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Abstract

Background and Purpose: Endovascular therapy (EVT) is a very effective treatment but relies 

on specialized capabilities that are not available in every hospital where acute ischemic stroke 

(AIS) is treated. Here, we assess whether access to and utilization of this therapy has extended 

uniformly across racial and ethnic groups.

Methods: We conducted a retrospective, population-based study using the 2019 Texas Inpatient 

Public Use Data File. AIS cases and EVT use were identified using the ICD-10 diagnosis 

and procedure codes. We examined EVT utilization by race/ethnicity and performed patient- 

and hospital-level analyses. To validate state-specific findings, we conducted patient-level 

analyses using the 2017 National Inpatient Sample for national estimates. To assess independent 

associations between race/ethnicity and EVT, multivariable modified Poisson regressions were 

fitted and adjusted relative risks (aRRs) were estimated accounting for patient risk factors and 

socioeconomic characteristics.

Results: Among 40,814 AIS cases in Texas in 2019, 54% were White, 17% Black, and 

21% Hispanic. Black patients had similar admissions to EVT-performing hospitals and greater 

admissions to CSCs compared to White patients (EVT 62% vs 62%, p=0.21; CSCs 45% vs 39%, 

p<0.001) but had lower EVT rates (4.1% vs 5.3%; aRR 0.76 [0.66–0.88], p<0.001). There were 

no differences in EVT rates between Hispanic and White patients. Lower rates of EVT among 

Black patients were consistent in the subgroup of patients who arrived in early time windows 

and received IV-tPA (aRR 0.77 [0.61–0.98], p=0.032) and the subgroup of those admitted to 

EVT-performing hospitals in both non-CSC (3.0% vs 5.5, p<0.001) and CSC hospitals (7.9% 

vs 10.4%, p<0.001) while there were no differences between Whites and Hispanic patients. 
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Nationwide sample data confirmed this finding of lower utilization of EVT among Black patients 

(aRR 0.87 [0.77 – 0.98], p=0.024).

Conclusions: We found no evidence of disparity in presentation to EVT-performing hospitals or 

CSCs; however, lower rates of EVT were observed in Black patients.

Introduction

Endovascular therapy (EVT) is a tremendously impactful treatment for selected patients 

with large vessel occlusion (LVO) acute ischemic stroke (AIS).1–3 Effective screening and 

performance of EVT, however, rely on specialized capabilities that are not available in every 

hospital that cares for AIS patients.4 Whether access to and utilization of this therapy has 

extended uniformly across race and ethnic groups remains incompletely characterized.

In previous studies that examined selected hospital subgroups, Black patients had a lower 

likelihood of receiving intravenous recombinant tissue plasminogen activator (IV-tPA)5,6 and 

EVT compared with White patients.7 These data, however, excluded a large portion of the 

population treated at smaller community or rural hospitals or non-comprehensive stroke 

centers (CSCs). Given the known differences in geographic distribution of population by 

race, as well as differences in access to different types of health care facilities by race and 

ethnicity, these prior evaluations of EVT utilization are incomplete.8

To evaluate this question in more complete detail, we used a full sample dataset capturing 

all patients treated during the study period across an entire state, regardless of hospital 

type. We examine access to and utilization of EVT for AIS by race and also validate our 

findings in an independent nationwide sample. We hypothesize that Black and Hispanic 

patients compared to White patients are less likely to receive EVT despite presenting to 

EVT-performing hospitals.

Methods

Study Design and Study Population

This study was approved by the local institutional review board and the data used for this 

study are available through the Texas Department of State Health Services (DSHS) and 

the Healthcare Cost and Utilization Project (HCUP, https://www.hcup-us.ahrq.gov/) under 

appropriate data use agreements. We followed the REporting of Studies Conducted Using 

Observational Routinely-collected Data guidelines.9

We conducted a retrospective, population-based study using the 2019 Texas Inpatient 

Public Use Data File (TIPUDF). All hospitals in the State of Texas except those owned 

by the federal government are required to submit claims on all discharged inpatients 

using the national uniform billing data element specifications and additional state-required 

data elements. Submitted claims are consolidated for each discharge covering all services 

and charges from admission through discharge. The TIPUDF data set includes individual 

patient-level information such as demographic, clinical, resource utilization, and outcome 

information and provides hospital information including hospital name and variables 

indicating whether the hospital is a teaching hospital or other specialty facility. We limited 
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our population to patients evaluated in 2019 in order to capture a representative modern 

cohort, after the early and late window EVT trials of 2015 and 2018.

AIS cases were defined as inpatient hospitalizations to acute care hospitals with a primary 

diagnosis of AIS identified using the International Classification of Diseases, Tenth Revision 

(ICD-10) diagnosis code I63x (n= 42,547). We excluded AIS cases for patients who were 

not Texas residents (n=1,348), had missing county information (n=341), and were aged 

younger than 18 or with missing age information (n=44). For patient-level regression 

analyses comparing stroke care between Black patients and White patients and between 

Hispanic patients and White patients, we further excluded patients with unknown sex and 

other or unknown race/ethnicity (n=6,523). The final cohort (Figure S1) includes 40,814 

AIS cases (n=34,291 for regression analyses).

To validate state-specific racial and ethnic differences in stroke care utilization, we 

conducted patient-level analyses using the 2017 National Inpatient Sample (NIS) for 

national estimates. The NIS is part of the HCUP, sponsored by the Agency for Healthcare 

Research and Quality and includes hospital inpatient stays derived from hospital discharge 

billing data regardless of expected payer. The data is sampled from the State Inpatient 

Databases from all States participating in HCUP and the 2017 NIS sampling frame includes 

data from 47 states and the District of Columbia, covering more than 97% of the U.S. 

population and 96% of discharges from U.S. community hospitals defined as non-federal, 

short-term, general, and other specialty hospitals. Approximately 20% of discharges were 

drawn from the sampling frame using a systematic sampling design. There were 104,908 

hospitalizations with a primary diagnosis of AIS and among them, 144 AIS cases for the 

patients who were aged younger than 18 years were excluded (Figure S2). Unweighted 

104,764 AIS cases represented 523,820 weighted AIS cases after discharge weights being 

applied (White 347,275, Black 88,025, Hispanic 41,835, and Other 46,685).

Exposure, Outcome, and Covariates

The combination of race and ethnicity was the primary exposure and categorized into 

non-Hispanic white (White), non-Hispanic Black (Black), Hispanic and all other race/

ethnicity (Other). The primary outcome was EVT utilization by race and ethnicity. 

Covariates included patient’s age, sex, risk factors/comorbidities, insurance status, median 

household income, urban/rural status, and hospital characteristics including teaching and 

comprehensive stroke center designation. Median household income was based on US 

Census zip code level report and was replaced by county level report if the patient’s zip code 

was not available. For the Texas cohort, we cross-walked the American Community Survey 

(ACS) to determine ZIP code level median household income. If the patient’s ZIP code was 

not available, we use county-level household income from the ACS. For the national cohort, 

we used the household income quartiles for patienťs ZIP Code provided by HCUP NIS. 

EVT was defined using corresponding ICD-10 procedure codes (Table S1). We determined 

the transfer status if the source of admission indicated that the admission was through 

inter-hospital transfer. Although unique patient identifiers were not available to link hospital 

stays per patient per episode, hospital transfers for acute stroke care occur from EDs and not 

as inpatient discharges. By selecting patients for the cohort based on discharging hospitals, 
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we avoided double counting. We verified this assumption using the Florida State Inpatient 

Data and Emergency Department Datasets by HCUP where unique patient identifiers were 

available. Urban/rural status was determined based on National Center for Health Statistics 

urban-rural classification scheme for U.S. counties and county-equivalent entities.

For hospital-level analyses on inequality in AIS care, hospitals were determined as “EVT-

performing hospitals” if the hospital submitted at least one claim for EVT in that calendar 

year.10 We compared admission rates to EVT-performing hospitals and percentages of 

patients who received EVT among those admitted to EVT-performing hospitals by race/

ethnicity. Among EVT-performing hospitals, we identified CSC status from designation 

listings published by the Texas DSHS. To be designated as CSC (Level I), hospitals need to 

be granted certification by The Joint Commission or Det Norske Veritas Global Healthcare.

We then performed several sensitivity analyses. First, we limited the cohort to patients 

treated with IV-tPA, to better account for differences in time from onset to hospital 

presentation, as IV-tPA is typically administered within the first 4.5 hours from onset or 

last known well time. Second, we limited our cohort to patients with AIS and documented 

NIHSS as secondary diagnoses and examined racial/ethnic differences in EVT rates 

stratified by NIHSS. To address possible racial differences in the prevalence of LVO, we 

conducted a sensitivity analysis using the subset of patients with a diagnosis code indicating 

large vessel occlusion (Table S1).11,12

Statistical Analysis

Descriptive statistics were reported and differences by race/ethnicity were assessed using 

the chi-square tests for categorical variables and Wilcoxon rank-sum (2 groups) or Kruskal-

Wallis (>2 groups) tests for continuous variables. To assess independent associations 

between race/ethnicity and receiving EVT, multivariable modified Poisson regressions were 

fitted and relative risks (RRs) for receiving EVT were estimated accounting for patient 

risk factors, socioeconomic characteristics and hospital characteristics as described above.13 

Analyses for the national cohort were performed considering the sampling design and 

national estimates were produced using the discharge weight.14 All analyses were conducted 

using StataMP 16 (StataCorp LLC, College Station, TX).

Results

Patient-level Analysis

Among 40,814 cases with AIS in Texas in 2019, 54% were White, 17% Black and 21% 

Hispanic. As shown in Table 1, Black and Hispanic patients were younger, more likely to 

be uninsured and live in lower income neighborhoods compared to White patients. Black 

patients were more likely to present to hospitals concentrated in large central metropolitan 

areas. Prevalences for hypertension, heart failure, smoking, and substance abuse were 

greater in Black patients while atrial fibrillation was more prevalent in White patients, and 

diabetes more prevalent in Hispanic patients. Black patients had overall longer hospital stays 

compared to White and Hispanic patients (Table 1).
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In univariable analysis, the rate of EVT was lower among Black patients compared to 

White patients (4.1% vs 5.3%; RR 0.74 [0.65–0.86], p<0.001) while there was no significant 

difference in EVT rates between White and Hispanic patients (5.3% vs 4.8%; RR 0.93 

[0.83–1.04], p=0.23). On the other hand, rates of admission to EVT-performing hospitals 

were not different between White and Black patients (61.6% vs 62.4%, p=0.21) but were 

lower among Hispanic patients (61.6% vs 59.1%, p<0.001) (Table 1). In addition, rates 

of admission to a CSC were greater for Black patients compared to White and Hispanic 

patients (44.8% vs 38.6% vs 39.6%, p<0.001) and percentages of patients admitted through 

hospital transfer was the lowest among Black compared to White or Hispanic patients (7.9% 

vs 9.7% vs 9.1%, p<0.001).

In multivariable analysis, adjusting for age, comorbidities, socio-economic factors and 

hospital type as shown in Table 2, the probability of undergoing EVT remained lower 

in Black patients compared to White patients (aRR 0.76 [0.66–0.88], p<0.001). Hispanic 

patients showed no difference in EVT use compared to White patients.

When we stratified the analysis by the patients’ urban/rural status, Black patients residing 

in urban areas had no difference in the probability of being admitted to EVT-performing 

hospitals and a higher probability of being admitted to CSC (Figure 1) but still had 

lower EVT utilization compared to White patients (RR 0.78 [0.68 – 0.89], p <0.001). 

Among patients residing in rural areas, Black patients were less likely to be admitted to 

EVT-performing hospitals and had 41% lower EVT utilization compared to White patients 

(RR 0.59 [0.36 – 0.98], p=0.042). Hispanic patients in urban areas were less likely to be 

admitted to EVT-performing hospitals but those in rural areas more likely to be admitted to 

EVT-performing hospitals compared to White patients. Patients in urban areas had higher 

admission rates to CSCs compared to those in rural areas and Black patients in urban areas 

had the highest CSC admission rate.

In sensitivity analyses, we first limited the cohort to patients who were treated with IV-tPA 

(n=5,778), to partially account for differences in time from onset to presentation, as the 

treatment window for IV-tPA requires presentation within 4.5 hours. In this cohort, we found 

that the probability of receiving EVT remained lower in Black patients compared to White 

patients (aRR 0.77 [0.61–0.98], p=0.032), and found no differences between Hispanic and 

White patients. When we limited our cohort to patients with AIS and documented NIHSS 

as secondary diagnoses, EVT rates remained lower in Black patients compared to White 

and Hispanic patients across NIHSS ranges (Table S2). In the analysis using the subset of 

AIS cases with a diagnosis code indicating LVO, we found that the prevalence of LVO 

was similar between White and Black patients (29.9% vs 29.0%, p=0.13) and lower among 

Hispanic patients (27.1%), but still found similar disparities between White and Black 

patients (16.2% vs 13.7%, p=0.007). When we further restricted the analysis to those with 

LVO, who were treated at CSC but did not receive IV-tPA, we found that Black patients 

had still lower rates of EVT (16.7% in Black vs 19.8% in White vs 21.9% in Hispanic, p 

=0.013). We assumed these patients would have been more likely to present in a delayed 

fashion at that time EVT was the only potential therapy so racial disparities resulting in 

decreased offering of EVT would be especially harmful.
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Validation in National Inpatient Sample

We evaluated these state-level findings in a larger nationwide sample to assess for 

generalizability. Among 523,820 weighted AIS cases in the national cohort, 66% were 

White, 17% were Black, and 8% were Hispanic. Apart from the percentage of Hispanic 

patients, the demographic characteristics of patients by race/ethnicity were similar to those 

in the Texas cohort (Table S3). In univariable analysis, rates of EVT were lower in Black 

patients compared to White patients (3.2% vs. 3.7%, p<0.05). Rates of admission to teaching 

hospitals and larger hospitals were similar across race/ethnicity. In multivariable analysis 

adjusting for age, sex, comorbidities, insurance, median income, urban/rural status, hospital 

bed size, teaching hospital status and hospital region, the use of EVT among Hispanic and 

White patients was not significantly different but the relative use of EVT in Black patients 

was lower compared to White patients (aRR 0.87 [0.77 – 0.98], p=0.024)

Hospital-Level Analysis

Using the Texas cohort, we conducted hospital-level analyses. There were 298 hospitals 

where AIS patients were admitted in Texas. Among these hospitals, 62 hospitals were 

identified as EVT-performing hospitals accounting for 61% of AIS cases. We identified 

33 CSC out of 66 EVT-performing hospitals and 81% of EVTs were performed in CSC. 

Non-CSC EVT-performing hospitals were mostly primary stroke centers. Racial/ethnic 

compositions of AIS cases were similar across hospital types except disproportionally higher 

White patients in EVT-performing-non-CSCs (Figure 2. A). Among patients admitted to 

EVT-performing hospitals, Black patients had lower utilization of EVT compared to White 

patients both in non-CSC and CSC. Hispanic patients in non-CSC EVT-performing hospitals 

had lower utilization of EVT compared to White patients (Figure 2.B).

Discussion

In this study using full sample data from a large racially and ethnically diverse state with 

a mix of urban and rural settings, we observed an approximately 25% lower rates of EVT 

in Black patients and similar rates in Hispanic patients relative to White patients after 

adjustment for patient characteristics. These findings were validated using a nationwide 

sample. There was no evidence that Black patients were more likely to present to 

hospitals without EVT capability, and this disparity was maintained in CSCs as well as 

EVT-performing primary stroke centers and in the subset of patients treated with IV-tPA. 

These findings support further evaluation of racial disparities in access to and utilization of 

new AIS treatments.

Previous publications have examined disparities in EVT performance by race.7, 15–17 

Rinaldo et al studied AIS patients who were admitted to EVT performing centers and 

made comparisons between Black/Hispanic patients and non-Hispanic White patients.15 

They found that Black/Hispanic patients were less likely to receive EVT relative to non-

Hispanic White patients. Our findings are consistent with those results, but may be more 

broadly generalizable given the differences in cohorts. The results in this analysis are 

derived from nearly all hospitals across a state-wide cohort as opposed to EVT-performing 

centers only. As a result, we were able to perform a more comprehensive assessment of 
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EVT performance across nearly all hospital types, not just a sample of them. Because a 

large portion of AIS patients are treated in rural and community hospitals, and inclusion 

of these locations is particularly relevant given the known differences in racial population 

distributions by geography. Further, comparisons between combined Black/Hispanic patients 

with non-Hispanic White patients should be done cautiously. In fact, our study found 

that Hispanic patients were similar to Black patients in demographic and socioeconomic 

characteristics but were similar to White patients in the utilization of stroke treatment. In 

a study using 2006–2014 NIS data, the dataset we used for the national validation cohort, 

Esenwa et al. assessed recent trends in nationwide EVT utilization and determined if there 

were racial differences.16 Because the utilization of EVT has increased rapidly after the 

publication of the landmark EVT studies in 2015, we believe our national cohort using 2017 

NIS data provides more recent estimates.18–21

Prior explanations for this disparity, as well as lower IV-tPA utilization rates, have included 

delayed hospital presentation after symptom onset.22 Lower rates of emergency medical 

services utilization by Black patients with AIS has been seen in several cohorts.5, 22–25 

While some of these differences may affect thrombolysis, the eligibility for which is highly 

dependent on time from symptom onset, it is less likely to affect EVT eligibility, for 

which the window of treatment has extended to 24 hours from symptom onset and is more 

dependent on infarct size. To that end, analyses of the Interventional Management of Stroke 

III Trial data showed no significant differences in cerebral collateral status by race, implying 

that infarct growth over time should be comparable in Black versus White AIS patients.26 As 

such, slight delays in presentation are unlikely to explain the reduced EVT utilization rates. 

We attempted to address this question of delays in presentation more directly by analyzing 

the subset of patients treated with IV-tPA, to evaluate the AIS population that presented 

within 4.5 hours from symptom onset. The RR demonstrating lower EVT utilization in 

Black patients remained similar in this cohort indicating the contribution of factors other 

than time-delay as a cause of this disparity.

Another explanation for lower EVT utilization could be reduced rates of treatment 

eligibility. In this study design, we assume that rates of LVO AIS were consistent across 

the racial and ethnic categories. This assumption is likely valid given multiple cohorts have 

shown that rates of large vessel occlusion are likely greater in Black Americans compared 

to White AIS patients and that rates of cardio-embolism mechanisms of stroke may also be 

greater.27,28 In fact, when we identified potential LVO cases using detailed diagnosis codes 

in the sensitivity analysis, we found a similar prevalence of LVOs between White and Black 

patients and lower among Hispanic patients. While the atrial fibrillation rates appear to be 

lower in our cohort in Black patients, this measurement is limited to patients with prior 

diagnosis or in-hospital diagnosis of the condition.

In our study, there was no evidence of a disparity in access to EVT-performing hospitals 

or CSCs. As such, access to the procedure seemed commensurate. The lower rates of EVT, 

however, were observed regardless of hospital certification type. Black patients residing in 

rural areas were less likely to be admitted to EVT-performing hospitals and had lower rates 

of EVT regardless of their residence.
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Other factors that may contribute to differences in EVT rates according to race include 

structural and institutional racism and provider bias. The impact of structural racism and 

implicit bias have not been extensively studied in relationship to acute stroke care; however, 

a number of studies demonstrate their potential role in mediating racial disparities in stroke 

care. Stroke center certification is associated with decreased disparities in acute stroke 

treatment.22 The use of protocols to enhance care quality may address biases that lead 

to differences in patient management. Acute care metrics including door to needle time 

(DTNT) have been shown to differ according to race, with many studies showing longer 

DTNT in Black compared to White patients.29,30 Other studies have shown delayed wait 

times after hospital arrival for Black and Hispanic patients compared to White patients.31,32 

Further study of the role of structural racism and implicit bias on under-utilization of EVT 

for ischemic stroke patients is needed.

Our study has several limitations. First, we acknowledge that race and ethnicity can be 

misclassified in administrative datasets.33 In addition, as mentioned above, administrative 

data analyses are unable to directly measure a number of features important in evaluating 

EVT eligibility, including presence and location of LVO, infarct core, and others. On the 

other hand, existing descriptions of LVO frequency make it unlikely that fewer Black 

patients were eligible for EVT. Further, stroke severity, time last known well, mode of 

transportation, and stroke center status were not available to be included in the multivariable 

analysis. Also, compared to prior publications, our rates of EVT utilization may be slightly 

less compared to data from single centers or registries. This difference, however, is likely 

related to our cohort, which includes a large proportion of smaller and lower volume 

hospitals. Another consideration is the generalizability of these results, given the primary 

outcome was derived from a single state cohort, which may not be representative of the rest 

of the country. It is also possible that one of the hypothesized sources of EVT performance 

disparity is the offering of the procedure to patients associated with institutional racism, 

which may vary by geographies. While we attempted to address this question by studying 

a nationwide cohort as well, and by comparing our results against prior publications using 

different cohorts, it is not possible to quantify whether the disparity we observe would be 

similar in different locations. As a result, we believe that further study, focusing on smaller 

scales such as statewide or even more immediate cohorts, is important to better understand 

the source of these disparities.

In this study of full sample data from a single state and subsequent validation in a 

nationwide cohort, we observed lower rates of EVT in Black AIS patients. These differences 

were persistent in larger, urban hospitals as well as smaller rural hospitals, as well as in CSC 

and non-CSC hospitals performing EVT, and in the subset of patients treated with IV-tPA. 

These findings support further evaluation of the factors contributing to racial disparities in 

access to and utilization of new AIS treatments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

EVT endovascular therapy

LVO large vessel occlusion

AIS ischemic stroke

IV-tPA intravenous recombinant tissue plasminogen activator

CSC comprehensive stroke center

Reference

1. Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell PJ, Demchuk AM, Dávalos A, 
Majoie CB, van der Lugt A, de Miquel MA, et al. Endovascular thrombectomy after large-vessel 
ischaemic stroke: a meta-analysis of individual patient data from five randomised trials. Lancet. 
2016;387:1723–1731. [PubMed: 26898852] 

2. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, McTaggart RA, 
Torbey MT, Kim-Tenser M, Leslie-Mazwi T, et al. Thrombectomy for Stroke at 6 to 16 Hours with 
Selection by Perfusion Imaging. N Engl J Med. 2018;378:708–718. [PubMed: 29364767] 

3. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, Yavagal DR, Ribo M, 
Cognard C, Hanel RA, et al. Thrombectomy 6 to 24 Hours after Stroke with a Mismatch between 
Deficit and Infarct. N Engl J Med. 2018;378:11–21. [PubMed: 29129157] 

4. Kim Y, Lee S, Abdelkhaleq R, Lopez-Rivera V, Navi B, Kamel H, Savitz SI, Czap AL, Grotta JC, 
McCullough LD, et al. Utilization and Availability of Advanced Imaging in Patients With Acute 
Ischemic Stroke. Circ Cardiovasc Qual Outcomes. 2021;14:e006989. [PubMed: 33757311] 

5. Boehme AK, Siegler JE, Mullen MT, Albright KC, Lyerly MJ, Monlezun DJ, Jones EM, Tanner 
R, Gonzales NR, Beasley TM, et al. Racial and gender differences in stroke severity, outcomes, 
and treatment in patients with acute ischemic stroke. J Stroke Cerebrovasc Dis. 2014;23:e255–261. 
[PubMed: 24468069] 

6. Aparicio HJ, Carr BG, Kasner SE, Kallan MJ, Albright KC, Kleindorfer DO, Mullen MT. Racial 
Disparities in Intravenous Recombinant Tissue Plasminogen Activator Use Persist at Primary Stroke 
Centers. J Am Heart Assoc. 2015;4:e001877. [PubMed: 26467999] 

7. Brinjikji W, Rabinstein AA, McDonald JS, Cloft HJ. Socioeconomic disparities in the utilization 
of mechanical thrombectomy for acute ischemic stroke in US hospitals. AJNR Am J Neuroradiol. 
2014;35:553–556. [PubMed: 23945232] 

8. Sarrazin MS, Campbell ME, Richardson KK, Rosenthal GE. Racial segregation and disparities in 
health care delivery: conceptual model and empirical assessment. Health Serv Res. 2009;44:1424–
1444. [PubMed: 19467026] 

9. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sørensen 
HT, von Elm E, Langan SM; RECORD Working Committee. The REporting of studies 
Conducted using Observational Routinely-collected health Data (RECORD) statement. PLoS Med. 
2015;12:e1001885. [PubMed: 26440803] 

Kim et al. Page 9

Stroke. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Saber H, Navi BB, Grotta JC, Kamel H, Bambhroliya A, Vahidy FS, Chen PR, Blackburn S, 
Savitz SI, McCullough L, et al. Real-world treatment trends in endovascular stroke therapy. Stroke. 
2019;50:683–689. [PubMed: 30726185] 

11. Rennert RC, Wali AR, Steinberg JA, Santiago-Dieppa DR, Olson SE, Pannell JS, Khalessi 
AA. Epidemiology, natural history, and clinical presentation of large vessel ischemic stroke. 
Neurosurgery. 2019;85:S4–S8. [PubMed: 31197329] 

12. Crowe RP, Myers JB, Fernandez AR, Bourn S, McMullan JT. The Cincinnati Prehospital Stroke 
Scale Compared to Stroke Severity Tools for Large Vessel Occlusion Stroke Prediction. Prehosp 
Emerg Care. 2021;25:67–75. [PubMed: 32017644] 

13. Zou G A modified poisson regression approach to prospective studies with binary data. Am J 
Epidemiol. 2004;159:702–706. [PubMed: 15033648] 

14. Healthcare Cost and Utilization Project: Calculating National Inpatient Sample (NIS) Variances for 
Data Years 2012 and Later. Report #2015–09. Rockville, MD: Agency for Healthcare Research 
and Quality 2014.

15. Rinaldo L, Rabinstein AA, Cloft H, Knudsen JM, Castilla LR, Brinjikji W. Racial and Ethnic 
Disparities in the Utilization of Thrombectomy for Acute Stroke. Stroke. 2019;50:2428–2432. 
[PubMed: 31366313] 

16. Esenwa C, Lekoubou A, Bishu KG, Small K, Liberman A, Ovbiagele B. Racial Differences 
in Mechanical Thrombectomy Utilization for Ischemic Stroke in the United States. Ethn Dis. 
2020;30:91–96. [PubMed: 31969788] 

17. Nagaraja N, Olasoji EB, Patel UK. Sex and racial disparity in utilization and outcomes of t-PA 
and thrombectomy in acute ischemic stroke. J Stroke Cerebrovasc Dis. 2020;29:104954. [PubMed: 
32807414] 

18. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, Schonewille WJ, 
Vos JA, Nederkoorn PJ, Wermer MJ, et al. A randomized trial of intraarterial treatment for acute 
ischemic stroke. N Engl J Med. 2015;372:11–20. [PubMed: 25517348] 

19. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, Yan B, Dowling RJ, 
Parsons MW, Oxley TJ, et al. Endovascular therapy for ischemic stroke with perfusion-imaging 
selection. N Engl J Med. 2015;372:1009–1018. [PubMed: 25671797] 

20. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, San Román L, Serena J, 
Abilleira S, Ribó M, et al. Thrombectomy within 8 hours after symptom onset in ischemic stroke. 
N Engl J Med. 2015;372:2296–306. [PubMed: 25882510] 

21. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM, Albers GW, Cognard C, Cohen 
DJ, Hacke W, et al. Stent-retriever thrombectomy after intravenous t-PA vs. t-PA alone in stroke. N 
Engl J Med. 2015;372:2285–2295. [PubMed: 25882376] 

22. Bhattacharya P, Mada F, Salowich-Palm L, Hinton S, Millis S, Watson SR, Chaturvedi S, 
Rajamani K. Are racial disparities in stroke care still prevalent in certified stroke centers? J Stroke 
Cerebrovasc Dis. 2013;22:383–388. [PubMed: 22078781] 

23. Mszar R, Mahajan S, Valero-Elizondo J, Yahya T, Sharma R, Grandhi GR, Khera R, Virani SS, 
Lichtman J, Khan SU, et al. Association Between Sociodemographic Determinants and Disparities 
in Stroke Symptom Awareness Among US Young Adults. Stroke. 2020;51:3552–3561. [PubMed: 
33100188] 

24. Mochari-Greenberger H, Xian Y, Hellkamp AS, Schulte PJ, Bhatt DL, Fonarow GC, Saver JL, 
Reeves MJ, Schwamm LH, Smith EE. Racial/Ethnic and Sex Differences in Emergency Medical 
Services Transport Among Hospitalized US Stroke Patients: Analysis of the National Get With 
The Guidelines-Stroke Registry. J Am Heart Assoc. 2015;4:e002099. [PubMed: 26268882] 

25. Ekundayo OJ, Saver JL, Fonarow GC, Schwamm LH, Xian Y, Zhao X, Hernandez AF, Peterson 
ED, Cheng EM. Patterns of emergency medical services use and its association with timely 
stroke treatment: findings from Get With the Guidelines-Stroke. Circ Cardiovasc Qual Outcomes. 
2013;6:262–269. [PubMed: 23633218] 

26. Liebeskind DS, Tomsick TA, Foster LD, Yeatts SD, Carrozzella J, Demchuk AM, Jovin TG, Khatri 
P, von Kummer R, Sugg RM, et al. Collaterals at angiography and outcomes in the Interventional 
Management of Stroke (IMS) III trial. Stroke. 2014;45:759–764. [PubMed: 24473178] 

Kim et al. Page 10

Stroke. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



27. Schneider AT, Kissela B, Woo D, Kleindorfer D, Alwell K, Miller R, Szaflarski J, Gebel J, Khoury 
J, Shukla R, et al. Ischemic stroke subtypes: a population-based study of incidence rates among 
blacks and whites. Stroke. 2004;35:1552–1556. [PubMed: 15155974] 

28. Gardener H, Sacco RL, Rundek T, Battistella V, Cheung YK, Elkind MSV. Race and Ethnic 
Disparities in Stroke Incidence in the Northern Manhattan Study. Stroke. 2020;51:1064–1069. 
[PubMed: 32078475] 

29. Tong X, Wiltz JL, George MG, Odom EC, Coleman King SM, Chang T, Yin X; Paul Coverdell 
National Acute Stroke Program team, Merritt RK. A Decade of Improvement in Door-to-Needle 
Time Among Acute Ischemic Stroke Patients, 2008 to 2017. Circ Cardiovasc Qual Outcomes. 
2018;11:e004981. [PubMed: 30557047] 

30. Oluwole SA, Wang K, Dong C, Ciliberti-Vargas MA, Gutierrez CM, Yi L, Romano JG, Perez E, 
Tyson BA, Ayodele M, et al. Disparities and Trends in Door-to-Needle Time: The FL-PR CReSD 
Study (Florida-Puerto Rico Collaboration to Reduce Stroke Disparities). Stroke. 2017;48:2192–
2197. [PubMed: 28706119] 

31. Barber PA, Zhang J, Demchuk AM, Hill MD, Buchan AM. Why are stroke patients excluded 
from tpa therapy? An analysis of patient eligibility. Neurology. 2001;56:1015–1020. [PubMed: 
11320171] 

32. Karve SJ, Balkrishnan R, Mohammad YM, Levine DA. Racial/ethnic disparities in emergency 
department waiting time for stroke patients in the united states. J Stroke Cerebrovasc Dis. 
2011;20:30–40. [PubMed: 20538484] 

33. Jarrín OF, Nyandege AN, Grafova IB, Dong X, Lin H. Validity of Race and Ethnicity Codes in 
Medicare Administrative Data Compared With Gold-standard Self-reported Race Collected During 
Routine Home Health Care Visits. Med Care. 2020;58:e1–e8. [PubMed: 31688554] 

Kim et al. Page 11

Stroke. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Rates of admission to EVT-performing hospitals and CSC and utilization of EVT by 
race/ethnicity according to patient’s residence.
Percentages of AIS patients who were admitted to EVT-performing hospital and CSC were 

estimated and compared by race/ethnicity. Percentages of AIS patients who received EVT 

were estimated and compared by race/ethnicity as well.
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Figure 2. Distribution of AIS by race/ethnicity according to hospital characteristics and EVT 
utilizations by race/ethnicity in EVT- performing hospitals.
Panel A shows proportions of AIS cases by race/ethnicity in hospitals characterized with 

EVT capability and CSC status. Panel B shows EVT utilization among those admitted to 

EVT performing hospitals in regard to CSC status. Significant differences between Whites 

and Blacks and between Whites and Hispanics were tested and p-values <.05 are reported.
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Table 1.

Characteristics of AIS Patients and Hospital Stays by Race/Ethnicity, Texas Hospital Discharge 2019

All White Black Hispanic Other p-value

AIS, n 40,814 21,864 6,819 8,576 3,555 W,B,H W:B W:H

Age, % <0.001 <0.001 <0.001

 18–44 5.3 3.7 7.9 7.2 5.9

 45–64 33.6 27.3 45.8 38.8 36.1

 65–74 25.5 26.0 25.2 25.0 24.6

 75–84 22.0 25.9 13.7 18.9 21.3

 85+ 13.6 17.2 7.3 10.1 12.1

Age<65, % 38.9 31.0 53.8 46.0 42.0 <0.001 <0.001 <0.001

Female, % 51.1 51.1 54.8 49.2 48.6 <0.001 <0.001 0.003

Primary payment, % <0.001 <0.001 <0.001

 Private 19.8 20.3 20.8 17.9 19.7

 Medicare 58.4 65.0 49.9 50.3 54.0

 Medicaid 4.3 2.5 7.7 6.3 4.7

 Uninsured 13.5 8.9 16.5 21.2 16.9

 Other 3.9 3.3 5.0 4.2 4.6

Median household incomes, % <0.001 <0.001 <0.001

 $1 – $43,999 27.1 17.9 34.9 45.7 24.4

 $44,000 – $55,999 26.8 27.6 24.6 26.8 25.9

 $56,000 – 73,999 25.3 28.3 26.0 18.0 23.5

  $74,000 or more 20.7 26.2 14.5 9.4 26.2

Urban Rural Classification, % <0.001 <0.001 <0.001

 Large Central Metro 44.1 37.1 62.7 43.4 53.2

 Large Fringe Metro 17.4 21.7 12.5 9.8 18.4

 Medium Metro 16.2 13.4 9.1 31.6 10.0

 Small Metro 8.1 9.7 7.5 4.4 8.1

 Micropolitan 7.0 8.4 4.7 6.4 4.9

 Non-core 7.2 9.8 3.5 4.3 5.5

Comorbidities, %

 Diabetes 45.8 38.3 50.3 60.5 47.7 <0.001 <0.001 <0.001

 Hypertension 87.6 86.3 91.0 88.7 86.8 <0.001 <0.001 <0.001

 Heart Failure 17.9 17.4 23.2 16.0 15.6 <0.001 <0.001 0.003

 Myocardial Infarction 9.3 10.1 9.4 7.9 7.8 <0.001 0.12 <0.001

 Dyslipidemia 64.0 63.6 63.2 65.4 64.9 0.005 0.59 0.003

 Atrial Fibrillation 21.6 26.2 14.0 16.4 20.1 <0.001 <0.001 <0.001

 Obesity 16.4 14.7 19.2 19.7 13.6 <0.001 <0.001 <0.001

 Smoking 20.3 20.2 27.0 15.8 19.7 <0.001 <0.001 <0.001

 Alcohol abuse 4.4 4.4 4.4 4.6 4.0 0.85 0.93 0.60

 Substance abuse 3.9 3.0 7.4 3.7 2.9 <0.001 <0.001 0.004

NIHSS documented, % 59.2 58.4 61.0 58.8 62.2 <0.001 <0.001 0.51
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All White Black Hispanic Other p-value

AIS, n 40,814 21,864 6,819 8,576 3,555 W,B,H W:B W:H

Length of Stay

 Median [IQR], days 3[2–6] 3 [2–6] 4 [2–7] 4 [2–6] 4 [2–6] <0.001 <0.001 <0.001

 Prolonged stay (> 7 days), % 17.0 15.0 21.1 18.0 19.1 <0.001 <0.001 <0.001

Discharge disposition, %

 Discharge home 52.8 50.2 53.8 58.8 52.6 <0.001 <0.001 <0.001

 Inpatient Rehab 20.7 21.4 21.2 18.4 21.2 <0.001 0.77 <0.001

 Transfer to another acute hospital 1.9 2.0 1.8 1.8 2.0 0.44 0.36 0.28

 SNF/LTCF 15.0 15.8 15.4 12.9 13.7 <0.001 0.46 <0.001

 Expired/Hospice 7.7 8.7 5.1 6.6 9.0 <0.001 <0.001 <0.001

 Other 1.9 2.0 2.6 1.5 1.5 <0.001 0.001 0.003

Transferred-In. % 9.5 9.7 7.9 9.1 12.5 <0.001 <0.001 0.12

IV-tPA or EST, % 17.5 18.0 15.5 16.9 19.9 <0.001 <0.001 0.015

IV-tPA, % 14.2 14.6 12.8 13.8 14.8 <0.001 <0.001 0.08

 IV-tPA prior to admission, % 3.0 3.1 2.3 2.7 3.7 <0.001 <0.001 0.06

EVT, % 5.2 5.3 4.1 4.8 8.0 <0.001 <0.001 0.08

Hospital characteristics, %

 EVT performing hospital 61.6 61.6 62.4 59.1 66.2 <0.001 0.21 <0.001

 Teaching hospital 32.1 29.6 41.6 31.8 30.1 <0.001 <0.001 <0.001

 Comprehensive Stroke Center 39.9 38.6 44.8 39.6 38.6 <0.001 <0.001 0.09

AIS, acute ischemic stroke; W, Whites; B, Black; H, Hispanic; NIHSS, NIH stroke scale; SNF, skilled nursing facility; LTCF, long-term care 
facility; IV-tPA, intravenous recombinant tissue plasminogen activator; EVT, endovascular therapy. P-values were reported from the chi-square tests 
for categorical variables and Wilcoxon rank-sum (2 groups) or Kruskal-Wallis (>2 groups) tests for continuous variables.
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Table 2.

Probability of Receiving EVT, Texas Hospital Discharge 2019

Crude RR (95% CI) p-value Adjusted RR (95% CI) p-value

Race/ethnicity

 White 1 (reference) 1 (reference)

 Black 0.74 (0.65–0.86) <0.001 0.76 (0.66–0.88) <0.001

 Hispanic 0.93 (0.83–1.04) 0.23 1.03 (0.91–1.16) 0.67

Age

 18–64 1 (reference) 1 (reference)

 65–74 1.02 (0.90–1.15) 0.81 0.96 (0.83–1.11) 0.61

 ≥75 1.19 (1.07–1.33) 0.002 0.91 (0.78–1.05) 0.21

Female 1.03 (0.93–1.13) 0.58 1.05 (0.95–1.15) 0.34

Comorbidities

 Diabetes 0.65 (0.59–0.72) <0.001 0.73 (0.66–0.81) <0.001

 Hypertension 0.70 (0.62–0.79) <0.001 0.70 (0.62–0.79) <0.001

 Heart Failure 1.64 (1.47–1.82) <0.001 1.29 (1.15–1.44) <0.001

 Myocardial Infarction 1.19 (1.03–1.38) 0.02 1.11 (0.96–1.29) 0.17

 Dyslipidemia 0.79 (0.72–0.87) <0.001 0.85 (0.77–0.93) 0.001

 Atrial Fibrillation 2.82 (2.57–3.09) <0.001 2.52 (2.28–2.79) <0.001

 Obesity 1.11 (0.99–1.26) 0.08 1.22 (1.08–1.38) 0.002

 Smoking 0.85 (0.75–0.97) 0.014 0.97 (0.85–1.10) 0.60

Primary payment

 Private 1 (reference) 1 (reference)

 Medicare 1.10 (0.97–1.25) 0.13 0.96 (0.83–1.10) 0.55

 Medicaid 0.97 (0.74–1.28) 0.83 0.94 (0.72–1.24) 0.67

 Uninsured 1.09 (0.92–1.30) 0.32 1.04 (0.87–1.24) 0.68

 Other 1.29 (1.01–1.65) 0.045 1.11 (0.87–1.41) 0.40

Median household income

 $1 – $43,999 1 (reference) 1 (reference)

 $44,000 – $55,999 0.90 (0.79–1.02) 0.09 0.91 (0.80–1.04) 0.16

 $56,000 – 73,999 0.93 (0.81–1.05) 0.24 0.87 (0.76–0.99) 0.042

 $74,000 or more 1.02 (0.89–1.16) 0.79 0.93 (0.80–1.06) 0.28

Urban Rural Classification

 Rural 1 (reference) 1 (reference)

 Urban 1.11 (0.97–1.27) 0.13 0.95 (0.82–1.09) 0.46

Teaching hospital 2.01 (1.83–2.20) <0.001 1.02 (0.93–1.13) 0.64

Comprehensive Stroke Center 6.39 (5.67–7.20) <0.001 6.04 (5.31–6.86) <0.001

EVT, endovascular therapy; RR, relative risk of receiving EVT. To assess independent associations between race/ethnicity and receiving EVT, 
multivariable log-binomial regressions were fitted and relative risks were estimated accounting patient risk factors, socioeconomic characteristics 
and hospital characteristics.
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