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Abstract

Background: Gender disparities have been previously reported in aortic aneurysm and critical
limb ischemia outcomes; however, limited info is known about disparities in aortoiliac occlusive
disease. We sought to characterize potential disparities in this specific population.

Material and Methods: Patients who underwent aortobifemoral bypass and aortic
thromboendarterectomy (Current Procedural Terminology codes 35646 and 35331) between 2012
and 2019 were identified in the National Surgical Quality Improvement Program database.

A binomial regression model was used to estimate gender differences in 30-day morbidity

and mortality. Inverse probability weighting was used to standardize demographic and surgical
characteristics.

Results: We identified 1,869 patients, of which 39.8% were female and the median age was

61 years. Age, body composition, and other baseline characteristics were overall similar between
genders; however, racial data were missing for 26.1% of patients. Females had a higher prevalence
of preexisting chronic obstructive pulmonary disease (20.9% vs. 14.7%, prevalence difference
6.1%, P<0.01), diabetes mellitus (25.4% vs. 19.4%, prevalence difference 6.0%, P< 0.01),

and high-risk anatomical features (39.4% vs. 33.7%, prevalence difference 5.8%, 2= 0.01).
Preprocedural medications included a statin in only 68.2% of patients and antiplatelet agent in
76.7% of patients. Females also had a higher incidence of bleeding events when compared to
males (25.2% vs. 17.5%, standardized risk difference 7.2%, £ < 0.01), but were less likely to have
a prolonged hospitalization greater than 10 days (18.2% vs. 20.9%, standardized risk difference
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-5.0%, P=0.01). The 30-day mortality rate was not significantly different between genders (4.7%
vs. 3.6%, standardized risk difference 1.2%, P=0.25).

Conclusions: Female patients treated with aortobifemoral bypass or aortic
thromboendarterectomy are more likely to have preexisting chronic obstructive pulmonary disease,
diabetes mellitus, and high-risk anatomical features. Regardless of a patient’s gender, there is poor
adherence to preoperative medical optimization with both statins and antiplatelet agents. Female
patients are more likely to have postoperative bleeding complications while males are more likely
to have a prolonged hospital stay greater than 10 days. Future work could attempt to further
delineate disparities using databases with longer follow-up data and seek to create protocols for
reducing these observed disparities.

INTRODUCTION

Peripheral artery disease (PAD) manifesting in the distal abdominal aorta and proximal
common iliac arteries is termed aortoiliac occlusive disease (AIOD).! The underlying
pathophysiology of AIOD is multifactorial and can progress to complete occlusion of the
aortoiliac segment. Although the majority of patients are asymptomatic, common symptoms
that can occur are lower extremity pain upon ambulation and erectile dysfunction in
males.1-2

AIOD is the second most common manifestation of PAD and produces significant morbidity
and mortality, including critical limb ischemia.2 Nonoperative therapies such as lifestyle
modification, smoking cessation, optimal management of other underlying conditions, and
medications including statins, antiplatelet/anticoagulant agents, and antihypertensives can
all provide therapeutic value.* Operative intervention includes open and/or endovascular
strategies based on a patient’s presentation, comorbidities, and anatomy of the lesions.1:56

Gender disparities have been observed in morbidity and mortality metrics following
vascular surgical procedures, including lower extremity revascularization, with females
suffering from increased complications when compared to males, independent of other risk
factors.2.78 A variety of hypotheses have been proposed, including suggestions that women
present later and with more severe stages of PAD, are more likely to undergo emergency
surgery, suffer from postmenopausal hormonal effects on vessels, and are more prone to
have their PAD symptoms masked by or misattributed to arthritis or osteoporosis.®-12
However, other studies have found that males suffer increased cardiovascular mortality, even
with optimal medical management.13

To better understand potential disparities in the treatment of AIOD, we present this

analysis which characterizes gender differences in surgical outcomes for patients undergoing
aortobifemoral bypass (ABFB) and open aortic thromboendarterectomy (ATEA). This

study uses data from the American College of Surgeons National Surgical Quality
Improvement Program (NSQIP) database participant use file (PUF), which is a risk-
adjusted, surgical outcomes database contributed to by over 500 hospitals who voluntarily
submit demographic, preoperative, and 30-day outcome information for their patients. We
hypothesized that female and racial minority patients would suffer from worse outcomes in
open procedures for treatment of AIOD.
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MATERIALS AND METHODS

Study Design and Population

Outcomes

Covariates

We conducted a retrospective cohort study analyzing data from the NSQIP PUF between
January 1, 2012 and December 31, 2019. Our study included all patients in the aortoiliac
targeted PUF who underwent ABFB or ATEA procedures (Current Procedural Terminology
codes 35646 and 35331) during the study period.

The 30-day surgical outcomes assessed in this study included mortality, bleeding (requiring
transfusion or a second procedure), prolonged length of stay (LOS, >10 days), reoperation,
readmission, surgical site infection (SSI), prolonged ventilation, pneumonia, myocardial
infarction or stroke, renal failure, wound disruption, venous thromboembolism, and
amputation. SSI was defined as those reported in the NSQIP PUF to have developed
superficial, deep, or organ/space SSls. Data from the NSQIP PUF reported a frequency
table of the number of patients with a hospital duration ranging from 0 to 97, and also
included 7 participants (0.37%) with the frequency of “-99,” presumably because duration
was unknown. More than 10 days was chosen as the time point for defining prolonged LOS
because we wanted to characterize whether this qualitative variable was associated with
other outcomes.

Demographic covariates included sex, age, and race. Preexisting health status was assessed
based on body mass index (BMI), comorbidities such as congestive heart failure (CHF),
chronic obstructive pulmonary disease (COPD), hypertension, smoking, cancer, diabetes
mellitus (DM), postoperative bleeding complications, and functional independence. Surgical
covariates included whether the procedure was elective, preprocedural statin, aspirin, and
beta-blocker use, wound classification, American Society of Anesthesiologists (ASA)
classification, symptoms, and physiologic and anatomic risk status.

Statistical Analysis

Patient demographics as well as clinical and procedural characteristics were described
using frequency statistics for categorical variables, and medians and interquartile ranges

for continuous variables. We compared the 30-day risk of morbidity and mortality between
female and male patients. Crude and standardized risk differences (sRDs) were estimated
using a binomial regression model. Wald chi-squared tests were used to assess differences
by gender. Inverse probability weighting was used to standardize covariate distributions
between female and male patients. Weights were estimated using logistic regression models
that included age, year of operation, elective surgery status, BMI, comorbidities, functional
independence, ASA classification, symptoms, and physical and anatomical risk status

as covariates. High-risk anatomical features are defined by NSQIP as prior abdominal
surgery, prior ipsilateral bypass involving the currently treated segment, or prior ipsilateral
percutaneous intervention involving the currently treated segment. Race was not included in
the model due to the proportion of patients with missing data (/7= 488 or 26.1%).
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We used additional binomial regression to assess whether there were gender disparities in
preoperative risk factors and medication (statin and antiplatelet) adherence. Finally, we used
similar models to assess the conditional risk of 30-day mortality by preoperative risk factors
that adjusted for gender to assess inherent gender disparities in the associations between
preoperative risk factors and 30-day mortality. Preoperative risk factors included ASA
classification, comorbidities, smoking status, functional status, high risk factors (anatomic
and physiologic), and symptoms. Differences between female and male patients were
assessed using Wald chi-squared tests. For all analyses, a P-value <0.05 was considered
statistically significant. All analyses were conducted using SAS Version 9.4 (SAS Inc.,
Cary, NC). The study was exempted from review by the Institutional Review Board at the
University of North Carolina at Chapel Hill (IRB# 20-1493).

Baseline Characteristics

We identified 1,869 patients who underwent ABFB (n= 1,797 or 96.2%) and ATEA (n
=72 or 3.85%) in the NSQIP database between the years 2012 and 2019. Of these, 743
(39.8%) were female and 1,126 (60.2%) were male. Demographic measures such as median
age (females: 62 years, males: 61 years), overall age distribution, BMI distribution, year

of operation, percentage of elective versus emergent surgery, wound classification, and
ASA classification were overall similar between genders, as demonstrated in Table I. The
distribution of race was also similar between each gender; however, data on race were
missing for 26.1% (77 = 488) of subjects. Insurance status was not available for inclusion

in our analysis. The overall rate of prescribed preprocedural medications was 68.2% for
statins and 76.7% for antiplatelet agents (Table 1). There was no significant difference
between genders for prescribed rate of statins (69.2% female vs. 67.1% male, 2= 0.36),
antiplatelet agents (aspirin or clopidogrel) therapy (74.2% female vs. 77.7% male, A= 0.10),
or combined use of statin and antiplatelet therapy (57.9% female vs. 58.8% male, P=0.74).

Clinical Characteristics

A detailed look at preoperative clinical characteristics is presented in Table Il. Females
were more likely to have preexisting severe COPD (20.9% vs. 14.7%, prevalence difference
6.1%, P<0.01), DM (25.4% vs. 19.4%, prevalence difference 6.0%, £< 0.01), and
high-risk anatomical features (39.4% vs. 33.7%, prevalence difference 5.8%, £=0.01).

No statistically significant difference was observed between males and females for ASA
classification, prior known bleeding conditions, CHF, hypertension, smoking status, cancer,
functional status, or PAD symptoms.

Gender Differences

Risk differences for surgical outcomes comparing female and male patients are presented in
Table I11. On adjusted analysis, there was no significant difference in mortality risk between
females (4.7%) and males (3.6%) (SRD 1.2%, £ = 0.25). Females had a higher risk of
bleeding requiring transfusion or procedure (25.2% vs. 17.5%, SRD 7.2%, P< 0.01). Males
(20.9%) were more likely than females (18.2%) to require a hospital stay greater than 10
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days (SRD -5.0%, £=0.01). Females had an increased risk of reoperation (17.0% vs. 0.161,
SRD 0.7%, P=10.73), SSI (7.7% vs. 6.4%, sRD 0.6%, £ = 0.65), pneumonia (6.3% vs.

5.0%, sRD 1.7%, P=0.15), and prolonged ventilation (6.9% vs. 6.0%, SRD 1.4%, £P=0.32),
though these differences were not statistically significant.

Time Comparison

Patient demographic and preoperative characteristics were stratified by year (2012-2014
vs. 2015-2019). The proportion of preprocedural statin usage increased across time (64.8%
in 2012-2014 vs. 69.8% in 2015-2019). Preprocedural beta-blocker usage (53.8% in 2012—
2014 vs. 40.3% in 2015-2019) and the proportion of insulin-dependent diabetes (44.2% in
2012-2014 vs. 38.7% in 2015-2019) decreased in later years. Results comparing 30-day
postoperative complications in females versus males were also stratified by year (2012-2014
vs. 2015-2019). On adjusted analysis, these results demonstrate that females developed
bleeding requiring transfusion or a second procedure at a greater rate than males in both
analysis periods (2012-2014 sRD = 11.8%, P< 0.01; 2015-2019 sRD = 4.9%, £=0.05).
This data also shows that males more frequently required prolonged LOS (>10 days) in the
2015-2019 period (2012-2014 sRD —2.6%, P= 0.48 vs. 2015-2019 sRD -6.3%, P < 0.01).

American Society of Anesthesiologists Classification and 30-Day Mortality Risk Factors

A detailed breakdown of ASA classification for patients in this study can be seen in Table
IV. All patients who died (7= 76) had an ASA classification of 3, 4, or 5. In the analysis

of 30-day mortality risk factors controlling for gender, bleeding disorders, and smoking,
high-risk physiologic factors including claudication, critical limb ischemia, rest pain, and
tissue loss were significantly associated with increased risk of death (£ < 0.05). In addition,
our analysis within individuals with preoperative risk factors found no significant differences
in 30-day mortality for female compared to male patients (Table V).

Elective versus Nonelective/Emergent Cases

In total, 35 female patients died, among whom 18 had elective surgeries, whereas there were
41 total deaths among male patients, of whom 20 had elective surgeries. On average, having
elective surgery was associated with a lower probability of death compared to nonelective/
emergent surgery (=5.0%, £ < 0.01). Female patients who had an elective surgery had a
lower probability of death (=5.0%, £ = 0.01) than their male counterparts (-4.0%, P<
0.01). This difference in risk of death for elective surgeries among female compared to male
patients was not significant (=9.0%, £=0.73).

DISCUSSION

This retrospective analysis of the NSQIP PUF examined gender disparities in patients
undergoing ABFB or ATEA surgery between January 1, 2012 and December 31, 2019.
Females were more likely to have underlying COPD and DM, and to have higher
preoperative anatomical risk as discussed in the Clinical Characteristics results section.
Our findings are consistent with other studies that noted a higher overall prevalence of
COPD in females, and a higher prevalence of COPD in female patients undergoing carotid
endarterectomy.14.15
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In our analysis, female patients were at increased risk of postoperative bleeding requiring
transfusion or a second procedure, independent of antiplatelet agent usage or underlying
bleeding disorders. We were unable to control for anticoagulant therapies, as they were

not captured in the NSQIP database; however, other authors have observed similar trends

in female patients undergoing revascularization of the lower extremities.2-12 Furthermore,
we noted that female patients undergoing open ABFB or ATAE were more likely to have
high-risk anatomical features, to which the increased postoperative risk of bleeding requiring
transfusion or a second intervention may be ascribed, given the overall increased complexity
of re-do procedures.

Our analysis also revealed that males are at increased risk of prolonged hospitalization
greater than 10 days. Evidence examining this trend in the literature is overall sparse;
however, a 2012-2014 NSQIP review of patients undergoing aortic reconstruction, lower
extremity bypass, lower extremity amputation, and carotid endarterectomy noted that
bleeding complications are a key predictor of need for prolonged hospitalization.16
Interestingly, male patients in our study were less likely to have bleeding complications.
This could suggest that other factors associated with prolonged hospitalization, such as
cerebrovascular accidents and pneumonia, may serve as better prognostic indicators of
need for prolonged hospitalization.8 It is also important to note that in our analysis,
female patients were at increased risk of readmission to the hospital. Although this was
not a statistically significant difference, we could infer that the increased readmission

rate could be related to the increased risk of bleeding and/or perioperative risk profile,
including anatomic risk. These findings warrant future investigation to establish the cause of
prolonged hospitalizations in males and higher readmissions among female patients in the
NSQIP data.

In spite of a significantly higher rate of preexisting medical conditions (COPD, DM, and
high-risk anatomical features), our study found no statistically significant difference in the
30-day mortality risk between female and male patients (4.7% vs. 3.6%, £= 0.25). This
result does not seem to align with the outcomes of other vascular surgery procedures,
including open abdominal aortic aneurysm (AAA) repair, where female patients have

been found to have an increased 30-day mortality and overall worse outcomes than male
counterparts.17=19 This dichotomy in results could be ascribed to several factors, such as
potentially increased preoperative risk profiles in open AAA repair, or to the fact that
AIOD represents a different disease process from AAA. Another plausible explanation

is that our study may have been underpowered to detect a mortality difference between
male and female patients. A follow-up period greater than 30 days may be necessary

to discover a significant mortality difference, as the follow-up period is a documented
limitation of the NSQIP database.Z® Alternatively, it is possible that limitations in the dataset
itself prevented us from discovering an underlying disparity in mortality. When the results
were controlled by elective versus nonelective/emergent status, female patients undergoing
elective surgery had a lower probability of death compared to their male counterparts;
however, this difference was overall not statistically significant.

The NSQIP database is a validated source which makes it possible to perform large,
multicenter studies.2> Work resulting from this database allows for studies that contribute
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to the improvement of patient care and allows for investigation of hospital performance

in the surgical treatment of a wide variety of diseases.?2-23 Based on results from this
analysis, several areas were found that may lack the granularity needed for a more in-depth
analysis. Perhaps most importantly, data on race were missing for 26.1% (/7= 488) of
subjects. This is particularly important because racial disparities in surgical outcomes have
been demonstrated in the treatment of a wide number of vascular diseases.?*2° Furthermore,
gender reporting is limited to only two genders which may not capture all gender identities.

Another potential area for improvement in patient care stems from observation that the rate
of prescribed preprocedure statin and antiplatelet medication was lower than anticipated

in both genders. Theoretically, all patients with AIOD requiring operative intervention
should be medically managed with both a statin and antiplatelet medication.26:27 The
observed prescription rate was less than 70% for statins and less than 80% for antiplatelet
agents, which is well below ideal standards. This suggests that clinicians should emphasize
increased preoperative medical optimization, which has also been reported elsewhere in
the literature.28:29 Furthermore, the fact that alternative lipid lowering medications (such
as proprotein convertase subtilisin/kexin type 9 inhibitors) and anticoagulants/antiplatelet
agents (such as rivaroxaban, apixaban, warfarin, prasugrel) are sometimes used in place

of statins and aspirin/clopidogrel suggests that the NSQIP database could benefit from
improved reporting on pharmacologic therapy.28:22 However, it should be noted that these
lower than expected prescription rates could also be the result of underreporting.

Our adjusted analysis accounted for ASA status, a validated system that categorizes
preoperative surgical risk.30-32 We found that all patients who died (7= 76) in the first
30 postoperative days had a high-risk ASA classification (3, 4, or 5). These patients had a
clear high-risk preoperative profile, including nonelective/emergent surgery status.

Limitations to our analysis are also to be noted. Prior surgical intervention (as defined

in Clinical Characteristics section) was used as a proxy for anatomical complexity. We
acknowledge that this does not fully account for all factors impacting the inherent difficulty
and operative risk profile for a surgical procedure: further analysis of anatomical complexity
was not possible in this retrospective review of the NSQIP database. It is also important

to note that this study is based on data through a 30-day follow-up period, so potential
disparities in longer term outcomes cannot be assessed. There are a number of other factors
which could also impact our results that cannot be assessed via this retrospective review,
including but not limited to surgeon volume, hospital setting (rural versus urban; private
versus academic), and each patient’s socioeconomic status and access to care. A data
collection bias due to the NSQIP database reporting process should also be considered, as
discussed above in relation to data on race, gender identity, and pharmacologic therapy (lipid
lowering drugs, anticoagulants, and antiplatelet agents).

CONCLUSION

This retrospective study of the NSQIP database found several important gender disparities in
patients undergoing ABFB and ATEA surgery between 2012 and 2019. We noted females to
have an increased prevalence of preexisting COPD, DM, and high-risk anatomical features.
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We also corroborate other findings in the literature that female patients are at increased risk
of bleeding complications following surgical intervention for AIOD and propose that this
could at least partially be attributed to higher anatomical complexity.

The rate of preprocedural statin and antiplatelet medication prescription has been lower
than ideal for both groups, which represents a potential area for clinical improvement. We
also report that data on race is missing for 26.1% of patients in this analysis. The NSQIP
database data collection process could be further implemented with increased granular data
to facilitate more comprehensive and informative comparisons.

Based on these findings and with the limitations previously discussed, we conclude that
despite an increased preoperative risk profile, female patients undergoing ABFB and ATEA
for AIOD do not have a statistically increased risk of 30-day mortality when compared to
male patients. Female patients did experience statistically increased bleeding complications
and related additional interventions. Analysis of long-term outcomes, in terms of 1-year
mortality and limb salvage may be needed in order to further assess gender disparities in
outcomes of ABFB and ATEA for AIOD. Future studies could then seek to create protocols
for alleviating observed disparities in this patient population, most of which negatively
impacts female patients.
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