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The impact of COVID-19 on ac
ute ischemic stroke admissions:
Analysis from a community-based tertiary care center
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Background/Objective: To evaluate the impact of the COVID-19 pandemic on hos-
pital admissions and outcomes in patients admitted with acute ischemic stroke.
Methods: Single-center retrospective analysis of patients admitted to the hospital
with acute ischemic stroke, between December 1st, 2019 and June 30th, 2020. Out-
comes were classified as none-to-minimal disability, moderate-to-severe disabil-
ity, and death based on discharge disposition, and compared between two time
periods: pre-COVID-19 era (December 1st, 2019 to March 11th, 2020) and COVID-
19 era (March 12th to June 30th, 2020). We also performed a comparative trend
analysis for the equivalent period between 2019 and 2020. Results: Five hundred
and seventy-five patients with a mean age (years§SD) of 68§16 were admitted
from December 1st, 2019 to June 30th, 2020, with a clinical diagnosis of acute ische-
mic stroke. Of these, 255 (44.3%) patients were admitted during the COVID-19
era. We observed a 22.1% and 39.5% decline in admission for acute ischemic
stroke in April and May 2020, respectively. A significantly higher percentage of
patients with acute ischemic stroke received intravenous thrombolysis during the
COVID-19 era (p = 0.020). In patients with confirmed COVID-19, we found a
higher percentage of older men with preexisting comorbidities such as hyperlip-
idemia, coronary artery disease, and diabetes mellitus but a lower rate of atrial
fibrillation. In addition, we found a treatment delay in both intravenous throm-
bolysis (median 94.5 min versus 38 min) and mechanical thrombectomy (median
244 min versus 86 min) in patients with confirmed COVID-19 infection. There
were no differences in patients’ disposition including home, short-term, and long-
term facility (p = 0.60). Conclusions: We observed a reduction of hospital admis-
sions in acute ischemic strokes and some delay in reperfusion therapy during the
COVID-19 pandemic. Prospective studies and a larger dataset analysis are
warranted.
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Introduction

The Coronavirus disease 2019 (COVID-19) pandemic
has placed an unprecedented strain on healthcare systems
and resources.1,2,3 Despite the modifications in acute
ischemic stroke (AIS) care due to the COVID-19 pan-
demic,4 there is limited data to provide quantitative esti-
mates of such changes. One of the research priorities
identified by an international panel of stroke experts 4

was to better characterize the impact of COVID-19 pan-
demic on AIS epidemiology and workflow and guide
resource allocation. A few recent publications reported
reduced hospital admission for acute coronary syndrome,
myocardial infarction, and AIS during the COVID-19 pan-
demic in several countries.5,6,7,8,9,10,11 In addition, recent
publications have reported decreased volume and delay
in initiation of reperfusion therapy for AIS during the
COVID-19 pandemic.6,8,12

This study aims to assess the impact of the COVID-19
pandemic on AIS care at a large regional tertiary care cen-
ter, focusing on admission volumes, time to reperfusion
therapy, and patient outcomes.
Methods

Patients and Study Design

This study was approved by the Institutional Review
Board of Inova Fairfax Medical Center.
We identified all patients admitted to Inova Fairfax

Medical Campus with a confirmed diagnosis of AIS or
transient ischemic attack (TIA) from December 1st, 2019 to
June 30th, 2020 using a prospectively maintained stroke
registry. We analyzed data from two distinct periods.
First, we compared data from the 2.5 months prior to the
first hospitalized COVID-19 patient at our facility
(December 1st, 2019 to March 11th, 2020; pre-COVID-19
era) to the subsequent 2.5 month period (March 12th to
Table 1. Baseline characteristics in patients admitted with acute is

Pre-COVID era

(12/1/19�03/11/20

Admission for AIS and TIA, n 320

Age, median (IQR) 70 (62�81)

Male, n (%) 166 (51.9%)

Initial NIHSS, median (IQR) 4 (1�11)

IV tPA, n (%) 20 (6.3%)

MET, n (%) 43 (13.4%)

DNT, min, median (IQR) 52.5 (33.5�89)

DGPT, min,median (IQR) 72 (41�109)

LOS, median (IQR) 4 (2�8)

Death at discharge, n (%) 25 (7.8%)

Home/Short term Facility, n (%) 167 (52.2%)

Long term Facility, n (%) 128 (40.0%)

AIS, Acute Ischemic Stroke; DGPT, door-to-groin puncture time; DN

nous alteplase; LOS, length of stay; MET, mechanical thrombectomy;

ischemic attack. Values in bold font indicate statistical significance.
June 30th, 2020; COVID era). Second, we performed a
trend analysis which was compared to historic data in
2019 to assess potential seasonal variations.

Baseline Characteristics and Outcomes

Patient demographics including the primary diagnosis
on admission, past medical history, the National Institutes
of Health Stroke Scale (NIHSS), treatment modalities
(intravenous thrombolytic and mechanical thrombec-
tomy), and discharge disposition were collected. Out-
comes were classified based on discharge disposition:
none-to-minimal disability when patients were dis-
charged to home or a short term facility; and moderate-to-
severe disability when patients were discharged to a long
term facility including acute rehabilitation, skilled nursing
facility, and hospice. In-hospital mortality data were also
collected. Previous studies have verified discharge desti-
nation as a surrogate for functional outcomes.13

Statistical Analysis

Categorical variables are reported as absolute numbers
and percentages. Continuous variables are presented as
mean and standard deviation (SD) or median § interquar-
tile range (IQR). The Two-sample and paired t-tests were
used to compare the numeric variables. Statistical analy-
ses were performed using SAS 9.4 (SAS Institute, Cary,
NC). All analyses were two-tailed, and the significance
level was determined by p < 0.05.

Results

From December 1st, 2019 to June 30th, 2020, a total of
575 patients were admitted to Inova Fairfax Medical Cam-
pus with a clinical diagnosis of AIS or TIA, of whom 255
patients (44.3%) were admitted during the COVID-19 era.
Baseline patient characteristics are summarized in Table 1.
chemic stroke during the pre-COVID-19 and COVID-19 eras

COVID era p-value

) (03/12/20�06/30/20)

255

73 (62�83) 0.513

136 (53.3%) 0.728

5 (1�12) 0.906

30 (11.8%) 0.020

49 (19.2%) 0.060

41.5 (31�51) 0.100

85.5 (46�116) 0.812

4 (2�8) 0.801

12 (4.7%) 0.131

133 (52.2%) 0.994

110 (43.1%) 0.448

T, door-to-needle time; IQR, interquartile range; IV tPA, intrave-

NIHSS, National Institutes of Health Stroke Scale; TIA, transient
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Patients admitted during the COVID-19 pandemic were
more likely to undergo intravenous thrombolysis
(p = 0.020) and mechanical thrombectomy (p = 0.060).
There were no differences in patient disposition between
pre-COVID and COVID era (p = 0.600).
Out of the 255 patients admitted with AIS, 130 patients

(54.3%) were tested for COVID-19 infection using real-
time reverse transcription polymerase chain reaction
(rRT-PCR), of whom 9 patients (7%) tested positive. These
9 patients were more likely to be male, of older age, and
with preexisting vascular comorbidities such as hyperlip-
idemia, coronary artery disease, and diabetes; however,
they had a lower rate of atrial fibrillation. Only two
patients received intravenous alteplase with a longer
median door-to-needle time (94.5 versus 38.5 min), and
one patient underwent mechanical thrombectomy with a
longer median door-to-groin time (244 versus 86 min)
compared to pre-COVID-19 era (Table 2).
Since the outbreak of the COVID-19 pandemic, we

observed a significant reduction of hospital admissions for
AIS using the Cochran-Armitage trend test (p = 0.002).
The sharp decrease in volume started in March and per-
sisted throughout May 2020, with 22.1% and 39.5%
decline in April and May 2020, respectively. The number
of AIS cases inversely correlated to the number of hospital
admissions of COVID-19 cases (Fig. 1). Acute ischemic
stroke admission, when compared to the same period in
2019, remained relatively unchanged (Supplementary
Figure 1a).
Discussion

The impact of the COVID-19 pandemic on hospital
admissions for vascular diseases, including acute coro-
nary syndrome14�15 and acute ischemic stroke,6,15�20 has
Fig. 1. The trend of monthly admissions for acute ischemic stroke during the pre-CO
2020, and comparison of stroke hospital admissions to those with confirmed COVID
2020. The blue line represents the monthly stroke admissions, and the red line repres
been reported. A 36.4% reduction in AIS admissions was
seen in Brazil after COVID-19 compared to the same
period in 2019.16 In addition, data from four German com-
prehensive stroke centers showed reduced hospital
admissions for AIS and TIA.17 Our data, in line with the
findings above, showed a reduction in AIS admissions
associated with the COVID-19 pandemic in 2020. We
found a relatively stable number of acute stroke admis-
sions throughout 2019, devoid of seasonal variability
(Supplementary data).
Interestingly, despite a reduction in the number of hos-

pital admissions for AIS, a higher proportion of patients
received reperfusion therapies compared to both pre-
COVID-19 era in 2020 and from the same period in 2019.
However, previous reports have shown a decreased
number21�23 but a relatively unchanged proportion6,18 of
patients who received reperfusion therapy during
COVID-19 pandemic. The first confirmed case in Virginia
was reported on March 7, 2020, and the first confirmed
case was admitted to our facility on March 12, 2020. Stay-
at-home orders were issued on March 30th, 2020, in the
Commonwealth of Virginia and Maryland and April 1st,
2020, in the Washington D.C. We did not find a significant
difference in initial NIHSS between pre-COVID and
COVID eras in AIS patients who received IV thromboly-
sis, mechanical thrombectomy, or both although a trend
towards higher initial NIHSS was observed during the
COVID-19 era (Supplementary Table 1a). This finding
suggests that the increased rate of reperfusion therapies
during the COVID-19 era is more likely due to a decline
in minor and non-disabling stroke admissions, rather
than an increase in stroke severity, leading to the
increased ratio of patients presenting with disabling and
large vessel occlusion. In patients with confirmed
COVID-19 infection, we observed a higher percentage of
VID-19 and the COVID-19 pandemic from December 1st, 2019 to July 31th,
-19 infection from March 12th since the outbreak of COVID-19 to June 30th,
ents the number of monthly admissions for COVID-19 infection.



Table 2. Baseline characteristics of patients admitted with acute ischemic stroke during the COVID-19 era.

COVID testing not performed COVID (-) COVID (+)

Hospital admission for AIS and TIA, n 125 121 9

Age, median (IQR) 73 (63�81) 72 (60�84) 73 (61�80)

Male, n (%) 56.80% 47.90% 77.80%

BMI 26 (24�30) 27 (24�31) 26 (23�28)

Coronary Artery Disease 10.40% 19.80% 44.40%

Diabetes 34.40% 25.60% 44.40%

Hypertension 79.20% 71.90% 66.70%

Atrial Fibrillation 17.60% 28.90% 0.00%

Dyslipidemia 53.60% 48.80% 66.70%

AIS and TIA, n 125 121 9

NIHSS on arrival 3 (1�7) 8 (2�16) 6 (1�20)

IV tPA, n (%) 10 18 2

MET, n (%) 14 34 1

DNT, min, median (IQR) 48 (29�52) 38.5 (34�48) 94.5 (24�165)

DGPT, min, median (IQR) 78.5 (44�96) 86 (48�116) 244 (244�244)

LOS, median (IQR) 3 (2�5) 5 (3�9) 17 (9�46)

AIS, Acute Ischemic Stroke; IQR, interquartile range; IV tPA, intravenous alteplase; MET, mechanical thrombectomy; DNT, door-to-nee-

dle time; DGPT, door-to-groin puncture time; NIHSS, National Institutes of Health Stroke Scale; LOS, length of stay; TIA, transient ische-

mic attack.
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older males with preexisting comorbidities, such as
hyperlipidemia, coronary artery disease, and diabetes,
similar to a previous report from Wuhan, China,24

although we observed a lower rate of atrial fibrillation.
Acute Ischemic stroke may be the initial and the only

presenting symptom in patients with COVID-19 infec-
tion.25,26 Early recognition and prompt reperfusion ther-
apy are pivotal in reducing morbidity and mortality in
AIS. We observed a significant delay in mechanical
thrombectomy. Thorough assessment of one patient with
a door-to-groin-puncture time more than 4 hours,
highlighted several contributing factors, many attribut-
able to the COVID-19 pandemic, including added time
required for donning personal protection equipment lead-
ing to delay in symptoms recognition, neurological assess-
ment, communication, transport, imaging, and
procedures. Nevertheless, an unchanged median door-to-
needle time for intravenous thrombolysis represents a
consistent hospital-level approach to AIS treatment.
We did observe an increased length of stay in patients

with COVID-19 infection. Factors that may be attributed
to the delay are multifactorial. All patients required a neg-
ative COVID-19 test before discharge to rehabilitation
facilities; two consecutive negative tests were required for
those with COVID-19 infection. Completion of stroke
workup including echocardiography and follow-up imag-
ing, were delayed; and some studies such as brain MRI
were postponed in COVID-19+ patients. We observed an
increased percentage of patients with severe AIS and a
decline in TIA and mild stroke admission that can also
contribute to the increased length of stay.
Our study has a few limitations. This is an observational

single-center retrospective study, and some prehospital
data, including baseline functional status, symptom-onset
to presentation time as well as discharge functional status
and long-term functional outcomes, are not currently avail-
able for all patients. Only half of the patients with AIS
were tested for COVID-19 infection. Also, stroke occur-
rence could have remained undetected in COVID-19
patients who were not clinically or radiographically evalu-
ated for stroke.
In conclusion, we observed a reduction in the number

of admission for AIS during the COVID-19 pandemic. A
larger proportion of patients with AIS received reperfu-
sion therapy. The long-term impact of COVID-19 pan-
demic on functional outcomes of patients with AIS,
including those with TIA and minor strokes who did not
seek medical care, warrants further investigation.
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