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ORIGINAL RESEARCH

Persistent Inequities in Intravenous 
Thrombolysis for Acute Ischemic Stroke 
in the United States: Results From the 
Nationwide Inpatient Sample
Philip Sun , MD, MS; Ling Zheng, PhD; Michelle Lin , MD, MPH; Steven Cen , PhD;  
Gmerice Hammond, MD, MPH; Karen E. Joynt Maddox , MD, MPH; May Kim-Tenser , MD; 
Nerses Sanossian , MD; William Mack , MD; Amytis Towfighi , MD

BACKGROUND: Despite its approval for acute ischemic stroke >25 years ago, intravenous thrombolysis (IVT) remains underused, 
with inequities by age, sex, race, ethnicity, and geography. Little is known about IVT rates by insurance status.

METHODS AND RESULTS: We assessed temporal trends from 2002 to 2015 in IVT for acute ischemic stroke in the Nationwide 
Inpatient Sample using adjusted, survey-weighted logistic regression. We calculated odds ratios for IVT for each category in 
2002 to 2008 (period 1) and 2009 to 2015 (period 2). IVT use for acute ischemic stroke increased from 1.0% in 2002 to 6.8% in 
2015 (adjusted annual relative ratio, 1.15). Individuals aged ≥85 years had the most pronounced increase during 2002 to 2015 
(adjusted annual relative ratio, 1.18) but were less likely to receive IVT compared with 18- to 44-year-olds in period 1 (adjusted 
odds ratio [aOR], 0.23) and period 2 (aOR, 0.36). Women were less likely than men to receive IVT, but the disparity narrowed 
over time (period 1: aOR, 0.81; period 2: aOR, 0.94). Inequities in IVT resolved for Hispanic individuals in period 2 (aOR, 0.96) 
but not for Black individuals (period 2: aOR, 0.81). The disparity in IVT for Medicare patients, compared with privately insured 
patients, lessened over time (period 1: aOR, 0.59; period 2: aOR, 0.75). Patients treated in rural hospitals remained less likely 
to receive IVT than in urban hospitals; a more dramatic increase in urbanity widened the inequity (period 2, urban nonteaching 
versus rural: aOR, 2.58, period 2, urban teaching versus rural: aOR, 3.90).

CONCLUSIONS: IVT for acute ischemic stroke increased among adults. Despite some encouraging trends, the remaining dis-
parities highlight the need for intensified efforts at addressing inequities.

Key Words: epidemiology ■ ethnicity ■ inequities ■ sex differences ■ thrombolysis

Administration of intravenous thrombolysis (IVT) 
with recombinant tissue plasminogen activator in 
appropriately selected patients with acute isch-

emic stroke (AIS) is associated with improved mortal-
ity rates and functional outcomes.1,2 With expansion 
of evidence-based systems of care, such as primary 
and comprehensive stroke center designation, IVT use 

has become more widespread over time in the United 
States,3–6 though it remains significantly underused in 
eligible populations.

Additionally, marked inequities remain by sex,7 
age,3 race and ethnicity,7,8 and geographic loca-
tion.4,6,9 For example, women are less likely to re-
ceive IVT than men, and individuals admitted to rural 
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hospitals are less likely to receive IVT than those ad-
mitted to urban hospitals.3,7 While some sociodemo-
graphic inequities in IVT use have improved over the 
past few decades (eg, use of IVT in individuals aged 
≥85 years3 from 2005 to 2010), others remain unre-
solved or have worsened (eg, for women from 2007 
to 2011,7 for Black and Hispanic individuals from 
2004 to 2010,8 for all non-White individuals from 2007 
to 2011,7 and for people living in rural areas from 2000 
to 20104 and 2012 to 20179). Several major studies 
published in 2008 provided evidence of benefit of IVT 
during the extended time window of 3 to 4.5 hours in 
AIS.1,10,11 It is unclear if there were differences in use 
by demographic and hospital characteristics after 
these studies.

Furthermore, although one could postulate that use 
of evidence-based protocols would reduce disparities, 
a recent study revealed that presentation to a primary 
stroke center enhanced the rate of IVT use overall but 
did not alleviate racial disparities.8

Little is known about more recent temporal trends 
in IVT use by sex, race, ethnicity, age, and hospital lo-
cation/teaching status. Additionally, to our knowledge, 
differences in IVT by insurance type have not been 
studied in the United States. Therefore, the aim of the 
study was to fill these gaps by evaluating recent tem-
poral trends in IVT among individuals with AIS, stratified 
by age, race, ethnicity, sex, primary insurance, hospital 
teaching status, and urban/rural location using data 
from the National Inpatient Sample (NIS) from 2002 to 
2015. We hypothesized an overall increase in IVT and 
reduction in inequities over the study period.

METHODS
Population for Study
The data that support the findings of this study are 
available from the corresponding author upon rea-
sonable request. Data were obtained from the NIS, 
which was developed as part of the Healthcare Cost 
and Utilization Project. Before 2012, the survey was 
designed to approximate a stratified 20% sample of 
all US community hospitals (nonfederal, short-term, 
general, and specialty hospitals) serving adults in the 
United States. From 2012, the sampling strategy tran-
sitioned to 20% of patient discharges from all US com-
munity hospitals excluding rehabilitation and long-term 
acute care hospitals. The sampling strategy selected 
hospitals within states that have state inpatient data-
bases according to defined strata on the basis of own-
ership, bed size, teaching status, urban/rural location, 
and region.12 All discharges from sampled hospitals for 
the calendar year were then selected for inclusion into 
the NIS. To allow extrapolation for national estimates, 
both hospital and discharge weights are provided. 
Detailed information on the design of the NIS is avail-
able at http://​www.​hcup-​us.​ahrq.​gov.

The NIS captures discharge-level information on 
primary and secondary diagnoses and procedures, 
discharge vital status, and demographics on several 
million discharges per year. Data elements that could 
directly or indirectly identify individuals are excluded. 
The unit of analysis is the discharge rather than the 
individual; all discharges are therefore considered in-
dependent. A unique anonymous hospital identifier 
allows for linkage of discharge data to an NIS data 
set with hospital characteristics. To protect subject 
confidentiality, NIS data provide only hospital-specific 
identifiable information (eg hospital rurality but not the 
rurality of patient residence).

CLINICAL PERSPECTIVE

What Is New?
•	 In the study period of 2002 to 2015, intravenous 

thrombolysis use for acute ischemic stroke 
steadily increased across all ages in adults, 
most prominently for those aged >85 years. 
Sex-based inequities improved to near com-
plete resolution.

•	 The inequity for Hispanic individuals resolved; 
however, marked inequities in intravenous 
thrombolysis remain for Black individuals, indi-
viduals with Medicare and Medicaid insurance, 
and patients admitted to rural hospitals.

What Are the Clinical Implications?
•	 On a regional and national level, strategies to 

reduce inequities include tracking intravenous 
thrombolysis use by sociodemographic and 
hospital characteristics and creating policies to 
reduce inequities.

•	 At the hospital level, diversifying the workforce; 
ensuring that evidence-based protocols are in-
stituted and implemented; tracking use of intra-
venous thrombolysis by age, sex, race, ethnicity, 
and insurance status; and making targeted ef-
forts to reduce any inequities will be key. At the 
provider level, key considerations include pro-
vider training on implicit bias and ensuring that 
care is concordant with language, literacy, and 
culture.

Nonstandard Abbreviations and Acronyms

AIS	 acute ischemic stroke
IVT	 intravenous thrombolysis
NIS	 National Inpatient Sample

http://www.hcup-us.ahrq.gov
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We included all patients with a primary or sec-
ondary discharge diagnosis of stroke (International 
Classification of Diseases, Ninth Revision, Clinical 
Modification [ICD-9-CM] diagnosis codes 433.01, 
433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.91, 
and 436) at the time of hospital admission, from January 
2002 through September 2015. IVT administration was 
determined using ICD-9 procedure code 99.10. In se-
lecting the optimal study period, we took into consider-
ation that the ICD underwent the Tenth Revision in the 
NIS in September 2015, and there have been practical 
concerns with converting ICD-9 to ICD-10.13

We excluded patients with a diagnosis of acute myo-
cardial infarction, pulmonary embolism, malignancy 
(solid tumor without metastasis, lymphoma, metastatic 
cancer), transferred to the index hospital from another 
hospital, elective admissions, cases with missing race 
or ethnicity or sex, and enrollment in a clinical trial (ICD-
9-CM code V70.7). Please refer to Tables  S1–S3 for 
the full list of ICD-9 codes.

Sociodemographic, Clinical, and Hospital 
Factors
Individuals were categorized into the following age 
groups: <18 years, 18 to 44 years, 45 to 64 years, 
65 to 84 years, and ≥85 years. This commonly used 
method of categorizing age in the stroke literature is 
also commonly used in stroke literature.14 They were 
also categorized by sex (female, male, missing), race 
or ethnicity (White, Black, Hispanic, Asian or Pacific 
Islander, Native American, other, missing), primary 
payer (Medicare, Medicaid, private, self-pay, no charge, 
other pay, missing), and hospital location/teaching sta-
tus (urban teaching, urban nonteaching, rural, missing). 
Race or ethnicity was determined from two Healthcare 
Cost and Utilization Project administrative data ele-
ments of race and ethnicity. If the source supplied race 
and ethnicity in separate data elements, then ethnic-
ity took precedence over race. Records with miss-
ing race or ethnicity were placed into an independent 
category of “Missing Race” and were included in the 
analysis. Risk of death was determined by the Risk of 
Mortality Subclass Category.15 Presence of the follow-
ing comorbid conditions was assessed: hypertension, 
dyslipidemia, alcohol abuse, obesity, smoking history, 
coronary artery disease, atrial fibrillation, and Charlson 
comorbidity index16 (which consists of 17 comorbidi-
ties; Table S3). All missing data for each variable were 
recategorized into the “missing” category for the sta-
tistical modeling. For example, for sex, we included 3 
categories: 0=“male” 1=“female” 99=“missing sex.”

Statistical Analysis
National trends were estimated following Healthcare 
Cost and Utilization Project methodological standards 

(which adopted a design change in 2012), with ap-
propriate trend weights. The observed yearly national 
IVT use from 2002 to quarter 3 of 2015 was estimated 
using proc surveyfreq in SAS (SAS Institute, Cary, 
NC). For the following demographic, comorbidities, 
and hospital factors, we conducted national estima-
tions by year, as well as by IVT usage status: sex, age, 
race, ethnicity, national quartile of household income 
by zip code, third-party payer, hospital region/teach-
ing status, coronary artery disease, atrial fibrillation or 
flutter, hypertension, dyslipidemia, obesity, smoking, 
alcohol use, Charlson comorbidity index, and Risk of 
Mortality Subclass. Any factors with an observed as-
sociation with both year and with IVT use in univariate 
analysis or trend analysis meaningfully in either clini-
cal or epidemiological ways were considered as con-
founders that could impact the temporal trend effects 
of IVT. To systematically compare temporal trends, we 
divided the study period 2002 to 2015 into two 7-year 
periods: - 2002 to 2008 (period 1) and 2009 to 2015 
(period 2). The year 2008 was used for 2 reasons: first, 
it was the midpoint of the study period; and, second, 
evidence supporting the use of IVT in the 3- to 4.5-
hour time frame from symptom onset was published 
in 2008.1,10,11 By dichotomizing the time periods, we 
can better evaluate if sociodemographic and hospi-
tal characteristics affected clinical practice after these 
publications.

The temporal trend effect in IVT was tested using 
survey-weighted logistic regression models, adjusting 
for sex, age, race, ethnicity, national quartile of house-
hold income by zip code, insurance, hospital region, 
hospital location/teaching status, hypertension, dia-
betes, dyslipidemia, obesity, coronary artery disease, 
peripheral artery disease, atrial fibrillation, congestive 
heart failure, Charlson comorbidity index, smoking his-
tory, and alcohol history. In addition to the linear tem-
poral trend, we compared the first and second 7-year 
periods (period 1 versus period 2) adjusting for the same 
covariates. For temporal trends in subgroups, we used 
the survey-weighted logistic regression procedure with 
subgroup categories in the DOMAIN statement (https://​
www.​hcupus.​ahrq.​gov/​repor​ts/​metho​ds/​2003_​02.​jsp#​
sas) to request statistics for the subpopulation. All data 
analyses were conducted using SAS version 9.4. The 
study was considered exempt from institutional review 
board approval given the use of deidentified informa-
tion. We followed the Strengthening the Reporting 
of Observational Studies in Epidemiology reporting 
guideline.17

RESULTS
Among patients admitted with a diagnosis of AIS 
(weighted n=6 694 081), approximately half were aged 

https://www.hcupus.ahrq.gov/reports/methods/2003_02.jsp#sas
https://www.hcupus.ahrq.gov/reports/methods/2003_02.jsp#sas
https://www.hcupus.ahrq.gov/reports/methods/2003_02.jsp#sas
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65 to 84 years (50.5%), just under a quarter were aged 
45 to 64 years (24.0%), and 21.5% were aged ≥85 years 
of age (Table 1). More than half of the study popula-
tion were women (53.9%). The racial and ethnic dis-
tribution was as follows: White (58.9%), Black (14.5%), 
Hispanic (6.6%), Asian or Pacific Islander (2.2%), and 
other (2.1%). Nearly two thirds of patients had comor-
bid hypertension (61.4%), and approximately 1 in 4 
had diabetes (26.6%), coronary artery disease (23.9%), 
or atrial fibrillation (22.4%). Medicare was the most 
common insurance type (70.3%), followed by private 
(16.8%) and Medicaid (6.7%). The distribution by geog-
raphy was as follows: South (41.0%), Midwest (22.0%), 
Northeast (18.5%), and West (18.5%).

The overall use of IVT for AIS increased from 1.0% 
in 2002 to 6.8% in 2015, with an overall adjusted an-
nual relative ratio, of 1.15 (95% CI, 1.14–1.16). Individuals 
aged 18 to 44 years had the highest rate of IVT during 
the entire period starting in 2003 (Figure 1). Figure 2A 
through 2E delineates dichotomized comparisons of 
IVT use for AIS between period 1 versus period 2 by 
age, sex, race, ethnicity, insurance, and hospital lo-
cation/teaching status. Adults aged ≥18 years had an 
increase in IVT over time, with those aged ≥85 years 
having the most pronounced increase (adjusted an-
nual relative ratio, 1.18 [95% CI, 1.17–1.19]; period 2 
versus period 1: adjusted odds ratio [aOR], 3.66 [95% 
CI, 3.3–4.07]; Table 2). However, compared with those 
aged 18 to 44 years, those who were aged ≥85 years 
were still markedly less likely to receive IVT in both 
period 1 (aOR, 0.23 [95% CI, 0.21–0.26]) and period 
2 (aOR, 0.36 [95% CI, 0.34–0.38]; Table  3). IVT un-
deruse existed, but to a lesser extent, in those aged 
45 to 64 and 65 to 84 years in period 1, with aORs of 
0.64 (95% CI, 0.59–0.7) and 0.42 (95% CI, 0.38–0.45) 
when compared with individuals aged 18 to 44 years 
(Table 3). The disparity in the older age groups margin-
ally improved in period 2, with an aOR of 0.69 (95% CI 
0.65–0.72) and 0.47 (95% CI 0.45–0.50), respectively. 
Minors (age<18 years) had the second lowest rate of 
IVT in period 1 and the lowest in period 2 (Table 2). 
They were the only age group without a significant in-
crease in IVT use over time (adjusted annual relative 
ratio, 0.95 [95% CI, 0.88–1.03]; period 2 versus period 
1: aOR, 0.94 [95% CI, 0.49–1.77]; Table 2).

Women were less likely than men to receive IVT in 
period 1 (aOR, 0.81 [95% CI, 0.78–0.84]; Table 3); this 
inequity narrowed such that women remained slightly 
less likely than men to receive IVT in period 2 (aOR, 
0.94 [95% CI, 0.92–0.97]; Table 3). Compared with pe-
riod 1, women in period 2 were about 3 times more 
likely to receive IVT (aOR, 2.98 [95% CI, 2.75–3.23]; 
Table 2).

Across all races and ethnicities, IVT rates increased 
over time (Table 2). Individuals were more likely to re-
ceive IVT in period 2 versus period 1 (White population: 

Table 1.  Patient and Hospital Characteristics of Overall 
Cohort (Weighted N=6 694 081, Unweighted N=1 568 655)

Weighted N % (Mean±SE)

Age, y

<18 17 097 0.3±0.01

18–44 254 399 3.8±0.03

45–64 1 606 396 24.0±0.09

65–84 3 379 649 50.5±0.07

≥85 1 436 540 21.5±0.07

Sex

Women 3 606 177 53.9±0.06

Men 3 086 823 46.1±0.06

Missing 1081 0.02±0

Race or ethnicity

White 3 942 986 58.9±0.4

Black 971 841 14.5±0.2

Hispanic 441 458 6.6±0.2

Asian or Pacific islander 149 256 2.2±0.06

Native American 22 736 0.3±0.02

Other 138 349 2.1±0.08

Missing 1 027 454 15.4±0.4

Comorbidities

Hypertension 4 107 033 61.4±0.08

Diabetes 1 783 535 26.6±0.07

Dyslipidemia 2 740 402 40.9±0.2

Coronary artery disease 1 601 515 23.9±0.08

Atrial fibrillation 1 501 288 22.4±0.07

Congestive heart failure 1 043 455 15.6±0.06

Peripheral artery disease 60 065 0.9±0.01

Obesity 451 209 6.7±0.04

Smoking 575 040 8.6±0.07

Alcohol abuse 150 854 2.3±0.02

Charlson comorbidity index

0 5 160 840 77.1±0.06

1 1 013 298 15.1±0.05

2 361 693 5.4±0.03

3+ 158 250 2.4±0.02

Risk of death subclass

Minor 1 619 730 24.2±0.09

Moderate 2 845 438 42.5±0.1

Major 1 365 900 20.4±0.06

Extreme 814 571 12.2±0.06

Missing 47 737 0.7±0.1

Insurance

Medicare 4 702 599 70.3±0.1

Medicaid 451 058 6.7±0.07

Private (including HMO) 1 122 618 16.8±0.1

Self-pay 257 539 3.9±0.05

No charge 25 637 0.4±0.02

Other pay 124 216 1.9±0.04

 (Continued)
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aOR, 2.63 [95% CI, 2.42–2.86]; Black population: aOR, 
3.03 [95% CI, 2.65–3.48]; Hispanic population: aOR, 
3.13 [95% CI, 2.66–3.69]; Asian or Pacific Islander 
population: aOR, 2.84 [95% CI, 2.28–3.52]; other race 
or ethnicity: aOR, 3.18 [95% CI, 2.65–3.81]; Table 2). 
In period 1, Hispanic individuals were less likely than 
their non-Hispanic White counterparts to receive IVT 
(aOR, 0.81 [95% CI, 0.69–0.94]; Table 3), but the in-
equity resolved in period 2 (aOR, 0.96 [95% CI, 0.91–
1.02]; Table  3). Inequities in IVT for Black compared 
with White individuals with stroke improved without re-
solving. In period 1, compared with White individuals, 
Black individuals were less likely to receive IVT (period 
1: aOR, 0.71 [95% CI, 0.63–0.79]; period 2: aOR, 0.81 
[95% CI, 0.78–0.85]; Table 3).

The use of IVT increased over time for Medicare 
beneficiaries. Compared with period 1, those with 
Medicare were 3 times more likely to receive IVT in 
period 2 (aOR, 2.99 [95% CI, 2.76–3.24]; Table 2). In 
period 1, compared with those who were privately in-
sured, individuals with Medicare were less likely to re-
ceive IVT, even accounting for age (aOR, 0.59 [95% 
CI, 0.56–0.62]; Table  3). This disparity improved but 
persisted in period 2 (aOR, 0.75 [95% CI, 0.72–0.77]; 
Table  3). Those with Medicaid insurance had a sim-
ilar trend of improvement of IVT rates over time (pe-
riod 2 versus period 1: aOR, 2.97 [95% CI, 2.65–3.33]; 
Table 2). They were less likely to receive IVT than their 
counterparts with private insurance, but this inequity 
was reduced over time (period 1: aOR, 0.61 [95% CI, 
0.55–0.67]; period 2: aOR, 0.77 [95% CI, 0.73–0.81]; 
Table 3).

Compared with those treated at rural hospitals, indi-
viduals treated at urban nonteaching and urban teach-
ing hospitals were more likely to receive IVT in period 
1 (urban nonteaching versus rural: aOR, 1.80 [95% CI, 
1.52–2.12]; urban teaching versus rural: aOR, 3.17 [95% 
CI, 2.65–3.80]; Table 3). Over time, IVT use increased 
in both rural and urban hospitals, but at a higher rate in 
urban hospitals, thus increasing the disparities in pe-
riod 2 (urban nonteaching versus rural: aOR, 2.58 [95% 
CI, 2.33–2.85]; urban teaching versus rural: aOR, 3.90 
[95% CI, 3.55–4.28]; Table 3), with period 2 versus pe-
riod 1 aORs of 2.90 (95% CI, 2.66–3.16) and 2.48 (95% 
CI, 2.23–2.76) for urban nonteaching and urban teach-
ing hospitals, respectively (Table 2).

DISCUSSION
This is the first study to assess temporal trends in IVT 
in the United States by numerous key sociodemo-
graphic and geographic characteristics, including race, 

Weighted N % (Mean±SE)

Missing 10 414 0.2±0.01

Household income

<$45 000 1 835 301 27.4±0.3

$45 000–$60 000 1 681 387 25.1±0.2

$60 000–$80 000 1 570 078 23.5±0.2

>$80 000 1 464 540 21.9±0.3

Missing 142 775 2.1±0.05

Hospital location/teaching status

Rural 870 369 13.0±0.2

Urban nonteaching 2 844 987 42.5±0.3

Urban teaching 2 953 365 44.1±0.4

Geographic region

Northeast 1 237 316 18.5±0.3

Midwest 1 472 593 22.0±0.3

South 2 745 210 41.0±0.4

West 1 238 961 18.5±0.3

HMO indicates health maintenance organization.

Table 1.  Continued

Figure 1.  Proportion of patients with AIS who received IVT by age from 2002 to 
2015 (unadjusted).
AIS indicates acute ischemic stroke; and IVT, intravenous thrombolysis.
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ethnicity, sex, age, insurance, hospital teaching status, 
and geographic location. This study confirms stead-
ily increasing IVT use across all ages in adults, with 
the fastest growth in those aged >85 years. The sex 
inequity in IVT improved to near complete resolution 
in the second half of the study period. Inequities in IVT 
for Hispanic individuals resolved. Marked inequities in 
IVT remain for Black individuals despite improvements 

over time. Individuals with Medicare and Medicaid in-
surance remained less likely to receive IVT compared 
with privately insured individuals, despite modest im-
provements over time. The inequities by geographic 
location continued to worsen, such that those admit-
ted to rural hospitals were nearly 3 times less likely to 
receive IVT compared with those admitted to urban 
nonteaching hospitals and nearly 4 times less likely to 

Figure 2.  Dichotomized comparison of IVT use by age, sex, race/ethnicity, insurance, and hospital location/teaching status.
A, Dichotomized comparison of IVT use between period 1 vs period 2 by age. B, Dichotomized comparison of IVT use between period 
1 vs period 2 by sex. C, Dichotomized comparison of IVT use between period 1 vs period 2 by race or ethnicity. D, Dichotomized 
comparison of IVT use between period 1 vs period 2 by insurance. E, Dichotomized comparison of IVT use between period 1 vs 
period 2 by hospital location/teaching status. *Adjusted for female sex, age, race, ethnicity, national quartile of household income by 
zip code, insurance, hospital region, hospital location/teaching status, hypertension, diabetes, dyslipidemia, obesity, coronary artery 
disease, peripheral artery disease, atrial fibrillation, congestive heart failure, Charlson comorbidity index, smoking history, and alcohol 
history. AIS indicates acute ischemic stroke; HMO, health maintenance organization; and IVT, intravenous thrombolysis.
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receive IVT compared with those admitted to urban 
teaching hospitals, a finding consistent with recently 
published data.9

Individuals aged ≥85 years with AIS had the steep-
est relative growth in IVT. This corroborates a previous 
study examining trends from 2005 to 2010,3 where 
individuals aged ≥85 years showed the most rapid 
increase in IVT, mostly in urban and high-volume hos-
pitals. Similarly, a study using Get With The Guidelines–
Stroke data18 and a recent study in Austria19 from their 
national Stroke Unit Registry noted a similarly dramatic 
increase in patients aged >85 years and >80 years. 
Despite the increase in IVT, its absolute rates of use 
remained low in this age group. It is unclear whether 
this is due to patients presenting outside the thera-
peutic window, inability to determine last known well 
time in those who live alone, concerns about adverse 

events, or contraindications due to comorbidities. The 
underuse of IVT in individuals aged <18 is likely due to 
limited evidence of efficacy in this age group, lack of 
Food and Drug Administration approval, atypical pre-
sentations, and lower index of suspicion for stroke.

This is the first study to show resolution of dispar-
ities in IVT for Hispanic individuals. However, race in-
equities remain. This study corroborates a previous 
NIS study that showed that Black individuals were less 
likely to receive IVT than White individuals.7,8 A pre-
vious study using the NIS database in 2004 to 2010 
noted underadministration in Black patients regardless 
of presentation to primary stroke centers.8 Potential 
reasons for the marked disparity for Black individu-
als could include provider implicit bias or discrimina-
tion20 or longer time to presentation from factors such 
as poor access to care,21,22 medical mistrust,23 and 

Table 2.  Rate of IVT From 2002 to 2015 by Age Groups, Race or Ethnicity, Sex, Insurance, and Hospital Location/Teaching 
Status

Rate of IVT use, % (95% CI) aOR* (95% CI) aARR† (95% CI)

Period 1  
(2002–2008)

Period 2  
(2009–2015)

Period 2 vs period 1  
(2009–2015 vs 2002–2008) 2002–2015

Age, y

<18 1.42 (0.72–2.11) 1.33 (0.81–1.84) 0.94 (0.49–1.77) 0.95 (0.88–1.03)

18–44 3.87 (3.51–4.23) 8.77 (8.36–9.19) 2.39 (2.14–2.67) 1.13 (1.11–1.14)

45–64 2.51 (2.34–2.69) 6.2 (6.01–6.39) 2.56 (2.37–2.77) 1.14 (1.13–1.15)

65–84 1.64 (1.53–1.75) 4.37 (4.23–4.5) 2.74 (2.53–2.95) 1.14 (1.13–1.15)

≥85  0.93 (0.84–1.01) 3.31 (3.17–3.44) 3.66 (3.3–4.07) 1.18 (1.17–1.19)

Sex

Women 1.55 (1.44–1.66) 4.47 (4.33–4.6) 2.98 (2.75–3.23) 1.16 (1.15–1.17)

Men 1.9 (1.78–2.02) 4.72 (4.57–4.86) 2.56 (2.38–2.76) 1.14 (1.13–1.15)

Race or ethnicity

White 1.86 (1.71–2) 4.75 (4.62–4.88) 2.63 (2.42–2.86) 1.14 (1.13–1.15)

Black 1.32 (1.15–1.49) 3.9 (3.73–4.07) 3.03 (2.65–3.48) 1.16 (1.14–1.18)

Hispanic 1.51 (1.27–1.74) 4.56 (4.31–4.81) 3.13 (2.66–3.69) 1.17 (1.15–1.19)

Asian or Pacific Islander 1.79 (1.4–2.17) 4.91 (4.54–5.27) 2.84 (2.28–3.52) 1.15 (1.13–1.18)

Other 1.69 (1.41–1.96) 5.17 (4.82–5.52) 3.18 (2.65–3.81) 1.15 (1.13–1.18)

Insurance

Medicare 1.5 (1.39–1.6) 4.35 (4.21–4.48) 2.99 (2.76–3.24) 1.15 (1.14–1.16)

Medicaid 1.54 (1.38–1.7) 4.46 (4.23–4.68) 2.97 (2.65–3.33) 1.15 (1.13–1.16)

Private (including HMO) 2.51 (2.34–2.68) 5.72 (5.51–5.92) 2.36 (2.18–2.55) 1.13 (1.12–1.14)

Other pay 1.96 (1.75–2.16) 4.69 (4.45–4.93) 2.47 (2.19–2.77) 1.14 (1.12–1.16)

Hospital location/teaching status

Rural 0.78 (0.66–0.9) 1.57 (1.43–1.7) 2.02 (1.72–2.38) 1.11 (1.09–1.13)

Urban nonteaching 1.40 (1.29–1.5) 3.94 (3.74–4.14) 2.90 (2.66–3.16) 1.17 (1.16–1.18)

Urban teaching 2.44 (2.19–2.68) 5.84 (5.66–6.02) 2.48 (2.23–2.76) 1.13 (1.12–1.15)

aARR indicates adjusted annual relative ratio; aOR, adjusted odds ratio; HMO, health maintenance organization; and IVT, intravenous thrombolysis.
*Adjusted odds ratio of receiving IVT comparing 2009 to 2015 vs 2002 to 2008. Adjusted for female sex, age, race, ethnicity, national quartile of household 

income by zip code, insurance, hospital region, hospital location/teaching status, hypertension, diabetes, dyslipidemia, obesity, coronary artery disease, 
peripheral artery disease, and atrial fibrillation.

†Slope of log linear of IVT administration from 2002 to 2015. Adjusted for female sex, age, race, ethnicity, national quartile of household income by zip code, 
insurance, hospital region, hospital location/teaching status, hypertension, diabetes, dyslipidemia, obesity, coronary artery disease, peripheral artery disease, 
atrial fibrillation.
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differences in stroke preparedness (ie, the ability to 
recognize signs and symptoms of stroke, knowledge 
to call 911, and action to call 911).24,25 It could also be 
due to systematic differences in quality of care at hos-
pitals where Black patients most often present.7

This study is the first to show an improvement in sex 
disparities in IVT. It is widely recognized that women are 
less likely to receive IVT compared with men. Factors 
contributing to sex differences in thrombolytic rates for 
women include delays in presentation,26 atypical pre-
sentations,27 underlying system-level factors,7 inability 
to determine last known well time, and provider bias.28 
More research is needed to determine what has led 
to the reductions in sex differences, but more wide-
spread use of stroke pathways may be a factor.

This study is the first to evaluate nationwide tem-
poral trends in receipt of IVT by insurance type. The 
profound differences in IVT use by insurance type 
highlight the need to expand health care access and 
improve quality of care for those with government in-
surance. An example of an initiative that was success-
ful in augmenting use of IVT was the Target: Stroke 
Quality Initiative,29 which led to a quicker administra-
tion of IVT with better long-term outcomes in Medicare 
beneficiaries.

This study confirms a persistent trend of worsening 
rural–urban disparities in IVT for AIS in the early 21st 
century.4,6,9 This widening disparity occurred with the 
steady temporal growth in IVT use in urban teaching 
hospitals; use of IVT in rural hospitals fluctuated in young 
patients aged 19–44 years with AIS from 2001 to 2009.6 
A study from 2012 to 2017 demonstrated a persistent, 
steady gap in IVT use for rural populations.9 The widen-
ing urban–rural gap could be explained by poor hospi-
tal and emergency medical services staffing, access to 
specialists, long distance to stroke centers, and stroke 
literacy. These issues could be mitigated by expansion 
of telestroke networks30 and community outreach.

These sociodemographic and geographic inequi-
ties are likely due to individual, system, and societal 
factors3,4,6–9,31; therefore, a multipronged approach is 
needed to address them. Barriers to elimination of in-
equities include (1) fundamental drivers of inequities, 
namely,, unequal distribution of wealth, education, 
and employment opportunities; (2) historical and on-
going structural and systemic racism, which have 
disproportionately burdened Black communities with 
poverty, food insecurity, housing instability, and other 
adverse social determinants of health, and led to the 
likelihood of Black individuals having poor access to 
care22,32 or receiving care in underresourced, under-
performing hospitals; (3) ineffective messaging around 
stroke symptoms in lower-income, Black, and Hispanic 
populations24,25; (4) provider-level factors, such as un-
conscious bias,33 racism,34 and hesitancy to treat 
the elderly with IVT3; (5) patient-level factors, such as 
women being more likely to live alone26 and delays in 
presentation21; and (6) clinical factors such as atypical 
clinical presentations.27

The study is limited by its cross-sectional design and 
lack of patient-level zip codes and stroke-specific data 
such as hospital stroke center designation, last known 
well times, and stroke severity. Importantly, the national 
database does not provide the level of detail needed to 
determine IVT contraindications (eg, time since prior 
neurosurgery, head trauma, stroke, imaging findings, 
current anticoagulant use) and individualized consider-
ations for IVT use (eg, personal/goals of care). The as-
certained disparities in IVT could have been driven by 
differences in prevalence of these factors rather than 
race or ethnicity. Additionally, administrative data (eg, 

Table 3.  Comparison of the Rate of IVT Use Within Age, 
Race or Ethnicity, Sex, Insurance, and Hospital Location/
Teaching Status, in 2002 to 2008 and 2009 to 2015

aOR* for IVT use (95% CI)

Period 1 
(2002–2008)

Period 2 
(2009–2015)

Age, y

<18 0.36 (0.21–0.59) 0.14 (0.09–0.21)

18–44 Reference Reference

45–64 0.64 (0.59–0.70) 0.69 (0.65–0.72)

65–84 0.42 (0.38–0.45) 0.47 (0.45–0.50)

≥85 0.23 (0.21–0.26) 0.36 (0.34–0.38)

Sex

Women 0.81 (0.78–0.84) 0.94 (0.92–0.97)

Men Reference Reference

Race or ethnicity

White Reference Reference

Black 0.71 (0.63–0.79) 0.81 (0.78–0.85)

Hispanic 0.81 (0.69–0.94) 0.96 (0.91–1.02)

Asian or Pacific 
Islander

0.96 (0.78–1.19) 1.04 (0.96–1.12)

Other 0.91 (0.77–1.07) 1.09 (1.02–1.18)

Insurance

Medicare 0.59 (0.56–0.62) 0.75 (0.72–0.77)

Medicaid 0.61 (0.55–0.67) 0.77 (0.73–0.81)

Private (including 
HMO)

Reference Reference

Other pay 0.78 (0.70–0.85) 0.81 (0.77–0.85)

Hospital location/teaching status

Rural Reference Reference

Urban nonteaching 1.80 (1.52–2.12) 2.58 (2.33–2.85)

Urban teaching 3.17 (2.65–3.80) 3.90 (3.55–4.28)

aOR indicates adjusted odds ratio; HMO, health maintenance organization; 
and IVT, intravenous thrombolysis.

*Adjusted odds ratio of receiving IVT comparing 2009–2015 vs 2002–
2008. Adjusted for female sex, age, race, ethnicity, national quartile of 
household income by zip code, insurance, hospital region, hospital location/
teaching status, hypertension, diabetes, dyslipidemia, obesity, coronary 
artery disease, peripheral artery disease, atrial fibrillation.
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race, ethnicity, diagnosis) are prone to misclassifica-
tion and coding errors. We excluded individuals who 
were transferred in, so we may have underestimated 
IVT rates. However, hospitals usually provide IVT be-
fore transfer, so we suspect these numbers are low. 
The strengths of this study include that it is nationally 
representative, with key hospital-level factors, sociode-
mographic characteristics, and comorbidities.

Further studies are needed to develop an under-
standing of reasons underlying persistent inequities as 
well as recent improvements (eg, resolution in inequities 
faced by Hispanic individuals). It will be critical to elu-
cidate the extent to which these inequities are caused 
by system-, provider-, society-, and patient-level fac-
tors. Developing a more nuanced understanding of the 
causes for persistent inequities in IVT will inform the de-
velopment of effective interventions for reducing them.

CONCLUSIONS
From 2002 through 2015, IVT for AIS in the United 
States increased steadily in various strata, with some 
encouraging trends of rapidly growing use of IVT among 
individuals aged ≥85 years and a resolution of dispari-
ties for Hispanic individuals. Despite these encourag-
ing trends, only 1 in 15 patients with AIS received IVT, 
and inequities remain for Black patients, women, those 
with Medicaid or Medicare insurance, and individuals 
admitted to rural hospitals. Further studies can help us 
better understand these trends and design interven-
tions aimed at eliminating inequities in IVT for AIS.
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