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pandemic: experience from three regions of the north east of Italy
(Veneto, Friuli-Venezia-Giulia, Trentino-Alto-Adige)

Paolo Manganotti1 &Marcello Naccarato1
& Ilario Scali1 &Manuel Cappellari2 & Bruno Bonetti2 & Alessandro Burlina3 &

Emanuele Turinese3
& Sabrina Bogo4

& Francesco Teatini5 & Enrica Franchini5 & Giorgio Caneve6 & Giampietro Ruzza6 &

Anna Gaudenzi7 & Roberto Bombardi7 & Giulio Bozzato8
& Roberta Padoan8

& Carolina Gentile9
& Michele Rana9 &

Michelangelo Turazzini10 & Danese Alessandra10 & Francesco Brigo11
& Raffaele Nardone11

& Rocco Quatrale12 &

Elisabetta Menegazzo13
& Maela Masato13

& Stefano Novello14
& Paolo Passadore14

& Antonio Baldi15 &

Luca Valentinis15 & Claudio Baracchini16 & Alessio Pieroni16 & Anna Maria Basile17
& Claudio Semplicini17 &

Silvio Piffer18 & Bruno Giometto18
& Simone Tonello19

& Domenico Marco Bonifatti19 & Simone Lorenzut20 &

Giovanni Merlino20
& Maria Rosaria Valente20

& Francesco Paladin21
& Agnese Tonon21

& Cristina de Luca22 &

Francesco Perini22 & Sandro Centonze23
& Paolo Bovi2

Received: 21 October 2020 /Accepted: 15 January 2021
# The Author(s) 2021

Abstract
Background Efficiency of care chain response and hospital reactivity were and are challenged for stroke acute care management
during the pandemic period of coronavirus disease 2019 (COVID-19) in North-Eastern Italy (Veneto, Friuli-Venezia-Giulia,
Trentino-Alto-Adige), counting 7,193,880 inhabitants (ISTAT), with consequences in acute treatment for patients with ischemic
stroke.
Methods We conducted a retrospective data collection of patients admitted to stroke units eventually treated with thrombolysis
and thrombectomy, ranging from January to May 2020 from the beginning to the end of the main first pandemic period of
COVID-19 in Italy. The primary endpoint was the number of patients arriving to these stroke units, and secondary endpoints were
the number of thrombolysis and/or thrombectomy. Chi-square analysis was used on all patients; furthermore, patients were
divided into two cohorts (pre-lockdown and lockdown periods) and the Kruskal-Wallis test was used to test differences on
admission and reperfusive therapies.
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Results In total, 2536 patients were included in 22 centers. There was a significant decrease of admissions in April compared to
January. Furthermore, we observed a significant decrease of thrombectomy during the lockdown period, while thrombolysis rate
was unaffected in the same interval across all centers.
Conclusions Our study confirmed a decrease in admission rate of stroke patients in a large area of northern Italy during the
lockdown period, especially during the first dramatic phase. Overall, there was no decrease in thrombolysis rate, confirming an
effect of emergency care system for stroke patients. Instead, the significant decrease in thrombectomy rate during lockdown
addresses some considerations of local and regional stroke networks during COVID-19 pandemic evolution.
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Introduction

In these months, the spread of SARS-CoV-2 disease (COVID-
19) has reached pandemic proportions, affecting millions of
people worldwide. The World Stroke Organization (WSO)
has been monitoring experiences across the globe [1].
During the early COVID-19 emergency pandemic, in differ-
ent countries, there was a significant service reorganization of
most acute stroke services. Many healthcare systems reduced
provision of “non-urgent” care, with a particular impact on
stroke prevention, follow-up, and even urgent interventions
such as thrombolysis and carotid endarterectomy. The ability
to offer endovascular treatments has been reduced in many
units [2, 3]. Beginning in mid-February 2020, the Italian au-
thorities had to manage a huge reorganization to direct re-
sources towards COVID-19 patient care [4]. At the end of
May, Italy counted 227,364 diagnosed COVID-19 infections
and 32,330 deaths (14.2%) (ISS). The rapid surge of COVID-
19 cases seriously threatened the Italian health system: many
regions such as Lombardia (the largest in Italy with >10 mil-
lion inhabitants, but also the one with the highest number of
COVID-19 cases) decided to dedicate entire hospitals to the
increasing need of COVID-19-positive patients. In contrast,
the care of other non-COVID-19 diseases as well as non-
urgent interventions and outpatient activities was highly re-
duced or even stopped [2, 3, 5]. Acute stroke pathways were
also completely redrawn: pre-hospital transportations were
reorganized to prioritize the SARS-CoV-2-infected patients’
needs; specific triage protocols were activated to assess and
manage COVID-19 suspicion or infection. Many stroke units
were closed to reallocate stroke physicians and nurses to the
care of COVID-19 patients or even converted into COVID-
19-positive wards [6].

Recently, different studies reported the experience of
stroke management during the COVID-19 period to guarantee
the continuity of care and emergency [7–11]. A lot of
multicentric studies were done in many countries (the USA
[12–15], China [16], the UK [17], France [18], Spain [19, 20],
Singapore [21], Germany [22, 23], Denmark [24], and
Holland [25]), but in Italy, we had only single-center studies
[26, 27] before the comprehensive Italian study recently
printed [11]. The principal aim of our work is to provide a

snapshot of the North-Eastern part of Italy stroke management
during the early COVID-19 pandemic, focusing on few but
clear items of emergency care, in a region counting 7,193,880
inhabitants based on the last demographic data (ISTAT).

In this study, we reported the data of admission of ischemic
stroke patients, the number of thrombolysis and the number of
thrombectomy in 22 stroke units in Triveneto (i.e., Friuli-
Venezia-Giulia, Veneto, and Trentino-Alto-Adige regions)
during the pre-lockdown and lockdown periods documenting
the medical system emergency activity in stroke management.

Methods

The retrospective data acquisition period ranged from January
2020 toMay 31, 2020, and was performed at 22 stroke centers
of the three regions (12 comprehensive stroke centers and 10
primary stroke centers). Numbers of patients admitted with
final diagnoses of ischemic stroke from January 1, 2020, to
May 31 and information regarding reperfusive therapies (in-
travenous thrombolysis and mechanical thrombectomy) were
gathered from main discharge diagnosis documentation ac-
cording to the local hospital and Italian diagnosis-related
group system and SPREAD-ISO criteria. Treatment was de-
fined byOperation and Procedure Classification System codes
for intravenous thrombolysis and thrombectomy. All patients
with acute stroke receiving treatments were included.

This survey was conducted in line with the principles of the
Declaration of Helsinki. Approval for the study was obtained
from the local ethics committee (CEUR FVG).

Endpoints The primary endpoint was the total number of is-
chemic stroke patients admitted to the stroke units. Secondary
endpoints were the number of patients receiving thrombolysis
and the number of patients receiving the thrombectomy.

Statistics To test the impact of the outbreak on the COVID-19
pandemic on stroke patients’ volume and patients’ character-
istics, we analyzed the data in the following ways. The tem-
poral distribution of admissions, thrombolysis, and
thrombectomies was tested for homogeneity with a chi-
square goodness of fit; if differences were significant, we used

4600 Neurol Sci (2021) 42:4599–4606



multiple comparisons Friedman rank test (p<0.05 considered
significant). Moreover, patients were divided into two groups
(pre-lockdown and lockdown periods) and differences on the
number of admissions, thrombolysis, and thrombectomy pro-
cedures were tested using the Kruskal-Wallis test (p<0.05
considered significant). All the analyses were performed using
SPSS Statistics 23 (IBM, Armonk, NY, USA).

Results

We collected 2536 patients admitted to the 22 stroke units
included in this survey, from January to May 2020. A reduc-
tion in admissions due to ischemic stroke was noted during the
COVID-19 period using chi-square goodness of fit analysis,
from a maximum in January (570, pre-COVID) and a mini-
mum detected in April (464), reaching statistical significance
on the Friedman rank test (p=0.016).

Focusing on management and treatment, thrombolysis was
performed during the non-COVID-19 and COVID-19 period
without differences in all Triveneto stroke units: a total of 609
alteplase infusions were almost equally divided into the
5 months examined, with a variable trend express in the single
centers. The percentage of thrombolysis on admission is al-
most unvaried in COVID-19 months (March and April). The
chi-square goodness of fit analysis did not reveal temporal
distribution inhomogeneities.

Endovascular treatment showed a significant reduction
during these months (both in absolute values and in percent-
age of admissions). Analyzing a total of 267 thrombectomies,
a halving of numbers in April (32) compared to January (64)
and a statistically significant inhomogeneity of data distribu-
tion using chi-square goodness of fit analysis can be seen,
confirmed by the Friedman rank test (p=0.032): the majority
of Triveneto centers individually confirm this trend.
Categorizing data into two groups (non-COVID-19 period—
January and February—and COVID-19 period—March and
April) and analyzing these with the Kruskal-Wallis test, there
was a significant decrease of admissions (11%) with a col-
lapse of thrombectomies (42%), while the rate of thrombolysis
was uniform (p=0.025).

None but one of the stroke units of the three regions was
reorganized in COVID-19 units or redrawn in emergency
units. There was no dedicated stroke unit for COVID-19 pa-
tients: every patient with acute ischemic stroke was treated
regardless of his positivity to the coronavirus (Figs. 1 and 2).

Discussion

The first main finding of our survey is a reduction of admis-
sions of ischemic stroke patients in dedicated stroke units
during the lockdown period (especially in April 2020) in a

large region of Italy, counting 7,193,880 inhabitants. This
result is in line with some published reports [11, 28, 29], but
extends the previous observations to a different area. Most
centers in our report participated also to the Italian survey
[11] but the results cannot be directly compared, because the
two studies have different time courses, endpoints, and statis-
tical analyses.

The second main finding of our survey is that absolute and
relative number of thrombolysis was constant across all in-
cluded stroke units: none of the stroke units involved reported
significant decrease of thrombolysis treatment in the different
regions of the North-East area of Italy. In contrast to our find-
ings, another study recently printed [11] reported a decrease of
thrombolysis during March 2020 in other Italian regions. We
could just consider few suggestions to explain these data.
Across the stroke units, there was an organized filtering and
protection for suspected COVID-19 patients with stroke that
were undertaken [2, 3] during the COVID-19 pandemic.
Dedicated protected rooms in stroke units for stroke patients’
emergencies requiring fast reperfusive therapies before result
of COVID-19 swab tests, specific training for operators, and
quick swab tests for each new stroke patient probably did not
affect the possibility of reperfusive therapies in comprehen-
sive stroke centers as well as in primary stroke centers. We
shall underline the sensibility of emergency system to the
stroke networks well developed in all the territory of the north
east and the presence of general practitioners alerting the
emergency system in case of stroke patients. Finally, to ex-
plain the persistence of thrombolysis without a decrease of
treatment as described in an Italian study [11], we should
consider that the data presented in our paper are collected from
January to May 2020. We focused more on an admission and
treatment temporal trend than on a comparison between 2020
and 2019: our primary aim was to describe the effect of whole
COVID-19 first pandemic wave on stroke emergency.
Furthermore, our findings were obtained from areas with sim-
ilar diffusion of pandemic and similar approach to health
emergency.

To explain the discrepancy between reduction of admission
and persistence of reperfusion therapy before and during the
COVID-19 period, we noted that minor stroke patients did not
arrive to emergency care or probably were treated at home by
general practitioners and this finding is in line with the Italian
national survey [11]; in contrast, “severe” or “significant”
stroke patients were addressed to the hospital even in the more
severe period of the COVID-19 pandemic. These findings
across different centers guarantee the continuity of care of
stroke patients in the dramatic COVID-19 pandemic in these
three regions. The finding underlies the reactivity of the stroke
emergency system similar to other European reports (as in
Germany [22, 23]).

In contrast to the persistence of intravenous thrombolysis,
the other dramatic finding of our study was a significant
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decrease of thrombectomies during the lockdown period,
mainly in April 2020 with a recovery in May 2020 across all
the stroke units. This oscillation follows the peak and the
descending slope of pandemic as reported by ISTAT.
Similar patterns of performance are reported in a multicenter
French study [7] describing a significant decrease in stroke

a

b

c

Fig. 1 Number of patients
admitted to the Northern-East
Italy stroke units (a) during non-
COVID-19 and COVID-19 pe-
riods (January to May 2020).
Number of thrombolysis (b) and
endovascular treatments (c) done
during the same period in these
stroke units

�Fig. 2 Trend of COVID-19 symptoms (dark blue) and diagnoses (light
blue) in Friuli-Venezia-Giulia (a), Veneto (b), and Trentino-Alto-Adige
(c) from January to May 2020. http://www.dati.salute.gov.it, accessed
June 05, 2020
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patients treated with thrombectomy during the first stages of
the COVID-19 pandemic in France. Actually, we can only
speculate on the different causes responsible for this finding.
We can consider a delay of time due to the emergency period,
but for these patients we did not collect the time from the onset
of sympotms to the arrive in emergency department. In our
opinion, possible causes could be the major difficulty of the
interventional radiology units connected to the stroke units to
perform filtering and dedicated room, the reduced number of
dedicated operators (which were involved in other radiologi-
cal activities with risk of contamination), the difficulty of rap-
id sanification of the interventional rooms, and mostly a re-
duction of acute stroke patients transport from primary stroke
centers to comprehensive stroke centers, in line with the
French survey [7]. This finding however was transitory for
the month of April and recovered to the previous level in
May suggesting the rapid reactivity also of this system in the
three regions contemplated.

Our findings on thrombectomy are in contrast with the Italian
national survey [11] but in line with the French one [7] that
considered almost the same timeline as the Italian survey. In
Northern Italy (North-West and probably Emilia-Romagna), a
mothership transport approach to comprehensive stroke centers
was predominant, since many primary stroke centers were
converted to COVID-19-treating units; this could explain the
increase of thrombectomies as well as the decrease of thrombol-
ysis in those areas. In our region, the stroke network remained
almost unchanged during the pandemic, with both primary stroke
centers and comprehensive stroke centers dealing with ischemic
strokes. The different organization of health services with other
Italian areaswith the sameCOVID-19 incidence could explain the
different results in terms of thrombolysis and thrombectomies.
Furthermore, our survey just considered the pandemic (March,
April, and May) and pre-pandemic (January, February) periods,
so monthly variance in ischemic stroke incidence and reperfusion
rate could be a confound factor.

These findings prompt immediate consideration of local
and regional stroke networks preparedness in the varying con-
texts of COVID-19 pandemic evolution. Fear of in-hospital
infection and advices from health authorities, media, and doc-
tors probably led patients withmild stroke symptoms to stay at
home and to be treated by general practitioners. For this rea-
son, recent information campaigns, encouraging patients to an
early emergency room presentation, were increasingly imple-
mented from stroke physicians.

The reactivity of the stroke network was similar in all the
three regions of the North-East of Italy, which have similar
organization in comparison to other regional lands of Italy.
This report underlies the organizations of the system during
this dramatic pandemic and the information here reported
could be useful for other systems and for future ongoing peaks
of pandemic in other countries. Based on these data, in our
opinion, quick swab test, filtering and dedicated rooms and

operators in stroke units, sensitivity for emergency, and con-
nection with general practitioners were probably the reasons
of preservation of emergency treatment of stroke in North-
East of Italy despite the COVID-19 pandemic.

Acknowledgements Open access funding provided by Università degli
Studi di Trieste within the CRUI-CARE Agreement.

Compliance with ethical standards

Ethical approval The study has been approved by the local ethics com-
mittee (CEUR FVG).

Informed consent The participants or their legal representatives ap-
proved and signed the informed consent according to institutional and
EC regulations.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Markus HS, Brainin M (2020) COVID-19 and stroke—a global
World Stroke Organization perspective. Int J Stroke 15:361–364.
https://doi.org/10.1177/1747493020923472

2. Baracchini C, Pieroni A, Viaro F, Cianci V, Cattelan AM, Tiberio I,
Munari M, Causin F (2020) Acute stroke management pathway
during coronavirus-19 pandemic. Neurol Sci 41:1003–1005.
https://doi.org/10.1007/s10072-020-04375-9

3. Naccarato M, Scali I, Olivo S, AjčevićM, Buoite Stella A, Furlanis
G, Lugnan C, Caruso P, Peratoner A, Cominotto F, Manganotti P
(2020) Has COVID-19 played an unexpected “stroke” on the chain
of survival? J Neurol Sci 414:116889. https://doi.org/10.1016/j.jns.
2020.116889

4. Bersano A, Pantoni L (2020) On being a neurologist in Italy at the
time of the COVID-19 outbreak. Neurology 94:905–906. https://
doi.org/10.1212/WNL.0000000000009508

5. Spina S, Marrazzo F, Migliari M, Stucchi R, Sforza A, Fumagalli R
(2020) The response of Milan’s Emergency Medical System to the
COVID-19 outbreak in Italy. Lancet 395:e49–e50. https://doi.org/
10.1016/S0140-6736(20)30493-1

6. BersanoA, KraemerM, Touzé E,Weber R, Alamowitch S, Sibon I,
Pantoni L (2020) Stroke care during the COVID-19 pandemic:
experience from three large European countries. Eur J Neurol 27:
1794–1800. https://doi.org/10.1111/ene.14375

7. Kerleroux B, Fabacher T, Bricout N, Moïse M, Testud B,
Vingadassalom S, Ifergan H, Janot K, Consoli A, Ben Hassen W,
Shotar E, Ognard J, Charbonnier G, L’Allinec V, Guédon A,

4604 Neurol Sci (2021) 42:4599–4606

https://doi.org/
https://doi.org/10.1177/1747493020923472
https://doi.org/10.1007/s10072-020-04375-9
https://doi.org/10.1016/j.jns.2020.116889
https://doi.org/10.1016/j.jns.2020.116889
https://doi.org/10.1212/WNL.0000000000009508
https://doi.org/10.1212/WNL.0000000000009508
https://doi.org/10.1016/S0140-6736(20)30493-1
https://doi.org/10.1016/S0140-6736(20)30493-1
https://doi.org/10.1111/ene.14375


Bolognini F, Marnat G, Forestier G, Rouchaud A, Pop R, Raynaud
N, Zhu F, Cortese J, Chalumeau V, Berge J, Escalard S, Boulouis
G, Chivot C, Hanafi R, Pasco A, Girot JB, Biondi A, di Caterino F,
Primikiris P, Vitale G, Bonnet L, Gariel F, Barreau X, Debruxelles
S, Lucas L, Menegon P, Olindo S, Poli M, Renou P, Sagnier S,
Sibon I, Veunac L, Gentric JC, Barbier C, Boulanger M, Cogez J,
Guettier S, Schneckenburger R, Touze E, Delaitre M, Lebendinsky
P, Musacchio M, Ricolfi F, Thouant P, Caparros F, Casolla B,
Della Schiava L, Dequatre N, Henon H, Pasi M, Kazemi A, Bala
F, Estrade L, Mounayer C, Saleme S, Macian-Montoro F, Eker O,
Cotton F, Blanc-Lasserre K, Cakmak S, Cho TH, Derex L,
Lukaszewicz AC, Mechtouff L, Nighoghossian N, Philippeau F,
Riva R, Turjman F, Vallet AE, Carle X, Dory-Lautrec P, Reyre A,
Hak JF, Brunel H, Benali A, Collemiche FL, Dargazanli C,
Cagnazzo F, Derraz I, Arquizan C, Corti L, Costalat V, Gaillard
N, Gascou G, Lefèvre PH, Mourand I, Riquelme C, Derelle AL,
Gory B, Liao L, Tonnelet R, Anxionnat R, Bonnerot M, Bracard S,
Braun M, Humbertjean L, Lacour JC, Mione G, Planel S, Richard
S, Riou-Comte N, Schmitt E, Bourcier R, Detraz L, Desal H,
Alexandre PL, Daumas-Duport B, Lenoble C, Roy M, Coskun O,
di Maria F, Lapergue B, Rodesch G, Wang A, Weisenburger-Lile
D, Zimatore S, Ajili N, Buard G, Evrard S, Gorza L, Gratieux J,
Leguen M, Marinier S, Pico F, Poll R, Rakotoharinandrasana H,
Tassan P, Tchikviladze M, Delvoye F, Hebert S, Blanc R, Ciccio
G, Desilles JP, Maier B, Mazighi M, Piotin M, Redjem H, Smajda
S, Ben Maacha M, Corabianu O, de Broucker T, Ille O, Manchon
E, Obadia M, Obadia M, Raynouard I, Peres R, Sabben C, Smadja
D, Taylor G, Thion LA, Lecler A, Spelle L, Denier C, Caroff J,
Chassin O, Spelle, Venditti L, Aymard A, Betty J, Civelli V,
Eliezer M, Fantoni M, Houdart E, Labeyrie MA, Saint Maurice
JP, Kalsoum E, Pacini A, Ramadane C, Tuilier T, Villain A,
Clarencon F, Degos V, Elhfnawy A, Elhorany M, Lenck S,
Premat K, Sourour NA, Alamowitch S, Baronnet F, Crozier S,
Deltour S, Leger A, Rosso C, Deltour S, Leger A, Rosso C,
Pyatigorskaya N, Rodriguez Regent C, Trystram D, Naggara O,
Seners P, Turc G, Edjlali M, Agbonon R, Alotaibi M, Sonchet A,
Oppenheim C, Meder JF, Benzakoun J, Legrand L, Fauché C,
Velasco S, Manceau PF, Moulin SSS, Eugene F, Ferre JC, Paya
C, Eugene F, Gauvrit JY, Langnier-Lemercier S, Lassale M,
Raoult, Ronziere, Tracol C, Vannier S, Burel J, le Moal J,
Papagiannaki C, Aggour M, Sachet M, Boutet C, Beaujeux R,
Hasiu A, Manisor M, Mihoc D, Kremer S, Arteaga C, Gazzola S,
Darcourt J, Cognard C, Bonneville F, Christine Januel A, Olivot
JM, Raposo N, Viguier A, Bibi R, Boustia F, Herbreteau D,
Maldonado I, Narata AP (2020) Mechanical thrombectomy for
acute ischemic stroke amid the COVID-19 outbreak: decreased
activity, and increased care delays. Stroke 51:2012–2017. https://
doi.org/10.1161/STROKEAHA.120.030373

8. Smith MS, Bonomo J, Knight WA et al (2020) Endovascular ther-
apy for patients with acute ischemic stroke during the COVID-19
pandemic: a proposed algorithm. Stroke 51:1902–1909. https://doi.
org/10.1161/STROKEAHA.120.029863

9. Sangalli D, Polonia V, Colombo D, Mantero V, Filizzolo M,
Scaccabarozzi C, Salmaggi A (2020) A single-centre experience
of intravenous thrombolysis for stroke in COVID-19 patients.
Neurol Sci 41:2325–2329. https://doi.org/10.1007/s10072-020-
04591-3

10. Cappellari M, Zini A, Sangalli D et al (2020) Thrombolysis and
bridging therapy in patients with acute ischaemic stroke and Covid-
19. Eur J Neurol 14511. https://doi.org/10.1111/ene.14511

11. Sacco S, Ricci S, Ornello R, Eusebi P, Petraglia L, Toni D, Rota E,
Bruzzone G, Testa L, Bongioanni R, RossoM, Labate C, Tarletti R,
Cantello R, Fleetwood T, Melis F, Imperiale D, Amarù S, Reggiani
M, Ruiz L, Cipriano E, Ferrandi D, Julita P, Africa L, Meinieri P,
Grasso MF, Servo S, Cavallo R, Chianale G, Naldi A, Cerrato P,
Rubino E, Giossi A, Puglisi V, Vinciguerra L, Santilli I, Bordo BM,

Marcheselli S, Bottini J, D’Alessandro CM,Micieli G, Cavallini A,
Canavero I, Muscia F, Nuzzaco G, Ciccone A, Silvestrelli G,
Salmaggi A, Sangalli D, Zanferrari C, Fanucchi S, Ranieri M,
Beretta S, Ferrarese C, Pasini F, Santangelo F, Checcarelli N,
Beretta S, Bazzi P, Camerlingo M, Tognozzi M, Caneve G,
Adami A, Quatrale R, Critelli A, Bartolomei L, Masato M, Perini
F, de Boni A, Disco C, Baracchini C, Pieroni A, Lerario R, Russo
M, Polo A, Danese A, Valentinis L, Baldi A, Tonello S, Paladin F,
Tonon A, Bonetti B, Cappellari M, Teatini F, Dossi RC, Franchini
E, Giometto B, Bignamini V, Manganotti P, Naccarato M, Gigli
GL, Lorenzut S, Merlino G, Valente M, Rana M, Gentile C,
Tassinari T, Sugo A, Saia V, Balestrino M, Coccia A, Finocchi C,
Valzania F, ZeddeML, Toschi G, LongoniM, Paolucci M, Tugnoli
V, Querzani P, Padroni M, Meletti S, Bigliardi G, Dall’Acqua ML,
Zini A, Gentile M, Migliaccio L, Chiti A, Tassi R, Martini G,
Nencini P, Lamassa M, Mancuso M, Orlandi G, Ferrari E,
Marconi R, Gallerini S, Groggia V, Volpi G, Menichetti C,
Spolveri S, Silvestrini M, Viticchi G, Buratti L, Pelliccioni G,
Potente E, Mazzoli T, Marsili E, Cenciarelli S, Picchioni A,
Costantini F, Colosimo C, Paciaroni M, Caso V, Rasura M,
Beccia M, Falcone N, di Stefano M, Cecconi E, Anticoli S,
Pezzella FR, Mangiardi M, Plocco M, Magarelli M, Saggese CE,
Berto I, AltavistaMC, Roberti C, DiomediM, Sallustio F, RoccoA,
Cupini LM, Bonaffini N, de AngelisMV, Digiovanni A, Rispoli M,
Orlandi B, Santis FD, Colangeli E, Blasio FD, Carmine CD, Tocco
P, Melis M,Moller J, Saddi V, Manca A, Baule A, Caddeo A, Iorio
N, Napoletano R, di Gregorio M, Volpe G, D’Onofrio F, Spitaleri
D, Barbarini L, Barbagallo G, Caggiula M, Ardito B, Noia DD,
Viesti PD, Leone MA, Inchingolo V, Petruzzellis M, Rizzo F,
Savarese M, Petrone A, Galati F, Arcudi L, Branca D, Aridon P,
Arnao V, Musolino R, Dell’Aera C, Francalanza I, Grimaldi L,
Arnao V, Gammino M, Giordano A, Zelante G, Sanzaro E,
Gasparro A (2020) Reduced admissions for cerebrovascular events
during COVID-19 outbreak in Italy. Stroke 51:3746–3750. https://
doi.org/10.1161/STROKEAHA.120.031293

12. Hsiao J, Sayles E, Antzoulatos E, Stanton RJ, Sucharew H,
Broderick JP, Demel SL, Flaherty ML, Grossman AW, Kircher
C, Kreitzer N, Peariso K, Prestigiacomo CJ, Shirani P, Walsh
KB, Lampton H, Adeoye O, Khatri P (2020) Effect of COVID-
19 on emergent stroke care: a regional experience. Stroke 51:
e2111–e2114. https://doi.org/10.1161/STROKEAHA.120.030499

13. Sharma M, Lioutas V-A, Madsen T et al (2020) Decline in stroke
alerts and hospitalisations during the COVID-19 pandemic. Stroke
Vasc Neurol:svn-2020-000441. https://doi.org/10.1136/svn-2020-
000441

14. Nagamine M, Chow DS, Chang PD, Boden-Albala B, YuW, Soun
JE (2020) Impact of COVID-19 on acute stroke presentation at a
comprehensive stroke center. Front Neurol 11:850. https://doi.org/
10.3389/fneur.2020.00850

15. Jasne AS, Chojecka P, Maran I, Mageid R, EldokmakM, Zhang Q,
Nystrom K, Vlieks K, Askenase M, Petersen N, Falcone GJ, Wira
CR III, Lleva P, Zeevi N, Narula R, Amin H, Navaratnam D,
Loomis C, Hwang DY, Schindler J, Hebert R, Matouk C,
Krumholz HM, Spudich S, Sheth KN, Sansing LH, Sharma R
(2020) Stroke code presentations, interventions, and outcomes be-
fore and during the COVID-19 pandemic. Stroke 51:2664–2673.
https://doi.org/10.1161/STR.0000000000000347

16. Zhao J, Li H, Kung D, Fisher M, Shen Y, Liu R (2020) Impact of
the COVID-19 epidemic on stroke care and potential solutions.
Stroke 51:1996–2001. https://doi.org/10.1161/STROKEAHA.
120.030225

17. McConachie D, McConachie N, White P et al (2020) Mechanical
thrombectomy for acute ischaemic stroke during the COVID-19
pandemic: changes to UK practice and lessons learned. Clin
Radiol 75:795.e7–795.e13. https://doi.org/10.1016/j.crad.2020.07.
001

4605Neurol Sci (2021) 42:4599–4606

https://doi.org/10.1161/STROKEAHA.120.030373
https://doi.org/10.1161/STROKEAHA.120.030373
https://doi.org/10.1161/STROKEAHA.120.029863
https://doi.org/10.1161/STROKEAHA.120.029863
https://doi.org/10.1007/s10072-020-04591-3
https://doi.org/10.1007/s10072-020-04591-3
https://doi.org/10.1111/ene.14511
https://doi.org/10.1161/STROKEAHA.120.031293
https://doi.org/10.1161/STROKEAHA.120.031293
https://doi.org/10.1161/STROKEAHA.120.030499
https://doi.org/10.1136/svn-2020-000441
https://doi.org/10.1136/svn-2020-000441
https://doi.org/10.3389/fneur.2020.00850
https://doi.org/10.3389/fneur.2020.00850
https://doi.org/10.1161/STR.0000000000000347
https://doi.org/10.1161/STROKEAHA.120.030225
https://doi.org/10.1161/STROKEAHA.120.030225
https://doi.org/10.1016/j.crad.2020.07.001
https://doi.org/10.1016/j.crad.2020.07.001


18. Pop R, Quenardelle V, Hasiu A, Mihoc D, Sellal F, Dugay MH,
Lebedinsky PA, Schluck E, la Porta A, Courtois S, Gheoca R,
Wolff V, Beaujeux R (2020) Impact of the COVID-19 outbreak
on acute stroke pathways – insights from the Alsace region in
France. Eur J Neurol 27:1783–1787. https://doi.org/10.1111/ene.
14316

19. Tejada Meza H, Lambea Gil Á, Sancho Saldaña A et al (2020)
Impact of COVID-19 outbreak in reperfusion therapies of acute
ischaemic stroke in northwest Spain. Eur J Neurol:14467. https://
doi.org/10.1111/ene.14467

20. Fuentes B, Alonso de Leciñana M, Calleja-Castaño P, Carneado-
Ruiz J, Egido-Herrero J, Gil-Núñez A, Masjuán-Vallejo J,
Vivancos-Mora J, Rodríguez-Pardo J, Riera-López N, Ximénez-
Carrillo Á, Cruz-Culebras A, Gómez-Escalonilla C, Díez-Tejedor
E, en representación de los hospitales del Plan Ictus Madrid (2020)
Impacto de la pandemia de COVID-19 en la organización
asistencial del ictus. Plan Ictus Madrid. Neurología 35:363–371.
https://doi.org/10.1016/j.nrl.2020.05.007

21. Paliwal PR, Tan BYQ, Leow AST, Sibi S, Chor DWP, Chin AXY,
Yau YW, Cross GB, Wong LYH, Chia MLJ, Quak Z, Chua CYK,
TangDKK, Zune ET, Hung J, GohY, JingM, Gopinathan A, Yang
C, Ahmad A, Khoo DXL, Lee CCM, Seet RCS, Sharma VK, Teoh
HL, Yeo LLL, Chan BPL (2020) Impact of the COVID-19 pan-
demic on hyperacute stroke treatment: experience from a compre-
hensive stroke centre in Singapore. J Thromb Thrombolysis 50:
596–603. https://doi.org/10.1007/s11239-020-02225-1

22. Hoyer C, Ebert A, Huttner HB, Puetz V, Kallmünzer B, Barlinn K,
Haverkamp C, Harloff A, Brich J, PlattenM, Szabo K (2020) Acute
stroke in times of the COVID-19 pandemic: a multicenter study.
Stroke 51:2224–2227. https://doi.org/10.1161/STROKEAHA.120.
030395

23. Schlachetzki F, Theek C, Hubert ND et al (2020) Low stroke inci-
dence in the TEMPiS telestroke network during COVID-19 pan-
demic – effect of lockdown on thrombolysis and thrombectomy. J

Telemed Telecare:1357633X2094332. https://doi.org/10.1177/
1357633X20943327

24. Butt JH, Fosbøl EL, Østergaard L, Yafasova A, Andersson C,
Schou M, Gerds TA, Phelps M, Kruuse C, Gislason GH, Torp-
Pedersen C, Køber L (2020) Effect of COVID-19 on first-time
acute stroke and transient ischemic attack admission rates and prog-
nosis in Denmark: a nationwide cohort study. Circulation 142:
1227–1229. https://doi.org/10.1161/CIRCULATIONAHA.120.
050173

25. Rinkel LA, Prick JCM, Slot RER, Sombroek NMA, Burggraaff J,
Groot AE, Emmer BJ, Roos YBWEM, Brouwer MC, van den
Berg-Vos RM, Majoie CBLM, Beenen LFM, van de Beek D,
Visser MC, van Schaik SM, Coutinho JM (2020) Impact of the
COVID-19 outbreak on acute stroke care. J Neurol. https://doi.
org/10.1007/s00415-020-10069-1

26. Frisullo G, Di Iorio R, Broccolini A et al (2020) Effect of lockdown
on the management of ischemic stroke: an Italian experience from a
COVID hospital. Neurol Sci 41:2309–2313. https://doi.org/10.
1007/s10072-020-04545-9

27. Pedicelli A, Valente I, Pilato F, Distefano M, Colosimo C (2020)
Stroke priorities during COVID-19 outbreak: acting both fast and
safe. J Stroke Cerebrovasc Dis 104922. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2020.104922

28. Caso V, Federico A (2020) No lockdown for neurological diseases
during COVID19 pandemic infection. Neurol Sci 41:999–1001.
https://doi.org/10.1007/s10072-020-04389-3

29. July J, Pranata R (2020) Impact of the coronavirus disease pandem-
ic on the number of strokes and mechanical thrombectomies: a
systematic review and meta-analysis. J Stroke Cerebrovasc Dis
29:105185. https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.
105185

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

4606 Neurol Sci (2021) 42:4599–4606

https://doi.org/10.1111/ene.14316
https://doi.org/10.1111/ene.14316
https://doi.org/10.1111/ene.14467
https://doi.org/10.1111/ene.14467
https://doi.org/10.1016/j.nrl.2020.05.007
https://doi.org/10.1007/s11239-020-02225-1
https://doi.org/10.1161/STROKEAHA.120.030395
https://doi.org/10.1161/STROKEAHA.120.030395
https://doi.org/10.1177/1357633X20943327
https://doi.org/10.1177/1357633X20943327
https://doi.org/10.1161/CIRCULATIONAHA.120.050173
https://doi.org/10.1161/CIRCULATIONAHA.120.050173
https://doi.org/10.1007/s00415-020-10069-1
https://doi.org/10.1007/s00415-020-10069-1
https://doi.org/10.1007/s10072-020-04545-9
https://doi.org/10.1007/s10072-020-04545-9
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104922
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104922
https://doi.org/10.1007/s10072-020-04389-3
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105185
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105185

	Stroke...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


