9; P=.007) and major
complications (OR, 2.0; 95% ClI, 1.3-3.2; P=.002) compared with male patients
following complex EVAR, but not following complex open repair.

Take Home Message:

Female patients have worse perioperative outcomes after complex EVAR. However, this
association is not seen following complex open repair. The use of ASI in determining the
optimal threshold for complex AAA repair and more sex-specific research may help
reduce these discrepancies.
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