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Temporal Trends in Racial and Ethnic 
Disparities in Endovascular Therapy in 
Acute Ischemic Stroke
Faheem Sheriff , MD; Haolin Xu , MS; Alberto Maud, MD; Vikas Gupta , MD; Anantha Vellipuram, MD; 
Gregg C. Fonarow , MD; Roland A. Matsouaka , PhD; Ying Xian , PhD; Mathew Reeves , PhD;  
Eric E. Smith , MD; Jeffrey Saver , MD; Gustavo Rodriguez , MD, PhD; Salvador Cruz- Flores, MD, MPH; 
Lee H. Schwamm , MD

INTRODUCTION: Endovascular therapy (EVT) use increased following clinical trials publication in 2015, but limited data suggest 
there may be persistent race and ethnicity differences.

METHODS AND RESULTS: We included all patients with acute ischemic stroke arriving within 6 hours of last known well and with 
National Institute of Health Stroke Scale (NIHSS) score ≥6 between April 2012 and June 2019 in the Get With The Guidelines- 
Stroke database and evaluated the association between race and ethnicity and EVT use and outcomes, comparing the era 
before versus after 2015. Of 302 965 potentially eligible patients; 42 422 (14%) underwent EVT. Although EVT use increased 
over time in all racial and ethnic groups, Black patients had reduced odds of EVT use compared with non- Hispanic White 
(NHW) patients (adjusted odds ratio [aOR] before 2015, 0.68 [0.58‒ 0.78]; aOR after 2015, 0.83 [0.76‒ 0.90]). In- hospital mortal-
ity/discharge to hospice was less frequent in Black, Hispanic, and Asian patients compared with NHW. Conversely discharge 
home was more frequent in Hispanic (29.7%; aOR, 1.28 [1.16‒ 1.42]), Asian (28.2%; aOR, 1.23 [1.05‒ 1.44]), and Black (29.1%; 
aOR, 1.08 [1.00‒ 1.18]) patients compared with NHW (24%). However, at 3 months, functional independence (modified Rankin 
Scale, 0– 2) occurred less frequently in Black (37.5%; aOR, 0.84 [0.75‒ 0.95]) and Asian (33%; aOR, 0.79 [0.65‒ 0.98]) patients 
compared with NHW patients (38.1%).

CONCLUSIONS: In a large cohort of patients treated with EVT, Black versus NHW patient disparities in EVT use have narrowed 
over time but still exist. Discharge related outcomes were slightly more favorable in racial and ethnic underrepresented groups; 
3- month functional outcomes were worse but improved across all groups with time.

Key Words: endovascular therapy ■ health equity ■ ischemic stroke ■ race and ethnicity

Acute ischemic stroke is a significant public health 
problem with a higher incidence and mortality 
among certain racial and ethnic groups such 

as Black and Hispanic individuals.1 There are prior re-
ports of racial disparities for intravenous tissue plas-
minogen activator access and acute ischemic stroke 
outcomes2– 6 because of barriers such as poor stroke 
recognition and delayed arrival times. There are simi-
lar disparities in access to endovascular therapy (EVT). 
For example, Black and Native American patients had 

significantly lower rates of EVT than White, Hispanic, 
and Asian/Pacific Islander patients,7 while in a large 
GWTG (Get With The Guidelines) study published in 
2015, Black patients had lower odds of receiving EVT 
(odds ratio [OR], 0.70; 95% CI, 0.66– 0.75) compared 
with Non- Hispanic White (NHW) patients.8

Given the publication in 2015 of several random-
ized controlled clinical trials as well as meta- analyses 
showing benefit of EVT, we used the GWTG data-
base to examine if clinical practices had changed the 

Correspondence to: Faheem Sheriff, MD, 4801 Alberta Avenue, Texas Tech University Health Sciences Center, El Paso, TX 79905.   
E- mail: fsheriff@ttuhsc.edu

For Disclosures, see page 9.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and 
is not used for commercial purposes. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0002-3875-6175
mailto:
https://orcid.org/0000-0003-1069-9567
https://orcid.org/0000-0002-4625-7413
https://orcid.org/0000-0002-3192-8093
https://orcid.org/0000-0002-0271-5400
https://orcid.org/0000-0002-1237-1162
https://orcid.org/0000-0002-8019-6343
https://orcid.org/0000-0003-3956-1668
https://orcid.org/0000-0001-9141-2251
https://orcid.org/0000-0003-2781-5034
https://orcid.org/0000-0003-0592-9145
mailto:fsheriff@ttuhsc.edu
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2022;11:e023212. DOI: 10.1161/JAHA.121.023212 2

Sheriff et al Disparities in EVT According to Race and Ethnicity

magnitude of race and ethnicity differences in the rates 
of mechanical thrombectomy during the pre-  and post- 
publication eras. The comprehensive GWTG database 
is uniquely suited to analyze factors related to the po-
tential racial and ethnic disparities in the rates of EVT, 
and to further explore whether such factors contribute 
to differences in clinical outcome.

METHODS
The authors declare that all supporting data are availa-
ble within the article and its online supplementary files.

GWTG Program Design
GWTG– Stroke is a voluntary, continuous registry and 
performance improvement initiative. It was designed 
as an in- hospital program for improving stroke care by 
promoting consistent adherence to the latest scientific 

treatment guidelines. Since its initiation in 2003, 3517 
hospitals have entered >7 million patient records into the 
GWTG‒ Stroke database.9 Numerous published stud-
ies demonstrate the program’s success in achieving 
measurable patient outcome improvements. A detailed 
description of this registry was published previously.5,10,11 
The nationwide representativeness of the GWTG registry 
for stroke in regards to patient demographics and clinic 
characteristics has also been well documented.12,13

The eligibility of each acute stroke is confirmed at 
chart review before abstraction. This is followed by 
de- identified patient data entry into the GWTG– Stroke 
database using a web- based patient management tool 
(Outcome, A Quintiles Company; Cambridge, MA).

All participating institutions were required to com-
ply with local regulatory and privacy guidelines and to 
secure institutional review board approval if necessary. 
The Duke Clinical Research Institute (Durham, NC) 
serves as the data analysis center, and its institutional 
review board approval was granted to analyze aggre-
gate de- identified data for research purposes.

Data were collected from patients admitted and dis-
charged at GWTG participating hospitals between April 
2012 and June 2019 with a final diagnosis of acute isch-
emic stroke (Figure 1). Sites had to have at least 30 pa-
tients and participate for >4 consecutive quarters. We 
included all patients potentially eligible for EVT, defined 
as those with ischemic stroke presenting <6 hours of last 
known well time and with admission NIHSS of at least 6 
points. The NIHSS is a systematic assessment tool that 
provides a quantitative measure of stroke- related neu-
rologic deficit. We excluded patients with missing data 
for race and ethnicity or key time points, inpatient stroke 
onset, or receipt of EVT at an outside hospital. To be 
included as treated with EVT, patients needed to receive 
EVT within 8 hours of last known well. Informed consent 
was not required given data collected through GWTG 
registry in accordance with guidelines in the Journal’s 
“Instructions to Authors” section.

Race and ethnicity were determined from the rele-
vant fields in the medical record entered into GWTG. 
Racial and ethnic groups were defined as NHW, non- 
Hispanic Black, Hispanic, Asian, and other. “Other” 
refers to people including but not limited to Alaskan, 
Native American, Native Hawaiian, and Pacific 
Islanders.14 Our outcomes of interest were receipt of 
EVT and short- term functional outcome, as measured 
at discharge by destination and ambulatory status. We 
also report modified Rankin Scale (mRS) 0 to 2 at dis-
charge and 90 days, as well in- hospital death/hospice, 
and symptomatic intracranial hemorrhage.

Statistical Analysis
Pearson χ2 tests were used to compare differences in 
categorical variables (presented as frequencies and 

CLINICAL PERSPECTIVE

What Is New?
• Since the advent of endovascular therapy, some 

acute ischemic strokes secondary to large ves-
sel occlusion are eligible for further treatment, 
leading to improved functional neurologic 
outcomes.

• There are preexisting racial and ethnic dispari-
ties in stroke care which are also evident in the 
use of endovascular therapy for acute ischemic 
stroke. In this study, we demonstrate that these 
disparities have narrowed post publication of 
major endovascular therapy trials in 2015 but 
persist particularly for Black patients compared 
with Non- Hispanic White patients.

What Are the Clinical Implications?
• We also found that outcomes post- endovascular 

therapy have similarly improved over time for all 
racial and ethnic groups, but long- term out-
comes seem to be worse in under- represented 
racial and ethnic groups. Dedicated efforts to 
understand the underlying causes for these dis-
parities and address them with focused educa-
tional and systemic health care interventions are 
urgently required.

Nonstandard Abbreviations and Acronyms

EVT endovascular therapy
GWTG Get With The Guidelines
NHW non- Hispanic White



J Am Heart Assoc. 2022;11:e023212. DOI: 10.1161/JAHA.121.023212 3

Sheriff et al Disparities in EVT According to Race and Ethnicity

percentages) across the 2 groups, and Wilcoxon rank- 
sum tests were used to compare continuous variables 
(presented as medians and interquartile ranges) across 
the 2 groups. The temporal trends of EVT use were 
examined using Cochran- Armitage trend test by cal-
endar quarters and the overall EVT eligible population 
stratified by racial and ethnic groups. The exposure of 
interest was race and ethnicity, and the outcomes of 
interest included the utilization of EVT, short term and 
long- term outcomes including in- hospital mortality/
discharge to hospice and other discharge dispositions 
(home or rehabilitation). Unadjusted and adjusted as-
sociations of race and ethnicity and end points were 
analyzed using generalized logistic regression models 
for the entire data set and for strokes pre-  and post- 
2015. The adjusted model controlled for baseline pa-
tient characteristics and hospital- level factors that are 
expected to be predictive of outcome and have been 
used in prior GWTG- Stroke analyses.8,15– 17 Analysis 
adjusting for sex and race and ethnicity only was also 
performed. Generalized estimating equations were 

used to account for patients clustered within the same 
hospital site. Odds ratios (OR) for each race and eth-
nicity group comparing with the reference group NHW 
are reported. The adjusted models adjusted for demo-
graphics (age, sex, insurance type), medical history 
(atrial fibrillation/flutter, prosthetic heart valve, previous 
stroke/TIA, coronary artery disease (CAD)/prior myo-
cardial infarction, heart failure, carotid stenosis, pe-
ripheral vascular disease, hypertension, dyslipidemia, 
diabetes, smoker, prior antithrombotic or anticoagulant 
use), clinical variables (stroke location in chronic health 
care facility versus other), ambulatory status before 
current event and at admission, arrival mode, on- hours 
arrival, initial NIHSS, initial exam findings of weakness, 
level of consciousness and aphasia, treated with tis-
sue plasminogen activator (in this hospital or at an 
outside hospital), stroke year and quarter, and hospital 
characteristics (rural location, region, Comprehensive/
Primary Stroke Center status, teaching status, bed 
size, stroke volume, intravenous tissue plasminogen 
activator volume, EVT volume). Pre-  and post- 2015 

Figure 1. Flow diagram for inclusion/exclusion of study subjects.
The National Institutes of Health Stroke Scale (NIHSS) is a systematic assessment tool that provides 
a quantitative measure of stroke- related neurologic deficit. AIS indicates acute ischemic stroke; EVT, 
endovascular therapy.
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associations were analyzed by 2- way interaction terms 
between race and ethnicity and time (ie, before 2015 
versus after).

All statistical analyses were performed using SAS 
version 9.4 statistical software (SAS Institute Inc., Cary, 
North Carolina). All P values are 2- sided, with P<0.05 
considered statistically significant.

RESULTS
Demographics
Of the 302 965 patients meeting inclusion criteria for 
potential EVT eligibility, 42  422 (14%) received EVT. 
Figure  1 (flow diagram) outlines patients who were 
excluded at different stages. The median age was 75 
(interquartile range, 63– 85) and 54.1% were women. 
Of the overall patient population, 69.8% were NHW, 
16.0% non- Hispanic Black, 7.1% Hispanic, 2.8% Asian, 
and 4.3% other or “unable to determine.” Of the pa-
tients who received EVT, 69.4% were NHW, 14.6% 
were non- Hispanic Black, 6.8% were Hispanic, and 
3.2% were Asian (Table  1). Other demographic and 
medical comorbidity variables are included in Table S1.

Temporal Trend in EVT According to Race 
and Ethnicity
EVT use among patients who are eligible (ie, those 
presenting within 6 hours and with an NIHSS ≥6) has 
steadily increased since publication of the positive 
thrombectomy trials in 2015 with no plateau reached 
yet. This holds true across all racial and ethnic groups. 
Figure  2. However, when adjusted odds ratios (OR) 
were calculated, Black patients had a lower odds of 
EVT use as compared with NHW ones. Notably, the 
OR for the comparison of the 2 groups after 2015 was 
closer to 1 (OR before=0.68, OR after=0.83, interac-
tion- P=0.0187), indicating a significant reduction in the 
racial gap in EVT treatment rate between the 2 groups 
post- 2015. Patients in “Other” racial group were signifi-
cantly more likely to receive EVT compared with NHW 
patients after 2015 (OR, 1.25; P<0.0001). Please refer 

to Table 2. Of note, analysis adjusting for sex and race 
and ethnicity only is outlined in Table S2 and baseline 
characteristics by race and ethnicity in Table S3.

Temporal Trend (pre-  and post- 2015) 
in Outcomes According to Race and 
Ethnicity
There was an overall improvement in the proportion 
of patients discharged home, independent ambulation 
at discharge, and having good functional outcome at 
discharge (mRS 0– 2) and at 90- day mRS when com-
paring the era before and post- 2015. Please refer to 
Table  3. Yet there were differences across the racial 
and ethnic groups as outlined below.

NHW Patients
Among NHW patients, comparing the era prior 2015 to 
the era post, there was an improvement in discharge 
home (21.4% –  24.4%, P<0.0001), independent ambu-
lation at discharge (30.6% –  36%, P<0.0001), mRS at 
discharge (0- – 2) (17.9% –  21.8%, P<0.0001) and 90- 
day mRS 0 to 2 (29.0% –  38.3%, P=0.0017). When 
comparing other race and ethnicity groups to the out-
comes for NHW patients, the latter did worse for dis-
charge home (OR >1), in- hospital mortality/discharge 
to hospice (OR <1), but non- Hispanic Black and Asian 
patients had lower mRS 0 to 2 at 90 days compared 
with NHW (OR <1). Please refer to Table 4. In addition, 
mRS at discharge and independent ambulation at dis-
charge was not different comparing the different racial 
and ethnic groups.

Non- Hispanic Black Patients
Comparing pre-  and post- 2015 there was a trend 
towards higher discharge home (26.3% –  29.4%, 
P=0.089) and higher independent ambulation at 
discharge (35.3% –  39.3%, P=0.065). There was 
also a statistically significant improvement in the 
mRS 0 to 2 at discharge over time (21.3% –  25.5%, 
P=0.0437) and median mRS at 90  days improved 

Table 1. Patient Demographics in Stroke Patients Eligible for EVT

Variable Overall EVT No EVT P value

Patient demographics N=302 965 n=42 422 n=260 543

Age,y) 75 (63– 85) 72 (61– 81) 76 (63– 85) <0.0001

Women 163 951 (54.1) 21 634 (51.0) 142 317 (54.6) <0.0001

Race or ethnicity <0.0001

White 211 349 (69.8) 29 429 (69.4) 181 920 (69.8)

Black 48 532 (16.0) 6214 (14.6) 42 318 (16.2)

Hispanic (any race) 21 503 (7.1) 2887 (6.8) 18 616 (7.1)

Asian 8631 (2.8) 1342 (3.2) 7289 (2.8)

EVT indicates endovascular therapy.



J Am Heart Assoc. 2022;11:e023212. DOI: 10.1161/JAHA.121.023212 5

Sheriff et al Disparities in EVT According to Race and Ethnicity

from 4 to 3 (P=0.0455). After adjustment, short- term 
outcomes were slightly better in non- Hispanic Black 
patients compared with NHW ones (adjusted odds 
ratio [aOR] for discharge home 1.08, [1.00‒ 1.18]; 
aOR for in- hospital mortality/discharge to hospice 
was 0.61 [0.55‒ 0.67]); but the rate of good func-
tional outcome, ie, mRS 0 to 2 at 90 days was worse 
in non- Hispanic Black patients (aOR 0.84 (0.75 –  
0.95)). Please refer to Table  4. Baseline character-
istics for missing rates and imputation details are 
outlined in Table S4.

Symptomatic intracranial hemorrhage was lower 
in non- Hispanic Black patients compared with NHW 

ones (OR, 0.86; P= 0.038) after 2015 but not in the 
overall adjusted analysis.

Hispanic Patients
There was no significant change in discharge and 
short- term outcomes comparing pre-  and post- 2015 
however there was an improvement in 90- day mRS 
from median of 6 to 3 (P=0.001) and a trend towards 
improvement in the 90- day good functional outcomes 
(mRS 0– 2). Like other under- represented racial and 
ethnic groups, Hispanic patients had some better 
short- term outcomes compared with NHW ones such 

Figure 2. Endovascular therapy use stratified by race and ethnicity.
“Other” refers to people including but not limited to Alaskan, Native American, Native Hawaiian, and 
Pacific Islanders. EVT indicates endovascular therapy.

Table 2. Adjusted Associations of Race and Ethnicity With EVT Use Before and After 2015 (n=302 965)

Before 2015 During/After 2015
P value for 
interactionOR (95% CI) P value OR (95% CI) P value

Race or ethnicity

Black 0.68 (0.58‒ 0.78) <0.0001 0.83 (0.76‒ 0.90) <0.0001 0.0187

Hispanic 1.06 (0.79‒ 1.43) 0.6957 1.01 (0.89‒ 1.13) 0.9273

Asian 1.04 (0.80‒ 1.33) 0.7835 0.96 (0.83‒ 1.11) 0.5517

Other* 0.99 (0.78‒ 1.24) 0.9025 1.25 (1.15‒ 1.36) <0.0001

White Reference Reference

“After 2015” includes the year of 2015. EVT indicates endovascular therapy; and OR, odds ratio.
*“Other” refers to people including but not limited to Alaskan, Native American, Native Hawaiian, and Pacific Islanders.



J Am Heart Assoc. 2022;11:e023212. DOI: 10.1161/JAHA.121.023212 6

Sheriff et al Disparities in EVT According to Race and Ethnicity

as higher discharge home (OR, 1.28; 1.16‒ 1.42) and 
lower in- hospital mortality/discharge to hospice (OR, 
0.77; 0.68‒ 0.87). However independent ambulation at 
discharge, mRS at discharge, and 90- day mRS was 
no different compared with NHW patients. Please refer 
to Table 4.

Asian Patients
No significant changes pre-  and post- 2015 era were 
observed. When compared with NHW patients, Asian 
patients had slightly better short- term outcomes (OR 
of 1.23 for being discharged home [CI, 1.05‒ 1.44], OR 
of 0.78 for discharge to hospice and in- patient mor-
tality [CI, 0.68‒ 0.90]). Good functional outcomes were 
worse however compared with NHW patients; OR for 
mRS 0 to 2 at 90 days was 0.79 (0.65‒ 0.98). Please 
refer to Table 4.

DISCUSSION
In this large cohort of “real world” patients eligible 
for EVT from the GWTG registry, we demonstrate 
that despite overall increase in EVT use across all 
racial and ethnic groups and narrowing of the dis-
parity gap especially in the era post- 2015, there 
continues to be significant racial and ethnic differ-
ences in the use of this therapy. Non- Hispanic Black 
patients had a significantly lower likelihood of re-
ceiving EVT compared with NHW ones. In addition, 

although some short- term outcomes were better in 
under- represented racial and ethnic groups, they did 
worse compared with NHW patients in regards to 
long- term outcomes.

Various factors have been proposed for disparities 
in EVT use including a lack of awareness of stroke 
signs and symptoms,18 lack of knowledge on need for 
urgent care among under- represented racial and eth-
nic groups with delays in arriving to emergency rooms, 
lower socioeconomic status, and lack of insurance 
coverage. The higher incidence of intracranial athero-
sclerosis among Black, Asian, and Hispanic individu-
als compared with NHW ones needs to be considered 
in the lower rates of EVT in these populations despite 
comparable arrival times.19 Conversely, the concept of 
allostatic load burden as a contributor to higher inci-
dence of chronic disease and worse outcomes among 
under- represented racial and ethnic groups should not 
be ignored by the medical community.20 There is also 
mistrust of the health care system likely because of his-
toric inequalities and injustices exacerbated by fewer 
health care providers from under- represented race and 
ethnic groups.21 The presence of bias, whether on a 
provider or system- wide level in the health care delivery 
system is the most difficult to evaluate for and systemic 
racism has become an increasingly identified problem 
of public health significance in more recent years22,23; 
this is also reflected in unequal participation in clinical 
trials including stroke research of under- represented 
race and ethnic groups.2

Table 3. Outcomes Before and After 2015, Overall and By Race and Ethnicity

Variable Overall Before 2015 After 2015

P valueN=42 422 n=5422 n=37 000

Overall

Discharged home 10 813 (25.5) 1254 (23.1) 9559 (25.8) <0.0001

Independent ambulation at discharge 
(discharged alive only)

12 365 (36.0) 1326 (31.7) 11 039 (36.6) <0.0001

Race or ethnicity: White

Discharged home 7073 (24.0) 845 (21.4) 6228 (24.4) <0.0001

Independent ambulation at discharge 
(discharged alive only)

8406 (35.3) 932 (30.6) 7474 (36.0) <0.0001

Race or ethnicity: Black

Discharged home 1806 (29.1) 180 (26.3) 1626 (29.4) 0.089

Independent ambulation at discharge 
(discharged alive only)

2034 (38.9) 201 (35.3) 1833 (39.3) 0.07

Race or ethnicity: Hispanic (any race)

Discharged home 857 (29.7) 112 (29.1) 745 (29.8) 0.78

Independent ambulation at discharge 
(discharged alive only)

782 (34.5) 90 (30.9) 692 (35.0) 0.17

Race or ethnicity: Asian

Discharged home 378 (28.2) 48 (29.4) 330 (28.0) 0.70

Independent ambulation at discharge 
(discharged alive only)

381 (36.0) 38 (32.8) 343 (36.5) 0.43
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Importantly, our study demonstrated that these 
inter- racial differences have narrowed over time com-
paring the era pre-  and post- publication (in 2015). 
This improvement may in part reflect the effects of 
prior multiethnic educational campaigns (particu-
larly from a young age)24,25 and improved awareness 
among the society including health care providers 
post publication of positive stroke trials. It is import-
ant to note that despite an overall sharp increase in 
use of EVT after January 2015 as demonstrated in 
a large GWTG study, there is also a persistent geo-
graphic variation.15

Multiple previous observational studies have doc-
umented the presence of disparities in stroke inci-
dence, care, and outcomes according to racial and 
ethnic groups beginning with the NOMAS (Northern 

Manhattan Study).1,19 A study of a large cohort of pa-
tients admitted to GWTG hospitals between 2003 and 
2008 documented a differential quality of care post- 
acute ischemic stroke among Black patients com-
pared with Hispanic and NHW patients in regards to 
implementation of evidence- based treatments.5 There 
are few studies looking at EVT and differences ac-
cording to race andethnicity.7,8,26 In a large nationwide 
database for admissions for acute ischemic stroke to 
endovascular centers, the overall use of EVT was re-
ported to be 8.4% which is lower than the 14% docu-
mented in our cohort. They did find lower use of EVT 
in Black and Hispanic patients. Another GWTG study 
also demonstrated a higher rate of transfer of NHW 
patients compared with under- represented racial and 
ethnic groups to EVT capable centers.27

Table 4. Association of Race and Ethnicity With Outcomes

Variable

Sex and race adjusted Fully adjusted

OR (95% CI) P value OR (95% CI) P value

Discharged home (n=42 422)

Women vs Men 0.81 (0.77‒ 0.84) <0.0001 1.04 (0.99‒ 1.09) 0.11

Black vs White 1.29 (1.19‒ 1.41) <0.0001 1.08 (1.00‒ 1.18) 0.05

Hispanic vs White 1.33 (1.21‒ 1.46) <0.0001 1.28 (1.16‒ 1.42) <0.0001

Asian vs White 1.24 (1.08‒ 1.43) 0.002 1.23 (1.05‒ 1.44) 0.01

Other* vs White 1.19 (1.08‒ 1.32) 0.0005 1.15 (1.03‒ 1.28) 0.01

Ambulate independently at discharge (n=34 375)

Women vs Men 0.77 (0.74‒ 0.80) <0.0001 0.94 (0.90‒ 0.99) 0.01

Black vs White 1.16 (1.07‒ 1.27) 0.0006 1.03 (0.94‒ 1.13) 0.47

Hispanic vs White 0.96 (0.85‒ 1.08) 0.46 0.92 (0.81‒ 1.05) 0.22

Asian vs White 1.04 (0.87‒ 1.24) 0.69 1.00 (0.83‒ 1.21) 0.99

Other* vs White 1.13 (1.02‒ 1.25) 0.02 1.05 (0.94‒ 1.17) 0.41

In- hospital- mortality/discharged to hospice (n=42 422)

Women vs Men 1.17 (1.12‒ 1.22) <0.0001 0.94 (0.89‒ 0.99) 0.02

Black vs White 0.57 (0.52‒ 0.62) <0.0001 0.61 (0.55‒ 0.67) <0.0001

Hispanic vs White 0.85 (0.75‒ 0.95) 0.0055 0.77 (0.68‒ 0.87) <0.0001

Asian vs White 0.85 (0.75‒ 0.97) 0.01 0.78 (0.68‒ 0.90) 0.0006

Other* vs White 1.02 (0.91‒ 1.14) 0.78 1.06 (0.94‒ 1.20) 0.35

mRS at discharge (0– 2) (n=31 443)

Women vs Men 0.78 (0.74‒ 0.82) <0.0001 0.96 (0.90‒ 1.01) 0.10

Black vs White 1.24 (1.10‒ 1.39) 0.0003 1.02 (0.90‒ 1.14) 0.80

Hispanic vs White 0.91 (0.80‒ 1.03) 0.15 0.89 (0.76‒ 1.03) 0.12

Asian vs White 1.07 (0.90‒ 1.29) 0.43 1.16 (0.95‒ 1.42) 0.15

Other* vs White 1.13 (0.99‒ 1.28) 0.07 1.10 (0.97‒ 1.26) 0.13

90- d mRS post- discharge (0– 2) (n=16 068)

Women vs Men 0.75 (0.71‒ 0.80) <0.0001 0.92 (0.87‒ 0.99) 0.02

Black vs White 0.97 (0.87‒ 1.09) 0.65 0.84 (0.75‒ 0.95) 0.006

Hispanic vs White 0.94 (0.81‒ 1.08) 0.38 0.94 (0.81‒ 1.10) 0.43

Asian vs White 0.81 (0.67‒ 0.98) 0.03 0.79 (0.65‒ 0.98) 0.03

Other* vs White 0.92 (0.80‒ 1.05) 0.22 0.90 (0.77‒ 1.05) 0.18

OR indicates odds ratio.
*“Other” refers to people including but not limited to Alaskan, Native American, Native Hawaiian and Pacific Islanders.
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In our cohort, under- represented racial and ethnic 
groups compared with NHW had certain better short- 
term outcomes including a lower in- hospital mortality/
discharge to hospice and higher discharge to home 
however with no significant difference in good func-
tional outcomes (mRS 0– 2) and independent ambu-
lation at discharge. These results corroborate similar 
findings in recent studies showing lower in- hospital 
mortality and higher discharge to home among Black 
and Hispanic patients and are in contrast with ear-
lier studies which demonstrated higher in- hospital 
mortality among under- represented racial and ethnic 
groups.5,28– 31 The differences in end of life decisions 
may be, in part, explained by different attitudes to-
wards end of life care among NHW patients compared 
with under- represented racial and ethnic groups, with 
the former more likely to opt for Do Not Resuscitate 
status, withdrawal of care, and hospice.32,33 Availability 
of palliative care services also tends to be better in 
hospitals serving NHW majorities.34 Notably, our study 
did demonstrate a lower likelihood of symptomatic 
intracranial hemorrhage in Black patients which was 
statistically significant after 2015 compared with NHW 
but did not achieve significance in the overall adjusted 
analysis.

Our 3- month analysis however revealed lower rates 
of good functional outcomes (mRS 0– 2) in under- 
represented racial and ethnic groups compared with 
NHW patients. Of note, loss to follow- up at 90 days 
was slightly higher among Asian patients (27.3%) com-
pared with NHW patients (25.4%) however this was 
not statistically significant (P=0.44 across all racial and 
ethnic groups, P=0.19 comparing NHW and Asian pa-
tients). There is evidence from a Veterans Affairs study 
that post- hospital environment differences negatively 
affect recovery from stroke for poor Black patients 
compared with poor NHW patients and patients of 
higher incomes.35 Another study in the general popu-
lation revealed higher rates of rehabilitation admission 
and discharge functional status ratings among NHW 
patients compared with under- represented racial and 
ethnic groups.36 This may provide an explanation for the 
discordant discharge compared with 90- day outcome 
findings from our study and raise the possibility that 
discharge to home is a multifaceted outcome variable 
which may not always be representative of functional 
status at discharge since there are socioeconomic 
and cultural factors that may influence willingness of 
patients and their families to continue rehabilitation at 
home versus in an institution.

Outcomes by race andethnicity were similar in mod-
els adjusted for age and sex only (Table  4), with the 
exception that the association of Black race with bet-
ter discharge outcomes after age and sex adjustment 
was attenuated after additionally adjusting for stroke 

severity, clinical variables, risk factors, and hospital 
characteristics (Table 4). This may reflect race- related 
differences in mechanism of the preventing stroke, as 
Black patients were less likely to have atrial fibrillation 
and more likely to have hypertension and diabetes 
(Table S2). Black race was not associated with odds of 
good outcome at 90 days in analyses adjusted for age 
and sex only, but after additionally adjusting for stroke 
severity, risk factors, and hospital characteristics it was 
associated with lower odds of good outcome (defined 
as mRS 0– 2). This suggests that there are disparities 
in longer term stroke recovery in Black patients com-
pared with NHW patients that cannot be explained by 
their medical history or features of their acute stroke.

Despite seeming gains in EVT use among all racial 
and ethnic groups, the ongoing COVID- 19 pandemic is 
threatening to undo these gains with alarming declines 
in EVT performed among Black patients.37 The pan-
demic along with the changing sociopolitical climate 
has resulted in systemic racism once again coming 
under scrutiny as evidenced by the recently pub-
lished American Heart Association/American Stroke 
Association presidential advisory.23 Thus, recognizing 
disparities in stroke care and designing effective and 
sustainable interventions has become a priority.

There are a number of limitations to this study. 
First, certain racial and ethnic groups were not indi-
vidually reported such as people of Native American, 
Alaskan, and other under- represented race and eth-
nic heritage groups— these groups were classified as 
“other.” Second, participation in GWTG database is 
voluntary and the design of our study is observational. 
Third, EVT eligibility was determined clinically (NIHSS 
≥6 and LSW<6 hours) and no CT angiography or an-
giographic confirmation was available. The incidence 
of LVO in patients presenting with NIHSS ≥6 present-
ing under 6 hours may differ according to race ande-
thnicity as evidenced in a UK- based study.38 While 
the lack of angiographic confirmation is an important 
limitation, these findings have not been consistently 
replicated across other larger studies some of which 
have demonstrated all ischemic stroke subtypes are 
more prevalent in Black patients compared with NHW 
patients.39 Fourth, the statistical approach of using all 
covariates without tests of significance in univariate 
testing may lead the study to underestimate the true 
size of the disparities as experienced from a patient 
perspective. Our study has significant strengths. First 
and foremost is the large sample size which provides 
sufficient number of patients for most ethnic under— 
represented racial and ethnic groups allowing mean-
ingful associations and inferences. Of note, there was 
no significant racial difference in 90- day mRS missing-
ness across racial and ethnic groups; P=0.44. In ad-
dition, the overall representative cohort provides high 



J Am Heart Assoc. 2022;11:e023212. DOI: 10.1161/JAHA.121.023212 9

Sheriff et al Disparities in EVT According to Race and Ethnicity

quality granular data enabling a proper understanding 
of the “real world” situation in US hospitals in regard to 
EVT use and subsequent outcomes.12

CONCLUSIONS
We demonstrated in this large GWTG cohort that de-
spite overall improvement in EVT use across racial 
and ethnic groups post- 2015 likely corresponding to 
publication of groundbreaking trials and subsequent 
guidelines, differences still exist according to race 
andethnicity with Non-  Hispanic Black patients hav-
ing lower rates of EVT use than NHW patients. These 
differences have narrowed over time. Despite slightly 
better short- term outcomes among under- represented 
racial and ethnic groups including Black, Hispanic, and 
Asian compared with NHW patients, these improve-
ments were not sustained at 3 months. Intensification 
of preexistingefforts to eradicate systemic racism and 
convert “observations (of racial and ethnic disparities) to 
actions” are necessary in uniformly increasing access 
to life- saving therapies such as EVT and subsequent 
outcomes among all racial and ethnic groups.23,40
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