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Abstract

Objective: The first annual Women’s Vascular Summit highlighted sex and gender-related
knowledge gaps in vascular disease diagnosis and treatment. This suggests an opportunity for
further research to improve care and outcomes in people who identify as women, specifically. The
purpose of this study was to use a large national dataset to identify all operations performed for
abdominal aortic aneurysm (AAA), carotid artery stenosis (CAS), and peripheral arterial disease
(PAD) in the US, and to provide data on sex-related disparities in treatment.

Methods: All hospitalizations of adult patients (=18 years old) diagnosed with AAA, CAS, or
PAD who underwent vascular surgery from 2000-2016 were identified in the Healthcare Cost

and Utilization Project National Inpatient Sample. Sex-stratified US Census data and sex-specific
population disease prevalence estimates from the National Institute of Health and Agency for
Healthcare Research and Quality were used to calculate the number of US adults with AAA, CAS,
and PAD. Sex-stratified rates of surgery and incidence rate ratios (IRR) were estimated using
Poisson regression. Among those undergoing surgery, multivariable logistic regression was used to
assess differences in endovascular versus open approach.

Results: Over 16 years, there were 1,021,684 hospitalizations for vascular surgery: 13% AAA
(21% female, 79% male), 40% CAS (42% female, 58% male), and 47% PAD (42% female, 58%
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male). Females were older than males at time of surgery (median age 71.3 vs 69.7) and less likely
to have private insurance (18% vs 23%); minimal differences were seen across race/ethnicity,
comorbidities, and hospital characteristics. After accounting for disease prevalence, females were
still 25% less likely to undergo surgery for AAA and 30% less likely to undergo surgery for

PAD, compared to males with the same disease. These results were consistent over time. After
adjustment, females, compared to males, were less likely to receive an endovascular procedure
compared to open for AAA or CAS, and more likely to receive one for PAD.

Conclusions: From 2000-2016 in the US, females were less likely to undergo intervention for
AAA and PAD than males. This is particularly significant for PAD, as the prevalence is the same
for both sexes, indicating that females are likely undertreated for PAD. Additionally, females were
less likely to have endovascular surgery for AAA and more likely to have endovascular surgery
for PAD than males. These findings suggest that improvement in AAA and PAD identification and
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management in females may improve outcomes.
Table of Contents Summary

Females are significantly undertreated for AAA and PAD in this review of over 1 million
hospitalizations from the National Inpatient Sample. Aggressive efforts to diagnose and treat
arterial diseases in females are warranted.

INTRODUCTION

The first annual Women’s Vascular Summit highlighted knowledge gaps in how vascular
disease presents in people who identify as women and how interventions and outcomes
may be impacted by sex and gender. This summit is an annual meeting for medical
professionals who treat vascular disease in women and is designed to present and discuss
what we do and do not know about how vascular disease presents differently in females,
and how intervention is impacted by sex and gender. Across a broad spectrum of diseases,
including aortic aneurysms and dissections, cerebrovascular disease, and peripheral vascular
disease, there were recurring themes that females tend to present with atypical symptoms,
present later, and have worse outcomes. This suggests an opportunity for further research to
improve care and outcomes for females with vascular disease. A broader understanding of
current vascular practice is required in order to explore and address sex and gender-related
disparities in the identification and management of vascular disease.

Generally speaking, females are underrepresented in vascular literature, particularly in
landmark clinical trials that guide everyday vascular practice. Abdominal aortic aneurysm
(AAA) is 3—4 times less prevalent in females than males,! but is still a potentially life
threatening pathology for all who have it. Females, however, comprised less than 8% of the
patients in the DREAM trial and were not studied in the MASS and OVER trials.2~* There
is a slight male preponderance for carotid artery stenosis (CAS), but we would expect 40%
instead of 30-35% of the patients in ACAS, NASCET, and CREST to be females.5>~" Many
are surprised to discover the prevalence of peripheral arterial disease (PAD) is equal for
males and females, yet only 40% of study participants in BASIL were females.8 Although
females are underrepresented in clinical trials, it is unclear if this is the result of trial
recruitment or consistent under-treatment of arterial disease in females.
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The aim of this study was to use a large national dataset to identify all operations performed
for AAA, CAS, and PAD in the United States, and to provide data on sex-related disparities
in the intervention rate and type of intervention performed (open versus endovascular).
Based on the timing and atypical nature of how females may present with vascular

disease, we hypothesized that females are undertreated for AAA, CAS, and PAD. We also
hypothesized that, due to smaller vessel diameter, females undergo a higher proportion of
open procedures versus endovascular procedures when compared to males.?10

METHODS

Data source and study population

We identified all hospitalizations of adult patients (=18 years old) undergoing vascular
surgery between January 1, 2000 and December 31, 2016 in the Healthcare Cost and
Utilization Project National Inpatient Sample (NIS). The NIS is the largest publicly
available all-payer inpatient database in the United States and includes roughly 7 million
hospitalizations (35 million weighted hospitalizations) from community hospitals in the
US.11 Participating states cover >97% of the US population and >96% of all community-
hospital discharges, and there is no evidence to suggest there is any selection bias in

the dataset. Discharge weights to obtain national estimates were calculated by HCUP and
account for changes in sampling over time and the stratified sampling approach. Sampling
strata include Census division, location (urban vs. rural), teaching status, hospital control,
and bed size. Diagnoses and procedures of interest were captured using International
Classification of Disease, 9th revision, Clinical Modification (ICD-9-CM) and International
Classification of Disease, 10th revision, Clinical Modification (ICD-10-CM) codes. ICD-9-
CM codes were identified using clinical review. ICD-10-CM codes were identified by first
using forward and backwards mapping to the Generalized Equivalence Mappings (GEMs)
published by CMS and then clinical review.

Hospitalizations of patients diagnosed with an AAA, CAS, or PAD and underwent vascular
surgery for their condition were included (Supplemental Table I). Hospitalizations missing
patient sex(n=262, unweighted) were excluded.

Statistical Analysis

Descriptive statistics were used to compare patient and hospital characteristics among
females and males for each surgery type (AAA, CAS, PAD). When datasets are large (i.e.
thousands of observations), studies become over-powered to conduct bivariable analyses.
This means, that any difference, no matter how small, will be statistically significant
between groups without reflecting clinically meaningful differences. In accordance with the
STROBE statement for reporting outcomes from observational studies, we do not include
p-value comparisons between the two groups in our description.12

Trends in the yearly rate of vascular surgery between females and males were also assessed.
The estimated number of surgeries each year, stratified by type, were obtained from HCUP
NIS. The number of males and females “at risk’ for surgery (i.e. the number of males and
females in the US with AAA, CAS, and PAD) were estimated using two data sources.
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First, the number of adults living in the United States each year was obtained from US

Census data. Then, sex-stratified counts for 2000 and 2010 were directly obtained from
US Census summary files.13:14 For the years 2001-2009 and 20112016, sex-stratified
population estimates were predicted using the 2000 and 2010 available data with linear
regression.

Next, sex-specific population estimates of AAA, CAS, and PAD burden were obtained
from the National Institute of Health (NIH) and Agency for Healthcare Research and
Quality (AHRQ) (Supplemental Table 11).1:15.16 We assumed the prevalence of disease
was consistent across the study period. The yearly population data was then multiplied by
the prevalence of each disease to estimate the number of males and females at risk for
vascular surgery each year. Yearly rates, per 100,000 adults with disease, and trends in
vascular surgery rates were then estimated using Poisson regression. Time was treated as a
continuous, linear variable.

Differences in the use of endovascular surgery and elective admissions between females
and males were also assessed. Multivariable logistic regression models were used to
compare the odds of each among those undergoing vascular surgery for AAA, CAS,

and PAD, respectively. Models were each adjusted for year of surgery, age (treated as a
restricted quadratic spline), race/ethnicity, primary insurance type, median ZIP code level
income, comorbidities (diabetes, hypertension, coronary artery disease, congestive heart
failure, chronic obstructive pulmonary disease [COPD], renal insufficiency), hospital bed
size, hospital location and teaching status, and hospital region. Models assessing odds of
endovascular surgery were also adjusted for admission status.

All analyses were performed using SAS software version 9.4 (SAS Inc., Cary, NC).

The complex sampling design and weighting were appropriately accounted for in all
analyses;17 cluster variables included year and hospital 1D. Weighted results are reported
unless otherwise noted. The Institutional Review Board of the University of North Carolina
determined the study met criteria for exemption because only deidentified data were used.

RESULTS

From 2000 to 2016, there were 1,021,684 hospitalizations (4,893,960 weighted
hospitalizations included) for adult patients (=18 years old) undergoing vascular surgery.
Overall, 13% underwent surgery for AAA (21% female, 79% male), 40% underwent surgery
for CAS (42% female, 58% male), and 47% underwent surgery for PAD (42% female,

58% male). Females were older than males at time of surgery (median age 71.3 vs 69.7),
less likely to have private insurance (18% vs 23%), and less likely to have coronary artery
disease (CAD, 38% vs 47%) as a comorbidity. Minimal differences were seen across race/
ethnicity, other comorbidities, and hospital characteristics (Table I).

After accounting for disease prevalence, females were still 25% less likely to undergo
surgery for AAA and 30% less likely to undergo surgery for PAD, compared to males
with the same disease (IRR 0.76, 95% CI 0.75, 0.76 and IRR 0.69, 95% CI 0.69, 0.69,
respectively; Table Il). Interestingly, minimal difference in treatment rate was noted between
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males and females with CAS (IRR 0.96, 95% CI 0.95, 0.96). These results were consistent
over time (Figure 1). Overall, 36% of females and 37% of males underwent endovascular
procedures, compared to open. After adjustment, females, compared to males, were less
likely to receive an endovascular procedure compared to open for AAA or CAS (OR 0.55,
95% CI 0.53, 0.57 and OR 0.94, 95% CI 0.91, 0.94), and more likely to receive one for PAD
(OR 1.28, 95% CI 1.26, 1.30), Table Il1. These results were also consistent over time (Figure
2).

DISCUSSION

AAA

This study evaluated a large national dataset to explore sex-related disparities in the
management of AAA, CAS, and PAD in the United States. Specifically, we sought to
identify sex-related disparities in the number of procedures performed for each disease
process, after accounting for known sex-related differences in the prevalence of disease. In
addition, we examined whether there were sex-related disparities in type of intervention
performed (open versus endovascular). We found that females were significantly less
likely to undergo intervention for PAD and AAA than males, even when accounting for
sex-specific prevalence estimates. We also found that femaleswere less likely to undergo
endovascular intervention for AAA and CAS, and more likely to undergo endovascular
intervention for PAD.

Healthcare disparities, in general, is not a new topic of interest. Over the past 15 years,
multiple studies have been conducted to evaluate race/ethnicity, income, and sex/gender-
related disparities within a variety of specialties. A study on catheter use and dialysis
access in the US revealed that females and minorities spent more time on a central venous
catheter, when compared to their male counterparts, despite efforts to transition patients

to permanent access more quickly.1® Another study demonstrated significant disparities

in the presentation, management, and outcomes between males and females with acute
myocardial infarctions.19 One article even assessed the biological and environmental factors
contributing to racial, ethnic, and sex disparities in vascular surgery.2 While biology and
anatomy related to sex differences may account for some of the differences in care, it

is quite possible that an additional explanation is that disparities are related to gender as
well. Exposing potential disparities is the first step in improving care, and our aim was to
highlight sex-disparities in the treatment of three major disease entities in vascular surgery:
AAA, CAS, and PAD.

The overall prevalence of AAA in the population is approximately 5%, but it is estimated
that males are up to six times more likely to develop an AAA than females.121.22 Due to
the assumption that females are disproportionately unaffected by aneurysmal disease, they
have been underrepresented in randomized control trials.2% Although males are more likely
to develop an AAA, multivariable analyses have shown that, once developed, the growth
rate of aortic aneurysms is twice as fast in females compared to males.1:924 Females with
AAA tend to present later, have a greater number of comorbidities, and are more likely to
rupture at smaller aneurysm size with a higher rate of fatality (14% vs 5%).25-28 There are
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also a handful of studies showing that menopausal females have a higher risk of developing
an AAA than younger females, suggesting that estrogen has a premenopausal protective
effect.29-32 Current SVS guidelines recommend ultrasound screening for AAA for all males
= 65 and for females = 65 with a history of smoking or family history of AAA. These
guidelines also suggest that females with an AAA measuring 5.0-5.4 cm may benefit from
early repair.32 Even though some efforts have been made to address specific guidelines for
females with AAA, further investigation into sex-specific AAA screening recommendations,
size threshold for AAA repair in females, and the impact of sex hormones on aneurysmal
development will be important in improving the diagnosis and treatment of females with
AAA.

In regards to PAD, our results showed that females were 30% less likely to undergo surgery
than males, which is especially surprising considering the estimated prevalence of PAD

is the same for males and females (4.3%).17 Females with PAD tend to have atypical
symptoms, present later, and are more likely to have chronic limb threatening ischemia at
presentation compared to males.34:3% Discrepancies in the description of lower-extremity
pain between males and females, even when PAD is known, have been known to influence
the diagnosis and treatment plan for females, regardless of objective data.3¢ Evidence
describing the efficacy of lower extremity revascularization for PAD is largely derived from
predominantly male study populations.3” Considering PAD studies have shown that female
sex is associated with more advanced disease, incisional complications, early graft failure,
and increased risk for 30-day morbidity and mortality, female-focused studies are severely
lacking.38-44 Future areas of research for females with PAD should focus on biological,
clinical, anatomic, and procedural characteristics. Interestingly, in this cohort, females were
more likely to undergo endovascular revascularization for infrainguinal PAD than males,

so this will be particularly important to evaluate. In the meantime, PAD in females should
be approached with a high index of suspicion, liberal use of screening, and aggressive risk
factor modification.

Intervention rates for CAS were the most comparable between males and females (IRR

= 0.96). Although our results indicate that females are receiving an appropriate number

of procedures for CAS in comparison to males based on prevalence values, females have
been consistently underrepresented in CAS clinical trials.>~" Studies have shown that 1 in 5
females in the US will have a stroke in their lifetime and, compared to males, females tend
to have more severe strokes that result in worse return to baseline.*>47 This indicates that
females could still benefit from an increase in sex-specific or sex comparison CAS studies.

Endovascular vs Open Procedures.

There are known anatomical differences in stature and blood vessel size between males
and females, with females typically having smaller vessel diameter.%10 As hypothesized,
we found that females were less likely to receive an endovascular repair for AAA and
CAS. Previous studies have shown that females with AAA have a higher 30-day mortality
than males for both open and endovascular procedures, females had a higher rate of
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periprocedural stroke during carotid artery stenting than with carotid endarterectomy (5.5%
vs 2.2%), while there was no difference identified in males, and regardless of the type of
operation for PAD, females had increased mortality compared to males.19:41.48 However,
we were surprised to find females were more likely to receive an endovascular repair for
PAD. This may be an artifact of the NIS database, which only includes inpatient procedures.
Females are more likely to be admitted to the hospital after peripheral vascular interventions
compared to males and may be skewing the dataset.4%-°0 Further sex-specific randomized
control trials are necessary to improve the efficacy of treatment for AAA, CAS, and PAD in
females.

This study is not without limitations. We used sex-specific prevalence estimates of AAA,
CAS, and PAD from the NIH and AHRQ, but prevalence estimates for these diseases

vary depending on the literature, with sex-specific estimates being especially variable. This
variation could be attributed to females frequently presenting with atypical symptoms for
AAA, CAS, and PAD, making diagnosis of these diseases difficult. These difficulties may
have led to an under-diagnosis of these vascular diseases and could have skewed prevalence
estimates from the true values. Therefore, we caution that the overall sex-specific prevalence
estimates of AAA, CAS, and PAD used throughout this paper are speculative. A large
epidemiologic sex-specific natural history study is necessary to determine the true burden of
AAA, CAS, and PAD in females.

While the procedure counts are more accurate, they may be overestimated for both males
and females since we are unable to assess repeat procedures in this de-identified dataset.
We expect that this impact is minimal since the overall rates of surgery are low (7-16.5
operations per 1000 with disease) and repeat operations are not that common, particularly
in carotid and aortic disease. Additionally, the procedure rates for all PAD, AAA, and CAS
procedures for both males and females declined steadily over the 16 year study period
(Figure 1). Our findings of declining operative rates in AAA and CAS are consistent

with other studies. Our study reports a decline in operations for PAD that require an
overnight hospital stay. Since there has been a dramatic rise in outpatient endovascular PAD
procedures, which are not captured in this dataset, it appears as if treatment for PAD is
declining when that is not the case. This, accompanied by the switch from ICD-9-CM to
ICD-10-CM in 2015, may have impacted our findings.

Additionally, there are inherent limitations to using a large dataset like the NIS, which only
captures a nationally representative sample of inpatient hospitalizations and not outpatient
treatment. Specific variables related to unique patient factors, including indications for
treatment, and operative technical details are not available, and we must rely on diagnosis
and procedure codes. Due to the limited number of covariates that can be controlled for,
there could be other reasons that explain the differences in treatment rates making the

true difference smaller than we report; however, disease characteristics (e.g., aneurysm
growth rate or burdens of atherosclerosis) could actually make the treatment disparity based
on disease severity even greater than reported. Furthermore, the switch to ICD-10-CM

in October 2015 may have impacted our findings. We attempted to mitigate some of the
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discrepancies due to the switch to ICD-10-CM by using forward and backward mapping
with GEMs, but discrepancies in the coding may still exist. Finally, the sampling strategy
for the NIS was altered in 2012, from a 20% stratified random sample of hospitals to a 20%
stratified random sample of hospitalizations,®! although the updated weighting schemes used
to account for this change was utilized in our study. This change in sampling resulted in a
slight decrease in total hospitalizations in 2012.

Future Directions

Our results showed that females were significantly less likely to undergo intervention for
PAD and AAA than males, even after accounting for sex-specific prevalence estimates. We
also found that females are less likely to undergo endovascular intervention for AAA and
CAS, and more likely to undergo endovascular intervention for PAD. Underrepresentation
of females in clinical trials makes treatment decisions and expected outcomes difficult to
generalize to this population. Further randomized trials specifically addressing endovascular
and open treatment strategies in females are needed to improve technical decision making,
treatment efficacy, and evaluation of long-term outcomes. Further investigation into sex-
specific screening recommendations, comorbidity management, and objective thresholds for
offering treatment is needed in order to address the under treatment of AAA and PAD

in females. As we begin to understand more about sex-related concepts, addressing the
intersectionality between sexand race will be important as well.

CONCLUSION

This study identified significant sex-related disparities in the treatment of AAA, PAD and
CAS in the United States. Based on our analysis of the NIS from 2000-2016, females were
undertreated for AAA and PAD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Type of Research:
Retrospective review of the National Inpatient Sample Database
Key Findings:

In over 1 million hospitalizations from 2000-2016, even after accounting for differences
in disease prevalence, females were 25% less likely to undergo surgery for AAA and
30% less likely to undergo surgery for PAD, compared to males with the same disease.
No difference in treatment rates were noted for carotid artery stenosis.

Take home Message:

There are significant sex-related disparities in the treatment of AAA and PAD in the
United States. Accounting for disease prevalence, females were undertreated for AAA
and PAD.
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Table 2.

Estimated Sex-stratified vascular surgery rates for adults with AAA, CAS, and PAD in the United States,
2000-2016.

Number of Surgeries  Estimated Disease Prevalence®  Surgery rate per 1000 with disease  |RR (95% CI)

Female Male Female Male Female Male
AAA 140,492 524,248 20,095,539 56,746,591 7.0 9.2 0.76 (0.75, 0.76)
CAS 817,782 1,131,796 54,257,954 71,879,015 15.1 15.7 0.96 (0.95, 0.96)
PAD 981,441 1,343,431 86,410,816 81,336,781 11.4 16.5 0.69 (0.69, 0.69)

Abbreviations: IRR, incidence rate ratios; Cl, confidence intervals; AAA, abdominal aortic aneurysm; CAS, carotid artery stenosis; PAD,
peripheral arterial disease

aSex-stratified US population counts were obtained using 2000 and 2010 Census data and modeled using linear regression to get yearly estimates
which accounted for population increases; sex-stratified disease prevalence was obtained from the National Institute of Health and Agency for
Healthcare Research and Quality (AAA: male 3.0%, female: 1.0%; CAS: male 3.8%, female 2.7%; PAD: male 4.3%, female 4.3%); population
estimates and disease prevalence were multiplied together to obtain yearly estimates
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Table 3.

Adjusted odds of females undergoing an endovascular procedure, versus an open procedure, compared to
males.

Female Male

N (%) N (%) OR (95% CI)?

Procedure
AAA  73199(52) 331,056 (63)  0.55(0.53,0.57)
CAS 68,203 (8) 106,398 (9)  0.94 (0.91, 0.96)
PAD 544,861 (56) 664,137 (49)  1.28 (1.26, 1.30)
Overall 681,217 (36) 1,088,358 (37)  0.93(0.91, 0.94)

Abbreviations: AAA, abdominal aortic aneurysm; CAS, carotid artery stenosis; PAD, peripheral artery disease; OR, odds ratio; Cl, confidence
interval

a. . . - . . . . - . o
Adjusted for year of surgery, patient age, race/ethnicity, primary insurance, ZIP code median household income, comorbidities, elective admission,
hospital type, hospital bed size, and hospital region
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