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Background and purpose: Telestroke has grown significantly since its
implementation. Despite growing utilization, there is a paucity of data regarding
the diagnostic accuracy of telestroke to distinguish between stroke and its mimics.
We aimed to evaluate diagnostic accuracy of telestroke consultations and explore
the characteristics of misdiagnosed patients with a focus on stroke mimics.

Methods: We conducted a retrospective study of all the consultations in our
Ochsner Health's TeleStroke program seen between April 2015 and April 2016.
Consultations were classified into one of three diagnostic categories: stroke/
transient ischemic attack, mimic, and uncertain. Initial telestroke diagnosis was
compared with the final diagnosis post review of all emergency department
and hospital data. Sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio (LR+) and negative likelihood ratio
(LR-) for diagnosis of stroke/TIA versus mimic were calculated. Area under receiver-
operating characteristic curve (AUC) analysis to predict true stroke was performed.
Bivariate analysis based on the diagnostic categories examined association with
sex, age, NIHSS, stroke risk factors, tPA given, bleeding after tPA, symptom onset
to last known normal, symptom onset to consult, timing in the day, and consult
duration. Logistic regression was performed as indicated by bivariate analysis.

Results: Eight hundred and seventy-four telestroke evaluations were included
in our analysis. Accurate diagnosis through teleneurological consultation was
seen in 85% of which 532 were strokes (true positives) and 170 were mimics
(true negatives). Sensitivity, specificity, PPV, NPV were 97.8, 82.5, 93.7 and 934%,
respectively. LR+ and LR— were 5.6 and 0.03. AUC (95% CI) was 0.9016 (0.8749—-
0.9283). Stroke mimics were more common with younger age and female gender
and in those with less vascular risk factors. LR revealed OR (95% Cl) of misdiagnosis
for female gender of 1.9 (1.3-2.9). Lower age and lower NIHSS score were other
predictors of misdiagnosis.

Conclusion: We report high diagnostic accuracy of the Ochsner Telestroke
Program in discriminating stroke/TIA and stroke mimics, with slight tendency
towards over diagnosis of stroke. Female gender, younger age and lower NIHSS
score were associated with misdiagnosis.
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Introduction

Stroke is the fifth leading cause of death in the United States, and
the leading cause of serious long-term disability (1). Approximately
795,000 people in the United States experience stroke every year and
Louisiana is among the top three states in stroke prevalence (5.1%)
with reported age-adjusted death rates as high as 88.9 deaths per
100,000 total population (2). Rural communities make up to 25% of
Louisiana’s population, with a greater percentage residing outside of
areas with accessibility to a primary stroke center, highlighting the
need for improved access and quality of healthcare in rural areas (3, 4).

Telemedicine has grown significantly since its implementation in
the 1960s and, over the last decade, telestroke has been widely adopted
in the care of patients with acute stroke, providing timely access to
neurological expertise in rural and other underserved areas (5).

Since the US Food and Drug Administration approval of tissue
plasminogen activator (tPA) for acute stroke in 1996, stroke centers
have strived to increase the proportion of eligible patients treated with
tPA, to improve outcomes for patients presenting within 3h of
symptom onset (6-8). With increasing evidence supporting an
improved chain of care enabling rapid triage/diagnosis and increased
tPA administration rates among patients presenting to community
hospitals, approximately a quarter of US hospitals have implemented
telestroke for patients in their emergency departments (9, 10). With
expansion of the therapeutic window for patients with large vessel
occlusion (LVO) through endovascular thrombectomy (EVT) from 6
to 24h, there has been an increased focus on triage systems to
minimize time to reperfusion and improve outcomes (11, 12).

Despite growing utilization, there is a paucity of data regarding
the diagnostic accuracy of telestroke to distinguish between stroke and
its mimics as well as specific mimic diagnoses. Due to inherent
limitations including lack of physical contact between neurologist and
patient, accurate determination of stroke and mimics can, at times,
be challenging leading to delayed or missed neurological diagnosis,
unnecessary diagnostics and therapeutics and/or wasted resources
(13, 14). Hence, we aimed to evaluate diagnostic accuracy of
telestroke consultations.

Ochsner Medical Center was the first hospital in Louisiana to
implement telestroke and has become one of the fastest growing
networks in the country with over 50 active spoke hospitals across
Louisiana, Alabama and Mississippi. We performed a retrospective
analysis to determine the diagnostic accuracy in patients presenting
with symptoms of acute cerebrovascular disease via our large
telestroke network. We furthermore aimed to explore the
characteristics of misdiagnosed patients with a focus on stroke mimics.

Methods

Following approval from the Ochsner Institutional Review Board
(IRB), we conducted a retrospective observational study of 874
consecutive patients who were evaluated in Ochsner Health’s TeleStroke
Program, between April 2015 and April 2016. During the study period,
our Telestroke program provided a 24-h per day, 7 days per week, 365 days
per year integrated service for recognition and treatment of patients with
suspected acute stroke presenting within 12h of symptom onset. Ochsner
Medical Center in New Orleans is a tertiary academic medical center and
serves as the “hub;” with vascular neurologists providing collaborative
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care to “spoke” hospitals via telestroke technology. Telestroke alert is
activated by ED physician, or any registered licensed nursing personal at
the spoke hospital, if the patient’s presentation suggests acute stroke.
Ochsner’s stroke team partners with onsite clinicians/nurses to evaluate,
diagnose and directly care for patients. The workflow at the hub includes
time-sensitive videoconferencing consultation to the patients at the spoke
hospital, mimicking bedside consultation, following American Heart
Association/American Stroke Association recommended guidelines for
evaluation and management of acute stroke. Initial diagnosis, complete
clinical picture, imaging evaluation & recommended treatment was
recorded as determined by the telestroke consultant and integrated into
health
recommendations on post telestroke care regardless of whether the

patients  permanent electronic records, including
patient remains at the spoke or requires transfer to a higher level of care.

During the study period, Ochsner Health’s TeleStroke Program
had 36 spoke hospitals including Acadian Medical Center — Eunice,
LA, Christus St. Frances Cabrini Hospital - Alexandria, LA, Christus
St. Patrick Hospital - Lake Charles, LA, Franklin Foundation Hospital
- Franklin, LA, Glenwood Regional Medical Center - West Monroe,
LA, Ochsner Medical Center - Hancock, MS, Lady of the Sea General
Hospital — Cut Off, LA, Mercy Regional Medical Center - Ville Platte,
LA, Minden Medical Center - Minden, LA, Natchitoches Regional
Medical Center — Natchitoches, LA, Ochsner Baptist Medical Center
- New Orleans, LA, Ochsner Medical Center — Baton Rouge, LA,
Ochsner Iberville Medical Complex - Plaquemine, LA, Ochsner
Health Center — Kenner, LA, Ochsner North Shore Medical Center
— Slidell, LA, Ochsner St Anne General Hospital - Raceland, LA,
Ochsner Health Center - West Bank, LA, Pointe Coupee General
Hospital - New Roads, LA, Ochsner River Parishes Medical Complex -
Laplace, LA, Springhill Medical Center - Springhill, LA, St. Charles
Parish Hospital - Luling, LA, St. James Parish Hospital - Lutcher, LA,
St. Tammany Parish Hospital — Covington, LA, Teche Regional
Medical Center - Morgan City, LA, Terrebonne General Medical
Center - Houma, LA, and Union General Hospital - Farmerville, LA.

Demographic and clinical data were extracted for each patient,
from the Ochsner Telestroke database and the electronic medical
record. Specific data elements included: date of birth, gender, race/
ethnicity, history of coronary artery disease (CAD), diabetes mellitus
(DM), hyperlipidemia (HLD), hypertension (HTN), smoking, prior
stroke, medical record number, payor status, date and time of
presentation, time last known normal, consultation time, consultation
duration (minutes), National Institutes of Health Stroke Scale (NIHSS)
score, Glasgow Coma Scale (GCS) score, vascular neurologist name,
tPA recommended (yes/no).

Final diagnosis was determined retrospectively via independent
review by one of the investigators, which included all emergency
department and/or hospital data inclusive of local neurologist (when
applicable) final documentation for those admitted. Investigators
involved in final diagnosis determination were blinded to the initial
consultation diagnosis. Consultations were classified into one of three
diagnostic categories: stroke/transient ischemic attack, mimic, and
uncertain. The initial telestroke diagnosis was categorized after
reviewing all teleconsultant documentation and the most likely
diagnostic impression was then assigned. When it was unclear from
the record (e.g., only a list of differential diagnoses) “uncertain” was
assigned. Stroke was defined as an episode of neurological dysfunction
caused by focal cerebral, spinal, or retinal infarction or attributable to
a focal collection of blood within the brain parenchyma or ventricular
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system or attributable to bleeding into the subarachnoid space that is
not caused by trauma, or attributable to thrombosis of a cerebral
venous structure. Transient ischemic attach (TIA) was defined as brief
episodes of neurological dysfunction resulting from focal cerebral
ischemia not associated with permanent cerebral infarction. Patients
with missing data on initial and final diagnosis, related to any reasons,
incomplete investigations or follow-up were excluded from the study.

Initial telestroke diagnosis was compared with the final diagnosis
and classified as true positive, true negative, false positive, or false
negative for the presence of cerebrovascular disease. Sensitivity,
specificity, positive predictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (LR+) and negative likelihood ratio
(LR-) for diagnosis of stroke/TIA versus mimic were calculated. Area
under receiver-operating characteristic curve (AUC) analysis to
predict true stroke was performed. Continuous data are described as
mean (SD) or median (interquartile range), while categorical data are
presented as absolute and relative frequencies (counts and
percentages). Bivariate analysis based on the diagnostic categories
examined association with sex, age, National Institutes of Health
Stroke Scale (NIHSS), stroke risk factors (CAD, DM, HLD, HTN,
history of stroke/TIA, smoking), tPA given, bleeding after tPA,
symptom onset to last known normal, symptom onset to consult,
timing in the day, and consult duration. Logistic regression was
performed as indicated by bivariate analysis.

Results

Of the 904 telestroke consultations conducted between April 2015
and April 2016, 874 patients were included in the study. More than half
(67%) had a final diagnosis of cerebrovascular disease, including

10.3389/fneur.2023.1141059

ischemic stroke (n =460), TIA (n =106) or intracerebral hemorrhage
(n =15). Non-cerebrovascular final diagnoses accounted for 240 (27%)
of cases with the most common mimics being encephalopathy (n =63),
conversion disorder (1 =35), migraine (n =34) and seizure (n =33). In
fifty-three (6%), the underlying etiology remained uncertain at discharge.

Significant differences were observed between patients with final
diagnosis of cerebrovascular disease versus mimic (Table 1). Patients
with mimics and uncertain diagnosis were younger, more likely to
be female and had lower prevalence of hypertension, diabetes,
hyperlipidemia and coronary artery disease than patients with a
stroke. A higher proportion of stroke mimics had NIHSS >10
compared to patients with final stroke diagnosis.

Opverall, accurate diagnosis through teleneurological consultation
was seen in 739/874 (85%) of which 532 were strokes (true positives)
and 170 were mimics (true negatives). Thirty-seven of these patients
remained uncertain of their diagnosis during final evaluation
(Table 2). Clinical/demographic differences were observed between
misdiagnosed patients and those with accurate diagnosis.
Misdiagnosed patients were younger and more likely female. Fifteen
(11%) with misdiagnosis received intravenous thrombolysis (IVT)
during their teleneurological evaluation, with one experiencing
non-fatal bleeding complication.

Non-cerebrovascular telestroke diagnosis was made in 49/581
(8.4%) of patients with final Stroke/TIA diagnosis (IS, n =36; TIA,
n =12; ICH, n =1). The majority of these 37 (75.5%) received an
uncertain telestroke diagnosis. Amongst the remaining 12 false
negatives cases, the following incorrect diagnoses were made:
encephalopathy (n =5), transient global amnesia (n =2), seizure
(n=1), conversion disorder (n = 1), syncope (n =1), intracranial mass
(n =1) and Bell’s palsy (n =1). Twenty-one of the 36 false negative
patients presented within 4.5h of symptom onset and had no known

TABLE 1 Demographics and clinical characteristics categorized according to the final diagnosis.

Variable Stroke N =581 Mimic N =240 Uncertain N =53 value of p
Age, mean years (SD) 66.6 (14.3) 58.8 (16.5) 58.2(17.2) <0.0001
Female, 1 (%) 287 (49.4) 150 (62.5) 36 (67.9) 0.0003
NIHSS >10, 1 (%) 406 (72.1) 191 (84.5) 49 (94.2) <0.0001
Comorbidities, n (%)
Smoking 229 (39.5) 89 (37.4) 23 (44.2) 0.6403
Hypertension 488 (84.0) 170 (70.8) 39 (73.6) <0.0001
Diabetes mellitus 253 (43.6) 80 (33.3) 20 (37.7) 0.0222
Hyperlipidemia 295 (50.8) 103 (42.9) 20 (37.7) 0.038
Coronary artery disease 160 (27.5) 46 (19.2) 6(11.3) 0.0019
Cerebrovascular disease 165 (28.4) 77 (32.1) 23(43.3) 0.0672
tPA administered, 7 (%) 190 (32.7) 13 (5.4) 1(1.9) <0.0001
Bleeding post tPA 23 (12.1) 0(0.0) 0(0.0) 0.1757*
LKN time, no. (%)
12:01 AM - 6:00 AM 42 (8.3) 10 (5.5) 1(2.3)
6:01 AM - 12:00PM 165 (32.7) 10 (33.9) 17 (39.5)

0.5548*
12:01PM - 6:00PM H 168 (33.3) 10 (33.9) 12 (27.9)
6:01PM - 12:00 AM 129 (25.6) 49 (26.8) 13 (30.2)

Demographics and clinical characteristics categorized according to the final diagnosis. NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator; LKN, last known

normal. Bold indicates a significant p value. *Fisher’s exact value could not be calculated, therefore Chi-square values were reported.
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TABLE 2 Clinical characteristics of patients with accurate diagnosis
versus misdiagnosis via teleneurology.

Variable Accurate = Misdiagnosis

diagnosis N =135

N =739

Age, mean years (SD) 64.6 (15.19) 60.82 (17.3) <0.0103
Female, 1 (%) 383 (51.8) 90 (66.7) 0.0013
NIHSS >10, n (%) 174 (24.4) 21(16.4) <0.0414
Comorbidities, n (%)
Smoking 295 (40.1) 46 (34.1) 0.1816
Hypertension 596 (80.1) 105 (77.8) 0.5394
Diabetes mellitus 296 (40.1) 57 (42.2) 0.6375
Hyperlipidemia 356 (48.2) 62 (45.9) 0.6306
Coronary artery disease 182 (24.6) 30 (22.2) 0.5455
Cerebrovascular disease 217 (29.4) 48 (35.6) 0.155
tPA administered, n (%) 189 (25.6) 15 (11.1) <0.0001
Bleeding post TPA 22 (11.6) 1(6.7) 1
Consult duration, mins 17 (9-24) 19 (11-29) 0.0304

Clinical characteristics of patients with accurate diagnosis versus misdiagnosis. NIHSS,
National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator. Bold indicates a
significant p value.

TABLE 3 Accuracy of initial telestroke diagnosis.

Final diagnosis

Stroke/TIA Stroke mimic
Initial Stroke/ | True positive 532 False positive 36 PPV=93.7%
diagnosis | TIA
Stroke False negative 12 True negative 170 NPV =93.4%
mimic
Sensitivity= 97.8% | Specificity = 82.5%

Accuracy of telestroke diagnosis. Patients with uncertain diagnosis during initial
consultation or after final evaluation were not included in the analysis.

contraindication for IVT, suggesting a percentage of 0.6% of
potentially missed thrombolysis due to underdiagnosis.

Non-cerebrovascular final diagnosis was determined in 46/578
(8.0%) who received a diagnosis of cerebrovascular disease via
telestroke consultation (i.e., false positive). Etiology remained uncertain
in 10; in the remaining, migraine was the most common mimic (1 =9)
followed by conversion disorder (n =7) and seizure (n =6).

When considering patients with non-uncertain diagnosis, of the 240
patients with final diagnosis of non-cerebrovascular disease, 36 (15%)
received a cerebrovascular teleneurological diagnosis (i.e., false positive;
IS, n =31; TIA, n =5; Table 3). Eleven (35.5%) false positive patients
received IVT, with none experiencing bleeding complication. Of all false
positives, 9 had migraine, 7 conversion disorder, 6 seizures and 3
metabolic encephalopathy at final diagnosis. In 34/240 (14.2%), etiology
could not be determined during the initial teleneurological consultation.

The sensitivity for diagnosis of cerebrovascular disease was over
97% (sensitivity 97.8%; NPV 93.4%) with a lower tendency towards
false-positive diagnosis (specificity 82.5%; PPV 93.7%). Patients with
uncertain diagnosis during initial consultations or after final
evaluation were not included in this analysis. The positive likelihood
ratio and negative likelihood ratio were calculated to be 5.6 and 0.03,
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FIGURE 1
Receiver operating characteristic curves for comparisons. The
probability of the test to predict a true stroke or accuracy of the test
to discriminate between a true stroke and true mimic is 0.9016.

TABLE 4 Logistic regression predicting misdiagnosis.

Variable OR Cl (95%)
Age 0.987 0.975-0.999
Female 1.915 1.279-2.869
NIHSS <10 1.633 0.970-2.748
Consult duration, mins 1.025 1.008-1.043

respectively. The overall diagnostic accuracy was good with area under
the curve (AUGC; 95% CI) 0.9016 (0.8749-0.9283; Figure 1).

The odds of misdiagnosis were 1.9 times higher for females than
males (Table 4) and the odds of misdiagnosis decreased with
increasing age. As regards NIHSS score, the odds of misdiagnosis
increased by 1.6 for patients with NIHSS score <10 compared with
NIHSS score > 10. Prolongation of consult time increased the odds
of misdiagnosis.

Discussion

We demonstrated a high diagnostic accuracy of the Ochsner
Telestroke Program, achieving 85% diagnostic correlation between the
teleneurological diagnosis and final discharge diagnosis for patients with
both stroke and stroke mimics. The sensitivity for diagnosis of
cerebrovascular disease via teleneurology was over 97%, and the overall
diagnostic accuracy was very high (AUC 0.9016). Data regarding
diagnostic accuracy of teleneurological stroke consultations have been
very limited, with reported sensitivity measures ranging wide from 60 to
95% (15-18). Our data comprised of a large cohort of 874 consultations
provides greater evidence on the diagnostic accuracy of teleneurological
stroke consultations, supporting the utility of telestroke systems in
accurate assessment of patients with acute neurological presentations.
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In 8.4% of our study population, diagnosis of cerebrovascular
disease was missed during telestroke evaluation, with potentially a
0.6% missed thrombolysis or acute intervention due to underdiagnosis.
Despite having certified stroke programs, missed opportunities have
been reported to be greater than 20% in the ED in both the academic
medical centers and community regional referral hospitals (19-21).
Consistent with a previous study, we found NIHSS <4 and female
gender as predictors of stroke chameleons (22). The most common
stroke misdiagnosis in our sample was metabolic encephalopathy.
Previously reported factors associated with missed stroke diagnosis
such as younger age, less vascular risk factors or posterior circulation
symptoms could not be established in our study (23, 24). Data
regarding stroke chameleons in teleneurology are scarce. Although
our volume of underdiagnosed patients was relatively small, our
results raise further awareness for missed stroke diagnoses in females
and those presenting with lower stroke scale.

As regards overdiagnosis, stroke mimic rates from emergency
departments and telestroke networks have been reported from 20 to
45% (25-27) while the current study found a false positive rate of
27%. Stroke mimics were more common with younger age and female
gender and in those with less vascular risk factors. Previous studies
also have predominantly showed an inclination towards higher
prevalence of mimics in females and younger age groups (28-30).
Other reported factors associated with stroke mimics are lower
median NIHSS at the time of consult, absence of facial droop, absence
of atrial fibrillation and history of seizure disorder. Rapid identification
of stroke mimics is critical, especially in those within the thrombolysis
treatment window, as administration of thrombolysis to patients with
stroke mimics remains prevalent and costly (14). Several stroke mimic
prediction models have been formulated to aid in clinical decision-
making in both the telestroke and prehospital settings, namely the
FABS, simplified FABS, Telestroke Mimic Score (TMS) and Khan
Score. These models warrant prospective validation in larger external
cohorts (31, 32).

We also investigated the characteristics of patients with overall
accurate diagnosis for cerebrovascular or non-cerebrovascular
disorders. As for stroke specifically, we found female gender, lower age
and lower NIHSS score to be predictors of misdiagnosis. In addition,
consult duration was associated with misdiagnosis and may be reflective
of the diagnostic challenges in such patients. An understanding of
characteristics that place a patient at higher risk of misdiagnosis is
valuable to the clinician and may lead to improved accuracy.

Our study has several strengths. The large sample size and
inclusion of 36 spokes in the Stroke Belt permitted inclusion of a
population with geographic, racial and socioeconomic diversity. Our
findings provide insight into the real-world use of teleneurology and
contribute to the globally growing experience from different telehealth
services. As incomplete documentation was the only criterion for
exclusion, discharge documentation was available for all included
patients. The stroke neurologist’s clinical diagnosis was the reference
standard used in the analyzes and included imaging results, when
available. Although diagnostic accuracy is recognized as an important
indicator of quality, final diagnoses are not typically documented in
teleneurology networks.

Nonetheless, there are inherent limitations in the interpretations
of the retrospective study design. Data were not captured discretely in
a prospective manner precluding a systematic recording of clinical
presentation, risk factors and initial & final diagnostic impression.
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This can lead to incomplete data capture and inaccuracies in data
abstraction. The stroke neurologist’s clinical diagnosis was used as the
reference standard to classify patients, with no alternative method to
further validate this diagnosis. Additionally, teleconsultation is prone
for observer bias, influencing the discharge diagnosis interpretation.
Despite the effort to minimize the bias through independent reviewer
analysis, diagnostic errors may still persist and the rates of
misdiagnosed patients may be underestimated. Because we only
analyzed clinical factors previously identified as predictive of stroke
mimics and chameleons, we may have missed some important patient
characteristics in this data set. Random measurement error and
misclassification can lead to dilution bias and underestimation of the
effects of the tested risk factors. Finally, the study period preceded
guideline-supported thrombectomy which limits the generalizability
to telestroke systems using a 24 h window.

Conclusion

We report high diagnostic accuracy of the Ochsner Telestroke
Program in discriminating stroke/TIA and stroke mimics, with slight
tendency towards over diagnosis of stroke. Female gender, younger
age and lower NIHSS score were associated with misdiagnosis. Future
studies should focus on refinement of diagnostic accuracy in
these populations.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Ochsner Health. Written informed consent for
participation was not required for this study in accordance with the
national legislation and the institutional requirements.

Author contributions

RZ conceived the study and contributed to the study design. GV,
DC, 1II, and HM contributed to acquisition of data. GS and SM
contributed to study design and data aquisition. AM performed the
statistical analysis. MP was involved in data analysis, data
interpretation and drafting of the manuscript. RZ provided critical
revision of the manuscript and important intellectual contribution in
data analysis and interpretation. All authors contributed to the article
and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1141059
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Poongkunran et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW, et al.
Heart disease and stroke statistics—2021 update: a report from the American Heart
Association. Circulation. (2021) 143:e254-743. doi: 10.1161/CIR.0000000000000950

2. Stroke Mortality by State. CDC/National Center for Health Statistics; (2022).
Available at: https://wonder.cdc.gov/ (Accessed January 08, 2023).

3. US Census Bureau. “2010 Census Urban and Rural Classification and Urban Area
Criteria” (2016). Available at: https://www.census.gov/geo/reference/ua/urban-
rural-2010.html (Accessed December 31, 2016).

4. Mathur S, Walter S, Grunwald IQ, Helwig SA, Lesmeister M, Fassbender K.
Improving prehospital stroke Services in Rural and Underserved Settings with Mobile
Stroke Units. Front Neurol. (2019) 10:159. doi: 10.3389/fneur.2019.00159

5. Bladin CFE, Cadilhac DA. Effect of telestroke on emergent stroke care and stroke
outcomes. Stroke. (2014) 45:1876-80. doi: 10.1161/STROKEAHA.114.003825

6. Tissue Plasminogen Activator for Acute Ischemic Stroke. The National Institute of
Neurological Disorders and Stroke rt-PA stroke study group. N Engl ] Med. (1995)
333:1581-8. doi: 10.1056/NEJM199512143332401

7. Hacke W, Kaste M, Fieschi C, Toni D, Lesaffre E, von Kummer R, et al. Intravenous
thrombolysis with recombinant tissue plasminogen activator for acute hemispheric
stroke: the European cooperative acute stroke study (ECASS). JAMA. (1995)
274:1017-25. doi: 10.1001/jama.1995.03530130023023

8. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker
K, et al. Guidelines for the early management of patients with acute ischemic stroke:
2019 update to the 2018 guidelines for the early management of acute ischemic
stroke: a guideline for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. (2019) 50:¢344-418. doi: 10.1161/
STR.0000000000000211

9. Richard JV, Wilcock AD, Schwamm LH, Uscher-Pines L, Zachrison KS, Siddiqui
A, et al. Assessment of telestroke capacity in US hospitals. JAMA Neurol. (2020)
77:1035-7. doi: 10.1001/jamaneurol.2020.1274

10. Silva GS, Farrell S, Shandra E, Viswanathan A, Schwamm LH. The status of
telestroke in the United States. A survey of currently active stroke telemedicine
programs. Stroke. (2012) 43:2078-85. doi: 10.1161/STROKEAHA.111.645861

11. Mokin M, Ansari SA, McTaggart RA, Bulsara KR, Goyal M, Chen M, et al.
Indications for thrombectomy in acute ischemic stroke from emergent large vessel
occlusion (ELVO): report of the SNIS standards and guidelines committee. ] Neurointerv
Surg. (2019) 11:215-20. doi: 10.1136/neurintsurg-2018-014640

12. Noorian AR, Sanossian N, Shkirkova K, Liebeskind DS, Eckstein M, Stratton SJ,
et al. Los Angeles motor scale to identify large vessel occlusion prehospital validation
and comparison with other screens. Stroke. (2018) 49:565-72. doi: 10.1161/
STROKEAHA.117.019228

13. Bakradze E, Liberman AL. Diagnostic error in stroke—reasons and proposed
solutions. Curr Atheroscler Rep. (2018) 20:11. doi: 10.1007/s11883-018-0712-3

14. Goyal N, Male S, Al WA, Bellamkonda S, Zand R. Cost burden of stroke mimics
and transient ischemic attack after intravenous tissue plasminogen activator
treatment. J Stroke Cerebrovasc Dis. (2015) 24:828-33. doi: 10.1016/j.
jstrokecerebrovasdis.2014.11.023

15. Choil J, Petrone A, Adcock A. A case for the non-neurologist telestroke provider.
Front Neurol. (2021) 12:651519. doi: 10.3389/fneur.2021.651519

16. Yu A, Quan H, McRae A, Wagne GO, Wagner GO, Hill MD, et al. Moderate
sensitivity and high specificity of emergency department administrative data for

Frontiers in Neurology

06

10.3389/fneur.2023.1141059

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

transient ischemic attacks. BMC Health Serv Res. (2017) 17:666. doi: 10.1186/
s12913-017-2612-6

17. Poon JT, Hoversten K, Tkach A, Havenon AD, Hoversten K, Johnson J, et al.
Telestroke consultation can accurately diagnose ischemic stroke mimics (2201). J
Telemed Telecare. (2021). doi: 10.1177/1357633X21989558 [Epub ahead of print].

18. Escola JK, Nagel S, Verez Sola C, Doroszewski E, Jaschonek H, Gutschalk A, et al.
Diagnostic accuracy in Teleneurological stroke consultations. J Clin Med. (2021)
10:1170. doi: 10.3390/jcm10061170

19. Arch AE, Weisman DC, Coca S. Missed ischemic stroke diagnosis in the
emergency department by emergency medicine and neurology services. Stroke. (2016)
47:668-73. doi: 10.1161/STROKEAHA.115.010613

20. Madsen TE, Khoury J, Cadena R, Adeoye O, Alwell KA, Moomaw CJ, et al.
Potentially missed diagnosis of ischemic stroke in the emergency Department in the
Greater Cincinnati/Northern Kentucky Stroke Study. Acad Emerg Med. (2016)
23:1128-35. doi: 10.1111/acem.13029

21. Takarada C, Komagamine J, Mito T. Prevalence of delayed diagnosis of acute
ischemic stroke in an acute care hospital: a single-center cross-sectional study in Japan.
J Gen Fam Med. (2021) 22:262-70. doi: 10.1002/jgf2.440

22. Topiwala K, Tarasaria K, Staff IBeland D, Schuyler EA, Nouh A. Identifying gaps
and missed opportunities for IV-thrombolytic treatment of inpatient stroke. Stroke.
(2019) 50:AWP424. doi: 10.1161/str.50.suppl_1.WP424

23. Savitz SI, Caplan LR, Edlow JA. Pitfalls in the diagnosis of cerebellar infarction.
Acad Emerg Med. (2007) 14:63-8. doi: 10.1197/j.aem.2006.06.060

24.Richoz B, Hugli O, Dami E Carron PN, Faouzi M, Michel P. Acute stroke
chameleons in a university hospital: risk factors, circumstances, and outcomes.
Neurology. (2015) 85:505-11. doi: 10.1212/WNL.0000000000001830

25. McClelland G, Rodgers H, Flynn D, Price C. The frequency, characteristics and
etiology of stroke mimic presentations: a narrative review. Eur | Emerg Med. (2019)
26:2-8. doi: 10.1097/MEJ.0000000000000550

26. Liberman AL, Prabhakaran S. Stroke chameleons and stroke mimics in the
emergency department. Curr Neurol Neurosci Rep. (2017) 17:3-11. doi: 10.1007/
s11910-017-0727-0

27.Moulin S, Leys D. Stroke mimics and chameleons. Curr Opin Neurol. (2019)
32:54-9. doi: 10.1097/WC0.0000000000000620

28. Merino JG, Luby M, Benson RT, Davis LA, Hsia AW, Latour LL, et al. Predictors
of acute stroke mimics in 8187 patients referred to a stroke service. J Stroke Cerebrovasc
Dis. (2013) 22:397-403. doi: 10.1016/j.jstrokecerebrovasdis.2013.04.018

29. Hand PJ, Kwan J, Lindley RI, Dennis MS, Wardlaw JM. Distinguishing between
stroke and mimic at the bedside the brain attack study. Stroke. (2006) 37:769-75. doi:
10.1161/01.STR.0000204041.13466.4c

30. Quenardelle V, Lauer-Ober V, Zinchenko I, Bataillard M, Rouyer O, Beaujeux R,
et al. Stroke mimics in a stroke care pathway based on MRI screening. Cerebrovasc Dis.
(2016) 42:205-12. doi: 10.1159/000445956

31. Ali SE Hubert GJ, Switzer JA, Majersik JJ, Backhaus R, Shepard LW, et al.
Validating the telestroke mimic score: a prediction rule for identifying stroke mimics
evaluated over telestroke networks. Stroke. (2018) 49:688-92. doi: 10.1161/
STROKEAHA.117.018758

32. Tu TM, Tan GZ, Saffari SE, Wee CK, Ming Siang Chee DJ, Tan C, et al. External
validation of stroke mimic prediction scales in the emergency department. BMC Neurol.
(2020) 20:269. doi: 10.1186/s12883-020-01846-6

frontiersin.org


https://doi.org/10.3389/fneur.2023.1141059
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1161/CIR.0000000000000950
https://wonder.cdc.gov/
https://www.census.gov/geo/reference/ua/urban-rural-2010.html
https://www.census.gov/geo/reference/ua/urban-rural-2010.html
https://doi.org/10.3389/fneur.2019.00159
https://doi.org/10.1161/STROKEAHA.114.003825
https://doi.org/10.1056/NEJM199512143332401
https://doi.org/10.1001/jama.1995.03530130023023
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1001/jamaneurol.2020.1274
https://doi.org/10.1161/STROKEAHA.111.645861
https://doi.org/10.1136/neurintsurg-2018-014640
https://doi.org/10.1161/STROKEAHA.117.019228
https://doi.org/10.1161/STROKEAHA.117.019228
https://doi.org/10.1007/s11883-018-0712-3
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.11.023
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.11.023
https://doi.org/10.3389/fneur.2021.651519
https://doi.org/10.1186/s12913-017-2612-6
https://doi.org/10.1186/s12913-017-2612-6
https://doi.org/10.1177/1357633X21989558
https://doi.org/10.3390/jcm10061170
https://doi.org/10.1161/STROKEAHA.115.010613
https://doi.org/10.1111/acem.13029
https://doi.org/10.1002/jgf2.440
https://doi.org/10.1161/str.50.suppl_1.WP424
https://doi.org/10.1197/j.aem.2006.06.060
https://doi.org/10.1212/WNL.0000000000001830
https://doi.org/10.1097/MEJ.0000000000000550
https://doi.org/10.1007/s11910-017-0727-0
https://doi.org/10.1007/s11910-017-0727-0
https://doi.org/10.1097/WCO.0000000000000620
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.04.018
https://doi.org/10.1161/01.STR.0000204041.13466.4c
https://doi.org/10.1159/000445956
https://doi.org/10.1161/STROKEAHA.117.018758
https://doi.org/10.1161/STROKEAHA.117.018758
https://doi.org/10.1186/s12883-020-01846-6

	Diagnostic accuracy of telestroke consultation: a Louisiana based tele-network experience
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

