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Abstract
From March to May 2020, the Italian health care system, as many others, was almost entirely devoted to the fight against the 
COVID-19 pandemic. In this context, a number of questions arose, from the increased stroke risk due to COVID-19 infection 
to the quality of stroke patient care. The overwhelming need of COVID-19 patient management made mandatory a complete 
re-organization of the stroke pathways: many health professionals were reallocated and a number of stroke units was turned 
into COVID-19 wards. As a result, acute stroke care suffered from a shortage of services and delays in time-dependent 
treatments and diagnostic work-up. In-patient and out-patient care and rehabilitation facilities for stroke survivors were also 
reduced or slowed down, to direct resources to COVID-19 patients care and to reduce contagion risks. Overall, this is likely 
to result in a significant future increased burden of complications and disabilities that will impact the health care systems 
in the coming months. Thus, while still fighting against COVID-19 disease, authorities need to promptly implement robust 
action plans, including an increase of workforce, without forgetting the assurance of a high level of stroke care. The medi-
cal community and the health care administrators should always keep in mind that stroke was before, and will be after the 
pandemic, a, sometimes, life-threatening condition, and almost always a disease with a severe impact on the quality of life.
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Introduction

The Severe Acute Respiratory Syndrome Coronavirus 
(SARS-CoV2) is affecting more than 24,200,000 million 
patients worldwide and has impacted health worldwide on 
an unprecedented scale. Italy is one of the most impacted 
countries with more than 262,500 cases and 35,548 deaths, 
the Lombardia region representing the most severely hit 
region [1]. From March throughout May 2020, the Ital-
ian health care system was almost entirely devoted to fight 
against SARS-CoV2 [2, 3]. Strategies for resource alloca-
tion, mobilizing workforce, and optimizing bed availability 
were rapidly implemented to face the increasing needs for 
coronavirus disease (COVID-19) patient care [4, 5]. This 

huge change in the landscape of healthcare delivery affected 
particularly the care of remaining severe and disabling dis-
eases such as stroke. The engagement of stroke services 
and the shortage of health personnel resources, engaged in 
COVID-19 patient care, impaired not only the delivery of 
time-dependent treatments and of optimal diagnostic work 
ups in the acute phase but also the periodic follow-up of 
stroke survivors [4, 6]. Moreover, in the same time, stroke 
physicians had to monitor and protect stroke patients from 
the infection since cerebrovascular diseases, that may also 
occur as complications of SARS-CoV2 disease, were associ-
ated with more severe disease illness [7–9].

In this paper, we discuss the main direct and indirect 
impacts of COVID-19 on stroke care in Italy. Although the 
trend of infection is slowing in most countries, these issues 
are important because the next future is uncertain and we 
need to be prepared to both the so-called ‘phase two’ and to 
possible new pandemic spikes.
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COVID‑19 and cerebrovascular diseases

SARS-CoV2, similarly to other human coronaviruses, is 
known to spread from the respiratory tract to the central 
nervous system (CNS) through transneuronal and hema-
togenous routes, resulting in possible neurological compli-
cations [10–13]. Researchers from Beijing Ditan Hospital, 
China, first described a patient with COVID-19 in whom 
virus RNA was detected in cerebrospinal fluid (CSF) by 
gene sequencing [14], raising the question of whether 
the virus can affect directly the nervous system. Neuro-
logical symptoms such as consciousness disturbance, 
headache, dizziness, hypogeusia, hyposmia, seizures and 
also ischemic and hemorrhagic strokes are increasingly 
observed in SARS-CoV2 patients [15, 16]. A recent study 
on 214 Chinese COVID-19 patients reported acute cer-
ebrovascular events in 5.7% (four ischemic and one hemor-
rhagic) [15]. Stroke in association with COVID-19 infec-
tion occurs usually about 8–24 days after infection onset 
and is caused predominantly by large vessel occlusions 
[17]. Patients are usually older, with more cardiovascular 
comorbidities and more severe pneumonia [15].

However, since conclusive studies are lacking, the 
causal relationship between SARS-CoV2 and cerebro-
vascular disease is unclear. Although most of strokes in 
COVID-19 patients are classified as cryptogenic [18, 19], 
several pathophysiological mechanisms have been put 
forward. First, COVID-19, similarly to other infectious 
diseases, could increase the risk of cerebrovascular events 
[12, 15]. Second, COVID-19 patients were found to have 
thrombocytopenia, increased D-dimer, and C-reactive pro-
tein levels in comparison to non-COVID patients, indica-
tive of coagulation cascade and inflammatory pathway 
activation, making these patients more likely to develop 
cerebrovascular diseases [15]. Thrombotic complications, 
including disseminated intravascular coagulation (DIC), 
were identified in patients affected by COVID-19 [20–23]. 
Third, the high frequency of cardiovascular complications 
due to SARS-CoV2 virus cardiac tropism may be respon-
sible for a proportion of embolic strokes [22–24]. At this 
purpose, a considerable proportion of strokes met the cri-
teria of embolic stroke of undetermined source [18, 19].

Last, studies showed that SARS-CoV-2 invades human 
respiratory epithelial cells through its S-proteins and 
angiotensin-converting enzyme 2 (ACE2) receptors on 
human cells surface [7, 25]. The expression and func-
tion of ACE2 receptor, normally reduced in hypertensive 
patients, is further reduced during SARS-CoV2 infection 
leading to a lower ability on controlling blood pressure 
[26]. Whether ACE inhibitors and angiotensin receptors 
blockers are additional risk factors for infection and mor-
tality is still unknown. Of note, given the lack of clinical 

evidence, the European Society of Cardiology strongly 
discourages anti-hypertensive therapy discontinuation, in 
consideration of the severe possible implications of these 
drugs withdrawn [26–28]. Which one of the above listed 
aspects is more relevant to explain stroke pathogenesis in 
SARS-CoV2 needs to be assessed by future research and 
retrospective analyses.

Acute stroke management and organization 
during COVID‑19 pandemic

The COVID-19 crisis induced a huge reorganization of Ital-
ian health care system, particularly in some regions, which 
in Italy have considerable autonomy in health decision-mak-
ing from the central government [3, 4, 29]. The Lombardia 
region, that had to deal with a rapid spreading of infection 
from the end of February 2020 [29–31], rearranged com-
pletely the frontline responders’ organization and resources 
according to the needs of health personnel and beds required 
for COVID-19 patients. Procedural algorithms and emer-
gency medical system teams were rapidly implemented to 
handle the huge COVID-19 patient hospital flows and the 
emergency department overcrowding [5, 31, 32]. In this sce-
nario, authorities had to deal with the organization of non-
communicable diseases care, including stroke. In Lombardia 
and in other Italian regions, new stroke pathways have been 
established pointing to the centralization of care in a limited 
number of centers due to the stroke unit closure and reallo-
cation of health professionals to COVID-19 wards [4, 33]. 
Dedicated stroke triage protocols, including the adequate 
screening of symptoms and signs of COVID-19 infection, 
isolation of patients in protected areas, and specific path-
ways for acute stroke treatments were activated according 
to regional indications [33, 34].

However, the number of hospitalized stroke patients and 
the amount of acute phase treatments such as thrombectomy 
was observed to be heavily reduced for several, and still not 
clarified, reasons [33–35]. The most reliable hypothesis is 
that the general population, and particularly elderly or hyper-
tensive, diabetic, cardiopathic or disabled patients, because 
of the higher infection risk and mortality rate reported by 
media in these populations, were discouraged by family doc-
tors and emergency operators to go to the hospital [33–36]. 
Hence, the care of people with non-COVID conditions such 
as stroke, who may have needed urgent care, was deferred 
or even completely not received [37, 38]. Another possi-
bility is that stroke could be misdiagnosed in patients with 
COVID-19 respiratory symptoms [39], also because of lim-
ited and mask-impaired face to face visits or shortage of phy-
sicians and neuroradiological services. A further possible 
explanation is that in areas with high COVID-19 incidence 
stroke and COVID-19 might have competed for the same 
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host and, thus, old subjects might have died of COVID-19 
instead of having a stroke.

Also the activity of services for outpatients who survived 
a stroke or have chronic cerebrovascular diseases was highly 
slowed down and guaranteed only for urgent situations [4, 9, 
29, 40]. This might have resulted in a deficient follow-up of 
patient complications missing verification of adherence to 
therapy and secondary prevention measures. These changes 
in stroke management, consequent to COVID-19 care pri-
oritization, could have exposed patients to an increased risk 
of recurrent events or complication and to develop disabling 
condition, given the lack of correct management measures 
and diagnostic work ups [4, 9, 36–38].

COVID‑19 screening and protection measures

Given the huge SARS-CoV-2 infection spreading, stroke 
patients presenting to emergency rooms necessitate accu-
rate screening procedures started by paramedics at triage and 
completed by physicians. They should include a screening 
for a history of infection, travels or infected subject contacts. 
Since current data suggest that the SARS-CoV-2 virus may 
manifest not only with a constellation of symptoms includ-
ing respiratory but also ophtalmologic, gastroenteric, and 
neurologic manifestations, control screen should include 
every kind of disease feature [41].

Patients other than being investigated as possible virus 
carriers should be also protected against contagion [42]. Par-
ticularly, contagion should be minimized in fragile subjects 
as stroke survivors because they are at increased risk for 
complications from SARS-Cov-2 infection. In fact, COVID-
19 patients with preexisting cardiovascular and cerebrovas-
cular diseases were observed to have 2.5-fold higher risk 
to develop a severe form of the illness or worse outcomes 
[8, 9]. To prevent contagion, several hospitals were divided 
into COVID + and COVID- and specific pathways and tri-
age areas for COVID and non-COVID patients were created 
[33].

Health professionals are also at high risk of SARS-
CoV-2 infection, so personal protective equipment (PPE) is 
extremely needed. Data from China’s National Health Com-
mission showed that more than 3300 health-care workers 
have been infected. In Italy at least 20% of health-care work-
ers were infected, and many have died [2]. Unfortunately, 
given the unforeseen pandemic spreading, Italian hospitals 
and also health professionals suffered from PPE shortages. 
Some medical staff was waiting for equipment while already 
seeing patients who were infected or supplied with equip-
ment that did not meet requirements [43].

Another concern was as regards nasopharyngeal swabs 
and, more recently, serum antibody screening. Different 
screening strategies were adopted depending on coun-
tries. In Italy, given the rapidity of the infection spreading, 

indications from heath authorities changed overtime, fol-
lowing WHO indications. The initial guidelines recom-
mended not to test the asymptomatic healthcare workers 
who have known exposures, or other asymptomatic indi-
viduals concerning exposures and/or travel history or poor 
symptomatic subjects [43]. The screening protocols changed 
over time to limit the virus spreading. In Italy, final indica-
tions included the systematic screening of all hospitalized 
patients as soon as they arrive to emergency room and each 
health professional who had been in contact with positive 
cases [43]. More recently, some hospitals are also equip-
ping with antibody detection kits, to screen health workers 
for immunity.

COVID‑19 inequalities and psychological 
implications

SARS-CoV-2 infected people and impacted lives in a not 
uniform way [45]. Disparities in socioeconomic status are 
well known to impact not only the stroke risk but also post-
stroke short- and long-term outcomes [46]. The higher 
frequency of conventional risk factors (e.g., hypertension, 
hyperlipidemia, excessive alcohol intake, smoking, obesity, 
and sedentary lifestyle) and the lower access to good qual-
ity hospitals and rehabilitation services, in comparison with 
people with higher socioeconomic status, was observed to 
mostly account for the increased risk of stroke and disabili-
ties on patients with low socioeconomic status [47]. This 
risk is expected to be further increased under condition of 
economic crisis as in COVID-19 outbreak [45]. Early reports 
described increased severity of COVID-19 infection in Afri-
can Americans in USA [48].

Psychological aspects due to COVID-19 infection are also 
another important concern for both patients and health-care 
workers. Italian hospitalized stroke patients were worried 
of contagion, suffered from isolation, and had to deal with 
their own illness alone since communication with relatives 
was heavily reduced and often limited to short phone calls. 
Stroke survivors, who were left at home, suffered from the 
fear of being infected and from isolation since relatives were 
not allowed to meet them, due to social distancing measures. 
Also health care workers faced physical and mental exhaus-
tion since they were placing their lives at risk, overworked 
to supply the lack of infected peers, who were at home in 
quarantine, and had to deal with difficult and tormented tri-
age decisions [2, 49, 50]. Health professionals working in 
COVID + wards were also often isolated from their own 
families, elderly parents or young children, and were wor-
ried about the question of who was taking care of them. The 
shortage of testing, masks, other personal protective equip-
ment medications critical for the management of COVID-19 
were also other important stress causes [51].
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Overall, these conditions may have resulted in health 
worker burnouts, with adverse consequences for patients, 
physicians, their families, and society. For this reason, 
some programs of psychological support for distress were 
implemented.

Stroke research and education

It is reasonable that in COVID-19 crisis time stroke scien-
tific research may be drastically cut. In this pandemic, most 
research labs have been shut down to limit infection risk 
and to protect workers, making research personnel unable 
to complete their work [52]. This led to slowed work in per-
forming additional experiments to complete studies delaying 
their publication by months or more. Several journals are 
continuing to publish papers, suffering in most cases for the 
lack of systemic data collection due to the challenging time. 
Also grant application may face difficulties for the lack of 
preliminary data and because most grants are devoted to 
COVID 19 research [19, 53], limiting possible discoveries in 
pathophysiology and treatment of cerebrovascular diseases.

Research activity programs, specific education courses, 
and guideline development were also drastically slowed 
while many ongoing clinical trials were stopped or heavily 
slowed down, due to the considerable diversion of person-
nel and funding towards COVID-19 research, thus slow-
ing progresses in stroke care and management. National 
and international conferences, allowing science exchange 
and the implementation of large collaborations and studies 
were also suspended. The web and online replacement of 
these events may only partially overcome this, highly limit-
ing human relationship and networking [54].Training and 
teaching activities were also markedly reduced, replaced by 
online sessions, with medical students obliged to stay home 
and many neurology residents turned to the care of COVID-
19 patients [55].

Conclusions

The COVID-19 outbreak obviously drove most of health per-
sonnel and resources to COVID-19 care. The radical trans-
formation of the health care system and the huge resource 
diversion to fight the spreading infection affected our ability 
to maintain the high quality of stroke as other non-commu-
nicable disease care. Italian regional authorities and stroke 
unit managers tried to cope with the continuously updated 
directives and led their teams to adapt to new hospital entry 
pathways and management recommendations. Stroke unit re-
organization, emergency pathways and services engagement, 
and delayed emergency transportations limited patients to 
the possibility of undergoing acute phase treatments and cor-
rect diagnostic work ups [4, 33]. Moreover, for a number of 

reasons including fear of contagion or severe illness com-
plications due to COVID-19 infection, a number of patients 
with acute cerebrovascular diseases remained home, losing 
the possibility of being correctly treated. This phenomenon 
was similarly observed in a number of countries [35, 38, 
56–58]. Last, the outpatient assistance of stroke survivors 
was also highly reduced or stopped. Patients, families, and 
caregivers were left alone with their needs, and support from 
patients’ association was penalized [59]. To overcome this 
lack of assistance, some health-care facilities as telemedi-
cine, which allow patient visits avoiding direct contact with 
operators and waiting rooms, were implemented. However, 
although telemedicine was successfully applied for follow-
up of patients with rare stroke diseases [36, 60–62], it might 
not be the best solution for stroke patients who are old or 
have cognitive and language disability.

Italian stroke physicians, other than having a reduced 
ability to admit acute stroke patients due to overflowed 
emergency routes or to assist stroke survivors, had to deal 
with the personal risk of exposure to COVID-19 and over-
work, due to personal or colleagues potentially redeployment 
to assist COVID-19 patients. Since the Italian experience, 
similarly to most of COVID-19 hit countries, confirmed the 
priceless contribution of health-care workers, their safety, 
and healthiness as well as contagion protection should be 
ensured as a priority. Thus, adequate provision not only of 
PPEs or other practical measures but also delivery of food 
as well as rest, family and psychological support should be 
planned in dealing such a challenging conditions. Continu-
ous screening processes, proper adherence to established 
infection prevention, control measures, and coordinated 
team responses are also necessary to ensure a safe clinical 
stroke team [58, 62]. Meanwhile, scientists around the world 
should invest resources in providing insight into the rela-
tionship between stroke and COVID-19. This information 
is essential to provide understandable and actionable infor-
mation and to implement awareness campaign educating 
patients that even in a pandemic stroke remains a disabling 
or potentially fatal illness.

In conclusion, although the curve of infection is flatting 
down, great uncertainties remain on the next future of stroke 
care delivery and on what is the real impact of the COVID-
19 pandemic on stroke care.

It can be easily figured out a short or middle term enor-
mous negative direct and indirect reflection of COVID-19 
infection on stroke care. For this reason, health authori-
ties should promptly implement robust action plans to deal 
with this expected health burden, including investments in 
increasing services, beds, and workforce to ensure a high 
level of stroke care to all stroke patients. Stroke awareness 
campaigns encouraging appropriate hospital evaluation 
both for acute stroke and stroke survivors also in pandemic 
time should be supported at local and national level both 
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by specific professional societies and policy makers. Stroke 
survivors missing follow-up evaluation should be contacted 
by referring hospitals and encouraged to prompt face to 
face or virtual evaluation to ensure that secondary preven-
tion measures are properly applied. For this purpose, virtual 
stroke clinics are being implemented to allow stroke care, 
meanwhile providing social distancing.

To face future pandemic rebounds, emergency services 
should be empowered to guarantee acute care availability 
to all stroke patients and minimize treatment delay. Acute 
stroke care protocols, which include measures of preserva-
tion of clean pathways to optimize the safety of the pro-
viding team and patients, deriving from consensus among 
academic and nonacademic stroke neurologists and inter-
ventional neuroradiologists, should be developed [63, 64].

The collaboration between politicians and scientific 
experts and the data sharing with other international groups 
are also essential in policy making decisions.
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