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To the Editors

The most severe consequences of the COVID-19 pan-
demic were reported during its first wave in 2019. Although
airway inflammation is part of the main clinical picture of
COVID-19, the consequences of a SARS-Cov2 infection
can also include coagulation disorders, cardiomyopathy and
endotheliopathy, which lead to stroke in 1.5% of patients.
With the global reach of the pandemic came collaboration
between scientists and clinicians from around the world.
This transfer of knowledge between various medical cen-
tres contributed to greatly improved understanding of the
mechanisms of transmission and the different manifesta-
tions of infection.

To assess the global impact of the pandemic on stroke
hospitalisations and outcomes, Prof. Nogueira inspired the
international community of neurologists and neurointer-
ventionalists from six continents, 70 countries and almost
500 hospital stroke centres to participate in large, cross-
-sectional, observational, retrospective studies. Thirteen Pol-
ish centres participated in this important project. This article
presents a summary of the results from five analyses, focusing
on ischaemic stroke, reperfusion therapy, subarachnoid haem-
orrhage, and cerebral venous thrombosis, before and during
the pandemic, and includes the contribution of Polish centres.

To date, over 500 million cases of COVID-19 have been
confirmed worldwide. Although respiratory infection is the
main clinical feature of COVID-19, the consequences of
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a SARS-CoV-2 infection can also include coagulation disor-
ders, cardiomyopathy and endotheliopathy, which are associat-
ed with stroke in up to 1.5% of patients. The sudden outbreak
of the pandemic immediately favoured collaboration between
Polish clinicians who have published several articles in this
matter [1-7]. The transfer of knowledge between medical cen-
tres across the world was also important. This contributed to
improved recognition and understanding of the mechanisms
of transmission and the course of COVID-19 in patients with
stroke and other neurological diseases.

As an example of international collaboration between
stroke centres, Prof. Raul G. Nogueira, Director of the Univer-
sity of Pittsburgh Medical Centre (UPMC)’s Stroke Institute,
initiated several studies on the course of cerebrovascular dis-
ease and the organisation of care provided to patients during
the COVID-19 pandemic in relation to analogous parameters
before the pandemic [8-12]. UPMC is an important stroke
centre for patient care, teaching, clinical and basic research in
several areas of neurology, including stroke, and Prof. Nogueira
has played a global leadership role in many landmark stroke
thrombectomy trials.

To assess the global impact of the pandemic on stroke hos-
pitalisations and outcomes, Prof. Nogueira inspired the interna-
tional community of neurologists and neurointerventionalists
from six continents, 70 countries and almost 500 hospital stroke
centres to participate in large cross-sectional, observational,
retrospective studies [8-15]. As highlighted in an editorial by
Prof. Bart M. Demaerschalk entitled: ‘Where in the World Have
All the Strokes Gone?’ [16], Nogueira and his collaborators
comprehensively described the global changes that took place
in stroke care management at the height of the COVID-19 pan-
demic, and provided potential systemic explanations for these
changes associated with COVID-19 or societal behaviour.

We had the opportunity to listen to a lecture by Prof.
Nogueira during a conference organised by the Cerebrovascu-
lar Diseases Section of the Polish Neurological Society in 2021.
An invitation to collaborate in the global COVID-19 stroke
studies was received by Prof. Anna Czlonkowska, who was then
Chair of the Cerebrovascular Diseases Section. This invitation
was extended to the heads of neurology/stroke departments
involved in the SITS and RESQ registers, and led to the partici-
pation of 13 Polish (not only academic) stroke centres (**listed
below) in the global COVID-19 stroke studies.

Here, we present a summary of the results from five anal-
yses, focusing on ischaemic stroke, reperfusion therapy, suba-
rachnoid haemorrhage (SAH), and cerebral venous thrombosis
(CVT) before and during the pandemic. The contribution of
Polish centres is described — the names of the Polish clinicians
involved can be found in the original papers.

The first paper entitled: ‘Global impact of COVID-19 on
stroke care and IV thrombolysis’ compared the impact of the
COVID-19 pandemic on intravenous thrombolysis (IVT), IVT
transfers and stroke hospitalisations over four months during
the height of the outbreak (from 1 March to 30 June 2020) with

two four-month pre-pandemic periods [8]. In total, 325 stroke
centres from 70 countries, including 11 from Poland, partic-
ipated in this study. Data was collected from 91,373 stroke
patients hospitalised before and 80,894 stroke patients hospi-
talised during the pandemic. Data from 1,815 stroke patients
hospitalised before and 1,749 hospitalised during the pandem-
ic were submitted by Polish investigators.

Overall, stroke admissions declined by 11.5% [95%
confidence interval (CI) -11.7 to —11.3, p < 0.0001] during
the pandemic months compared to immediately before. Fur-
thermore, in the four months preceding the pandemic, there
were 13,334 IVT procedures compared to 11,570 therapies
during the pandemic, which represents a 13.2% (95% CI
-13.8 to -12.7, p < 0.0001) decline. In addition, the number
of inter-facility IVT transfers decreased from 1,337 to 1,178,
which represents an 11.9% decrease (95% CI -13.7 to -10.3,
p =0.001). The decline in patient volumes was greater in pri-
mary stroke centres and centres with higher COVID-19 vol-
umes. Some recovery in stroke hospitalisation volumes was
noted (9.5%, 95% CI 9.2 t0 9.8, p < 0.0001) over the two later
pandemic months (May, June) compared to the earlier two
months (March, April). Overall, 1.48% of COVID-19 patients
suffered from a stroke diagnosis and 3.3% of all stroke admis-
sions were associated with SARS-CoV-2 infection.

After the first wave of the pandemic, a later study entitled:
‘Global impact of the COVID-19 pandemic on stroke volumes
and cerebrovascular events: One-year follow-up’ compared
the period from 1 March 2020 to 28 February 2021 to the year
before (i.e. 1 March 2019 to 29 February 2020) [9]. Volume data
was obtained for COVID-19 admissions and for four stroke
metrics: ischaemic stroke and intracranial haemorrhage (ICH)
admissions, IVT and mechanical thrombectomy procedures from
275 stroke centres in 56 countries. Nine Polish centres provided
data for ischaemic stroke admissions (4,511 patients in the year
before the pandemic, and 4,638 patients in the one-year pandemic
period), ICH admissions (601 and 666 patients, respectively),
IVT (1,142 and 1,066 patients, respectively) and mechanical
thrombectomy procedures (527 and 601 patients, respectively).

Overall, there were 148,895 stroke admissions in the one-
year period immediately before the pandemic and 138,453 ad-
missions during the one-year pandemic period, which repre-
sentsa 7% decline (95% CI 7.1 t0 6.9; p < 0.0001). ICH volumes
decreased by 4.8% (5.1 t0 4.6; p < 0.0001) and IVT volumes by
6.1% (6.4 to 5.8; p < 0.0001). There were no significant chang-
es in mechanical thrombectomy volumes (0.7%; 0.6 to 0.9;
p = 0.49). These results suggest that during the first year of the
pandemic, stroke care was maintained for more severe diseases.

Other interesting international findings on outcomes were
described in the publication: ‘Safety and outcome of revascu-
larisation treatment in patients with acute ischaemic stroke and
COVID-19: The Global COVID-19 Stroke Registry’ [10] that
was initiated by Dr. Patrik Michel and Dr. Joao Pedro Marto of
the Lausanne University Hospital in collaboration with Profes-
sors Raoul Nogueira and Thanh Nguyen. This study examined
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the association of acutely revascularised COVID-19 with ICH
complications and clinical outcomes between March 2020 and
June 2021. Of 15,128 included patients with acute ischae-
mic stroke from 105 centres, including nine Polish centres,
853 (5.6%) were diagnosed with COVID-19. In total, 38.7%
of patients received IVT only and 61.3% had thrombectomy.
Revascularised patients with COVID-19 had higher rates of
symptomatic ICH (SICH); [adjusted odds ratio (OR) 1.53;
95% CI 1.16-2.01], symptomatic SAH (SSAH; OR 1.80; 95%
CI1.20-2.69), SICH and/or SSAH combined (OR 1.56; 95% CI
1.23-1.99), 24-hour (OR 2.47;95% CI 1.58 to 3.86) and 3-month
mortality (OR 1.88; 95% CI 1.52 to 2.33). COVID-19 patients
also had an unfavourable shift in the distribution of the modified
Rankin score at three months (OR 1.42; 95% CI 1.26-1.60).

The manuscript ‘Global impact of the COVID-19 pan-
demic on subarachnoid haemorrhage (SAH) hospitalisa-
tions, aneurysm treatment and in-hospital mortality: 1-year
follow-up’ assessed differences in the incidence and severity
of aneurysmal SAH (aSAH) presentation and ruptured aneu-
rysm treatment modalities in the first year of the pandemic
compared to the preceding year [11]. The analysis included
16,247 aSAH admissions, 8,300 ruptured aneurysm coilings
and 4,240 ruptured aneurysm clipping procedures. Polish
authors from nine centres included data from patients hospi-
talised before and during the pandemic for aSAH (163 and 169,
respectively); endovascular coiling (101 and 115, respectively),
surgical clipping (46 and 40, respectively), and non-traumatic
SAH (221 and 217, respectively).

Overall, there was a decline in aSAH admissions (-6.4%;
95% CI -7.0% to —5.8%; p = 0.0001) in the first year of the
pandemic compared to the year before. There was a trend
towards a decline in mild and moderate SAH at presentation
by Hunt Hess Grade, but there were no difference concerning
higher SAH severity of presentation on admission. The rates
of ruptured aneurysm clipping remained the same (30.7% vs.
31.2%; p = 0.58), whereas there was an increase in ruptured
aneurysm coiling (53.97% vs. 56.5%; p = 0.009). No differences
in in-hospital aSAH mortality rates were recorded (19.1% vs.
20.1%; p = 0.12) pre- and during the pandemic.

Finally, CVT and mortality were studied in the publica-
tion: ‘Global impact of the COVID-19 pandemic on volume
of cerebral venous thrombosis and mortality’ [12]. Across
the study period from January 2019 to May 2021, there were
3,210 CVT hospitalisations in 171 centres. Nine Polish centres
contributed data on 82 patients.

No differences in CVT volumes or CVT mortality rates
were noted between 2019 and 2020. During the pandemic,
COVID-19 diagnoses were present in 7.6% of all CVT hos-
pitalisations, while CVT was present in 0.04% of COVID-19
hospitalisations. In the first pandemic year of 2020, CVT
mortality was higher in patients who were COVID-positive
than in those who were COVID-negative [8/53 (15.0%) vs.
41/910 (4.5%); p = 0.004]. In the first five months of 2021, there

was a rise in CVT volumes in relation to 2019 (27.5%; 95% CI
24.2-32.0; p < 0.0001) and 2020 (41.4%; 95% CI, 37.0-46.0;
p <0.0001). There was also a rise in CVT mortality in the first
five months of 2020 and 2021 in relation to the first five months
0f2019 (2019 vs. 2020: 2.26% vs. 4.74%, p = 0.05; 2019 vs. 2021:
2.26% vs. 4.99%, p = 0.03). The increase in mortality during
the first five months of 2021 may be partially attributable to
26 cases of vaccine-induced immune thrombotic thrombocy-
topenia, which resulted in six deaths [17].

The joint effort of this global coalition of stroke researchers
and clinicians during very difficult times has contributed to
advances in the knowledge and expertise related to the diag-
nosis and therapy applied to patients with cerebrovascular
disease during the COVID-19 pandemic.
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**The list of Polish centres participating in the project:

1. Institute of Psychiatry and Neurology (1% and 2 Depart-
ment of Neurology), Warsaw

2. Department of Neurology, School of Health Sciences,
Medical University of Silesia in Katowice

3. Neurological Ward with Stroke Unit, Specialist Hospital
in Konskie, Collegium Medicum, Jan Kochanowski Uni-
versity, Kielce

4. Neurological Ward with Stroke Unit, District Hospital in
Skarzysko-Kamienna

5. Department of Neurology, T. Marciniak’s Hospital in
Wroclaw

6. Department of Radiology, Wroclaw Medical University,
Wroclaw

7. Department of Neurology and Cerebrovascular Disorders
Poznan

8. University of Medical Sciences; 107" Military Hospital
with Polyclinic, Walcz

9. Department of Neurology, St. Queen Jadwiga, Clinical
Regional Hospital No. 2, Rzeszow

10. Department of Neurology, Medical University of Lublin

11. Department of Neurology and Stroke Unit, Holy Spirit
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ian University, Cracow

Department of Neurology and Stroke, St. John Paul II
Western Hospital, Grodzisk Mazowiecki
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Department of Neurology, Wroclaw Medical University,
Wroclaw

Conflict of interest: None.
Funding: None.

References

Stowik A, Nowak R, Popiela T. Significant fall in stroke admissions in
the Malopolska Voivodeship of Poland during the COVID-19 pandemic.
Neurol Neurochir Pol. 2020; 54(5): 471-472, doi: 10.5603/PJNNS.
a2020.0056, indexed in Pubmed: 32700757.

Wnuk M, Sawczynska K, Kesek T, et al. Neurological symptoms in
hospitalised patients with COVID-19 and their association with in-
-hospital mortality. Neurol Neurochir Pol. 2021; 55(3): 314-321, doi:
10.5603/PJNNS.a2021.0039, indexed in Pubmed: 34037979.
Sawczyhska K, Wnuk M, Jagietta J, et al. 4C Mortality Score correla-
tes with in-hospital functional outcome after COVID-19-associated
ischaemic stroke. Neurol Neurochir Pol. 2021; 55(3): 295-299, doi:
10.5603/PJNNS.a2021.0037, indexed in Pubmed: 33949676.
Zielinska-Turek J, Jasinska A, Kotakowska J, et al. Clinical features of
neurological patients with coronavirus 2019: an observational study
of one centre. Neurol Neurochir Pol. 2021; 55(2): 195-201, doi:
10.5603/PJNNS.a2021.0011, indexed in Pubmed: 33528832.
Debiec A, Bilik M, Piasecki P, et al. Effect of COVID-19 pandemic
on stroke admissions and quality of stroke interventional treat-
ment in Masovian Voivodeship. Neurol Neurochir Pol. 2021; 55(2):
223-226, doi: 10.5603/PJNNS.a2021.0025, indexed in Pubmed:
33783813.

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

10.

11.

12.

13.

14.

15.

16.

17.

Sawczyrska K, Wrona P, Kesek T, et al. Mechanical thrombectomy in
COVID-19-associated ischaemic stroke: patient characteristics and outco-
mes in a single-centre study. Neurol Neurochir Pol. 2022; 56(2): 163-
170, doi: 10.5603/PJNNS.a2022.0026, indexed in Pubmed: 35315928.
Migkisiak G, Fercho J, Pettersson SD, et al. Impact of COVID-19 on
incidence and treatment of intracranial aneurysms in Poland: a natio-
nal study. Neurol Neurochir Pol. 2022; 56(1): 96-100, doi: 10.5603/
PJNNS.a2022.0006, indexed in Pubmed: 35014691.

Nogueira RG, Qureshi MM, Abdalkader M, et al. SVIN COVID-19 Global
Stroke Registry, SVIN COVID-19 Global Stroke Registry. Global impact
of COVID-19 on stroke care and IV thrombolysis. Neurology. 2021;
96(23): €2824-2838, doi: 10.1212/WNL.0000000000011885,
indexed in Pubmed: 33766997.

Nguyen TN, Qureshi MM, Klein P, et al. Global impact of the COVID-19
pandemic on stroke volumes and cerebrovascular events: one-year
follow-up. Neurology. 2022 [Epub ahead of print], doi: 10.1212/
WNL.0000000000201426, indexed in Pubmed: 36257718.

Marto JP, Strambo D, Ntaios G, et al. and the Global COVID-19 Stroke
Registry. Safety and outcome of revascularization treatment in pa-
tients with acute ischemic stroke and COVID-19: the global COVID-19
stroke registry. Neurology. 2022 [Epub ahead of print], doi: 10.1212/
WNL.0000000000201537, indexed in Pubmed: 36351814.

SVIN COVID-19 Global SAH Registry. Global impact of the COVID-19
pandemic on subarachnoid haemorrhage hospitalisations, aneurysm
treatment and in-hospital mortality: 1-year follow-up. J Neurol Neuro-
surg Psychiatry. 2022 [Epub ahead of print], doi: 10.1136/jnnp-2022-
329200, indexed in Pubmed: 35902229.

Nguyen TN, Qureshi MM, Klein P, et al. SVIN COVID-19 Global COVID
Stroke Registry. Global impact of the COVID-19 pandemic on cerebral
venous thrombosis and mortality. J Stroke. 2022; 24(2): 256-265,
doi: 10.5853/j0s.2022.00752, indexed in Pubmed: 35677980.
Nogueira RG, Abdalkader M, Qureshi MM, et al. Global impact of
COVID-19 on stroke care. Int J Stroke. 2021; 16(5): 573-584, doi:
10.1177/1747493021991652, indexed in Pubmed: 33459583.
Nguyen TN, Haussen DC, Qureshi MM, et al. SVIN COVID-19 Registry,
the Middle East North Africa Stroke and Interventional Neurothera-
pies Organization (MENA-SINO), Japanese Society of Vascular and
Interventional Neurology Society (JVIN). Decline in subarachnoid ha-
emorrhage volumes associated with the first wave of the COVID-19
pandemic. Stroke Vasc Neurol. 2021; 6(4): 542-552, doi: 10.1136/
svn-2020-000695, indexed in Pubmed: 33771936.

Siegler JE, Abdalkader M, Michel P, et al. Therapeutic Trends of
Cerebrovascular Disease during the COVID-19 Pandemic and Futu-
re Perspectives. J Stroke. 2022; 24(2): 179-188, doi: 10.5853/
j0s.2022.00843, indexed in Pubmed: 35677974.

Demaerschalk BM. Where in the world have all the strokes
gone? Neurology. 2021; 96(23): 1069-1070, doi: 10.1212/
WNL.0000000000011886, indexed in Pubmed: 33766991.

Siegler JE, Klein P, Yaghi S, et al. Cerebral vein thrombosis with
vaccine-induced immune thrombotic thrombocytopenia. Stroke. 2021;
52(9): 3045-3053, doi: 10.1161/STROKEAHA.121.035613, indexed
in Pubmed: 34304601.

139


http://dx.doi.org/10.5603/PJNNS.a2020.0056
http://dx.doi.org/10.5603/PJNNS.a2020.0056
https://www.ncbi.nlm.nih.gov/pubmed/32700757
http://dx.doi.org/10.5603/PJNNS.a2021.0039
https://www.ncbi.nlm.nih.gov/pubmed/34037979
http://dx.doi.org/10.5603/PJNNS.a2021.0037
https://www.ncbi.nlm.nih.gov/pubmed/33949676
http://dx.doi.org/10.5603/PJNNS.a2021.0011
https://www.ncbi.nlm.nih.gov/pubmed/33528832
http://dx.doi.org/10.5603/PJNNS.a2021.0025
https://www.ncbi.nlm.nih.gov/pubmed/33783813
http://dx.doi.org/10.5603/PJNNS.a2022.0026
https://www.ncbi.nlm.nih.gov/pubmed/35315928
http://dx.doi.org/10.5603/PJNNS.a2022.0006
http://dx.doi.org/10.5603/PJNNS.a2022.0006
https://www.ncbi.nlm.nih.gov/pubmed/35014691
http://dx.doi.org/10.1212/WNL.0000000000011885
https://www.ncbi.nlm.nih.gov/pubmed/33766997
http://dx.doi.org/10.1212/WNL.0000000000201426
http://dx.doi.org/10.1212/WNL.0000000000201426
https://www.ncbi.nlm.nih.gov/pubmed/36257718
http://dx.doi.org/10.1212/WNL.0000000000201537
http://dx.doi.org/10.1212/WNL.0000000000201537
https://www.ncbi.nlm.nih.gov/pubmed/36351814
http://dx.doi.org/10.1136/jnnp-2022-329200
http://dx.doi.org/10.1136/jnnp-2022-329200
https://www.ncbi.nlm.nih.gov/pubmed/35902229
http://dx.doi.org/10.5853/jos.2022.00752
https://www.ncbi.nlm.nih.gov/pubmed/35677980
http://dx.doi.org/10.1177/1747493021991652
https://www.ncbi.nlm.nih.gov/pubmed/33459583
http://dx.doi.org/10.1136/svn-2020-000695
http://dx.doi.org/10.1136/svn-2020-000695
https://www.ncbi.nlm.nih.gov/pubmed/33771936
http://dx.doi.org/10.5853/jos.2022.00843
http://dx.doi.org/10.5853/jos.2022.00843
https://www.ncbi.nlm.nih.gov/pubmed/35677974
http://dx.doi.org/10.1212/WNL.0000000000011886
http://dx.doi.org/10.1212/WNL.0000000000011886
https://www.ncbi.nlm.nih.gov/pubmed/33766991
http://dx.doi.org/10.1161/STROKEAHA.121.035613
https://www.ncbi.nlm.nih.gov/pubmed/34304601

