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ABSTRACT

Background: The code stroke system is designed to identify stroke patients who may benefit
from reperfusion therapy. It is essential for emergency physicians to rapidly distinguish

true strokes from stroke mimics to activate code stroke. This study aimed to investigate the
clinical and neurological characteristics that can be used to differentiate between stroke and
stroke mimics in the emergency department (ED).

Methods: We conducted a retrospective observational study of code stroke patients in

the ED from January to December 2019. The baseline characteristics and the clinical and
neurological features of stroke mimics were compared with those of strokes.

Results: A total of 409 code stroke patients presented to the ED, and 125 (31%) were
diagnosed with stroke mimics. The common stroke mimics were seizures (21.7%), drug
toxicity (12.0%), metabolic disorders (11.2%), brain tumors (8.8%), and peripheral vertigo
(7.2%). The independent predictors of stroke mimics were psychiatric disorders, dizziness,
altered mental status, and seizure-like movements, while current smoking, elevated systolic
blood pressure, atrial fibrillation on the initial electrocardiogram, hemiparesis as a symptom,
and facial palsy as a sign suggested a stroke. In addition, the likelihood of a stroke in code
stroke patients tended to increase as the number of accompanying deficits increased from the
following set of seven focal neurological deficits: hemiparesis (or upper limb monoparesis),
unilateral limb sensory change, facial palsy, dysarthria, aphasia (or neglect), visual field
defect, and oculomotor disorder (P < 0.001).

Conclusion: Some clinical and neurological characteristics have been identified to help
differentiate stroke mimics from true stroke. In particular, the likelihood of stroke tended to
increase as the number of accompanying focal neurological deficits increased.

Keywords: Stroke Mimics; Stroke; Code Stroke; Emergency Department

INTRODUCTION

Stroke is one of the five leading causes of death and can result in irreversible brain damage
and permanent disability; hence, rapid diagnosis and treatment are essential.! When
patients present to the emergency department (ED) with symptoms of a suspected stroke,
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such as neurological deficits or altered mental status, they are rapidly evaluated and treated
according to the hospital’s stroke protocol.

Overall, 5-30% of patients suspected of having a stroke have non-cerebrovascular diseases
that are referred to as stroke mimics.24 Recent studies have reported that 1-20% of patients
presenting with stroke mimics receive tissue plasminogen activator (tPA), resulting in
unnecessary imaging tests and hospitalization costs.3-6 In addition, some studies have
reported that 1-2% of stroke-mimic patients receiving tPA develop cerebral hemorrhage.?-
Therefore, it is necessary to quickly identify stroke mimics to reduce unnecessary medical
expenses and avoid potential bleeding risks.

Code stroke activation is determined based on the patient’s presenting complaints, past
medical history, vital signs, and neurological examinations in the ED. Several studies have
reported the characteristics of stroke mimics that differentiate them from stroke. However,
many studies have focused on the etiologies of stroke mimics, risk factors, and accompanying
symptoms, while the analysis of neurological examinations has been insufficient.1013

The neurological examination will provide emergency medicine physicians with the most
objective information about the likelihood of an acute stroke. Therefore, it is essential to
differentiate stroke mimics from stroke based on neurological examinations as well as the
patient’s medical history and neurological symptoms for the activation of code stroke.

We analyzed the clinical characteristics and neurological examination findings of code stroke
patients in the ED. The aim of this study was to identify whether there are clinical features
that can differentiate stroke from stroke mimics in the ED.

METHODS

Study setting and population

This was a single-center retrospective observational study of code stroke patients in the
ED from January to December 2019. It was conducted in a tertiary academic hospital with
approximately 70,000 annual ED visits.

Fig. 1illustrates the flow of the code stroke protocol. First, a nurse obtained the patient’s medical
history, performed an essential neurological examination to help classify the patient’s condition,
and informed the emergency physician that there was a possibility of acute stroke. The emergency
physician then confirmed the medical history and performed a neurological examination. If
there was a possibility of acute stroke, the emergency physician activated a code stroke. For

acute ischemic stroke, the principle of treatment is intravenous injection of a fibrinolytic drug
(tPA) within 4.5 hours of the onset of symptoms. However, as the effectiveness of endovascular
recanalization therapy using a stent retriever has been demonstrated in large-scale randomized
trials, treatment guidelines have been changed such that endovascular recanalization can be
attempted up to 24 hours after the onset of stroke symptoms.1416 Accordingly, a code stroke was
applied to all patients who visited the emergency room within 24 hours after the onset of stroke
symptoms. For patients who recognized symptoms after waking up, a code stroke was activated
in those who visited the hospital within 24 hours after falling asleep or within 24 hours of the last
time they felt normal. If the time of symptom onset or when they last felt normal was unclear, it
was determined by the judgment of the emergency physician whether to activate the code stroke.
Patients under the age of 18 years were excluded from the study.
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Fig. 1. Flowchart of the code stroke cases.
TIA = transient ischemic attack.
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Reperfusion therapy
(n=2)

Data collection and outcome measurement

We used data from a single-center prospective stroke registry that included all code stroke
patients treated in the ED. Additionally, we reviewed the medical records and analyzed the
data retrospectively. Age, sex, past medical history, vital signs (blood pressure, heart rate,
respiratory rate, body temperature) at the time of visit, clinical symptoms, last known normal
time, symptom onset time, time interval between symptom onset and ED visit, National
Institutes of Health Stroke Scale (NIHSS) score, and use of tPA were investigated. A neurological
specialist applied the NIHSS after activation of code stroke. If there was no neurological
specialist available, a neurological resident performed it. Neurological symptoms are defined
as only those symptoms described by the patient or caregiver during history taking, and focal
neurological deficits are defined as signs confirmed by the NIHSS. The final diagnosis was
based on the primary diagnosis at discharge as identified from the medical record. After all
tests, including brain CT and MRI, were completed, a neurosurgeon or neurologist diagnosed
whether a stroke had occurred. If the condition was not stroke, the final diagnosis was made
after consultation with all relevant departments, including emergency medicine. Cases of
cerebral infarction, cerebral hemorrhage, and transient ischemic attack (TIA) were defined

as stroke, and all other cases were defined as stroke mimics. Based on the final diagnosis,

the patients were classified into a stroke group and a stroke mimic group. The clinical and
neurological characteristics of the two groups were compared and analyzed.

Statistical analysis

We utilized IBM SPSS Statistics version 20.0 (IBM Corp., Armonk, NY, USA) for all statistical
methods. If the continuous variables in two groups followed a normal distribution, the
Pearson y? test was used, and if not, the Mann-Whitney U test was used. Independence

tests and trend analyses of categorical variables were performed using the y* test, Fisher’s
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exact test, and linear-by-linear association. Multivariate logistic regression analysis was
performed to identify the variables affecting stroke, and all variables with P < 0.05 in the
univariate analysis were included in multivariate analysis. We also constructed a receiver
operating characteristic (ROC) curve to evaluate the performance of the multivariable model
and calculated the area under the curve (AUC) to estimate the predictive validity. Statistics
are expressed as the mean + SD, and if the data do not follow the normal distribution, the
statistics are expressed as the median and interquartile range. In the comparative analysis
of neurological tests, odds ratios (ORs) and 95% confidence intervals (CIs) are presented
together. A result was considered statistically significant if its Pvalue was less than 0.05.

Ethics statement

The present study was approved by the Institutional Review Board (IRB) of Seoul National
University Hospital (IRB No. 2101-034-1186). Informed consent was waived by the IRB due to
the retrospective nature of the study.

RESULTS

Baseline characteristics

A total of 409 code stroke patients presented to the ED during the study period. Of these, 284
(69.4%) had strokes, and 125 (30.6%) had stroke mimics. Of the 284 strokes, 189 (46.2%) were
ischemic strokes, 47 (11.5%) were hemorrhagic strokes, and 47 (11.5%) were TIAs (Fig. 1).
During the study period, none of the code stroke patients were under 18 years of age.

Table 1 describes the baseline characteristics. There was no significant difference in mean
age between the two groups, but the number of patients over 50 years old was significantly

Table 1. Baseline characteristics of patients with strokes and stroke mimics

Characteristics Stroke (n = 284) Stroke mimic (n = 125) Pvalue
Age, yr 64.9+13.6 62.2 +15.9 0.076
Age > 50 yr 247 (87.0) 98 (78.4) 0.028
Male 169 (59.5) 59 (47.92) 0.021
Past medical history
Hypertension 157 (55.3) 50 (40.0) 0.004
Diabetics mellitus 72 (25.4) 32(25.6) 0.958
Dyslipidemia 63 (22.2) 33(26.4) 0.354
Atrial fibrillation 40 (14.1) 7 (5.6) 0.013
Coronary artery disease 34 (12.0) 15 (12.0) 0.994
Previous stroke 66 (23.2) 34 (27.2) 0.391
Current smoking 43 (15.2) 5(4.0) 0.001
Chronic kidney disease 21 (7.4) 8(6.4) 0.718
Liver cirrhosis 2 (0.7) 5(4.0) 0.030
Malignancy 25 (8.8) 15 (12.0) 0.316
Epilepsy 2 (0.7) 6 (4.8) 0.012
Psychiatric disorder 5(1.8) 13 (10.4) <0.001
Initial ECG with atrial fibrillation 33(11.6) 4(3.2) 0.005
Initial vital sign
Systolic BP, mmHg 167.3 £ 40.5 145.7 £ 43.4 <0.001
Diastolic BP, mmHg 90.4 +22.3 80.7 £ 21.9 <0.001
Heart rate, beats/min 80.2+19.1 81.1+23.3 0.698
Respiratory rate, breaths/min 17.5+ 4.3 17.1+ 3.7 0.332
Body temperature, °C 36.48+0.34 36.50+ 0.57 0.636

Values are expressed as mean = SD or counts (%).
ECG = electrocardiogram, BP = blood pressure.
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higher in the stroke group than in the stroke mimic group (247 [87.0%] vs. 98 [78.4%], P =
0.028). The proportion of males was also higher in the stroke group (59.5% vs. 47.2%, P=
0.021). Stroke patients had a significantly more prominent history of hypertension, atrial
fibrillation, and smoking, whereas stroke mimic patients had significantly higher cirrhosis,
epilepsy, and psychiatric disorders (Table 1). The frequency of atrial fibrillation on the initial
electrocardiogram was also higher in the stroke group (11.6% vs. 3.2%, P=0.005). There
were no significant differences in initial vital signs between the two groups except for blood
pressure. Both systolic and diastolic blood pressure were significantly higher in the stroke
group (Table 1).

Type and frequency of stroke mimics
The most common cause of stroke mimics was seizure (21.6%), followed by drug toxicity
(12.0%), metabolic disorders (11.2%), peripheral vertigo (7.2%), psychological disorders
(5.6%), and stroke sequelae (4.8%) (Table 2).

Neurological symptoms and test features

Table 3 presents a comparison of neurological symptoms between the two groups. Dizziness,
altered mental status, seizure-like movements, and memory disturbance were significantly
more common in the stroke mimic group than in the stroke group. On the other hand,
dysarthria and hemiparesis were significantly more common in the stroke group. In addition,
the number of neurological symptoms was associated with the likelihood of stroke. Among a
set of seven focal neurological symptoms (unilateral limb weakness, unilateral limb sensory
change, facial palsy, dysarthria, aphasia, diplopia, and visual disturbance), the code stroke
patients showed an increased likelihood of stroke as the number of neurological symptoms
increased (P < 0.001).

The initial NIHSS score was significantly higher in the stroke group than in the stroke mimic
group (3.0vs. 2.0, P=0.003) (Table 4). Analysis of NIHSS scores that were classified into five
ranges based on stroke severity demonstrated an increased likelihood of stroke as the NIHSS
score increased (P =0.005). For individual items in the NIHSS, oculomotor disorder, visual

Table 2. Final diagnosis of stroke mimics

Diagnosis Value
Seizure 27 (21.6)
Drug toxicity 15(12.0)
Metabolic disorder 14 (11.2)
Brain tumor 11(8.8)
Peripheral vertigo 9(7.2)
Psychological disorder 7 (5.6)
Previous stroke sequalae 6 (4.8)
Syncope 6 (4.8)
Spinal cord disorder 4(3.2)
Neuro-Behcet 3(2.4)
Infection 2 (1.6)
Alcohol related disorder 2(1.6)
Transient global amnesia 2 (1.6)
PRES 2 (1.6)
Moyamoya disease 2(1.6)
Migraine 1(0.8)
Acute mononeuropathy 1(0.8)
Cranial nerve palsy 1(0.8)
Miscellaneous causes 10 (8.0)

Values are expressed as counts (%).

PRES = posterior reversible encephalopathy syndrome.
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Table 3. Comparison of neurological symptoms between strokes and stroke mimics

Symptoms Stroke (n = 284) Stroke mimic (n = 125) Pvalue
Headache 19 (6.6) 9(7.2) 0.301
Dizziness 37 (13.0) 33(26.4) 0.001
Diplopia 4(1.4) 5 (4.0) 1.000
Visual disturbance 12 (4.2) 5 (4.0) 0.952
Dysarthria 123 (43.3) 29 (23.2) <0.001
Aphasia 33 (11.6) 15 (12.0) 0.850
Facial palsy 29 (10.2) 6 (4.8) 0.081
Motor weakness

Unilateral arm 28 (9.9) 5(4.0) 0.051

Bilateral arm 1(0.4) 2(1.6) 0.216

Unilateral leg 11 (3.9) 4(3.2) 1.000

Bilateral leg 1(0.4) 0 1.000

Hemiparesis 129 (45.4) 15 (12.0) <0.001
Sensory change

Unilateral arm 9(3.2) 3(2.4) 1.000

Bilateral arm 0 0

Unilateral leg 2(0.7) 2(1.6) 0.587

Bilateral leg 0 1(0.8) 0.301

Hemiparesthesia 24 (8.5) 5(4.0) 0.118
Altered mental status 44 (15.5) 39 (31.2) <0.001
Gait disturbance 30(10.6) 19 (15.2) 0.157
Seizure like movement 1(0.4) 8(6.4) <0.001
Memory disturbance 2(0.7) 5(4.0) 0.028
No. of neurological symptoms? <0.001

0 35(12.3) 46 (36.8)

1 110 (38.7) 61 (48.8)

2 121 (42.6) 17 (13.6)

3 17 (6.0) 1(0.8)

4 1(0.4) 0

5 0 0

6 0 0

7 0 0

Values are expressed as counts (%).

The total number of neurological symptoms of which the patient complained among the following seven items:
hemiparesis (or upper limb monoparesis), unilateral limb sensory change, facial palsy, dysarthria, aphasia,
diplopia, and visual disturbance.

disturbance, facial palsy, upper limb monoparesis, hemiparesis, sensory change, dysarthria,
and neglect were observed more frequently in the stroke group than in the stroke mimic
group (Table 4).

Table 5 shows the number of focal neurological deficits observed in patients and their
association with stroke. As in neurological symptoms, code stroke patients tended to
increase the likelihood of a stroke as the number of accompanying focal neurological
deficits increased among the seven specific neurological deficits (unilateral limb weakness
[hemiparesis or upper limb monoparesis], unilateral limb sensory change, facial palsy,
dysarthria, aphasia [or neglect], visual field defect, and eye movement disorder) (P < 0.001).

We performed multivariate logistic regression analyses to identify variables affecting stroke
(Fig. 2). Consequently, psychiatric disorders, dizziness, altered mental status, and seizure-like
movements were associated with stroke mimics. On the other hand, the stroke-related factors
were current smoking, elevated systolic blood pressure, atrial fibrillation on the initial ECG,
hemiplegia as a symptom, facial palsy as a sign, and an increased number of accompanying
focal neurological deficits. On ROC curve analysis, the AUC for predicting stroke was 0.685
(95% CI, 0.637-0.730, P < 0.001) for the number of focal neurological deficits, 0.675 (95% CI,

https://jkms.org https://doi.org/10.3346/jkms.2022.37.e54 6/12
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Neurological deficit Stroke (n = 284) Stroke mimic (n = 125) OR (95% CI) Pvalue
Altered mental status 33(11.6) 20 (16.0) 0.68 (0.37-1.24) 0.208
Eye movement disorder 55(19.4) 8(6.4) 3.47 (1.60-7.52) 0.001
visual field defect 33(11.6) 5 (4.0) 3.12(1.19-8.19) 0.014
Facial palsy 124 (43.7) 11(8.8) 7.90 (4.08-15.34) <0.001
Upper limb monoparesis 24 (8.5) 3(2.4) 3.71(1.09-12.56) 0.025
Lower limb monoparesis 17 (6.0) 4(3.2) 1.90 (0.63-5.78) 0.332
Hemiparesis 111 (38.9) 21 (16.8) 3.18(1.88-5.38) <0.001
Limb ataxia 16 (5.6) 5 (4.0) 1.42 (0.51-3.95) 0.505
Sensory change 97 (34.0) 21 (16.9) 2.53 (1.49-4.30) <0.001
Language disorder 62 (21.8) 28 (22.6) 0.95 (0.58-1.58) 0.853
Dysarthria 177 (62.1) 56 (45.2) 1.99 (1.30-3.05) 0.001
Neglect 29 (7.7) 3(2.4) 3.37 (0.99-11.49) 0.040
Initial NIHSS 3(1.0-9.8) 2 (0.0-7.0) 0.003
Stroke severity (NIHSS) 0.005

NIHSS 0 59 (18.3) 38(30.4)

NIHSS 1-4 116 (40.8) 48 (38.4)

NIHSS 5-15 65 (22.9) 27 (21.6)

NIHSS 16-20 29 (10.2) 7 (5.6)

NIHSS 21-42 292 (7.7) 5 (4.0)

Values are expressed as number (%) or median (interquartile range).
NIHSS = National Institutes of Health Stroke Scale, OR = odds ratio, Cl = confidence interval.

Table 5. Comparison of focal neurological deficits between strokes and stroke mimics

No. of focal neurological deficits? Stroke (n = 284) Stroke mimic (n = 125) Pvalue
0 58 (20.4) 51 (40.8) <0.001
1 48 (16.9) 32(25.6)

2 46 (16.2) 16 (12.8)

3 53 (18.7) 18 (14.4)

4 32(11.3) 7 (5.6)

5 21 (7.4) 0

6 17 (6.0) 1(0.8)

7 9(2.8) 0

Values are expressed as counts (%).

The total number of focal neurological deficits observed in the patient among the following seven specific
neurological deficits: hemiparesis (or upper limb monoparesis), unilateral limb sensory change, facial palsy,
dysarthria, aphasia (or neglect), eye movement disorder, and visual field defect.

0.627-0.720, P < 0.001) for facial palsy, and 0.651 (95% CI, 0.603-0.697, P < 0.001) for systolic
blood pressure (Fig. 3). The cutoff value of the number of focal neurological deficits was 2
(sensitivity = 62.7%, specificity = 66.4%), and the cutoff value of systolic blood pressure was
153 mmHg (sensitivity = 61.6%, specificity = 63.2%).

DISCUSSION

This study showed that psychiatric disorders, dizziness, altered mental status, and seizure-
like movements were associated with stroke mimics. On the other hand, current smoking,
elevated systolic blood pressure, atrial fibrillation on the initial ECG, hemiplegia as a
symptom, and facial palsy as a sign were stroke-related factors. In addition, the code stroke
patients tended to increase the likelihood of a stroke as the number of accompanying focal
neurological deficits increased from a particular set of seven.

The baseline characteristics of our study were generally similar to those of previous

stroke mimic studies. The diagnosis rate of stroke mimics was similar to that of previous
studies, showing a rate of approximately 30%.2,3,17 The past medical history and risk
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Stroke Mimics in Code Stroke

JKMS

Fig. 2. Multivariate logistic regression analysis for prediction of stroke in code stroke patients.
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°Due to the number of patients was small when there were 5 to 7 focal neurological deficits, these categories were included as a single category with numbers of
focal neurologica deficits > 5.

1
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factors associated with stroke and stroke mimics were also not significantly different from

previous reports.10,11,18-21 The incidence of stroke increases after the age of 50 years, which

was confirmed in this study.18:19:22,23 The systolic blood pressure differences between the
two groups are consistent with previous studies reporting that stroke mimics could be
distinguished from stroke based on systolic blood pressure < 150 mmHg.20

A
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Fig. 3. ROC curve of the multivariate logistic regression model. (A) ROC curve analysis and AUC calculation for prediction of stroke in code stroke patients. (B)
ROC curve analysis and AUC calculation for prediction of stroke mimics in code stroke patients.
ROC = receiver operating characteristic, AUC = area under the curve.
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The etiologies of stroke mimics were also not significantly different from previous research
results.19,21 However, compared with previous studies, there was a lower incidence of
migraines and a higher incidence of brain tumors. This difference is presumably due to
variations in patient characteristics according to the region and hospital type.

We focused on analyzing the NIHSS results in this study, as it is the only way to obtain the
most objective information from the patient to differentiate between stroke and stroke
mimics prior to code stroke activation. The NIHSS score was significantly higher in the
stroke group, but the difference in NIHSS scores between the two groups was smaller than
in previous studies.24.25 Contrary to previous studies, the inclusion of TIAs in the stroke
group appears to have contributed to these findings. Of the 48 TIA patients, 27 had an NIHSS
score of 0, and 8 had an NIHSS score of 1. When TIA was excluded from the stroke group

and compared with the stroke mimic group, the difference in NIHSS score between the two
groups was much more significant (6.0 vs. 2.0, P< 0.001).

In the NIHSS, altered mental status, lower limb monoplegia, limb ataxia, and language
disorder were identified as factors that could not differentiate between stroke and stroke
mimics. Altered mental status and language disorder were not specific signs for a stroke
because they can be commonly present in metabolic encephalopathy, sepsis, drug
intoxication, seizure, and psychiatric disorders. Limb ataxia could also be present in alcohol
misuse, drug toxicity, infection and other neurological disorders. Lower limb monoparesis
did not suggest a stroke because it is a neurological deficit mainly seen in anterior cerebral
arterial infarction, which has a very low incidence. In addition, lower limb monoparesis may
be caused by lumbar myelopathy or musculoskeletal disorders of the lower limb. The other
eight neurological deficits are considered to have shown significant results because seven of
them (excluding oculomotor disorders) are signs of middle cerebral artery (MCA) infarction,
and MCA infarction is the most common type of ischemic stroke.

Our study showed some discrepancies between neurological symptoms and deficits
suggestive of stroke. These discrepancies are thought to be due to different degrees of
self-recognition depending on the type of neurological deficit. For example, as can be

seen by comparing Tables 3 and 4, most patients recognized hemiparesis and upper limb
monoparesis well. On the other hand, many patients did not clinically recognize neurological
deficits such as facial palsy, visual field defects, and oculomotor disorder; thus, there were
many cases where they did not complain of these conditions but were observed to have them
in the neurological examination. In addition, patients with altered consciousness identify
neurological symptoms through witnesses or caregivers, which may also cause discrepancies
between neurological symptoms and deficits.

Stroke causes focal neurological deficits related to lesion location; therefore, we expected
that a combination of focal neurological deficits would help distinguish stroke from stroke
mimics. Therefore, eight items that showed significant results on the NIHSS were selected
as focal neurological deficits of interest whose combined presence signals a likely stroke
(Table 4). Although aphasia was not statistically significant, we also added it as an item for
the combination of neurological deficits because aphasia in dominant hemisphere stroke
corresponds to neglect in nondominant hemisphere stroke. The combinations of focal
neurological deficits may vary depending on the location and size of the stroke lesion, making it
impossible to analyze these combinations one by one. Therefore, as an alternative, we evaluated
whether the likelihood of stroke increases as the number of focal neurological deficits increases.
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Hemiparesis as a sign was predicted to be a significant factor in regression analysis as
objective information, but hemiparesis as a symptom, not hemiparesis as a sign, was
confirmed as a significant factor. Eight TIA patients who complained of hemiparesis and four
stroke mimics who had hemiparesis as a sequela of stroke were the cause of these results.
Facial palsy was also a stroke-related factor, and the facial palsy observed in the stroke group
could be distinguished from Bell’s palsy because all patients had other neurological deficits.
The OR of the number of focal neurological deficits for stroke tended to increase as the
number increased, but the OR was lower than expected when the number of neurological
deficits was three (Fig. 2). Several stoke mimic patients had three focal neurological

deficits due to stroke sequelae, which may have contributed to this outcome. All factors in
multivariate analysis did not have high AUC values (Fig. 3). The inclusion of TIA may have
influenced these results. In addition, the fact that symptoms and signs vary depending on the
location and size of the stroke and the fact that stroke mimics also has various characteristics
depending on the etiologies may also have affected these results.

This study is a retrospective study performed through a medical record survey. Therefore,
there may be imperfections in controlling variables and bias in the collection process because
of incomplete records and missing information. In addition, these results may not reflect
differences in patient distribution and characteristics between regions and hospitals because
we conducted the study at a single emergency medical institution. Therefore, there are
limitations on generalizing the characteristics of stroke mimics as identified in this study.
Moreover, clinical use will likely face limitations because we did not suggest a screening

tool for discriminating or predicting stroke mimics. However, this study may help reduce
code stroke activation by understanding stroke mimics. Patients with the characteristics of
stroke mimics and no apparent focal neurological deficits may undergo only CT or diffusion-
weighted imaging to rule out stroke without activating code stroke.

In conclusion, stroke mimics were often associated with psychiatric diseases, and symptoms
such as dizziness, altered mental status, and seizure-like movements at ED presentation were
more common with stroke mimics than with true strokes. Stroke was associated with current
smoking, elevated systolic blood pressure, and atrial fibrillation on initial ECG, and the patients
often complained of hemiparesis or had signs of facial palsy at the time of the ED visit. In
addition, code stroke patients tended to increase the likelihood of stroke as the number of
accompanying focal neurological deficits increased among the seven specific neurological
deficits (hemiparesis or upper limb monoparesis, unilateral limb sensory change, facial palsy,
dysarthria, aphasia or neglect, visual field defect, and oculomotor disorder).
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