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ABSTRACT

Objective: We aimed to compare the rates of thrombolysis utilization for acute ischemic stroke in
hospitals with neurology residency (NR) to those of other teaching (OT) and nonteaching (NT)
hospitals.

Methods: A retrospective serial cross-sectional cohort study of a nationally representative sam-
ple of stroke patients was conducted. Accreditation Council for Graduate Medical Education–
accredited NR program–affiliated hospitals in the United States were cross-matched to the hos-
pitals in the Nationwide Inpatient Sample from 2000 to 2010. ICD-9-CM codes were used for
case ascertainment.

Results: A total of 712,433 adult ischemic stroke patients from 6,839 hospital samples were
included, of whom 10.1%, 29.1%, and 60.8%were treated in NR, OT, and NT hospitals, respec-
tively. Stroke patients in NR received thrombolysis more frequently (3.74% 6 0.24% [standard
error]) than in OT (2.28% 6 0.11%, p , 0.001) and NT hospitals (1.44% 6 0.06%, p , 0.001).
The adjusted odds ratios (ORs) of thrombolysis rates in NR vs OT and NR vs NT increased with
each decade increment in age. In multivariate analysis, NR was independently predictive of higher
thrombolysis rate (adjusted OR 1.51; 95% confidence interval [CI] 1.44–1.59 [NR vs OT], and
adjusted OR 1.82; 95% CI 1.73–1.91 [NR vs NT]).

Conclusions: Acute stroke care in NR hospitals is associated with an increased thrombolytic uti-
lization. The disparities between the thrombolysis rate in NR and that in OT and NT hospitals are
greater among elderly patients. Neurology® 2013;81:1986–1995

GLOSSARY
AIS 5 acute ischemic stroke; CCI 5 Charlson comorbidity index; CI 5 confidence interval; HCUP 5 Healthcare Cost and
Utilization Project; HHS5 Health and Human Services; ICD-9-CM5 International Classification of Diseases, Ninth Revision,
Clinical Modification; JC-PSC 5 Joint Commission–certified Primary Stroke Center; NIS 5 Nationwide Inpatient Sample;
NR 5 neurology residency; NT 5 nonteaching; OR 5 odds ratio; OT 5 other teaching; tPA 5 tissue plasminogen activator.

IV thrombolysis using recombinant tissue plasminogen activator (tPA) within 3 hours of symp-
tom onset has remained the only US Food and Drug Administration–approved therapy shown
to improve outcomes in acute ischemic stroke (AIS) for more than a decade.1,2 Benefit is still
seen when given from 3 to 4.5 hours after stroke onset.3 Despite significant increase in throm-
bolytic utilization over the last decade in the United States, the treatment is widely underutil-
ized, with an estimated rate of 3.4% to 5.2% of all stroke cases during 2009.4,5 Identification of
factors associated with thrombolytic utilization may lead to better understanding of barriers to
the treatment and provide an opportunity for interventions to increase the utilization. Teaching
hospitals may have greater adherence to evidence-based guidelines and have more resources for
timely thrombolytic treatment, resulting in higher thrombolytic utilization compared to non-
teaching (NT) hospitals.6,7 Hospitals with neurology residency (NR) training programs have
physicians in training with focus in treating neurologic conditions. NR may also have a greater
involvement of subspecialty-trained vascular neurologists and fellows in training compared to
other teaching (OT) and NT hospitals, potentially influencing thrombolytic utilization.
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Therefore, we hypothesized that NR may have
a stroke thrombolysis rate different from that
in OT and NT hospitals.

METHODS We compared the rate of thrombolytic utilization

for AIS in NR to that in OT and NT hospitals in the United

States in a retrospective serial cross-sectional cohort study from

a national database.

Data source. We used the Nationwide Inpatient Sample (NIS) of

the Healthcare Cost and Utilization Project (HCUP) from 2000 to

2010. NIS is sponsored by the Agency for Healthcare Research and

Quality of the US Department of Health and Human Services

(HHS). NIS is an approximately 20% sample of all admissions in

nonfederal US hospitals. Hospitals are stratified based on the following

5 characteristics to ensure a sample representative of all hospitalizations

in the United States: 1) geographic region: northeast, midwest, south,

or west; 2) hospital ownership: public, private not-for-profit, or private

investor-owned; 3) location: rural or urban; 4) teaching status: teach-

ing or nonteaching, and 5) bed size: small, medium, or large. Primary

and secondary diagnoses and in-hospital procedures are recorded using

ICD-9-CM codes. Detailed information regarding the design and

the contents of NIS can be obtained from the HCUP Web site

http://www.hcup-us.ahrq.gov/nisoverview.jsp (accessed December 1,

2012).8 NIS is publicly available and contains no patient-identifying

information. Therefore, the database fulfills the requirements for

exemption from a formal ethics committee review per HHS

guidelines available at http://www.hhs.gov/ohrp/policy/checklists/

decisioncharts.html (accessed December 1, 2012).9

Case selection. Figure 1 shows the case selection flowchart of the
study. We used ICD-9 codes 433.x1, 434.x1, and 436 as a primary

or secondary diagnosis to identify AIS.10–13 Thrombolytic infusion

was ascertained by ICD-9 volume 3 procedure code 99.10.4,14,15 To

avoid the uncertainty of indication for thrombolysis, we excluded

the cases with acute myocardial infarction or pulmonary embolism

and those on hemodialysis (with possibly clotted access) from the

analyses. Cases from all children’s hospitals and those aged,18 years

were also excluded. Hospitalizations for short-term inpatient reha-

bilitation are excluded from the NIS. Hospitals from states partici-

pating in NIS that suppressed the hospital identifiers in the

database were also excluded from the analyses due to inability to

ascertain NR vs OT status (table e-1 on theNeurology®Web site at

www.neurology.org).

Hospital academic status. Teaching hospitals are defined in the
NIS as hospitals meeting any of these 3 criteria: 1) American Med-

ical Association–approved residency program, 2) member of the

Council of Teaching Hospitals, or 3) ratio of full-time equivalent

interns and residents to beds of 0.25 or higher. We identified all

accredited NR training programs in the United States from the

Accreditation Council for Graduate Medical Education Web site

(http://www.acgme.org/acgmeweb) (accessed December 1, 2012).16

All hospitals affiliated with these programs that are staffed with

neurology residents were classified as NR (list available from the

authors upon request). The remaining teaching hospitals were

defined as OT hospitals and all other hospitals were classified as NT.

Stratification variables. We calculated the thrombolysis rates

among NR, OT, and NT hospitals stratified by age, sex,

Figure 1 Case selection

Tissue plasminogen activator (tPA) coding indicates the hospitals coding at least one thrombolytic infusion for ischemic
stroke during the sampled year. MI5myocardial infarction; NIS5 Nationwide Inpatient Sample; NR5 neurology residency;
NT 5 nonteaching; OT 5 other teaching; PE 5 pulmonary embolism.

Neurology 81 December 3, 2013 1987

http://www.hcup-us.ahrq.gov/nisoverview.jsp
http://www.hhs.gov/ohrp/policy/checklists/decisioncharts.html
http://www.hhs.gov/ohrp/policy/checklists/decisioncharts.html
http://www.neurology.org
http://www.acgme.org/acgmeweb


ethnicity, health insurance, modified Charlson comorbidity index

(CCI),17,18 stroke case volume of the hospital, bed size, location,

US geographic region, and Joint Commission–certified Primary

Stroke Center (JC-PSC) status. Age was divided into 18–44, 45–

54, 55–64, 65–74, 75–84, and $85 years.19,20 Ethnicity was

divided into Caucasian, African American, Hispanic, Asian/

Pacific Islander, other, and missing ethnicity data. CCI was

calculated by using HCUP comorbidity software available

at http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/

comorbidity.jsp (accessed December 1, 2012)21 and categorized

into 4 groups: 0, 1, 2, and$3.22,23 Hospital stroke case volume was

divided into the following quartiles: 1st (1–20 cases/year), 2nd (21–

66 cases/year), 3rd (67–164 cases/year), and 4th (.164 cases/year).

We identified the JC-PSCs from the JC Web site http://www.

jointcommission.org (accessed December 1, 2012) and active

JC-PSC certification status at the time of the admission was

determined based on the initial certification date.24 The Web site

currently provides the certification history from 2006 onwards and

therefore, all analyses involving JC-PSC were limited to 2006–2010.

Sensitivity analysis. A total of 29.8% of all cases were treated in

hospitals not reporting any thrombolytic infusion code during the

sampled year. As this may represent either underreporting or

actual nonutilization by the hospital in a given year, we con-

ducted a separate analysis using only the hospital samples coding

at least one thrombolytic infusion in a given year to verify the

internal validity of the primary results.

Statistical analysis. Baseline patient and hospital characteristics
are described by using median and interquartile range for numeric

variables and percent proportions for categorical variables. The

thrombolysis rates are presented as the percent of all AIS cases

treated. Comparisons were made by using Wilcoxon rank-sum

test for numeric and x2 test for categorical variables. Standard

errors of population estimates were calculated as recommended

by HCUP.25 We calculated secular trends of thrombolytic utili-

zation in all 3 hospital types by using x2 test for linear association.

Multivariate logistic regression was used to assess independent

effect of hospital academic status on thrombolytic utilization.

Model building based on statistically significant univariate asso-

ciation of the predictor variables was not used because of the large

sample size resulting in significant univariate associations even

with small absolute differences. The following prespecified con-

founders were identified based on prior studies7,26–30 and were

controlled for in the regression models: age, sex, ethnicity, health

insurance, CCI, hospital stroke case volume, urban vs rural loca-

tion, geographic region, calendar year, and JC-PSC status. All

analyses were performed using Statistical Package for the Social

Sciences version 17.0 (SPSS Inc., Chicago, IL) with statistical

significance set at p , 0.05.

RESULTS A total of 712,433 AIS cases in 6,839 hos-
pital samples, representing 64.5% of all stroke cases trea-
ted during the study period in the United States, were
included in the analysis. Of these, 71,801 (10.1%) were
treated in 298NR and 207,208 (29.1%) were treated in
1,063 OT hospitals. Of the total stroke cases, 499,955
(70.2%) cases were treated in 2,673 hospitals coding at
least one thrombolytic infusion during the sampled year
(figure 1). Patients in NR were younger, less likely to
be female or Caucasian, and had lower CCI. NR
were more likely to be urban and large hospitals
and have JC-PSC certification. NR also had higher

stroke and thrombolytic case volumes compared to
OT and NT hospitals. Proportionately more pa-
tients in NR were treated in the northeast United
States compared to those in OT or NT hospitals
(table 1).

The overall thrombolytic utilization rate was
1.92% 6 0.06% (standard error) during the 11-year
study period. The unadjusted thrombolysis rate was
higher in NR (3.74% 6 0.24%) compared to OT
(2.28% 6 0.11%, p , 0.001) and NT hospitals
(1.44% 6 0.06%, p , 0.001). All 3 hospital types
showed trends of increasing thrombolytic utilization
between 2000 and 2010 (p , 0.001 for all 3 trends)
(figure e-1). The thrombolysis rate increased in NR
from 0.96% in 2000 to 6.25% in 2010 while the rate
of increase was lower during the same period in OT
(from 0.82% to 4.86%) and NT hospitals (from
0.82% to 3.83%).

Age group 75–84 years had the highest rate of
thrombolysis (4.09% 6 0.29%) in NR among all
age groups, while the rates were the highest in age
group 18–44 in OT (3.40% 6 0.23%) and NT
hospitals (2.60% 6 0.15%). The thrombolysis rate
decreased with each decade increment in age from 18
to 44 years both in OT and NT hospitals (figure 2A).
The adjusted odds ratios (ORs) of thrombolysis rates
in NR vs OT and NR vs NT increased with each
decade increment in age from 18 to 44 years, indi-
cating higher discrepancy in thrombolysis rates in
more elderly patients (figure 2B). The increase in
adjusted ORs with advancing age was also found after
controlling for JC-PSC certification during 2006–
2010 (figure e-2).

Table 2 summarizes the thrombolysis rates strati-
fied by sex, ethnicity, health insurance, CCI, hospital
stroke case volume, bed size, location, geographic
region, and JC-PSC certification among all 3 hospital
types. The rates were higher in male patients, Cauca-
sian patients, private insurance, lower CCI, higher
stroke case volume, medium and large bed size, urban
location, and JC-PSCs. The rates were the highest in
the western United States in OT and NT hospitals,
while the geographic differences were not significant
in NR hospitals.

In multivariate analysis, NR was independently pre-
dictive of higher thrombolysis rate (adjusted OR 1.51;
95% confidence interval [CI] 1.44–1.59, p , 0.001
[NR vs OT], and adjusted OR 1.82; 95% CI 1.73–
1.91, p, 0.001 [NR vs NT]). Other factors associated
with higher thrombolysis rate in regression analyses were
younger age, male sex, Caucasian ethnicity, private
insurance vs Medicare, Medicare vs Medicaid or other
insurance, lower CCI, urban location, higher hospital
stroke case volume, and more recent calendar year.
The JC-PSC certification was also independently asso-
ciated with increased thrombolytic utilization during
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2006–2010 (adjusted OR 1.62; 95% CI 1.54–1.70,
p , 0.001) (table 3).

The thrombolysis rate was also higher in NR
(4.05% 6 0.24%) compared to OT (2.75% 6

0.12%, p , 0.001) and NT hospitals (2.39% 6

0.09%, p , 0.001) among the hospitals coding at
least one thrombolytic infusion during the sampled
year. Baseline characteristics and univariate/multivariate

Table 1 Baseline patient and hospital characteristics

NR, n (%) OT, n (%) p Value (NR vs OT) NT, n (%) p Value (NR vs NT)

Cases (n 5 712,433) 71,801 (10.1) 207,208 (29.1) — 433,424 (60.8) —

Hospital samples (total 6,839) 298 (4.4) 1,063 (15.5) — 5,478 (80.1) —

Age, median (IQR), y 69 (57–79) 74 (62–83) ,0.001 76 (65–84) ,0.001

Female 36,264 (50.5) 111,611 (53.9) ,0.001 240,327 (55.5) ,0.001

Ethnicity ,0.001 ,0.001

Caucasian 34,233 (47.7) 107,508 (51.9) 264,104 (60.9)

African American 14,137 (19.7) 30,492 (14.7) 36,881 (8.5)

Hispanic 5,639 (7.9) 11,235 (5.4) 23,111 (5.3)

Asian/Pacific Islander 1,903 (2.7) 4,809 (2.3) 8,823 (2.0)

Other 2,524 (3.5) 3,738 (1.8) 6,890 (1.6)

Missing information 13,365 (18.6) 49,426 (23.9) 93,615 (21.6)

Health insurance ,0.001 ,0.001

Medicare 39,774 (55.4) 136,588 (65.9) 31,4453 (72.6)

Medicaid 8,656 (12.1) 14,252 (6.9) 22,738 (5.2)

Private insurance 16,604 (23.1) 44,754 (21.6) 74,378 (17.2)

Other 6,767 (9.4) 11,614 (5.6) 21,855 (5.0)

Charlson comorbidity index ,0.001 ,0.001

0 26,802 (37.3) 72,857 (35.2) 148,328 (34.2)

1 22,631 (31.5) 65,084 (31.4) 137,997 (31.8)

2 12,343 (17.2) 37,618 (18.2) 81,964 (18.9)

‡3 10,025 (14.0) 31,649 (15.3) 65,135 (15.0)

Bed size ,0.001 ,0.001

Small 1,447 (2.0) 38,080 (18.4) 49,173 (11.3)

Medium 9,046 (12.6) 65,239 (31.5) 105,627 (24.4)

Large 61,059 (85.3) 103,889 (50.1) 278,575 (64.3)

Location ,0.001 ,0.001

Rural 521 (0.7) 8,032 (3.9) 97,182 (22.4)

Urban 71,031 (99.3) 199,176 (96.1) 336,193 (77.6)

Geographic region ,0.001 ,0.001

Northeast 32,484 (45.2) 59,383 (28.7) 81,031 (18.7)

Midwest 11,730 (16.3) 47,520 (22.9) 76,168 (17.6)

South 15,136 (21.1) 59,852 (28.9) 154,048 (35.5)

West 12,451 (17.3) 40,453 (19.5) 122,177 (28.2)

JC-PSC (2006–2010)a 17,411 (49.5) 33,168 (34.8) ,0.001 33,019 (19.6) ,0.001

Hospital stroke case volume,
median (IQR), cases/y

230 (149–339) 183 (114–277) ,0.001 48 (17–117) ,0.001

Hospital tPA volume (all),
median (IQR), cases/y

6 (1–14) 2 (0–6) ,0.001 0 (0–1) ,0.001

Hospital tPA volume (tPA coding hospitals),
median (IQR), cases/y

8 (3–17) 4 (2–8) ,0.001 2 (1–5) ,0.001

Abbreviations: IQR 5 interquartile range; JC-PSC5 Joint Commission–certified Primary Stroke Center; NR5 neurology residency; NT5 nonteaching; OT5

other teaching; tPA 5 tissue plasminogen activator.
a Percent proportion is based on 298,739 cases treated during 2006–2010.
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analyses of thrombolytic utilization in thrombolysis cod-
ing hospitals (tables e-2, e-3, and e-4, and figure e-3)
were comparable to the primary analysis of all included
hospitals.

DISCUSSION IV thrombolysis, the standard of care
in AIS, is underutilized in the United States. NR
training programs in our study showed higher throm-
bolysis utilization compared to OT and NT hospitals.
Several unmeasured factors may explain the differen-
ces. The presence of residents with focus on treating
neurologic conditions may have influenced the
thrombolysis rates directly or indirectly. Physicians
in NR may have better awareness of or be more
inclined to follow evidence-based guidelines for AIS
treatment. NR may also have higher number of
in-training vascular neurology fellows and fellowship-
trained vascular neurologists, potentially contributing
to the higher thrombolysis rates. NR also usually have
24/7 availability of in-hospital neurology residents or
vascular neurology fellows, making thrombolytic treat-
ment possible during off hours and weekends. They
may have greater experience in thrombolytic treatment
due to higher volumes and be more comfortable using
a treatment that has serious side effects if used
inappropriately.

Hospital teaching status has been shown to affect
thrombolysis rate in prior studies using NIS.6,7

Adjusted odds of thrombolytic treatment in all teach-
ing hospitals was found to be 27% higher compared
to NT hospitals after controlling for demographic and
hospital-related factors.7 A recent study of thrombol-
ysis rate in young stroke patients between 2001 and
2009 showed higher rate among urban teaching hos-
pitals compared to urban NT and rural hospitals.6

However, to our knowledge, no previous large study
has explored the association of NR training program
with thrombolytic utilization.

Consistent with previous reports from different
data sources,4,26,31 we also found significant increase
in thrombolytic utilization in recent years. Factors
contributing to this trend include the American
Heart Association’s Get With the Guidelines quality
improvement campaign (April 2003),32 the JC-PSC
certification program (December 2003),33 approval of
new diagnosis-related group 559 (AIS with use of
thrombolytic agent) with increased payment by Cen-
ters for Medicare & Medicaid Services (August
2005),34 the European Cooperative Acute Stroke
Study 3 publication3 with subsequent science advi-
sory from American Heart Association/American
Stroke Association recommending IV tPA up to
4.5 hours after stroke onset (May 2009),35 expansion
of telestroke networks across the country,36 and
increasing comfort level among physicians for using
thrombolytic treatment with increasing experience
and accumulating evidence of safety and efficacy of
tPA. It is known that JC-PSCs use tPA more fre-
quently than noncertified centers33 and in our study,
there is an association between JC-PSC certification
and NR. However, NR was associated with increased
tPA use independent of JC-PSC status in adjusted
analysis, thus indicating that other unmeasured fac-
tors are also contributing to the thrombolysis rates.

Similar to previous reports, the overall thromboly-
sis rate decreased with age in our study.7,26 However,
the elderly stroke patients in NR had relatively high
thrombolysis rates. Elderly patients have more severe
stroke37 and patients with more severe strokes have
shorter onset-to-door time,31 which may explain why

Figure 2 Thrombolysis rates by age

(A) Unadjusted thrombolysis rates by age. Error bar indicates 61 standard error of the population estimate. (B) Adjusted odds ratios (ORs) of thrombolysis
rates by age. Adjusted for sex, ethnicity, health insurance, Charlson comorbidity index, location, geographic region, calendar year, and hospital stroke case
volume. Error bar indicates 95% confidence interval of the OR. *p , 0.05; **p , 0.001. NR 5 neurology residency; NT 5 nonteaching; OT 5 other teaching;
tPA 5 tissue plasminogen activator.
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Table 2 Stratified thrombolysis rates

NR OT NT

Rate (SE), % p Value Rate (SE), % p Value Rate (SE), % p Value

Sex ,0.001 ,0.001 ,0.001

Male 4.0 (0.3) 2.5 (0.1) 1.7 (0.1)

Female 3.5 (0.2) 2.1 (0.1) 1.3 (0.1)

Ethnicity ,0.001 ,0.001 0.002

Caucasian 4.6 (0.3) 2.7 (0.1) 1.6 (0.1)

African American 2.8 (0.2) 1.4 (0.1) 1.2 (0.1)

Hispanic 3.0 (0.5) 2.2 (0.2) 1.5 (0.1)

Asian/Pacific Islander 3.0 (0.6) 2.3 (0.3) 1.5 (0.4)

Other 3.1 (0.4) 2.8 (0.3) 1.8 (0.2)

Missing information 3.1 (0.4) 1.9 (0.2) 1.1 (0.1)

Health insurance ,0.001 ,0.001 ,0.001

Medicare 3.9 (0.3) 2.0 (0.1) 1.2 (0.1)

Medicaid 2.8 (0.2) 2.2 (0.2) 1.6 (0.1)

Private insurance 4.1 (0.3) 3.2 (0.2) 2.3 (0.1)

Other 3.1 (0.4) 2.3 (0.2) 1.8 (0.1)

Charlson comorbidity index 0.001 ,0.001 ,0.001

0 4.1 (0.3) 2.6 (0.1) 1.7 (0.1)

1 3.7 (0.3) 2.3 (0.1) 1.4 (0.1)

2 3.5 (0.3) 2.1 (0.1) 1.3 (0.1)

‡3 3.2 (0.3) 1.9 (0.1) 1.2 (0.1)

Hospital stroke volume (cases/year) 0.036 ,0.001 ,0.001

First quartile (1–20) 0.0a (2) 0.3 (0.3) 0.4 (0.1)

Second quartile (21–66) 2.2 (0.4) 0.6 (0.1) 0.6 (0.0)

Third quartile (67–164) 2.3 (0.3) 1.6 (0.1) 1.2 (0.1)

Fourth quartile (‡165) 3.9 (0.3) 2.5 (0.1) 1.9 (0.1)

Bed size 0.045 ,0.001 ,0.001

Small 1.2 (0.6) 1.4 (0.1) 0.6 (0.1)

Medium 4.6 (0.6) 2.1 (0.2) 1.1 (0.1)

Large 3.6 (0.3) 2.7 (0.2) 1.7 (0.1)

Location ,0.001 0.076 ,0.001

Rural 2.7 (0.0) 1.7 (0.3) 0.7 (0.1)

Urban 3.7 (0.2) 2.3 (0.1) 1.7 (0.1)

Region 0.423 0.034 0.027

Northeast 3.8 (0.3) 2.2 (0.2) 1.4 (0.1)

Midwest 2.9 (0.5) 2.1 (0.2) 1.1 (0.1)

South 4.1 (0.5) 2.0 (0.2) 1.5 (0.1)

West 4.0 (0.7) 3.0 (0.3) 1.7 (0.1)

JC-PSC certification 0.037 ,0.001 ,0.001

Certified 6.0 (0.4) 5.4 (0.3) 5.2 (0.5)

Noncertified 4.9 (0.4) 2.9 (0.2) 1.7 (0.1)

Abbreviations: JC-PSC5 Joint Commission–certified Primary Stroke Center; NR5 neurology residency; NT5 nonteaching;
OT 5 other teaching.
aRate 0% in NR because of low number of NR in the first quartile of stroke volume.
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elderly patients had high thrombolysis rate in NR in
our study. Physicians in NR may be more aware of
poor outcomes in elderly stroke patients without
thrombolytic treatment, with fewer than one-third
of patients achieving independent ambulation and a
similar proportion discharged to home.37 Notably,
there was an increasing discrepancy in thrombolysis
rates in NR vs OT and NR vs NT with advancing
age. This finding may indicate that the physicians in
OT and NT hospitals are more cautious using throm-
bolytic treatment in elderly patients. Exclusion of

age.80 from early tPA trials1,3 may have contributed
to this finding. The recently published International
Stroke Trial 3 showing safety and efficacy of tPA in
age .80 years is expected to increase thrombolysis
rates among the elderly population.2 Comparison of
thrombolysis rates among elderly in NR vs OT and
NR vs NT in upcoming years may provide important
insight into the effect of large clinical trials on change
in clinical practice in OT and NT hospitals.

Analysis of 536,328 cases from the Premier Hos-
pital database in 2 separate studies showed that

Table 3 Multivariate analysis: Predictors of thrombolytic utilization

Model 1 (2000–2010) Model 2 (2006–2010)

OR (95% CI) p Value OR (95% CI) p Value

NR vs OT 1.51 (1.44–1.59) ,0.001 1.28 (1.21–1.36) ,0.001

NR vs NT 1.82 (1.73–1.91) ,0.001 1.49 (1.40–1.59) ,0.001

Agea 0.90 (0.89–0.92) ,0.001 0.93 (0.91–0.94) ,0.001

Male vs female 1.14 (1.10–1.18) ,0.001 1.09 (1.04–1.13) ,0.001

Caucasian ethnicity Reference Reference

African American 0.57 (0.53–0.60) ,0.001 0.63 (0.59–0.68) ,0.001

Hispanic 0.71 (0.65–0.76) ,0.001 0.75 (0.69–0.82) ,0.001

Asian/Pacific Islander 0.71 (0.63–0.80) ,0.001 0.73 (0.64–0.84) ,0.001

Other 0.84 (0.75–0.94) 0.003 0.89 (0.78–1.01) 0.074

Missing ethnicity 0.90 (0.86–0.95) ,0.001 1.00 (0.94–1.06) 0.941

Health insurance (Medicare) Reference Reference

Medicaid 0.84 (0.78–0.91) ,0.001 0.87 (0.80–0.96) 0.003

Private insurance 1.20 (1.14–1.26) ,0.001 1.14 (1.08–1.21) ,0.001

Other 0.88 (0.81–0.95) 0.001 0.86 (0.78–0.94) 0.002

CCI 0 Reference Reference

1 0.89 (0.86–0.93) ,0.001 0.91 (0.87–0.96) ,0.001

2 0.81 (0.77–0.85) ,0.001 0.85 (0.80–0.90) ,0.001

‡3 0.65 (0.61–0.69) ,0.001 0.67 (0.63–0.72) ,0.001

Hospital stroke case
volume (first quartile)

Reference Reference

Second quartile 1.72 (1.30–2.27) ,0.001 2.07 (1.39–3.09) ,0.001

Third quartile 3.03 (2.32–3.95) ,0.001 3.79 (2.58–5.57) ,0.001

Fourth quartile 4.61 (3.53–6.01) ,0.001 5.65 (3.85–8.29) ,0.001

Urban vs rural location 1.41 (1.31–1.53) ,0.001 1.73 (1.56–1.93) ,0.001

Hospital region (northeast) Reference Reference

Midwest 0.94 (0.89–1.00) 0.037 0.83 (0.78–0.90) ,0.001

South 0.91 (0.87–0.95) ,0.001 0.81 (0.76–0.86) ,0.001

West 1.11 (1.06–1.17) ,0.001 1.01 (0.95–1.07) 0.755

Yearb 1.21 (1.20–1.22) ,0.001 1.12 (1.10–1.14) ,0.001

JC-PSC — — 1.62 (1.54–1.70) ,0.001

Abbreviations: CCI 5 Charlson comorbidity index; CI 5 confidence interval; JC-PSC 5 Joint Commission–certified Primary
Stroke Center; NR 5 neurology residency; NT 5 nonteaching; OR 5 odds ratio; OT 5 other teaching.
Model 1: 2000–2010 included; model 2: 2006–2010 included, JC-PSC added as covariate.
a Every 10-year increment in age.
bEvery 1-year increment in calendar year.
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ICD-9 codes underestimated thrombolytic utilization
compared to pharmacy records.4,15 Combining the
results of these studies, we calculated that ICD-9 code
99.10 identified 73.5% (range 57.6% to 81.9%) of
pharmacy billing–verified total thrombolytic cases.
Extrapolating this finding to our study, a weighting
factor of 1.36 may correct for the ICD-9 coding–
related underestimation of thrombolysis rates in our
study. Based on the adjusted ORs of tPA rates in
different age groups and the incidence of AIS in the
United States,19 we estimated that more than 11,000
additional stroke patients would be treated annually
with tPA if the thrombolysis rates were similar in OT
and NT hospitals to those in NR (table e-5).

The results of this study should be interpreted
with the following cautions due to inherent limita-
tions of administrative datasets such as NIS. Using
ICD-9 codes to define cases may have introduced
ascertainment bias. However, the ICD-9 codes used
to define AIS have been validated to have high spec-
ificity (.90%) and positive predictive value (.85%)
both in academic as well as nonacademic hospital
settings.11,13,38,39 Though procedure code 99.10
has modest sensitivity,15 it has high specificity of
.95%.40 Therefore, we may have underestimated
the tPA rates, but the case identification is likely to
be accurate. Moreover, inaccuracies in ICD-9 coding
are expected to be distributed randomly across all age
groups and academic types and would bias the results
toward null; therefore, the differences in thrombolysis
rates found in this study are valid. We did not correct
for the underreporting of the thrombolysis by ICD-9
code. This approach resulted in more conservative
estimation of the differences in thrombolysis rate
between hospitals of different academic status. Of
note, the thrombolysis code does not distinguish
the mode of thrombolytic agent delivery, different
thrombolytic agents, and the dosing. Approximately
one-third of all cases were treated at hospitals not
coding thrombolytic infusion. This may represent
coding omission or actual nonutilization of thrombol-
ysis in these hospitals. Therefore, we conducted a
separate analysis using thrombolysis coding hospitals
only to assess the validity of the study results and
found comparable results between the 2 types of anal-
yses. As NIS does not have important clinical ele-
ments such as time of onset and stroke severity, it
was not possible to calculate the thrombolysis rates
among the eligible cases. NIS also lacks information
regarding variations in Emergency Medical Services
triage practice, which could potentially affect the
transport of thrombolysis-eligible patients. Also
of interest would be comparing the thrombolysis
rates in different NR hospitals based on whether the
treatment decision is made primarily by the neurol-
ogy residents, vascular neurology fellows, general

neurologists, or vascular neurologists. Additionally,
an analysis of the trend of thrombolytic rates in each
hospital academic type based on the time since first
thrombolytic treatment by the hospital as soon as it
has treatment capability would allow a comparison of
learning curves of the hospitals for thrombolysis;
however, as a result of the NIS sampling strategy,
the majority of the hospitals did not get sampled
for enough consecutive years to allow for this analysis.
Despite these limitations, large-scale studies using
clinical database or chart abstraction to calculate pop-
ulation estimates of thrombolytic utilization with
high generalizability may not be feasible and national
or regional administrative databases such as NIS pro-
vide a useful tool to study such large-scale population
phenomena.

US hospitals with neurology trainees are associated
with higher thrombolytic utilization for AIS compared
to OT and NT hospitals and the differences in throm-
bolysis rates are higher in older patients. Efforts to
increase utilization among elderly in OT and NT hos-
pitals by interventions such as in-service educational
programs for physicians treating AIS can potentially
have a large impact on stroke system of care. Future
studies should explore the factors responsible for higher
thrombolysis utilization in NR and barriers to treat-
ment in OT and NT hospitals.
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It’s Time to Plan for ICD-10, and the AAN Can Help
All health care providers are required to transition to ICD-10 on October 1, 2014. Claims for
services performed on or after this date with an ICD-9 code will not be processed and payments
will be delayed. The AAN provides information and resources to help you make this a smooth
transition, and has partnered with Complete Practice Resources to provide you with an affordable
online project management tool to help walk you through each phase of the necessary preparation
to ensure you’re ready. Learn more at AAN.com/view/ICD10 and start your transition today!
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