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Objective: The coronavirus disease 2019 (COVID-19) infection may alter a stroke
course; thus, we compared stroke course during subsequent pandemic waves in a
stroke unit (SU) from a hospital located in a rural area.

Methods: A retrospective study included all patients consecutively admitted to the SU
between March 15 and May 31, 2020 (“first wave”), and between September 15 and
November 30, 2020 (“second wave”). We compared demographic and clinical data,
treatments, and outcomes of patients between the first and the second waves of the
pandemic and between subjects with and without COVID-19.

Results: During the “first wave,” 1.4% of 71 patients were hospitalized due to stroke/TIA,
and 41.8% of 91 during the “second wave” were infected with SARS-CoV-2 (p < 0.001).
During the “second wave,” more SU staff members were infected with COVID-19 than
during the “first wave” (45.6 vs. 8.7%, p < 0.001). Nevertheless, more patients underwent
intravenous thrombolysis (26.4 vs. 9.9%, p < 0.008) and endovascular thrombectomy
(6.3 vs. 0.0%, p < 0.001) during the second than the first wave. Large vessel occlusion
(LVO) (OR 8.74; 95% Cl 1.60-47.82; p = 0.012) and higher 30-day mortality (OR 6.01;
95% Cl 1.04-34.78; p = 0.045) were associated with patients infected with COVID-19.
No differences regarding proportions between ischemic and hemorrhagic strokes and
TIAs between both waves or subgroups with and without COVID-19 existed.

Conclusion: Despite the greater COVID-19 infection rate among both SU patients and
staff during the “second wave” of the pandemic, a higher percentage of reperfusion
procedures has been performed then. COVID-19 infection was associated with a higher
rate of the LVO and 30-day mortality.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic is
associated with altered course of cerebrovascular diseases.
COVID-19-associated hypercoagulability that is likely a
“sepsis-induced coagulopathy” also predisposes to stroke
(1). The heterogeneity of stroke etiology and clinical picture
in the course of COVID-19 infection is emphasized. The
complex mechanisms of COVID-19-induced vascular injury,
resulting from non-specific effects of inflammation and
endothelial dysfunction and coagulation disorders, also impose
on pre-existing cerebrovascular risk factors (1, 2).

The COVID-19 pandemic started in China, and consequently,
the physicians from Wuhan first reported strokes in infected
patients (3). Later publications confirmed these reports (4, 5).
The rates of stroke in hospitalized patients with COVID-19 from
1 to 3% and up to 6% of critically ill patients were reported
(3, 6-8). Cerebrovascular events in patients with COVID-19 are
mainly ischemic, but hemorrhagic strokes and cerebral venous
sinus thrombosis, especially in critically ill patients, have also
been described (9).

The COVID-19 pandemic has varied in severity since the
beginning of 2020 in each country or region. The pandemic
affecting all parts of the world is also having huge implications
for stroke care. Based on the results of the World Stroke
Organization survey, it is known that during the COVID-19
pandemic, there was a decrease in hospitalizations due to acute
stroke, especially of patients with milder stroke. This trend did
not depend on differences in national health systems (10). The
pandemic may also influence the way of care delivery in acute
stroke. During the pandemic, it becomes more difficult to meet
the requirements of the current guidelines of scientific societies
regarding the diagnosis and treatment of acute stroke patients.

Thus, the paper presents two significantly different faces of
the COVID-19 pandemic waves, in the months from March to
May and from September to November 2020, in relation to the
diagnosis and treatment of patients with acute stroke in a hospital
located in the rural region of south-east Poland.

MATERIALS AND METHODS
Study Design

We conducted a retrospective observational study based on a
hospital-based stroke registry from the Department of Neurology
and Stroke Unit of Holy Spirit Specialist Hospital in Sandomierz.
Our center is recognized as a stroke unit according to Polish
national criteria, equipped with the proper monitoring and
diagnostic facilities and provides a 24-h stroke service 7 days
a week (11). In the stroke unit, diagnostic and treatment
procedure protocols with respect to unified regular protocols of
the management of acute IS and secondary prevention, according
to international recommendations, are in force (12, 13).

Study Population

All consecutive acute stroke and transient ischemic attack
(TTIA) patients admitted to the stroke unit in Sandomierz
between March 15, 2020, and May 31, 2020 and between

September 15, 2020, and November 30, 2020 were included.
In terms of treating strokes, the hospital covers a population
of approximately 160,000 inhabitants from the Sandomierz,
Opatéw, and Tarnobrzeg regions.

A stroke physician examined all patients at the time of
admission, and the severity of stroke symptoms was assessed
using the National Institute of Health Stroke Scale (NIHSS)
(14). Stroke onset was defined as the last occasion on which the
patient was known to be without neurological deficit. Exams to
evaluate the inflammatory processes and the coagulation status
in all patients and also chest X-ray and/or chest computed
tomography (CT) were performed. Brain CT and/or magnetic
resonance (MR) was performed upon admission to the hospital
in order to establish the indication for treatment and between
22 and 36 h and on the seventh day in patients who underwent
iv. thrombolysis. To evaluate the etiology of the stroke,
transcranial Doppler (TCD), carotid duplex ultrasonography,
Holter electrocardiography (Holter ECG), and transthoracic
echocardiography (TTE) were performed. Stroke diagnosis has
been established based on ICD-10 criteria.

The 30-day stroke outcomes were measured using the
modified Rankin scale (mRS) (15). A favorable outcome was
defined as an mRS score <2 points, while an unfavorable
outcome was defined as an mRS score of 3-6 points.

The ethics committee approved all data analysis (Ethics
Committee of Jan Kochanowski University in Kielce).

Statistical Analysis

This study was based on a retrospective data analysis. Data
collection, descriptive statistics, and univariate analysis were
performed using Microsoft Excel 2019. In cerebrovascular
patients, comparisons in terms of demographics, effectiveness,
and safety of treatment between subgroups—patients treated
during the first and the second waves of the COVID-19
pandemic and those with and without COVID-19 infection—
were performed. Logistic regression was performed with
STATISTICA v. 9.1. All continuous variables were tested for a
normal distribution and equality of variances. Because of the
non-normality of the variables, non-parametric Mann-Whitney
U tests were used to perform the univariate analysis of the
continuous variables. Categorical data were compared using chi-
square tests; p < 0.05 were considered statistically significant.
The multivariate analysis was performed using multiple logistic
regression models. Factors identified in the univariate analysis
with a p < 0.05 were then examined using a multivariate model.

RESULTS

There were more cerebrovascular incidents treated in the stroke
unit during the second wave of the pandemic than during the
first wave (91 vs. 72, p = 0.034). The univariate analysis showed
that both groups did not differ in terms of demographic data,
risk factors, type of cerebrovascular event, symptoms of stroke
or TTA, 30-day efficacy of treatment, and mortality (Table 1).
During the first wave of the COVID-19 pandemic, only
1.4% of patients were infected compared with 41.8% during the
second wave (p < 0.001). Patients treated during the second
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TABLE 1 | The clinical characteristics of the subgroups of patients treated during the first and second wave of the COVID-19 pandemic.

Variables The first wave of pandemic The second wave of pandemic P Value
Number of days of pandemic 78 77

n (%) 1(43.83) 91 (56.17) <0.001
Demographic data

Age (years) mean, SD 75.70 (12.43) 73,78 (12.81) 0.338
Male gender, n (%) 39 (63.94) 40 (43.96) 0.165
Risk factors, n (%)

Baseline mRS 3-5 7 (9.86) 1(12.09) 0.654
Arterial hypertension 54 (76.06) 3 (69.23) 0.336
Atrial fibrillation 20 (28.17) 9(20.88) 0.281
Diabetes mellitus 13(18.31) 4 (15.38) 0.620
Type of cerebrovascular event, n (%)

Ischemic stroke 50 (70.42) 75 (82.42) 0.071
Intracerebral hemorrhage 7 (9.86) 6 (6.59) 0.448
TIA 4(19.72) 10 (10.99) 0.121
Symptoms of stroke or TIA, n (%)

from the anterior circulation 51 (71.83) 72 (79.12) 0.281
from the posterior circulation 13 (18.31) 8 (8.89) 0.078
disturbances of consciousness 1(15.49) 7 (7.69) 0.117
Etiological classification, n(%)

Large vessel occlusion 0 31 (564.67) <0.001
Cardioembolism 16 (32.00) 1(13.75) 0.013
Lacunar stroke 14 (28.00) 8 (22.50) 0.479
Undetermined etiology 4 (8.00) 5 (6.25) 0.702
COVID-19 infection, n (%)

Symptomatic COVID with lung infection 1(1.41) 9(20.88) <0.001
Confirmed COVID-19 infection 1(1.41) (41 76) <0.001
Before cerebrovascular event 1(141) 3 (36.26) <0.001
During cerebrovascular event 0 (8 79) 0.010
NIHSS on admission, [points] median (IQR) 6.00 (2.00-12.00) 6.00 (2.00-12.00) 0.783
Laboratory findings, median (IQR)

Hemoglobin level [g/dL] 13.85 (13.10-15.10) 13.50 (12.70-14.60) 0.049
White blood cells [x10°/L] 8.30 (6.90-11.90) 8.60 (7.00-10.40) 0.444
Platelets [x10°/L] 225.00 (187.00-280.00) 219.00 (172.00-270.00) 0.300
Fibrinogen level [mg/dL] 357.00 (304.00-433.00) 391.00 (332.00-495.00) 0.018
D-dimer level [ng/mL] 878.00 (400.00-2697.00) 724.00 (528.00-1656.00) 0.967
C-reactive protein level [mg/L] 9.00 (2.80-78.80) 14.15 (2.60-56.50) 0.869
Procalcitonin level [ng/mL] 0.16 (0.04-0.22) 0.05 (0.02-0.12) 0.020
Secondary prophylactic, n(%)

VKA 1(1.41) 3(3.30) 0.442
NOAC 11 (15.49) 6 (6.59) 0.067
Antiplatelets 46 (64.79) 41 (45.05) 0.012
LMWH 4 (5.63) 6 (6.59) 0.801
Antiplatelets + LMWH 6 (8.45) 28 (30.77) <0.001
Intracerebral thrombolysis, n (%) 7 (9.86) 24 (26.37) 0.008
Onset-to-treatment time [min.] 143.00 (123.00-165.00) 137.50 (105.50-205.00) 0.962
Door-to-treatment time [min.] 54.00 (45.00-66.00) 45.00 (30.00-89.50) 0.636
PH2, n (%) 1(14.29) 1(4.17) 0.338
SICH¥, n (%) 1(14.29) 0 0.060
Mechanical thrombectomy, n (%) 0 4 (5.33) <0.001
Onset-to-ship time [min.] - 175.00 (127.00-230.00) -
mRS 0-2 at 30-day, n(%) 31 (43.66) 47 (561.65) 0.313
30-day mortality, n(%) 1(15.49) 17 (18.68) 0.549

¥ According to the ECASS Il and lll criteria; TIA, Transient Ischemic Attack; mRS, modified Rankin scal; NIHSS, National Institutes of Health Stroke Scale ECASS, European Cooperative
Acute Stroke Study; SICH, Symptomatic Intracerebral Hemorrhage; VKA, vitamin K antagonists; NOAC, novel oral anticoagulants; LMWH, Low-molecular-weight heparin; SD, standard
deviation; IQR, interquartile range(Q1-Qs). The bold valued show the significance of the p < 0.05.
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wave of the pandemic were characterized by more frequent large
vessel occlusion (LVO) (p < 0.001), higher level of fibrinogen
(p = 0.018), less frequent diagnosis of cardioembolic stroke
(p = 0.013), and lower level of hemoglobin (p = 0.048) and
procalcitonin (p = 0.02) compared with patients from the
first wave. During the second wave of the pandemic, more
patients underwent intravenous thrombolysis (IVT) (26.4 vs.
9.9%, p < 0.008) and endovascular thrombectomy (EVT) (5.3 vs.
0.0%, p < 0.001). There was no difference in terms of the logistic
times: onset-to-treatment time (OTT) (p = 0.96) and door-to-
needle time (DNT) (p = 0.64) (Table 1). During both waves of the
COVID-19 pandemic, regular physician care for stroke patients
was reported to be only 23.1% compared with previous data from
our stroke register-59.9% (p < 0.001).

During the second wave of the pandemic, more of the stroke
unit personnel were infected with COVID-19 than during the
first wave (42.6 vs. 8.7%, p < 0.001).

The univariate analysis showed that the group of
cerebrovascular patients infected with COVID-19 was
characterized by more frequent diagnosis of LVO (p < 0.001),
higher C-reactive protein (CRP) level (p = 0.002), higher
30-day mortality (p = 0.03), and lower hemoglobin level (HGB)
(p = 0.015), white blood cells (WBC) (p = 0.014), and platelet
counts (p = 0.04). There was no difference in the percentage of
treatment with IVT (p = 0.42) and in terms of OTT (p = 0.86)
and DNT (p = 0.52) in both groups; however, in patients with
COVID-19, EVT was more frequent (p = 0.009) (Table 2).

The multivariate analysis showed that diagnosis of LVO (OR
8.74; 95% CI 1.60-47.82; p = 0.012) and higher 30-day mortality
(OR 6.01; 95% CI 1.04-34.78; p = 0.045) were associated with
patients infected by COVID-19 (Table 3).

DISCUSSION

We showed that the courses of the two waves of the pandemic
were different in terms of the workload of the stroke unit of a
rural hospital located in south-eastern Poland. In Poland, the
number of COVID-19 infections per million inhabitants during
the corresponding periods of the two waves of the pandemic was
20 and more than 25,500, respectively (16, 17). In the adequate
periods 0of 2019, 88 and 93 patients with cerebrovascular incidents
have been hospitalized in our stroke center (the IVT rate and
DNT were 29.3%/40 min and 36%/37 min, respectively). EVT
was not available in our center in 2019 due to the fact that the
interventional center for our region was being organized then.
During the first wave of the pandemic, we hospitalized about one-
fifth stroke patients less, the percentage of IVT was three times
lower, and DNT was longer than in previous years in a similar
period. However, analogous data from the second wave of the
pandemic were comparable to the data from the 2019 period.
During the first wave of the pandemic, although the number
of patients infected with SARS-CoV-2 was small and although
the activities of the neurology department were disturbed, there
were interruptions in admitting patients to the ward, and the
medical staff were repeatedly quarantined. This is consistent
with previous reports of observational studies that hospitals

significantly reduced care delivery in response to the first wave of
the COVID-19 pandemic (18-20). Similar observations apply to
the care of patients with stroke (10). Certainly, at the time of the
first wave of the pandemic, the number of cases with confirmed
COVID-19 infection was underestimated. This was due to the
lack of experience of the medical personnel in diagnosing the
disease as well as the unavailability and imperfection of diagnostic
tests (21-23).

As in other European countries, in September and October
in Poland, there was a sharp increase in morbidity and
deaths due to COVID-19 (22, 24). At the same time, there
was a significant increase in the incidence of cerebrovascular
events (24).

In our group of patients with COVID-19, in some of them,
stroke occurred on consecutive days of infection, while the
remaining patients developed infection in the first few days of
stroke. Previous studies reported that the median incidence of
stroke from onset of infection is 10 days (25). Patients with acute
stroke may be asymptomatic carriers in the prodromal period,
and neurological deficits are the first manifestation of COVID-19
infection (26).

The results of several studies showed that a significant group
among the infected was patients with LVO, which could be
explained by the coagulation and microcirculation disorders
described in patients with COVID-19 (27, 28). In our group of
ischemic stroke patients with COVID-19, patients with diagnosis
of LVO accounted for nearly 60% of the entire infected group.
However, during the first wave of the pandemic, the lower
number of strokes and the lack of patients with major strokes due
to LVO could be explained by the limited transport from other
hospitals to our stroke center. The necessity of its improvement
was one of the main lessons learned both from the first and
the second waves of the pandemic. It should also be noted that
the proportion of cryptogenic strokes was not different between
infected and non-infected patients, which contradicts the results
of other studies (29, 30).

Despite the greater number of COVID-19 infections during
the second wave of the pandemic, the organization of work at the
emergency and stroke units was improved, which resulted in a
high percentage of reperfusion therapy in patients with ischemic
stroke. We do not have information on the use of reperfusion
therapies during the second wave of the pandemic; however,
the published data on the use of IVT and EVT during the first
wave indicated significant limitations in the use of these therapies
(5, 1820, 25).

In the field of laboratory tests, patients with COVID-19 were
characterized by a higher level of fibrinogen and CRP and a
lower level of HGB, platelet, and WBC counts. We did not find
a difference in the level of D-dimer, but the results significantly
exceeded the laboratory norm in both groups. Our findings are
consistent with the results of previous observational studies, in
which a high level of fibrinogen and D-dimer and a low level
of platelets in patients with cerebrovascular diseases infected by
SARS-CoV-2 were pointed out (5, 31-33).

In the group of patients with cerebrovascular diseases
infected with COVID-19, a higher 30-day mortality was found
compared with patients without COVID-19 infection. Perry
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TABLE 2 | The clinical characteristics of the subgroups of patients with cerebrovascular diseases and COVID-19 infection.

Variables The patients with COVID-19 infection The patients without COVID-19 infection P Value
n (%) 38 (23.46) 124 (76.54) —
Demographic data

Age [years] mean, SD 75.05 (13.46) 74.49 (12.44) 0.812
Male gender, n (%) 16 (42.11) 63 (50.81) 0.348
Risk factors, n (%)

Baseline mRS 3-5 5(13.16) 13(10.48) 0.646
Avrterial hypertension 27 (71.05) 90 (72.58) 0.854
Atrial fibrillation 8(21.05) 31 (25.00) 0.618
Diabetes mellitus 6 (15.79) 21 (16.94) 0.868
Type of cerebrovascular event, n (%)

Ischemic stroke 32 (84.21) 93 (75.00) 0.237
Intracerebral hemorrhage 1(2.63) 12 (9.68) 0.162
TIA 5(13.16) 19 (15.32) 0.724
Symptoms of stroke or TIA, n (%)

From the anterior circulation 30 (78.95) 93 (75.00) 0.618
From the posterior circulation 2 (5.26) 19 (15.45) 0.108
Disturbances of consciousness 4 (10.53) 14 (11.29) 0.896
Etiological classification, n(%)

Large vessel occlusion 19 (568.38) 22 (23.66) <0.001
Cardioembolism 5(15.15) 22 (22.68) 0.357
Lacunar stroke 4(12.12) 28 (28.87) 0.053
Undetermined etiology 4(12.12) 5(5.15) 0.178
NIHSS on admission, [points] median (IQR) 9.50 (3.00-15.00) 5.00 (2.00-12.00) 0.110
Laboratory findings, median (IQR)

Hemoglobin level [g/dL] 13.30 (12.20-14.00) 13.90 (12.80-15.00) 0.015
White blood cells [x10%/L] 7.75 (6.40-9.10) 8.70 (7.25-11.60) 0.014
Platelets [x10%/L] 194.00 (149.00-270.00) 229.00 (190.50-278.50) 0.041
Fibrinogen level [mg/dL] 411.00 (332.00-495.00) 367.00 (315.00-458.00) 0.086
D-dimer level [ng/mL] 1134.00 (668.00-1656.00) 698.00 (400.00-1819.00) 0,057
C-reactive protein level [mg/L] 47.70 (7.80-72.00) 7.25 (2.20-43.40) 0.002
Procalcitonin level [ng/mL] 0.11(0.04-0.18) 0.04 (0.02-0.16) 0.070
Secondary prophylactic, n(%)

VKA 0 4(3.23) 0.262
NOAC 1(2.63) 16 (12.90) 0.071
Antiplatelets 13 (34.21) 74 (59.68) 0.006
LMWH 4(10.53) 6 (4.84) 0.202
Antiplatelets + LMWH 17 (44.74) 17 (13.71) <0.001
Intracerebral thrombolysis, n (%) 9 (23.68) 22 (17.74) 0.415
Onset-to-treatment time [min.] 135.00 (115.00-190.00) 141.50 (120.00-175.00) 0.861
Door-to-treatment time [min.] 40.00 (23.00-59.00) 49.00 (34.00-72.00) 0.514
PH2, n (%) 0 2(9.09) 0.350
SICH*, n (%) 0 1(4.55) 0.516
Mechanical thrombectomy, n (%) 2 (20.00) 2 (2.35) 0.009
Onset-to-ship time [min.] 230.00 (210.00-250.00) 127.00 (114.00-140.00) 0.121
mRS 0-2 at thirty-day, n(%) 15 (39.47) 63 (50.81) 0.221
30-day mortality, n(%) 11 (28.95) 17 (13.71) 0.030

¥ According to the ECASS Il and lll criteria; TIA, Transient Ischemic Attack; mRS, modified Rankin scal; NIHSS, National Institutes of Health Stroke Scale ECASS, European Cooperative
Acute Stroke Study; SICH, Symptomatic Intracerebral Hemorrhage; VKA, vitamin K antagonists; NOAC, novel oral anticoagulants; LMWH, Low-molecular-weight heparin; SD, standard
deviation; IQR, interquartile range(Q1-Qs). The bold valued show the significance of the p < 0.05.
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TABLE 3 | Multivariate logistic regression models showing confounders of clinical
characteristics of stroke with COVID-19 infection.

Variables COVID-19 infection

OR 95% ClI p-value
Hemoglobin level 0,84 0,48-,46 0,534
Platelets 1,01 0,99-1,02 0,267
Large vessel occlusion 8,74 1,60-47,82 0,012
Mechanical thrombectomy 6,15 0,45-84,20 0,173
30-day mortality 6,01 1,04-34,78 0,045

The bold valued show the significance of the p < 0.05.

et al. showed that COVID-19 at the onset of stroke was
independently associated with death during admission (32).
The preliminary analysis of a North American neurovascular
consortium comprising 14 comprehensive stroke centers in the
USA and Canada suggests that the rates of mortality with
COVID-19-associated stroke are greater than in COVID-19
or stroke in otherwise. Mortality was significantly higher in
African-Americans compared with other races (33). In the Italian
population, patients who died in March-May 2020, compared
with those who died in June-August 2020, had significantly lower
rates of multiple comorbidities (three or more comorbidities)
(34). We did not find such relationship. The meta-analysis of
16 studies involving 4,448 patients with cerebrovascular and
cardiovascular diseases by Pranata et al. found that the presence
of COVID-19 infection in patients with cerebrovascular disease
was associated with an unfavorable outcome, while in patients
with cardiovascular diseases with an unfavorable outcome, a
higher mortality and a more severe course of COVID-19
infection were observed (35).

A previous publication reported that the restrictions taken
to control the rapid spread of COVID-19 resulted in a sudden,
unprecedented change in the lifestyle of individuals, leading to
negative consequences on general health (36). We recognized this
problem in the decline of patients reporting regular physician
care (37).

COVID-19 infections among medical staff significantly
impaired the care of patients with stroke. In our stroke team,
almost half of the staff were infected. This was mainly due
to a lack of experience of the staff in terms of care for
patients with serious infectious disease and to the lack of
sufficient personal protective equipment. Other publications
highlighted the significant problem of COVID-19 infection
among staff (38-40).

The current study has several limitations. Firstly, it is a
retrospective single-center study, although data were collected
prospectively. Therefore, the study group was limited in its
number. Secondly, the small number of diagnosed and confirmed
COVID-19 cases during the first wave of the pandemic was
also related to a lack of experience of the medical personnel
in diagnosing the disease as well as the unavailability and
imperfection of diagnostic tests. Thirdly, in patients with
stroke in the course of COVID-19 infection, we had only the

possibility of 24-h Holter ECG monitoring, which is not in
line with current recommendations, but this is only what can
be refounded by the Polish health system. The abbreviated
monitoring procedure could reduce the patient population with
detected atrial fibrillation (41). Another limitation of the study
was the lack of radiological assessment of the site lesion in
ischemic stroke. We could not assess the impact of vaccinations
on the occurrence and course of cerebrovascular incidents during
the second wave of the pandemic, as vaccination in Poland began
at the end of December. This problem should be assessed in a
future study.

To conclude, cerebrovascular patients infected with
COVID-19 were characterized by a higher rate of diagnosis
of LVO and 30-day mortality. Despite the greater number of
COVID-19 infections during the second wave of the pandemic,
the work of the stroke center was better organized, which
resulted in the higher percentage of reperfusion procedures,
regardless of the frequent infections among SU staff. The
greater number of patients treated during the second wave than
during the first wave of the pandemic resulted from the lack
of interruptions in the operation of our stroke center, creating
buffer wards dedicated to infectious patients in our hospital,
better organization of transport between hospitals, and reduction
of fear of the medical staff of severe COVID-19 infection.
However, dedicated staff training and better personal protective
equipment are needed to prevent COVID-19 infection among
the stroke unit staft.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Commttee of Collegium Medicum Jan
Kochanowski University in Kielce. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

PS designed and directed the study. PS, WS, DG-W, JW, KP, MA,
TF-P, MK, and GK analyzed data. PS, WS, DG-W, JW, KP, MA,
TF-P, and MK recruited the participants and acquired the data.
PS, WS, DG-W, JW, and GK drafted the manuscript together. All
authors revised and approved the final manuscript.

FUNDING

The project is supported under the program of the Minister of
Science and Higher Education under the name Regional Initiative
of Excellence in 2019-2022 project number: 024/RID/2018/19.

Frontiers in Neurology | www.frontiersin.org

August 2021 | Volume 12 | Article 655434


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Sobolewski et al.

COVID-19 Pandemic in Community Hospital

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

. Carneiro T, Dashkoff ],

. Hess DC, Eldahshan W, Rutkowski E. COVID-19-related stroke. Transl Stroke

Res. (2020) 11:322-5. doi: 10.1007/s12975-020-00818-9

. Iba T, Levy JH, Levi M, Thachil J. Coagulopathy in COVID-19. ] Thromb

Haemost. (2020) 18:2103-9. doi: 10.1111/jth.14975

. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic manifestations

of hospitalized patients with coronavirus disease 2019 in Wuhan, China.
JAMA Neurol. (2020) 77:683-90. doi: 10.1001/jamaneurol.2020.1127

. Cappellari M, Zini A, Sangalli D, Cavallini A, Reggiani M, Sepe FN, et al.

Thrombolysis and bridging therapy in patients with acute ischaemic stroke
and Covid-19. Eur ] Neurol. (2020) 27:2641-5. doi: 10.1111/ene.14511

Leung LY, Nobleza COS,
Londono E, Hathidara M, et al. Intravenous tPA for acute ischemic
stroke in patients with COVID-19. ] Stroke Cerebrovasc Dis. (2020)
29:105201. doi: 10.1016/j.jstrokecerebrovasdis.2020.105201

Marulanda-

. Qureshi AL, Abd-Allah F, Al-Senani F, Aytac E, Borhani-Haghighi A, Ciccone

A, et al. Management of acute ischemic stroke in patients with COVID-
19 infection: report of an international panel. Int ] Stroke. (2020) 15:540-
54. doi: 10.1177/1747493020923234

. Merkler AE, Parikh NS, Mir S, Gupta A, Kamel H, Lin E, et al. Risk of Ischemic

stroke in patients with coronavirus disease 2019 (COVID-19) vs. patients with
influenza. JAMA Neurol. (2020). doi: 10.1001/jamaneurol.2020.2730

. Yaghi S, Ishida K, Torres ], Mac Grory B, Raz E, Humbert K, et al. SARS-

CoV-2 and stroke in a New York healthcare system. Stroke. (2020) 51:2002-
11. doi: 10.1161/STROKEAHA.120.030335

. Fraiman P, Godeiro Junior C, Moro E, Cavallieri F Zedde M. COVID-19

and cerebrovascular diseases: a systematic review and perspectives for stroke
management. Front Neurol. (2020) 11:574694. doi: 10.3389/fneur.2020.574694
Markus HS, Brainin M. COVID-19 and stroke-A global World
Stroke  Organization perspective. Int ] Stroke. (2020) 15:361-
4. doi: 10.1177/1747493020923472

Czlonkowska A, Sarzynska-Dlugosz I, Niewada M, Kobayashi A. Eligibility of
stroke unit in Poland for administration of intravenous thrombolysis. Eur J
Neurol. (2006) 13:220-4. doi: 10.1163/176830806778698123
Blazejewska-Hyzorek B, Czernuszenko A, Czlonkowska A, Drozdowski
W, Gasecki D, Kazmierski R, et al. Postepowanie w udarze mozgu:
wytyczne Grupy Ekspertow Sekcji Chorob Naczyniowych Polskiego
Towarzystwa  Neurologicznego.  Neurol — Neurochir ~ Pol.  (2012)
46:3-78. doi: 10.5603/PPN.2019.0001

Powers W, Rabinstein A, Ackerson T, Adeoye OM, Bambakidis NC, Becker
K, et al. 2018 guidelines for the early management of patients with acute
ischemic stroke: a guideline for healthcare professionals from the American
Heart Association/ /American Stroke Association. Stroke. (2018) 49:e46—
99. doi: 10.1161/STR.0000000000000172

Lyden P, Brott T, Tilley B, Welch KM, Mascha EJ, Levine S, et al. Improved
reliability of the NIH stroke scale using video training. NINDS TPA Stroke
Study Group Stroke. 25:2220-6. doi: 10.1161/01.STR.25.11.2220

Bonita R, Beaglehole R. Recovery of motor function after stroke. Stroke. (1988)
19:1497-500. doi: 10.1161/01.STR.19.12.1497

Available online at: https://informacje.pan.pl/images/2020/opracowanie-
covid19-14-09-2020/ZrozumiecCovid19_opracowanie_PAN.pdf  (accessed
April 12, 2021)

Available online at: https://covid19.who.int/table (accessed April 12, 2021)
Roifman I, Arora RC, Bewick D, Chow CM, Clarke B, Cowan S, et al.
Cardiovascular care delivery during the second wave of COVID-19 in Canada.
Can ] Cardiol. (2020) 37:790-3. doi: 10.1016/j.cjca.2020.11.016

Kerleroux B, Fabacher T, Bricout N, Moise M, Testud B, Vingadassalom S,
et al. The ETIS registry, and the JENI-Research Collaborative. Mechanical
Thrombectomy for Acute Ischemic Stroke Amid the COVID-19 Outbreak:
Decreased Activity, and Increased Care Delays Stroke. (2020) 51:2012-
17. doi: 10.2139/ssrn.3571545

McConachie D, McConachie N, White P, Crossley R, Izzath W. Mechanical
thrombectomy for acute ischaemic stroke during the COVID-19
pandemic: changes to UK practice and lessons learned. Clin Radiol.
(2020) 75:795. doi: 10.1016/j.crad.2020.07.001

Singleton G, Syversen A, Vanderslott S, Johnson G. Perceptions and
experiences of healthcare workers during the COVID-19 pandemic in

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

the UK. BMJ Open. (2020) 10:¢040503. doi: 10.1136/bmjopen-2020-
040503

De Natale G, De Natale L, Troise C, Marchitelli V, Coviello A, Holmberg KG, et
al. The evolution of covid-19 in Italy after the Spring of 2020: an unpredicted
summer respite followed by a second wave. Int ] Environ Res Public Health.
(2020) 17:8708. doi: 10.3390/ijerph17238708

Mantica G, Riccardi N, Terrone C, Gratarola A. Non-COVID-19 admissions
to the emergency department during the pandemic second wave in
Ttaly: what is changed from the first wave? Am ] Emerg Med. (2020)
26. doi: 10.1016/j.2jem.2020.11.046

Mishra AK, Sahu KK, George AA, Sargent J, Lal A. Cerebrovascular
events in COVID-19 patients. Monaldi Arch Chest Dis. (2020)
10:90. doi: 10.4081/monaldi.2020.1341

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. China
medical treatment expert group for Covid-19. clinical characteristics of
coronavirus disease 2019 in China. N Engl ] Med. (2020) 382:1708-
20. doi: 10.1056/NEJMc2005203

Nishiura H, Linton NM, Akhmetzhanov AR. Serial interval of novel
coronavirus (COVID-19) infections. Int ] Infect Dis. (2020) 93:284-
6. doi: 10.1016/}.ijid.2020.02.060

Majidi S, Fifi JT, Ladner TR, Lara-Reyna J, Yaeger KA, Yim B, et al. Emergent
large vessel occlusion stroke during New York City’s COVID-19 outbreak:
clinical characteristics and paraclinical findings. Stroke. (2020) 51:2656-
63. doi: 10.1161/STROKEAHA.120.030397

Moshayedi P, Ryan TE, Mejia LLP, Nour M, Liebeskind DS. Triage
of acute ischemic stroke in confirmed COVID-19: large vessel
occlusion associated with coronavirus infection. Front Neurol. (2020)
11:353. doi: 10.3389/fneur.2020.00353

Katsanos AH, Palaiodimou L, Zand R, Yaghi S, Kamel H, Navi BB, et al. The
impact of SARS-CoV-2 on stroke epidemiology and care: a meta-analysis. Ann
Neurol. (2021) 89:380-8. doi: 10.1002/ana.25967

Shahjouei S, Naderi S, Li J, Khan A, Chaudhary D, Farahmand G, et al. Risk of
stroke in hospitalized SARS-CoV-2 infected patients: A multinational study.
EBioMedicine. (2020) 59:102939. doi: 10.1016/j.ebiom.2020.102939

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment
is associated with decreased mortality in severe coronavirus disease
2019 patients with coagulopathy. J Thromb Haemost. (2020) 18:1094-
99. doi: 10.1111/jth.14817

Perry RJ, Smith CJ, Roffe C, Simister R, Narayanamoorthi S, Marigold R,
et al. SETICOS collaborators. Characteristics and outcomes of COVID-19
associated stroke: a UK multicentre case-control study. J Neurol Neurosurg
Psychiatry. (2020) 242-8. doi: 10.1136/jnnp-2020-324927

Dmytriw AA, Phan K, Schirmer C, Settecase F, Heran MKS, Efendizade
A, et al. Ischaemic stroke associated with COVID-19 and racial outcome
disparity in North America. ] Neurol Neurosurg Psychiatry. (2020) 91:1362-
4. doi: 10.1136/jnnp-2020-324653

Palmieri L, Palmer K, Lo Noce C, Meli P, Giuliano M, Floridia M, et al. Italian
National Institute of Health COVID-19 Mortality Group. Differences in the
clinical characteristics of COVID-19 patients who died in hospital during
different phases of the pandemic: national data from Italy. Aging Clin Exp Res.
(2020) 21:1-7. doi: 10.1007/5s40520-020-01764-0

Pranata R, Huang I, Lim MA, Wahjoepramono EJ, July J.
Impact  of  cerebrovascular and  cardiovascular  diseases  on
mortality and  severity of COVID-19-systematic review, meta-
analysis, and meta-regression. ] Stroke Cerebrovasc Dis. (2020)

29:104949. doi: 10.1016/j.jstrokecerebrovasdis.2020.104949

Di Stefano V, Ornello R, Gagliardo A, Torrente A, Illuminato E, Caponnetto
V, et al. Social distancing in chronic migraine during the covid-19
outbreak: results from a multicenter observational study. Nutrients. (2021)
13:1361. doi: 10.3390/nu13041361

Szczuchniak W, Kozera G, Sobolewski P, Brola W, Staszewski J, Schminke U,
et al. Pomeranian stroke registry collaborators. Length of stay in emergency
department and cerebral intravenous thrombolysis in community hospitals.
Eur ] Emerg Med. (2017) 24:208-16. doi: 10.1097/MEJ.0000000000000330
Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72 314 cases from the Chinese center for disease control and
prevention. JAMA. (2020) 323:1239-42. doi: 10.1001/jama.2020.2648

Frontiers in Neurology | www.frontiersin.org

August 2021 | Volume 12 | Article 655434


https://doi.org/10.1007/s12975-020-00818-9
https://doi.org/10.1111/jth.14975
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1111/ene.14511
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105201
https://doi.org/10.1177/1747493020923234
https://doi.org/10.1001/jamaneurol.2020.2730
https://doi.org/10.1161/STROKEAHA.120.030335
https://doi.org/10.3389/fneur.2020.574694
https://doi.org/10.1177/1747493020923472
https://doi.org/10.1163/176830806778698123
https://doi.org/10.5603/PPN.2019.0001
https://doi.org/10.1161/STR.0000000000000172
https://doi.org/10.1161/01.STR.25.11.2220
https://doi.org/10.1161/01.STR.19.12.1497
https://informacje.pan.pl/images/2020/opracowanie-covid19-14-09-2020/ZrozumiecCovid19_opracowanie_PAN.pdf
https://informacje.pan.pl/images/2020/opracowanie-covid19-14-09-2020/ZrozumiecCovid19_opracowanie_PAN.pdf
https://covid19.who.int/table
https://doi.org/10.1016/j.cjca.2020.11.016
https://doi.org/10.2139/ssrn.3571545
https://doi.org/10.1016/j.crad.2020.07.001
https://doi.org/10.1136/bmjopen-2020-040503
https://doi.org/10.3390/ijerph17238708
https://doi.org/10.1016/j.ajem.2020.11.046
https://doi.org/10.4081/monaldi.2020.1341
https://doi.org/10.1056/NEJMc2005203
https://doi.org/10.1016/j.ijid.2020.02.060
https://doi.org/10.1161/STROKEAHA.120.030397
https://doi.org/10.3389/fneur.2020.00353
https://doi.org/10.1002/ana.25967
https://doi.org/10.1016/j.ebiom.2020.102939
https://doi.org/10.1111/jth.14817
https://doi.org/10.1136/jnnp-2020-324927
https://doi.org/10.1136/jnnp-2020-324653
https://doi.org/10.1007/s40520-020-01764-0
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
https://doi.org/10.3390/nu13041361
https://doi.org/10.1097/MEJ.0000000000000330
https://doi.org/10.1001/jama.2020.2648
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Sobolewski et al.

COVID-19 Pandemic in Community Hospital

39. Livingston E, Bucher K, Rekito A. coronavirus disease 2019 and influenza
2019-2020. JAMA. (2020) 23:1122. doi: 10.1001/jama.2020.2633
40. Wang J, Zhou M, Liu F. Reasons for healthcare workers becoming

infected with novel coronavirus disease 2019 (COVID-19) in
China. J Hosp Infect. (2020) 105:100-1. doi: 10.1016/j.jhin.2020.
03.002

41. De Angelis MV, Di Stefano V, Franciotti R, Furia N, Di Girolamo E,
Onofrj M, et al. Cryptogenic stroke and atrial fibrillation in a real-
world population: the role of insertable cardiac monitors. Sci Rep. (2020)
10:3230. doi: 10.1038/s41598-020-60180-6

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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated 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.

Copyright © 2021 Sobolewski, Szczuchniak, Grzesiak-Witek, Wilczynski, Paciura,
Antecki, Fraticzak-Prochowski, Kos and Kozera. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

August 2021 | Volume 12 | Article 655434


https://doi.org/10.1001/jama.2020.2633
https://doi.org/10.1016/j.jhin.2020.03.002
https://doi.org/10.1038/s41598-020-60180-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Stroke Care During the First and the Second Waves of the COVID-19 Pandemic in a Community Hospital
	Introduction
	Materials and Methods
	Study Design
	Study Population
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


