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Emerging temporal trends in tissue
plasminogen activator use
Results from the BASIC project

ABSTRACT

Objective: To explore temporal trends in tissue plasminogen activator (tPA) administration for
acute ischemic stroke (AIS) in a biethnic community without an academic medical center and
variation in trends by age, sex, ethnicity, and stroke severity.

Methods: Cases of AIS were identified from 7 hospitals in the Brain Attack Surveillance in Corpus
Christi (BASIC) project, a population-based surveillance study between January 1, 2000, and
June 30, 2012. tPA, demographics, and stroke severity as assessed by the NIH Stroke Scale
(NIHSS) were ascertained from medical records. Temporal trends were explored using general-
ized estimating equations, and adjustment made for age, sex, ethnicity, and NIHSS. Interaction
terms were included to test for effect modification.

Results: There were 5,277 AIS cases identified from 4,589 unique individuals. tPA use was
steady at 2% and began increasing in 2006, reaching 11% in subsequent years. Stroke severity
modified temporal trends (p5 0.003) such that cases in the highest severity quartile (NIHSS. 8)
had larger increases in tPA use than those in lower severity quartiles. Although ethnicity did not
modify the temporal trend, Mexican Americans (MAs) were less likely to receive tPA than non-
Hispanic whites (NHWs) due to emerging ethnic differences in later years.

Conclusions: Dramatic increases in tPA use were apparent in this community without an academic
medical center. Primary stroke center certification likely contributed to this rise. Results suggest
that increases in tPA use were greater in higher severity patients compared to lower severity pa-
tients, and a gap between MAs and NHWs in tPA administration may be emerging. Neurology®

2016;87:2184–2191

GLOSSARY
AIS 5 acute ischemic stroke; BASIC 5 Brain Attack Surveillance in Corpus Christi; ED 5 emergency department; EMS 5
emergency medical services; GAM 5 generalized additive models; GEE 5 generalized estimating equations; ICD-9 5 Inter-
national Classification of Diseases–9; IQR 5 interquartile range; IRB 5 internal review board; MA 5 Mexican American;
NHW 5 non-Hispanic white; NIHSS 5 NIH Stroke Scale; PSC 5 primary stroke centers; RR 5 relative rate; tPA 5 tissue
plasminogen activator.

Stroke is a leading cause of death and long-term adult disability in the United States.1,2 Due to
reductions in stroke mortality and increased life expectancy, the prevalence of stroke is climbing
and predicted to increase by 20.5% by 2030, with the largest increase among Hispanic men
(29%).1 Disparities exist in stroke care in the United States with differences in tissue plasmin-
ogen activator (tPA) use based on sex and race-ethnicity demonstrated in academic settings.3–7

Temporal trends show that tPA use has more than doubled at large, high-volume academic
hospitals since the early 2000s, with data suggesting that treatment gaps based on age and race
are narrowing.8–10 Yet there is a paucity of information concerning trends in community
hospitals, which have been shown to exhibit different trends than academic centers.11

Mexican Americans (MA) have an increased stroke burden when compared to their non-
Hispanic white (NHW) counterparts, including increased stroke incidence and poorer neuro-
logic, functional, and cognitive outcomes.12–14 In the face of increasing prevalence of stroke
in the US population, in particular among Hispanics, increasing the use of tPA in those who are
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clinically eligible is essential.1 Our study eval-
uated temporal trends in tPA use from 2000 to
2012 in a biethnic community without an
academic medical center, and the effect of
race-ethnicity, sex, age, and stroke severity
on these trends.

METHODS Population and setting. Brain Attack Surveil-

lance in Corpus Christi (BASIC) is a population-based

surveillance project aimed at capturing all strokes in Nueces

County, Texas, employing both active and passive surveillance

components. The project has been in continuous operation

since 2000. Most residents of Nueces County live in the

Corpus Christi metropolitan area, and the surrounding counties

are sparsely populated. The population of Nueces County is

approximately 347,691 (2012 estimate) with 61.5% identifying

as Hispanic, most of whom are MA.15 The population is served

by 2 health systems with 7 acute-care community hospitals

between them, none of which is an academic medical center.

The closest potential referral centers are located in San Antonio

and Houston, which are both more than 150 miles away,

meaning that exceedingly few cases from Nueces County will

be sent to one of these areas without passing through one of

the area’s 7 acute-care facilities. All hospitals have CT and MRI

capabilities. During the study, 2 of the hospitals were certified as

Joint Commission primary stroke centers (PSCs). One center was

certified in 2009 and the other in 2010, and both have

maintained certification to the present date. In order to be

eligible for the BASIC project, a patient must be 45 years old

or greater and reside in Nueces County for at least 6 months of

the year. Cases in which the immediate cause of stroke was head

trauma were excluded. For our analysis we included only those

cases with race/ethnicity of MA or NHW. Other races/ethnicities

were excluded due to their low sample size, which prohibited the

examination of trends in these subgroups.

Standard protocol approvals, registrations, and patient
consents. The University of Michigan internal review board

(IRB) and the IRBs of both Nueces County health systems

approved the BASIC project.

Case ascertainment. The BASIC project utilizes both active

and passive surveillance techniques to identify cases of stroke.

The study procedures were previously described in full, and are

briefly described here.12,16,17 In the active component, trained

abstractors review hospital admission logs on a daily basis using

validated screening terms.18 In addition, the hospital wards and

intensive care units are reviewed to identify in-house strokes and

those missed upon admission. Emergency department (ED) logs

are frequently reviewed as well using the aforementioned

screening terms. Abstractors are trained to review medical

records and generate electronic reports of possible cases. In the

passive component, hospital discharge records are collected

monthly and reviewed searching for ICD-9 codes for stroke

diagnoses (430–438, excluding 433.x0, 434.x0 [x 5 1–9],

437.0, 437.2, 437.3, 437.4, 437.5, 437.7, 437.8, and 438).

There have been minor changes to the case ascertainment

procedures during the project, which have been described

previously.12

Case validation. Cases are validated by neurologists or a stroke

fellowship–trained emergency physician. Since tPA is only

appropriate for the treatment of ischemic stroke, we excluded

cases of hemorrhagic strokes. Stroke cases are validated using

previously published international guidelines that define stroke as

the onset of focal neurologic deficits following a defined vascular

pattern without resolution within 24 hours, unless tPA is

administered, and is not explainable by nonvascular etiology.19

This does not include evidence of stroke observed on MRI in the

absence of clinical deficit. CT and MRI assist in determining the

stroke type. All validated cases of acute ischemic stroke (AIS) in

the BASIC project between January 1, 2000, and June 30, 2012,

were included in the current analysis.

tPA and covariate collection. During abstraction of cases

meeting inclusion criteria, tPA administration was abstracted

directly from the medical record. In addition, demographics (age,

sex, race-ethnicity) and initial stroke severity were collected from

the medical record. Stroke severity was assessed by the NIH Stroke

Scale (NIHSS), which was abstracted directly from the medical

record or calculated based on a previously validated method.20 We

have previously demonstrated high agreement between race-ethnicity

from the medical record and self-report (k 5 0.94).17

Statistical analysis. Demographic characteristics and other var-

iables were summarized for the overall study population as well as

aggregated for the first 3 years (2000–2002) and the last 3 years

(2010–2012) of the study period. To calculate the mean change

of each variable from 2000 to 2012, we fitted generalized esti-

mating equations (GEE) to account for repeated observations

among participants. For the primary analysis, we first examined

the unadjusted temporal trend in tPA use using the yearly data.

We explored the potential for nonlinear temporal trends in tPA

use by fitting generalized additive models (GAM) with a smooth

term for calendar year. Visual inspection of the fitted trend and the

degrees of freedom of the smooth term indicated a quartic (fourth

degree) polynomial would sufficiently describe the temporal trend.

We then fit a model using GEE, where the temporal trend was

modeled using a fourth-degree polynomial; GEE allowed us to

account for repeated observations among participants. A binomial

distribution and log link were used in both the GEE and GAM

models. We then fit an adjusted model additionally including age,

sex, ethnicity, and NIHSS. Functional forms of continuous

covariates (age and NIHSS) were also examined in GAMs, which

indicated a linear term for age and a quadratic term for NIHSS

would adequately describe the associations. We then assessed for

effect modification of the temporal trend in tPA administration by

age, sex, ethnicity, and NIHSS score by including interaction terms

between these covariates and time in separate models using GEE.

The final step was to fit a model including covariates and any

significant interactions identified in the previous step. For the

interaction terms, a significance level of 0.10 was used. Statistical

analysis was performed using SAS 9.3 (SAS Institute Inc., Cary,

NC) and R 3.1.1 (R Development Core Team, 2014).

RESULTS There were 5,661 validated cases of AIS
recorded in the BASIC project between January 1,
2000, and June 30, 2012. Of these cases, 384 were
excluded due to race/ethnicity other than NHW or
MA. In addition, 3 cases were missing an NIHSS score
and were thus excluded. Patient characteristics are
shown in table 1, displayed for the overall study pop-
ulation, as well as an early (2000–2002) and late
(2010–2012) time period in order to compare changes
over time. The median age of the study population was
72 (interquartile range [IQR] 61–81). Fifty-one
percent were female and 56.7% were MA. Overall,
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the cases of stroke were mild to moderate in nature,
with median NIHSS score of 4 (IQR 2–8). The risk
factors for stroke present among the cases of AIS
showed variation between the early time period and
the late time period. There was an increase in the
prevalence of uninsured, atrial fibrillation, diabetes
mellitus, high cholesterol, hypertension, and former/
current smoker status.

The analysis included 5,277 cases, from 4,589
unique individuals, and in 219 of these cases, repre-
senting 212 unique individuals, tPA was adminis-
tered. The crude/adjusted proportion of receiving
tPA each year was steady at 2% until around 2006
and then increased substantially (figure 1), reaching
7%–11% in 2011.

Effect modification of the temporal trend in tPA
use was present for NIHSS (p 5 0.003). Larger in-
creases in tPA use were observed for patients with high-
er NIHSS than for those with lower NIHSS (figure
2A). With adjustment for other covariates at their
means, the estimated proportion of patients receiving
tPA with a lower NIHSS (evaluated at 25th percentile)
increased from 0.74% (95% CI 0.28–1.98) in 2000 to
1.47% (95% CI 0.50–4.26) in 2012. The rapidity of
this increase was substantially lower than the rise
observed in the patients with higher NIHSS (evaluated
at 75th percentile), in whom the estimated percent of
receiving tPA increased from 1.88% (95% CI 0.85–
4.18) in 2000 to 5.92% (95% CI 3.25–10.79) in
2012. Results for other covariates in the final multivari-
able model are summarized in table 2. Greater age was

associated with reduced tPA use (relative rate [RR]
0.77 for 10-year increase in age [95% CI 0.69–
0.85]). MAs were less likely to receive tPA (RR 0.73;
95% CI 0.57–0.93) compared to NHWs although
eligibility criteria were not available for assessment.
Although ethnicity did not modify the temporal trend,
there was a widening difference in tPA use between
NHWs and MAs in the years since 2006 (figure 2B).
Sex and age did not modify the effect of time on tPA
administration.

DISCUSSION The dramatic increase in tPA adminis-
tration observed in this study is greater than previously
reported temporal trends over shorter time periods from
national samples, which represent primarily academic
medical centers.8,10,21 Previously published evidence sug-
gests that of all the patients who present to the ED with
stroke, the proportion arriving within 3 hours from
symptom onset is less than 50% and within 4 hours
is approximately 55%.22 It is possible that the increase in
tPA use over time reflects a higher proportion of patients
presenting within the appropriate treatment window.
We did not have reliable data concerning time from
symptom onset to ED presentation to test this hypoth-
esis; however, previous work suggests that the propor-
tion of patients arriving within 2 hours has not changed
significantly over time.22 This leads us to believe that
temporal trends in arrival time may be playing a small
role and the more likely explanation is that clinical
decision-making and in-hospital systems are leading to
more patients receiving tPA.

Table 1 Patient characteristics from validated cases of acute ischemic stroke from the Brain Attack Surveillance in Corpus Christi project
between January 1, 2000, and June 30, 2012: All values are listed

Variable
Overall % or median
(Q1, Q3), n 5 5,277

2000–2002,
n 5 1,346

2010–2012,
n 5 1,001

Mean change,
2000–2012a 95% CI p Valuea

Age, y 72 (61, 81) 73 (63, 81) 70 (59, 81) 21.78 22.97 to 20.59 0.003

Female 51.3 53.1 50.4 22.6 27.4 to 2.2 0.293

MA 56.7 53.9 60.4 8.4 3.7 to 13.2 0.001

NIHSS 4 (2, 8) 4 (2, 7) 4 (2, 10) 1.89 1.23 to 2.6 ,0.001

Uninsured 6.4 5 9.8 5.9 3.5 to 8.3 ,0.001

Afib 15.7 12.1 17.9 7.7 4.4 to 10.9 ,0.001

CAD 34.3 34.9 30.9 21.2 25.6 to 3.2 0.603

Excessive alcohol 5.7 5.7 6.4 0.1 22.0 to 2.3 0.904

Diabetes mellitus 43 39.9 47 9.3 4.6 to 14.0 ,0.001

High cholesterol 35.2 19.4 48 38.5 34.4 to 42.6 ,0.001

Hypertension 78.2 72.1 82.4 14.8 11.0 to 18.6 ,0.001

History of stroke 38.3 37.9 34.2 21.9 26.4 to 2.6 0.401

Smoker (former/current) 32.3 30.1 36.4 6.8 2.4 to 11.2 0.003

Abbreviations: Afib 5 atrial fibrillation; CAD 5 coronary artery disease; CI 5 confidence interval; MA 5 Mexican American; NIHSS 5 NIH Stoke Scale;
Q 5 quartile.
aGeneralized estimating equation was fit: E[Χjtime] 5 b0 1 b1 time. The mean or % change of variable over full study period was calculated by E[Χjtime 5

12] 2 E[Χjtime 5 0] and P(Χ 5 1jtime 5 12) 2 P(Χ 5 1jtime 5 0), respectively. 95% CI and p values were calculated using empirical standard error.
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The observed ethnic difference appears to be
driven primarily by differences in the recent years of
the project when tPA use was increasing dramatically
and more so in NHWs. This contradicts findings
from other studies of temporal trends, which indicate
racial-ethnic disparities in tPA use are narrowing,
though these studies did not specifically examine
MAs.8–10 This is of particular importance due to the
recent finding that functional outcomes following
stroke are worse for MAs as compared with NHWs.14

Previous work in BASIC demonstrated that MAs
were less likely to arrive to the ED by emergency
medical services (EMS) than NHWs.23 Arrival by
EMS has been associated with greater likelihood of
receiving tPA, which could be driving some of the
observed ethnic difference in tPA use.24–26 Of note,
the prevalence of uninsured status among the MAs in
the study was 1.65 times higher than among NHWs.

While there was variation over the study period,
including an increase in the proportion of uninsured
patients, the ratio between MAs and NHWs re-
mained stable. It is unlikely that the small differences
in insurance status could be a contributing factor to
MAs receiving tPA less often, especially because of the
emerging divergence in treatment rates during later
years of the study. There were 2 primary risk factors
that showed ethnic differences. Prevalence of atrial
fibrillation was higher in NHWs and prevalence of
diabetes was higher in MAs. It is important to note
that these both may affect eligibility for tPA admin-
istration to a varying degree. Patients with atrial fibril-
lation are often on anticoagulation medication and an
international normalized ratio.1.7, usually exceeded
by those on anticoagulation medication, is an exclu-
sion criterion for tPA administration. This would be
expected to result in more NHWs being ineligible to

Figure 1 Crude and adjusted proportion receiving tissue plasminogen activator (tPA)

Estimated and observed proportion receiving tPA among cases of validated acute ischemic stroke from the Brain Attack
Surveillance in Corpus Christi project between January 1, 2000, and June 30, 2012. (A) Crude estimated/observed propor-
tion of receiving tPA. (B) Adjusted estimated/observed proportion of receiving tPA. Note that year was modeled as a cate-
gorical variable for observed percent in tPA use. CI 5 confidence interval.
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receive tPA. Diabetes combined with a history of
prior ischemic stroke is a relative exclusion criterion
in the extended window (3–4.5 hours), which would
have a lesser impact on administration rates compared
to atrial fibrillation. These differences in primary risk
factors are unlikely to explain the observed temporal
trends and may in fact lead to the ineligibility of more
NHWs than MAs due to propensity for hemorrhagic
complications. Future research should consider the
causes of lower tPA use in MAs to identify possible
intervention targets such as increased symptom rec-
ognition and use of EMS.

Findings suggest that the population of patients
with more severe strokes based on NIHSS saw greater
increases in tPA administration as compared to those
with more mild strokes. Recently there has been more
attention paid to the potential benefits for mild stroke
as well, which has manifested as greater tPA use over

time for mild stroke in other studies.10 In the current
study, mild strokes did show greater likelihood of
receiving tPA over time; however, as mentioned
above, it was much less than the rise among more
severe strokes.

As stated in the Methods, 2 of the participating
hospitals achieved certification as PSCs during the
study period. This certification administered by the
Joint Commission requires health centers to meet cer-
tain quality of care metrics including the use of
thrombolytics in eligible patients with AIS. One cen-
ter was certified in 2009 and the other in 2010, and
both have maintained certification. Those hospitals
achieving PSC certification have been shown to have
significant increases in IV thrombolysis rates as well
as improved 30-day mortality and readmission out-
comes.27–33 Thus, the efforts by these 2 hospitals to
achieve and maintain PSC status likely contributed

Figure 2 Estimated proportion receiving tissue plasminogen activator (tPA) by severity and ethnicity

(A) Estimated percent (adjusted) receiving tPA use at NIH Stroke Scale (NIHSS) Q1 (NIHSS5 2) and NIHSS Q3 (NIHSS5 8)
in 2000–2012. (B) Estimated percent (adjusted) receiving tPA use by ethnicity. MA 5 Mexican American; NHW 5 non-
Hispanic white.
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to the abrupt rise in tPA use observed in the
community.

In previous studies, there have been conflicting
data concerning sex differences in tPA use. A large
meta-analysis found that women were consistently
less likely to receive tPA than men across studies,
while a nationally representative sample found no dif-
ference.7,34 The evidence in the current study suggests
no sex differences, and trends did not differ by sex.
Similarly, previous research has shown that older
stroke patients receive less care than younger patients,
including fewer recommended diagnostic tests and
treatments.35–37 In our analysis, we found that as
age increases, the likelihood of receiving tPA de-
creases, which is consistent with previous work.

A major strength of our study worth emphasizing is
the population-based setting. By conducting the
BASIC surveillance project as a community-wide, pop-
ulation-based study, we are able to reflect the health
care experience of a previously understudied large pro-
portion of the US population. The characteristics of
the BASIC project make it the ideal setting to study
the stroke management practices of general nonaca-
demic community hospitals, which may have different
practice patterns than the more often studied large

academic medical centers.11 This includes studies on
the effect of PSC certification, which have been
focused on academic medical centers; the few that
examine community hospitals are small and lack suf-
ficient follow-up. Our study fills this gap by providing
evidence from multiple facilities with a long duration
of data collection.

In addition to providing valuable information
concerning care in the community hospital setting,
the BASIC project provides high-quality information
for the MA population, one not well-represented in
previous work. The 2010 Census showed that the
United States has a Hispanic population of 50.5 mil-
lion, which comprises 16% of the total population.
Of the 50.5 million Hispanics, 63% are MAs, with
a growth of 54.1% since 2000.38 The increased stroke
burden in MAs along with the knowledge that MAs
comprise a rapidly growing group of the US popula-
tion underlies the need for further research surround-
ing stroke management in this population.

Some limitations warrant discussion. The current
study was unable to explore, and adjust for, hospital
arrival and door-to-needle times due to a lack of reli-
able arrival time data across the entire study period.
We focused our analysis on the trend of patients receiv-
ing treatment with IV tPA. It would be advantageous
to consider arrival within the treatment window and
IV thrombolytic eligibility to better understand the
observed trends. A lack of prognostic and clinical out-
come data associated with the increasing use of tPA
means that we are unable to comment on this relation-
ship. It would be an important next step to explore if
the increase in tPA use is improving outcomes. The
generalizability of the results may be limited by the
demographic makeup of the region, which differs from
other areas of the country. Previously established
regional variation in thrombolytic therapy means that
the well-defined geographic region may also limit gen-
eralizability.39 However, this is balanced with the abil-
ity of the study design to capture nearly all cases of
stroke in which the patient presented to a medical
center.

Rapid increases in tPA use were apparent in this
community with the years since 2006 showing an
exponential increase. This is likely a result of the
success of initiatives, such as PSC certification, de-
signed to improve the use of IV thrombolytics in
those patients in whom it has been proven effective.
Varying temporal trends indicate that severe strokes
have seen greater increases in tPA use, and a gap in
tPA use between MAs and NHWs may be emerging.
As physician experience with tPA and its use in com-
munity settings increases, follow-up studies should
continue to explore temporal trends in tPA as well
as identify possible strategies to improve tPA use
in MAs.

Table 2 Estimated relative rate (RR) of receiving tissue plasminogen activator
among validated cases of acute ischemic stroke from the Brain Attack
Surveillance in Corpus Christi project between January 1, 2000, and
June 30, 2012

Variable RR 95% CI

MA 0.73 0.57–0.93

Age per 10-year increase 0.77 0.69–0.85

Female 1.06 0.82–1.38

Year

RRa at NIHSS 5 2 RRa at NIHSS 5 8

RR 95% CI RR 95% CI

2001 1.06 0.37–3.04 1.09 0.55–2.16

2002 0.74 0.17–3.21 0.97 0.37–2.55

2003 0.46 0.10–2.11 0.83 0.30–2.31

2004 0.32 0.08–1.33 0.77 0.29–2.07

2005 0.29 0.08–1.05 0.83 0.33–2.12

2006 0.36 0.11–1.17 1.07 0.44–2.60

2007 0.60 0.20–1.80 1.61 0.69–3.76

2008 1.27 0.45–3.56 2.65 1.17–6.04

2009 2.77 0.98–7.84 4.34 1.91–9.86

2010 4.89 1.67–14.37 6.03 2.61–13.93

2011 5.02 1.69–14.90 5.86 2.51–13.70

2012 1.98 0.50–7.78 3.14 1.18–8.41

Abbreviations: CI 5 confidence interval; MA 5 Mexican American; NIHSS 5 NIH stoke scale.
RR of variables are estimated from the final model including age, MA, female, a quadratic
term of NIHSS, and a quadratic term of year, and interaction between NIHSS and year.
a Reference category is year 2000.
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Emerging temporal trends in tissue plasminogen activator
use: Results from the BASIC project (see p. 2184)
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