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Abstract
Objective: Our study aims to evaluate the impact of a stay-at-home order on stroke metrics 
during the 2019-novel coronavirus (COVID-19) pandemic. Methods: Data on baseline charac-
teristics, stroke subtype, initial National Institutes of Health Stroke Scale (NIHSS) score, the 
time between last known well (LKW) to emergency department (ED) arrival, tissue plasmino-
gen activator (tPA) administration, the involvement of large vessel occlusion (LVO), and wheth-
er mechanical thrombectomy (MT) was pursued in patients with acute stroke were extracted 
from 24 March to 23 April 2020 (the time period of a stay-at-home order was placed due to 
the COVID-19 pandemic as the study group) at a tertiary care hospital in West Michigan, USA, 
compared with data from 24 March to 23 April 2019 (control group). Results: Our study dem-
onstrated a reduction in cases of acute ischemic stroke (AIS), although this did not reach sta-
tistical significance. However, there was an increase in hemorrhagic stroke (7.5% controls vs. 
19.2% study group). The age of stroke patients was significantly younger during the period of 
the stay-at-home order compared to the control group. We identified a significant overall 
delay of ED arrivals from LKW in the study group. Additionally, an increased number of AIS 
patients with LVO in the study group (34.8%) was found compared to the control group 
(17.5%). A significantly increased number of patients received MT in the study group. Addi-
tionally, 11 patients were COVID-19 PCR-positive in the study group, 10 with AIS and only 1 
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with hemorrhagic stroke. Patients with COVID-19 had a high incidence of atrial fibrillation and 
hyperlipidemia. One AIS patient with COVID-19 rapidly developed cytotoxic edema with cor-
responding elevated inflammatory biomarkers. No statistical significance was noted when 
stroke subtype, LVO, and MT groups were compared. Conclusions: There was a trend of de-
creasing AIS admissions during the COVID-19 pandemic. There was also a significantly in-
creased number of AIS patients with LVO who received MT, especially those with COVID-19. 
We conclude that cytokine storm resulting from SARS-CoV-2 infection might play a role in AIS 
patients with COVID-19. © 2020 The Author(s)

Published by S. Karger AG, Basel

The first case of novel coronavirus disease 2019 (COVID-19) in the USA was documented 
on 20 January 2020 [1]. Public health and social measures were recommended by the World 
Health Organization (WHO) and Centers for Disease Control and Prevention (CDC) to stop or 
slow down the progression of COVID-19. These include physical distancing between people, 
reducing and avoiding crowding, closure of nonessential facilities, restriction of movements, 
and staying at home. These strategies have helped to mitigate some of the impact of the 
pandemic, including a significant reduction in morbidity and mortality, flatten the peak of 
disease spread so that health care services are not overwhelmed, and keep the disease burden 
at a manageable level [2].

The first case of COVID-19 in Michigan was reported on 10 March 2020. Due to an expo-
nential increase in COVID-19 cases in the state, all educational facilities were closed on 16 
March 2020, nonessential services on 23 March 2020, and a government-mandated stay-at-
home order was put in place on 24 March 2020.

With social distancing and the stay-at-home order in place, there was concern that people 
with medical emergencies were not coming to the emergency department (ED), resulting in 
a decrease in patient influx, and an increase in at-home mortality. Limited data have been 
published on the impact of social distancing on stroke emergencies. Correspondence and 
editorials from China and Europe have highlighted the difficulties in getting care for acute 
ischemic stroke (AIS) during this pandemic [3, 4]. In this study, we aimed to determine how 
the stay-at-home order impacted AIS patients as well as the quality of measures for AIS 
management. 

Methods

Data Availability and Study Population
A retrospective study was conducted at Spectrum Butterworth Hospital, a tertiary care 

hospital in West Michigan, MI, USA. Stroke admission data were collected from 24 March 
to 23 April 2020 to study the impact of the stay-at-home order (study group), and these 
were compared with data from 24 March to 23 April 2019 (control group). The data 
collected included age, sex, race, stroke subtype, stroke risk factors, initial National Insti-
tutes of Health Stroke Scale (NIHSS) score, the time between last known well (LKW) and 
hospital emergency department (ED) arrival, tissue plasminogen activator (tPA) adminis-
tration, the involvement of large vessel occlusion (LVO), and whether mechanical throm-
bectomy (MT) was performed. A confirmed COVID-19 case was defined as positive result 
on real-time reverse-transcription polymerase chain reaction (PCR) analysis of throat 
swab specimens. 
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Statistical Analysis 
Descriptive statistics were used to summarize baseline characteristics. Quantitative 

data are expressed as either mean ± SD or median. Nominal data are expressed as percentages. 
Comparisons for normally distributed quantitative variables were performed using the two-
tailed t test. Comparisons for nonnormally distributed quantitative variables were performed 
using the Mann-Whitney U test. Comparisons for nominal variables were performed using 
the χ2 or Fisher’s exact test, as appropriate. All statistical analyses were performed using 
Stata v15.1 (StataCorp, College Station, TX, USA). Statistical significance was assessed at p < 
0.05.

Table 1. Impact of the stay-at-home order on stroke admission and metrics during the COVID-19 pandemic

Control period
(24 March to 23 April 2019)

During stay-at-home order
(24 March to 23 April 2020)

p value

Mean age, years 72.4 65.6 0.024
Sex 0.253

Male 41/80 (51.3%) 29/47 (61.7%)
Female 39/80 (48.8%) 18/47 (38.3%)

Race
Caucasian 74/80 (92.5%) 41/47 (87.2%) 0.399
African-American 4/80 (5%) 3/47 (6.4%)
Hispanic 2/80 (2.5%) 2/47 (4.3%)
Others 0/80 1/47 (2.1%)

Stroke risk factors
Hypertension 51/80 (63.8%) 35/47 (74.5%) 0.212
Diabetes mellitus 17/80 (21.3%) 11/47 (29.8%) 0.280
Atrial fibrillation 18/80 (22.5%) 12/47 (29.8%) 0.698
Smoking history 17/80 (21.3%) 11/47 (23.4%) 0.777
Low-density lipoprotein notable 37/80 (46.3%) 25/47 (53.2%) 0.450
A history of prior stroke 23/80 (28.8%) 12/47 (25.5%) 0.695

Stroke subtype 
Ischemic stroke 66/80 (82.5%) 37/47 (78.7%) 0.6
Hemorrhagic stroke 12/80 (15.0%) 9/47 (19.2%) 0.050
Subdural hematoma 2/80 (2.5%) 1/47 (2.1%) 0.629
Subarachnoid hemorrhagia 0/80 0/47

Initial NIHSS score 0.261
0–4 37/66 (56.1%) 15/36 (41.7%)
5–15 19/66 (28.8%) 13/36 (36.1%)

16–20 3/66 (4.6%) 5/36 (13.9%)
21–42 7/66 (10.6%) 3/36 (8.3%)

Difference in LKW and ED time 0.008
<4.5 h 19/58 (32.8%) 19/36 (52.8%)

4.5–12 h 11/58 (19.0%) 2/36 (5.6%)
12–24 h 9/58 (15.5%) 11/36 (30.6%)

>24 h 19/58 (32.8%) 4/36 (11.1%)
Administration of tPA 13/80 (16.3%) 14/47 (29.8%) 0.072
tPA time 0.183

<90 mins 0/13 (0%) 4/14 (28.6%)
91–180 mins 9/13 (69.2%) 7/14 (50%)

181–270 mins 4/13 (30.8%) 3/14 (21.4)
Large vessel occlusion 14/80 (17.5%) 16/47 (34.8%) 0.028
Mechanical thrombectomy 4/80 (5%) 14/47 (29.8%) <0.001

Values express n, unless otherwise indicated. COVID-19, 2019-novel coronavirus; NIHSS, National Institutes of Health Stroke 
Scale; LKW, last known well; ED, emergency department; tPA, tissue plasminogen activator.
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Results

A total of 80 patients were admitted to hospital for AIS from 24 March to 23 April 2019. 
The number of AIS admissions from 24 March to 23 April 2020 was 47, when a stay-at-home 
order was instituted due to the COVID-19 pandemic (Table 1). The AIS patients in the study 
group during the COVID-19 pandemic were younger than those the control group (65.6 vs. 
72.4%, separately; p = 0.024). There was no significant difference between the 2 groups 
regarding sex, race, stroke risk factors, initial NIHSS score, or tPA administration. However, 
we noticed a trend of increasing numbers of hemorrhagic stroke cases during the COVID-19 
pandemic when the stay-at-home order was placed as well as an overall delayed ED arrival 
from LKW. There was an increase in the number of tPA administrations in the study group 
(29.8%) versus the control group (16.3%), but this finding did not reach statistical signifi-
cance. A significantly higher number of LVO and increasing MT cases were demonstrated in 
the study group.

Eleven patients were noted to be positive on COVID-19 PCR testing in the study group; 
10 had an AIS and only 1 had a hemorrhagic stroke. When compared with non-COVID-19 
patients in the study group (Table 2), those positive for COVID-19 were older (63.5 and 72.5 
years, respectively), but this was not statistically significant (p = 0.058). No statistical 

Table 2. Comparison between COVID-19 and non-COVID-19 acute stroke patients when the stay-at-home order was placed 
during the COVID-19 pandemic

Non-COVID-19 group COVID-19 group p value

Mean age, years 63.5 72.5 0.058
Sex 0.164

Male 20/36 (55.6%) 9/11 (81.8%)
Female 16/36 (44.4%) 2/11 (18.2%)

Stroke risk factors
Hypertension 26/36 (72.2%) 9/11 (81.8%) 0.703
Diabetes mellitus 12/36 (33.3%) 2/11 (18.2%) 0.464
Atrial fibrillation 5/36 (13.9%) 7/11 (63.3%) 0.003
Smoking history 10/36 (27.8%) 1/11 (9.1%) 0.525
Low-density lipoprotein notable 16/36 (44.4%) 9/11 (81.8%) 0.041
A history of prior stroke 10/36 (27.8%) 2/11 (18.2%) 0.703

Stroke subtype 
Ischemic stroke 27/36 (75%) 10/11 (90.9%) 0.413
Hemorrhagic stroke 8/36 (22.2%) 1/11 (9.1%) 0.663

Initial NIHSS score 0.229
0–4 12/27 (44.4%) 3/9 (33.3%)
5–15 11/27 (40.7%) 2/9 (22.2%)

16–20 2/27 (7.4%) 3/9 (33.3%)
21–42 2/27 (7.4%) 1/9 (11.1%)

Difference in LKW and ED time 0.855
<4.5 h 15/27 (55.6%) 4/9 (44.4%)

4.5–12 h 2/27 (7.4%) 0/9 (0%)
12–24 h 7/27 (25.9%) 4/9 (44.4%)

>24 h 3/27 (11.1%) 1/9 (11.1%)
Administration of tPA 10/36 (27.8%) 4/11 (36.4%) 0.710
Large vessel occlusion 12/36 (33.3%) 4/11 (36.4%) >0.999
Mechanical thrombectomy 11/36 (30.6%) 3/11 (27.3%) >0.999

Values express n, unless otherwise indicated. COVID-19, 2019-novel coronavirus; NIHSS, National Institutes of Health Stroke 
Scale; LKW, last known well; ED, emergency department; tPA, tissue plasminogen activator.
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difference was noted for sex and stroke subtype. For stroke risk factors, a higher percentage 
of patients in the COVID-19 group were noted to experience atrial fibrillation and hyperlip-
idemia than in the non-COVID-19 group. No statistical significance was noted when the LVO 
and MT patients in the 2 groups were compared.

Discussion

Across the world, social media reported a drop in the number of patients with AIS seeking 
medical attention during the COVID-19 pandemic; however, solid scientific data remain 
scarce. Our study demonstrates that while there was a reduction in overall hospital admission 
for AIS, an increase in the number of stroke patients with LVO was also observed. There was 
also a slight increase in the number of cases of cerebral hemorrhagia, although the underlying 
reasons for this are not clear. 

A stay-at-home executive order was issued on 24 March 2020 in the state of Michigan to 
suppress the spread of COVID-19, prevent the state’s health care system from being over-
whelmed, and thereby avoid needless deaths [5], to be understood reasonably as the 
reduction in admissions due to the fear of risking COVID-19 exposure in patients with minor 
stroke-like symptoms coming to hospitals during the pandemic. As the largest compre-
hensive stroke center in Michigan, we hereby report fewer mild stroke cases. The number of 
LVO cases increased significantly, however. Recently, there are increased reports of throm-
botic complications in patients with COVID-19 [6–8], even in young adults with an absence 
of common vascular risk factors. Cytokine storm could be the potential mechanism that 
triggers a hypercoagulable state in patients with COVID-19 [9]. We identified 11 patients as 
positive for COVID-19 on PCR testing in the study group; 4 of these (36.4%) were found to 
have LVO and underwent MT, significantly more than in the control group (5%). When 
comparing COVID-19 and non-COVID-19 patients, the only significant difference was that a 
higher percentage of COVID-19 patients had atrial fibrillation and hyperlipidemia. Data on 
the relationship between COVID-19 and hyperlipidemia are limited, but previous data on 
patients who recovered from severe acute respiratory syndrome coronavirus (SARS-CoV), 
over 12 years, have shown a higher risk of hyperlipidemia and cardiac abnormalities [10]. 
Cases of new-onset fibrillation have been reported with COVID-19; however, the exact patho-
physiology is unclear [11]. We observed 1 patient with LVO of the right middle cerebral 
artery, who rapidly developed cytotoxic edema and significantly elevated inflammatory 
biomarkers. Presumably, what has been called the cytokine storm, as a result of SARS-CoV-2 
infection, likely played a role in that patient’s rapid radiographic and clinical devastating 
outcome on day 2 of the AIS. 

This study had its limitations. It was a retrospective study with data collection from a 
single tertiary center. A significant population bias was noted, as roughly 90% of the patients 
were Caucasian. Studies have shown a significant association between COVID-19 and ischemic 
stroke, but there are limited data available on whether social distancing and stay-at-home 
orders have had an impact on stroke admissions [12]. Our study showed a decrease in stroke 
admissions, and this pattern of decreased stroke evaluation was also noted by Kansagra et al. 
[13]. Our study showed a higher percentage of people coming within the tPA window; this 
could be attributed to a higher NIHSS score prompting acute care, or else have been due to a 
decrease in patients with mild stroke (NIHSS score ≤4). Similar findings were observed by 
Siegler et al. [14]. We recommend that further multicenter studies be conducted to assess the 
direct and indirect impact of COVID-19 on stroke emergencies. 
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