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Abstract
Introduction: During the COVID-19 pandemic, studies re-
ported less number of hospitalizations for acute stroke and 
reduction in the use of recanalization treatments. This study 
analyzes nationwide data on stroke admissions and man-
agement in the Czech Republic during the first wave of the 
COVID-19 pandemic. Methods: We compared the early CO-
VID-19 pandemic (March–May 2020) with the pre-pandemic 
period (January–February 2020 and March–May 2019): (a) 
the National Register of Reimbursed Health Services provid-
ed volume of all admissions for subarachnoid hemorrhage 

(SAH), intracerebral hemorrhage (ICH), and ischemic stroke 
(IS), and volume of recanalization treatments (intravenous 
thrombolysis [IVT] and mechanical thrombectomy [MT]); (b) 
Registry of Stroke Care Quality provided door-to-needle 
time (DNT), onset-to-door time (ODT), and stroke severity at 
admission (National Institutes of Health Stroke Scale, NIHSS) 
for IS. Results: During the pandemic (March–May 2020), the 
peak number of COVID-19 patients treated in Czech hospi-
tals was 39 per million. In March–May 2020 versus March–
May 2019, hospital admissions decreased as follows: stroke 
overall by 14% (p < 0.001), IS by 14% (p < 0.001), SAH by 15% 
(p = 0.07), and ICH by 7% (p = 0.17). The mean age was 74 
years versus 74 years (p = 0.33), and 52% versus 51% were 
men (p = 0.34). The volumes of IVT and MT decreased by 14% 
(p = 0.001) and 19% (p = 0.01), respectively. The proportions 
of all IS patients receiving IVT or MT remained unchanged, 
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with, respectively, 17% versus 17% receiving IVT (p = 0.86) 
and 5% versus 5% receiving MT (p = 0.48). DNT and ODT were 
24 versus 25 min (p = 0.58) and 168 versus 156 min (p = 0.23), 
respectively. NIHSS at admission did not differ (6 vs. 6; p = 
0.54). Conclusion: Even with a low burden of COVID-19 dur-
ing the first wave and no change in organization and logis-
tics of stroke services, stroke admissions and volume of re-
canalization treatments decreased. Public health communi-
cation campaigns should encourage people to seek 
emergency medical care for stroke symptoms during the 
COVID-19 pandemic. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Several recent publications reported a decrease in the 
number of hospital admissions for acute cardiovascular 
diseases (ischemic stroke [IS], acute coronary syndrome, 
and myocardial infarction) during the COVID-19 pan-
demic [1–7]. Worsening of stroke management measures 
has also been reported, such as decreased volumes of me-
chanical thrombectomy (MT) and intravenous throm-
bolysis (IVT) and increased time to reperfusion therapy 
for IS [5, 8, 9]. The reasons for this are not entirely clear, 
but 2 main explanations have been proposed: (1) over-
whelmed and thus unavailable health-care system, or (2) 
available but, because of patients’ fear of infection, un-
used health-care system.

In response to the COVID-19 pandemic, the Czech 
Republic (CR) adopted a national state of emergency on 
March 12, 2020. This likely contributed to the exception-
ally low initial burden of SARS-CoV-2 infection in the CR 
during the first wave but may have negatively affected the 
use of health services.

The aim of this study is to evaluate the hospital admis-
sions for acute stroke and stroke management data in the 
CR using the complete nationwide data and to determine 
whether they were affected during the early stages of the 
COVID-19 pandemic (March–May 2020) when com-
pared with the 2 immediately pre-pandemic months 
(January–February 2020) and the corresponding 3 
months prior-year (March–May 2019).

Materials and Methods

We performed a nationwide retrospective study evaluating 
monthly volumes of patients hospitalized with a stroke diagnosis, 
IVT and MT volumes, based on an analysis of data from the Na-

tional Register of Reimbursed Health Services (NRRHS) and the 
Registry of Stroke Care Quality (RES-Q) in the CR early in the 
COVID-19 pandemic.

Health-Care System and Stroke Care in the CR
The CR is a central European country with 10,708,982 inhabi

tants. The Czech health-care system is used by all citizens, and 
there is no personal expense incurred for health care received (uni-
versal health-care system). There is a network of 45 accredited 
stroke centers in the CR.

National Register of Reimbursed Health Services [10, 11]
The NRRHS, part of the Institute of Health Information and 

Statistics (IHIS), collects and stores all data reported to health in-
surance companies by every health-care provider. All health insur-
ance companies in the CR which reimburse health-care services 
from resources of the public health insurance system report all 
patient-related data to the NRRHS.

Registry of Stroke Care Quality [12]
Since 2018, data on all stroke patients discharged with a stroke 

diagnosis from all accredited stroke centers in the CR are collected 
in the international RES-Q [12] for 2 months every year (March or 
April, and October). Further, RES-Q includes stroke management 
data including time to initiation of reperfusion therapy (door-to-
needle time [DNT] and onset-to-door time [ODT]), stroke sever-
ity (National Institutes of Health Stroke Scale [NIHSS]), and pa-
tient outcomes.

Design
Using the NRRHS, we analyzed data of all patients admitted to 

a hospital with a main diagnosis of stroke (diagnostic codes I60–
I64 according to the International Classification of Diseases, Tenth 
Revision [ICD-10]) in the CR in 2019 and 2020. The number of 
patients with subarachnoid hemorrhage (I60), intracerebral hem-
orrhage (I61), and acute IS (I63) was assessed; the admissions, pro-
portion of each sex, and the mean age were calculated. The propor-
tions of acute IS patients receiving IVT or MT were determined. 
The data were obtained and analyzed for the period between Janu-
ary 1, 2019 and May 31, 2020. Using the RES-Q data, the time to 
initiation of reperfusion therapy (DNT and ODT) and stroke se-
verity at admission (NIHSS) were evaluated for March 2019 and 
April 2020.

Time Periods
We compared the 3 initial pandemic months (March 1, 2020–

May 31, 2020) with (1) the 2 months immediately preceding the 
pandemic (January 1, 2020–February 29, 2020) and (2) the corre-
sponding 3 months in the previous year (March 1, 2019–May 31, 
2019) to assess stroke care prior to COVID-19.

Statistical Analysis
Categorical variables are reported as absolute numbers and 

percentages. Continuous variables are presented as mean and stan-
dard deviation or median and interquartile range. The compari-
sons between years were performed using Fisher’s exact test or the 
Mann-Whitney test, as appropriate. For overall volume analysis, 
the p value is based on 2-sided Poisson means test. A p value of 
<0.05 was considered statistically significant. All statistical analy-
ses were produced using R Statistical Software (version 4.0.3).
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Results

Hospitalization
By May 31, 2020, there were 9,268 total confirmed cas-

es of SARS-CoV-2 infection (865 per million), the case 
fatality rate was low (320 total deaths, 30 deaths per mil-
lion), and the peak number of COVID-19 patients treated 
in Czech hospitals was 39 per million (total capacity of all 
hospitals in the CR is 6,600 hospital beds per million) 
[13]. There were 7,288; 4,752; and 6,304 hospitalizations 
in the CR for any stroke (mean monthly admissions 2,429; 

2,376; and 2,101), during the corresponding 3-month pe-
riod in the pre-pandemic year (March–May 2019), the 
2-month immediate pre-pandemic period (January–Feb-
ruary 2020), and the 3-month pandemic period (March–
May 2020), respectively. During the pandemic period 
(March–May 2020), stroke hospital admissions declined 
by 14% (p < 0.001) and 12% (p < 0.001) compared to the 
corresponding prior-year (March–May 2019) and the 
immediate pre-pandemic (January–February 2020) peri-
ods, respectively (Table 1).

Table 1. Number of stroke patients admitted to hospitals in the CR in 2019 and 2020

1
March–May 2019

2
January–February 2020

3
March–May 2020

Relative change in 
monthly admissions
3 versus 1
3 versus 2

p value*
3 versus 1
3 versus 2

Stroke total
N 7,288 4,752 6,304 −14% <0.001
Mean monthly admissions 2,429 2,376 2,101 −12% <0.001

SAH (I60)
N 283 161 240 −15% 0.07
Mean monthly admissions 94 81 80 −1% 0.96

ICH (I61)
N 863 554 806 −7% 0.17
Mean monthly admissions 287 277 269 −3% 0.58

IS (I63)
N 6,142 4,037 5,258 −14% <0.001
Mean monthly admissions 2,047 2,019 1,753 −13% <0.001

CR, Czech Republic; SAH, subarachnoid hemorrhage; ICH, intracerebral hemorrhage; IS, ischemic stroke. * p value based on 2-sided 
Poisson means test.
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Monthly stroke hospitalizations are presented in 
Fig. 1, 2a–c, respectively. Figure 3 shows the decrease in 
IS admissions throughout the CR.

IS Patient Characteristics and Stroke Management
Patient characteristics are summarized in Table  2. 

During the early stages (March–May 2020) compared to 
1 year earlier (March–May 2019), the IVT volumes de-
clined by 14% (p = 0.001), and the MT by 19% (p = 0.01). 
The proportions of all IS patients receiving IVT or MT 

remained unchanged with, respectively, 17% versus 17% 
receiving IVT (p = 0.86), and 5% versus 5% receiving MT 
(p = 0.48).

Using the RES-Q (comparing April 2020 with March 
2019), the time to initiation of reperfusion therapy re-
mained unchanged (DNT [24 vs. 25 min; p = 0.58] and 
ODT [168 vs. 156 min; p = 0.23]). Stroke severity at ad-
mission also did not differ (NIHSS 6 vs. 6; p = 0.54) (Ta-
ble 3).
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Table 2. Characteristics of IS patients (I63) and parameters of stroke care in 2019 and 2020 using NRRHS

1
March–May 2019
(N = 6,142)

2
January–February 2020
(N = 4,037)

3
March–May 2020
(N = 5,258)

p value
3 versus 1
3 versus 2

Patient characteristics
Age, mean (SD) 74 (12) 74 (13) 74 (12) 0.33

0.15
Men, n (%) 3,126 (51) 2,043 (51) 2,724 (52) 0.34

0.26
Reperfusion therapy, n (%)

IVT 1,056 (17.2) 702 (17.4) 911 (17.3) 0.86*
0.96

MT 333 (5.4) 223 (5.5) 269 (5.1) 0.48†

0.40

IVT, intravenous thrombolysis; MT, mechanical thrombectomy; NRRHS, National Registry of Reimbursed 
Health Services; SD, standard deviation; IS, ischemic stroke. * p value 0.86, 0.96 is referring to the comparison of 
percentages IVTs. p value absolute count IVT: 3 versus 1: p = 0.001, 3 versus 2: p = 0.004. p value is based on 
2-sided Poisson means test. † p value 0.48, 0.40 is referring to the comparison of percentages MTs. p value abso-
lute count MT: 3 versus 1: p = 0.010, 3 versus 2: p = 0.017. p value is based on 2-sided Poisson means test.
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Discussion

We performed a nationwide study providing complete 
data on stroke in the CR during the first wave of the CO-
VID-19 pandemic. The major findings were a significant-
ly moderate reduction in acute stroke hospitalizations 
(14%) and number of reperfusion therapies (IVT [14%], 
MT [19%]), but preservation of the frequency (propor-
tions) and timing of advanced therapies for acute IS in the 
CR during the early stages of the COVID-19 pandemic 
(March–May 2020) as compared with 1 year earlier 
(March–May 2019). These results raise concern in light 
of low burden of COVID-19 cases in the CR in the early 
stages of the pandemic.

In the first wave compared with the previous year pe-
riod, the decrease in hospitalization was observed in all 
stroke types, but only the decline in IS reached statisti-
cally significance (14%; p < 0.001). The decline in sub-
arachnoid hemorrhage (15%; p = 0.07) was the same size 
but together with intracerebral hemorrhage (7%; p = 0.17) 
was not statistically significant, which could be attributed 
to the lower number of hemorrhagic strokes and lack of 
power to detect a statistically significant change. The de-
crease in IS admissions was seen consistently throughout 
the CR (in 13 out of 14 regions). Our data are in line with 
other studies showing a reduction in acute IS admissions 
early in the COVID-19 pandemic in 2020 across stroke 
centers [6, 7] (China [5], the USA [14], Slovakia [15], Ger-
many [16], Italy [3, 17], and Spain [18, 19]). Some centers 
reported a higher number of patients admitted with IS 
following local reorganization of stroke care (Italy) [6]. 
Interestingly, there was an increase in the number of large 
vessel occlusion ISs reported in New York [20]. The pa-
tients’ characteristics (age, gender, and stroke severity) 
did not differ across the compared time periods. Stroke 

severity at admission (NIHSS) remained unchanged sim-
ilar to other well-established European centers [6], which 
might indicate the resilience of acute stroke treatment. 
This is supported by a hypothesis that hospital overload 
related to high COVID-19 burden was not a key factor, 
since the decline was observed worldwide even in centers 
with low or non-existent COVID-19 patients [7]. Instead, 
this may have been predominantly the independent deci-
sion to not seek medical care due to fear of infection and 
lower social family interactions [16]. Otherwise, some 
studies report that patients with severe strokes sought 
medical care, but patients’ fear of contracting coronavirus 
may have played a role in reduced hospitalizations for 
transient ischemic attacks and milder ISs [4, 9, 16, 21]. 
This is of concern because even minor strokes carry an 
immediate high risk of recurrent stroke.

The nationwide data reported here suggest that there 
was no difference in the proportion of IS patients treated 
with reperfusion therapy, similar to other studies [15]. 
However, there was a decline in the absolute volume of 
reperfusion therapies (for both IVT and MT), as reported 
in other studies [5, 16, 19]. Our findings raise concerns 
that these patients may have missed acute therapy with 
proven efficacy in reducing death and stroke-related dis-
ability. Further, the median ODT and DNT were un-
changed, which is contrary to the findings of other studies 
[14, 22] and suggests that once the health-care system was 
notified, all acute stroke treatment processes were unaf-
fected.

The causes for decline in hospitalization for stroke 
during COVID-19 pandemic remain unexplained. It is 
suggested that both behavioral and infrastructural chang-
es played a role [6]. The limitation of our study is that we 
cannot directly confirm how many cases did not activate 
emergency medical services while having stroke symp-

March 2019
(N = 951)

April 2020
(N = 1,033)

p value

Time
DNT min., median, IQR 25 (15–35) 24 (16–33) 0.58
ODT, min., median, IQR 156 (84–430) 168 (85–474) 0.23

Stroke severity
NIHSS at admission; median, IQR 6 (3–12) 6 (3–13) 0.54

DNT, door-to-needle time; IQR, interquartile range; NIHSS, National Institutes of 
Health Stroke Scale; ODT, onset-to-door time; RES-Q, Registry of Stroke Care Quality; 
IS, ischemic stroke. The completeness of these variables in the RES-Q registry for March 
2019 and April 2020 was as following: 90 and 91% for NIHSS, 39 and 35% for DNT, and 
80% and 79% for ODT, respectively.

Table 3. IS (I63) patients and parameters 
of stroke care in 2019 and 2020 using 
RES-Q
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toms. Therefore, we cannot completely rule out an alter-
native explanation for less stroke admissions, which could 
be lower stroke incidence, possibly due to reasons such as 
less physical stress due to self-isolation, less air pollution, 
traffic exposure, fast foods, lower exposure to infections 
(flu), and other viruses [7, 23]. Other researchers oppose 
noting that it is unlikely that the incidence would decline 
and that an increase in stroke incidence could be antici-
pated, given the COVID-19 patients’ predisposition for 
thromboembolic events [24, 25]. Another limitation is 
that we could not ascertain whether the lower number of 
hospital visits was a result of people isolating at home 
during the pandemic having fewer events stroke events 
being witnessed by others who might have otherwise ac-
tivated emergency medical services [7]. Local character-
istics and local reorganization of stroke management 
might have also influenced local admission rates [6].

The main strength of our study is that it covers the en-
tire CR. The study was conducted using the NRRHS, 
which by law records all reimbursed health services. The 
presented data about stroke hospitalization, age, gender, 
and reperfusion therapy (IVT, MT) are complete. We may 
have missed patients who died before hospitalization. The 
IHIS registries were previously validated [10, 11]. There 
are known limitations concerning the 3 variables from 
RES-Q (DNT, ODT, and NIHSS). These data are available 
only for a proportion of patients, for those treated in ac-
credited stroke centers (approximately 83% of stroke pa-
tients) and only for 2 months every year. However, these 
limitations are restricted only to these 3 variables and do 
not alter the overall conclusions. Another strength is that 
in the CR there is a universal health care system free of 
charge to all patients. Therefore, even if there was change 
in economic status of residents due to the COVID-19 pan-
demic, this could not explain less hospital visits.

Suggestions
To avoid severe health as well as economic conse-

quences from undiagnosed and untreated stroke, we sug-
gest that
1.	 “stay at home” campaigns should be balanced by rais-

ing the public awareness of stroke symptoms and the 
importance of acute diagnosis and treatment (as well 
as for other time-sensitive diseases such as myocardial 
infarction);

2.	 patients with stroke symptoms should be encouraged 
to seek immediately medical care;

3.	 patients should be assured that hospitals take all pre-
ventive measures to prevent contracting coronavirus 
disease in the hospital settings.

Conclusion

During the first wave of the COVID-19 pandemic 
(March–May 2020), the CR had a low burden of SARS-
CoV-2 infections and the hospital capacity was not af-
fected. However, a significant reduction in stroke hos-
pitalizations and absolute volume of reperfusion thera-
pies (IVT, MT) was reported. Importantly, the quality 
of stroke care as reflected by the proportion of acute IS 
patients receiving IVT or MT was unchanged. The “stay 
at home” campaigns should be balanced by raising pub-
lic awareness of stroke symptoms and the importance 
of acute diagnosis and treatment to ensure that poten-
tially effective stroke therapies continue despite the 
pandemic.
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