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Abstract

Objective—Delay to hospital arrival limits acute stroke treatment. Use of emergency medical 

service (EMS) is key in ensuring timely stroke care. We aimed to identify low-EMS utilizing 

neighborhoods and to evaluate whether neighborhood-level factors were associated with (EMS) 

use.

Methods—We conducted a secondary analysis of data from the Brain Attack Surveillance in 

Corpus Christi (BASIC) project, a population-based stroke surveillance study of ischemic stroke 

and intracerebral hemorrhage cases presenting to emergency departments in Nueces County, 

Texas. The primary outcome was arrival by EMS. The primary exposures were neighborhood 

resident age, poverty, and violent crime. We estimated the association of neighborhood level 

factors with EMS use using hierarchical logistic regression, controlling for individual factors 

(stroke severity, ethnicity and age).

Results—During 2000-2009 there were 4004 identified strokes, with EMS use data available for 

3474. Nearly half (49%) of stroke cases arrived by EMS. Adjusted stroke EMS utilization was 

lower in neighborhoods with higher family income (OR 0.86 95% CI 0.75-0.97) and a larger 

percentage of older adults (OR 0.70, 95% CI 0.56-0.89). Individual factors associated with stroke 

Corresponding Author Contact Information: Lynda D. Lisabeth, PhD, 2649B School of Public Health I, 1415 Washington Heights, 
Ann Arbor, Michigan 48109-2029, Fax: 734-764-3192; llisabet@umich.edu.
WJM and LL conceived of the design, interpreted the data, performed statistical analysis and drafted the manuscript. LBM and LL 
were also responsible for the acquisition of the data. BS and JB oversaw the statistical analysis. All authors interpreted the data and 
provided critical revision of the manuscript for important intellectual content

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Ann Emerg Med. Author manuscript; available in PMC 2017 March 01.

Published in final edited form as:
Ann Emerg Med. 2016 March ; 67(3): 341–348.e4. doi:10.1016/j.annemergmed.2015.07.524.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



EMS use included white race (OR 1.41 95% CI 1.13-1.76) and older age (OR 1.36 per 10-year age 

increment, 95% CI 1.27-1.46). The proportion of neighborhood stroke cases arriving by EMS 

ranged from 17% to 71%. The fully adjusted model only explained 0.3% (95% CI 0-1.1%) of 

neighborhood EMS stroke use variance, indicating that individual factors are more strongly 

associated with stroke EMS use than neighborhood factors.

Conclusions—While some neighborhood-level factors were associated with EMS use, patient-

level factors explained nearly all variability in stroke EMS use. In this community, strategies to 

increase EMS use should target individuals rather than specific neighborhoods.

Introduction

Background

Stroke is a leading cause of long-term disability in adults and is associated with substantial 

direct and indirect costs.[1, 2] The stroke “chain of survival” from symptom onset to 

hospital care has been well described as a key part of optimal stroke management.[3] 

However, delays along the chain occur for the majority of acute stroke patients.[3] This 

limits the recovery potential for many stroke victims because earlier treatment of stroke is 

associated with better outcomes.[4] Arrival to the emergency department (ED) via 

emergency medical services (EMS) is part of the stroke chain of survival and has been 

associated with more rapid care and greater access to tissue plasminogen activator.[5-8] Yet, 

over half of stroke patients fail to use EMS for acute stroke.[9]

Importance

Prior studies show that the neighborhood characteristics may contribute to the development 

or care of a disease. For example, cardiac arrest victims in economically disadvantaged 

neighborhoods are less likely to receive bystander cardiopulmonary resuscitation.[10] 

Residents of higher crime neighborhood may be more likely to use EMS given the frequent 

need to call 911 to report incidents. In addition, people in higher crime neighborhood may 

also have increased thresholds for seeking healthcare due to their desire to stay indoors.

Neighborhood characteristics may also potentially influence citizen EMS use. Although 

individual factors influencing EMS use for acute stroke are known, the associations of 

neighborhood factors with stroke care and outcomes are less well understood.[11] The 

identification of vulnerable neighborhoods could enable the delivery of targeted 

interventions to improve EMS use for stroke. Prior efforts have evaluated county or 

metropolitan level interventions to improve stroke awareness and care.[12-14] Identifying 

“high-yield” neighborhoods for targeted interventions could increase EMS use for stroke, 

with potential for more rapid reperfusion and improved patient outcomes.[15]

Goals of this Investigation

The objective of this investigation was to assess whether neighborhood factors are 

associated with the use of EMS for acute stroke. We also sought to determine if 

neighborhood factors were associated with ED arrival within three hours of stroke onset.
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Methods

Study Design

We conducted a secondary analysis of data from the Brain Attack Surveillance in Corpus 

Christi (BASIC) project, a population-based stroke surveillance study.[16, 17] The BASIC 

project was approved by the University of Michigan Institutional Review Board (IRB), 

along with the IRBs of engaged hospitals in Nueces County, Texas. Participants or proxies 

provided written informed consent for interview procedures; a waiver of written informed 

consent was granted by all relevant entities for medical record review and screening.

Setting

BASIC identifies stroke cases in Nueces County, Texas. The majority of the county 

population resides in Corpus Christi, a Gulf Coast city with an approximate population of 

305,000. The community is primarily urban and bi-ethnic, with approximately 60% Mexican 

American residents. Approximately 15% of city residents live in poverty.[18] Mexican-

American residents are typically second or third generation. Acute stroke care in Nueces 

County is relatively self-contained; Houston and San Antonio are each over 120 miles away 

and the surrounding counties are sparsely populated, so that emergency medical care 

remains in the city. During the study period there were six full service, hospital-based adult 

emergency departments; no freestanding emergency departments were in operation. There 

were also no designated primary stroke centers in the community, and thus EMS personnel 

customarily transported suspected stroke cases to the nearest ED. Within the city of Corpus 

Christi, the primary EMS agency is the Corpus Christi Fire Department which runs eight 

paramedic units and responds to all 911 calls for medical complaints.

Participants

BASIC has prospectively identified all cases of ischemic stroke in Nueces County, Texas 

since 2000. BASIC uses several methods surveillance strategies to identify potential stroke 

cases. Active surveillance methods include the daily review of ED arrival and hospital 

admission logs for relevant presenting complaints such as weakness (ED). Passive 

surveillance methods include review of stroke diagnosis codes from all hospitalizations. 

BASIC methodology for identifying stroke patients has been validated.[19, 20]

For this study, we included all ischemic stroke and intracerebral hemorrhage (ICH) patients 

identified in the BASIC study between 2000-2009.[16, 19] Patients with transient ischemic 

attack or subarachnoid hemorrhage were excluded as they were not captured by BASIC . We 

excluded patients residing in a nursing home at the time of stroke as our focus was on 

residential neighborhood exposures. We included only the first ischemic stroke or ICH 

during the study period for any individual.

Data Sources and Measurements

Trained abstractors collected individual-level information from source documents by trained 

abstractors using standard procedures. The project manager and study physicians check data 

quality. Procedures are in place for hierarchy of conflicting source documents (i.e. time of 
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onset from neurology note given precedence over nursing triage note). Repeat review occurs 

for a proportion of charts to facilitate ongoing quality assurance.

For the neighborhood characteristics, we used summary statistics from the 2000 U.S. Census 

data for each patient home residence. We obtained home address from the medical record. 

The Corpus Christi Police Department provided data regarding violent crimes for the year 

2008.

Outcomes

The primary outcome was arrival to hospital via EMS. BASIC determined mode of arrival 

through review of ED triage records. Because mode of arrival was not collected by BASIC 

in 2008 and 2009, we excluded 475 patients from this time period. The secondary outcome 

was delayed arrival to the hospital, defined as arrival greater than three hours after witnessed 

stroke onset or time last known well. We have previously described procedures for 

determining arrival times in the BASIC project.[21]

Exposure Variables

Neighborhood level—Neighborhood level variables examined in the study included 

violent crime, proportion older adults within each neighborhood, proportion of Hispanic 

residents within each neighborhood, and median neighborhood income. We obtained the 

latter four items from the 2000 Census master file. We included neighborhood violent crime 

rate because prior fieldwork in Hispanic neighborhoods suggest higher 911 utilization in 

these communities.[22] While the Hispanic population of Corpus Christi is nearly all 

Mexican American, the census collects whether respondents are Hispanic, therefore 

neighborhoods are described as “proportion Hispanic” and individuals are described as 

“Mexican-American.” We included the neighborhood variables that had both a plausible 

social influence and a plausible relationship with EMS use for stroke. Larger amounts of 

older adults within a neighborhood may create a greater familiarity with stroke, since the 

incidence of stroke increases with age. Mexican American ethnicity is associated with lower 

EMS use in previous studies. We chose median income instead of proportion with poverty, 

or neighborhood level of education, as it is intuitively translatable within the U.S. 

population. We also examined the correlation between crime and median income and found 

variation (see methodological appendix), notably that some impoverished neighborhoods 

had higher crime but many did not.

Individual Level—Individual level variables examined in this study included 

demographics, ethnicity, and characeristics of stroke presentation. Ethnicity (non-Hispanic 

white and Mexican-American), sex, history of prior stroke/TIA, other past medical history, 

age and initial stroke severity were abstracted from the medical record using the 

standardized methods of BASIC.[16, 20] In this community, self-reported ethnicity in the 

medical record and by interview agree highly (kappa=0.94).[20] We characterized stroke 

severity using the National Institutes of Health Stroke Scale (NIHSS).[23] Stroke type (ICH 

versus ischemic stroke) was determined by BASIC project neurologists. Level of education 

was obtained from an interview with patients or proxies. BASIC used a sampling approach 

and only a subset of patients had interviews-therefore we used a predictive model based on 
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patient and neighborhood characteristics to impute individual level education. (See 

methodological appendix for details).

Data Analysis

We calculated descriptive statistics of the study population with means and standard 

deviations or proportions as appropriate. Using a spatial distribution map of census tracts, 

we graphically depicted the proportion of patients arriving by EMS within each census tract 

using ArcGIS.

To address our primary aim to describe the relationship between neighborhood-level factors 

and EMS use, we fitted several models. A priori, we selected individual stroke factors 

known to be highly associated with either stroke outcome or EMS use to be included in the 

models. In addition, we selected neighborhood factors that we hypothesized could be related 

to EMS use including neighborhood socioeconomic status, age, and crime information. 

Crime conceivably could have exerted influence in either direction (afraid to go out versus 

very familiar with calling 911; alternatively residents of a higher crime neighborhood might 

not want to be perceived as requesting police or governmental EMS presence).[22] Some 

age, economic, and ethnic groups have been more or less likely to use EMS in previous 

studies.[9, 11] We did not include race in our models as residents of Nueces County are 

predominantly non-Hispanic white or Mexican-American. In addition, health insurance was 

common within the BASIC cohort and we did not believe it would strongly influence EMS 

use.

We examined three nested models to examine 1) the variability in stroke EMS use across 

neighborhoods, 2) the associations between neighborhood characteristics and stroke EMS 

use, and 3) individual level covariates. We considered only main effects, as we did not have 

strong reasons to suspect interactions. We fit these models sequentially to determine the 

characteristics (neighborhood versus individual) explaining observed variability.

First, we fit a binary logistic regression model with arrival by EMS (yes versus no) as the 

dependent variable. We fit the model with a random intercept for census tract and no 

covariate parameters; this allowed estimation of the expected proportion of EMS use within 

census tracts and described the variation between neighborhood prior to adjusting for any 

individual or neighborhood level factors. Second, we added neighborhood level covariates 

(proportion older adult, proportion Hispanic, median household income, and violent crime 

rate) to the model. Finally, we added individual characteristics (stroke severity, age, sex, 

ethnicity, history of stroke/TIA, ICH, and years of education) to the model. In each of these 

models, we calculated the posterior estimation for the expected proportion of stroke patients 

using EMS within each census tract, along with 95% credible intervals (a range of plausible 

values for a parameter estimate, similar to a frequentist confidence interval that represents 

the range of expected values if repeated experiments estimated a parameter). We also 

calculated the intra-class correlation coefficient to estimate how much variability in the 

relationship between the outcomes and the predictors was explained by within-neighborhood 

correlation versus the other reasons for variability (differences across patients and random 

variation). We used a similar approach for the outcome arrival within three hours of stroke 

onset.
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A secondary goal of this project was to identify neighborhoods that were using EMS less, 

after adjusting for variation that was attributable to neighborhood and individual stroke 

characteristics. This approach potentially identifies hotspots of low EMS utilization that 

could be amenable to interventions or further study. This approach would account for a 

neighborhood that had less severe strokes (who were thus less likely to use EMS), therefore 

identifying neighborhoods with lower utilization after adjusting for the strokes presentation 

characteristics that influence EMS use. (See methodological appendix for further details 

regarding modeling and statistics.)

We carried out all analyses using SAS 9.2, R (version 2.14.1) and WINBugs.

Results

Characteristics of cohort

From Jan 1,2000 – Dec 31, 2009, BASIC identified a total of 4004 ICH and ischemic 

strokes presenting to an ED. The characteristics of the overall group are representative of 

stroke patients from the community with 50% of stroke patients female with a mean age of 

70 (Table 1). A total of 530 cases had missing data for EMS use. From the 3474 remaining 

patients, a total of 1655 (47.6%) arrived by EMS. We excluded an additional 121 cases 

lacking geocodes and 263 occurring in census tracts outside the city of Corpus Christi.

Main outcome results: arrival by EMS

There was wide variation in EMS use for acute stroke by neighborhood (Figure 1). The 

proportion of each neighborhood’s stroke patients using EMS ranged from 0.17 to 0.71. For 

all three hierarchical logistic regression models models the intra-class correlation coefficent 

(ICC) for the random intercept neighborhood variable was low (0.002 – 0.004) indicating 

that, despite the notable differences in the spatial distribution maps, only 0.3% of the 

variation in EMS use was explained by the census tract level, with the remaining variation 

due to individual level factors or random variation. In the final model (Table 2), adjusting 

for individual and tract level covariates, lower age, lower stroke severity, Mexican American 

ethnicity, ischemic stroke (versus ICH), and female gender were associated with decreased 

odds of EMS use. In this final model, the neighborhood level covariates of median family 

income and percent of census tract greater than age 65 were associated with lower odds of 

EMS use.

Secondary outcome results: arrival within three hours

We included 3664 stroke patients with data for onset to ED arrival time and 31.7% of 

included patients arrived to the ED within three hours of time last known to be well. While 

the ICC was 0.17 in the unadjusted random intercept model, it was 0.002 in the 

neighborhood- and fully-adjusted models indicating that only 0.2% of the variability in early 

arrival was explained by neighborhood factors. In the models evaluating arrival within three 

hours of stroke onset, individual level variables of age, stroke severity, and ICH were also 

associated with earlier arrival (Table 3), though non-Hispanic white and male sex were not. 

None of the neighborhood level covariates were significant.

Meurer et al. Page 6

Ann Emerg Med. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hotspot evaluation: identification of neighborhoods with low EMS utilization

In our hotspot evaluation, we examined how the rankings of neighborhoods changed after 

we calculated model-adjusted estimates for EMS within each neighborhood. Ten census 

tracts were identified as having the lowest observed use of EMS. Only three tracts in the ten 

lowest observed utilizers of EMS were among the tracts with the lowest model-based 

predicted EMS use, after adjusting for individual and neighborhood level covariates (See 

Appendix Table). In addition, the range of the probability of using EMS in the lowest 

compared to highest census tract was narrowed after adjustment (observed range 0.1 to 0.86 

versus model-based predicted range 0.28 to 0.52).

Limitations

This work has important limitations. First, we only studied one community. Other 

communities may have different facilitators, barriers, patterns, and cultural factors related to 

EMS use for acute stroke. Second, this work did not focus on specific patient-level 

facilitators and barriers to EMS use.[11] Third, BASIC abstracted certain data elements 

from the medical record and some opportunity for misclassification may exist. In this 

investigation, it is unlikely that the distribution of such errors was related to EMS use or 

neighborhood – and as such should not have a significant impact on our current findings. 

We did not have information on whether the stroke onset was witnessed. We did not have 

information on patient living status (alone versus with family). We did not include time of 

onset in the models. This community did not have many stroke patients who were not 

Mexican American or non-Hispanic White; therefore, we have limited insights into these 

important groups. We had partial information on individual level education on a large 

proportion of our cohort, limiting our ability to fully evaluate this important factor. On the 

other hand, the observed distribution for education was narrow with a median of high school 

– it is likely that this variable would not vary enough in this population to be informative 

within this study design. In addition, BASIC excludes stroke mimics that may prompt EMS 

activation since only validated strokes are retained in the database. Finally, we assigned 

cases into neighborhoods by home address. The onset of stroke may have occurred at work 

or other locations.

Discussion

The growing availability of geospatial disease information is an important resource for 

public health and epidemiology, both in efforts to improve the health of communities and in 

understanding risk factors for disease.[24, 25] Our study shows that such analyses must be 

adjusted for important confounding variables. We found that observed geographic variations 

in EMS use across neighborhoods were best explained by random variation in the 

distribution of strokes across the community and the individual characteristics of stroke 

patients. Even though our spatial distribution maps suggested “hotspots” of EMS underuse, 

the adjusted analyses found that neighborhood actually contributed very little to the 

variation in EMS use. Furthermore, the neighborhoods exhibiting low EMS use could be 

reclassified to average EMS use communities after adjusting for individual and 

neighborhood factors. Low EMS utilizing neighborhoods frequently had fewer cases with 

severe stroke, ICH and other individual level factors associated with higher EMS use. Some 
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prior work has demonstrated that lower neighborhood socioeconomic status is associated 

with a small increase in stroke severity.[26]

Our current findings may provide some explanation of the neutral effects observed in 

previous location based interventions.[12-14] Boden-Albala et al. used a culturally sensitive 

interactive educational program in Northern Manhattan to hasten stroke care, but did not 

detect a change in behavior. In addition, Morgenstern et al focused on middle school 

children and their parents in Corpus Christi was able to influence teen behavior but not the 

adults. Tadros et al. conducted a county wide program in West Virginia and their study did 

not improve knowledge of the need to activate EMS for stroke. To advance this field, further 

investigation should focus on how stroke severity relates to living location; namely if more 

severe strokes are induced by neighborhood factors such as crime, pollution, access to food, 

social cohesion or other characteristics. In addition, interventions in this community that 

focus on groups (independent of living location) that appear less likely to use EMS may 

have a greater likelihood of success.

While we observed large neighborhood differences in stroke EMS use, little of the 

variability was explained by neighborhood factors. Rather, individual-level factors explained 

much of the variation in EMS use for acute stroke. Across neighborhoods, we found that 

lower household income was associated with increased use of EMS for acute stroke. This 

finding of lower median income being associated with EMS use suggests that more 

disadvantaged populations, despite potentially having a lower level of education and stroke 

awareness[27], more frequently use EMS to access acute treatment for stroke. Additionally, 

such individuals may have fewer alternative transportation options. The borderline 

association between proximate violent crime and increased EMS use suggests that 

individuals living within high-crime neighborhoods may be more accustomed to accessing 

the emergency dispatch system through 911, although other potential explanations for this 

relationship are also plausible including greater incidence and severity of stroke in areas of 

higher violent crime.[28] We found that an increased number of older adults within a 

neighborhood tended to be associated with a decreased probability of using EMS for stroke, 

whereas for individual patients EMS use was associated with increasing age. Neighborhoods 

with a higher density of older adults may have more individuals living alone, providing less 

opportunity for recognition of symptoms and activation of EMS by a bystander.[29, 30]

Select studies highlight the potential influence of neighborhood factors upon EMS 

utilization and care. For example, in a registry based study of out of hospital cardiac arrest 

patients in sites across the United States, Sasson et al. found that impoverished or minority 

neighborhoods exhibited lower rates of bystander CPR.[31] Treno, et al. showed that 

neighborhood-focused alcohol abuse intervention could result in reduced crime, EMS use, 

and injury.[32] In contrast, our study shows neighborhood factors do not influence stroke 

EMS use or care as strongly as individual factors do – particularly severity. Initiatives to 

improve stroke EMS use should focus on individual factors such as encouraging better 

recognition and prompt action for milder stroke symptoms. One method to accomplish this 

would be to use census data to find neighborhoods with high proportions of individuals who 

would have low expected EMS use based on models that incorporate the likely contributions 

of important individual and neighborhood level factors, in contrast to simply looking at 
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neighborhoods with low observed EMS use that is likely to be more attributable to random 

spatial variation in stroke severity.

An important observation in our study was that despite higher EMS use, stroke patients in 

the lower income neighborhoods did not arrive earlier at the ED after adjusting for 

individual- and neighborhood-level factors. One potential explanation would be the 

combined contribution of lack of education regarding stroke awareness and/or lack of 

transportation resources. A family may not know how to respond to a stroke initially, 

leading to a delay in EMS activation. The potential exists for other delays in the time 

between symptom onset and ED arrival by the patient, although some past work suggested 

that delays after EMS activation were minimal but measureable for low-income 

neighborhoods.[33] Another potential explanation is that low-EMS utilizing neighborhoods 

may have more cases who are younger, female, and Mexican American. Such clustering of 

individuals who have a lower odds of EMS use overall, would decrease our ability to detect 

a significant, small neighborhood effect. Additional research should explore the reasons for 

delayed presentation of patients from low-income neighborhoods in spite of EMS use.

Conclusion

In summary, in this study neighborhood variations in stroke EMS use were small after 

adjusting for differences in patient level factors. Patient factors accounted for a substantial 

amount of variation in EMS use and explained the low observed rates of EMS use in many 

neighborhoods. Interventions to improve stoke EMS use should focus on individuals, not 

neighborhoods. groups less likely to use EMS such as younger adults, women, and Mexican 

Americans, and it may be of high yield to focus such interventions on neighborhoods with 

high proportions of individuals at risk for low EMS.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Proportion of Stroke Presentations Arriving By Ambulance By Census Tract

Spatial distribution of stroke patients arriving to ED by ambulance by neighborhood (census 

tract). All shaded areas comprise Nueces County, Texas.
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