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Abstract

Background—Little is known about how regions vary in their use of thrombolysis (Intravenous
(IV) tissue plasminogen activator (tPA) and intra-arterial treatment) for acute stroke. We sought to
determine regional variation in thrombolysis treatment and investigate the extent to which regional
variation is accounted for by patient demographics, regional factors and elements of stroke
systems of care.

Methods—Retrospective cross-sectional study of all fee-for-service Medicare ischemic stroke
patients admitted via the Emergency Department from 2007-2010 who were assigned to one of
3,436 hospital service areas. Multi-level logistic regression was used to estimate regional
thrombolysis rates, determine the variation in thrombolysis treatment attributable to the region and
estimate thrombolysis treatment rates and disability prevented under varied improvement
scenarios.

Results—There were 844,241 ischemic stroke admissions of which 3.7% received IV tPA and
0.5% received intra-arterial stroke treatment without or without 1V tPA over the four year period.
The unadjusted proportion of ischemic stroke patients who received thrombolysis varied from
9.3% in the highest treatment quintile compared with 0% in the lowest treatment quintile.
Measured demographic and stroke system factors were weakly associated with treatment rates.
Region accounted for 7-8% of the variation in receipt of thrombolysis treatment. If all regions
performed at the level of 75™ percentile region, almost 7,000 additional ischemic stroke patients
would be treated with thrombolysis.

Conclusion—There is substantial regional variation in thrombolysis treatment. Future studies to
determine features of high performing thrombolysis treatment regions may identify opportunities
to improve thrombolysis rates.
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Thrombolysis (Intravenous (1V) tissue plasminogen activator (tPA) and acute intra-arterial
treatment (1AT)) treatment reduces post-stroke disability but is underutilized.lv 2 While it is
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known that US hospitals vary widely in their use of thrombolysis, the extent to which this
reflects differences in eligibility or differences in thrombolytic use among eligible patients is
unknown. 1t is likely that hospital thrombolysis rates are, at least in part, dependent on
regional factors that influence thrombolysis eligibility.

In this context, we sought to explore regional variation in thrombolysis treatment and
determine the extent that patient demographics, regional factors and elements of stroke
systems of care influence treatment rates. Determining thrombolysis rates in high
performing regions and understanding the role of immutable regional factors will establish
real world regional benchmarks. Ultimately, a better understanding of regional influences on
thrombolysis may inform future interventions to increase thrombolysis treatment rates and
inform the magnitude of the opportunity for nationwide improvement in thrombolysis
treatment.

This is a retrospective cross-sectional study of regional differences in thrombolysis rates
among Medicare fee-for-service beneficiaries. We used Medicare MedPAR files from 2007-
2010 to identify all patients with a primary diagnosis of ischemic stroke using ICD-9 codes
ICD-9 433.x1, 434.x1, 436 admitted from the emergency department (ED). Hospital-to-
hospital transfers were excluded. The majority of the hospital care in the US is provided at
the hospital closest to the patient’s home.” Thus, the primary exposure was the hospital
service area (HSA) determined from the home zip code of the ischemic stroke patient. There
are 3,436 HSAs in the US and over 60% contain more than 1 hos;pital.5 HSAs were chosen
as the unit of regional analysis because they represent local markets for healthcare whereas
hospital referral regions (HRRS) represent tertiary referral regions. Given the time
constraints in thrombolysis treatment, we hypothesized that regional factors would be better
measured at the more granular HSAs level rather than in HRRs.

The primary outcome was any thrombolysis which included both IV tPA (DRG 559, MS-
DRG 61-63 or ICD-9 procedure code 99.10), IAT (CPT codes 37184-6, 37201, 75896)) and
the combination (IV+1AT) identified using DRG and procedure codes from MedPAR and
CPT codes from the Medicare Carrier file. Drip and ship cases were identified with ICD-9
procedure code V4588 and counted as IV cases if no IAT code was identified or
combination therapy if there was also an IAT code. We included IAT as part of our primary
outcome for two reasons. First during the study period, some regions may have
preferentially treated some patients with I AT, particularly as acute stroke trials comparing
the benefits of IV and IAT were ongoing during the study period. Second, guidelines
suggested IAT was an option for major middle cerebral artery stroke under 6 hours and in
patients who had contraindications to 1V tPA.® To exclude IAT from the primary outcome
would have potentially penalized regions with greater IAT rates.

Regional and Patient factors

Regional factors included elements of stroke-systems of care such as primary stroke centers
(PSCs) and emergency medical service (EMS) bypass systems. The number of PSCs per
region was determined by counting the number of PSCs in a given zip code (using the PSC
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Website),7 mapping zip codes to HSAs using the Dartmouth atlas and summing the number
of PSCs within each HSA. EMS bypass was determined by mapping patient zip codes to a
prior systematic review of regions with EMS bypass.” Both PSCs and bypass variables
reflect the time at which they were established. For example, a region that established
bypass in 2008, would have been categorized as without bypass prior to that time and with
bypass subsequent to that time. To explore regional factors that may be associated with pre-
hospital delay and that are intrinsic to the region, US census data was linked to Medicare
data using patient zip code to capture regional education, median household income,
proportion of population unemployed and population density. For this analysis, we focused
on regional effects to be able to obtain the broadest possible perspective on regional and
hospital effects given their co-dependence and the intrinsic challenges in separating regional
and hospital level effects in the absence of thrombolysis eligibility. Patient demographics,
risk factors (vascular risk factors and all Charlson comorbidities) were obtained from
Medicare files.

Statistical analysis

We first determined the proportion of ischemic stroke patients who received thrombolysis
treatment over the four year period. Individual and regional characteristics were then
compared using descriptive statistics across quintiles of thrombolysis treatment rates. To
estimate the effect of region on the proportion of ischemic stroke patients treated with
thrombolysis, multi-level logistic regression was used with and without adjustment for
patient, regional and elements of stroke systems of care with a random regional-level
intercept. The proportion of variance at the regional level was estimated using the inter-class
correlation coefficient (ICC). Regional thrombolysis rates were estimated for each region
using shrunken means from the empty model and regions were divided into quintiles on the
basis of mean treatment rates. The impact of each regional factor was estimated using
average marginal effects and compared using Wald tests from the fully adjusted model.

Finally, we developed a simple model to estimate the societal impact of increasing regional
thrombolysis rates using one of two strategies: 1. targeted increases in thrombolysis rates in
low-performing regions and 2. nationwide increases in thrombolysis rates. For each model,
to represent the entire stroke population as opposed to only the Medicare fee-for-service
population, we linearly scaled the number of patients in each region upwards so that there
were 750,000 strokes per year.9 Each region’s baseline rate was estimated using the
shrunken mean rate from our logistic regression model for 2010. We used only the most
recent year of data given the known increase in thrombolysis rates over time. The reduction
in disability after thrombolysis was based on a summary estimate of number needed to treat
of 8.7 from a recent meta—analysis.10 We then explored the number of patients treated,
regions impacted and patients who would be disability free if thrombolysis treatment
increased under simple modifications of the regional treatment rates. We explored this by
evaluating two different approaches. First, focusing on regions with the lowest thrombolysis
rates and increasing them up to a given percentile rank (i.e. improving the lowest performing
regions until they were performing at the 25™ percentile level). The second approach
focused on national thrombolysis rates which meant increasing regional rates by a fixed
percentage (i.e. 25% overall increase in treatment rates). All analysis were completed in
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Stata. (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX:
StataCorp LP.)

Between 2007-2010, there were 844,241 ischemic stroke ED admissions among Medicare
fee-for-service beneficiaries of which 3.9% received thrombolysis treatment — 3.7% with
IV tPA only and 0.5% received IAT with or without IV tPA. 20.1% of regions did not
administer thrombolysis treatment over the 4 year time period. Regional variation in the
proportion of strokes receiving thrombolysis ranged from 9.3% to 0% in the highest to
lowest utilization quintiles and from 5.9% to 2.2% after accounting for variation in the
number of strokes per region. There were no marked differences in demographics or
comorbidities across thrombolysis treatment quintiles (Table 1). Regions with higher
treatment rates generally had higher population density, more bachelor’s degrees, and EMS
bypass.

The proportion of ischemic stroke patients who received thrombolysis varied from 14% of
patients in the highest region compared with some regions where thrombolysis treatment
was not administered during the study period. The top 10 regions spanned from North
Carolina to California, and include large and small stroke volume regions (table 2). Figure 1
shows the regional variability thrombolysis treatment in the US.

Region was an important predictor of receipt of thrombolysis, intra-class correlation
coefficient (ICC) in an empty model was 0.075, suggesting that region explains about 8% of
all variance in thrombolysis treatment rates. The ICC decreased to 0.070 in the fully adjusted
model, suggesting that all factors included in our model explained a modest amount of the
variance in the empty model, and that most of the regional variance was not explained by
factors measured in this study. Older Americans, women and racial/ethnic minorities were
less likely to receive thrombolysis (table 3). EMS bypass and the number of PSCs in a
region were associated with increased thrombolysis. Among regions with the lowest number
of PSCs, 4.0% (95% CI 3.9%-4.1%) of stroke patients received thrombolysis compared with
4.8% (95% CI 4.4%-5.1%) in regions with the highest number of PSCs (table 4). In areas
without EMS bypass systems 4.0% (95% CI 3.9%-4.1%) of stroke patients received
thrombolysis compared with 4.4% (95% CI 4.2%-4.5%) of stroke patients in regions with
EMS bypass systems. Of regional demographic factors, education was the most important.
Regions with the lowest proportion of college graduates had a smaller proportion of patients
treated with thrombolysis (3.7%, 95% ClI, 3.6—-3.9%) compared to regions with the highest
proportion of college graduates (5.0%, 95% CI 4.8-5.2%).

If lower performing regions administered thrombolysis treatment at the rates of higher
performing regions, considerable disability could be prevented (Table 5). For example, if the
1,670 regions that currently perform below the median were increased to the median rate, we
estimate that 2,717 additional patients would be treated annually resulting in approximately
an additional 236 stroke patients without disability. An optimistic ceiling for acute
thrombolysis treatment in the United States can be estimated by increasing all regional
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treatment rates to that of the highest performing region which would yield an additional
92,847 patients treated with thrombolysis and 8,078 stroke patients without disability.

Discussion

This study is the first to assess regional variation in thrombolysis treatment in the United
States. There are regions that have more double the national thrombolysis treatment average.
Conversely, 20% of regions did not treat any patients over the 4 year period. These results
suggest considerable opportunity to improve outcomes in acute ischemic stroke patients—if
all regions performed like those in the top 10%, about 16,000 additional patients would
receive thrombolysis treatment annually.

Given the exclusions to thrombolysis treatment, every stroke patient should not receive
thrombolysis. A previous study estimated that about 6% of stroke patients in the greater
Cincinnati region were eligible for thrombolysis, with the major exclusion being delay in
hospital presentation.11 Yet, we found that almost 20% of regions, had actual thrombolysis
rates higher than this estimate and that the highest performing regions performed at more
than double this rate. This, and other limited data on regional variation in time of stroke
onset to hospital presentation,12 suggest that eligibility rates likely vary considerably by
region and that improving eligibility, presumably by reducing delays to presentation, could
have considerable benefits.

By identifying high performing regions within the context of the current US healthcare
environment, our findings are the first step toward improving US regional thrombolysis
treatment rates.™ Immutable regional factors and stroke systems of care accounted for little
of the regional variation suggesting further work is needed to understand how high-
performing regions achieved their success and whether that success can be replicated in
other regions. This work should include determination of the relative importance of hospital
and regional factors. Such work is challenging given the inability to differentiate hospital
effects from regional effects in the absence of national patient-level data on time to arrival
and other important eligibility criteria. For example, regional characteristics such as EMS
bypass may increase the proportion of eligible stroke patients at a given hospital which
could artificially attribute the effect of a regional intervention (EMS bypass) to the hospital.

Consistent with prior work,14‘17 we found that an increased numbers of PSCs and EMS
bypass systems were associated with increased thrombolysis rates. Whether PSCs or EMS
bypass are the key causal element in increased treatment rates18 and, if so, the specific
mechanisms by which they increase thrombolysis rates are unknown. Regional measures of
socioeconomic status including education, median income and unemployment were
modestly associated with thrombolysis. Explanations for the association of increased
thrombolysis in higher socioeconomic regions are unknown. A previous study found small,
clinically insignificant differences in time from 911 call to hospital arrival between diverse
economic areas but did not explore differences in time of stroke onset to hospital arrival.”®
We also found that women, older Americans, and racial/ethnic minorities were less likely to
receive thrombolysis; a finding that is consistent with other studies.? 2* While population
density was associated with thrombolysis treatment, the association was very small. Given
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the intrinsic differences in rural and urban stroke care, and lack of detailed measures of both
urban (e.g. hospital pre-notification, hospital-based quality initiatives) and rural (e.g.
telestroke or emergency air evacuation programs) stroke systems, our analysis may
understate the role of rural/urban differences.

Our study has several limitations. IV tPA treatment was based on ICD-9, and DRG codes
which while broader than previous definitions may still underestimate thrombolytic
treatment when compared to pharmacy data.?? This underestimate is unlikely to explain the
measured regional variation for two reasons. First, the introduction of DRG 559 in 2005 and
MS-DRG 061-063 created a strong incentive for hospitals to improve thrombolysis
coding.23 Second, the magnitude of regional variation is considerably greater than the
overall amount of miscoding previously documented. Although previous studies of IV tPA
have included TIA and hemorrhagic stroke patients in estimates of thrombolysis,zzv 23 these
patients were excluded in our study given the concern for miscoding. In addition, because
procedure codes have a low sensitivity for identifying IAT,24 we linked hospitalization data,
to physician payment data, Medicare Part B files. Similar approaches have been used to
identify other procedures that are unreliably recorded in hospital-based claims records.”>
While the sensitivity and specificity of this approach for IAT is uncertain, there is strong
financial incentive for institutions and providers to accurately code these claims. The study
population was limited to Medicare fee-for-service enrollees and thus our results do not
apply to working age stroke patients or Medicare managed care beneficiaries. While the
majority of Americans receive care at their local hospital, there are those who do not which
may result in some misclassification.” Comprehensive stroke center certification was not in
existence during the study period and thus was not included in the analysis. Thrombolysis
treatment eligibility and stroke severity were not available in our dataset. However, because
our primary analysis was at the regional level, it is less likely that differences in severity per
se, would lead to major differences in regional treatment raltes.26

In conclusion, there is substantial regional variation in thrombolysis treatment. Further study
of regions with high thrombolysis treatment rates may identify opportunities to increase
nationwide thrombolysis treatment.
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Figure 1.

Regional Thrombolysis utilization
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Table 3

The association of patient demographics, regional factors and elements of stroke systems of care with
thrombolysis treatment.

Odds | p-value | Lower Upper
Ratio Confidence | Confidence
Interval Interval
Age (Continuous) 0.986 | <0.001 | 0.984 0.987
Female 0.918 | <0.001 | 0.898 0.939
Race/ethnicity (ref:
White)
Black 0.709 | <0.001 | 0.681 0.738
Other 0.823 | <0.001 | 0.752 0.900
Asian 0.779 | <0.001 | 0.703 0.862
Hispanic 0.882 | 0.006 0.807 0.964
Native American 0.738 | 0.005 0.596 0.915
Population Density (per
1000 population/square
mile) 1.004 | <0.001 | 1.002 1.007
Bachelor's Degree or
Higher (%) 1.006 | <0.001 | 1.005 1.007
Unemployment (%) 1.001 | 0.667 0.997 1.005
Median household
income (per $10,000) 1.010 | 0.045 1.000 1.019
Number of primary stroke
certified center(s) 1.011 | <0.001 | 1.005 1.017
Emergency Medical
Service Bypass 1.097 | <0.001 | 1.043 1.152

*
Analyses adjusted for all variables listed and Charlson comorbidities and include data from 2007-2010.
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