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BACKGROUND: Whether emergency medical services
(EMS) transport improves disability outcomes compared
with other transport among acute ischemic stroke (AIS)
patients is unknown.
OBJECTIVE: To study severity-adjusted associations of
hospital arrival mode (EMS vs. other transport) with in-
hospital and discharge disability outcomes.
DESIGN: Prospective observational study.
PARTICIPANTS: AIS patients discharged April 2016 to
October 2017 from a safety-net hospital in South
Carolina.
MAIN MEASURES: National Institutes of Health Stroke
Scale (NIHSS) change at discharge (admission NIHSS
score minus discharge NIHSS, continuous variable), 24-
h NIHSS change (attaining high improvement, admission
NIHSS minus 24-h NIHSS being 75th percentile or
higher), door to neuroimaging (DTI) time, and IValteplase
receipt. NIHSS change was assessed within stroke sever-
ity groups, mild, moderate, and severe (admission NIHSS
0–5, 6–14, and ≥ 15, respectively).
KEYRESULTS:Of 1168 patients, 838 were study-eligible
(52%male, 52.4%Black, 72.2%EMSarrivals, 56.6%mild
strokes). Severe and moderate stroke patients were more
likely thanmild stroke patients to useEMS (adjusted odds
ratios, AOR [95% CI] 11.7 [5.0, 27.4] and 4.0 [2.6, 6.3],
respectively). EMS arrival was associatedwith shorterDTI
time (adjusted difference − 88.4 min) and higher likeli-
hood of alteplase administration (AOR 5.3 [2.5, 11.4]),
both key mediating variables in disability outcomes. High
24-h NIHSS improvement was more likely for EMS arriv-
als vs. other arrivals among moderate strokes (AOR 3.4
[1.1, 10.9]) and severe strokes (AOR > 999). EMS arrivals
had substantially higher NIHSS improvement at dis-
charge within the severe stroke group (adjusted NIHSS
change at discharge, 5.9 points higher, p = 0.01). Alte-
plase recipients showed higher discharge NIHSS

improvement than non-recipients (by 2.8 and 1.9 points
among severe and moderate strokes, respectively; p =
0.01, 0.02).
CONCLUSIONS: The findings offer evidence for including
stroke education as a standard of care in the primary care
management of patients with stroke-risk comorbidities/
lifestyle in order to minimize post-stroke disability.

KEYWORDS: emergencymedical servicesuse; acute ischemic stroke; 24-h

disability improvement; discharge disability outcome.

DOI: 10.1007/s11606-020-06114-4

© Society of General Internal Medicine 2020

INTRODUCTION

Stroke affects over 795,000 Americans annually (38.9/
100,000 population) causing 134,000 deaths (5% of all
deaths).1 The majority (87%) are acute ischemic strokes
(AIS) with high potential for disability mitigation with alte-
plase reperfusion (thrombolytic) treatment.2–4 Disabled stroke
survivors account for over half of all long-term care costs;
severely disabled survivors have fourfold and eightfold higher
expenditures than the mildly disabled in the first and second
years, respectively.3

Thrombolytic treatment significantly mitigates or reverses
stroke disability; however, it must be administered within
4.5 h of stroke onset, ideally within 3 h.5,6 Patients with
suspected AIS who use emergency medical services (EMS)
transport are more likely to arrive at hospital Emergency
Departments (ED) within 2 h of stroke onset and to receive
prompt intravenous alteplase.7 EMS use triggers certain
actions: EMS staff notify the hospital ED of a brain attack
patient en-route (BAT pre-notification), resulting in stroke
team activation and clearing the neuroimaging suite to receive
the patient.2,8 Even without BAT pre-notification, EMS
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arrival attracts immediate attention of the hospital emergency
medical team, bypassing ED triage and wait times.9,10 Cur-
rently, about 59% of AIS patients arrive by EMS and about
30% get neuroimaging initiated within 3 h of stroke onset.11,12

Other transport arrivals may experience care delays due to ED
crowding, uncommunicative aphasic or confused patients, and
the absence of pain or severe discomfort among stroke
patients.9 Many patients do not receive alteplase solely due
to time considerations.9

Patient and bystander recognition of stroke symptoms and
their EMS use decisions are critical for quick treatment initi-
ation. AIS patient surveys in 1997, 2000, and 2003 showed
that a third of stroke patients were unaware of any stroke
symptom before their stroke, and three-fourths were unaware
of the importance of quick treatment and EMS use for good
outcomes.13–15 Our 2016–2017 survey of 108 hospitalized
AIS patients (a subset of the current study sample), conducted
within 2–5 days of their stroke, showed no change compared
with the earlier 1997–2003 surveys: a third of our respondents
were unaware of any stroke symptom before their stroke, and
three-fourths were unaware of the importance of quick treat-
ment and EMS use for good outcomes.16 Importantly,
respondents’ knowledge (or lack of knowledge) was reflected
in their EMS use decisions. Two-thirds of patients in our
survey patients reported not being educated by their physician
about their stroke risk and about stroke symptoms despite an
average prevalence of 2.4 stroke-risk factors among respond-
ents. Nationally, EMS use by stroke patients has remained
essentially stagnant, 59% in 2003 vs. 53% in 1997.12

The above findings suggest the need for prioritizing stroke
education in the primary care management of patients with
stroke risk factors.12 However, standard-of-care guidelines
require evidence. There is no documented evidence of EMS
association with stroke disability mitigation, although its as-
sociation with quicker reperfusion treatment is documented.
Establishing the disability outcome benefit of EMS is chal-
lenged by the confounding role of stroke severity at admission
which impacts both patients’ decision/compulsion to use
EMS, and their residual disability.17 No clinical trial has
randomized stroke patients to EMS and other transport, nor
is it ethically defensible, given the established evidence of
quicker thrombolytic treatment among EMS arrivals. Retro-
spective studies using claims data or stroke registry data are an
option. However, claims data lack key data points, such as
admission stroke severity and comfort care (hospice) assign-
ment at admission. Pooled stroke registry data from hospitals
have significant missing data on stroke severity (28% missing
in nationwide Get-With-The-Guidelines (GWTG) Stroke data
for 2011–2014).11 This prospective study was conducted to
assess the association of hospital arrival mode with clinical
disability outcomes after accounting for stroke severity and
other key factors influencing both reperfusion treatment deci-
sions and disability recovery. Findings may have practice
implications for secondary prevention of post-stroke
disability.

METHODS

Study Design and Data Source

This prospective, observational cohort study assessed the
associations of AIS patients’ arrival mode with care processes
and disability outcomes. The study setting was a Joint
Commission–certified (JC, Oakbrook Terrace, IL) primary
stroke center of a non-profit safety-net hospital affiliated with
the University of South Carolina School ofMedicine. The data
source was the hospital’s GWTG stroke registry database
which is based on the American Heart Association’s
GWTG-Stroke Case Record Form.18 The registry database is
routinely populated from patient electronic medical records
(EMRs, hosted by Cerner, North Kansas City, MO) by trained
registry staff.18 During the study period, registry staff
extracted additional items from EMRs as required for the
study. The study was approved by the hospital’s Institutional
Review Board (IRB).

Selection of Participants

Study inclusion criteria were patient discharged from April 1,
2016, to October 31, 2017, with a primary diagnosis of AIS
(ICD-9CM 433.01, 433.11, 433.21, 433.31, 433.81, 433.91,
434.01, 434.11, 434.91, or 436), cerebrovascular imaging
evidence of AIS at admission, patient arrived directly at the
study hospital (not a transfer patient), not assigned to comfort
care/hospice at admission, and length of stay (LOS) less than
120 days (LOS ≥ 120 days is administrative, pending place-
ment in a long-term care facility). The sample selection criteria
and resulting exclusions from total 1168 AIS discharges dur-
ing the study period, and the final study-eligible sample, 838
patients, are shown in Figure 1 (605 EMS; 233 other
transport).

Outcomes and Analyses

The primary outcomes of interest were care variables and
patient outcome variables. Care variables were door to imag-
ing (DTI) and door to needle (DTN) time in minutes, stroke
onset to emergency department (ED) admission time, and
receipt of IV alteplase. Times to events were calculated from
GWTG registry–documented dates/times. Stroke onset to ED
arrival time was ED arrival time minus last known well
(arrival time was EMS arrival time or ED registration time
for other arrivals). It was categorized as ≤ 3 h vs. otherwise (>
3 h or unknown). DTI was neuroimaging start time minus
arrival time. For IV alteplase recipients, DTN was alteplase
bolus time minus arrival time.
Patient outcome variables were (a) National Institutes of

Health Stroke Scale (NIHSS) score improvement at discharge
(admission NIHSS minus discharge NIHSS, continuous vari-
able), (b) 24-h NIHSS change, high vs. otherwise (admission
NIHSS minus 24-h NIHSS (measured at 24 ± 8 h).19 High
improvement represented a score change of ≥ 75th percentile
or 24-h NIHSS 0–2, and (c) discharge disposition, died/
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assigned to hospice vs. otherwise.20 NIHSS at 24 h accurately
predicts the 90-day modified Rankin Score (mRS) disability
status.19 Discharge NIHSS was captured using the following
hierarchy: last NIHSS within 24 h of discharge; if unavailable,
last NIHSS on or after the 7th day of admission; last NIHSS 0–
2 with the previous NIHSS within ± 2 points of last NIHSS.
By protocol, NIHSS assessment is stopped on achieving stable
NIHSS of 0–2. NIHSS change was studied within stroke
severity categories (mild: admission NIHSS 0–5, moderate:
6–14, severe: 15–37).21

The key independent variable was arrival mode, EMS vs.
other transport. BAT pre-notification was not mandatory at the
study hospital; data are not available. The key covariate of
interest was admission stroke severity category.21 Other cova-
riates were demographic characteristics (age in years, sex, race
[Black, White/others; too few other race]), endovascular ther-
apy (EVT, Yes/No), onset to admission time (0–3 h, > 3–4.5 h,
> 4.5 h, unknown), history of GWTG stroke-risk comorbid-
ities (each included in the final models if statistically signifi-
cant), previous stroke, previous transient ischemic attack
(TIA), family history of stroke, smoking (current smoker vs.
otherwise), history of drug/alcohol abuse, and absolute or
relative contraindication to alteplase (Yes/No), and receipt of
inpatient rehab services. GWTG comorbidities are atrial fibril-
lation, coronary artery disease/prior myocardial infarction,
carotid stenosis, peripheral vascular disease, depression, dia-
betes mellitus, hypertension, dyslipidemia, heart failure,

migraine, obesity, renal insufficiency, and sleep apnea. Other
variables were insurance type (uninsured, Medicaid, other
insurance) and ED arrival shift (weekday morning: Mon–Fri
7:00 AM to 1:00 PM; weekday afternoon: Monday–Friday
1:00 PM to 9:00 PM; night/weekend: Monday–Thursday
nights, Friday 9:01 PM to Monday 6:59 AM).
Univariate comparisons of EMS and other arrivals were

performed using chi-square and t tests for categorical and
continuous variables, respectively. Factors associated with
the likelihood of EMS use were studied using logistic regres-
sion analysis. Associations of arrival mode with DTI time,
DTN time, alteplase receipt, 24-h and discharge NIHSS
change, and discharge disposition were studied using logistic
regression analysis for binary outcomes and linear regression
analysis for continuous variables. Linear regression was used
to study the association of arrival mode with discharge NIHSS
change after verifying normality of discharge NIHSS change
using the Kolmogorov-Smirnov test. All clinical variables
(e.g., GWTG comorbidity, endovascular treatment, receipt of
inpatient rehab services) and care logistic variables (e.g. ad-
mission shift) that could potentially influence the outcome of
interest were included in the respective regression models.
Starting with the full model, the backward variable selection
strategy with stepwise manual variable removal was used. The
final models retained statistically significant covariates, the
demographic variables, and key independent variables. Inter-
actions of arrival mode and stroke severity in impacting the

All AIS discharges
04/2016 – 10/2017

n = 1,228

Primary diagnosis AIS
at admission
n = 1,168

AIS not the primary diagnosis;

Hospice at admission; Stroke

occurred after hospital arrival;

LOS>120 days; or Combination

n = 60

Study patients
n = 838

Transfer patients

(initial hospital arrival

mode not available)

n = 330

Figure 1 Study-eligible patients after applying exclusion criteria (AIS, acute ischemic strokes; LOS, length of stay (days)).
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outcomes of interest were assessed. If significant, the adjusted
difference in the outcome variable between EMS and other
arrivals (or odds ratio) was generated within each stroke
severity group, mild, moderate, and severe. Association of
IV alteplase with discharge NIHSS change was assessed with
a similar strategy. Statistical analyses were performed in SAS,
version 9.4 (SAS, Cary, NC), using p < 0.05 for statistical
significance.

Sample Size and Power Calculation

Sample size and power calculations were based on the study
hospital’s 2015 proportion of EMS arrival rate (50%) and
alteplase administration rate (3.5%). At 80% power, a sample
of 1080 patients was deemed adequate to detect odds ratios of
1.75 for EMS vs. other arrivals for binary outcomes and to
study continuous dependent variables.

RESULTS

Study Patients

Of 838 patients, 52% were male and 52.4% were Black. Their
mean age was 68.3 years (SD 13.6), 72.2% were EMS arriv-
als, and 56.4% had mild strokes with a mean of 3.7 GWTG
stroke risk factors per patient (SD 1.9) (Table 1). The mean
admission NIHSS (available for 96.7% of patients) was 6.8
(SD 7.3); medianNIHSS 4.0. EMS arrivals were older and had
more severe stroke (mean admission NIHSS 8.3 vs. other
arrivals 2.9, p < 0.0001).
Table 2 presents patient care and outcomes by arrival mode.

Of the total patients, 92 were ineligible for discharge NIHSS
(31 expired, 61 hospice care), and of 746 eligible, 91.4% (682
patients) had discharge NIHSS data available (not shown in
the table). Of the total patients, 114 (13.6%) received alteplase.
The median DTI time was 49 min, and among alteplase
recipients, 17.5 min. The median DTN time for alteplase
recipients was 38 min (IQR 26–61). EMS arrivals had shorter
DTI time than other transport, and significantly greater per-
centages were admitted within 3 h of stroke onset (35% vs.
12%; p < 0.0001) and received IV alteplase (17.4% vs. 3.9%;
p < 0.0001). Most alteplase recipients (105 of 114) and EVT
recipients (51 of 56) were EMS arrivals. The 75th percentile of
24-h NIHSS change for the sample was 2 NIHSS points.
Significantly greater proportion of EMS arrivals achieved this
level of improvement or higher (31.6% vs. 22.8%, p = 0.006).
EMS arrivals had greater discharge NIHSS improvement
(mean change 1.8 vs. 0.7; p = 0.0015), higher percentage of
death/hospice outcome (14.7% vs. 1.3%; p < 0.0001), and
longer LOS (11.1 days vs. 6.9, p = 0.009), compared with
other transport.

Factors Associated with EMS Use

Stroke severity was the strongest predictor of EMS use
(Table 3). Severe stroke patients had much higher odds of

EMS arrival relative to mild stroke (adjusted odds ratio (AOR
[95% CI]), 11.7 [5.0, 27.4], as also moderate stroke patients
relative to mild stroke, AOR 4.0 [2.6, 6.3]), indicating that
arrival mode impacts on outcomes should be studied within
severity groups in regression analyses.

EMS Associations with Care Processes

Table 4 presents the adjusted associations of arrival mode with
patient care processes and discharge outcomes. EMS arrivals
were more likely to be admitted within 3 h of stroke onset
(AOR 4.2 [2.6, 6.7]) after accounting for demographics, ad-
mission stroke severity, and pre-admission clinical factors.
EMS arrivals were also more likely to receive IV alteplase
(AOR 5.3, [2.5, 11.4]) and had shorter covariate-adjusted DTI
time than other transport patients (− 88.4 min), but similar
DTN time (p = 0.39).22

EMS Use and Patient Outcomes

Table 4 shows that EMS arrivals had higher adjusted odds of
achieving high 24-h NIHSS change relative to other transport
within the moderate and severe stroke groups. Among mod-
erate strokes, AOR was 3.4 [1.05, 10.9], and among severe
strokes, AOR was > 999 (all 26 severe stroke patients with
high 24-h improvement were EMS arrivals). Among mild
strokes, arrival mode was not significantly associated with
24-h NIHSS change. Considering NIHSS change at discharge,
among severe stroke patients, EMS arrivals had a covariate-
adjusted mean NIHSS improvement of 13.0 points vs. 7.1
among other arrivals, a 5.9-point difference (p < 0.01). Differ-
ences within the mild and moderate stroke groups were not
statistically significant. Considering discharge disposition, af-
ter adjustment for severity and other covariates, arrival mode
was not associated with death/hospice outcome in any severity
group. Adjusted LOSwas significantly lower for EMS arrivals
than other transport within mild and moderate stroke groups (p
= 0.002 and 0.003), but not among the severe stroke group.
However, the magnitude of differences was small, < 1 day.

IV Alteplase and Discharge Disability Outcome

Table 5 shows that within the moderate and severe stroke
groups, IV alteplase was associated with higher NIHSS score
improvement at discharge compared with no-alteplase (adjust-
ed difference of 1.9 and 2.8 points respectively within the
moderate and severe stroke groups, p = 0.02 and 0.01). Alte-
plase was not associated with discharge NIHSS improvement
among the mild stroke group.

DISCUSSION

This study reports a statistically significant and clinically
meaningful magnitude of association between hospital arrival
mode and disability outcomes within severe and moderate
stroke groups. We used a prospective, observational study
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design with minimal missing data on stroke severity. EMS
arrivals with severe stroke experienced 5.9 NIHSS points
higher neurological improvement at discharge than other
arrivals after adjusting for demographic, comorbidity, and care
variables. This magnitude of effect has potentially lifelong
implications for independence in daily living (ADL), produc-
tivity, quality of life, and long-term care costs. EMS users
among moderate and severe stroke groups also achieved
higher disability reduction at 24 h, a measure that accurately
predicts post-discharge disability (90-day mRS).19 Absence of
significant differences in 24-h and discharge NIHSS change
within the mild stroke group is partly attributable to the “floor”
effect (admission NIHSS of 0–2 has little to no room for
improvement).

The observed associations of EMS with neurological dis-
ability outcomes are validated by its associations with consec-
utive events in the chain of AIS care. EMS arrivals were four
times as likely as other arrivals to reach the hospital within the
optimum alteplase window, received neuroimaging within
half the time that it took for other arrivals, and were more
likely to receive IV alteplase (fivefold odds). The latter find-
ings show the mechanism by which EMS users achieved
substantially higher NIHSS score improvement at 24 h and
at discharge and support the conclusion that EMS arrival
indeed contributed to the observed functional outcome bene-
fits. A meta-analyses involving multiple studies reported that
every 15 min saved in starting alteplase treatment reduces
residual disability among stroke survivors by 4%.6,20,23 Our

Table 1 Characteristics of Acute Ischemic Stroke (AIS) Patients at Admission, Classified by Hospital Arrival Mode

All AIS
patients,
n = 838
(% of
838)

Hospital arrival mode

EMS,
n = 605 (% out of
605)

Other
transport,
n = 233
(% of 233)

P value
(chi-sq. or t
test as
applicable)

Age Mean (SD) 68.3 (13.6) 70.0 (13.3) 63.6 (13.2) < .0001
Sex Female 402 (48.0) 301 (49.8) 101 (43.3) 0.0964

Male 436 (52.0) 304 (50.2) 132 (56.7)
Race† White/Asian/others 398 (47.5) 281 (46.4) 117 (50.2) 0.3378

Black/African American 439 (52.4) 323 (53.4) 116 (49.8)
Admission NIHSS score Median (25th, 75th percentile) 4 (1–10) 6 (2–13) 2 (0–4) < .0001

Mean (range) 6.8 (0–37) 8.3 (0–37) 2.9 (0–20)
Admission stroke severity Mild (NIHSS 0–5) 473 (56.4) 287 (47.4) 186 (79.8) < .0001

Moderate (NIHSS 6–14) 212 (25.3) 181 (29.9) 31 (13.3)
Severe (NIHSS ≥ 15) 125 (14.9) 119 (19.7) 6 (2.6)
Missing admission NIHSS 28 (3.4) 18 (3.0) 10 (4.3)

ED arrival shift Weekday afternoon (1 pm–9
PM, M–F)

330 (39.4) 248 (41.0) 82 (35.1) 0.0630

Weekday morning (7 AM–1
PM, M–F)

229 (27.3) 152 (25.1) 77 (33.1)

Night (9 PM–7 AM, M–F)/
weekend

279 (33.3) 205 (33.9) 74 (31.8)

Insurance type Medicaid only 62 (7.4) 40 (6.6) 22 (9.4) 0.0087
Private, Medicare/dual, other 726 (86.6) 537 (88.8) 189 (81.2)
Uninsured 50 (6.0) 28 (4.6) 22 (9.4)

Contraindication to alteplase 187 (22.3) 157 (26.0) 30 (12.9) < .0001
Family history of stroke 183 (21.8) 109 (18.0) 74 (31.8) < .0001
Stroke-relevant GWTG
Comorbidities or risk factors‡

Mean/patient (SD) 3.7 (1.9) 3.8 (1.9) 3.5 (1.8) 0.0581

Specific GWTG risk factors
Atrial fibrillation/flutter 147 (17.5) 122 (20.2) 25 (10.7) 0.0013
Coronary artery disease/prior

myocardial infarction
226 (27.0) 163 (26.9) 63 (27.0) 0.9775

Diabetes mellitus 357 (42.6) 269 (44.5) 88 (37.8) 0.0791
Drugs/alcohol abuse 259 (30.9) 174 (28.8) 85 (36.5) 0.0302
Dyslipidemia 405 (48.3) 294 (48.6) 111 (47.6) 0.8041
Heart failure 116 (13.8) 92 (15.2) 24 (10.3) 0.0654
Hypertension 707 (84.4) 524 (86.6) 183 (78.5) 0.0039
Previous stroke 297 (35.4) 219 (36.2) 78 (33.5) 0.4605
Renal insufficiency 89 (10.6) 75 (12.4) 14 (6.0) 0.0072
Smoking history 215 (25.7) 138 (22.8) 77 (33.1) 0.0024
Carotid stenosis/depression/

migraine/obesity or overweight/
previous transient
ischemic attack/peripheral vascular
disease/sleep apnea/or combination

248 (29.6) 179 (29.6) 69 (29.6) 0.9939

AIS acute ischemic stroke, EMS emergency medical services, NIHSS National Institutes of Health Stroke Scale, ED emergency department
†1 patient had missing data on race
‡GWTG (Get With The Guidelines)-stroke comorbidities: atrial fibrillation/flutter, coronary artery disease/prior myocardial infarction, carotid stenosis,
depression, diabetes mellitus, drugs/alcohol abuse, dyslipidemia, heart failure, hypertension, migraine, obesity/overweight, previous stroke, previous
transient ischemic attack, peripheral vascular disease, renal insufficiency, sleep apnea, and smoking history

Xirasagar et al.: EMS Use and Acute Ischemic Stroke OutcomesJGIM 3177



study documents the positive effects of EMS transportation on
alteplase receipt, other intermediate steps in the chain of stroke
care, and ultimately, neurological disability outcomes.
We found no difference in death/hospice outcome among

EMS vs. other transport after accounting for admission stroke

severity and comorbidities. In contrast, the unadjusted com-
parison shows higher rate of death/hospice outcome among
EMS arrivals which is attributable to more severe strokes
among EMS arrivals as observed in Table 1. Together, the
findings support a true disability reduction benefit of EMS,
and that the observed benefit is not an artifact due to survival
bias. Our findings regarding EMS impacts on the processes of
care (DTI, DTN, admission within the alteplase window, and
alteplase receipt) are similar to those reported in the docu-
mented literature.8,10

This study contributes to the general internal medicine
literature by offering evidence of substantial disability mitiga-
tion by EMS use in a community-based patient cohort man-
aged at a primary stroke center. Our findings may be widely
applicable to stroke patients. Our cohort stroke severity is
similar to the 2011–2014 nationwide GWTG stroke cohort
(median admission NIHSS 4.0).11 The nationwide EMS rate
of 59% across all AIS patients is somewhat higher than our
cohort rate of 52%.12 Overall, the observed associations be-
tween EMS use and outcomes have evidentiary value for
primary care practice.
Prompt EMS use by stroke patients could be facilitated by

systematic stroke education of patients with chronic medical
conditions, smoking, and other lifestyle factors in primary care
settings. Study patients had an average of 3.7 stroke-risk
comorbidities/lifestyle factors per patient including widely

Table 2 Bivariate Distribution of Arrival Mode with Care Receipt/Timeliness, and Patient Outcomes

AllAIS patients,n=
838 (% of 838)

Hospital arrival mode

EMS, n = 605
(% of 605)

Other transport, n =
233 (% of 233)

P value (chi-sq. or t
test as applicable)

Door to imaging time (min) Median (25th, 75th
percentile)–all patients

49 (20–109) 36 (17–81) 93 (47–229) < .0001

IV TPA patients (114
patients)

17.5 (10–25) 17 (10–24) 23 (15–41) 0.0881

Door to needle time (min) Median (25th, 75th
percentile)

38 (26–61) 38 (26–61) 42 (34–56) 0.1073

Intravenous alteplase at study hospital 114 (13.6) 105 (17.4) 9 (3.9) < .0001
Endovascular treatment (EVT) 56 (6.7) 51 (8.4) 5 (2.2) 0.0011
Stroke onset to adm. time
(Adm.– last known well)

0–3 h 240 (28.6) 213 (35.2) 27 (11.6) < .0001
> 3–4.5 h 76 (9.1) 59 (9.8) 17 (7.3)
> 4.5 h 288 (34.4) 193 (31.9) 95 (40.8)
Unknown 234 (27.9) 140 (23.1) 94 (40.3)

24-h NIHSS change High (≥ 75th or 24-
h NIHSS<= 2)

244 (29.1) 191 (31.6)† 53 (22.8)† 0.0060‡

Not high (< 75th
percentile)

527 (62.9) 362 (59.8) 165 (70.8)

Missing* 67 (8.0) 52 (8.6) 15 (6.4)
NIHSS change Adm. to
Disch§

Mean (SD) 1.5 (6.4) 1.8 (7.3) 0.7 (3.4) 0.0015

Discharge disposition Expired 31 (3.7) 29 (4.8) 2 (0.9) < .0001
Hospice 61 (7.3) 60 (9.9) 1 (0.4)
Discharged to home 410 (48.9) 235 (38.8) 175 (75.1)
Discharged to other
facility

336 (40.1) 281 (46.5) 55 (23.6)

Length of stay (days) Mean (SD) 9.9 (17.5) 11.1 (18.8) 6.9 (13.2) 0.0099

EMS emergency medical services, Adm admission, NIHSS National Institutes of Health Stroke Scale
*26 patients had missing admission NIHSS, and 41 patients missing 24-h NIHSS, total 67 patients missing 24-h NIHSS change
†Number of patients in this arrival mode category who were at or above the 75th percentile level for the full sample
‡p = 0.0060 after excluding missing from chi-square analysis
§NIHSS change at discharge available for 681 patients. After excluding 92 expired/hospice patients, 22 of the remaining had missing admission NIHSS,
42 had missing discharge NIHSS

Table 3 Factors Associated with EMS Arrival: Multiple Regression
Analysis Results * (n = 809 Patients)

Adjusted odds ratio (95%
CI), p value†

Admission stroke severity
Moderate (vs. mild)
Severe (vs. mild)

4.0 (2.6, 6.3), < .0001
11.7 (5.0, 27.4), < .0001

History of atrial fibrillation: yes (vs.
no)

1.8 (1.0, 3.0), 0.0375

History of CAD or prior MI: yes (vs.
no)

0.7 (0.4, 1.0), 0.0438

Depression: yes (vs. no) 2.1 (1.0, 4.2), 0.0389
Family history of stroke: yes (vs. no) 0.5 (0.4, 0.8), 0.0008
Age 1.0 (1.0, 1.1), < .0001
Female (vs. male) 1.1 (0.8, 1.5), 0.6997
Black/African American (vs. White/
Asian/other)

1.6 (1.1, 2.2), 0.0133

EMS emergency medical services, CAD coronary artery disease, MI
myocardial infarction
Analytic sample is less than the full sample due to missing data on
admission NIHSS score and race
†No other potentially influential variable was significant, i.e., ED
arrival shift, health insurance status, and GWTG comorbidities, not
included in final model
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prevalent conditions such as diabetes, hypertension, smoking,
and ischemic heart disease. Yet, a third of them had no
knowledge of any stroke symptom and three-fourths were
unaware of the importance of quick treatment and EMS

use.16 Together, our two studies may present an evidence base
for incorporating stroke education as a standard of care in the
primary care management of patients with stroke-risk factors.
Additional efforts beyond medical professional efforts are
essential to minimize post-stroke disability—population-wide
education to increase general awareness of stroke, regulatory
and insurer policies to mitigate EMS costs, measures to im-
prove EMS access for rural populations, and stroke education
of frontline ED staff including patient registration staff.

STUDY LIMITATIONS

Single-center study limitation is partly mitigated by sim-
ilarity of cohort composition to multicenter GWTG
cohorts (similar median admission NIHSS). A single-
center study, however, facilitated maximum data extrac-
tion on admission and discharge NIHSS by EMR text
search (< 10% missing data vs. 28% in multicenter
GWTG studies).11 The observational study design is an-
other limitation. However, randomized clinical trials are
not feasible for ethical reasons. Other limitations are the
absence of data on BAT pre-notification and 90-day mRS
outcomes. The latter may be mitigated by 24-h and dis-
charge NIHSS which correlate with 90-day mRS. The
validity of the evidence generated is reinforced by the
study strengths: prospective design, minimal missing da-
ta, and adjustment for most covariates known to influ-
ence functional outcomes (age, race, stroke severity,
GWTG risk factors, and alteplase contraindication).
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Table 4 Adjusted Estimates for Receipt/Timeliness of Care and
Clinical Outcomes, EMS vs. Other Transport Arrivals (Numeric

Difference or Odds Ratio as Applicable)

Outcome modeled in
each regression*

EMS vs. other transport†

Adj. mean
difference (SE), p
value

Adj. odds ratio
(95% CI), p
value

Process of care
Door to imaging time

(min)
− 88.4 (12.4), <
.0001

-

Door to needle time
(min)

− 8.5 (9.8), 0.3874 -

Admitted within 3 h of
stroke onset

- 4.2 (2.6, 6.7), <
.0001

Likelihood of IV
alteplase

- 5.3 (2.5, 11.4), <
.0001

Patient outcome
24-h NIHSS change

(high vs. not high)‡

Mild - 0.9 (0.6, 1.4),
0.7799

Moderate - 3.4 (1.1, 10.9),
0.042

Severe - > 999.999§

NIHSS change at
discharge (adm.–disch.
NIHSS)

Mild (EMS = 2.4;
other = 2.3)

0.1, 0.7753 -

Moderate (EMS = 5.3;
other = 5.5)

− 0.2, 0.8314 -

Severe (EMS = 13.0;
other = 7.1)

5.9, 0.0046 -

Discharge disposition:
expired/hospice vs. other

Mild - 5.5 (0.7, 45.0),
0.1095

Moderate - 4.0 (0.5, 31.4),
0.1859

Severe - 2.4 (0.3, 22.4),
0.4447

Length of stay (days)
Mild (EMS = 2.5;

other = 2.3)
0.2, 0.0016 -

Moderate (EMS = 3.2;
other = 2.7)

0.5, 0.0032 -

Severe (EMS = 3.3;
other = 3.8)

− 0.5, 0.2037 -

EMS emergency medical services, NIHSS National Institutes of Health
Stroke Scale, SE standard error
*Analytic samples used for regressions vary from the full sample based
on eligibility for the outcome and/or missing data on the dependent/key
independent variables. Analytic samples in the order of models
presented above were 799, 114, 809, 809, 769, 681, 819, and 809
respectively. Large sample drop for NIHSS change at discharge is due
to 92 expired or hospice outcomes, therefore ineligible for discharge
NIHSS assessment. Sample for door to needle time is 114 patients who
received alteplase
†All models adjusted for age, sex, race, stroke severity; each model
also adjusted for other independent variables relevant for the outcome
‡24-h NIHSS change, high if admission NIHSS minus 24-h NIHSS value
was at or higher than the 75th percentile value for the full sample, or
absolute NIHSS, 0–2 at 24 h
§Model did not produce an interpretable odds ratio estimate for severe
stroke because all 26 patients with high 24-h NHISS change were EMS
arrivals

Table 5 Adjusted Mean NIHSS Change at Discharge, Alteplase vs.
No-Alteplase, Within Each Stroke Severity Category (n = 681)

Least square regression-adjusted mean
NIHSS change†

P value

Alteplase No alteplase Difference

Mild 2.1 2.1 0 0.9920
Moderate 6.5 4.6 1.9 0.0215
Severe 14.3 11.5 2.8 0.0133

NIHSS National Institutes of Health Stroke Scale
†Adjusted for demographic, GWTG comorbidities, endovascular treat-
ment, rehab care receipt, and other relevant variables
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