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Abstract 

Objectives: Acute stroke management has changed dramatically over the recent years, 

where a timely assessment is driven by the expanding treatment options of acute 

ischemic stroke. This increases the risk in treating non-stroke patients (stroke mimics) 

with a possibly hazardous intravenous thrombolysis treatment (IVT).  

Setting: Patients of the thrombolysis registry of Södersjukhuset AB, a secondary health 

center in Stockholm, were retrospectively studied to determine complications and 

outcome after IVT in strokes and stroke mimics.  

Participants: Consecutively 674 recruited patients from January 1, 2008 to December 

1, 2013 were analyzed regarding demographics and outcome at 3 months after onset of 

symptoms. 

Results: Ischemic stroke was confirmed in 625 patients (93%), and 49 patients (7%) 

were stroke mimics. Patients with strokes were older than stroke mimics (72 versus 52 

years, p<0.0001), and antihypertensive, and antithrombotic treatment were more 

common in stroke patients (p<0.0001 and p<0.01, respectively). NIHSS did not differ at 

time of presentation. Excellent outcome defined as modified Rankin Scale score 0-1, at 

3 months, was less common in stroke than in stroke-mimics (45 versus 75%, p<0,0001). 

No stroke mimic had a symptomatic intracerebral hemorrhage. Age of less than 40 years 

was a strong predictor for a patient to be a stroke mimic (OR 10,3, p<0,0001). 

Conclusions: Stroke mimics receiving IVT had a favorable outcome compared to stroke 

patients, and showed no hemorrhagic complications. Age below 40 years may be a 

predictor for stroke mimics. 
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Main strengths and limitations 

• This paper is comprised of consecutive data over a large period of time, 

thus increasing sample size providing higher internal validity 

• The work-up of stroke patients was done according to stroke guidelines 

also including follow-up by an experienced stroke doctor representing the 

natural setting in larger hospitals 

• This is retrospective, single center study with external validity limitations 

• The work-up at time did not include MRI in most patients, possibly 

explaining the relative low number of found stroke mimics 
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Introduction 

The management of acute stroke has changed dramatically over the last years. The 

expansion of intravenous thrombolysis (IVT) given at most hospitals receiving stroke 

patients, as well as the continued drip and ship paradigm may increase the risk of 

erroneous assessment of the acute patient.1,2 The struggle to decrease Door-to-Needle 

(DTN) time, might increase the risk of treating non-stroke patients even more. IVT 

comes with the risk of symptomatic intracerebral hemorrhage (SICH) that may differ 

between 2 to 9 % depending on the definition used.3,4,5 It is well described that several 

disorders such as migraine, vertigo and seizures may appear with symptoms such as 

paresis, speech disturbance and visual loss and thereby mimic a stroke.6,7 The 

proportion of stroke mimics in thrombolysis registries vary from 1 to 16%.8-12 A 

retrospective single cohort study indicated that treating stroke mimics with IVT is safe.13 

Also, a multicenter cohort study showed only 1% of SICH in stroke mimics compared to 

7,9% in ischemic stroke.14 MRI-evaluation of the acute stroke patient may increase the 

chance of discriminating between a stroke mimic and an actual stroke,15 However, this is 

limited by the availability of MRI scans in acute stroke. Scoring systems have been 

suggested to be used to differentiate between a stroke mimic and a stroke, and have 

been used in tele-stroke-networks.16    

Here we retrospectively evaluated the outcome of IVT in a consecutive thrombolysis 

cohort of Södersjukhuset AB, in Stockholm, Sweden. Demographic and outcome 

variables were described in stroke and stroke mimics, and predictors of the latter were 

determined.  
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Materials and Methods 

Patients were consecutively recruited at the Södersjukhuset AB, a large teaching 

hospital in an urban area of Stockholm. All stroke patients are seen by the internal 

medicine doctor on call with support during office hours by a neurologist and a stroke 

nurse in thrombolysis cases. Outside office hours a neurologist is available on call. 

Since January 2008 all patients receiving IVT have been prospectively followed up at 3 

months and registered in a local thrombolysis registry. All patients receiving 

thrombolysis from January 1, 2008, to December 1, 2013 were retrospectively evaluated 

using the electronic and locally available thrombolysis database. All patient records were 

re-evaluated three months after sensor date (by DN) with regard to diagnosis and 

outcome after thrombolysis. Patients were described with regard to demographic 

parameters and laboratory parameters at admission and at follow-up at 3 months after 

onset of symptoms. Of 699 patients consecutively recruited in the thrombolysis registry, 

between Jan 2008 and Dec 2013, 674 were included in the final analysis. The study was 

approved by the regional ethical review board of Stockholm, EPN: 2012/626-31/4.  

 

Data collection and Clinical variables 

The evaluation of all patients at admission included collection of demographic data, 

medical history, vascular risk factors, National Institute of Health Stroke Scale (NIHSS) 

score upon admission, modified Rankin Scale score (mRS) before the ischemic event 

and biochemical test results. SICH was used according to the criteria of the National 

Institute of Neurological Disorders and Stroke trial (SICHNINDS: any hemorrhage plus any 
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neurological deterioration).3 Follow-up evaluation was performed at 3 months after IVT 

by a stroke nurse, and included clinical and functional evaluation by NIHSS, mRS, 

measurement of blood pressure (BP) and body temperature and laboratory tests. 

Information on date of death was available in electronic records for all deceased 

patients. Patients that had received IVT on more than one occasion (n=15) were 

included, but only the first time they received IVT was used in the final analysis. 

Stroke mimics were determined using a set of clinical factors during hospital-stay and 

follow-up (by the responsible MD at discharge and by DN at follow up), and usually 

including repetitive dator-tomographic imaging according to clinical routine imaging after 

thrombolysis.  

 

Stroke and Stroke mimics and Risk Factors 

Ischemic stroke and transitory ischemic attacks (TIA) were classified according to ICD-

10. Arterial hypertension (HT) was considered present when the patients were on 

antihypertensive treatment upon admission, or when HT was diagnosed by repeated 

measurements of systemic BP > 140/90mmHg during hospital stay. Diabetes mellitus 

(DM) was considered present when patients had a known diagnosis, and/or were on 

antidiabetic treatment upon admission. Hyperlipidemia was defined by the presence of 

statin treatment upon admission or fasting total-cholesterol > 5.2 mmol/L or LDL-

cholesterol > 2.6 mmol/L. Atrial fibrillation was considered present when mentioned in 

patients’ past medical history or present at admission ECG.  
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Data analysis 

Normal distribution of the variables was tested with Shapiro-Wilk’s test. Medians and 

interquartile ranges were used to describe the characteristics of the study participants. 

Differences in continuous variables among groups were investigated by the Mann-

Whitney test, and categorical variables were analyzed using the χ2  or Fishers exact test 

where appropriate. Logistic regression was used to investigate the associations between 

potential risk factors and outcome in stroke-mimic. Hosmer-Lemeshov goodness-of-fit 

test was used to examine whether the final multivariable models adequately fitted the 

data. Multiple tests correction has not been performed due to the exploratory purpose of 

the study. P values <0.05 were considered statistically significant. Analyses were done 

with SPSS version 20.0 (SPSS Inc. Chicago, IL).  

 

Results 

Stroke and Stroke mimic cohort 

A total of 674 patients were included in the final analysis. Ischemic stroke was confirmed 

in 625 patients (93%) based on clinical and imaging data, and 48 patients (7%) were 

classified as stroke mimics after reviewing available clinical and imaging data.  

Demographics, risk factors and clinical investigation profiles of the stroke and stroke 

mimic groups are presented in table 1. Patients with strokes were significantly older than 

stroke mimics (72 versus 54 years, p<0.0001), prior medication for HT (57% versus 

28%, p<0.0001) and antithrombotic treatment (48% versus 28%, p=0.006) were more 

common in stroke patients. Hypertension was more common in stroke compared to 

stroke mimics (49% versus 25%, p=0.001) and serum creatinine was higher in stroke 
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(83 versus 75 µmol/L, p = 0.001) whereas DM, atrial fibrillation and hyperlipidemia did 

not differ between groups. 

 

Stroke mimics 

Stroke mimics were determined after retrospectively reviewing medical records. Of the 

675 patients, 48 patients (7%) were diagnosed as a stroke mimic. Of the 48, 12 (25%) 

were determined functional with inorganic symptoms (functional mimics), 8 (17%) were 

due to epileptic seizures, 6 (12%) received symptom-diagnoses, 4 (8%) were diagnosed 

as alcohol intoxication, 3 (6%) with migraine, 3 (6%) with vertigo, 2 (4%) with Bell’s 

palsy, 2 (4%) with hypotension, 2 (4%) with intracerebral tumor, 2 (4%) with visual loss, 

1 (2%) with pain related paresis, 1 (2%) observational diagnosis, 1 (2%) eye muscle 

paresis, 1 (2%) ischemic heart disease and 1 (2%) headache . 

 

Clinical outcome and safety characteristics 

Baseline characteristics showed no differences in NIHSS between groups (Table 1), but 

at 24 hours NIHSS was higher in stroke than stroke mimics (2 versus 1, p=0.02, Table 

2). There was no significant differences in SICH, 11 patients in the stroke group (2 %) 

suffered SICH and none of the stroke mimics. Extracerebral hemorrhage did not differ 

between groups either. Excellent outcome defined as mRS 0-1 at 3 months, was lower 

in stroke than in stroke mimics (45 versus 75 %, p<0.0001). Mortality at 3 months was 

higher in stroke than stroke mimics (12 versus 2 %, p<0.048)  
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Multivariate analysis of Predictors of Stroke mimics  

In order to determine prognostic variables to predict a stroke mimic, risk factors and lab 

parameters showing a significant difference between stroke patients and stroke mimics 

(i.e. age less than 40 years, hypertension and plasma creatinine) were included in a 

logistic multivariable model (Table 3).  In this model age below 40 years, adjusted for 

hypertension, atrial fibrillation and plasma creatinine, was significantly associated  for 

being a stroke mimic (OR 8.7, p<0.0001). Hypertension and creatine levels were also 

found to be independent predictors for being a stroke mimic , whereas atrial fibrillation 

was not a predictor of a stroke mimic (Table 3). 

 

Discussion 

This retrospective analysis of thrombolysed patients over 6 years, in accordance with 

previous literature, show that stroke mimics are younger than stroke.14,17 DTN times did 

not differ between groups, possibly indicating that standardized protocols were in place. 

Hemorrhagic complications post IVT did not differ in groups, which has been shown 

before.3,18,19 Outcome measures such as NIHSS at 24 hours and mRS 0-1 at 3 months 

indicated a worse functional status in the stroke group and also showed, as expected, 

higher mortality among strokes than stroke mimics. Almost one fourth of the mimics 

were classified as functional mimics which is in line with other studies.20 Using 

multivariate analysis, predictors of stroke mimics were assessed and age below 40 was 

found to be the strongest predictor for a patient to be a stroke mimic (OR 8.7, p<0.0001), 
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but also hypertension and creatinine levels (Table 3) could indicate a patient to be a 

stroke mimic.  The TeleStroke Mimic-Score (TM-Score) can discriminate strokes versus 

stroke mimics and includes age as a continuous variable, comorbidities such as atrial 

fibrillation and hypertension and NIHSS>14.16 However, the TM-Score may not be 

applicable in our stroke cohort due to lower NIHSS and the fact that we do not operate 

primarily within a tele-stroke-network. The mean NIHSS for thrombolysed stroke patients 

reported in the Swedish national quality register Riksstroke is 8.21 Although, our 

numbers of stroke mimics was fairly low in comparison with current literature indicating 

that as high as 20 percent of all patients presenting as suspected strokes are mimics, 

further radiological work-up with MRI could arguably exclude a stroke mimic. MRI has a 

higher specificity (92%) for arterial ischemic stroke. A diffusion weighted imaging MRI 

protocol has been shown to discriminated stroke mimics from arterial strokes.22-24 At our 

hospital the facilities did not at the time of the study allow rapid examination with MRI-

imaging. The decrease in DTN times in recent years may also lead to higher frequencies 

of stroke mimics receiving thrombolysis, as could be shown in a single center study that 

found an association between decreasing DTN times and increased frequencies of 

stroke mimics receiving IVT.25 This may warrant a better work-up of stroke presenting 

patients including the use of MRI. Moreover there is a need for future studies with 

greater sample sizes for evaluating risk scores to discriminate real stroke patients from 

stroke mimics. As previously described and showed also in our study, age is a potential 

variable to include in such scores.  
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Limitations 

The first limitation is the retrospective character of our study. As a single center study 

the external validity may be limited. Although the internal validity is high as all follow up 

and data collection were carried out by two trained nurses and only one doctor 

reevaluated the medical records. To enhance the generalizabillity, we extended the 

study period and consequently the sample size. The work-up of the patients not 

undergoing an MRI increases the chance of missing out on stroke mimics, which can 

also explain the relatively low number of stroke mimics although other single cohort 

studies have shown similar or lower levels. However, at this time and even today most 

acute stroke work-up includes computer tomography, and stroke also remains a clinical 

diagnosis. Migraine aura might be visualized as a perfusion deficit on MRI and even 

though it has been reported to often involve several vascular territories it may still be 

mistaken as a stroke, even with the use of MRI.26,27 At our center, the low number of 

stroke mimics may also be due to assessment by an experienced stroke neurologist at 

daytime. The stroke mimics showed a multitude of different diagnoses and from a larger 

sample one might be able to draw conclusions on more common stroke mimic 

diagnoses.  

In conclusion, our retrospective cohort described relatively low numbers of stroke 

mimics, where low age may independently predict a patient to be a stroke mimic. 

Intravenous thrombolysis did not lead to significant complications in stroke mimics 

suggesting that when in doubt rt-PA should be given.  
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Table 1.  Baseline characteristics of strokes and stroke mimics treated with IVT. 

 

                                                        Strokes                                               Stroke Mimics 

                                         ______________________        ____________________ 
 

 

 

No./Total  

 

Median (IQR) or 

proportion  

 

No./Total  

 

Median (IQR) or 

proportion  

 

P Value 

Age, y 625 72 (64-81) 48 54 (40-67) < 0.0001 

Age ≤ 40 y 11/625 2% 12/48 25% < 0.0001 

Sex, female 290/626 46% 19/48 37.5% 0.3 

Previous stroke or TIA 162/626 
26% 

12/48 
25% 1.0 

Hypertension 300/609 49% 12/48 25% 0.001 

Diabetes mellitus 86/606 14% 5/47 11% 0.7 

Hyperlipidemia 44/605 7% 2/47 4.3% 0.8 

Atrial fibrillation 128/606 21% 4/47 8.5% 0.04 

mRS 0-1 before stroke 556/626 89% 45/48 94% 0.5 

NIHSS 548 6 (3-11) 47 5 (3-9) 0.8 

Prior antihypertensive 357/626 57% 13/48 28% < 0.0001 

Prior 

antiplatelet/anticoagulant 

301/625 48% 13/47 28% 0.006 

Prior statin 155/626 25% 6/48 12.5% 0.06 

Systolic blood pressure 575 155 (140-169) 
47 

144 (132-155) 0.04 

Diastolic blood pressure 575 80 (70-90) 47 84 (79-96) 0.1 

Door-needle time, min 619 58 (47-75) 48 56.5 (45-73) 1.0 

Time stroke onset-rTPA, min 617 135 (104-180) 48 120 (91-191) 0.5 

Serum glucose, mmol/L  562 6.5 (5.8-7.7) 43 6.1 (5.5-6.8) 0.1 

Serum cholesterol, mmol/L  470 4.9 (4.3-5.8) 37 5.2 (4.6-5.8) 0.08 

Serum LDL, mmol/L  456 2.9 (2.3-3.7) 36 3.1 (2.4-3.5) 0.3 

Serum HDL , mmol/L 466 1.3 (1.1-1.6) 38 1.3 (1.1-1.7) 0.9 

INR  575 1.0 (1.0-1.1) 47 1.0 (1.0-1.1) 1.0 

Blood platelet count (*109/L)  583 224 (188-268) 47 226 (192-245) 0.9 

Creatinin,µmol/L  580 83 (69-96) 45 75 (65-83) 0.001 

High sensitive CRP 580 2 (1-6) 46 2 (0-4) 0.3 

Adminstered dose rTPA, mg 599 67 (58-76) 45 68 (58-76) 0.9 

BMI, kg· m2 582 25 (23-28) 47 26 (21-29) 0.6 
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Table 2. Outcome and safety data after treatment with intravenous rTPA in strokes and stroke mimics 

 
 

                                                        Strokes                                           Stroke Mimics 

                                       ______________________        ____________________ 
 

 

 

No./Total  

 

Median (IQR) or 

proportion  

 

No./Total  

 

Median (IQR) or 

proportion  

 

P Value 

SICH NINDS 11/542 2% 0/45 0% 1.0 

mRS 0-1, 3 months 258/579 45% 35/47 75% < 0.0001 

Mortality, 3 months 69/595 12% 1/45 2% 0.048 

Noncerebral complications 

(all) 

27/562 5% 1/46 2% 0.7 

-Extracerebral hemorrhage 16/562 3% 1/46 2% NA 

-Hypotension (< 90 mmHg) 2/562 0.3% 0/46 0% NA 

-Nausea 1/562 0.2% 0/50 0% NA 

-Allergic reactions 5/562 0.8% 0/50 0% NA 

Hospital stay, days 599 5 (3-8) 47 4 (2-7) 0.3 

NIHSS 24 hours after rTPA 430 2 (0-6) 42 1 (0-2) 0.02 

NA= not applicable 

 

 

Table 3. Multivariable model with predictors of stroke mimics  
 

Predictor 

 

OR (95% CI) 

 

P value 

 

 

Age < 40 8.7 (3.2-24.0) <0.0001  

Hypertension 0.5 (0.2-0.99) 0.047  

Atrial fibrillation 0.5 (0.2-1.5) 0.23  

Plasma creatinine 0.9 (0.96-0.99) 0.01  
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STROBE Statement—checklist of items that should be included in reports of observational studies 

 

 Page No Recommendation 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

Introduction 

Background/rationale 4, last 

pargraph 

Explain the scientific background and rationale for the investigation being 

reported 

Objectives 4, last 

paragraph 

State specific objectives, including any prespecified hypotheses 

Methods 

Study design 5 Present key elements of study design early in the paper 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

Participants 5 (a) Cohort study—Give the eligibility criteria, and the sources and methods 

of selection of participants. Describe methods of follow-up 

 

 

Variables 5-6 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

Data sources/ 

measurement 

5-6  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

Bias 6 Describe any efforts to address potential sources of bias 

Study size 5, last 

paragraph 

Explain how the study size was arrived at 

Quantitative variables 6 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why 

Statistical methods 7, see data 

analysis 

(a) Describe all statistical methods, including those used to control for 

confounding 

(b) Describe any methods used to examine subgroups and interactions 

(c) Explain how missing data were addressed 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

 

(e) Describe any sensitivity analyses 

Continued on next page  
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Results 

Participants 7* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in the 

study, completing follow-up, and analysed 

(b) Give reasons for non-participation at each stage 

(c) Consider use of a flow diagram 

Descriptive 

data 

7* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

(b) Indicate number of participants with missing data for each variable of interest 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

Outcome data 8* Cohort study—Report numbers of outcome events or summary measures over 

time 

Main results 7, Results first 

paragraph 

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included 

(b) Report category boundaries when continuous variables were categorized 

(c) If relevant, consider translating estimates of relative risk into absolute risk for 

a meaningful time period 

Other analyses 9, see 

multivariate 

analysis 

Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

Discussion 

Key results 9, first paragraph 

Discussion 

Summarise key results with reference to study objectives 

Limitations 11 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 

Interpretation 11 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

Generalisability 11 Discuss the generalisability (external validity) of the study results 

Other information 

Funding 12 Give the source of funding and the role of the funders for the present study and, 

if applicable, for the original study on which the present article is based 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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Abstract 

Objectives: Acute stroke management has changed dramatically over the recent years, 

where a timely assessment is driven by the expanding treatment options of acute 

ischemic stroke. This increases the risk in treating non-stroke patients (stroke mimics) 

with a possibly hazardous intravenous thrombolysis treatment (IVT).  

Setting: Patients of the thrombolysis registry of Södersjukhuset AB, a secondary health 

center in Stockholm, were retrospectively studied to determine complications and 

outcome after IVT in strokes and stroke mimics.  

Participants: Consecutively 674 recruited patients from January 1, 2008 to December 

1, 2013 were analyzed regarding demographics and outcome at 3 months after onset of 

symptoms. 

Results: Ischemic stroke was confirmed in 625 patients (93%), and 48 patients (7%) 

were stroke mimics. Patients with strokes were older than stroke mimics 72 (interquartile 

range: 64-81) versus 54 years (interquartile range 40-67), p<0.0001. Antihypertensive 

and antithrombotic treatment were more common in stroke patients (p<0.0001 and 

p=0.006, respectively). NIHSS did not differ at time of presentation. Excellent outcome 

defined as modified Rankin Scale score 0-1, at 3 months, was less common in stroke 

than in stroke-mimics (50 versus 87,5 %, p<0,0001). No stroke mimic had a 

symptomatic intracerebral hemorrhage. Age of less than 40 years may be a predictor for 

a patient to be a stroke mimic (OR:8.7, 95% CI: 3.2-24.0, p<0,0001). 

Conclusions: Stroke mimics receiving IVT had a more favorable outcome compared to 

stroke patients, and showed no hemorrhagic complications. Age below 40 years may be 

a predictor for stroke mimics. 
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Main strengths and limitations 

• This paper is comprised of consecutive data over a large period of time, 

thus increasing sample size providing higher internal validity 

• The work-up of stroke patients was done according to stroke guidelines 

also including follow-up by an experienced stroke doctor representing the 

natural setting in larger hospitals 

• This is retrospective, single center study with external validity limitations 

• The work-up at time did not include MRI in most patients, possibly 

explaining the relative low number of found stroke mimics 
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Introduction 

The management of acute stroke has changed dramatically over the last years. The 

expansion of intravenous thrombolysis (IVT) given at most hospitals receiving stroke 

patients, as well as the continued drip and ship paradigm may increase the risk of 

erroneous assessment of the acute patient.1,2 The struggle to decrease Door-to-Needle 

(DTN) time, might increase the risk of treating non-stroke patients even more. IVT 

comes with the risk of symptomatic intracerebral hemorrhage (SICH) that may differ 

between 2 to 9 % depending on the definition used.3,4,5 It is well described that several 

disorders such as migraine, vertigo and seizures may appear with symptoms such as 

paresis, speech disturbance and visual loss and thereby mimic a stroke.6,7 The 

proportion of stroke mimics in thrombolysis registries vary from 1 to 16%8-12. In a meta-

analysis of 9 prospective studies stroke mimicking patients were found to have a lower 

risk for intracerebral hemorrhage when compared to patients with true acute ischemic 

stroke (RR: 0.33, 95% CI: 0.14-0.77)13  A retrospective single cohort study indicated that 

treating stroke mimics with IVT is safe. 14 Also, a multicenter cohort study showed only 

1% of SICH in stroke mimics compared to 7,9% in ischemic stroke.15 MRI-evaluation of 

the acute stroke patient may increase the chance of discriminating between a stroke 

mimic and an actual stroke,16 However, this is not only limited by the availability of MRI 

scans in acute stroke, but also due to the time it takes to assess an patient with an MRI 

scan. Scoring systems have been suggested to be used to differentiate between a 

stroke mimic and a stroke, and have been used in tele-stroke-networks.17    

Here we retrospectively evaluated the outcome of IVT in a consecutive thrombolysis 

cohort of Södersjukhuset AB, in Stockholm, Sweden. Demographic and outcome 
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variables were described in stroke and stroke mimics, and predictors of the latter were 

determined.  

 

Materials and Methods 

Patients were consecutively recruited at the Södersjukhuset AB, a large teaching 

hospital in an urban area of Stockholm. All stroke patients are primarily seen by the 

internal medicine doctor on call and during office hours also by a neurologist, who 

makes the final decision whether IVT will be given or not.   Outside office hours a 

neurologist is available on call and supports the majority of all IVT cases. Since January 

2008 all patients receiving IVT have been prospectively followed up at 3 months and 

registered in a local thrombolysis registry. All patients receiving thrombolysis from 

January 1, 2008, to December 1, 2013 were retrospectively evaluated using the 

electronic and locally available thrombolysis database. All patient records were re-

evaluated three months after sensor date (by DN) with regard to diagnosis and outcome 

after thrombolysis. Patients were described with regard to demographic parameters and 

laboratory parameters at admission and at follow-up at 3 months after onset of 

symptoms. Of 699 patients consecutively recruited in the thrombolysis registry, between 

Jan 2008 and Dec 2013, 674 were included in the final analysis. The study was 

approved by the regional ethical review board of Stockholm, EPN: 2012/626-31/4.  
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Data collection and Clinical variables 

The evaluation of all patients at admission included collection of demographic data, 

medical history, vascular risk factors, National Institute of Health Stroke Scale (NIHSS) 

score upon admission, modified Rankin Scale score (mRS) before the ischemic event 

and biochemical test results. SICH was used according to the criteria of the National 

Institute of Neurological Disorders and Stroke trial (SICHNINDS: any hemorrhage plus any 

neurological deterioration).3 Follow-up evaluation was performed at 3 months after IVT 

by a stroke nurse, and included clinical and functional evaluation by NIHSS, mRS, 

measurement of blood pressure (BP) and body temperature and laboratory tests. 

Information on date of death was available in electronic records for all deceased 

patients. Patients that had received IVT on more than one occasion (n=15) were 

included, but only the first time they received IVT was used in the final analysis. 

Stroke mimics were determined using a set of clinical factors during hospital-stay and 

follow-up (by the responsible MD at discharge and by DN at follow up), and usually 

including repetitive computed-tomographic imaging according to clinical routine imaging 

after thrombolysis.  

 

Stroke and Stroke mimics and Risk Factors 

Ischemic stroke and transitory ischemic attacks (TIA) were classified according to ICD-

10. Arterial hypertension (HT) was considered present when the patients were on 

antihypertensive treatment upon admission, or when HT was diagnosed by repeated 

measurements of systemic BP > 140/90mmHg during hospital stay. Diabetes mellitus 

(DM) was considered present when patients had a known diagnosis, and/or were on 
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antidiabetic treatment upon admission. Hyperlipidemia was defined by the presence of 

statin treatment upon admission or fasting total-cholesterol > 5.2 mmol/L or LDL-

cholesterol > 2.6 mmol/L. Atrial fibrillation was considered present when mentioned in 

patients’ past medical history or present at admission ECG.  

 

 

Data analysis 

Normal distribution of the variables was tested with Shapiro-Wilk’s test. Medians and 

interquartile ranges were used to describe the characteristics of the study participants. 

Differences in continuous variables among groups were investigated by the Mann-

Whitney test, and categorical variables were analyzed using the χ2  or Fishers exact test 

where appropriate. Logistic regression was used to investigate the associations between 

potential risk factors and outcome in stroke-mimic. Hosmer-Lemeshov goodness-of-fit 

test was used to examine whether the final multivariable models adequately fitted the 

data. Multiple tests correction has not been performed due to the exploratory purpose of 

the study. P values <0.05 were considered statistically significant. Analyses were done 

with SPSS version 20.0 (SPSS Inc. Chicago, IL).  

 

Results 

Stroke and Stroke mimic cohort 

A total of 674 patients were included in the final analysis, 25 patients were excluded due 

to previous treatment with IVT. Ischemic stroke was confirmed in 625 patients (93%) 
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based on clinical and imaging data, and 48 patients (7%) were classified as stroke 

mimics after reviewing available clinical and imaging data.  

Demographics, risk factors and clinical investigation profiles of the stroke and stroke 

mimic groups are presented in table 1. Patients with strokes were significantly older than 

stroke mimics (72 (interquartile range: 64-81) versus 54 years (interquartile range 40-

67), p<0.0001), prior medication for HT (57% versus 28%, p<0.0001) and antithrombotic 

treatment (48% versus 28%, p=0.006) were more common in stroke patients. 

Hypertension was more common in stroke compared to stroke mimics (49% versus 

25%, p=0.001) and serum creatinine was higher in stroke (83 versus 75 µmol/L, p = 

0.001) whereas DM, atrial fibrillation and hyperlipidemia did not differ between groups. 

 

Stroke mimics 

Stroke mimics were determined after retrospectively reviewing medical records. Of the 

674 patients, 48 patients (7%) were diagnosed as a stroke mimic. Of the 48, 12 (25%) 

were determined functional with inorganic symptoms (functional mimics), 8 (17%) were 

due to epileptic seizures, 10 (21 %) received symptom-diagnoses (i.e. a descriptive 

diagnosis without a determined etiology) such as visual loss, eye muscle paresis, non-

specific headache and paresis without cause,  4 (8%) were diagnosed as alcohol 

intoxication, 3 (6%) with migraine, 3 (6%) with vertigo, 2 (4%) with Bell’s palsy, 2 (4%) 

with hypotension, 2 (4%) with intracerebral tumor, 1 (2%) with pain related paresis  and 

1 (2%) ischemic heart disease. Of the 48 stroke mimics 13 of 270 (4.8%) patients were 

treated during office time and 35 of 400 (8.8%) patients were treated during on call time. 

However on call time was not significantly associated to stroke mimicking neither in 

unadjusted (OR: 1.9, 95% CI: 0.9-3.6) nor in multivariable models (OR 1.8, 95% CI: 0.9-
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3.7, Table 2). 

Clinical outcome and safety characteristics 

Baseline characteristics showed no differences in NIHSS between groups (Table 1), but 

at 24 hours NIHSS was higher in stroke than stroke mimics (2 versus 1, p=0.02, Table 

3). There was no significant differences in SICH, 11 patients in the stroke group (2 %) 

suffered SICH and none of the stroke mimics. Extracerebral hemorrhage did not differ 

between groups either. Excellent outcome defined as mRS 0-1 at 3 months, was lower 

in stroke than in stroke mimics (50% versus 87.5 %, p<0.0001). Mortality at 3 months 

was higher in stroke than stroke mimics (12 versus 2 %, p<0.048)  

 

Multivariate analysis of Predictors of Stroke mimics  

In order to determine prognostic variables to predict a stroke mimic, risk factors and lab 

parameters showing a significant difference between stroke patients and stroke mimics 

(i.e. age less than 40 years, hypertension and plasma creatinine) were included in a 

logistic multivariable model (Table 2).  In this model age below 40 years, adjusted for 

hypertension, atrial fibrillation and plasma creatinine, was significantly associated  for 

being a stroke mimic (OR 8.7, p<0.0001). Hypertension and creatine levels were also 

found to be independent predictors for being a stroke mimic, whereas atrial fibrillation 

was not a predictor of a stroke mimic (Table 2). 
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Discussion 

This retrospective analysis of thrombolysed patients over 6 years, in accordance with 

previous literature, show that stroke mimics are younger than stroke.1518 DTN times did 

not differ between groups, possibly indicating that standardized protocols were in place. 

Hemorrhagic complications post IVT did not differ in groups, which has been shown 

before.3,19,20 Outcome measures such as NIHSS at 24 hours and mRS 0-1 at 3 months 

indicated a worse functional status in the stroke group and also showed, as expected, 

higher mortality among strokes than stroke mimics. One fourth of the mimics were 

classified as functional mimics which is in line with other studies.21 Using multivariate 

analysis, predictors of stroke mimics were assessed and age below 40 was found to be 

the strongest predictor for a patient to be a stroke mimic (OR 8.7, p<0.0001), but also 

hypertension and creatinine levels (Table 2) could indicate a patient to be a stroke 

mimic. The TeleStroke Mimic-Score (TM-Score) can discriminate strokes versus stroke 

mimics and includes age as a continuous variable, comorbidities such as atrial fibrillation 

and hypertension and NIHSS>14.17 However, the TM-Score may not be applicable in 

our stroke cohort due to lower NIHSS and the fact that we do not operate primarily within 

a tele-stroke-network. Another potential risk factor for being a stroke mimic that were 

evaluated was the timepoint when admitted to hospital. We found a non significant 

relative risk for being a stroke mimic of 1.8 for patients admitted to hospital outside office 

hours. As the majority of the patients in the present cohort (59%) were admitted outside 

office hours it is not possible to infer that admission time is a true risk factor for stroke 

mimicking. Nevertheless, we cannot rule out that our sample size is too small for 

answering this question. As there were no neurologists present at hospital outside office 
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hours it seems prudent to believe that a presence of specialists in neurology during on 

call time may reduce the risk for treating stroke mimicking patients with IVT.  

The mean NIHSS for thrombolysed stroke patients reported in the Swedish national 

quality register Riksstroke is 8.22 Although, our numbers of stroke mimics was fairly low 

in comparison with current literature indicating that as high as 20 percent of all patients 

presenting as suspected strokes are mimics, further radiological work-up with MRI could 

arguably exclude a stroke mimic, but also indicate a stroke when considered a mimic. 

MRI has a higher specificity (92%) for arterial ischemic stroke. A diffusion weighted 

imaging MRI protocol has been shown to discriminated stroke mimics from arterial 

strokes.23-25 At our hospital the facilities did not at the time of the study allow rapid 

examination with MRI-imaging. The decrease in DTN times in recent years may also 

lead to higher frequencies of stroke mimics receiving thrombolysis, as could be shown in 

a single center study that found an association between decreasing DTN times and 

increased frequencies of stroke mimics receiving IVT.26 This may warrant a better work-

up of stroke presenting patients including the use of MRI. Moreover there is a need for 

future studies with greater sample sizes for evaluating risk scores to discriminate real 

stroke patients from stroke mimics. As previously described and showed also in our 

study, age is a potential variable to include in such scores.  
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Limitations 

The first limitation is the retrospective character of our study. As a single center study 

the external validity may be limited. Although the internal validity is high as all follow up 

and data collection were carried out by two trained nurses and only one doctor 

reevaluated the medical records. To enhance the generalizability, we extended the study 

period and consequently the sample size. The work-up of the patients not undergoing an 

MRI increases the chance of missing out on stroke mimics, which can also explain the 

relatively low number of stroke mimics although other single cohort studies have shown 

similar or lower levels. However, at this time and even today most acute stroke work-up 

includes computer tomography, and stroke also remains a clinical diagnosis. Migraine 

aura might be visualized as a perfusion deficit on MRI and even though it has been 

reported to often involve several vascular territories it may still be mistaken as a stroke, 

even with the use of MRI.27, 28 At our center, the low number of stroke mimics may also 

be due to assessment by an experienced stroke neurologist at daytime. The stroke 

mimics showed a multitude of different diagnoses and from a larger sample one might 

be able to draw conclusions on more common stroke mimic diagnoses.  

The finding of an overrepresentation of young patients (i.e. below 20 years of age) could 

reflect a higher likelihood to thrombolyse younger patients presenting with symptoms 

indicating a stroke. As the data is based on patients actually thrombolysed, the 

overrepresentation could be due to a higher willingness to thrombolyse rather than not 

thrombolyse in this age group if in doubt of the true diagnosis. Also, the likelihood of 

contraindication is lower in younger patients with less co-morbidity. Retrospective 

studies from Europe and USA have found advanced age together with stroke severity to 
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be the most common causes not to thrombolyse29,30  

In conclusion, our retrospective cohort described relatively low numbers of stroke 

mimics, where low age may independently predict a patient to be a stroke mimic. 

Intravenous thrombolysis did not lead to significant complications in stroke mimics 

suggesting that the risk for IVT-associated complications in this group is low.  
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Table 1.  Baseline characteristics of strokes and stroke mimics treated with IVT. 

 

                                                        Strokes                                               Stroke Mimics 

                                         ______________________        ____________________ 
 

 

 

No./Total  

 

Median (IQR) or 

proportion  

 

No./Total  

 

Median (IQR) or 

proportion  

 

P Value 

Age, y 625 72 (64-81) 48 54 (40-67) < 0.0001 

Age ≤ 40 y 11/625 2% 12/48 25% < 0.0001 

Sex, female 290/626 46% 19/48 37.5% 0.3 

Previous stroke or TIA 162/626 
26% 

12/48 
25% 1.0 

Hypertension 300/609 49% 12/48 25% 0.001 

Diabetes mellitus 86/606 14% 5/47 11% 0.7 

Hyperlipidemia 44/605 7% 2/47 4.3% 0.8 

Atrial fibrillation 128/606 21% 4/47 8.5% 0.04 

mRS 0-1 before stroke 556/626 89% 45/48 94% 0.5 

NIHSS 548 6 (3-11) 47 5 (3-9) 0.8 

Prior antihypertensive 357/626 57% 13/48 28% < 0.0001 

Prior 

antiplatelet/anticoagulant 

301/625 48% 13/47 28% 0.006 

Prior statin 155/626 25% 6/48 12.5% 0.06 

Systolic blood pressure 575 155 (140-169) 
47 

144 (132-155) 0.04 

Diastolic blood pressure 575 80 (70-90) 47 84 (79-96) 0.1 

Door-needle time, min 619 58 (47-75) 48 56.5 (45-73) 1.0 

Time stroke onset-rTPA, min 617 135 (104-180) 48 120 (91-191) 0.5 

Serum glucose, mmol/L  562 6.5 (5.8-7.7) 43 6.1 (5.5-6.8) 0.1 

Serum cholesterol, mmol/L  470 4.9 (4.3-5.8) 37 5.2 (4.6-5.8) 0.08 

Serum LDL, mmol/L  456 2.9 (2.3-3.7) 36 3.1 (2.4-3.5) 0.3 

Serum HDL , mmol/L 466 1.3 (1.1-1.6) 38 1.3 (1.1-1.7) 0.9 

INR  575 1.0 (1.0-1.1) 47 1.0 (1.0-1.1) 1.0 

Blood platelet count (*109/L)  583 224 (188-268) 47 226 (192-245) 0.9 

Creatinin,µmol/L  580 83 (69-96) 45 75 (65-83) 0.001 

High sensitive CRP 580 2 (1-6) 46 2 (0-4) 0.3 

Adminstered dose rTPA, mg 599 67 (58-76) 45 68 (58-76) 0.9 

BMI, kg· m2 582 25 (23-28) 47 26 (21-29) 0.6 

 
 

 

 

 

 

Table 2. Multivariable model with predictors of stroke mimics   
 

Predictor 

 

OR (95% CI) 

 

P value 

 

 

Age < 40 8.7 (3.2-24.0) <0.0001  

Hypertension 0.5 (0.2-0.99) 0.047  

On call time 1.8 (0.9-3.7) 0.09  

Atrial fibrillation 0.5 (0.2-1.5) 0.2  

Plasma creatinine (µmol/L) 0.9 (0.96-0.99) 0.01  
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Table 3. Outcome and safety data after treatment with intravenous rTPA in strokes and stroke mimics 

 
 

                                                        Strokes                                           Stroke Mimics 

                                       ______________________        ____________________ 
 

 

 

No./Total  

 

Median (IQR) or 

proportion  

 

No./Total  

 

Median (IQR) or 

proportion  

 

P Value 

SICH NINDS 11/542 2% 0/45 0% 1.0 

mRS 0-1, 3 months 258/513 50% 35/40 87.5% < 0.0001 

Mortality, 3 months 69/595 12% 1/45 2% 0.048 

Noncerebral complications 

(all) 

27/562 5% 1/46 2% 0.7 

-Extracerebral hemorrhage 16/562 3% 1/46 2% NA 

-Hypotension (< 90 mmHg) 2/562 0.3% 0/46 0% NA 

-Nausea 1/562 0.2% 0/50 0% NA 

-Allergic reactions 5/562 0.8% 0/50 0% NA 

Hospital stay, days 599 5 (3-8) 47 4 (2-7) 0.3 

NIHSS 24 hours after rTPA 430 2 (0-6) 42 1 (0-2) 0.02 

NA= not applicable 
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applicable, describe which groupings were chosen and why 

Statistical methods 7, see data 

analysis 

(a) Describe all statistical methods, including those used to control for 

confounding 

(b) Describe any methods used to examine subgroups and interactions 

(c) Explain how missing data were addressed 

(d) Cohort study—If applicable, explain how loss to follow-up was addressed 

 

(e) Describe any sensitivity analyses 

Continued on next page  

Page 20 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

 2

Results 

Participants 7* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, included in the 

study, completing follow-up, and analysed 

(b) Give reasons for non-participation at each stage 

(c) Consider use of a flow diagram 

Descriptive 

data 

7* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

(b) Indicate number of participants with missing data for each variable of 

interest 

(c) Cohort study—Summarise follow-up time (eg, average and total amount) 

Outcome data 8* Cohort study—Report numbers of outcome events or summary measures over 

time 

Main results 7-8, Results first 

paragraph 

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which 

confounders were adjusted for and why they were included 

(b) Report category boundaries when continuous variables were categorized 

(c) If relevant, consider translating estimates of relative risk into absolute risk 

for a meaningful time period 

Other analyses 9, see 

multivariate 

analysis 

Report other analyses done—eg analyses of subgroups and interactions, and 

sensitivity analyses 

Discussion 

Key results 10, first 

paragraph 

Discussion 

Summarise key results with reference to study objectives 

Limitations 12 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias 

Interpretation 12 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and other 

relevant evidence 

Generalisability 12 Discuss the generalisability (external validity) of the study results 

Other information 

Funding 13 Give the source of funding and the role of the funders for the present study and, 

if applicable, for the original study on which the present article is based 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 

unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 

available at www.strobe-statement.org. 
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Abstract 

Objectives: Acute stroke management has changed dramatically over the recent years, 

where a timely assessment is driven by the expanding treatment options of acute 

ischemic stroke. This increases the risk in treating non-stroke patients (stroke mimics) 

with a possibly hazardous intravenous thrombolysis treatment (IVT).  

Setting: Patients of the thrombolysis registry of Södersjukhuset AB, a secondary health 

center in Stockholm, were retrospectively studied to determine complications and 

outcome after IVT in strokes and stroke mimics.  

Participants: Consecutively 674 recruited patients from January 1, 2008 to December 

1, 2013 were analyzed regarding demographics and outcome at 3 months after onset of 

symptoms. 

Results: Ischemic stroke was confirmed in 625 patients (93%), and 48 patients (7%) 

were stroke mimics. Patients with strokes were older than stroke mimics 72 (interquartile 

range: 64-81) versus 54 years (interquartile range 40-67), p<0.0001. Antihypertensive 

and antithrombotic treatment were more common in stroke patients (p<0.0001 and 

p=0.006, respectively). NIHSS did not differ at time of presentation. Excellent outcome 

defined as modified Rankin Scale score 0-1, at 3 months, was less common in stroke 

than in stroke-mimics (50 versus 87,5 %, p<0,0001). No stroke mimic had a 

symptomatic intracerebral hemorrhage. Age of less than 40 years may be a predictor for 

a patient to be a stroke mimic (OR:8.7, 95% CI: 3.2-24.0, p<0,0001). 

Conclusions: Stroke mimics receiving IVT had a more favorable outcome compared to 

stroke patients, and showed no hemorrhagic complications. Age below 40 years may be 

a predictor for stroke mimics. 
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Main strengths and limitations 

• This paper is comprised of consecutive data over a large period of time, 

thus increasing sample size providing higher internal validity 

• The work-up of stroke patients was done according to stroke guidelines 

also including follow-up by an experienced stroke doctor representing the 

natural setting in larger hospitals 

• This is retrospective, single center study with external validity limitations 

• The work-up at time did not include MRI in most patients, possibly 

explaining the relative low number of found stroke mimics 
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Introduction 

The management of acute stroke has changed dramatically over the last years. The 

expansion of intravenous thrombolysis (IVT) given at most hospitals receiving stroke 

patients, as well as the continued drip and ship paradigm may increase the risk of 

erroneous assessment of the acute patient.1,2 The struggle to decrease Door-to-Needle 

(DTN) time, might increase the risk of treating non-stroke patients even more. IVT 

comes with the risk of symptomatic intracerebral hemorrhage (SICH) that may differ 

between 2 to 9 % depending on the definition used.3,4,5 It is well described that several 

disorders such as migraine, vertigo and seizures may appear with symptoms such as 

paresis, speech disturbance and visual loss and thereby mimic a stroke.6,7 The 

proportion of stroke mimics in thrombolysis registries vary from 1 to 16%8-12. In a meta-

analysis of 9 prospective studies stroke mimicking patients were found to have a lower 

risk for intracerebral hemorrhage when compared to patients with true acute ischemic 

stroke (RR: 0.33, 95% CI: 0.14-0.77)13  A retrospective single cohort study indicated that 

treating stroke mimics with IVT is safe. 14 Also, a multicenter cohort study showed only 

1% of SICH in stroke mimics compared to 7,9% in ischemic stroke.15 MRI-evaluation of 

the acute stroke patient may increase the chance of discriminating between a stroke 

mimic and an actual stroke,16 However, this is not only limited by the availability of MRI 

scans in acute stroke, but also due to the time it takes to assess an patient with an MRI 

scan. Scoring systems have been suggested to be used to differentiate between a 

stroke mimic and a stroke, and have been used in tele-stroke-networks.17    

Here we retrospectively evaluated the outcome of IVT in a consecutive thrombolysis 
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cohort of Södersjukhuset AB, in Stockholm, Sweden. Demographic and outcome 

variables were described in stroke and stroke mimics, and predictors of the latter were 

determined.  

 

Materials and Methods 

Patients were consecutively recruited at the Södersjukhuset AB, a large teaching 

hospital in an urban area of Stockholm. All stroke patients are primarily seen by the 

internal medicine doctor on call and during office hours also by a neurologist, who 

makes the final decision whether IVT will be given or not.   Outside office hours a 

neurologist is available on call and supports the majority of all IVT cases. Since January 

2008 all patients receiving IVT have been prospectively followed up at 3 months and 

registered in a local thrombolysis registry. All patients receiving thrombolysis from 

January 1, 2008, to December 1, 2013 were retrospectively evaluated using the 

electronic and locally available thrombolysis database. All patient records were re-

evaluated three months after sensor date (by DN) with regard to diagnosis and outcome 

after thrombolysis. Patients were described with regard to demographic parameters and 

laboratory parameters at admission and at follow-up at 3 months after onset of 

symptoms. Of 699 patients consecutively recruited in the thrombolysis registry, between 

Jan 2008 and Dec 2013, 674 were included in the final analysis. The study was 

approved by the regional ethical review board of Stockholm, EPN: 2012/626-31/4.  
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Data collection and Clinical variables 

The evaluation of all patients at admission included collection of demographic data, 

medical history, vascular risk factors, National Institute of Health Stroke Scale (NIHSS) 

score upon admission, modified Rankin Scale score (mRS) before the ischemic event 

and biochemical test results. SICH was used according to the criteria of the National 

Institute of Neurological Disorders and Stroke trial (SICHNINDS: any hemorrhage plus any 

neurological deterioration).3 Follow-up evaluation was performed at 3 months after IVT 

by a stroke nurse, and included clinical and functional evaluation by NIHSS, mRS, 

measurement of blood pressure (BP) and body temperature and laboratory tests. 

Information on date of death was available in electronic records for all deceased 

patients. Patients that had received IVT on more than one occasion (n=15) were 

included, but only the first time they received IVT was used in the final analysis. 

Stroke mimics were determined using a set of clinical factors during hospital-stay and 

follow-up (by the responsible MD at discharge and by DN at follow up), and usually 

including repetitive computed-tomographic imaging according to clinical routine imaging 

after thrombolysis.  

 

Stroke and Stroke mimics and Risk Factors 

Ischemic stroke and transitory ischemic attacks (TIA) were classified according to ICD-

10. Arterial hypertension (HT) was considered present when the patients were on 

antihypertensive treatment upon admission, or when HT was diagnosed by repeated 

measurements of systemic BP > 140/90mmHg during hospital stay. Diabetes mellitus 
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(DM) was considered present when patients had a known diagnosis, and/or were on 

antidiabetic treatment upon admission. Hyperlipidemia was defined by the presence of 

statin treatment upon admission or fasting total-cholesterol > 5.2 mmol/L or LDL-

cholesterol > 2.6 mmol/L. Atrial fibrillation was considered present when mentioned in 

patients’ past medical history or present at admission ECG.  

 

 

Data analysis 

Normal distribution of the variables was tested with Shapiro-Wilk’s test. Medians and 

interquartile ranges were used to describe the characteristics of the study participants. 

Differences in continuous variables among groups were investigated by the Mann-

Whitney test, and categorical variables were analyzed using the χ2  or Fishers exact test 

where appropriate. Logistic regression was used to investigate the associations between 

potential risk factors and outcome in stroke-mimic. Hosmer-Lemeshov goodness-of-fit 

test was used to examine whether the final multivariable models adequately fitted the 

data. Multiple tests correction has not been performed due to the exploratory purpose of 

the study. P values <0.05 were considered statistically significant. Analyses were done 

with SPSS version 20.0 (SPSS Inc. Chicago, IL).  

 

Results 

Stroke and Stroke mimic cohort 

A total of 674 patients were included in the final analysis, 25 patients were excluded due 

to previous treatment with IVT. Ischemic stroke was confirmed in 625 patients (93%) 
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based on clinical and imaging data, and 48 patients (7%) were classified as stroke 

mimics after reviewing available clinical and imaging data.  

Demographics, risk factors and clinical investigation profiles of the stroke and stroke 

mimic groups are presented in Table 1.  

 

Table 1.  Baseline characteristics of strokes and stroke mimics treated with IVT. 
 
                                             Strokes                                        Stroke Mimics 

                        ______________________                              ______________________ 

 
 

 
No./Total  

 
Median (IQR) or 
proportion  

 
No./Total  

 
Median (IQR) 
or 
proportion  

 
P Value 

Age, y 625 72 (64-81) 48 54 (40-67) < 0.0001 
Age ≤ 40 y 11/625 2% 12/48 25% < 0.0001 
Sex, female 290/626 46% 19/48 37.5% 0.3 
Previous stroke or TIA 162/626 

26% 
12/48 

25% 1.0 
Hypertension 300/609 49% 12/48 25% 0.001 
Diabetes mellitus 86/606 14% 5/47 11% 0.7 
Hyperlipidemia 44/605 7% 2/47 4.3% 0.8 
Atrial fibrillation 128/606 21% 4/47 8.5% 0.04 
mRS 0-1 before stroke 556/626 89% 45/48 94% 0.5 
NIHSS 548 6 (3-11) 47 5 (3-9) 0.8 
Prior antihypertensive 357/626 57% 13/48 28% < 0.0001 
Prior 
antiplatelet/anticoagulant 

301/625 48% 13/47 28% 0.006 

Prior statin 155/626 25% 6/48 12.5% 0.06 
Systolic blood pressure 575 155 (140-169) 

47 
144 (132-155) 0.04 

Diastolic blood pressure 575 80 (70-90) 47 84 (79-96) 0.1 
Door-needle time, min 619 58 (47-75) 48 56.5 (45-73) 1.0 
Time stroke onset-rTPA, 
min 

617 135 (104-180) 48 120 (91-191) 0.5 

Serum glucose, mmol/L  562 6.5 (5.8-7.7) 43 6.1 (5.5-6.8) 0.1 
Serum cholesterol, 
mmol/L  

470 4.9 (4.3-5.8) 37 5.2 (4.6-5.8) 0.08 

Serum LDL, mmol/L  456 2.9 (2.3-3.7) 36 3.1 (2.4-3.5) 0.3 
Serum HDL , mmol/L 466 1.3 (1.1-1.6) 38 1.3 (1.1-1.7) 0.9 
INR  575 1.0 (1.0-1.1) 47 1.0 (1.0-1.1) 1.0 
Blood platelet count 
(*10

9
/L)

  
583 224 (188-268) 47 226 (192-245) 0.9 

Creatinin,µmol/L  580 83 (69-96) 45 75 (65-83) 0.001 
High sensitive CRP 580 2 (1-6) 46 2 (0-4) 0.3 
Adminstered dose rTPA, 
mg 

599 67 (58-76) 45 68 (58-76) 0.9 

BMI, kg� m
2 

582 25 (23-28) 47 26 (21-29) 0.6 
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Patients with strokes were significantly older than stroke mimics (72 (interquartile range: 

64-81) versus 54 years (interquartile range 40-67), p<0.0001), prior medication for HT 

(57% versus 28%, p<0.0001) and antithrombotic treatment (48% versus 28%, p=0.006) 

were more common in stroke patients. Hypertension was more common in stroke 

compared to stroke mimics (49% versus 25%, p=0.001) and serum creatinine was 

higher in stroke (83 versus 75 µmol/L, p = 0.001) whereas DM, atrial fibrillation and 

hyperlipidemia did not differ between groups. 

 

Stroke mimics 

Stroke mimics were determined after retrospectively reviewing medical records. Of the 

674 patients, 48 patients (7%) were diagnosed as a stroke mimic. Of the 48, 12 (25%) 

were determined functional with inorganic symptoms (functional mimics), 8 (17%) were 

due to epileptic seizures, 10 (21 %) received symptom-diagnoses (i.e. a descriptive 

diagnosis without a determined etiology) such as visual loss, eye muscle paresis, non-

specific headache and paresis without cause, 4 (8%) were diagnosed as alcohol 

intoxication, 3 (6%) with migraine, 3 (6%) with vertigo, 2 (4%) with Bell’s palsy, 2 (4%) 

with hypotension, 2 (4%) with intracerebral tumor, 1 (2%) with pain related paresis  and 

1 (2%) ischemic heart disease. Of the 48 stroke mimics 13 of 270 (4.8%) patients were 

treated during office time and 35 of 400 (8.8%) patients were treated during on call time. 

However on call time, was not significantly associated to stroke mimicking neither in 

unadjusted (OR: 1.9, 95% CI: 0.9-3.6) nor in multivariable models (OR 1.8, 95% CI: 0.9-

3.7, Table 2). 
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Table 2. Outcome and safety data after treatment with intravenous rTPA in strokes 
and stroke mimics 

 
 

                                               Strokes                                       Stroke Mimics 
                                      _________________                    _________________        
 
 

 
No./Total  

 
Median (IQR) or 
proportion  

 
No./Total  

 
Median (IQR) 
or 
proportion  

 
P Value 

SICH NINDS 11/542 2% 0/45 0% 1.0 
mRS 0-1, 3 months 258/513 50% 35/40 87.5% < 0.0001 
Mortality, 3 months 69/595 12% 1/45 2% 0.048 
Noncerebral 
complications (all) 

27/562 5% 1/46 2% 0.7 

-Extracerebral 
hemorrhage 

16/562 3% 1/46 2% NA 

-Hypotension (< 90 
mmHg) 

2/562 0.3% 0/46 0% NA 

-Nausea 1/562 0.2% 0/50 0% NA 
-Allergic reactions 5/562 0.8% 0/50 0% NA 
Hospital stay, days 599 5 (3-8) 47 4 (2-7) 0.3 
NIHSS 24 hours after 
rTPA 

430 2 (0-6) 42 1 (0-2) 0.02 

NA= not applicable 
 

 

 

Clinical outcome and safety characteristics 

Baseline characteristics showed no differences in NIHSS between groups (Table 1), but 

at 24 hours NIHSS was higher in stroke than stroke mimics (2 versus 1, p=0.02, Table 

2). There was no significant differences in SICH, 11 patients in the stroke group (2 %) 

Page 10 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

 11

suffered SICH and none of the stroke mimics. Extracerebral hemorrhage did not differ 

between groups either. Excellent outcome defined as mRS 0-1 at 3 months, was lower 

in stroke than in stroke mimics (50% versus 87.5 %, p<0.0001). Mortality at 3 months 

was higher in stroke than stroke mimics (12 versus 2 %, p<0.048)  

 

Multivariate analysis of Predictors of Stroke mimics  

In order to determine prognostic variables to predict a stroke mimic, risk factors and lab 

parameters showing a significant difference between stroke patients and stroke mimics 

(i.e. age less than 40 years, hypertension and plasma creatinine) were included in a 

logistic multivariable model (Table 3).   

 

Table 3. Multivariable model with predictors of stroke mimics   
 
Predictor 

 
OR (95% CI) 

 
P value 

 
 

Age < 40 8.7 (3.2-24.0) <0.0001  
Hypertension 0.5 (0.2-0.99) 0.047  
On call time 1.8 (0.9-3.7) 0.09  
Atrial fibrillation 0.5 (0.2-1.5) 0.2  
Plasma creatinine 
(µmol/L) 

0.9 (0.96-0.99) 0.01  

 

In this model age below 40 years, adjusted for hypertension, atrial fibrillation and plasma 

creatinine, was significantly associated  for being a stroke mimic (OR 8.7, p<0.0001). 

Hypertension and creatine levels were also found to be independent predictors for being 

a stroke mimic, whereas atrial fibrillation was not a predictor of a stroke mimic (Table 3). 

Page 11 of 22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

 12

 

Discussion 

This retrospective analysis of thrombolysed patients over 6 years, in accordance with 

previous literature, show that stroke mimics are younger than stroke.1518 DTN times did 

not differ between groups, possibly indicating that standardized protocols were in place. 

Hemorrhagic complications post IVT did not differ in groups, which has been shown 

before.3,19,20 Outcome measures such as NIHSS at 24 hours and mRS 0-1 at 3 months 

indicated a worse functional status in the stroke group and also showed, as expected, 

higher mortality among strokes than stroke mimics. One fourth of the mimics were 

classified as functional mimics which is in line with other studies.21 Using multivariate 

analysis, predictors of stroke mimics were assessed and age below 40 was found to be 

the strongest predictor for a patient to be a stroke mimic (OR 8.7, p<0.0001), but also 

hypertension and creatinine levels (Table 3) could indicate a patient to be a stroke 

mimic. The TeleStroke Mimic-Score (TM-Score) can discriminate strokes versus stroke 

mimics and includes age as a continuous variable, comorbidities such as atrial fibrillation 

and hypertension and NIHSS>14.17 However, the TM-Score may not be applicable in 

our stroke cohort due to lower NIHSS and the fact that we do not operate primarily within 

a tele-stroke-network. Another potential risk factor for being a stroke mimic that were 

evaluated was the timepoint when admitted to hospital. We found a non significant 

relative risk for being a stroke mimic of 1.8 for patients admitted to hospital outside office 

hours. As the majority of the patients in the present cohort (59%) were admitted outside 

office hours it is not possible to infer that admission time is a true risk factor for stroke 
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mimicking. Nevertheless, we cannot rule out that our sample size is too small for 

answering this question. As there were no neurologists present at hospital outside office 

hours it seems prudent to believe that a presence of specialists in neurology during on 

call time may reduce the risk for treating stroke mimicking patients with IVT.  

The mean NIHSS for thrombolysed stroke patients reported in the Swedish national 

quality register Riksstroke is 8.22 Although, our numbers of stroke mimics was fairly low 

in comparison with current literature indicating that as high as 20 percent of all patients 

presenting as suspected strokes are mimics, further radiological work-up with MRI could 

arguably exclude a stroke mimic, but also indicate a stroke when considered a mimic. 

MRI has a higher specificity (92%) for arterial ischemic stroke. A diffusion weighted 

imaging MRI protocol has been shown to discriminated stroke mimics from arterial 

strokes.23-25 At our hospital the facilities did not at the time of the study allow rapid 

examination with MRI-imaging. The decrease in DTN times in recent years may also 

lead to higher frequencies of stroke mimics receiving thrombolysis, as could be shown in 

a single center study that found an association between decreasing DTN times and 

increased frequencies of stroke mimics receiving IVT.26 This may warrant a better work-

up of stroke presenting patients including the use of MRI. Moreover there is a need for 

future studies with greater sample sizes for evaluating risk scores to discriminate real 

stroke patients from stroke mimics. As previously described and showed also in our 

study, age is a potential variable to include in such scores.  
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Limitations 

The first limitation is the retrospective character of our study. As a single center study 

the external validity may be limited. Although the internal validity is high as all follow up 

and data collection were carried out by two trained nurses and only one doctor 

reevaluated the medical records. To enhance the generalizability, we extended the study 

period and consequently the sample size. The work-up of the patients not undergoing an 

MRI increases the chance of missing out on stroke mimics, which can also explain the 

relatively low number of stroke mimics although other single cohort studies have shown 

similar or lower levels. However, at this time and even today most acute stroke work-up 

includes computer tomography, and stroke also remains a clinical diagnosis. Migraine 

aura might be visualized as a perfusion deficit on MRI and even though it has been 

reported to often involve several vascular territories it may still be mistaken as a stroke, 

even with the use of MRI.27, 28 At our center, the low number of stroke mimics may also 

be due to assessment by an experienced stroke neurologist at daytime. The stroke 

mimics showed a multitude of different diagnoses and from a larger sample one might 

be able to draw conclusions on more common stroke mimic diagnoses.  

The finding of an overrepresentation of young patients (i.e. below 40 years of age) could 

reflect a higher likelihood to thrombolyse younger patients presenting with symptoms 

indicating a stroke. As the data is based on patients actually thrombolysed, the 

overrepresentation could be due to a higher willingness to thrombolyse rather than not 

thrombolyse in this age group if in doubt of the true diagnosis. Also, the likelihood of 

contraindication is lower in younger patients with less co-morbidity. Retrospective 

studies from Europe and USA have found advanced age together with stroke severity to 
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be the most common causes not to thrombolyse29,30  

In conclusion, our retrospective cohort described relatively low numbers of stroke 

mimics, where low age may independently predict a patient to be a stroke mimic. 

Intravenous thrombolysis did not lead to significant complications in stroke mimics 

suggesting that the risk for IVT-associated complications in this group is low.  
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