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Abstract

Objective: Our objectives were to describe time intervals of EMS encounters for suspected
stroke patients in North Carolina (NC) and evaluate differences in EMS time intervals by
community socioeconomic status (SES) and rurality.

Methods: This cross-sectional study used statewide data on EMS encounters of suspected stroke
in NC in 2019. Eligible patients were adults requiring EMS transport to a hospital following a
9-1-1 call for stroke-like symptoms. Incident street addresses were geocoded to census tracts and
linked to American Community Survey SES data and to rural-urban commuting area (RUCA)
codes. Community SES was defined as high, medium, or low based on tertiles of an SES index.
Urban, suburban, and rural tracts were defined by RUCA codes 1, 2-6, and 7-10, respectively.
Multivariable quantile regression was used to estimate how the median and 90t percentile of EMS
time intervals varied by community SES and rurality, adjusting for each other; patient age, gender,
and race/ethnicity; and incident characteristics

Results: We identified 17,117 eligible EMS encounters of suspected stroke from 2,028 census
tracts. The population was 65% 65+ years old; 55% female; and 69% Non-Hispanic White.
Median response, scene, and transport times were 8 (interquartile range, IQR 6-11) min, 16

(IQR 12-20) min, and 14 (IQR 9-22) minutes, respectively. In quantile regression adjusted for
patient demographics, minimal differences were observed for median response and scene times by
community SES and rurality. The largest median differences were observed for transport times in
rural (6.7 min, 95% CI 5.8, 7.6) and suburban (4.7 min, 95% CI 4.2, 5.1) tracts compared to urban
tracts. Adjusted rural-urban differences in 90 percentile transport times were substantially greater
(16.0 min, 95% CI 14.5, 17.5). Low SES was modesty associated with shorter median (-3.3 min,
95% Cl —3.8, —2.9) and 90t percentile (-3.0 min, 95% CI —4.0, —2.0) transport times compared to
high SES tracts.
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Conclusions: While community-level factors were not strongly associated with EMS response
and scene times for stroke, transport times were significantly longer rural tracts and modestly
shorter in low SES tracts, accounting for patient demographics. Further research is needed on the
role of community socioeconomic deprivation and rurality in contributing to delays in prehospital
stroke care.
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Introduction

Each year, more than 795,000 Americans suffer an acute stroke (1). “Time is brain”

is often referenced by medical professionals to convey the importance of optimizing

time management in the treatment of acute ischemic stroke. Each minute a stroke is
untreated, a typical patient loses an estimated 1.9 million neurons (2). Current guidelines
from the American Heart Association (AHA)/American Stroke Association (ASA) state
intravenous (1) recombinant tissue plasminogen activator (tPA) be given up to 4.5 hours
after stroke symptom onset (3, 4). However, IV rt-TPA declines in efficacy over the 4.5-
hour period (5-7). Recent advancements introduced endovascular reperfusion therapies as
additional treatment options (8, 9). Unfortunately, access to such reperfusion therapies (i.e.,
intra-arterial thrombolysis, mechanical thrombectomy) is limited to select hospitals with
specialized equipment and personnel, predominantly located in urban areas (10, 11). Similar
to IV tPA, time to endovascular therapy is strongly associated with functional outcomes in
acute stroke patients (12, 13), making these treatments highly time-dependent.

Emergency medical services (EMS) perform a significant role in the early management

of acute stroke patients. Rapid EMS response, care, and transport is critical to ensuring
timely management of acute stroke. Further, it is estimated that up to 65% of stroke patients
utilize EMS to access hospital care (14). Evaluation by EMS for suspected acute stroke
patients is associated with faster neurologic evaluation and reduced delays to time-sensitive
treatment in the hospital (15-19). Current AHA/ASA guidelines recommend EMS limit
response intervals to < 9 minutes (90t percentile), scene intervals to < 15 minutes (90
percentile), and minimize transport intervals to the nearest stroke-capable hospital (20).
EMS optimization of prehospital stroke management is critical in reducing time-delays to
treatment which contribute to preventable morbidity and mortality (7, 19, 21).

To date, the literature is mixed regarding the role of community factors, such as
socioeconomic status (SES) and rurality, in the timely prehospital management of acute
stroke patients. Kleindorfer et al. (22) observed that living in a poorer area did not appear

to delay access to acute care for stroke in a clinically significant way. However, Ader et al.
(23) and Kapral et al. (24) report that lower SES is associated with longer onset-to-treatment
time. Furthermore, rural stroke patients have less access to acute care (25) and are at
increased risk of mortality (26) compared to their urban counterparts. Given these stroke
disparities, there is a need to understand variations in prehospital delays by community-level
factors. Therefore, we compared EMS prehospital time intervals (i.e., response, scene,
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and transport times) by community socioeconomic status (SES) and urban-rural status
among suspected stroke patients in North Carolina (NC). We hypothesized that underserved
communities defined by low SES and rurality would have longer prehospital times.

Study Design and Setting

We conducted a cross-sectional study with retrospective data from the NC EMS Data
System developed and overseen by the North Carolina Office of EMS (NCOEMS). The

100 county-based EMS systems in NC are state mandated to submit electronic data on all
EMS encounters to the NC EMS Data System. These data are routinely collected to evaluate
and improve patient care and EMS system performance. Data collected from EMS agencies
are coded based on standardized data elements defined by the National EMS Information
System (NEMSIS) Version 3 standard. Data elements include patient demographics (e.g.,
gender, race/ethnicity, age), incident street address, EMS response, scene and transport date/
times, incident disposition, and destination facility (e.g., hospital). The data collected for this
study are listed in Table S1. This study was reviewed by the University of North Carolina
Institutional Review Board and was approved by expedited review. The Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for cross-
sectional studies were followed for this manuscript.

North Carolina is a large, diverse state located within the Stroke Belt, a multi-state region
in the southeast United States with a disproportionately higher burden of stroke morbidity
and mortality than the rest of the country (27). Further, 43 percent and 13.6 percent of North
Carolinians live in rural areas and in poverty, respectively (28, 29). To address geographic
disparities in access to reperfusion therapy, the NCOEMS implemented a stroke triage and
destination plan in 2010 that allows EMS to bypass hospitals without 1\/-tPA capabilities
for stroke capable hospitals (30). These plans are specific to the local EMS system and
consider the patient’s symptom onset time, stroke assessment, and transport times to the
closest certified stroke center (31). Hospitals in NC are granted certification by The Joint
Commission or Det Norske Veritas Global Healthcare accreditation agencies as Acute
Stroke Ready Hospitals, Primary Stroke Centers, Thrombectomy Capable Stroke Centers,
and Comprehensive Stroke Centers. Based on these stroke center certification levels, we
classified EMS destination hospitals as non-certified, stroke-capable, and thrombectomy-
capable.

Study Population

We analyzed prehospital data on EMS-suspected stroke encounters from 2019 occurring in
NC. Eligible patients were adults (at least 18 years old) with a 9-1-1 call response by EMS
for stroke-like symptoms (i.e., EMS provider impression of stroke or use of suspected stroke
protocol). Encounters were excluded if the incident address was not able to be geocoded or
located outside of NC and if EMS did not transport to a hospital.
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Census Tract Characteristics

We geocoded incident addresses to census tracts using ArcGIS Pro (Esri, Redlands,

CA). Census tract-level socioeconomic data were obtained from the 2015-2019 American
Community Survey 5-year estimates (32). These data were summarized with an area-level
SES index developed by the Agency for Healthcare Research and Quality that includes
measures of income, wealth, education, occupation, and housing (33). This index ranges
from 0-100 with higher scores indicating higher SES. For our study, scores were grouped
into thirds using tertiles of the distribution for all 2,195 NC census tracts to define high,
medium, and low community SES (>54.4, 51.1-54.4, and <51.1, respectively). Census tract
rural-urban commuting area (RUCA) primary codes were grouped to define urban-rural
status. Urban, suburban, and rural tracts were defined by RUCA codes 1, 2-6, and 7-10,
respectively.

EMS Time Intervals

We examined three EMS time intervals: response, scene, and transport intervals. Response
interval was defined as the time from EMS unit notification to arrival on scene. Scene
interval was defined as the time from EMS arrival on scene to EMS left scene with patient.
Transport interval was defined as the time EMS left scene to EMS arrival with patient to the
destination hospital.

Study Covariates

Patient age (in years) was categorized into 18-44, 45-54, 55-64, 6574, 75-84, and 85

and older groups. Patient gender was categorized as female or male. Patient race/ethnicity
was categorized as non-Hispanic Black or African American, non-Hispanic White, non-
Hispanic other (i.e., American Indian or Alaska Native, Asian, and Native Hawaiian or
Other Pacific Islander), or Hispanic or Latino. Incident characteristics included time of day
(7:00AM-2:59PM, 3:00PM-10:59PM, or 11:00PM-6:59AM) and day of week (weekend
versus weekday) based on the date and time of EMS notification by 9-1-1 dispatch. The
duration (in hours) of the complaint reported by the patient or historian was categorized
into 0-3, 3-6, 6-24, and >24 hours based on acute stroke treatment windows. We identified
incidents that had a complaint of stroke reported by 9-1-1 dispatch to EMS. The EMS
provider’s primary impression was grouped into stroke, altered mental status, weakness, and
other categories.

Statistical Analysis

Descriptive statistics were used to describe patient characteristics and times intervals of
EMS encounters. Median, interquartile range (IQR), and 90™ percentiles of EMS response,
scene, and transport intervals were calculated. Kruskal-Wallis tests were used to compare
EMS time intervals by community SES and rurality with p<0.05 considered statistically
significant such that the null hypothesis that EMS time distributions are equal across tract
SES and rurality is rejected. Complete-case analysis (i.e., only observations with data on
all variables analyzed) was used to handle missing data. Quantile regression with both tract
SES and urban-rural status was performed for each time interval. Since EMS systems are
concerned with times for the majority of patients (represented by 90t percentiles) (34-36),
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quantile regression was used to estimate differences in 50" (median) and 90t percentiles
(and their 95% confidence intervals, Cls) of the response, scene, and transport interval
distributions by community SES and urban-rural status. In primary analyses, quantile
regression was adjusted for patient age, gender, and race to account for demographic
differences between tracts as a potential source of confounding. In secondary analyses, we
further adjusted for incident characteristics (time of day, weekend, duration of complaint,
9-1-1 dispatch complaint of stroke, and EMS provider primary impression) although it is not
clear these covariates are potential confounders or causal intermediates of the relationship
between tract characteristics and EMS times. Given the descriptive nature of the study
objectives, a formal sample size calculation was not performed, and all available data were
used for the analysis. Statistical analyses were conducted in SAS 9.4 (Cary, NC).

We identified 18,251 suspected stroke patients responded to by EMS. Of these, 79 were
excluded because either occurring outside NC or not able to be geocoded, and another

1,055 were excluded because EMS did not transport to the hospital, leaving 17,117 eligible
patients for this analysis. These EMS encounters occurred in 2,028 census tracts of the 2,195
total census tracts in NC shown in Figure 1. Patients located in urban tracts were more

likely in higher SES tracts compared to patients in suburban and rural tracts (Table 1). All
rurality-SES combinations were represented in these data although only 1% of suspected
stroke encounters occurred in rural-high SES census tracts.

The study population was 65% 65 years or older, 55% female, and 70% Non-Hispanic
White (Table 2). Suspected stroke encounters were more likely in urban (58%) census tracts
compared to suburban (33%) and rural (9%). Non-Hispanic White patients were more likely
found in suburban and medium-high SES tracts whereas Non-Hispanic Black patients were
more likely found in urban or rural and low SES tracts. About half of incidents occurred
between 3PM and 11PM across tract SES and urban-rural status. Similarly, about one-fourth
occurred on the weekend. The majority of patients (70%) were responded to by EMS within
3 hours of complaint. A complaint of stroke by dispatch was more likely to be reported

in high SES (61%) compared to low SES (53%) tracts. The majority of patients (85%)

had an EMS provider primary impression of stroke across tract SES and urban-rural status.
Most patients were transported to either a thrombectomy-capable (33%) or stroke-capable
(51%) hospital. Transport to a non-certified hospital was more likely in suburban/rural and
low-medium SES communities.

Median response, scene, and transport intervals were 8 (IQR 6-11, 90™ percentile 15) min,
16 (IQR 12-20, 90t percentile 26) min, and 14 (IQR 9-22, 90t percentile 30) minutes,
respectively. Differences in response time distributions were statistically significant by
community SES (p<.001) and urban-rural status (p<.001) although differences in medians
were minimal (Figure 2). Scene time distributions were not statistically different across
community SES (p=0.086). While scene time distributions were statistically different across
urban-rural status (p<.001), the differences were minimal. Transport time differences were
statistically significant by community SES (p<.001) and urban-rural status (p<.001) and
more clinically meaningful than response and scene times. In quantile regression adjusted
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for patient demographics, minimal differences were observed for median response and
scene times by community SES and rurality (Table 3). Although differences were relatively
small, rural tracts had greater 90™ percentile response (4.5 min, 95% Cl 3.8, 5.2) and

scene (2.3 min, 95% CI 1.4, 3.3) than urban tracts. The largest median and 90t percentile
differences were observed for transport times in rural and suburban tracts compared to urban
tracts. Lastly, after adjusting for urban-rural status and patient demographics, low SES was
modesty associated with shorter median (-3.3 min, 95% CI —3.8, —2.9) and 90" percentile
(=3.0 min, 95% CI —4.0, —2.0) transport times compared to high SES tracts. Fully-adjusted
models, which included incident characteristics in addition to tract SES and urban-rural
status and patient demographics, produced comparable results.

Discussion

In this statewide study, we identified important differences in EMS prehospital time intervals
for suspected acute stroke patients by community factors (i.e., SES and urban-rural status).
Multivariable adjusted regression results suggest patient encounters within rural tracts
experience longer transport times to the hospital compared to urban and suburban tracts
whereas those patients in low SES tracts experience modestly shorter transport times
compared to high SES tracts. Further, the 901" percentile EMS response and scene intervals
were also longer in rural tracts versus urban tracts although differences were minimal and
likely not clinically meaningful.

Disparities in stroke care and outcomes by rurality and SES are well documented (24,
37-40). Further, prior research found neighborhood-level geospatial clustering of stroke
prevalence across the United States (41). Our findings highlight the important role of
community factors in EMS time intervals for suspected stroke patients for large, diverse
regions. Our results are comparable to the median EMS time intervals for suspected acute
stroke patients reported by previous studies which range from 6 — 9 min for response
interval, 13-20 min for scene interval, and 12 — 14 min for transport interval (22, 36, 42-44).
Our findings conflict with Kleindorfer et al.’s (22) conclusion that poorer community SES is
associated with longer response and transport interval, and decreased scene interval by EMS.
In fact, our data revealed encounters within low SES communities had modestly shorter
transport times compared to high SES communities. This observation may be explained by
low SES tracts within urban areas that are closer to stroke-capable hospitals even though

our regression estimates by community SES were adjusted for urban-rural status. Further,
there may be inherent regional differences between our study conducted in NC and the
study conducted by Kleindorfer et al. (22) which was conducted using data from the Greater
Cincinnati metropolitan region. Lastly, Kleindorfer et al. (22) is based on 2006 data and may
be less applicable as recent clinical advancements and updates to stroke care guidelines may
have led to changes in EMS practices.

Interventions designed to mitigate the role of community socioeconomic deprivation and
rurality in EMS prehospital times may improve the likelihood of acute stroke patients
receiving time sensitive treatment and address health disparities. Even though the largest
prehospital time difference by rurality was observed in EMS transport interval, it is likely
due to longer distances to stroke-capable hospitals and NC EMS systems using stroke triage
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and destination plans (30). However, in our study, one-third of suspected stroke patients
were still transported by EMS to a non-certified hospital. With further regionalization of
acute stroke care and a trend towards routing potential large vessel occlusion strokes to
thrombectomy-capable stroke centers, rural stroke patients may experience even longer
prehospital delays. Rural communities may benefit from helicopter or fixed-wing transport
by EMS to minimize transport times and reduce delays to stroke reperfusion therapies
although the benefit of air medical services on stroke outcomes is not well-established (45).
Addressing the modest urban-rural differences in scene time, arguably the most modifiable
EMS time interval, through streamlined workflows may serve to decrease overall prehospital
delays for rural stroke patients. Lastly, response times in rural and suburban tracts were
modestly longer in our study, suggesting further optimization of ambulance station and unit
placement might be needed in these communities. Additional research is needed on how
EMS quality improvement, optimal resource allocation, and regionalization to improve acute
stroke care and patient outcomes are influenced by community-level factors, especially in
underserved areas.

Our study has some strengths and limitations to note. A major strength was the use of
statewide data from a large and diverse region. The NCOEMS ensures data are collected in
a standardized format from all EMS systems in the state. We had a very high match rate

of geocoding incident addresses. Furthermore, our data were representative of all levels of
community SES and urban-rural status. However, there are important limitations that must
be considered. First, encounters missing data on inclusion variables (i.e., EMS provider
impression, stroke protocol use) reduced the size of the study sample. Second, as this

is a secondary analysis of the NC EMS Data System collected to evaluate and improve
patient care and EMS system performance, there is an inherent potential for inaccurate or
incomplete data, which we were not able to assess in this study. Also, by using existing data,
we may not have been able to account for all potential sources of confounding, even though
our demographics- and fully-adjusted models had similar results. Third, although the use of
RUCA codes is an accepted method to characterize urbanicity, there are alternate methods
to identify urbanicity (e.g., Urban Influence Codes, Census place or urban area designation,
etc.) which may change the findings reported in this publication. Final patient diagnosis
(e.g., stroke type, stroke mimic, etc.), and ways in which prehospital times correspond to
treatment rates or patient outcomes were not available in these data. Lastly, our results are
based on data from a single state, which may not be generalizable to other states or regions.

Conclusion

Our analysis of statewide EMS data revealed meaningful differences in EMS time intervals
for suspected acute stroke patients by community factors. Urban-rural differences in

EMS transport intervals were most pronounced whereas differences by community SES
were modest. Findings from this study can inform future research exploring the role of
community socioeconomic deprivation and rurality in contributing to delays in prehospital
stroke care and develop EMS interventions to address rural-urban and SES stroke disparities.
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Figure 1.
North Carolina’s 2,195 Census Tracts by Urban-Rural Status and Socioeconomic Status

RUCA indicates rural-urban commuting area; AHRQ, Agency for Healthcare Research and
Quality; SES, socioeconomic status
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Figure 2.

Boxplots of EMS Time Intervals by Community SES and Urban-Rural Status in North
Carolina, 2019 (N=17,117)

EMS indicates emergency medical services; SES, socioeconomic status; and NC, North
Carolina

circle=mean, horizontal line=median, box=interquartile range, whiskers=10t" and 90t
percentiles, p values from Kruskal Wallis tests
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Table 1.

EMS Encounters of Suspected Stroke Patients by Census Tract Urban-Rural Status and SES in North Carolina
(N=17,117)

Urban Suburban Rural
High SES 3,907 (22.8%) 766 (4.5%) 139 (0.8%)
Medium SES 3,493 (20.4%) 2,196 (12.8%) 608 (3.6%)

Low SES 2,504 (14.6%) 2,677 (15.6%) 827 (4.8%)

SES indicates socioeconomic status; and NC, North Carolina
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Adjusted Quantile Regression Estimates Comparing Median and 90t Percentile EMS Time Intervals by
Community Socioeconomic Status and Urban-Rural Status Adjusting for Each Other and (a) Patient
Demographics *plus (b) Incident Characteristics’

Table 3.

Model #1a™; Responsetime

Median

Estimate (95% CI)

90t Percentile

Estimate (95% CI)

Low SES
Medium SES
High SES (ref)

-1.00 (-1.06.-0.94)
000 (-0.02,0.02)
0

-0.50 (-0.98, -0.02)
050 (0.08,0.92)
0

Rural
Suburban

Urban (ref)

Model #1b: Response time

1.00  (0.44, 1.56)
1.00 (0.97,1.03)
0

Median

Estimate (95% CI)

450 (3.81,5.19)
3.00 (254, 3.46)
0

90'™ Per centile

Estimate (95% CI)

Low SES
Medium SES
High SES (ref)

-1.00 (-1.28.-0.72)
000 (-0.19,0.19)
0

-0.75 (-1.33,-0.17)
025 (-0.26,0.76)
0

Rural
Suburban
Urban (ref)

Model #2a”: Scenetime

0.00 (-0.38,0.38)
1.00 (0.79,1.21)
0
Median

Estimate (95% CI)

400 (2.90,5.09)
3.00 (254, 3.46)
0

90t Per centile

Estimate (95% ClI)

Low SES
Medium SES
High SES (ref)

0.00 (-0.07,0.07)
0.00 (-0.07,0.07)
0

-0.67 (-1.35,0.02)
0.00 (-0.62,0.62)
0

Rural
Suburban

Urban (ref)

Model #2bT: Scenetime

1.00 (0.86,1.14)
0.00 (-0.08,0.08)
0
Median

Estimate (95% CI)

233 (1.38,3.28)
067 (0.08,1.25)
0

90t Per centile

Estimate (95% CI)

Low SES
Medium SES
High SES (ref)

011 (-0.21,0.42)
027 (-0.01,0.56)
0

-050 (-1.19,0.19)
017 (-0.48,0.81)
0

Rural
Suburban
Urban (ref)

Model #3a™: Transport time
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1.02  (0.63,1.42)
0.44 (0.17,0.71)
0
Median

Estimate (95% CI)

250  (L.50, 3.50)
083 (0.18, 1.49)
0

90t Per centile

Estimate (95% CI)
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Model #1a*: Responsetime Median 90t Percentile
Estimate (95% CI) Estimate (95% CI)
Low SES -3.33 (-3.75,-2.92) -3.00 (-4.00, -2.00)
Medium SES -1.00 (-1.40, -0.60) -2.00 (2.69, -1.31)
High SES (ref) 0 0
Rural 6.67 (5.76, 7.58) 16.00 (1453, 17.47)
Suburban 467 (4.19,5.14) 11.00 (10.13, 11.87)
Urban (ref) 0 0
Model #3bT: Transport time Median 90t Percentile
Estimate (95% CI) Estimate (95% CI)
Low SES -2.93 (-3.37, -2.50) -1.44 (-2.49,-0.39)
Medium SES -0.69 (-1.12, -0.26) -1.27  (-1.96, -0.58)
High SES (ref) 0 0
Rural 713 (6.23,8.04) 15.39 (1352, 17.26)
Suburban 491 (4.43,5.39) 1113  (10.23,12.04)
Urban (ref) 0 0

*
Demographics-adjusted models include main effects for tract SES, rurality, and patient age, gender, and race

Page 18

7‘Fully—adjusted models include main effects for tract SES, rurality; patient age, gender, and race; and time of day, weekend, duration of complaint,
9-1-1 dispatch complaint of stroke, and EMS provider primary impression

EMS indicates emergency medical services; and SES, socioeconomic status
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