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Keywords: Background and purpose: Patients with acute ischemic stroke are at high-risk
COVID-19, stroke, for contracting COVID-19 infection. Additionally, healthcare professionals
ultrasound including neurovascular ultrasound providers are also at risk of being infected by

SARS-CoV-2 virus. Yet, preparedness to continue to guarantee hyperacute treat-
ment is vital for patients outcome. In light of this situation, the European Society
of Neurosonology and Cerebral Hemodynamic (ESNCH) appointed a task force
to provide consensus recommendations for the performance of neurovascular
European Journal of . N . . . .
Neurology 2020, 27: 1776 ultra.soupd 1nve§t1gat10ns n 'acute 1schenyc stroke during the CQVID-I‘) pan-
1780 demic with the aim of protecting both patients and ultrasound providers.
Methods: The “ultrasound in acute stroke working group” of the ESNCH
examined literature articles and reviews using the following key words: “corona
virus” or “COVID-19” or “SARS-CoV-2 virus”, and “acute stroke” or “cere-
brovascular disease”, and “ultrasound”. Thereafter, a thorough discussion was
conducted with the “education and guidelines working group” of the ESNCH.
Results: We propose rapid up-to-date recommendations for healthcare per-
sonnel involved in the pre-hospital and intra-hospital assessment of stroke
patients, with a particular attention to neurovascular ultrasound performance.
Conclusion: The ESNCH provides a guidance summary for the performance
of neurovascular ultrasound investigations in acute ischemic stroke in the time
of COVID-19.
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Introduction
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gmail.com).

[Correction added on 18 August 2020, after first online publication:
The corresponding author listed has been amended from A. Pieroni
to C. Baracchini at the request of the authors, the co-author name
G. Tsvigoulis has been amended to G. Tsivgoulis in this version.]

Since the COVID-19 pandemic stormed into healthcare
systems worldwide, protected stroke pathways have
been suggested, in order not to spread the viral infec-
tion and ensure hyper-acute treatment [1,2]. Notewor-
thy, patients with acute ischaemic stroke are at high
risk for contracting SARS-CoV-2 virus, particularly the
severe form, because COVID-19 and cerebrovascular
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Table 1 ESNCH recommendations for neurovascular ultrasound in
acute stroke during the COVID-19 pandemic

Pre-hospital assessment

Field personnel should screen all acute stroke patients for
COVID-19 infection

If the screening is positive or medical history is not available,
patients should be considered as possibly COVID-19 infected

A COVID-19 known positive or presumed positive patient
should wear a surgical mask

Healthcare providers should use appropriate protection
according to COVID status (see below)

Clinically oriented extracranial and intracranial ultrasound
evaluation should be performed during transport to reveal
large vessel occlusion strokes and indicate the most suitable
destination for the patient

Intra-hospital assessment

All stroke patients should undergo a fast track COVID-19
nasopharyngeal test

COVID-19-negative patients
The ESNCH recommends that all ultrasound providers wear

standard PPE: surgical mask, latex-free disposable gloves
and a disposable gown

COVID-19-positive or presumed positive patients
The ESNCH recommends that all ultrasound providers wear

enhanced PPE: respirators (N95 or FFP2 masks), surgical
cap, goggles, face shield, full-sleeved gown, two pairs
(internal and external) of extended cuff gloves and outer
short cuff gloves, boot-type shoe covers, and proper
donning/doffing hygiene
Therapeutic decisions on systemic or endovascular reperfusion

therapies may rely on ultrasound to avoid potential time
delays related to computed tomography or magnetic
resonance angiography

Organization of neurosonology laboratory

It is recommended to have one laboratory designated as a
‘COVID room’, stocked with enhanced PPE and with at least
one dedicated ultrasound machine for COVID-19-positive or
presumed positive patients

A room adjacent to the angiography suite should be designated
as post-thrombectomy ultrasound monitoring

diseases share common risk factors [3]. Conversely,
amongst patients hospitalized with SARS-CoV-2 respi-
ratory distress, about 5% might suffer a stroke [4].
During the acute stages of the pandemic, thousands of
healthcare professionals have already contracted
COVID-19 infection [5-7], although the actual number
is likely to be higher because healthcare workers are
not always tested and protection measures at hospitals
are not always readily available. This is the setting in
which neurovascular ultrasound providers (physicians,
sonographers) should expect to be involved in the care
of stroke patients. In light of this situation, effective
safety and prevention strategies need to be imple-
mented not only during the lockdown period but
especially afterwards when healthcare workers and
patients will tend to let their guard down. Therefore,
the European Society of Neurosonology and Cerebral
Hemodynamics (ESNCH) is providing the following
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recommendations for the performance of neurovascu-
lar ultrasound investigations with the aim of protecting
both patients and ultrasound providers. To develop
this document, members of the Ultrasound in Acute
Stroke Working Group of the ESNCH examined litera-
ture articles and reviews using the following keywords:
‘corona virus’ or ‘COVID-19’ or ‘SARS-CoV-2 virus’,
and ‘acute stroke’ or ‘cerebrovascular disease’, and ‘ul-
trasound’. The World Health Organization and the
Center for Disease Control and Prevention (CDC) rec-
ommendations on the COVID-19 pandemic were also
consulted. After a thorough discussion with the Educa-
tion and Guidelines Working Group of the ESNCH, a
final consensus was reached (Table 1 and Fig. 1). The
successful care of COVID-19-positive or presumed pos-
itive stroke patients will depend also on these preven-
tion strategies [8].

Pre-hospital assessment

Field personnel should screen all patients for COVID-
19 infection using standardized checklists of clinical
signs and symptoms (i.e. fever, cough, chest pain, dysp-
noea, anosmia, ageusia, headache, myalgias and gas-
trointestinal symptoms including vomiting and
diarrhoea) or history of close contact exposure with
a COVID-positive patient, and immediately dispatch
these data to the emergency operations centre for pre-
paredness. Stroke patients might not be able to provide
a full history due to neurological impairment; in this
case, close relatives should be asked for clinical signs
and symptoms, possible contacts with COVID-19-in-
fected persons or risky social behaviour over the past 2
weeks. If the screening is positive or medical history is
not available, patients should be considered as possibly
COVID-19 infected. For safety reasons, a COVID-19
known positive or presumed positive patient should
wear a surgical mask, whilst healthcare providers
should use appropriate protection according to COVID
status (see below). Furthermore, clinically oriented
extracranial and intracranial ultrasound evaluation, if
available, should be performed during transport to
reveal large vessel occlusion strokes and indicate the
most suitable destination for the patient [9,10]. Eligibil-
ity for hyper-acute therapies is not modified by the
COVID-19 pandemic; consequently current guidelines
should be implemented [11,12] as a denial of these ther-
apies might increase the social burden of stroke, creat-
ing also a greater drain on healthcare resources [13].

Intra-hospital assessment

If resources are available, all stroke patients should
undergo a fast track COVID-19 nasopharyngeal test
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in order to prevent in-hospital transmission and indi-
cate the most appropriate safety measures for ultra-
sound providers.

COVID-19-negative patients

As the sensitivity of nasopharyngeal swabs is about
70%, the ESNCH recommends wearing standard per-
sonal protective equipment (PPE): surgical mask,
latex-free disposable gloves and a disposable gown.
Before and after direct patient contact, appropri-
ate hand hygiene, even with a sanitizer, is imperative.

US equipment low-level

e

Healthcare providers
should wear at least

standard PPE

Figure 1 Recommendations for neu-
rovascular ultrasound investigation of
acute stroke patients during COVID-19
Pandemic. PPE, personal protective
equipment; US, ultrasound. [Colour
figure can be viewed at wileyonlinelibra
ry.com]

Standard PPE

disinfection (LLD)

COVID-19-positive or presumed positive patients

Therapeutic decisions on systemic or endovascular
reperfusion therapies for COVID-19-positive and pre-
sumed positive patients presenting with acute stroke
symptoms may rely on ultrasound to avoid potential
time delays related to computed tomography or mag-
netic resonance angiography [14]. Patients with
COVID-19-positive documentation or those presumed
positive should be treated with maximum safety pre-
cautions. Therefore, all ultrasound providers should
wear enhanced PPE at all times: respirators (N95 or
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FFP2 masks), surgical cap, goggles, face shield, full-
sleeved gown, two pairs (internal and external) of
extended cuff gloves and outer short cuff gloves, boot-
type shoe covers, and proper donning/doffing hygiene.
In the case of resource limitations, a standard surgical
mask can be worn over the N95 or FFP2 mask for
preservation of the latter.

If resources are not available, stroke patients pre-
sumed to be COVID-19 negative on a clinical and
anamnestic basis should wear a surgical mask, whilst
healthcare providers should wear at least standard
PPE.

Ultrasound equipment

Since many patients who undergo neurovascular ultra-
sound will be COVID-19 positive or presumed posi-
tive in the current environment, effective cleaning of
ultrasound equipment is compulsory. Transducers and
ultrasound equipment must be cleaned with a compat-
ible disinfectant after each patient, also in accordance
with local guidelines. For external procedures, such as
extracranial and intracranial ultrasound, low-level dis-
infection (LLD) is effective in agreement with CDC
guidelines [15]. Common LLD agents include quater-
nary ammonium compounds, alcohols and phenols
available as sprays and disinfectant wipes. Ultrasound
providers should ensure that the chosen LLD method
is compatible with the transducer; for example, alco-
hols are often contraindicated due to material incom-
patibility. If LLD agents are depleted, soap and water
are a valid alternative. Noteworthy, external transduc-
ers that come into contact with contaminated skin,
such as skin infections, should be covered with a sin-
gle-use transducer cover. If transducer covers are not
available, medical gloves or other physical barriers as
compatible medical dressings should be used. If the
transducer comes in contact with mucous membranes
or any body fluids, or a transducer cover is required
and becomes compromised, the transducer must
undergo high-level disinfection (HLD). HLD agents
include hydrogen peroxide, hypochlorite/hypochlorous
acid, glutaraldehyde, peracetic acid, phenol/phenolate,
chlorhexidine gluconate [16]. At the end of the day,
the ultrasound room should also undergo appropriate
cleaning and disinfection.

Organization of neurosonology laboratory

For hospitals with multiple neurovascular ultrasound
laboratories, it is recommended to have one labora-
tory designated as a ‘COVID room’, stocked with
enhanced PPE to minimize risk and with at least one
dedicated ultrasound machine for COVID-19-positive

[ STROKE ULTRASOUND AND COVID-19 PANDEMIC

or presumed positive patients, since COVID-19 can
survive on plastic surfaces for up to 72 h [17]. Con-
cerning post-thrombectomy ultrasound monitoring
[18-21], if possible a room adjacent to the angiogra-
phy suite should be designated for this purpose, to
minimize exposure of any at-risk group of patients
to potential COVID-19 contact in the hospital
environment.
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