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Abstract

Objective: Sex, racial, and ethnic disparities in post-operative outcomes following abdominal
aortic aneurysm (AAA) repair have been described, but differences in long-term outcomes

are poorly understood. Our aim was to identify differences in 5-year outcomes and imaging
surveillance after elective endovascular aortic aneurysm repair (EVAR) by sex, race, and ethnicity
and to explore potential mechanisms underlying these differences.

Methods: We identified patients undergoing elective EVAR in the VQI from 2003-2017 with
linkage to Medicare claims through 2018 for long-term outcomes. Our primary outcome was
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5-year aneurysm rupture. Secondary outcomes were 5-year reintervention and mortality and 2-year
loss-to-imaging-follow-up (defined as no aortic imaging from 6-24 months after EVAR). We used
Kaplan Meier and Cox regression analyses to evaluate these outcomes by sex/race/ethnicity and
constructed multivariable models to explore potential contributing factors.

Results: Among 16,040 patients, 11,764 (73%) were White males, 2,891 (18%) were White
females, 417 (2.6%) were Black males, 175 (1.1%) were Black females, 141 (0.9%) were Asian
males, 34 (0.2%) were Asian females, 277 (1.7%) were Hispanic males, and 60 (0.4%) were
Hispanic females. At 5 years, rupture rates were highest in Black females at 6.4% and lowest in
White males at 2.3%. Compared with White males, rupture rates were higher in White females
(hazard ratio [HR] 1.5, 95% confidence interval 1.1-2.0), Black females (HR 2.5, 1.0-6.0), and
Asian females (HR 5.2, 1.3-21). White females also had higher mortality (HR 1.2, 1.2-1.3) and
loss-to-imaging-follow-up (HR 1.2, 1.1-1.3), whereas Black females had higher mortality (HR
1.4, 1.1-1.8) and reintervention (HR 2.0, 1.4-2.8). Among other groups, Black males had higher
reintervention (HR 1.4, 1.0-1.8), and both Black and Hispanic males had higher loss-to-imaging-
follow-up (Black: HR 1.4, 1.1-1.7; Hispanic: HR 1.3, 1.0-1.8). In adjusted analyses, White, Black,
and Asian females remained at significantly higher risk for 5-year rupture after accounting for
procedure year, clinical and anatomic characteristics, surgeon and hospital volume, and loss-to-
imaging-follow-up.

Conclusions: Compared with White male patients, Black females had higher 5-year aneurysm
rupture, reintervention, and mortality after elective EVAR, while White females had higher
rupture, mortality and loss-to-imaging-follow-up. Asian females also had higher rupture, and
Black males had higher reintervention and loss-to-imaging-follow-up. These populations may
benefit from improved preoperative counseling and clinical outreach after EVAR. A larger-scale
investigation of current practice patterns and their impact on sex, racial, and ethnic disparities in
late outcomes after EVAR is needed to identify tangible targets for improvement.

Table of Contents Summary
Compared with White males, Black females had higher 5-year aneurysm rupture, reintervention,
and mortality after elective EVAR; White females had higher rupture, mortality, and loss-to-
imaging-follow-up; Asian females had higher rupture; and Black males had higher reintervention
and loss-to-imaging-follow-up. These subgroups may benefit from improved preoperative
counseling and outreach after EVAR.

Keywords
Sex; race; ethnicity; late rupture; EVAR

INTRODUCTION

Sex and racial disparities have been described in abdominal aortic aneurysm (AAA) disease
severity and management. Female, Black, and Hispanic patients are more likely to present
with symptomatic or ruptured AAA compared with their male and White counterparts.1—5
Female patients are also less likely to undergo endovascular aortic repair (EVAR) compared
with males,>® and Black and Hispanic patients are less likely to undergo elective AAA
repair compared with White patients.”8 These disparities may be related to differences
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in prevalence and management of risk factors, AAA screening, and possibly delays in
vascular care. For female patients, lower rates of EVAR may also be due to sex-based
anatomic differences, as female patients are more likely to have anatomy that is unsuitable
for traditional EVAR devices.9

Several studies reported inferior post-operative outcomes in female and Black patients
following both open and endovascular AAA repair.1%-12 However, these outcomes may
not be the best quality metrics for AAA repair. Despite an early survival benefit after
EVAR,11.13 accumulating evidence suggests inferior late outcomes with EVAR compared
with open repair, which necessitates lifelong imaging surveillance and reintervention if
necessary to prevent late rupture.1415 As such, rates of surveillance, reintervention, and
rupture over time may prove to be more useful quality metrics for AAA repair, particularly
for EVAR. Importantly, it is unknown whether these outcomes vary by sex, race, and
ethnicity. Therefore, we examined differences in 5-year aneurysm rupture, reintervention,
and mortality, as well as 2-year loss-to-imaging-follow-up after elective EVAR by sex, race,
and ethnicity and explored potential mechanisms underlying these differences.

METHODS

Data source

We performed a retrospective cohort study using the Vascular Implant Surveillance and
Interventional Outcomes Network (VISION), which includes Vascular Quality Initiative
(VQI) registry data linked with Medicare claims using a previously described method.18 The
Society for Vascular Surgery (SVS) VQI contains over 250 patient- and procedure-specific
variables as well as in-hospital outcomes from more than 700 centers and 4000 physicians
in the United States and Canada (www.vqi.org). Though long-term data are limited in

the VQI, Medicare-linkage provides long-term follow-up data, enabling us to study late
rupture, reintervention, imaging surveillance, and mortality. Therefore, we utilized data on
patient and procedural characteristics from the VQI and data on long-term outcomes from
Medicare.

This study adhered to the STROBE (Strengthening the Reporting of Observational Studies
in Epidemiology) standards for observational studies.1” The VQI Research Advisory
Committee and Patient Safety Organization as well as the Institutional Review Board at
Beth Israel Deaconess Medical Center approved this study and gave permission to use data
without the need for informed consent, given the retrospective and deidentified nature of the
data.

Patient cohort

We identified all patients who underwent EVAR from 2003-2017 with linked Medicare
records (n=28,399). Long-term follow-up data were available through 2018. We excluded
patients who were not under Medicare fee-for-service coverage at the time of their index
EVAR (n=9242) to allow for complete capture of claims-derived outcomes throughout the
study period (i.e., rupture, reinterventions, and imaging studies). To restrict our study to
patients undergoing primary elective EVAR, we excluded patients with prior aneurysm
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repair (n=584), ruptured presentation (n=902), symptomatic presentation (n=1419), missing
symptom status (n=49), and those who underwent EVAR on a weekend (n=65).

Patients were divided into 8 groups by sex, race, and ethnicity: non-Hispanic White (White)
males, non-Hispanic White (White) females, Black males, Black females, Asian males,
Asian females, Hispanic males, and Hispanic females. Though other racial subgroups such
as Native American (n=30) and Pacific Islander (n=18) were also represented, the sample
sizes were very low and precluded any meaningful analyses. Therefore, these patients were
excluded.

Variable definitions

Outcomes

We used pre-specified race and ethnicity variables from the VQI. The VQI classifies race the
same as the United States Census Bureau: White race is a person having origins in Europe,
the Middle East, or North Africa; Black race is a person having origins in Africa; and Asian
race is a person having origins in the Far East, Southeast Asia, or the Indian subcontinent.
Hispanic ethnicity is defined as a person of Spanish culture or origin, regardless of race.18
Body mass index (BMI) was calculated according to the standard weight(kg)/height(m)?2
formula. Underweight was defined as a BMI <18.5, and obese as a BMI =30. Glomerular
filtration rate was calculated using the Chronic Kidney Disease Epidemiology Collaboration
equation,19 and chronic kidney disease was defined as estimated glomerular filtration rate
<30 mL/min/1.73m? or need for hemodialysis. All other clinical variables were predefined
within the VQI.

To account for physician and center experience with EVAR, physician and center volumes
were determined by the total number of intact and ruptured EVARSs performed within the

12 months prior to the index EVAR. These volumes were separated into quintiles, and the
lowest quintile was defined as low volume.20 Physicians and centers with <12 months of
data prior to the index EVAR were excluded from the quintile calculations but were assigned
to the appropriate quintile based on the total number of cases performed prior to the index
EVAR.

The primary outcome was 5-year aneurysm rupture, defined as any Medicare patient
encounter with a primary diagnosis of aortic rupture after the index EVAR admission that
was associated with a death or reintervention within 90 days. This included diagnosis codes
corresponding to rupture of the abdominal aorta, thoracoabdominal aorta, or an unspecified
aortic rupture (Supplemental Table I). Prior work using VQI-Medicare-linked data restricted
this rupture definition to require death/reintervention within 14 days of diagnosis.?* We
broadened this definition to allow for death/reintervention within 90 days to allow for wider
variation in the timing of billing claims in Medicare, after exploring the relative timing of
deaths and reinterventions surrounding rupture events. As a sensitivity analysis, we also
assessed 5-year rupture using the prior definition with a 14-day restriction.

Secondary outcomes were 5-year reintervention and all-cause mortality and 2-year loss-
to-imaging-follow-up. Reintervention was determined from procedure codes in Medicare
and was defined as any procedure performed after hospital discharge from the index
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EVAR that was related to the aneurysm or the index aneurysm repair. Mortality data were
determined from the Medicare denominator file. Loss-to-imaging-follow-up was determined
from imaging procedure codes in Medicare and was defined as having no imaging of the
aorta between 6 and 24 months after the index EVAR, based on current SVS surveillance
guidelines recommending annual CT or duplex ultrasound imaging after EVAR.22

Statistical analysis

Baseline and operative characteristics were described across the 8 sex/racial/ethnic groups.
Categorical variables were presented as frequencies and percentages and continuous
variables as the median and interquartile range. Kaplan-Meier estimation and unadjusted
Cox regression were used to compare outcomes across sex/racial/ethnic groups, and formal
statistical testing was performed to ensure that the proportional hazards assumption was

not violated.23.24 As a secondary analysis, we tested for an interaction between sex and race/
ethnicity for each outcome. To explore the individual effects of sex or race/ethnicity on each
outcome, we also evaluated outcomes by race/ethnicity after stratifying patients by sex, and
then by sex after stratifying patients by race/ethnicity. For non-survival outcomes, patients
who died were censored at the date of death, and patients who left Medicare-fee-for-service
were censored at the date of the switch (n=1510) due to inability to capture data on rupture,
reintervention, and loss-to-imaging-follow-up after that time point. Although the majority
of patients were Medicare-eligible based on age =65 years old, 4% of the cohort was <65
years old and had other indications for Medicare eligibility (e.g., permanent dialysis or
disability). To assess whether these younger patients may bias our results, we tested for an
interaction between age<65 (as a binary variable) and sex/race/ethnicity for all outcomes.
When a significant interaction was present, we included age<65 and the interaction term in
our models.

We then performed adjusted Cox regression analyses to explore factors that may be
contributing to differences in 5-year aneurysm rupture across groups. We selected the
following factors for inclusion a prioribased on potential clinical relevance to 5-year
aneurysm rupture: procedure year, clinical factors (age, hypertension, smoking history),
anatomic factors (AAA diameter, iliac aneurysm), environmental factors (low hospital
volume, low surgeon volume, allowing for clustering by center), and loss-to-imaging-follow-
up (as a time-varying covariate). We then evaluated whether the association between sex/
race/ethnicity and aneurysm rupture changed with the addition of each set of covariates. As
a post-hoc analysis, we also created a Cox regression model to assess for an association
between loss-to-imaging-follow-up and 5-year mortality, adjusting for the same covariates.
All variables had <5% missing data.

All tests were two-sided, and p<.05 was considered statistically significant. All analyses
were performed using Stata version 16 software (StataCorp LP, College Station, Texas,
USA).
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RESULTS

Patients

We identified 16,040 patients who underwent elective EVAR over the study period, of whom
73% were White males, 18% were White females, 2.6% were Black males, 1.1% were Black
females, 0.9% were Asian males, 0.2% were Asian females, 1.7% were Hispanic males, and
0.4% were Hispanic females (Table ). Compared with all other groups, White patients were
more likely to have a family history of AAA. Meanwhile, Black patients were younger and
more likely to be current smokers. Black male patients were more likely to have concurrent
iliac aneurysms, and Black female patients were more likely to be treated in a low-volume
center or by a low-volume physician. Asian female patients were older and were less likely
to have a smoking history or a family history of AAA. Hispanic patients were less likely to
be on a statin or aspirin prior to EVAR.

Unadjusted long-term outcomes

Aneurysm rupture.—Median follow up time was >2.3 years across all groups. At 5
years, estimated rates of rupture were highest in Black females at 6.4% and lowest in White
males at 2.3% (Figure ). Compared with White males, rupture rates were higher in White
females (hazard ratio [HR]:1.5, 95% confidence interval [CI]:[1.1-2.0], p=.004), Black
females (HR:2.5, 95%CI:[1.0-6.0], p=047) and Asian females (HR:5.2, 95%CI:[1.3-21],
p=020; Table I1). When rupture was assessed using the 14-day restriction, there remained
a higher risk for 5-year rupture in Black females (HR:3.1, 95%CI:[1.3-7.5]) and Asian
females (HR:6.6, 95%CI:[1.6-27]). The higher risk of rupture in White females was
attenuated and no longer significant, but a trend toward higher rupture remained (HR:1.3,
95%CI:[0.96-1.9]). There was no significant interaction between sex and race/ethnicity
(Supplemental Table I1). When patients were stratified by sex, there was a trend toward
higher rates of rupture in Asian females compared with White females (HR:3.4, 95%ClI:
[0.82-14]; Supplemental Table I1). When patients were stratified by race/ethnicity, White
females had higher rates of rupture compared with White males (HR:1.5, 95%CI:[1.1-2.0];
Supplemental Table I1).

Reintervention.—Estimated rates of reintervention at 5 years were highest in Black
females at 34% and lowest in White females at 17% (Figure 11). Compared with White
males, reintervention rates were higher in Black males (HR:1.4, 95%CI:[1.0-1.8]) and

Black females (HR:2.0, 95%CI:[1.4-2.8]; Table II). There was no significant interaction
between sex and race/ethnicity (Supplemental Table I1). When patients were stratified by
sex, reintervention rates were higher in Black males compared with White males (HR:1.4;
95%CI:[1.1-1.8]) and in Black females compared with White females (HR:1.8, 95%ClI:
[1.3-2.6]; Supplemental Table 11). When patients were stratified by race/ethnicity, there were
no differences in reintervention by sex across groups (Supplemental Table II).

Mortality.—Estimated mortality at 5 years was highest in Black females at 45% and

lowest in Hispanic females at 28% (Figure 111). Compared with White males, mortality

was higher in White females (HR:1.2, 95%CI:[1.2-1.3]) and Black females (HR:1.4, 95%CI:
[1.1-1.8]; Table II). There was no significant interaction between sex and race/ethnicity
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(Supplemental Table I1). When patients were stratified by sex, there were no differences

in mortality by race/ethnicity (Supplemental Table I1). When patients were stratified by
race/ethnicity, mortality was higher in White females compared with White males (HR:1.2,
95%CI:[1.1-1.3]; Supplemental Table I1).

Loss-to-imaging-follow-up.—Estimated loss-to-imaging-follow-up at 2 years was 16%
overall, ranging from 21% in Black and Hispanic males to 11% in Asian males (Figure

IV). Compared with White males, loss-to-imaging-follow-up was higher in White females
(HR:1.2; 95%CI:[1.1-1.3]), Black males (HR:1.4, 95%CI:[1.1-1.7]), and Hispanic males
(HR:1.3, 95%CI:[1.0-1.8]; Table II). There was no significant interaction between sex

and race/ethnicity (Supplemental Table 11). When patients were stratified by sex, loss-to-
imaging-follow-up was higher in Black and Hispanic males compared with White males
(Black: HR:1.4, 95%CI:[1.1-1.7]; Hispanic: HR:1.3, 95%CI:[1.0-1.8]; Supplemental Table
I1). When patients were stratified by race/ethnicity, loss-to-imaging-follow-up was higher in
White females compared with White males (HR:1.2, 95%CI:[1.1-1.3]; Supplemental Table

).

Adjusted analyses

Aneurysm rupture.—In adjusted analyses, White and Black females remained

at significantly higher risk for 5-year rupture after accounting for procedure year,
clinical factors, anatomic factors, environmental factors, and loss-to-imaging-follow-up
(Supplemental Table I1). Loss-to-imaging-follow-up was not associated with rupture
(HR:1.0, 95%CI:[0.66-1.7]).

Mortality.—In a post-hoc analysis, loss-to-imaging-follow-up was independently associated
with higher 5-year mortality after elective EVAR after accounting for sex/race/ethnicity,
procedure year, clinical factors, anatomic factors, and environmental factors (HR:2.8;
95%Cl:[2.7-3.0]; Supplemental Table IV). Mortality remained higher in White females and
Black females compared with White males after adjustment.

DISCUSSION

In this observational study of 16,040 VQI-Medicare patients who underwent elective EVAR,
we identified significant differences in 5-year outcomes by sex, race, and ethnicity, with
White and Black female patients having the worst outcomes. Compared with White males,
Black females had higher rates of 5-year aneurysm rupture, reintervention, and mortality,
while White females had higher rupture, mortality, and loss-to-imaging-follow-up. Asian
females also had higher rupture, Black males had higher reintervention, and both Black and
Hispanic males had higher loss-to-imaging-follow-up. These subgroups may benefit from
improved preoperative counseling and clinical outreach after EVAR.

Several existing studies provide insight into the higher risk of rupture in White, Black,

and Asian females. First, female patients with ruptured AAA are known to rupture at
smaller aortic diameters compared with male patients.2> As such, the higher rates of rupture
in female patients may result from limited understanding of how to best identify female
patients at risk for rupture after EVAR. Additionally, Black patients are more likely to
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undergo AAA repair at low-volume facilities,”26:27 which may influence late rupture.

In exploratory analyses, we found that risk of rupture and mortality remained higher in
White, Black, and Asian females after adjusting for several relevant factors including age,
comorbidities, AAA diameter, and surgeon/hospital experience. This suggests that these
factors, alone, do not explain the observed outcome disparities in these patients. It is

likely that other social determinants of health such as economic stability, neighborhood
environment, education, caregiver responsibilities, and systemic sexism and/or racism also
contribute.28 Importantly, the higher risk of rupture in White, Black, and Asian females may
contribute to higher 5-year mortality in these groups compared with their male counterparts,
as Hispanic females had both lower rupture and lower mortality compared with Hispanic
males. These differences in sex-based outcomes across racial/ethnic groups warrant further
investigation.

The rates of 5-year aneurysm rupture in our EVAR cohort were similar to rates reported in
Medicare previously, ranging from 2.3-6.4% across groups (2.7% overall) compared with
3.0% among beneficiaries who underwent EVAR for intact AAA between 2001-2008.15
However, this Medicare-only cohort is not a perfect comparator, as it had fewer patients who
were Black (2.8% vs 3.7%) or Hispanic (0.6% vs 2.1%). Rupture rates in our cohort and

in the Medicare-only cohort are notably lower compared with recent long-term follow up
data from the EVAR-I trial, which reported a rupture rate of 7% beyond 8 years.14 There
are a few possible explanations for this discrepancy. First, Medicare only identifies patients
who present to a hospital with rupture and fails to capture those who suffer rupture and
death at home. Second, it is possible that the cause of death was misclassified as a cardiac
event rather than a rupture in some patients who were dead upon arrival to a hospital. These
limitations may lead to underestimation of late rupture in Medicare. Alternatively, the lower
rates of rupture in Medicare may reflect improvement over time. Patients in the EVAR-I
cohort underwent EVAR between 1999-2004,14 compared with 2001-2008 in the Medicare-
only cohort!® and 2003-2017 in our VQI-Medicare-linked cohort. Though temporal trends
in late rupture have not been assessed, midterm survival after EVAR improved between
2003-2018, likely attributable to advances in clinical experience and endograft design.2%:30
Overall, our data may underestimate 5-year rupture after EVAR, but we are confident that
the relatively higher rates of rupture in White, Black, and Asian females represent a true
disparity.

We observed that Black male and female patients had a >40% higher risk of reintervention
at 5-years after elective EVAR compared with White patients. Our findings are comparable
to prior work showing 5-year reintervention rates of 31% in Black patients versus 20% in
White patients after elective, urgent, or emergent EVAR,2! suggesting that this difference

in reintervention is not explained by higher rates of symptomatic and ruptured AAAs in
Black patients.118 Prior work has also demonstrated that Black patients undergoing AAA
repair are more likely to have concomitant iliac artery aneurysms compared with White
patients.110:18.31 \We found that this was only the case for Black males, thus highlighting the
importance of examining more granular patient subgroups, and this factor likely contributes
to their higher rate of reintervention.3 In Black females, the higher rate of reintervention
may reflect the need to intervene to prevent and/or treat higher rates of rupture. It is

also possible that Black females had higher rates of major vascular reinterventions in
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particular, which may contribute to their higher mortality. Importantly, not all reinterventions
necessarily reflect EVAR failures and could instead imply better follow-up for interventions
before major complications (like rupture) arise; but the higher loss-to-imaging-follow-up in
Black males and higher rupture rates in Black females are more suggestive of the former.
Although information on reintervention type and indication were not available, these data
will be critical to understanding the reasons for higher reintervention rates in Black patients.

We found that 16% of patients did not undergo aortic imaging between 6-24 months

after elective EVAR. This is non-compliant with current SVS guidelines recommending
annual imaging for graft surveillance to prevent late aneurysm rupture.22 Compared with
White male patients, White females had higher loss-to-imaging-follow-up, but this did not
contribute to 5-year rupture. This finding is consistent with prior work in Medicare showing
that annual EVAR surveillance did not decrease aneurysm-related mortality32 and may be
partly due to underestimation of rupture in Medicare, for reasons described above. In line
with this possibility, we found that loss-to-imaging-follow-up was associated with higher
all-cause mortality (which Medicare captures whether deaths occur in the hospital or at
home). This association may reflect undocumented ruptures leading to death or a decision
to cease surveillance imaging in patients who are deemed to have poor life expectancy

due to other comorbidities. Further work is needed to examine the impact of imaging
surveillance on aneurysm-related complications after EVAR, particularly as we were unable
to assess aneurysm-related mortality in the context of this data source. Nonetheless,

the high loss-to-imaging-follow-up in our study represents an important opportunity for
quality improvement, and differences observed across sex/race/ethnicity cohorts highlight
subgroups that may benefit from improved outreach after EVAR.

This study has several limitations. First, the VQI is a quality improvement registry,

and centers and surgeons opting to join the registry may not be fully generalizable

to EVARs performed nationally. Although certain racial and ethnic populations may be
underrepresented in the VQI, it is possible that participating hospitals have better outcomes
and/or fewer disparities. As such, our findings may actually underrepresent disparities on

a national level. Second, Medicare fee-for-service only includes about 60% of the overall
Medicare population and is comprised mostly of individuals aged =65 years with select
individuals aged <65 years,33 so these results may not be generalizable to patients without
Medicare fee-for-service or to younger patients. However, our prior work suggests that about
75-80% of EVARSs in the United States are performed in Medicare beneficiaries.3* Third,
the small number of patients in some sex/race/ethnicity subgroups precluded meaningful
analysis of long-term outcomes. Fourth, due to limitations of Medicare data, we could

not be certain that late rupture events were related to the index EVAR rather than due to
metachronous aneurysms, but in restricting our rupture definition exclude thoracic aortic
ruptures, we feel that we have minimized this potential bias. We were also unable to assess
for an association between reintervention and late rupture due to our definition of late
rupture and challenges determining the relative timing of these events in Medicare. Lastly,
we were not able to assess or evaluate the impact of certain key social determinants of health
on outcome disparities in the context of this data source.?8
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CONCLUSION

Among patients who underwent elective EVAR in the VQI-Medicare population, the
majority (73%) were White males. Compared with White males, Black females had higher
rates of 5-year aneurysm rupture, reintervention, and mortality, while White females had
higher rupture, mortality, loss-to-imaging-follow-up. Asian females also had higher rupture,
and Black males had higher reintervention and loss-to-imaging-follow-up. These subgroups
may benefit from improved preoperative counseling and clinical outreach after EVAR. A
larger-scale investigation of current practice patterns and their impact on disparities in late
outcomes after EVAR is needed to identify tangible targets for improvement.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ARTICLE HIGHLIGHTS:
Type of Research:

Retrospective cohort study of prospectively collected data from the Vascular Quality
Initiative registry with Medicare-linkage for long-term outcomes.

Key Findings:

Among 16,040 elective EVAR patients, the majority of patients (73%) were White
males. Compared with these patients, Black females had higher rates of 5-year aneurysm
rupture, reintervention, and mortality; White females had higher rupture, mortality, and
loss-to-imaging-follow-up; Asian females had higher rupture; and Black males had
higher reintervention and loss-to-imaging-follow-up.

Take home Message:

There are significant differences in 5-year outcomes after elective EVAR by sex, race,
and ethnicity, with White and Black female patients having the worst outcomes.
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Years after Procedure
Number at Risk Event Rate
Sex/race/ethnicity group | Year 0 Year 1 Year 2 Year 3 Year 4 Year § at 5 years
NH White male 11758 10545 7782 5605 3700 2333 2.3%
NH White female 2891 2517 1852 1356 927 576 3.4%
Black male 417 354 237 149 87 46 3.5%
Black female 175 145 100 61 35 18 6.4%
Asian malc 141 123 82 64 47 20 2.4%
Asian female 34 30 20 12 <]1 <]1 3.7%*
Hispanic male 277 239 177 116 69 4] 5.3%
Hispanic female 60 54 39 28 17 <11 3.0%

*3-year event rate

Figure I.

Unadjusted cumulative rates of late aneurysm rupture after elective EVAR by sex, race, and
ethnicity. For Asian females, the standard error exceeds 10% at 3 years, so the corresponding
curve is truncated at this time, and the 3-year event rate is reported. NH = non-Hispanic.
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Hispanic female 60 48 35 26 14 <11 21%

*3-year event rate

Figure I1.

Unadjusted cumulative rates of late reintervention after elective EVAR by sex, race, and

ethnicity. For Asian females, the standard error exceeds 10% at 3 years, so the corresponding

curve is truncated at this time, and the 3-year event rate is reported. NH = non-Hispanic.
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All-Cause Mortality after EVAR
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Figure I11.

Unadjusted mortality after elective EVAR by sex, race, and ethnicity. For Asian females, the

standard error exceeds 10% at 2 years, so the corresponding curve is truncated at this time,
and the 2-year event rate is reported. NH = non-Hispanic.
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Loss to Imaging Follow-up after EVAR
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Hispanic male 273 236 226 217 21%
Hispanic female 60 50 49 48 20%
Figure IV.

Unadjusted cumulative rates of loss-to-imaging-follow-up after elective EVAR by sex, race,
and ethnicity. Patients were designated as lost-to-imaging-follow-up at the time of their last
imaging study prior to the 6-to-24-month interval. All standard errors are <10%. NH =
non-Hispanic.
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Baseline and anatomic characteristics for patients undergoing elective EVAR by sex, race, and ethnicity.

. NH White | Black | Asian | Hispanic
N (%) or median
IQR
(1QR) M | F | M | F | M | F | M | F
Total patients 11764 | 2891 | 417 | 175 | 141 | 34 | 277 | 60
Age, years 75(70,81) | 77.(72,82) | 7268,78) | 76(69,82) | 76(69,82) | 81(75,85) | 76 (70,82) | 78 (72, 84)
442 <11 <11
Age <65 years Go | 836 | 4@ue | 1304w (%) 0% | B | S
ob 3569 823 (29%) | 106 (25%) | 69 (40% 11 (7.8% <11 65 (24% 18 (30%
ese (BMI1230) (o0) (29%) (25%) (40%) (7.8%) (<533%) (24%) (30%)
Underweight 185 143 <11 <11 <11
(BMI<185) (L6%) Go%) | 20048%) [ <11(68%) [ 7 g0 (<320) | SLLE4%) | <1y
Smoker, ever %gf%’ égg/ﬁ) 371(89%) | 133 (76%) | 103 (73%) (:3;%@ 217 (718%) | 42 (70%)
s 2978 899 (31%) | 150 (36%) | 50 (29% 24 (17% <11 63 (23% 15 (25%
moker, current (25%) (31%) (36%) (29%) (17%) (<329%) (23%) (25%)
Comorbidities
CoPD (g%/:‘) (}123:0’2) 114 21%) | 55031%) | 21@15%) (:3;%/0) 57(21%) | 20 (33%)
H : 9684 2432 , . . , , .
ypertension a50) (@1 | 3750 | 163(03%) | 117(83%) | 32(04%) | 223(81%) | 40 (83%)
Diab 2401 ) ) 9 9 <11 9 0
iabetes oy | 54209 | 10926%) | 51(29%) | 48 (34%) (o | 89@5W) | 15(5%)
Coronary arter 5555 <11
dooronary artery ooy | 80901 | 1711 | s00%) | 6143%) (<o | 115¢2%) | 13(22%)
Congestive heart 1545 <11 <11
g awy | 31w | esaew) [ 0w | 100.1%) e | B@ [ S
Prior cardiac 4610 <11
por card Gow) | 653w | 137w | s1aew) | 50 (42%) | 7@ | 1108%)
328 155 <11 <11 <11
CKD (eGFR<30) o) Gaon | 18619 | 1166%) ) vy | L | Sh
119 <11 <11 <11
ESRD wo | 201 | 5600 | 55 (© 8%) 0% | <114 | g
Family history of 995 <11 <11 <11 <11
AAA @5%) | 317 (1%) | 18(4.3%) | g 304 (<7.8%) <32%) | O [ 15y
Preoperative
medication
Statin (%Z/Z) égﬁ/f) 280 (67%) | 122 (70%) | 111(79%) | 25(7a%) | 176 (6a%) | 37 (62%)
Aspirin (86%53/8) (271‘22) 260 (62%) | 112 (64%) | 84(60%) | 22(65%) | 155 (56%) | 35 (58%)
. 1438 <11 <11
P2Y12 inhibitor A2y | B202w) | s0a2e) | 1901%) | 26 18%) e | 20 [ S
Low volume center 3533 <11
18 EVARY Gory | 883610 | 12731%) | 60(34%) | 45 (32%) (i | 83G0) | 17(8%)
Low volume 3865
physician (4 oy | 9623 | 15267) | TT(aa) | SS0%) | 11(e2%) | 11742%) | 24 (40%)
EVARS)
Anatomic factors
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. NH White | Black | Asian Hispanic
N (%) or median
IQR
(IQR) M F | M F | M F M F
(m)A diameter 55 (51,60) | 53(50,58) | 54 (50,60) | 53(50,58) | 56(51,60) | 52(47,56) | 55(50,60) | 52 (48,59)
lliac aneurysm, any é%i) 315 (11%) | 198 (49%) | 47 (27%) | 44 (31%) (:3%%@ 69 (25%) (:1;%@

NH = non-Hispanic; M = male; F = female; COPD = chronic obstructive pulmonary disease; BMI = body mass index; CKD = chronic kidney
disease; ESRD = end stage renal disease; AAA = abdominal aortic aneurysm.
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Cox regression for long-term outcomes after elective EVAR by sex, race, and ethnicity. Sex, race, and ethnicity

were included in all models, with non-Hispanic White male as the reference group.

Late Rupture Reintervention” Mortality Loss-to-imaging-follow-up

Covariate

HR (95% CI) | Pvalue | HR(95% CI) | Pvalue | HR (95% CI) | Pvalue | HR (95% CI) P value
NH White male ref ref ref ref ref ref ref ref
NH White female | 1.5 (1.1-2.0) 004 | 1.1(0.95-1.2) 284 1.2 (1.2-1.3) <.001 1.2 (1.1-1.3) <.001
Black male 1.4 (0.67-3.0) 354 1.4 (1.0-1.8) 029 1.1 (0.92-1.3) 311 1.4 (1.1-1.7) <.001
Black female 2.5 (1.0-6.0) 047 2.0(1.4-2.8) | <001 1.4 (1.1-1.8) 007 | 0.97 (0.66-1.4) 881
Asian male 1.6 (0.52-5.1) 402 1.2 (0.74-1.9) 473 0.82 (0.58-1.2) .270 0.72 (0.44-1.2) .185
Asian female 5.2 (1.3-21) 020 | 1.6(0.66-3.8) 306 1.3 (0.70-2.4) 408 | 0.95(0.39-2.3) .907
Hispanic male 1.7 (0.74-3.8) 212 1.2 (0.87-1.7) 245 | 092(0.73-1.2) | .481 1.3 (1.0-1.8) .029
Hispanic female | 1.2 (0.17-8.8) 837 | 1.1(051-2.3) 844 | 0.77(0.46-1.3) | .338 1.3 (0.76-2.4) 322

HR = hazard ratio; ClI = confidence interval; NH = non-Hispanic; ref = reference group.

*
Indicates a statistically significant interaction between age<65 and sex/race/ethnicity for the specified outcome.
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