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Abstract

Background: Despite the use of validated prehospital stroke screens, stroke mimics are frequent
among patients transported by Emergency Medical Services to the Emergency Department. We
aimed to describe the frequency and characteristics of neurological and non-neurological mimics
transported to a comprehensive stroke center for acute stroke evaluation.

Methods: This was a retrospective analysis of a database consisting of all consecutive patients with
suspected stroke transported to the Emergency Department of a comprehensive stroke center during
an 18-month period. Hospital charts and neuroimaging were utilized to adjudicate the final
diagnosis (acute stroke, stroke mimic, and specific underlying diagnoses).

Results: 950 patients were transported with suspected stroke, among whom 405 (42.6%) were
stroke mimics (age 66.9+£17.1 years; 54% male). Neurological mimics were diagnosed in 223
(55.1%) patients and mimics were non-neurological in 182. The most common neurological
diagnoses were seizures (19.7%), migraines (18.8%) and peripheral neuropathies (11.2%).
Cardiovascular (14.6%) and psychiatric (11.9%) diagnoses were common non-neurological
mimics. Patients with neurological mimic were younger (64.1+17.3 years vs. 70.5+16.1 years,
p<0.001) and had less vascular risk factors than non-neurological mimics. The proportion of non-
neurological mimics remained high (38%) despite the use of a prehospital identification scale.
Conclusion: Stroke mimics are common among patients transported by Emergency Medical
Services to a comprehensive stroke center for suspected stroke, with a considerable proportion
being non-neurological in origin. Studies refining triage and transport of suspected acute stroke
may be warranted to minimize the number of mimics transported by to a comprehensive stroke

center for acute stroke evaluation.



Introduction

Rapid triage of acute stroke patients by Emergency Medical Services (EMS) is associated
with reduced transport delays to the Emergency Department (ED) for acute stroke evaluation (1),
higher use of thrombolytic therapy (2), and improved outcomes (3). EMS protocols diverting acute
stroke patients from primary care hospitals to comprehensive stroke centers (CSC) with
endovascular thrombectomy capabilities are increasingly popular in patients with suspected severe
stroke, although robust evidence supporting this practice is currently lacking (4). Mass bypass of
primary care sites to CSC is likely associated with several patients ineligible to endovascular
treatment being subjected to delays in hospital care, including intravenous tissue plasminogen
activator (tPA) administration.

Validated prehospital stroke identification scales are widely used by EMS professionals to
detect acute stroke in the field (5-10). Prehospital identification of acute stroke remains challenging
nonetheless as there are several non-stroke conditions (“stroke mimics”) that share similar clinical
features. As a result, prehospital stroke scales all tend to suffer from a relatively poor specificity
(24-99%) (11). Previous studies have reported that 10-44% of EMS-transported suspected stroke
patients are ultimately diagnosed with a stroke mimic in the ED (9, 12-15), yet little information
exists regarding prehospital stroke mimics, particularly those transported to CSC. Prehospital triage
of stroke mimics (including EMS diversion of primary hospitals to CSC) may be associated with
considerable increases in patient volume, risks, and resource utilization in CSC (12). Despite this,
little information exists regarding mimics in the prehospital setting. The aim of this study was to
describe the prevalence and clinical characteristics of stroke mimics transported by EMS for acute
stroke evaluation to a Canadian regional CSC.

Methods



Study Design

The methods of this study have been described previously (16). Briefly, this was a
secondary, cross-sectional, observational study of a prospectively-maintained centralized EMS
database of consecutive patients with suspected stroke transported by EMS to the ED of the
University of Alberta Hospital (UAH), in Edmonton, Canada during an 18-month period (January
1,2012,to July 31,2013). The UAH ED manages approximately 77,000 patients per year, is staffed
by full time certified emergency physicians, and functions as an academic teaching hospital for the
University of Alberta. The UAH is staffed 24-hours per day by a stroke service with a dedicated
on-call stroke fellow and neurologist.

The unified EMS service for the city of Edmonton, overseen by Alberta Health Services,
attends to more than 157,000 events annually and transports patients to one of 13 provincially
operated Edmonton Zone EDs. The UAH is a tertiary health care center and one of two CSC within
the Edmonton Zone, receiving the majority of patients transported by EMS for suspected stroke
and admitting 1,000 to 1,200 stroke patients annually. At the time of this study, EMS did not bypass
primary hospitals for the UAH in cases of suspected stroke.

During a 9-1-1 call for suspected stroke, the emergency dispatcher is trained to employ a
stroke-specific interview algorithm to assign a Medical Priority Dispatch System event code for
suspected stroke. This event code is subsequently communicated to EMS providers responding to
the call. The Cincinnati Prehospital Stroke Screen (CPSS) (7) was used on the field by EMS
providers to determine a primary paramedic impression of acute stroke. Dispatch and individual
electronic patient health care reports data were then prospectively uploaded to a centralized

provincial EMS database housed securely within Alberta Health Services. The research protocol



of this study was approved for waiver of consent by the local institutional Human Research Ethics

Review Board (University of Alberta).

Study Population and Data Collection

Eligible study participants were identified within the centralized Alberta Health Services
database by “suspected stroke” dispatch event and/or paramedic primary impression of acute
stroke. Once identified, data from individual electronic patient health care reports data were
extracted and linked to ED records through the Emergency Department Information Systems.
Electronic patient health care report data were also linked to in-hospital patient charts and
neuroimaging to determine the final diagnosis of ischemic stroke, transient ischemic attack (TIA),

intracerebral hemorrage (ICH) or stroke mimic, as per the treating physician’s discharge diagnosis.

Measures

Stroke mimics were defined after chart and neuroimaging review as any discharge diagnosis
— other than acute stroke — responsible for the initial symptoms that prompted EMS transport for
suspected stroke. Mimics were classified by the first author as being neurological or non-
neurological in origin, and then further divided into subcategories (neurological: seizure, delirium,
dementia, neoplasm, vertigo, peripheral neuropathy, migraine, weakness of undetermined origin,
and movement disorder; non-neurological: cardiovascular, metabolic, gastroenterological,
psychiatric and infectious).

Participant baseline characteristics — including age, sex, smoking, alcohol use, history of
hypertension, type 2 diabetes, dyslipidemia, coronary artery disease, atrial fibrillation or flutter,

congestive heart failure, cognitive disorder, prior ischemic stroke, ICH or TIA — as well as



paramedic primary impression, prehospital systolic blood pressure, prehospital Glasgow Coma
Scale score, reperfusion with tPA or endovascular treatment, and destination from the ED
(discharge home vs hospital admission, with admission length) were extracted for all eligible

patients.

Statistical Analyses

Continuous variables are reported as means and standard deviations (SD) or medians and
interquartile ranges (IQR), as appropriate. Dichotomous variables are reported as proportions.
Differences in baseline characteristics between neurological and non-neurological mimics were
assessed using independent t-tests (parametric data), Mann-Whitney tests (nonparametric) or chi-
square test, as appropriate. No specific sample size was determined for this study; however, the

sample provides 95% confidence intervals (CI) with a precision of +/- 3% for mid-point estimates.

Results

A total of 950 eligible patients meeting study inclusion criteria were identified. Among
these, 545 (57.3%; CI: 54.0-60.4) were diagnosed with acute stroke (367 (38.6%; CI: 35.5-41.8)
ischemic stroke, 117 (12.3%; CI: 10.3-15.3) transient ischemic attack, and 61 (6.3%; CI: 4.1-8.1)
acute intracerebral hemorrage) and 405 (42.6%; CI: 39.5-45.8) patients were diagnosed with a
stroke mimic. The mean age of all stroke mimics was 66.9 + 17.1 years, and 54% of patients were
male. Compared to acute stroke patients, patients with stroke mimics were younger, and had lower
rates of vascular risk factors (such as hypertension, atrial fibrillarion, dyslipidemia and coronary
artery disease) than patients with acute stroke (Table 1). Nonetheless, baseline vascular risk factors
were frequently found in patients with stroke mimics (hypertension 53%, type 2 diabetes 28%,

dyslipidemia 33%, Table 1).



Neurological and Non-Neurological Stroke Mimics

Mimics considered neurological in origin occurred in 223 (55.1%; CI: 50.1-60.0) patients
and non-neurological mimics were diagnosed in 182 (44.9%; CI: 40.0-49.9). Patients with
neurological mimics were younger (64.1 £ 17.3 years vs. 70.5 = 16.1 years, p<0.001) and had
slightly higher prehospital systolic blood pressures (147.8 + 24.2 mmHg vs. 141.2 + 26.2 mmHg,
p=0.01) than non-neurological mimics, respectively (Table 1). Median (IQR) prehospital Glasgow
Coma Scale scores were similar between groups (15 (1) vs. 15 (1), p=0.26). Patients with non-
neurological mimics more commonly exhibited previous diagnoses of hypertension (64% vs 44%),
type 2 diabetes (34% vs 24%), alcohol use (20% vs 9%) and congestive heart failure (10% vs 4%)
and than neurological mimics (p<0.01). There were no others significant differences between the
two groups regarding other vascular risk factors. The only two mimic patients to have received tPA
were suffering from neurological stroke mimics (specifically, one seizure and one weakness of
undetermined origin). No stroke mimic patient was sent to the endovascular lab. Patient destination
from the ED was similar between neurological and non-neurological mimics, with approximately
40% of patients in both groups being admitted to the hospital (p=0.81). Admitted non-neurological
mimic patients required longer courses of hospitalisation than admitted neurological mimic patients

(5 days (IQR 11) vs 2 days (IQR 8), p=0.04).

Stroke Mimics by Specific Diagnosis
Table 2 describes the prevalence of neurological and non-neurological mimic final
diagnoses. Cardiovascular (n=59, 15.9%), psychiatric (n=48, 11.9%), and infectious (n=36, 8.9%)

diagnoses were the most common causes of non-neurological stroke mimics (Figure 1A). Nearly



half of cardiovascular mimic cases were syncope/presyncope (n = 29, 7%). Among neurological
mimics, the most common final diagnoses were seizures (n=44, 19.7%), migraines (n=42, 18.8%),

and peripheral neuropathies (n=25, 11.2%) (Figure 1B).

Primary EMS Impression of Stroke

A primary EMS impression of acute stroke was specified in 210 out of the 405 mimic
patients (51.8%). The remaining 195 patients (48.1%), although flagged as a suspected acute stroke
by emergency medical dispatch, had an alternate primary EMS impression. Non-neurological
stroke mimics were less common but remained frequent (38.1%) in patients with an EMS
impression of stroke, compared with patients with an alternate impression (52.3%, Table 2).
Specifically, patients with an initial EMS impression of stroke had lower rates of cardiovascular
(10% vs 20%) and infectious (5% vs 13%) pathologies, but there was a slightly higher prevalence

of metabolic mimics (7% vs 3%).

Discussion

In an analysis of a centralized EMS database comprised of all consecutive patients
transported for suspected stroke to a regional CSC, we found that stroke mimics represent a
substantial number (>40%) of patients evaluated and transported by EMS. Although the majority
of stroke mimics were neurological in origin, a considerable and surprising number of stroke
mimics were ultimately diagnosed with a non-neurological condition. Non-neurological mimic
patients were older and more likely to have multiple vascular risk factors than neurological mimics.
Furthermore, the proportion of non-neurological stroke mimics remained high despite screening

with CPSS, a validated and widely implemented prehospital stroke identification scale. These



results highlight the important challenge faced by EMS providers when identifying acute stroke in
the prehospital field.

Our findings are consistent with previous studies showing that stroke mimics are common
among patients evaluated in the ED for suspected stroke (9, 12-15). In previous studies, stroke
mimicking pathologies were more prevalent in suspected stroke patients with the following
characteristics: young age (<50 years), female sex, absence of vascular risk factors, particularly
atrial fibrillation, and a history of epilepsy or psychiatric illness (15, 17, 18). In our cohort, many
of these mimic characteristics — younger age and absence of alcohol use, hypertension, type 2
diabetes and congestive heart failure — were common in stroke mimics, particularly neurological
mimics. To our knowledge, our study is the first to stratify stroke mimic pathologies in this detail
and identify differences in neurological and non-neurological stroke mimic patient characteristics.

The overtriage of stroke mimics to CSC may have negative impacts on both patients and
the health care system. Mass bypass of primary care sites to CSC is likely associated with several
patients ineligible to endovascular treatment being subjected to delays in hospital care, particularly
intravenous tPA administration. Moreover, overtriage of stroke mimics to CSC results in
overactivation of stroke protocols, requiring mobilization of a number of healthcare professionals
involved in acute stroke care (emergency physicians, triage and emergency nursing, stroke fellows
and neurologists, radiology technicians and neurointerventionalists). Finally, admitted mimic
patients are often subjected to extensive work-ups (19), which may expose them to unnecessary
radiation or interventions, and represent significant costs to the system.

False diagnosis in the prehospital setting is not unique to acute stroke management. Studies
have shown that 8-25% of cardiac catherterization lab activations following prehospital notification

for acute ST-elevation myocardial infarction (STEMI) result from false-positive EMS screening



(20-22). These false-positive cases for STEMI are regarded as acceptable, particularly since EMS
activation expedites care and translates into shorter door-to-balloon delays than ED activation (23,
24). Considering the significant burden of ischemic stroke on the individual and society in
association with the proven benefit of early stroke detection and overwhelming efficacy of acute
reperfusion therapies, a higher false positive rate may be acceptable at a societal level. Conversely,
overactivation of stroke teams and management of a high proportion of stroke mimics may put
considerable strain on the health system from a resource utilization perspective. Overactivation of
acute stroke may also be associated with negative outcomes for other ED patients for whom care
is delayed. An increase in the length of stay in ED patients overall has been described in designated
trauma centers with trauma activations (25-27). As the volume of patients eligible for endovascular
intervention rapidly evolves (28, 29), and as stroke mimic incidence is projected to increase and
possibly surpass acute stroke incidence in the future (19), it will be increasingly important to
address the problem of overtriage of stroke mimics to CSC.

Several prehospital stroke identification scales have been developed to improve acute
stroke detection in the out-of-hospital setting. Overall, these scales are associated with reasonably
high sensitivity and low specificity for acute stroke diagnosis (10). The Los Angeles Prehospital
Stroke Screen (LAPSS), the only scale that incorporates elements suggestive of stroke mimics
(such as seizure history), has been shown to be a more reliable and consistent prehospital scale for
acute stroke diagnosis when compared to other scales (6).

Other in-hospital scales have been developed to improve stroke mimic detection in the ED.
The Recognition of Stroke in the Emergency Room (ROSIER) scale was developed for use by
emergency physicians on all suspected stroke patients prior to neuroimaging (30). The presence of

focal neurological signs (e.g., face, arm or leg weakness; speech disturbance; visual field defect)



were scored favorably for acute stroke, while the presence of seizures, confusion, or loss of
consciousness were scored unfavourably (loss of points on the scale). A ROSIER score >1 favoured
the diagnosis of stroke with high diagnostic accuracy (92%). A second scale, the FABS, was
developed in order to help stratify the need for advanced neuroimaging (MRI) in suspected stroke
patients with a negative head CT scan in the ED (31). In the presence of three or more of the scale
elements (absence of facial droop, age<50 years old, absence of atrial fibrillation, SBP<150mmHg,
presence of isolated sensory deficit, or seizure history), the sensitivity (90%) and specificity (91%)
were high for stroke mimic. Indeed, our findings are in line with the elements predictive of stroke
mimics in the FABS scale such the absence of atrial fibrillation, history of seizure and lower blood
pressure. Given the absence of clinical information regarding the individual items of the CPSS that
triggered prehospital stroke activation in our study, we were not able to calculate FABS score in
our patient population.

Our findings suggest that prehospital stroke identification scales are associated with a high
rate of stroke mimics, with nearly half being non-neurological in origin. The inclusion of clinical
elements suggestive of stroke mimics (e.g., syncope, seizure) may help to decrease the rate of
stroke mimics transported to CSC for acute stroke evaluation, but whether these tools should be
employed in the EMS setting remains unknown. Future prospective studies are warranted to assess
whether the use of newly-developped prehospital scale incorporating elements predictive of stroke
mimics in the field is associated with fewer stroke mimics transported to ED. An alternative
approach could be a combined use of a sensitive EMS screening tool to trigger transport for acute
stroke followed by a second, more specific scale in order to grade stroke severity and help minimize
stroke mimics when considering EMS diversion directly to CSC, but future studies are needed.

Nonetheless, both approaches would require a systems-wide analysis of all patients transported for
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suspected stroke by EMS to primary and comprehensive stroke centers in order to determine the

best approach.

Limitations

There are a number of limitations to our study. First, this was a retrospective study and is
subject to confounding. Patient data, however, was prospectively collected and uploaded to a
centralized database which may help to limit bias. Second, inclusion of all patients with suspected
stroke by dispatch code and/or EMS evaluation likely resulted in an overestimation of the
proportion of stroke mimics transported to the ED. We chose to include all consecutive patients
evaluated in the field for suspected stroke patients in order to better characterize stroke mimics in
the field as well as determine whether EMS impression of stroke was associated with lower rates
of non-neurological mimics transported to ED. Moreover, in a recent prospective field validation
of the Cincinnati Stroke Triage Assessment Tool, 44% of CPSS positive patients suffered from a
stroke mimic, so our reported 43% prevalence may not be significantly overestimated (9). Since
dispatcher recognition of stroke is associated with a poor positive predictive value (32), our study
results may not be generalizable to regions that rely solely on paramedic identification of stroke
using a prehospital stroke scale. Fourth, no adjustment was made for multiple statistical testing;
however, the differences are large so the statistical results are robust. Finally, the study was limited

to one Canadian academic centre, and the generalizability of these results warrants further scrutiny.

Conclusion
Stroke mimics are common and heterogenous in nature among patients transported by EMS

to the ED of a CSC for acute stroke evaluation, with a substantial number being non-neurological
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in origin. Positive prehospital stroke identification by EMS may decrease the rate of non-
neurological stroke mimics; however, proportions remain high. Utilization of prehospital scales
incorporating elements suggestive of stroke mimics (such as syncope, seizures) may improve field
detection and decrease transport of stroke mimics to CSC, particularly in an increasingly

implemented model of EMS diversion to CSC, but prospective studies are needed.
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Table 1. Baseline prehospital characteristics of neurological and non-neurological stroke mimics

IQR)

All strokes All stroke p-valueT Neurological Non-neurological p-value*
(n=545) mimics mimics mimics
(n =405) (n=223) (n=182)

Demographics
Age, years (mean+SD) 73.0+ 14 66.9+17.3 <0.001 1 64.1+17.3 70.5+16.1 <0.001 *
Sex (n,% male) 268 (49) 217 (54) 125 (56) 92 (51) 0.34
Baseline characteristics
Smoking (n,%) 134 (25) 76 (19) 0.02 1 35(16) 41 (23) 0.05
Alcohol use 551 58 (14) 0.07 21 (9) 37 (20) 0.001 *
Hypertension 397 (73) 215 (53) <0.001 1 99 (44) 116 (64) <0.001 *
Type 2 diabetes 129 (24) 115 (28) 0.30 53 (24) 62 (34) 0.01 *
Dyslipidemia 265 (49) 134 (33) <0.001 1 66 (30) 68 (37) 0.12
Coronary artery disease 108 (20) 52 (13) 0.002 7 28 (13) 24 (13) 0.44
Atrial fibrillation/flutter 158 (29) 54 (13) <0.001 1 27(12) 27 (15) 0.24
Congestive heart failure 42 (8) 27 (7) 0.53 8(4) 19 (10) 0.01 *
Cognitive disorder 50(9) 48 (12) 0.38 28 (13) 20 (11) 0.31
Prior ischemic stroke 121 (22) 113 (28) 0.15 63 (28) 50 (27) 0.40
Prior ICH 7(1.3) 154) 0.03 1 10 (4) 53 0.47
Prior TIA 81 (15) 61 (15) 0.71 33(15) 28 (15) 0.18
Prehospital and in-hospital characteristics
Prehospital SBP, mmHg 156.4 £26.9 144.9 + <0.001 1 147.8 £24.2 141.2 +26.2 0.01 *
(mean+SD) 254
Prehospital GCS score (median, 15(3) 15 (1) 0.12 15 (1) 15 (1) 0.26
IQR)
tPA administration (n,%) 88 (16) 2 (0.5) <0.001 17 2(1) 0(0) 0.22
Admitted to hospital (n,%) 435 (80) 161 (40) <0.001 1 88 (39) 73 (40) 0.81
Admission length, days (median, 5(18) 1(5) <0.001 1 2 (8) 5(11) 0.04 *

SD: standard deviation, IQR: interquartile range, ICH: intracerebral hemmorrage, TIA: transient ischemic attack, SBP: systolic blood pressure, GCS
Coma Scale, tPA: tissue plasminogen activator.
Trepresents p<0.05 comparisons between strokes and stroke mimics.

* represents p<0.05 comparisons between neurological and non-neurological stroke mimics.

: Glasgow



Table 2. Prevalence of stroke mimic etiologies

All stroke EMS EMS-other
mimics impression of impressions
stroke

(n=405) (n=210) (n=195)
Neurological 223 (55%) 130 (62%) 93 (48%)
Non-neurological 182 (45%) 80 (38%) 102 (52%)
Neurological mimics (n,% of neurological mimics)
Seizure 44 (20%) 28 (22%) 16 (17%)
Delirium 23 (10%) 13 (10%) 10 (11%)
Peripheral neuropathy 25 (11%) 14 (11%) 11 (12%)
Movement disorder 7 (3%) 5 (4%) 2 (2%)
Dementia (major neurocognitive
disorder) 10 (5%) 7 (5%) 3 (3%)
Vertigo 16 (7%) 5 (4%) 11 (12%)
Migraine 42 (19%) 26 (20%) 16 (17%)
CNS neoplasm 13 (6%) 6 (5%) 7 (8%)
Weakness 19 (9%) 15 (12%) 4 (4%)
Non-specific symptoms 24 (11%) 11 (9%) 13 (14%)
Non-neurological mimics (n,% of total mimics)
Metabolic 20 (5%) 14 (7%) 6 (3%)
Cardiovascular 59 (15%) 21 (10%) 38 (20%)
Psychiatric 48 (12%) 25 (12%) 23 (12%)
Infectious 36 (9%) 10 (5%) 26 (13%)
Gastroenterological 5 (1%) 3 (1%) 2 (1%)
Miscellaneous 14 (4%) 7 (3%) 7 (4%)

EMS: Emergency Medical Services.



Figures

Figure 1A. Stroke mimics by pathophysiological system
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Figure 1B. Neurological stroke mimics by final diagnosis
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