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Background: The COVID-19 pandemic has strained the healthcare systems across
the world but its impact on acute stroke care is just being elucidated. We hypothe-
sized a major global impact of COVID-19 not only on stroke volumes but also on
various aspects of thrombectomy systems. Aims: We conducted a convenience
electronic survey with a 21-item questionnaire aimed to identify the changes in
stroke admission volumes and thrombectomy treatment practices seen during a
specified time period of the COVID-19 pandemic. Methods: The survey was
designed using Qualtrics software and sent to stroke and neuro-interventional
physicians around the world who are part of the Global Executive Committee
(GEC) of Mission Thrombectomy 2020, a global coalition under the aegis of Soci-
ety of Vascular and Interventional Neurology, between April 5th and May 15th,
2020. Results: There were 113 responses to the survey across 25 countries with a
response rate of 31% among the GEC members. Globally there was a median 33%
decrease in stroke admissions and a 25% decrease in mechanical thrombectomy
(MT) procedures during the COVID-19 pandemic period until May 15th, 2020
compared to pre-pandemic months. The intubation policy for MT procedures dur-
ing the pandemic was highly variable across participating centers: 44% preferred
intubating all patients, including 25% of centers that changed their policy to pre-
ferred-intubation (PI) from preferred non-intubation (PNI). On the other hand,
56% centers preferred not intubating patients undergoing MT, which included
27% centers that changed their policy from PI to PNI. There was no significant dif-
ference in rate of COVID-19 infection between PI versus PNI centers (p=0.60) or if
intubation policy was changed in either direction (p=1.00). Low-volume (<10
stroke/month) compared with high-volume stroke centers (>20 strokes/month)
were less likely to have neurointerventional suite specific written personal protec-
tive equipment protocols (74% vs 88%) and if present, these centers were more
likely to report them to be inadequate (58% vs 92%). Conclusion: Our data provides
a comprehensive snapshot of the impact on acute stroke care observed worldwide
during the pandemic. Overall, respondents reported decreased stroke admissions
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as well as decreased cases of MT with no clear preponderance in intubation policy
during MT. Data access statement: The corresponding author will consider requests
for sharing survey data. The study was exempt from institutional review board
approval as it did not involve patient level data.
Key Words: Stroke—Mechanical thrombectomy—Intubation—Personal protective
equipment—COVID-19—Large vessel occlusion—Coronavirus
© 2021 Elsevier Inc. All rights reserved.
Introduction

On March 11th 2020, the World Health Organization
declared Coronavirus disease-2019 (COVID-19) a global
pandemic which has burdened the healthcare systems
worldwide. Globally, as of 28 November 2020, there
have been 61,036,793 confirmed cases of COVID-19,
including 1,433,316 deaths, reported to WHO.1 Pre-hos-
pital and in-hospital protocols during COVID-19 have
been highly variable within and between different coun-
tries, ranging from changes in pre-hospital triage policy
by designating certain hospitals as COVID-19 centers,
protocols for testing patients based on symptomatology
or exposure, to cancellation of elective procedures and
postponement of semi-elective procedures. By mid-April
2020, various neurointerventional societies such as Soci-
ety of Vascular and Interventional Neurologists (SVIN),2

Society of Neurointerventional Surgery (SNIS)3 and
European Society of Minimally Invasive Neurological
Therapy (ESMINT)4 provided guidance statements for
the care of patients requiring emergent neurointerven-
tional procedures during COVID-19 pandemic. Avail-
ability and adequacy of personal protective equipment
(PPE) is uniformly stressed to be of utmost importance
to protect the frontline healthcare workers as evident by
a large case series from Wuhan, China showing hospital-
associated transmission as the presumed mechanism of
infection in 29% of affected healthcare workers.5 There is
a consensus amongst the international medical commu-
nity that presence of COVID-19 as a public health emer-
gency should not alter the inclusion or exclusion criteria
for Mechanical Thrombectomy (MT),6 though the recom-
mendations on criteria and timing of intubation for
patients undergoing MT is unclear and more heavily
contingent on institutional resources available. Also,
while expert recommendations have been published
there is no consensus on appropriate changes in practice
in the management of non-COVID-19 emergencies dur-
ing the pandemic. Different countries or even different
healthcare systems within a country responded with a
varied spectrum of policy changes trying to balance the
safety of its healthcare workers and uphold the contin-
ued quality of care for the patients presenting with emer-
gencies including stroke. This cross-sectional
convenience survey by the MT2020+ global alliance
reports an international snapshot of the significant
changes in acute stroke care with an emphasis on
mechanical thrombectomy.
Methods

A survey comprising of 21-questions (supplemental
item 1) was distributed to the members of Global Execu-
tive Committee of the Mission Thrombectomy 2020+ alli-
ance7 supported by the Society of Vascular and
Interventional Neurologists (SVIN). The survey was sent
by electronic mail and answered online. The GEC mem-
bers were encouraged to further disseminate the survey
to practicing stroke physicians and or neuro-interven-
tionalists in their region. The questionnaire was designed
to collect responses on four main categories: (I) Stroke
and (II) MT volume pre and during-COVID-19; (III) Intu-
bation policy changes due to COVID-19 for patients
undergoing MT; (IV) Availability and adequacy of PPE
and COVID-19 infections amongst neuroendovascular
and stroke physicians, and ancillary staff. The survey
responses were recorded between April 5th and May
15th, 2020. Participation was voluntary and responses
were anonymized. Respondents from each country were
allowed to choose the start of the COVID-19 timeline
based on first COVID-19 cases documented in their
respective countries.
Descriptive statistics were used to calculate the median

stroke admissions and MT performed per month pre (A)
and during (B) COVID-19, and then, the median of the
stroke volume change reported by each respondent was
calculated (i.e. median of B1-A1, B2-A2, B3-A3. . .). Two
separate analysis of the data were performed: in the first
analysis, countries with three or more responses were
included in order to have a better representation of a
country. Of note, respondents from all 19 centers from
Germany, Poland, Italy and France reported a change in
their local pre-hospital stroke triage policy (STP) diverting
stroke patients to pre-specified centers. This had a direct
effect on the descriptive statistics. Hence, these results
were dichotomized by countries with and without change
in pre-hospital triage policies for stroke admission during
COVID-19. In the second analysis, we included responses
from all the countries which were grouped into low,
medium and high-volume centers based on their pre-
COVID-19 stroke admissions representing < 10, 10�20
and > 20 average strokes per month respectively. The
reported rate of COVID-19 infection amongst the physi-
cians and ancillary staff was standardized based on pre-
COVID-19 stroke admission volume because we lacked
information on the denominator for the number of physi-
cians and staff at risk.
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Statistical analysis was performed using SPSS statistics
software, version 25 (IBM Corp., Armonk, N.Y., USA).
Fisher’s exact test or Chi-square test, as appropriate, was
used for categorical variables and p-value < 0.05 was con-
sidered significant.
Results

During the survey period fromApril 5th, 2020 toMay 15th,
2020, we received 113 responses across 25 countries (Fig. 1),
with a response rate of 31% among the GEC members. The
response rate of the non-GEC members is not known. 12/25
(48%) countries had three or more respondents (n=99).
Stroke volume

The overall group of respondents, with 3 or more
responses from a country, reported a median 33% (IQR
-60 � 50) decrease in stroke admissions during COVID-19
pandemic. Among this group, respondent in countries
without STP change, reported a median percentage
decrease in stroke admissions by 43% ranging from a
decrease of 62% in India to 20% in Columbia. (Fig. 2).
High, medium and low-volume stroke centers without a
change in STP reported a median percentage decrease of
50% (IQR -71 � -10), 17% (IQR -51 � 13) and no change
respectively during COVID-19 (Fig. 3).
For STP countries, Germany, France, Italy and Poland

reported a median percentage increase of 85% (IQR
0-138), 113% (IQR -32 � 500), 125% (IQR 63-125) and 0%
(IQR -3 � 93) stroke admissions during COVID-19
Fig. 1. World map representing the distribution of 113 responses across 25 countr
ume based on pre-COVID stroke admissions per month
respectively (Fig. 2). Amongst STP countries, high and
medium volume centers reported a median percentage
increase of 85% (IQR -5 � 125) and 113% (IQR 100 � 225),
respectively. Not enough data was reported from low vol-
ume centers in countries with STP change (Fig. 3).
Mechanical thrombectomy volume

Globally our survey reported a 25% (IQR -60 � 50)
median percentage decrease in MT performed during
COVID-19. This rose to 33% median percentage decrease
after excluding countries with STP change ranging from
-100% in Peru and Ecuador, to -10% in China (Fig. 4). Sim-
ilarly, high volume centers in countries without change in
their local triage policy showed a median decrease of 21%
(IQR -63 � 0) in MTs performed during COVID-19.
Medium and low volume centers without change in local
triage policy showed no change in MTs performed during
COVID-19 (Fig. 5).
Countries with STP, Germany, France, Italy and Poland

reported a median increase of 35% (IQR -15 � 113), 120%
(IQR -16 � 240), 185% (IQR 108 � 209) and 0% (IQR -53 �
125) respectively (Fig. 4). All the centers that responded
from countries with STP change were high-volume MT
centers, reporting a 22% median percentage increase in
MT during COVID-19 (Fig. 5).

Intubation policy

Intubation policy for during the performance MT was var-
iable across countries and centers pre and during COVID-19
ies and 103 centers which are further grouped into high, medium or low-vol-



Fig. 2. Average monthly stroke admissions (2A) and median percentage change in stroke admissions (2B) pre- and during-COVID-19 globally and amongst
countries with at least 3 or more responses with or without change in pre-hospital stroke triage policy.
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pandemic. Also, any change of policy due to the pandemic
did not have preponderance in one direction (Fig. 6). During
COVID-19, 44% centers preferred intubation (PI) during MT,
including 25% centers that changed their policy to PI during-
COVID-19 from preferred non-intubation (PNI) pre-COVID-
19. On the other hand, 56% centers PNI which included 27%
centers that changed their policy from PI to PNI (Fig. 6).
Based on volume, 48% high, 32% medium and 40% low vol-
ume centers preferred intubation duringMT, which included
Fig. 3. Average monthly stroke admissions (3A) and median percentage change in
and during-COVID-19 globally with or without change in pre-hospital stroke triage
24%, 25% and 35% centers respectively that reported a
change in policy to PI from PCS during COVID-19 (Fig. 7).
There is wide variation in preference for intubation pol-

icy within countries, none of the centers in Italy versus
67% centers in Germany preferred intubation during
COVID-19. None of the centers in Germany changed their
intubation policy during COVID-19, whereas all centers
in Japan reported a change in intubation policy including
75% to PI and 25% to PNI (Fig. 6).
stroke admissions (3B) in high, medium and low-volume stroke centers pre-
policy



Fig. 4. Average monthly Mechanical Thrombectomies performed (4A) and median percentage change in Mechanical Thrombectomies (4B) pre- and during-
COVID-19 globally and amongst countries with at least 3 or more responses with or without change in pre-hospital stroke triage policy
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Anesthesia policy and reported Covid-19 infections in
personnel

Amongst centers with PI, 20.9% (9/43) reported at least 1
or more stroke or neuroendovascular team personnel test-
ing positive for COVID-19 versus 16.1% (9/56) centers
with PNI (p=0.6). Furthermore 18.9% (10/53) centers with
change in intubation policy during COVID-19 pandemic in
either direction reported at least one COVID-19 infection
amongst stroke or neuroendovascular team personnel
Fig. 5. A-B: Average monthly Mechanical Thrombectomies (5A) and median perce
19 globally with or without change in pre-hospital stroke triage policy
versus 17.4% (8/46) centers with no change in policy (p=1)
(supplemental item 2).
Personal protective equipment

Globally, 88% participating stroke centers reported neu-
roendovascular-specific written PPE protocols and 80%
considered them to be adequate. Fig. 8A shows responses
from individual countries. Amongst centers based on vol-
ume, reportedly low-volume centers are less likely to
ntage change in Mechanical Thrombectomies (2B) pre- and during-COVID-



Fig. 6. A global representation of intubation policy and direction of change to or from preferred intubation for patients undergoing Mechanical Thrombectomy
during COVID-19 pandemic amongst countries with at least 3 or more responses.

6 D.R. YAVAGAL ET AL.
have neuroendovascular specific written PPE protocols
(74% versus 88% or 89% high or medium-volume respec-
tively) and when present, less likely to report them to be
adequate (58% vs. 92% or 81% high or medium-volume
respectively) (p=0.25) (Fig. 8B).

PPE and reported Covid-19 infections in personnel

Amongst centers with written neuroendovascular-spe-
cific PPE protocols, 19.1% (16/84) reported at least one or
more stroke or neuroendovascular team personnel
Fig. 7. A global representation of intubation policy and direction of change to or fr
during COVID-19 pandemic based on high, medium or low-volume stroke centers.
COVID-19 infection versus 14.3% (2/14) centers without
these protocols (p=1.00). In centers where the respondents
felt the neuroendovascular-specific PPE protocols were
adequate, notably 20.5% (16/78) reported at least one or
more COVID-19 infection amongst stroke or neuroendo-
vascular team personnel versus 12.5% (2/16) respondents
in centers that reported the PPE protocols to be inade-
quate (p=0.73).
Similarly, there was no statistically significant differ-

ence noted in availability of respective PPE equipment
om preferred intubation for patients undergoing Mechanical Thrombectomy



Fig. 8. A-B: A global representation of presence of established written personal-protective-equipment protocols specific for neuro-interventional suite and if these
protocols were considered adequate to prevent SARS-CoV-2 infection amongst countries with at least 3 or more responses (8A), and amongst high, medium or
low volume stroke centers (8B).
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such as N95 masks (p=0.51), Surgical masks (p=1.00),
Bunny suit (p=0.34) and Face shield (p=0.51), and COVID-
19 infection amongst stroke or neuroendovascular team
personnel (supplemental item 3).
Discussion

The COVID-19 pandemic has a significantly impacted
the emergency response mechanisms of the healthcare
systems worldwide. This cross-sectional convenience sur-
vey by the MT2020+ global alliance reports an interna-
tional snapshot of the significant changes in acute stroke
care with an emphasis on mechanical thrombectomy sys-
tems of care. Our study shows that worldwide, stroke
specialists report an overall median percentage decrease
of 33% in stroke admissions and 25% in MT procedures
performed during COVID-19 pandemic. A similar trend
of reduced stroke admissions and about 25% decrease in
acute stroke interventions such as intravenous thromboly-
sis (IVT) and MT was reported in a survey completed by
members of World Stroke Organization.8 Our results are
also consistent with the literature showing reduced
admissions of patients presenting with more life threaten-
ing emergencies such as myocardial infarction9,10 and
large vessel occlusion (LVO) strokes or delays in arrival to
hospitals during COVID-19 pandemic.11 The department
of Veteran Affairs, the largest healthcare system in the US,
reported a decrease of 41.9% inpatient admissions starting
mid-March to April compared to beginning of the year
2020.12 A large population based study from Joinville,
Brazil reported a 36.4% reduction in TIA, mild and
moderate stroke admissions but no difference in admis-
sions for severe stroke (NIHSS >8) during 30 days imme-
diately post the pandemic restrictions were imposed on
March 17th 202013 Another large study from North Spain
reported statistically significant decrease in mean weekly
stroke admissions to the tertiary referral hospitals but no
difference in proportion of IVT or MT performed from
December 30th 2019 to May 3rd 2020.14 Similarly, a large
national survey in China that included participants from
280 stroke centers reported approximately 40% drop in
stroke admissions and about 25% reduction in thromboly-
sis and thrombectomy cases during the month of Febru-
ary 2020 compared to the same in 2019.15 In addition, a
multicenter observational study across 8 states in the US
reported significant decline in weekly stroke admissions,
but the proportion of patients receiving IVT and MT
remained the same during the months of March, April
and May 2020 compared to the same period in 2019.16

In the subgroup of countries of Germany, France, Italy
and Poland, there was a median percentage increase of
85% and 113% in stroke admissions in medium and high-
volume centers respectively and 22% increase in MT per-
formed in high-volume centers due to a pandemic-related
change in their pre-hospital stroke triage policy to direct
all strokes to designated centers only during the pan-
demic. As such, this reported increase in stroke admis-
sions and MT performed in countries with STP change is
unlikely to represent a true measure of the overall change
in the stroke admission and MT during COVID-19 pan-
demic. On the other hand, countries without change in
STP provide a better snapshot of the direction of change
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in stroke admissions and MT performed. High and
medium-volume centers in countries without STP change
reported a median percentage decrease of 50% and 17%
respectively in stroke admissions and a median decrease
of 21% in MT performed in high-volume centers.
While our survey could not address the specific reasons

for the decrease in stroke admissions and MT volumes, it
is consistent with other reports of indirect effects of social
distancing, delaying detection of neurological changes in
independently living elderly patients and increased out-
of-hospital mortality during mid-March to April com-
pared to pre-pandemic months.17

A prospective international study during COVID-19
surge reported longer door-to-reperfusion times (138 vs.
100 min) and higher in-patient mortality (RR 1.87) in
patients undergoing preferred intubation for MT,18

though details about direction of institutional intubation
policy change in respective centers due to COVID-19 was
not detailed. While there is no consensus regarding the
optimal intubation policy for MT, our survey was able to
capture the magnitude of any change in the intubation
policy at centers in response to the pandemic. Our study
shows that 52% stroke centers instituted intubation policy
change for patients undergoing MT with an almost equal
change in either direction: 25% changed their policy to PI
from PNI and 27% centers changed their policy to PNI
from PI. Interventional cardiology expert consensus
guidelines recommended a low threshold for intubating
patients prior to transfer to catheterization suite to avoid
emergent intubation and reduce potential transmission
risk to catheterization staff.19 Similarly, the neuroendo-
vascular expert consensus statements encouraged ade-
quate PPE precautions, and lower threshold for
intubation when adequate negative pressure rooms are
available to reduce the possible risk of infection. This is
supported by the evidence that about 6 � 14% patients
undergoing MT require emergent intubation during pro-
cedure,20 therefore reducing the threshold for intubating
all patients undergoing MT with unknown COVID-19 sta-
tus preemptively in a more controlled environment such
as negative pressure room prior to the procedure has the
potential in reducing the risk of transmission of COVID-
19 infection to neuroendovascular staff. Our data did not
show a significant difference in infection rates amongst
stroke or neuroendovascular staff with PI versus PNI or
change in intubation policy in either direction, though it’s
important to note that the study was not powered to
make these associations.
An international study across 35 centers with neuroen-

dovascular units showed a strong positive correlation
between number of quarantined providers (38%) and
those testing positive for COVID-19 (12%), suggesting
appropriate and effective implementation of quarantine
measures though the details of these measures were not
discussed.21 In addition, the elective interventions in these
centers were reportedly canceled within median 14 days
from first reported case of COVID-19 in their respective
regions, which could explain the lower rates of infection
amongst the providers compared to infection rates in their
respective communities, thus allowing continued avail-
ability of emergency thrombectomy services.21 In our sur-
vey, majority of the centers reported establishing written
neuroendovascular-specific PPE protocols (88%) and
amongst the centers with these protocols, majority
respondents considered them to be adequate (80%). Inter-
estingly, we did not find any significant difference
between the presence of established neuroendovascular-
specific PPE protocols or reported adequacy of the same
with rate of COVID-19 infections amongst stroke or neu-
roendovascular staff, but again our study was not pow-
ered to conclusively analyze these differences. Low-
volume stroke centers in comparison to high or medium-
volume centers are less likely to have established neuroen-
dovascular-specific PPE protocols (74% versus 88% or
89%, respectively); and if established, only 58% respond-
ents from these centers considered them to be adequate
compared with large or medium-volume centers (92 or
81% respectively).
This study is based on a convenience cross-sectional

survey and does not represent a random sample of global
medical institutions, and therefore the results should be
viewed considering this important limitation. Though
separate analysis was conducted restricted to countries
with three or more responses to provide a better represen-
tation of practices within a particular country, there is a
potential for reporting bias which can skew the data for a
given country. The actual time frame defining pre and
during COVID-19 infection was left to the respondents
and was therefore variable due to differences in first
reported COVID-19 infection in their respective cities or
countries. In addition, we analyzed and reported the
countries with pandemic related change in pre-hospital
STP separately. This is important as change in pre-hospi-
tal triage of stroke patients during the pandemic to desig-
nated tertiary care stroke centers lead to an increase in
stroke admissions in these centers. Nevertheless, pertinent
reason to include these countries with pre-hospital STP is
to present a complete picture of the effects of the pan-
demic on stroke systems of care including effects of the
STP change. A convenience survey is a useful tool to
study physician practices and changes implemented due
to unprecedented healthcare crisis during COVID-19 pan-
demic. Average survey response rates amongst healthcare
professionals is about 53%,22 therefore the lower response
rates in our survey can potentially lead to non-response
bias and the survey results should be viewed keeping this
limitation in mind.23

To conclude, our data provides a valuable snapshot of
the impact of the first surge of the COVID-19 pandemic
on global stroke systems of care and provides lessons for
the future. It highlights the need to increase public aware-
ness about seeking urgent medical care for focal
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neurological deficits. More studies are needed to shed
light on whether PI versus PNI or avoiding adopting intu-
bation policy changes in workflow helps curtail COVID-
19 infection despite adequate PPE precautions or not.
However, it’s unclear at this juncture that changes in local
healthcare policy varying from pre-hospital triage or pre-
ferred-intubation affected the long-term patient outcomes.
These results can be useful to policymakers to anticipate
and counter adverse stroke care changes during future
public healthcare emergencies.
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