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Introduction 

Stroke represents both a potentially devastating emergent 

clinical scenario and one where medical and endovascular 

approaches have revolutionized approaches and outcome. 

However, the emphasis toward revascularization has created an 

emphasis on quick decision making to best minimize damage to 

a potentially ischemic brain. Indeed, the creation of a stroke alert 

system, like that used in the assessment of patients with potential 

ischemic heart disease, has become a rapid response in most 

hospitals ("stroke alert"). 
 

The difficulty is the emphasis of utilizing the stroke alert 

mechanism to assess for a myriad of symptoms not relating to 

an ischemic nervous system. In the field outside the hospital 

environment, emergency medical services (EMS), is the primary 

service who evaluates and activates these stroke alerts prior to 

arriving to the hospital setting in preparation of the emergency 

department (ED) for patient assessment. A given percentage of 

these patients will be "stroke mimics" (SM), i.e. non-stroke 

patients who have been initially diagnosed with stroke. Recent 

reviews [1,2]. have suggested such SM may account for up to 

30% of patient diagnosis and up to 17% may be treated with 

thrombolytics [3,4]. 

 

EMS personnel are trained in a variety of assessment tools for 

the evaluation of patients who may have ischemic disease. 

However, despite this, there is little information on the accuracy 

of stroke alerts in the field once arriving to the ED. We sought 

to evaluate the SM fraction of these activations and determine 

the most frequent final diagnoses of such patients. Moreover, we 

also investigated the use of the telestroke mimic score [5] (TM) 

in discriminating those patients who were SM versus those 

suffering from a stroke, to assess whether such a score would 

improve the accuracy of a stroke alert diagnosing a stroke in the 

community environment setting.  
 

The TM score was created for use in teleneurology to aid in 

evaluation of patients by electronic means and was developed to 

provide a guide toward providing an index suggesting the 

likelihood of ischemic disease. There are several components of 

the TM score: age multiplied by 0.2, history of atrial fibrillation 

(+6), history of hypertension (+3), history of seizures (-6), 

presence of facial droop (+9), and NIH stroke score greater than 

14 (+5). Adding these together provides an overall score, with 

higher scores indicative of a higher chance of stroke, and a lower 

score with a less likelihood of stroke. The score has been  
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Abstract  
 

Background and objectives: Stroke represents a devastating diagnosis which has prompted significant efforts to mitigate the 

time brain is exposed to ischemia, including the activation of stroke alerts to expeditiously evaluate patients. However, there 

are a number of diseases that mimic stroke symptoms. The goal of this study was to evaluate the accuracy of stroke alerts, 

elucidate the main mimics, and determine if using the telestroke mimic (TM) score could improve accuracy of stroke diagnosis 

outside of the community hospital setting. 

Material and methods: A retrospective evaluation of the stroke database was assessed to determine the accuracy of a stroke 

alert identifying a stroke diagnosis by emergency medical services (EMS) prior to entering into the emergency department of a 

community hospital. Stroke mimics were assessed with regard to primary diagnoses. Subsequently, a similar re-analysis of the 

stroke alert database for accuracy of stroke alerts was performed utilizing the TM score, where a score >18 created a stroke 

alert, with lower scores not activating a stroke alert.  

Results: All stroke alerts were evaluated from 1 Jan 2023 to 31 December 2023. In this period, 316 stroke alerts were activated 

by EMS. Stroke diagnostic accuracy was 45% with mimics representing 55% of activated alerts. When analyzed in this way, 

toxic metabolic encephalopathies were the most common mimic, with seizures and psychiatric diseases following. When re-

analysed using the TM score, stroke alerts decreased from 316 to 194. Overall diagnostic accuracy improved to 84%. Sensitivity 

of the TM score for stroke diagnosis was 99.3%, with specificity of 71%. The most frequent mimic diagnosis using the TM score 

continued to be toxic metabolic encephalopathy, with stroke recrudescence and seizures also being frequently diagnosed. 

Conclusions: Stroke mimics represent a significant burden in the community prior to entering into the hospital environment. 

Utilization of the TM score, along with additional education and training of staff, may improve upon the diagnosis and 

evaluation of patients with stroke and stroke mimics. 
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validated in multiple studies [3,4,6], and the sensitivity has 

further been defined [3]. Herein, we evaluated a static score 

calculated from previous studies in the literature [3] to simplify 

the usage and evaluation of the TM score as a model activating 

stroke alerts. We utilized a score of >18 as a threshold 

suggesting the diagnosis of stroke evaluation (i.e. effecting a 

stroke alert), with a score of <18 evaluated as a SM (viz. not as 

a stroke alert) on a retrospective basis, with determination of 

accuracy of stroke alerts in this context. 
 

Materials and Methods  

All patients who were subject to a stroke alert are captured in a 

database local to Penrose Hospital, a community hospital in 

Colorado Springs, Colorado USA, required as a Stroke Center 

by the Joint Commission. A retrospective analysis of the stroke 

alert database at this hospital was conducted from 1 January 

2023 to 31 December 2023, of patients subject of a stroke alert 

activated in the field prior to arriving to the hospital. Included 

patients were those whom: (1) were greater than 18 years of age; 

(2) identified as a stroke alert patient prior to arrival to the 

emergency department at the time of the alert; and (3) were 

followed in our hospital and not transferred to another facility 

(where records would not be available). An SM was defined as 

a stroke alert which did not result in the diagnosis of stroke.  
 

Stroke alerts at our hospital are associated with a neurologist 

evaluation, CT/CT angiogram imaging examination typically, 

and CT perfusion study evaluation if judged to be necessary. An 

MRI scan is also obtained in virtually every patient after initial 

evaluation. Patients were followed by the neurology service 

subsequently, allowing for final diagnoses. Documentation in 

the electronic medical record was available for patient analysis 

to discern clinical characteristics, which were recorded using 

nonpatient name identifiers; subsequent to raw data collection, 

all use identifiers were destroyed thus not allowing any path to 

the original stroke data set patient names. 
 

This data analysis used Statistical Package for the Social 

Sciences (IBM SPSS Statistics for Windows, IBM Corp., 

Version 27.0, Armonk, NY) to calculate descriptive summary 

statistics (medians). This work was done as part of a quality 

improvement effort at the hospital, without collection of patient 

identifiers nor demographics, and as a result not requiring 

oversight by an institutional review board and was considered a 

quality assurance activity as per DHHS regulations. 
 

Results 

Patients 

Within the stroke database, a total of 330 patients were 

identified to have had a stroke alert activation by EMS outside 

the hospital. Exclusions included non-EMS activation (n=9), 

and patients who were transferred (n=5), leaving 316 unique 

patients.  

 

Table 1 shows the clinical characteristics of the patients when a 

stroke alert was activated. In general, these patients were similar 

to those noted in other studies [1]. The median NIH stroke score 

(NIHSS) was 5 (range 0-40). Median age was 74 years (range 

29-94), with 74 (45%) being men. Atrial fibrillation was present 

in 50 (19%) with hypertension in 175 (55%).  

 

Table 1: Database Clinical Characteristics. 
 

Median NIHSS 5 (0-40) 

Median Age 74 (29-94) yrs 

Males 141 (45%) 

Atrial fibrillation 50 (19%) 

Hypertension 175 (55%) 

 

Stroke Alert Accuracy 

We first examined stroke alert accuracy, evaluating the 

frequency of activation with a diagnosis of stroke. At our 

hospital 143/316 (45%) stroke alerts from EMS resulted in the 

diagnosis of stroke, with 173 (55%) being considered SM.  

 

Stroke Mimic Diagnosis 

Table 2 shows the most frequent SM diagnosis in patients 

arriving to the ED for whom a stroke alert had been activated by 

EMS. The vast majority of SM was toxic metabolic 

encephalopathy (n=39, including sepsis/hypoxia). Seizures 

(n=21) were the next most frequent diagnosis, with psychiatric 

disease (n=11) the third most frequent, followed by migraine 

(n=9) and vertigo (n=9). 

 

Table 2: Stroke Mimic Top Diagnoses. 
 

Diagnosis N 

Toxic metabolic encephalopathy 

(including sepsis, hypoxia) 

39 

Seizure 21 

Psychiatric disease  11 

Migraine 9 

Vertigo 9 

 

TM score evaluation 

TM score was calculated from the clinical characteristics 

obtained from the electronic medical record. Subsequently, 

evaluation of stroke alert frequency, SM diagnoses, and 

sensitivity and specificity of the score in the stroke alert database 

was determined. Using the TM score and the threshold score of 

18, the number of alerts decreased. From the EMS field 

assessments, the number of stroke alerts decreased from 316 to 

194 (Figure 1). 
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Figure 1: (A) Number of stroke alerts declined with use of the telestroke mimic score, from 316 to 194. (B) Diagnostic accuracy of 

patients from the stroke database, with subsequent analysis using the telestroke mimic score revealed overall accuracy increased 

from 46% to 84%. 
 

Moreover, there was a change in the clinical diagnoses of those 

with SM compared to the non-differentiated stroke alert with the 

TM score. Table 3 shows these data, and Figure 1 shows a 

change in diagnostic accuracy and number of stroke alerts. 

Overall, the accuracy of diagnosis improved for stroke and 

stroke mimics, to 84% (265/316). The most frequent SM after 

use of the TM score continued to be toxic metabolic 

encephalopathy (n=15), stroke recrudescence (amnestic stroke 

syndrome) (n=5) being the next most frequent along with 

seizures (n=5). Psychiatric disease and substance abuse were the 

next most frequent diagnoses (n=4 apiece).  
 

Table 3: Stroke Mimic Top Diagnosis with TM Score* 

 

Toxic metabolic encephalopathy (15) 

Stroke recrudescence (5) 

Seizures (5) 

Psychiatric disease (4) 

Acute substance abuse (4) 

*TM score >18, stroke not detected; number in parentheses are 

numbers of patients 
 

The sensitivity of the TM score was high, with a sensitivity of 

99.3% of detecting those with ischemic disease, with one stroke 

missed using the score. Not unexpectedly, the specificity was 

lower, at 71%. The patient whose stroke was not anticipated by 

the TM score was a posterior fossa vertebral artery dissection 

whose initial blood pressure was significantly elevated, whose 

symptoms evolved with emergent blood pressure decreases.  
 

Discussion 

Stroke is a treatable medical emergency, and approaches have 

evolved to take advantage of the advances in medical and 

endovascular approaches having been shown to improve overall 

outcomes.  
 

However, with these advances, there have been various studies 

showing the growing issue of stroke mimics. These can result in 

inappropriate treatment using ischemic stroke medications for 

non-stroke indications, to further workups for vascular 

etiologies as well as interventions on vascular risk factors, which 

are again not appropriate and do not address the true etiology of 

the patient pathologies. 
 

Moreover, the economic costs are not insignificant, from 

utilization of infrastructure and personnel which can translate to 

millions of dollars [8]. Indeed, the further expense when 

considering excess costs of treatment (thrombolysis) of SM 

patients exceeds that of patients with other neurologic 

conditions [8]. We calculate over USD1MM per year of 

unreimbursed costs for stroke mimics (data not shown). As well, 

the years of additional ambient exposure of patients to radiation 

is significant. 
 

We utilized the TM score methodology, and extrapolated a 

threshold number of 18 to effect stroke alerts using a 

retrospective approach. We looked to achieve a positive 

likelihood value of 30% or better, by modelling the Mayo Clinic 

data [3] where we would maximize the sensitivity to detect 

stroke, assessing sufficient specificity, to allow for an 

approximately 3x increased chance of a stroke being present 

using a given score. By doing this we were able to extract the 

value of 18 to model. 
 

Toxic metabolic encephalopathy was and is a frequent stroke 

mimic. A generalized cortical dysfunction can be difficult to 

address in the field (and in the hospital) compared to the usual 

localizing signs of ischemic brain to those untrained; moreover, 

altered mental status has been a frequently mistaken etiology of 

acute stroke. Other studies have documented similar results 

[1,9,10]. with recommendations of detailed serum evaluations 

as well as bedside toxicology for assessment, and recognition 

that such global symptoms be not considered a stroke sign. 

Seizures are a frequent SM, and appropriate history is 

paramount in avoiding confusing epileptiform activity/postictal 

states as strokes [11-13]. A recent study demonstrated migraine 

as a significant SM diagnosis, representing approximately 10% 

of SM [14]. Again, emphasis on addressing gaps and training 

and more comprehensive education was suggested; potentially 

adding migraine as a consideration as a criterion of SM for ED 

patients has also been proposed [1,14]. Psychiatric disease has 

also been previously described as SM [1,15]. Careful  
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examination of patients, with the understanding of 

characteristics of psychogenic presentation (e.g. previous 

psychiatric disease, atypical/fluctuating symptoms, inconsistent 

physical examination findings) can aid in assessment of these 

diverse types of patients Vertigo was also a primary SM, noted 

in a number of different studies [16-18]. Indeed, the literature 

has addressed this with specific clinical exam evaluations to 

discern central versus peripheral sources of symptoms [1,18], 

documenting high sensitivity (100%) and specificity (96%) for 

stroke.  
 

The decreased accuracy in the field of stroke alerts allowed for 

evaluation of the TM score as a potential way to improve usage 

of the stroke alert system for diagnosis of stroke and stroke 

mimics. Notably, a comprehensive review showed an SM rate 

of about 25% when examining 61 studies [1], compared to 55% 

found in our evaluation. Utilizing the TM score, the number 

stroke alerts decreased substantially. With this, we found a high 

sensitivity to detect stroke, at 99.3%, and an increase in accuracy 

of overall diagnosis of stroke and stroke mimic of 84%. With 

this was an accompanying decrease in stroke alerts, declining to 

194 from 316. Such a decline allows for a much better utilization 

of resources by the ED, as well as the infrastructure within the 

hospital setting once the patient arrives. Such resource 

utilization improvements allow for diminished real and 

opportunity costs for the hospital environment, as well as in the 

EMS field setting. 
 

As well, the diagnosis of SM was interesting in the TM score 

adjudicated groups. Toxic metabolic encephalopathy continued 

to be frequent. This tended to be older patients, where a large 

proportion of the TM score was driven by age. As well, stroke 

recrudescence (an amnestic stroke syndrome) also became 

apparent as a more frequently observed SM, most likely due to 

a combination of age as well as localizing symptoms. 

Recommendations to assess these patients has revolved around 

CT perfusion and diffusion weighted and ADC MRI imaging 

[1,7,13] but such modalities – particularly MRI - often are not 

available within the context of emergent evaluation. 

Nonetheless, within the aspects of this study, the TM score had 

high sensitivity, specificity, and reduced the number of stroke 

alerts with minimum strokes missed. 
 

The limitation of this study revolves around the retrospective 

nature of the evaluation, as well as being a single institution 

assessment. Further, all charts were reviewed by single 

examiner, and reflected reported clinical characteristics reported 

and seen in the electronic medical record. Nonetheless, the 

evaluation utilized a consistent documentation format, as well 

as ongoing follow-up by the neurology service. The ability to 

discern the components of the TM score was readily available. 

However, any generalizability of results will require a 

prospective study utilizing the TM score, the threshold value, 

and determination of subsequent outcomes. 
 

Conclusion 

We found the incidence of SM to be very high in our cohort of 

patients with a pre-hospital EMS stroke alert activation prior to 

arriving in the ED. Utilizing the TM score with a threshold value 

of 18 to effect a stroke alert, the accuracy of the diagnosis of 

stroke and stroke mimics increased, with the number of stroke 

alerts decreasing, with excellent sensitivity to detect stroke. Use 

of the TM score in concert with additional training and 

education of staff may provide better accuracy with decreased 

resource utilization in the diagnosis and treatment of stroke. 
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