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Introduction: To examine the impact of the COVID-19 pandemic on stroke, the num-
ber of stroke patients, time since last known well (LKW), morbidity, and mortality
of stroke patients in Southwest Healthcare System (SHS), California (CA) and the
United States (US) were analyzed during 2019 and compared to 2020. Our hypothe-
sis is that there are regional differences in stroke outcome depending on location
during the COVID-19 study period which influences stroke epidemiology and clini-
cal stroke practice. Methods: The American Heart Association’s ‘Get with the Guide-
lines’ (GWTG) database was used to evaluate the following categories: code stroke,
diagnosis of stroke upon discharge, inpatient mortality, modified Rankin Score
(mRS) upon discharge (morbidity), and time since last known well (LKW). Stroke
registry data from February through June 2019 and 2020 were collected for retro-
spective review. Results: The total number of strokes decreased in the US and CA,
but increased in SHS during the COVID-19 study period. The US and SHS demon-
strated no change in stroke mortality, but CA demonstrated a higher stroke mortal-
ity during the COVID-19 pandemic. There was greater loss of independence with
increased stroke morbidity in the US during the COVID-19 pandemic. There was a
significant increase in time since LKW in the US and SHS, and an increase trend in
time since LKW in CA during the COVID-19 study period. Discussion: To under-
stand the impact of the COVID-19 pandemic on stroke epidemiology, we propose
that all stroke inpatients should receive a SARS-CoV-2 detection test and this result
be entered into the GWTG database. We demonstrate that the regional distribution
of stroke mortality in the US changed during the COVID-19 study period, with
increased stroke mortality in CA. Stroke morbidity throughout the US was signifi-
cantly worse during the COVID-19 pandemic. We propose methods to address the
impact of the COVID-19 pandemic on clinical stroke practice such as the use of
mobile stroke units, clinical trials using anti-inflammation drugs on SARS-CoV-2
positive stroke patients, and COVID stroke rehabilitation centers.
Key Words: COVID-19—SARS-CoV-2—Epidemiology—Ischemic stroke—Stroke
mortality—Stroke—Morbidity
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Introduction

The challenges brought on by the coronavirus disease
2019 (COVID-19) have been unprecedented. Since the
United States (US) index case of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) appeared on Janu-
ary 19, 2020 in Snohomish County, Washington, there has
been a logarithmic increase in diagnosed cases and over
350,000 attributable deaths in the US.1 On March 11, 2020,
the World Health Organization declared COVID-19 a
worldwide pandemic.2 Patients with COVID-19 have pre-
sented with headaches, neurological deficits, cerebral
large vessel occlusion, and cerebral ischemia with enceph-
alitis.3,4 Thrombosis with COVID-19 associated vascular
inflammation of the medium and large cerebral vessels
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may contribute to stroke.5 Systemic cytokine and interleu-
kin responses appear to play a role in the inflammatory
response brought on by SARS-CoV-2.6 Furthermore, dys-
function of coagulation such as disseminated intravascu-
lar coagulation and thrombocytopenia has been found to
increase the likelihood of embolic events resulting in cere-
bral ischemia in SARS-CoV-2 positive patients.7

Public fear regarding the COVID-19 pandemic is real
and has altered behaviors which potentially can affect the
delivery of critical medical treatments offered by emer-
gency medical services and hospital systems.8 According
to the New England Journal of Medicine, daily counts of
patients presenting with stroke symptoms decreased in
March of 2020.9 The American Stroke Association
reported a decrease in emergency visits for stroke treat-
ment during the global pandemic.2

To understand the regional effects of the COVID-19 pan-
demic on stroke outcomes, we studied the total number of
strokes, times since last known well (LKW), morbidity and
mortality of stroke patients in our regional Southwest
Healthcare System (SHS) stroke program, California (CA),
and the United States (US). We compared data from 2019
with equivalent data from 2020. Our hypothesis is that
there are regional differences in stroke depending on loca-
tion which will influence stroke epidemiology and clinical
stroke practice during the COVID-19 study period.
Methods

We analyzed the American Heart Association’s ‘Get
with the Guidelines’ (GWTG) shared stroke registry data-
set. SHS stroke data was entered originally by our data-
entry technicians. Data used to represent CA or the US
were entered independently by primary and comprehen-
sive stroke centers in the stroke registry GWTG database.
Data from February, March, April, May and June 2020
was used as an aggregate dataset and referred to as the
COVID-19 study period. Data from February, March,
April, May and June 2019 was used as an aggregate data-
set and referred to as the time period prior to the COVID-
19 pandemic.
Demographics were collected including age, gender,

race, and National Institutes of Health Stroke Score
(NIHSS) in 2019 and 2020. There were no significant dif-
ferences in each of these categories. Patients with a dis-
charge diagnosis of stroke and code stroke patients were
identified to analyze total number of stroke patients
admitted to the hospital. LKW was recorded in minutes.
Modified Rankin Scores (mRS) were extracted from
patients who had a discharge diagnosis of stroke. Modi-
fied RS score of 6 was death and used to determine overall
mortality. Patients with a mRS of 0-3 were considered
independent, whereas mRS 4-5 were considered depen-
dent. Independence was determined to be mobility with-
out necessary assistance. All mRS numbers were obtained
at discharge.
Statistical analysis

The study design is a retrospective, unspecified analysis
of data for primary and comprehensive stroke centers.
Total numbers of patients from February through June
2019 and February through June 2020 were extracted
from the stroke registry GWTG database to analyze code
stroke, discharge diagnosis of stroke, mRS 6 (mortality),
and mRS 0-3 (morbidity). The median number of minutes
since LKW from February through June 2019 and Febru-
ary through June 2020 were extracted from the GTWG
stroke registry. A stratified analysis of total numbers of
code strokes, discharge diagnosis of stroke, mRS 6, mRS
0-3 and median numbers since LKW from February
through June 2019 were compared to February through
June 2020 using independent two-sample T tests. The
threshold for statistical significance was set at a p-value
less than .05. Statistical analyses were carried out using
SAS 9.4 Software (Cary, NC).

Results

Total number of stroke patients

Code stroke and discharge diagnosis of stroke were used
to identify stroke in the GWTG dataset. Fig. 1 demonstrates
the total number of code stroke patients from February
through June 2019, and were compared to the equivalent
months in 2020. Fig. 2 demonstrates the total number of
patients discharged with stroke diagnosis from February
through June 2019 and was compared to 2020. SHS demon-
strated an increase in the total number of code stroke
patients and an increase in total number of patients dis-
charged with diagnosis of stroke in 2020, compared to 2019
(p=.007 and p=0.0012, respectively). California demonstrated
a decrease in the total number of code stroke patients and a
decrease in the total number of patients discharged with the
diagnosis of stroke in 2020, compared to 2019 (p=.02 and
p=0.0267, respectively). The US demonstrated a decrease in
the total number of code stroke patients and a decrease in
total number of patients discharged with diagnosis of stroke
in 2020, compared to 2019 (p=.01 and p=0.015, respectively).

Outcomes: mortality

Mortality was determined by evaluating patients with
mRS 6 (death) in the GWTG database. Fig. 3 shows the
total number of patients recorded with mRS 6 from Febru-
ary through June 2019, compared to 2020. There was no
statistical difference in mRS 6 at SHS or the US from 2019
to 2020 (p=0.329 and p=0.3, respectively). However, there
was a significant increase in mortality in CA during the
COVID-19 pandemic, compared to 2019 (p=.0005).

Outcomes: morbidity

Morbidity was determined by a loss of independence. A
decrease in mRS 0-3 was defined as a loss of independence.



Fig. 1. Total number of code stroke patients from February through June 2019 compared to 2020. Significant decrease for CA and the US.
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Fig. 4 demonstrates total patients with mRS 0-3 from Feb-
ruary through June 2019, compared to 2020. There were no
significant differences in mRS 0-3 at SHS and CA during
the COVID-19 pandemic, compared to 2019 (p=0.3, p=0.4,
respectively). There was a significant decrease in mRS 0-3
in the US during the COVID-19 pandemic, compared to
2019 (p=.018).

Time since LKW

The median number of minutes since LKW February
through June 2019 was compared to 2020 in Fig. 5. SHS
and the US demonstrated a significant increase in the
median number of minutes since LKW during the
COVID-19 pandemic, compared to 2019 (p=.03 and
p=.012, respectively). In CA, there was a non-significant
trend increase in the median minutes since LKW during
the COVID-19 pandemic, compared to 2019 (p=0.125).
Fig. 2. Total number of patients discharged with stroke diagnosis from February th
Discussion

The COVID-19 pandemic has been associated with
unprecedented morbidity and mortality worldwide. We
report that there were significantly decreased strokes, no
significant increase in stroke mortality, and a significant
increase in stroke morbidity with greater loss of indepen-
dence during the COVID-19 study period in the US. In
CA, we identified a significant increase in stroke mortality
with no change in morbidity despite having significantly
fewer stroke admissions statewide. In our region of south-
ern CA, SHS experienced a greater number of strokes
along with no change in mortality or morbidity.
Decreased hospital admissions for stroke during the

COVID-19 pandemic has been reported. Clinical investiga-
tors in Piacenza, Italy experienced deceased number of
strokes per month from 51 to 6 during the onset of the
COVID-19 pandemic.10 Even though SHS demonstrated
rough June 2019, compared to 2020. Significant decrease for CA and the US.



Fig. 3. Total patients recorded with mRS 6 (death) from February through June 2019, compared to 2020. No significant differences demonstrated in SHS or the
US. Significant increase in mortality in CA during the 2020 COVID-19 pandemic.
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an increase in the number of strokes, we believe this was a
result of diversion of patients from a neighboring hospital
which closed their stroke program in January 2020. Specu-
lation that SARS-CoV-2 infection would lead to increased
strokes ensued because other viral illness leading to Influ-
enza Pneumonia has been associated with increased stroke
rates.11 There is no data to suggest that SARS-CoV-2 infec-
tion lowers the stroke rate. Nonetheless, the GWTG dataset
during the months of February through June 2020 demon-
strated a decreased stroke rate during the COVID-19 pan-
demic in the US and CA. There are several ways to
interpret this data. Deceased stroke hospitalization rates
could potentially be a result of increased prehospital stroke
Fig. 4. Total patients with mRS 0-3 from February through June 2019, compared to
significant changes seen in SHS or CA.
mortality. Also, fear of infection at the hospital may have
prevented individuals from traveling to the hospital for
care. GWTG database is unable to account for stroke-like
symptoms reported to outpatient primary care clinics. Pos-
sibly an outpatient GWTG registry may be developed for
primary care physicians to report stroke symptoms in
patients with COVID-19 who refuse to go to the hospital.
An aggressive public education campaign should be con-
sidered to encourage patients with stroke-like symptoms
to seek immediate hospital attention. In addition, it is pos-
sible that patients who present to the hospital with both
respiratory symptoms and mild neurological deficits are
being triaged for their respiratory symptoms alone, leading
2020. Significant decrease in amount of independent patients in the US. No



Fig. 5. Median minutes since LKW during 2020 COVID-19 pandemic, compared to 2019. Significant increase in minutes since LKW for SHS and the US. Non-
significant trend increase in median minutes since LKW in CA during 2020 COVID-19 pandemic, compared to 2019.
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to under-reporting of stroke in the hospital. Furthermore,
oxygen requirements create significant challenges during
transportation and acquisition of neuroimaging, which
may impede the diagnosis of stroke. Implementation of a
robust mobile stroke unit program covered by medical
insurance may improve access to stroke care and improve
clinical stroke practice outcomes for patients who refuse to
obtain an evaluation in the Emergency Department.
The incidence of stroke in the COVID-19 population will

be determined when each code stroke patient receives the
SARS-CoV-2 detection test. From February through June
2020, SARS-CoV-2 detection testing was not common due
to lack of test availability. In the later part of 2020, some hos-
pitals adopted a policy of universal inpatient SARS-CoV-2
testing. SARS-CoV-2 detection testing performed on all code
stroke patients would allow us to analyze the incidence, dis-
tribution, and control of stroke in the patients with COVID-
19. Once SARS-CoV-2 detection is incorporated into the
GWTG database, the impact of SARS-CoV-2 infection on
the epidemiology of stroke will be discoverable.
Increased mortality in CA suggests that the impact of

COVID-19 on stroke is distributed unequally throughout
the US. It is difficult to postulate exactly why stroke mortal-
ity is increased in CA and not in the entire US. Risk factors
and clinical practice patterns in CA should be analyzed in
further investigation and compared to states which has a
lower mortality. A mortality analysis on all states through
the end of 2020 would further detail the impact of COIVD-
19 on the distribution of stroke mortality in the US. It
would be important to see whether or not the increase in
mortality in CA is sustained throughout 2020.
During the time period from February through June

2020, we identified a significant increase in disability in
the US which we termed ‘loss of independence’. There
were significantly fewer patients discharged as mRS 0-3,
which indicates that stroke survivors suffered signifi-
cantly greater disabling neurological deficits. It is possible
that neurovascular inflammation associated with COVID-
19 increased the severity of stroke, giving rise to a greater
loss of independence seen in the US. The COVID-19
inflammatory cascade occurs when SARS-CoV-2 Spike (S)
glycoprotein binds to the angiotensin converting enzyme
2 (ACE2) on the cell surface of respiratory epithelium.
This interaction downregulates the alternative renin-
angiotensin system (RAS), and upregulates the classical
RAS pathway associated with inflammation.12 Drugs
such as angiotensin receptor blockers have been shown to
reduce the risk of stroke through inhibition of the classical
RAS inflammatory cascade.13 However, angiotensin
receptor blockers have also been shown to upregulate
ACE2 receptor expression, which may increase the infec-
tivity of SARS-CoV-2. Clinical studies are currently
underway to test the effects of angiotensin receptor block-
ers on patients with active SARS-CoV-2 infection. Perhaps
in regions with higher stroke mortality such as CA, it
would be reasonable to perform clinical investigation
with angiotensin receptor blockers in combination with
intravenous thrombolytics or endovascular thrombec-
tomy as treatment for COVID-19 stroke patients.
Furthermore, a generalized ‘loss of independence’

throughout the country may be due to challenges associ-
ated with rehabilitation of the stroke patient. Inpatient
physical therapy may be limited by oxygen requirements
and the small size of a negative pressure isolation room.
Devices used for lifting or standing upright may be
unavailable due to cross-contamination risk. Stroke
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patients are experiencing significant delays in being trans-
ferred to rehabilitation. Skilled nursing homes (SNF) do
not accept COVID-19 patients and require two negative
SARS-CoV-2 tests prior to acceptance to the facility.
Delays in obtaining critical rehabilitation services may
result in a worse mRS at discharge. The development of a
COVID-19 rehabilitation center for stable COVID-19
stroke patients may open up much needed hospital beds
and potentially improve stroke morbidity nationwide. It
is important to note that mRS data on GWTG database is
recorded in approximately 50% of stroke patients entered
into the database. Accuracy in reporting morbidity would
increase with greater numbers of mRS entered into the
database.
We validated prior claims that there was an increase in

time since LKW in the US.14 Delay in hospital presenta-
tion places patients in jeopardy of falling out of the win-
dow for intravenous thrombolytic or endovascular
treatment. Delays in LKW may have contributed to
increased loss of independence in the US. SHS demon-
strated significant increases in time since LKW, but did
not see an increase in loss of independence. This demon-
strates that the impact of COVID-19 on the epidemiology
of stroke is multifactorial. Risk factors affecting stroke out-
come may be related to the infection itself or to the social
consequences of the COVID-19 pandemic.
Further investigation of the GWTG database is necessary

to examine the impact of COVID-19 on stroke morbidity
and mortality from the months of July through December
2020. Analysis of stroke mortality in all fifty states would
allow us to understand the distribution of stroke risk in the
US associated with the COVID-19 pandemic. We identify
that marketing and education to encourage patients to
obtain emergency stroke treatment is needed now more
than ever. Possibly development of a robust mobile stroke
unit fleet is in order if patients continue to refuse care or
delay reporting to the hospital. Furthermore, we propose
that all stroke inpatients should be tested for SARS-CoV-2
and results should entered into the GWTG database to learn
the impact of SARS-CoV-2 infection on stroke epidemiology.
Finally, we identify nationwide increases in loss of indepen-
dence after stroke during the COVID-19 pandemic. Clinical
trials examining the use of angiotensin receptor blockers for
COVID-19 stroke patients and the development of COVID-
19 stroke rehabilitation centers may be considered to
address the impact of COVID-19 on clinical stroke practice.
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