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Abstract

Goal: When patients present to emergency department 
(ED) with acute focal neurological deficit sometimes it is 
hard to make decision about IV thrombolysis. In such situ-
ation a neurologist needs to make a judgement call about 
it. According to some studies IV thrombolysis is safe for pa-
tients with stroke mimics, but small possibility of hemor-
rhage still exists. Furthermore, unnecessary IV thromboly-
sis in stroke mimics significantly increases cost of care. We 
aimed to determine if presence of headache in patients 
with focal neurological deficit during stroke alert makes a 
difference in neurologist’s decision about IV thrombolysis. 

Materials and Methods: A retrospective chart review of 
326 patients who presented to The University of Oklahoma 
Medical Center as a stroke alert in 2013.

Findings: 151 patients were ineligible for IV thrombolysis. 
Out of the remaining 175 patients, 62 presented with and 
113 without headache. Seven out of 62 patients with head-
ache were initially diagnosed in ED with ischemic stroke and 
received IV thrombolysis. On later evaluation all these 62 
patients turned out to be stroke mimics. Forty-five out of 
113patients without headache were initially diagnosed as 
ischemic stroke in ED and received IV thrombolysis. Nine of 
these 45 patients were later diagnosed as stroke mimics and 
36 had ischemic stroke. Out of the remaining 68 patients 
without headache who were initially diagnosed with stroke 
mimics and did not receive IV thrombolysis, 4 were later di-
agnosed with ischemic stroke and 64 were confirmed stroke 
mimics. In general, patients with headache had much less 
frequent IV thrombolysis 7/62 (11%) than patients without 
headache (45/113 (40%) (p<0.0001). No patients with head-
ache compared to 40 patients (36 who had IV thrombolysis 
+ 4 who did not) without headache were later diagnosed 
with ischemic stroke (p<0.0001).

Neurology and Neurological Sciences: Open Access

Open Access | Research Article

Evgeny V Sidorov1*; David M Thompson2; Vijay Pandav3; Joshua Santucci4; Bradley Bohnstedt5; Bappaditya Ray6

1Associate professor at the Department of neurology. The University of Oklahoma Health Science Center, Oklahoma 
2Emeritus professor at the Department of statistics. The University of Oklahoma Health Science Center, Oklahoma 
3Endovascular Neuro-radiologist at St. Francis Medical Center, Tulsa, Oklahoma 
4Research volunteer at the Department of neurology. The University of Oklahoma Health Sciences Center, Oklahoma 
5Vascular neurosurgeon at the Department of neurosurgery. The University of Oklahoma Health Sciences Center, Oklahoma 
6Neuro intensivistate the Department of neurology The University of Oklahoma Health Sciences Center, Oklahoma



MedDocs Publishers

2Neurology and Neurological Sciences: Open Access

Conclusion: Patients with headache and acute focal 
neurological deficit less frequently receive IV thrombolysis 
and are less frequently diagnosed with ischemic stroke af-
ter completion of workup. Presence of headache may help 
neurologists to decide whether to do IV thrombolysis.

Introduction

Stroke is the fifth leading cause of mortality and has affected 
the lives of 6.3 million people living in the United States [1]. 
IV thrombolysis is one of the few effective treatments available 
for acute ischemic stroke (AIS), which is given within 3. 0-4.5 
hours from the last time that someone observed the patient 
to be without neurological deficit [2]. This narrow therapeutic 
window forces physicians to make quick decisions, which often 
leads to administration of IV tPA to patients with stroke mim-
ics [3]. While several studies proved IV tPA to be safe, risk of 
hemorrhage still exists [3,4]. Furthermore, mistaken IV throm-
bolysis makes care more expensive due to cost of the following 
ICU observation and drug itself [5-7]. Thus it is in the best inter-
est of both patient and physician to avoid administering IV tPA 
to stroke mimic patients. This decision at times is very hard to 
make and different information from the history and presenting 
symptoms should be taken into account. One such symptom is 
presence of headache during stroke alert, which is compara-
tively easy to determine except for when a patient has apha-
sia and severe encephalopathy [8,9]. In this study we aimed to 
evaluate if the presence of headache during stroke alert in pa-
tients with focal neurological deficit can help the neurologist’s 
decision about IV thrombolysis.

Materials and methods

Patients: We retrospectively reviewed the charts of patients 
where stroke alert was activated during 2013 and collected the 
following information: age, gender, heart rate, systolic and dia-
stolic blood pressure at presentation, NIHSS, presence and type 
of headache during stroke alert, and discharge diagnosis. All 
patients in our study had focal neurological deficit at presenta-
tion including but not limited to hemisensory loss, hemipare-
sis, hemianopia, facial weakness, aphasia or neglect. Patients 
younger than 18 years of age were excluded from the study be-
cause IV thrombolysis is not approved for this age group.

Design: We calculated the proportion of stroke alert patients 
with and without headache who had IV thrombolysis. Then, we 
calculated the proportion of all stroke alert patients with and 
without headache who were ultimately diagnosed with AIS. At 
the end, we looked at how often the decision about IV throm-
bosis was correct and how presence of headache and its charac-
teristics during stroke alert influenced this decision.

Stroke alert protocol: The University of Oklahoma Medical 
Center (OUMC) emergency department charge nurse activates 
stroke alerts for all patients with new focal neurological deficit 
within 7 hours. Neurology residents evaluate the patient, per-
form anon-contrast head CT, and communicate with the attend-
ing physician regarding IV thrombolysis/thrombectomy. CT an-
giogram (CTA) of head and neck vessels is only done on selected 
patients. Physicians rarely could request emergent brain MRI to 
clarify diagnosis.

Statistical analysis: We used chi square test to compare, be-
tween stroke alert patients with confirmed AIS or stroke mimics, 
the percentage who reported headaches. We regarded an alpha 
value of 0.05 as being statistically significant. We used SAS v9.4 

for our analysis.

Results

A total of 326 stroke alert patients presented to OUMC dur-
ing 2013. We excluded 68 patients from analysis because they 
were outside of the 4.5-hour window for consideration of IV 
tPA. We also excluded from the analysis another 81 patientswho 
had different contraindications for IV tPA administration (taking 
anticoagulants, platelets below 100k, recent surgeries). Two 
patients left the ED against medical advice. This study focuses 
on the remaining 175 patients, for whom the decision whether 
to provide IV tPA was based on clinical presentation and non-
contrast head CT. Clinical characteristics of these patients are 
presented in Table 1.

Headache during stroke alert and decision about IV throm-
bolysis: One hundred and seventy five patients were considered 
for IV thrombolysis: 62 of them presented with and 113 without 
headache. Seven out of 62 patients with headache were initially 
diagnosed in ED with ischemic stroke and received IV thrombol-
ysis. On later evaluation all these 62 patients, including those 
who received IV thrombolysis, turned out to be stroke mimics. 
Forty five out of 113 patients without headache were initially 
diagnosed as ischemic stroke in ED and received IV thromboly-
sis. Nine of these 45 patients were later diagnosed as stroke 
mimics and 36 had ischemic stroke. The remaining 68 patients 
without headache were initially diagnosed with stroke mimics 
and did not receive IV thrombolysis. Four of them later were 
diagnosed with ischemic stroke and 64 confirmed to be stroke 
mimics. (Figure 1) Information about quality and location of 
headaches was not available in the chart.

In general, after initial evaluation in ED patients who pre-
sented with headache less frequently received IV thromboly-
sis 7/62 (11%) than patients who presented without headache 
(45/113 (40%) (p<0.0001). After complete evaluation, including 
brain MRI, no patients with headache compared to 40 patients 
(36 who had IV thrombolysis + 4 who did not) without head-
ache were diagnosed with ischemic stroke (p<0.0001). Table 2 
shows the discharge diagnosis of all patients.

Discussion

This small retrospective study shows that patients with acute 
focal neurological deficit who had headache during stroke alert 
presentation were more commonly diagnosed with stroke 
mimics and less frequently had IV thrombolysis compared to 
patients who had no headache at presentation. In contrast, pa-
tients who presented without headache were more frequently 
diagnosed with AIS and received IV thrombolysis, than patients 
who presented with headache. As such, presence of headache 
may influence the neurologist decision whether or not to ad-
minister IV tPA.

In our study, none of the 16 stroke mimic patients who re-
ceived IV thrombolysis had bleeding complications, a finding 
that aligns with those of other authors, who proved that IV tPA 
in stroke mimics is safe [4]. However, besides bleeding risk, IV 
tPA adds unnecessary cost to the treatment of stroke mimics 
because of the drug itself and the following ICU or stroke unit 
observation [10]. Kleindorfer and colleagues found that the 
price for IV tPA has increased substantially from $30.50 per 1 
mg in 2005 to $64.30 per 1 mg in 2014, which brought the cost 
of single IV tPA infusion to over $5,000 [11]. Cost for 24-hour 
ICU observation varies from $1,834 to $10,794 [12,13]. As a re-
sult all of this makes it financially beneficial for both hospitals 
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and patients to avoid unnecessary IV thrombolysis.

Although in our study no patients with headache had AIS, 
most likely because of small sample size or inability to report 
headache, literature reports frequency of headache in AIS pa-
tients from 7.4 to 11%. [8-9,14-15]. Headache during AIS is more 
common in younger patients, those with arterial dissection, and 
posterior circulation stroke, although characteristics of head-
ache are not well described [8,16]. Thus, headache cannot be 
used as a single dichotomous variable in the decision whether 
to administer IV tPA. Rather, headache can help neurologists 
make better clinical decisions regarding IV thrombolysis in 
combination with other symptoms and history details. In our 
study stroke mimic patients were younger and had lower NIHSS 
(Table 1). We also noticed a trend that AIS patients had higher 
systolic blood pressure at presentation. We found no difference 
in diastolic blood pressure or heart rate of presenting patients. 

Frequent headache in stroke mimics in our study corresponds 
to a high number of patients discharged with the diagnosis of 
migraine with motor aura (Table 2). Although initially designed, 
we could not determine headache characteristics in our patients 
because this information was not available in the chart. We re-

late this to the retrospective way of data collection and limited 
time for patient evaluation during stroke alert. Other limitations 
of this study include comparatively small sample size and phy-
sicians’ bias to diagnose stroke mimics, in particular migraine 
with aura. A high number of patients initially suspected for basi-
lar artery thrombosis were later diagnosed with toxic-metabolic 
encephalopathy and reactivation of old deficits.

Overall, our study indicates that headache is a common 
symptom during stroke alert and is more frequently associated 
with stroke mimics than with AISs. The presence of headaches 
may help neurologists to think about stroke mimics, but at the 
same time it does not rule out AIS. Thorough evaluation of 
headache patients with acute focal neurological deficit is still 
necessary. Although brain MRI better differentiates strokes 
from stroke mimics it is rarely available in community hospi-
tals in emergency settings [17]. Other clinical features besides 
headache such as young age, low NIHSS, recurrent admissions 
with similar symptoms, and absence of a trial fibrillation or old 
strokes on head CT may also help to suspect a stroke mimic. 
Future studies should concentrate on validating and organizing 
these symptoms into a scale in order to increase the probability 
of reserving thrombolysis for real AISs.

Tables

Clinical Characteristics

Acute Ischemic  
Stroke Stroke mimic p value

N=40 N=135

Mean Age (years) at presentation 69 57 0.00001

Mean Systolic Blood Pressure (mm Hg) at Presentation 151 144 0.39

Mean Diastolic Blood Pressure (mm,Hg) at Presentation 78 84 0.62

Mean Heart Rate (bpm) on Admission 80 79 0.9

Mean NIHSS at presentation 12 4 0.0000002

Headache at presentation 0 (0.0%) 62 (45.9%) <0.0001

Received IV tPA 36 (90%) 16 (11.9%) <0.01

Table 1: Clinical characteristics of patients with discharge diagnosis of stroke vs. stroke mimic

Discharge diagnosis IV tPA No IV tPA

Acute Ischemic Stroke 36 4

Migraine with motor aura 10 52

Seizures 2 26

Toxic Metabolic Encephalopathy with reactivation of old deficit 1 16

Posterior Reversible Vasoconstriction Syndrome (PRES) 0 4

Transient Ischemic Attack (TIA) 3 5

Conversion Disorder 0 4

Cervical myelopathy 0 3

Anxiety/Pain 0 4

Hypoglycemia 0 2

Bell’s palsy 0 3

Table 2: Discharge diagnosis of all patients with and without IV tPA.



4

MedDocs Publishers

Neurology and Neurological Sciences: Open Access

References

1. Blackwell DL, Lucas JW, Clarke TC. Summary health statistics for 
U.S. adults: national health interview survey, 2012. Vital Health 
Stat 10. 2014; 1: 161.

2. Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase 
3 to 4.5 hours after acute ischemic stroke. The New England 
journal of medicine. 2008; 359: 1317-1329.

3. Guillan M, Alonso-Canovas A, Gonzalez-Valcarcel J, et al. Stroke 
mimics treated with thrombolysis: further evidence on safety 
and distinctive clinical features. Cerebrovasc Dis. 2012; 34: 115-
20.

4. Chernyshev OY, Martin-Schild S, Albright KC, et al. Safety of tPA 
in stroke mimics and neuroimaging-negative cerebral ischemia. 
Neurology. 2010; 74: 1340-1345.

5. Nguyen PL, Chang JJ. Stroke Mimics and Acute Stroke Evalua-
tion: Clinical Differentiation and Complications after Intravenous 
Tissue Plasminogen Activator. The Journal of emergency medi-
cine. 2015; 49: 244-252.

6. Sivakumaran P, Gill D, Mahir G,  et al. A Retrospective Cohort 
Study on the Use of Intravenous Thrombolysis in Stroke Mim-
ics. Journal of stroke and cerebrovascular diseases : the official 
journal of National Stroke Association. 2016; 25: 1057-1061.

7. Tsivgoulis G, Zand R, Katsanos AH, et al. Safety of intravenous 
thrombolysis in stroke mimics: prospective 5-year study and 
comprehensive meta-analysis. Stroke. 2015; 46: 1281-1287.

8. Kumral E, Bogousslavsky J, Van Melle G, et al. Headache at 
stroke onset: the Lausanne Stroke Registry. J Neurol Neurosurg 
Psychiatry. 1995; 58: 490-492.

Figure 1: Decision about IV thrombolysis on patient with and without headache including following discharge diagnosis.

Figure

9. Pollak L, Shlomo N, Korn Lubetzki I. National Acute Stroke Israeli 
Survey G. Headache in stroke according to National Acute Stroke 
Israeli Survey. Acta Neurol Scand. 2017; 135: 469-475.

10. Alexandrov AW, Coleman KC, Palazzo P, et al. Direct stroke unit 
admission of intravenous tissue plasminogen activator: safety, 
clinical outcome, and hospital cost savings. Ther Adv Neurol Dis-
ord. 2016; 9: 304-309.

11. Kleindorfer D, Broderick JP, Demaerschalk BM, et al. Abstract 
WP78: The Cost of Alteplase Has More Than Doubled Over the 
Past Decade. Stroke. 2016; 47: AWP78.

12. Gershengorn HB, Garland A, Gong MN. Patterns of Daily Costs 
Differ for Medical and Surgical Intensive Care Unit Patients. Ann 
Am Thorac Soc. 2015; 12: 1831-1836.

13. Dasta JF, McLaughlin TP, Mody SH, et al. Daily cost of an inten-
sive care unit day: the contribution of mechanical ventilation. 
Crit Care Med. 2005; 33: 1266-1271.

14. Chen PK, Chiu PY, Tsai IJ, et al. Onset headache predicts good 
outcome in patients with first-ever ischemic stroke. Stroke. 
2013; 44: 1852-1858.

15. Abadie V, Jacquin A, Daubail B, et al. Prevalence and prognostic 
value of headache on early mortality in acute stroke: the Dijon 
Stroke Registry. Cephalalgia. 2014; 34: 887-894.

16. Arboix A, Massons J, Oliveres M, et al. Headache in acute cere-
brovascular disease: a prospective clinical study in 240 patients. 
Cephalalgia. 1994; 14: 37-40.

17. Rai AT, Carpenter JS, Peykanu JA, et al. The role of CT perfusion 
imaging in acute stroke diagnosis: a large single-center experi-
ence. J Emerg Med. 2008; 35: 287-292.


