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Abstract
We sought to analyze the effect of COVID-19 on telestroke requests and to characterize patients remotely evaluated for acute 
ischemic stroke (AIS) during this time. This study is a retrospective database review of all telestroke requests at one academic 
vascular neurology center telestroke network with seven remote sites in the USA between March 15 and April 30, 2020. 
Data were compared with historical cohort spanning same time frame in 2019 using parametric or nonparametric methods 
as appropriate. Among telestroke requests, characteristics of age, gender, race/ethnicity, National Institutes of Health Stroke 
Scale (NIHSS), primary diagnosis of AIS or transient ischemic attack (TIA), and number of patients receiving intravenous 
alteplase (IV-rtPA) and endovascular therapy (ET) were recorded. There was a 53% decrease in telestroke evaluation requests 
in 2020 from 2019 (p < 0.00001). Mean NIHSS in 2020 was 9.1 (SD ± 8.4) and mean NIHSS in 2019 was 7.2 (SD ± 7.3) 
(p = 0.122). Among patients with primary diagnosis of suspected AIS or TIA, mean age was 60.5 years in 2020 (SD ± 17.5) 
and mean age of 67.0 years in 2019 (SD ± 16.0) (p = 0.038). A significant lower number of telestroke evaluations were per-
formed with a higher mean NIHSS overall and a lower mean age among AIS/TIA-suspected patients. Higher NIHSS and 
severity in all telestroke evaluations reflect neurological manifestations of AIS and mimics, possibly influenced by COVID-
19. The younger age of those with suspected AIS or TIA reflects thrombotic complications in atypical stroke populations.
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Introduction

The emergence of a novel coronavirus, severe acute respir-
atory syndrome coronavirus 2 (SARS-CoV-2), in Wuhan, 
China, has led to a new disease termed coronavirus dis-
ease 2019 (COVID-19) which was declared a pandemic on 
March 11, 2020, by the World Health Organization [1]. The 
highly transmissible nature of the virus makes acute care 
treatment challenging. COVID-19 has impacted emergent 
care in acute vascular emergencies, including acute coronary 
syndrome and acute ischemic stroke (AIS) [2, 3]. On March 
15, 2020, Illinois ordered bars and restaurants to close to 
dine-in customers to improve social distancing methods due 
to the COVID-19 pandemic. On March 20, 2020, Illinois 
took more aggressive measures and issued a stay-at-home 
order. This stay-at-home order had been maintained as of 

April 30, 2020, when the Illinois curve of new cases began 
to flatten, and reflects the study period. We sought to char-
acterize the impact of COVID-19 on telestroke practice or 
evaluations as well as patient characteristics during this time 
by comparing it with a control time period to correct for 
seasonal variations.

Methods

Patient population

Telestroke consults performed by an urban comprehensive 
stroke center that serves as the hub for multiple telestroke 
partner hospitals throughout a multi-state region. Telestroke 
requests are logged into a secure deidentified database 
for purposes of data collection and feedback and quality 
improvement with each telestroke spoke site. Secondary 
research was carried out on this deidentified and non-coded 
dataset. Informed consent was waived due to the retrospec-
tive nature of this study, and ethical board approval was not 
necessary. During the period March 15 to April 30, 2020, the 
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telestroke program included 7 sites with an estimated emer-
gency department annual visit census of 308,000 patients. 
Telestroke evaluations are performed by six vascular neu-
rology trained physicians, and in each spoke hospital emer-
gency, medicine physicians oversee care of these patients.

Data was reviewed retrospectively from the established 
database, and patients from the same time frame of the pre-
vious year were also selected to correct for seasonal varia-
tions. In order to avoid confounders, only data from the same 
7 sites during March 15 to April 30, 2019, were included 
as historical comparison in the analysis to serve as histori-
cal controls, and other patients from 2019 during the same 
time frame but from other sites no longer telestroke partners 
were included to minimize confounders. The same six vas-
cular neurology physicians were the only ones performing 
telestroke evaluations for both years of data. Patient char-
acteristics of age, gender, race/ethnicity, National Institutes 
of Health Stroke Scale (NIHSS), primary diagnosis of AIS 
or transient ischemic attack (TIA), and number of patients 
receiving intravenous alteplase (IV-rtPA) and endovascular 
therapy (ET) were recorded. Cutoff values of NIHSS scores 
of < 5 for mild, 5–14 for moderate, and > 14 for severe stroke 
severity were used.

Statistical methods

Continuous variables were reported as mean and SD and 
were compared with the Student’s t or Mann–Whitney tests. 
Categorical variables were reported as proportions and com-
pared with the χ2 and Fisher’s exact test. The analysis was 
performed using SPSS Version 22.0, and the level of signifi-
cance was established at a 0.05 level (2-sided).

Results

In the 2020 study period (from March 15 to April 30, 2020), 
55 telestroke evaluations were requested at seven sites. In 
the 2019 matched date range (from March 15 to April 30, 
2019), 116 telestroke evaluations were requested at the same 
sites. This marked a 53% decrease in telestroke evaluation 
requests in 2020 from 2019 (p < 0.00001). An average of 7.9 
telestroke requests per site during the study period in 2020 
were made, a decrease from an average of 16.6 requests per 
site during the same dates in 2019. An average of 1.2 tel-
estroke requests per day at all sites during the study period in 
2020 were made, a decrease from an average of 2.5 requests 
per day during the same study dates and sites in 2019.

All telestroke evaluation requests in the 2020 study period 
were compared against the same matched date range in 2019. 
The mean age in 2020 was 60.7 years (SD ± 16.9), with a 
mean age of 66.0 years (SD ± 16.6) in 2019 (p = 0.053). 
Among all patients in the 2020 study period, 29 (52.7%) 

were white, 19 (34.5%) were African American, 6 (10.9%) 
were of Hispanic origin, and 1 (1.8%) was Asian. Among 
all patients in the 2019 matched site and date range, 56 
(48.3%) were white, 52 (44.8%) were African American, 
and 8 (6.9%) were of Hispanic origin. A primary diagno-
sis of AIS or TIA was documented for 43 patients in the 
2020 study period (78.2%) and 80 patients in 2019 (69.0%) 
(p = 0.210). Mean NIHSS in the 2020 study period was 9.1 
(SD ± 8.4), and mean NIHSS in 2019 was 7.2 (SD ± 7.3) 
(p = 0.122). In the 2020 study period, 65 patients (56.0%) 
had NIHSS < 5, 27 patients (23.3%) had NIHSS 5–14, and 
24 patients (20.7%) had NIHSS > 14. In the 2019 study 
period, 25 patients (45.5%) had NIHSS < 5, 17 patients 
(30.9%) had NIHSS 5–14, and 13 patients (23.7%) had 
NIHSS > 14, which was not significantly different than 
2020 (p = 0.409). No differences in IV-rtPA administration 
or transfer for consideration of ET were noted between 2020 
and 2019. This data is summarized in Table 1.

A subsequent analysis of all telestroke evaluations with 
primary diagnosis of AIS or TIA after evaluation in the 2020 
study period was compared against the same matched date 
range and sites in 2019 (suspected stroke mimics after evalu-
ation were excluded from the same cohort). The mean age 

Table 1   Effects on and patient characteristics among all telestroke 
requests between March 15 to April 30 during COVID-19 pandemic 
compared to historical controls

Values are presented as mean (SD) or absolute (%), as appropriate. 
AIS indicates acute ischemic stroke, TIA indicates transient ischemic 
attach, NIHSS indicates National Institutes of Health Stroke Scale, 
IV-rtPA indicates intravenous alteplase, ET indicates endovascular 
therapy

2019 2020 p value

Telestroke requests 116 55  < 0.00001
Telestroke requests/site 16.6 7.9 -
Telestroke requests/day 2.5 1.2 -
Age, y (SD) 66.0 (16.6) 60.7 (16.9) 0.053
Male gender (%) 44 (37.9%) 26 (47.3%) 0.246
Race/ethnicity
White 56 (48.3%) 29 (52.7%) 0.587
African American 52 (44.8%) 19 (34.5%) 0.202
Hispanic 8 (6.9%) 6 (10.9%) 0.382
Other 0 (0%) 1 (1.8%) 0.322
Primary AIS/TIA diagnosis 

(%)
80 (69.0%) 43 (78.2%) 0.210

NIHSS mean (SD) 7.2 (7.3) 9.1 (8.4) 0.122
NIHSS by severity 0.409
NIHSS < 5 65 (56.0%) 25 (45.5%)
NIHSS 5–14 27 (23.3%) 17 (30.9%)
NIHSS > 14 24 (20.7%) 13 (23.7%)
IV-rtPA (%) 35 (30.2%) 21 (38.2%) 0.297
Transfer for possible ET (%) 18 (15.5%) 9 (16.4%) 0.887
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in the 2020 study period was 60.5 years (SD ± 17.5), with 
a mean age of 67.0 years in 2019 (SD ± 16.0) (p = 0.038). 
Among AIS or TIA patients in the 2020 study period, 22 
(51.2%) were white, 15 (34.9%) were African American, 5 
(11.6%), were of Hispanic origin, and 1 (2.3%) was Asian. 
Among all patients in the 2019 matched site and date range, 
40 (50.0%) were white, 32 (40.0%) were African American, 
and 8 (10.0%) were of Hispanic origin. Mean NIHSS in the 
2020 study period was 9.2 (SD ± 8.2), and mean NIHSS 
in 2019 was 8.1 (SD ± 7.9) (p = 0.446). In the 2020 study 
period, 42 patients (52.5%) had NIHSS < 5, 18 patients 
(22.5%) had NIHSS 5–14, and 20 patients (25.0%) had 
NIHSS > 14. In the 2019 study period, 19 patients (44.2%) 
had NIHSS < 5, 14 patients (32.6%) had NIHSS 5–14, and 
10 patients (23.2%) had NIHSS > 14, which was not sig-
nificantly different than 2020 (p = 0.469).. No differences in 
IV-rtPA administration or transfer for consideration of ET 
were noted between 2020 and 2019. This data is summarized 
in Table 2.

Discussion

With the compounding shortage of neurologists, tele-
stroke has proven effective in remote evaluation and rapid 
treatment of AIS, with reliable examination and NIHSS, 
increase in recommendation of chemical thrombolysis 
with rtPA, early screening for large-vessel occlusion, and 

facilitation of transfer to appropriate higher level of care 
[4]. Our telestroke evaluation frequency dropped signifi-
cantly by 53% from March 15 to April 30, 2020, when 
compared to March 15 to April 30, 2019. As a histori-
cal comparison, 101 evaluations were performed during 
March 15 to April 30, 2018, over the same sites (at a rate 
of 14.4 per site, similar to the 2019 rate), so the only dif-
ference in the observed decrease during the 2020 study 
period could be attributed to the COVID-19 pandemic. 
This mirrors the described decrease in telestroke evalua-
tions reported from other centers [5, 6].

Despite rapid adaptation of the medical community in 
general and the stroke responders in particular to the impact 
of COVID-19, delays in presentation and decreases in ET 
have been reported [7–9]. These changes may be possibly 
attributed to the saturation of medical services, a more strict 
adherence to guidelines in patient selection, the shelter-in-
place policies adapted by local government, and delays 
in presentation to medical services for fear of contracting 
COVID-19 [7–9]. The impact on providers and systems 
of care is also being transformed during this pandemic. 
Hyperacute stroke management recommendations have been 
suggested to best utilize healthcare staff, limit the use of 
personal protective equipment, and enhance resource man-
agement and still provide timely and efficacious care [10]. 
The COVID-19 pandemic has also demonstrated the ben-
efits and importance of more widespread use of telemedicine 
not just in stroke, but in other neurological states, such as 
Parkinson’s disease and amyotrophic lateral sclerosis (ALS) 
[11–13].

A review of published cases demonstrated the preva-
lence of pre-existing neurological disease in the COVID-
19 population, as well as the incidence of neurological 
complications including affecting both the central and 
peripheral nervous systems, including AIS, cerebral 
venous sinus thrombosis, intracerebral hemorrhage, neu-
romuscular injury, encephalopathy, electroencephalo-
gram abnormalities and seizure, encephalitis, and Guil-
lain–Barre syndrome [14]. Additionally, many COVID-19 
manifestations may be masking neurological symptoms, 
especially in the severely ill and intubated patients. Any 
acute neurological presentation may be confused as 
AIS and still warrant immediate evaluation. We do note 
a non-statistically significant trend of less mild strokes 
(NIHSS < 5) and more moderate strokes (NIHSS 5–14) 
in all 2020 telestroke evaluations and those with primary 
diagnosis of stroke and TIA compared to date-matched 
controls from 2019. The mean NIHSS was 9.1 in 2020 
and 7.2 in 2019. As a historical comparison, the mean 
NIHSS was 6.7 in a matched date range of 2018 at the 
same sites. Stroke and stroke mimic presentations may 
both be influenced by COVID-19 neurological manifesta-
tions during the study time frame. Patients with milder 

Table 2   Patient characteristics among suspected AIS or TIA as pri-
mary diagnosis telestroke requests between March 15 to April 30 dur-
ing COVID-19 pandemic compared to historical controls

Values are presented as mean (SD) or absolute (%), as appropriate. 
AIS indicates acute ischemic stroke, TIA indicates transient ischemic 
attach, NIHSS indicates National Institutes of Health Stroke Scale, 
IV-rtPA indicates intravenous alteplase, ET indicates endovascular 
therapy

2019 (n = 80) 2020 (n = 43) p value

Age, y (SD) 67.0 (16.0) 60.5 (17.5) 0.038
Male gender (%) 34 (42.5%) 20 (46.5%) 0.669
Race/ethnicity
White 40 (50.0%) 22 (51.2%) 0.902
African American 32 (40.0%) 15 (34.9%) 0.578
Hispanic 8 (10.0%) 5 (11.6%) 0.767
Other 0 (0%) 1 (2.3%) 0.350
NIHSS mean (SD) 8.1 (7.9) 9.2 (8.2) 0.446
NIHSS severity 0.469
NIHSS < 5 42 (52.5%) 19 (44.2%)
NIHSS 5–14 18 (22.5%) 14 (32.6%)
NIHSS > 14 20 (25.0%) 10 (23.2%)
IV-rtPA (%) 34 (42.5%) 20 (46.5%) 0.669
Transfer for possible ET (%) 18 (22.5%) 9 (20.9%) 0.841
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stroke symptoms may also forego seeking medical atten-
tion for fear of contracting COVID-19, thus influencing 
mean NIHSS in 2020 during the study period.

A case series initially described large-vessel stroke in 
the young among COVID-19 patients New York City dur-
ing the height of the pandemic [15]. Increasing reports 
support an association between COVID-19 and stroke in 
young populations without identified risk factors [16]. The 
thrombotic complications described elsewhere in relation 
to COVID-19 infection may have a relation to inflamma-
tion in critically ill patients [17]. We did observe among 
those patients where AIS or TIA was the primary diagno-
sis among our telestroke evaluations, a statistically signifi-
cant lower age compared to date-matched controls from 
2019. The mean age was 60.5 in 2020 in comparison to 
67.0 in 2019. As a historical comparison, the mean age 
was 64.9 in a matched date range of 2018 at the same sites. 
We also noted a higher mean NIHSS and higher percent-
age of NIHSS 10 or above in these patients, but it was 
not significant. This mirrors reports of large-vessel stroke 
in younger patients in New York City [15]. Younger age 
may be a reflection of those without recognized, or yet 
diagnosed, traditional vascular risk factors for AIS having 
neurological symptoms and complications (such as AIS) 
from COVID-19; however, positivity status and medical 
history are not collected in this database. A recent system-
atic review and meta-analysis revealed increased propor-
tions of younger patients and severe strokes attributed to 
a LVO but also noted that higher rates of undiagnosed and 
thus untreated atrial fibrillation following regional lock-
downs were seen and could be an explanation for younger 
age [18]. This apprehension to go outside and possibly 
contracting COVID-19 could also skew the population as 
older patients with more risk factors may have stayed home 
and not sought emergent care despite stroke symptoms.

Race/ethnic differences have also been described in the 
COVID-19 pandemic with relationship to stroke. Despite 
total decrease in telestroke presentations, it was most pro-
nounced in Black patients highlighting possible racial dis-
parities [19]. This mirrors a small report where Blacks and 
Latinos composed the majority (76.8% of a cohort) [20].

Our data, however, did not demonstrate significant 
shifts in race/ethnic demographics in telestroke evalua-
tions or suspected AIS/TIA patients when compared to 
previous years.

Limitations include the retrospective nature of patients 
from one single telestroke hub-site cohort. Another limi-
tation includes the lack of final diagnosis and COVID-19 
status. Other limitations include the lack of medical his-
tory among patients and the overall number of visits at each 
spoke site. All telestroke providers, however, have been the 
same in all telestroke evaluations since 2018 to remove any 
possible clinician practice changes.

Conclusions

During the COVID-19 study period of 2020, a significantly 
lower number of telestroke evaluations were performed in 
comparison to the same dates of 2019. A non-significant 
higher mean NIHSS in all evaluations and a significantly 
lower age among AIS/TIA-suspected patients were also 
seen. Higher NIHSS and severity in all telestroke evalua-
tions reflect neurological manifestations of AIS and mimics, 
possibly influenced by COVID-19. The younger age of those 
with suspected AIS or TIA reflects thrombotic complications 
in atypical stroke populations. Future published data will 
further elucidate the direct and indirect influence of COVID-
19 on acute presentation of stroke and neurological disease.
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