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Abstract

Objective: Black and Hispanic patients have higher rates of chronic limb-threatening ischemia
(CLTI) and suffer worse perioperative outcomes after lower extremity bypass compared with
White patients. The underlying reasons for these disparities are unclear, and data on 3-year
outcomes are limited. Therefore, we examined differences in 3-year outcomes after open
infrainguinal bypass for CLTI by race/ethnicity and explored potential factors contributing to
these differences.

Methods: We identified all CLTI patients undergoing primary open infrainguinal bypass in the
Vascular Quality Initiative registry from 2003-2017 with linkage to Medicare claims through 2018
for 3-year outcomes. Our primary outcomes were 3-year major amputation, re-intervention, and
mortality. We also report 30-day major adverse limb events (MALE) defined as major amputation
or re-intervention. We used Kaplan-Meier estimation methods and multivariable Cox regression
analyses to evaluate outcomes by race/ethnicity and to identify contributing factors.

Results: Among 7,108 bypass procedures performed in CLTI patients, 5,599 (79%) were in
non-Hispanic White patients, 1,053 (15%) were in Blacks, 48 (1%) were in Asians, and 408 (6%)
were in Hispanics. Compared with White patients, Black patients had higher rates of 3-year major
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amputation (Black: 32% vs White: 19%; hazard ratio (HR):1.9 [95% confidence interval:1.7-2.2]),
re-intervention (61% vs 57%; HR:1.2[1.1-1.3]), and 30-day MALE (8.1% vs 4.9%; HR:1.3[1.2—
1.4]), but lower mortality (38% vs 42%; HR:0.9]0.8-0.99]). Hispanic patients experienced higher
rates of amputation (Hispanic: 27% vs White: 19%; HR:1.6[1.3-2.0]), re-intervention (70% vs
57%; HR:1.4[1.2-1.6]), and MALE (8.7% vs 4.9%; HR:1.5 [1.3-1.7]); however, mortality was
similar between the groups (38% vs 42%; HR:0.88[0.76-1.0]). The low number of Asian patients
prevented meaningful assessment of amputation (Asian: 20% vs White: 19%; HR:0.93[0.44-2.0]),
re-intervention (55% vs 57%; HR:0.79[0.51-1.2]), MALE (8.5% vs 4.9%; HR:0.71[0.46-1.1]), or
mortality (36% vs 42%; HR:0.83[0.52-1.3]) in this group. In adjusted analyses, the association

of Black race and Hispanic ethnicity with amputation and re-intervention was explained by
differences in demographic characteristics (age, sex) and baseline comorbidities (tobacco use,
diabetes, renal disease).

Conclusions: Compared with White patients, Black and Hispanic patients had higher 3-year
major amputation and re-intervention rates; however, mortality was lower among Black patients
and similar between Hispanic and White patients. Disparities in amputation and re-intervention
are partly attributable to demographic characteristics and the higher prevalence of comorbidities in
Black and Hispanic patients with CLTI. Future work is necessary to determine if interventions to
improve access to care and reduce the burden of comorbidities in these populations confer limb
salvage benefits.
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Introduction:

Chronic limb-threatening ischemia (CLTI) disproportionately affects racial and ethnic
minority populations, particularly Black and Hispanic individuals.:2 The annual incidence
of amputation among Black patients with CLTI is 21%, which is nearly double the incidence
in White and Hispanic patients.? Furthermore, Black patients have been shown to have
signficantly higher odds of amputation during hospitalization.3

Beyond the physicial, emotional, and socioeconomic toll associated with limb loss, the
higher rate of amputation among minority patients is particularly concerning as it has
implications for mortality. Studies have shown that CLTI patients who underwent major
amputation (i.e., above the ankle) had 3-fold higher odds of in-hospital mortality compared
with other CLTI patients,* and 6-fold higher odds of mortality compared with PAD
patients without major amputations. Furthermore, longer-term mortality is also affected
by amputation. The 1-year mortality rate after CLTI diagnosis was 30% in patients without
amputation, and 40% in those who underwent amputation.!

Although many studies have described racial disparities in short-term outcomes for CLTI
patients, 3-year mortality is unknown. Futhermore, there are limited data identifying
explanatory factors as potential opportunities to reduce disparities. Therefore, the objectives
of this study were to examine 3-year amputation, re-intervention, and mortality after
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infrainguinal bypass for CLTI by race and ethnicity and to determine factors associated
with these outcomes.

Methods:

Data source

We performed a retrospective cohort study using the Vascular Implant Surveillance and
Interventional Outcomes Network (VISION), which includes data from the Vascular

Quality Initiative (VQI), a national clinical registry, with linkage to Medicare claims.

The VQI was developed to improve patient care through the collection of clinical data

from approximately 700 participating centers with 4,000 physicians in the United States

and Canada (www.vqi.org). Patients identified in the VQI registry were linked to the
Medicare claims files using a previously described methodology.® This method combines the
advantages of prospectively collected clinical data from the VQI registry with administrative
data for 3-year outcomes.

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

Patient cohort

We identified all primary infrainguinal bypass procedures performed in patients with CLTI
in the VQI from 2003-2017 (n=10,315). Follow up data were available through 2018. We
selected this period to ensure that we had at least 1 year of follow-up for each patient.

We excluded patients who were not enrolled in Medicare at the time of their index bypass
procedure to have complete capture of claims-derived outcomes throughout the study period
(n=3,069). Additionally, we excluded patients with unknown or missing race/ethnicity data
(n=109) and those of American Indian or Alaskan Native race (n=17), Native Hawaiian or
other Pacific Islander race (n=9), and more than 1 race (n=3) as low numbers in these groups
precluded meaningful assessment.

In addition, there were 371 (5%) patients who underwent more than 1 index bypass
procedure during the study period. To assess if these procedures impacted outcomes, we
excluded these patients as a sensitivity analysis.

Variable definitions

Race and ethnicity were defined according to pre-specified variables in the VQI based

on definitions from the United States Census Bureau (Supplemental Table 1).8 We

divided patients into 4 groups according to their race or ethnicity: Non-Hispanic White,
Black, Asian, or Hispanic. We calculated BMI using the standard formula of weight(kg)/
height(m).2 Underweight and overweight were defined as a BMI <18.5 and BMI =30,
respectively. Coronary artery disease (CAD) was defined as a history of stable or unstable
angina, or myocardial infarction. Congestive heart failure (CHF) was categorized into Class
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I-IV according to the New York Heart Association Functional Classification.? Estimated
glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease (CKD)
Epidemiology Collaboration equation without the race correction coefficient. CKD was
defined as eGFR <30 mL/min/1.73m? or requirement for hemodialysis. Preoperative
medication use was defined as medications taken within 36 hours of the procedure. Optimal
medical therapy was defined as pre-operative aspirin and statin use. Urgent status was
assigned if the procedure was required within 72 hours but >12 hours from admission, or
emergent if the procedure was required within 12 hours of admission to prevent limb loss.
Distal bypass was defined as bypass to an infrapopliteal target.

We calculated physician and center experience by determining the total number of
procedures performed within the previous 12 months of the index operation. Volumes
were divided into quintiles with the first quintile considered as low volume, quintiles 2—4
considered as medium volume, and quintile 5 considered as high volume.

Our primary outcomes were 3-year major amputation, re-intervention, and mortality.
Secondary outcomes were factors associated with these outcomes. We also report 30-day
major adverse limb events (MALE) defined as major amputation or re-intervention. Major
amputation was defined as amputation at or above the ankle and was determined based on
Medicare procedure codes. Re-interventions, also identified using procedure codes, were
defined as any relatable open or endovascular revascularization procedure performed after
hospital discharge from index bypass procedure (Supplemental Table Il). Because procedure
codes do not capture laterality, we could not be certain that amputations and re-interventions
identified in Medicare were ipsilateral to the index bypass procedure. To understand how
this limitation may bias results, we performed a sensitivity analysis to assess how 3-year
major amputation and re-intervention changed as we varied the proportion of contralateral
events from 0% to 50% across racial/ethnic groups.1? Mortality was determined from the
Medicare denominator file.

Statistical analysis

Before performing our primary analyses, we evaluated the age distribution of the VQI-
Medicare study cohort. Most patients (79%) were Medicare-eligible based on age =65
years, while the remaining patients were <65 years old and had other indications for
Medicare eligibility (i.e., permanent dialysis or disability). As in prior work,10 we assessed
whether these younger patients may bias our results by testing for an interaction between
age<65 years and race/ethnicity with respect to our primary outcomes. We did not find any
significant interactions, so we included patients <65 years old in our final study cohort.

We then compared baseline and operative characteristics across racial and ethnic groups
using the chi-square test for categorical variables and the Kruskal Wallis test for continuous
variables. Categorical variables were presented as percentages and continuous variables
were presented as medians with interquartile ranges. We used Kaplan-Meier estimation

and unadjusted Cox proportional hazards regression to compare 3-year rates of major
amputation, re-intervention, and mortality by race/ethnicity. For non-survival outcomes,
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patients who died were censored at the date of death, and those who left Medicare fee-for-
service were censored on the day of the exit (n=765). We censored patients using this
method because we were unable to capture data on amputation or re-interventions after that
time point.

We then performed adjusted Cox analyses to identify potential contributory factors to
racial/ethnic disparities in major amputation, re-intervention, and mortality. We selected

the following covariates for inclusion in the analysis a prioribased on previous literature
and clinical relevance: demographic factors (sex, age), comorbidities (CAD, tobacco use,
diabetes, kidney disease), preoperative optimal medical therapy, center and physician
volume, disease severity (presence of tissue loss, urgency status), and operative factors
(distal bypass target, conduit type). In the adjusted analyses, we combined all types of

vein conduits together (i.e., greater saphenous vein, arm vein, etc.) and all types of
prosthetic conduits together (Dacron, polytetrafluoroethylene) to create a binary variable
(vein vs prosthetic) rather than having multiple categories to avoid overfitting the model.
We used these covariates to create 7 different Cox regression models for 3-year amputation,
re-intervention, and mortality. All models included race and ethnicity. To create models 1-6,
we incorporated demographic factors, comorbidities, optimal medical therapy, center and
physician volume, disease severity factors, and operative factors into the model in a stepwise
manner. With the incorporation of each set of covariates, we assessed if there was a change
in the association between race/ethnicity and amputation, re-intervention, and mortality. We
included all covariates in model 7. In models 4 and 7 for each outcome, which included
physician and center volume, we also allowed for clustering by center.

All variables had <5% missing data. All tests were two-sided, and p<0.05 was considered
statistically significant. All analyses were performed using Stata version 16 software
(StataCorp LP, College Station, Texas, USA).

Demographic and operative characteristics

Among 7,108 bypasses performed in CLTI patients, 5,599 (79%) were performed in non-
Hispanic White patients, 1,053 (15%) in Black patients, 48 (1%) in Asian patients, and 408
(6%) in Hispanic patients (Table I). Compared with White patients, Black and Hispanic
patients were younger and more likely to have hypertension, diabetes, and CKD. They were
also more likely to undergo infrapopliteal bypass. Hispanic patients were more likely to
have tissue loss, prior contralateral lower extremity revascularization, and receive care at
high-volume centers. Asian patients were less likely to be current smokers, but more likely
to be female and have tissue loss compared with all other groups. Rates of rest pain were
similar between White and Black patients, but lower among Hispanics. Black, Hispanic, and
Asian patients were more likely than White patients to be on pre-operative antiplatelet and
statin, and less likely to be treated by high-volume physicians. Black and Hispanic patients
were more likely to have prosthetic grafts used for below the knee reconstructions. Hispanic
patients had the highest percentage of venous conduit for bypass (76%) followed by White
patients (70%) and Black patients (67%) (Table I).
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Unadjusted 3-year outcomes

Amputation.—At 3 years, rates of major amputation were highest in Black patients at
32% followed by 27% in Hispanics, 20% in Asians, and 19% in Whites. Compared with
White patients, Black patients had a higher hazard of amputation at 3 years (hazard ratio
[HR]:1.9[95% confidence interval:1.7-2.2]), as did Hispanic patients (HR:1.6[1.3-2.0]).
There was no significant difference between White and Asian patients in the hazard of 3-
year amputation (HR:0.93[0.44-2.0]); however, the low number of Asian patients prevented
meaningful assessment of amputation in this group (Table I1; Figure |1A).

Re-intervention.—The re-intervention rates at 3 years were highest in Hispanic patients at
70% followed by 61% in Blacks, 57% in Whites, and 55% in Asians. Compared with White
patients, both Black (HR:1.2[1.1-1.3]) and Hispanic patients (HR:1.4[1.2-1.6]) had a higher
hazard of 3-year re-intervention. The low number of Asian patients prevented meaningful
assessment of re-intervention rates in this group (HR:0.79[0.51-1.2]) (Table II; Figure IB).

Mortality.—At 3 years, the mortality rate was highest in White patients at 42% followed
by Black and Hispanics at 38%, and Asians at 36%. Compared with White patients, Black
patients had a lower hazard of mortality (38% vs 42%; HR:0.90[0.81-0.99]). However, the
hazard of mortality was similar between Hispanic and White patients (HR:0.88[0.76-1.0]).
The low number of Asian patients prevented meaningful assessment of mortality in this
group (HR:0.83[0.52-1.3]) (Table II; Figure IC).

MALE.—ALt 30 days, MALE was highest among Hispanics (8.7%) followed by Asians
(8.5%), Blacks (8.1%) and Whites (4.9%). The hazard of MALE was higher for Blacks
(HR:1.3[1.2-1.4]) and Hispanics (HR:1.5[1.3-1.7]). The low number of Asian patients
prevented meaningful assessment of MALE in this group (HR:0.71[0.46-1.1]) (Table II).

Adjusted analyses

Amputation.—In adjusted analyses, the associations between Black race and Hispanic
ethnicity and amputation were attenuated after adjustment for demographic characteristics
such as female sex and age, baseline comorbidities including insulin-dependent diabetes and
CKD, and operative characteristics such as infrapopliteal bypass and prosthetic conduit. For
Hispanic patients in particular, the disparity in 3-year amputation rates was partly explained
by differences in disease severity including tissue loss and urgency status. After including all
covariates in model 7, the association between Black race and amputation was attenuated,
and the association between Hispanic ethnicity and amputation was no longer significant
(Table 111).

Re-intervention.—The higher rates of re-intervention for Black and Hispanic patients
were also partly explained by demographic characteristics and comorbidities noted above.
Additionally, for Hispanic patients, differences in center and surgeon volume, and operative
factors partly explained the disparity in re-intervention rates. After including all covariates
in model 7, Black race was no longer significantly associated with re-intervention. For
Hispanic patients, this association was attenuated (Table 1V).
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Mortality.—The lower mortality in Black patients was partly explained by female sex

and age. The association was further attenuated after adjusting for comorbidities. After
including all covariates in model 7, the association between Black race and mortality
remained significantly lower. Although there was no association between Hispanic ethnicity
and mortality, after adjusting for comorbidities and disease severity, Hispanic ethnicity was
associated with lower mortality. After including all covariates in model 7, Hispanic ethnicity
remained associated with lower mortality (Table V).

Sensitivity analyses

We performed 3 sensitivity analyses to assess the robustness of our findings. First, when
we excluded patients who underwent more than 1 index bypass procedure during the study
period, the associations between race/ethnicity and each primary outcome were unchanged
(Supplemental Table I1). Second, when we varied the proportion of contralateral amputation
or re-intervention from 0% to 50% equally across racial/ethnic groups, the associations
between these events and Black race or Hispanic ethnicity were unchanged. Third, when
we varied the proportion of contralateral amputation from 0% to 50% differentially across
racial/ethnic groups, the association between amputation and Black race or Hispanic
ethnicity remained significant until there was at least a 30% difference in the proportion

of contralateral amputation between groups. When we varied the proportion of contralateral
re-intervention from 0% to 50% differentially across racial/ethnic groups, the association
between re-intervention and Black race was no longer significant after at least a 10%
difference in the proportion of contralateral re-intervention. The association between re-
intervention and Hispanic ethnicity was no longer significant after at least a 20% difference
in the proportion of contralateral re-intervention (Supplemental Table 1V).

Discussion:

In this observational study of VQI-Medicare patients who underwent infrainguinal bypass
for CLTI, we identified disparities in 3-year outcomes by race and ethnicity. Compared with
White patients, Black and Hispanic patients experienced higher rates of major amputation
and re-intervention at 3 years. However, 3-year mortality was lower in Black patients
compared with White patients, and there was no significant difference in mortality between
White and Hispanic patients. Racial and ethnic disparities in amputation and re-intervention
rates were partly attributable to differences in demographic characteristics and the higher
prevalence of comorbidities in Black and Hispanic patients. Overall, our findings suggest
that the higher burden of comorbidities in Black and Hispanic patients with CLTI was
associated with higher 3-year amputation and re-intervention after infrainguinal bypass.

Our data are consistent with previous studies documenting disparities in amputation rates
among CLTI patients. In a study using 2011-2015 Medicare data, Black patients with

an initial primary CLTI diagnosis more frequently underwent primary major amputation
compared with Whites (10% vs 4%; p<0.001), which was partly explained by a higher
prevalence of gangrene in Black patients (36% vs 22%; p<0.001).2 In our study, we
observed higher rates of major amputation in Black patients compared with White patients
even among CLTI patients who underwent infrainguinal bypass. Our adjusted analyses
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demonstrated that tissue loss partly explained the higher rate of 3-year amputation in
Hispanic patients, but not in Black patients. Among Black CLTI patients, the disparity

in amputation rates was partly explained by demographic characteristics and comorbidities.
Disparities remained after adjustment for all covariates, suggesting that there are other
factors contributing to these disparities that we could not assess in this study.! Further
research is needed to determine the relative contribution of various factors to racial/ethnic
disparities in amputation rates.

We also observed that Black and Hispanic patients had higher rates of re-intervention
compared with White patients. In a study assessing outcomes after limb salvage procedures
among 16,249 CLTI patients, Black patients were found to have higher 2-year re-
intervention rates compared with White patients (34% vs 32%; p=0.05), but there was

no difference between Hispanic and White patients (32% vs 30%; p=0.3).12 This study
included CLTI patients who underwent open and endovascular revascularizations which may
explain the differences from our current findings. It remains unclear if the higher rates of
re-intervention in these populations represent higher rates of graft failure, or progressive
disease above or below the graft. However, the finding that Black and Hispanic patients
had higher rates of 3-year major amputation despite having higher rates of re-intervention
represents an important disparity. Further research is needed to assess if differences in
intervention strategy or graft surveillance across groups contribute to disparities in rates of
re-intervention among CLTI patients.

Importantly, we found that Black patients had lower 3-year mortality after revascularization
for CLTI compared with White patients. After adjusting for female sex and age, the lower
hazard of 3-year mortality in Black patients was no longer significant. In contrast, after
adjusting for comorbidities, the hazard of mortality for Black patients was even lower. These
data suggest that Black CLTI patients may have lower mortality because they are more
likely to be female and diagnosed with CLTI at younger ages. The finding that mortality

is lower in Black patients despite higher amputation is paradoxical. Several prior studies
have demonstrated that Black patients have lower mortality despite also having higher rates
of amputation after lower extremity revascularization.13-15 This difference was attributed
to Black patients being younger and more likely to be female. It was also attributed to
differences in the distribution of comorbidities, as Black patients were more likely to

have diabetes, but less likely to have vascular disease in other territories.13:14 Our study
confirms these findings and demonstrates that this paradox continues to exist 3 years after
infrainguinal bypass.

Previous work has demonstrated that access to preventative care and multidisciplinary care
including podiatry and vascular surgery may reduce amputation rates.16-18 Furthermore,
the concept of evidence-based revascularization (EBR) has been developed as part of the
Global Vascular Guidelines to improve the quality of vascular care and reduce disparities
in treatment and outcomes. To standardize the approach for caring for CLTI patients, EBR
consists of a structured management framework based on patient risk, limb severity, and
anatomic patterns of disease.1® An evidence-based approach is fundamental to reducing
outcome disparities for CLTI patients.
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Black and Hispanic patients had higher rates of comorbidities despite being more likely

to be on antiplatelet and statin therapy. Although we do not have information on how

well comorbidities are managed, previous work has highlighted the undertreatment of
comorbidities such as hypertension and diabetes in racial/ethnic minority patients.2%-22 The
higher rates of comorbidities could reflect inadequate medication dosing or underutilization
of prescribed medications; however, we were unable to assess these factors in the

current database. Given that the disparities in limb outcomes observed in our study were
partly explained by the higher rate of comorbidities among Black and Hispanic patients,
interventions to strengthen the medical management of these conditions may improve
outcomes.

Our study was subject to certain limitations. First, the VQI is a quality improvement registry
with voluntary physician and center participation and may not be nationally representative.23
This selection bias may lead to underrepresentation of certain racial/ethnic groups and/or
underestimation of disparities in outcomes compared with a more general database. Second,
these data may not be generalizable to young patients, as Medicare only includes patients
over age 65, and select patients under age 65. Third, due to the low number of Asian
patients, we were unable to meaningfully assess outcomes in this population, and these data
should be updated as more patients become available. Fourth, we were unable to assess the
degree to which comorbidities were adequately managed (e.g., HbAlc), or the severity of
tissue loss as these data were not available. We were also unable to determine laterality of
amputations and re-interventions as these data are not available. Our sensitivity analyses
showed that the findings with respect to amputation were robust despite this limitation.

For re-intervention, the effect measures were smaller. Therefore, differences in contralateral
events may impact these results. Of note, 5% of patients underwent multiple index bypass
procedures, which could indicate more aggressive disease. Because we could not determine
the chronology of the procedures, we excluded these patients as a sensitivity analysis, and
our outcomes were unchanged. Lastly, although we adjusted for relevant covariates that
may impact outcomes, we were unable account for individual surgeon decision making or
important social determinants of health such as socioeconomic status, geographical location,
education level, or food insecurity.24:25

Conclusions:

In conclusion, compared with White patients, Black and Hispanic patients had higher
3-year amputation and re-intervention rates after infrainguinal bypass for CLTI in the
VQI-Medicare linked population. However, mortality was lower among Black patients and
similar between Hispanic and White patients. Disparities in amputation and re-intervention
rates were partly attributable to demographic characteristics and the higher prevalence

of comorbidities in Black and Hispanic patients with CLTI. Future work is necessary to
determine if interventions to improve access to care and reduce the burden of comorbidities
in these populations confer limb salvage benefits.

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 3-year outcomes

Key Findings:

From 2003-2017, 7,108 bypass procedures were performed in CLTI patients (79%
White, 15% Black, 6% Hispanic, 1% Asian). Compared with White patients, Black and
Hispanic patients had higher 3-year major amputation and re-intervention rates; however,
mortality was lower among Black patients and similar between Hispanic and White
patients.

Take home Message:

Disparities in major amputation and re-intervention rates after infrainguinal bypass are
partly attributable to patients’ age and sex, and the higher prevalence of comorbidities in
Black and Hispanic patients with CLTI.

Table of Contents Summary:

Compared with White patients, Black and Hispanic patients had higher 3-year major
amputation and re-intervention after infrainguinal bypass for CLTI. Mortality was lower
among Blacks and similar between Hispanics and Whites. Future work is necessary

to determine if reducing the burden of comorbidities in these populations confer limb
salvage benefits.
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A. Amputation B. Re-intervention C. Mortality

NH White: 42%
Black: 38%
Asian: 36%
Hispanic: 38%

NH White: 19%
Black: 32%
Asian: 20%
Hispanic: 27%

NH White: 57%
Black: 61%
Asian: 55%
Hispanic: 70%

20% 40% 60% 80% 100%
20% 40% 60% 80% 100%
20% 40% 60% 80% 100%

ES EN BN
© T T T T © ©
0 1 2 3
Years After Procedure
Number at risk
Non-Hispanic White 5596 3686 2533 1662 5596 2548 1527 916 5596 4446 3278 2254
Black 1051 595 an 218 1051 456 243 132 1051 864 598 402
Asian 48 31 19 12 48 27 14 <11 48 37 23 18
Hispanic 407 222 129 1 407 149 83 45 407 337 226 150
—— Non-Hispanic White =~ ——=—-—- Black
—= o= ASIAN Hispanic
Figure I.

Kaplan-Meier estimates for 3-year amputation, re-intervention, and mortality after open
infrainguinal bypass by race/ethnicity. All standard errors are <10%.
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Table I.
Baseline and operative characteristics for CLTI patients undergoing primary infrainguinal bypass by race/
ethnicity.
N (%) or median (IQR) Non-Hispanic White Black (n=1053) Hispanic (n=408) Asian (n=48) P-value
(n=5599)
Age, years 73 (67,80) 68 (61,75) 70 (63,78) 73 (67,83) <.001
Female sex 1998 (36) 448 (43) 158 (39) 26 (54) <.001
Pre-op ambulatory status 0.001
Ambulatory 3441 (62) 587 (56) 225 (55) 27 (56)
BMI
Obese (BMI>=30) 1501 (27) 313 (30) 115 (28) <11 (<23) 0.07
Underweight (BM1<18.5) 268 (4.9) 62 (5.9) <11 (<2.7) <11 (<23) 0.02
Smoker, current Comorbidities 1662 (30) 355 (34) 78 (19) <11 (<23) <.001
COPD 1632 (29) 216 (21) 63 (15) <11 (<23) <.001
Hypertension 5077 (91) 1011 (96) 377 (92) >37 (>77) <.001
Diabetes 3272 (58) 711 (68) 325 (80) 36 (75) <.001
Insulin dependent diabetes 1883 (34) 470 (45) 228 (56) 26 (54) <.001
CAD 2822 (50) 449 (43) 207 (51) 23 (48) <.001
CHF 1391 (25) 283 (27) 91 (22) 12 (25) 0.3
Prior cardiac intervention 2205 (39) 344 (33) 171 (42) 20 (43) <.001
CKD (eGFR<30) 848 (15) 378 (36) 124 (31) 17 (35) <.001
Dialysis dependent 528 (9.4) 314 (30) 105 (26) 16 (33) <.001
Prior contralateral lower extremity 2500 (45) 511 (49) 217 (53) 25 (52) <.001
revascularization
Prior major amputation 337 (6.0) 101 (9.6) 36 (8.8) <11 (<23) <.001
Preoperative medication
Statin 3815 (68) 749 (71) 275 (67) >37 (>77) 0.03
Any antiplatelet therapy 4325 (77) 846 (80) 332(72) >37 (>77) 0.05
Aspirin 4010 (72) 749 (71) 295 (72) 33 (69) 0.9
P2Y12 antagonist 1369 (25) 339 (32) 157 (39) 16 (33) <.001
Any antiplatelet and statin 3187 (57) 647 (61) 241 (59) 32 (67) 0.03
Annual surgeon volume <.001
Low (quintile 1) <=4 1741 (31) 348 (33) 155 (38) 23 (48)
Medium (quintile 2—4) 4-15 2818 (50) 591 (56) 201 (49) 23 (48)
High (quintile 5) >15 1040 (19) 114 (11) 52 (13) <11 (<23)
Annual center volume <.001
Low (quintile 1) <= 19 1476 (26) 305 (29) 105 (26) 24 (50)
Medium (quintile 2-4) 19-62 3018 (54) 662 (63) 161 (40) 23 (48)
High (quintile 5) >62 1105 (20) 86 (8.2) 142 (35) <11 (<23)
Disease Severity <.001
Rest pain 1614 (29) 309 (29) 87 (21) <11 (<23)
Tissue loss 3985 (71) 744 (71) 321 (79) >37 (>77)
Urgency <.001
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N (%) or median (IQR) Non-Hispanic White Black (n=1053) Hispanic (n=408) Asian (n=48) P-value
(n=5599)
Elective 4336 (78) 839 (80) 298 (76) 35 (73)
Urgent 1204 (22) 191 (18) 102 (25) 11 (23)
Emergent 55 (1.0) 22(2.1) <11 (<2.7) <11 (<23)
Conduit <.001
Dacron/PTFE 1593 (29) 327 (31) 86 (21) 15 (32)
Below knee 1032 (65) 229 (70) 68 (79) <11 (<23)
Any vein* 3661 (70) 648 (67) 271 (76) 26 (63)
Reversed GSV 1480 (27) 361 (35) 160 (39) 15 (32)
In situ GSV 1105 (20) 124 (12) 48 (12) <11 (<23)
Non-reversed transposed GSV 802 (14) 138 (13) 50 (12) <11 (<23)
Other 587 (11) 93 (8.8) 63 (15) <11 (<23)
Infrapopliteal bypass 1999 (35) 461 (44) 208 (51) 20 (42) <.001

Abbreviations: IQR = interquartile range; COPD = chronic obstructive pulmonary disease; BMI = body mass index; CAD = coronary artery
disease; CKD = chronic kidney disease; GSV = great saphenous vein; PTFE = Polytetrafluoroethylene;

*includes GSV, small saphenous vein, arm vein, or composite vein
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Unadjusted Cox regression for 3-year outcomes after open infrainguinal bypass by race/ethnicity with non-
Hispanic White race as the reference group.

Outcome 3-year event rates (%) | uHR (95% CI) | P-value
Amputation

Non-Hispanic White 19 Ref Ref
Black 32 1.9 (1.7-2.2) <.001
Hispanic 27 1.6 (1.3-2.0) <.001
Asian 20 0.93 (0.4-2.0) .849
Re-intervention

Non-Hispanic 57 Ref Ref
White 61 1.2 (1.1-1.3) .001
Black 70 1.4 (1.2-1.6) <.001
Hispanic 55 0.79 (0.51-1.2) .298
Asian

Mortality

Non-Hispanic White 42 Ref Ref
Black 38 0.90 (0.81-0.99) .026
Hispanic 38 0.88 (0.76-1.0) .095
Asian 36 0.83 (0.52-1.3) 423
MALE

Non-Hispanic White 4.9 Ref

Black 8.1 1.3(1.2-1.4) <.001
Hispanic 8.7 15(1.3-1.7) <.001
Asian 8.5 0.71 (0.46-1.1) 0.12

J Vasc Surg. Author manuscript; available in PMC 2023 November 01.

*Data for MALE represent 30-day event rates and hazard ratios.

Abbreviations: UHR = unadjusted hazard ratio; CI = confidence interval; MALE = major adverse limb events
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