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Globally, to date, there have been nearly 125 million confirmed cases of coronavirus disease
2019 (COVID-19) during this pandemic, including >2.7 million deaths, as reported to World
Health Organization. Although the common symptoms of COVID-19 are cough, dyspnea,
fever, chills, myalgia, anosmia, and ageusia, an increase in several neurologic manifestations,
specifically ischemic and hemorrhagic stroke syndromes, has been recognized. Ischemic stroke
related to COVID-19 may be secondary to thrombotic microangiopathy, vascular endotheli-
opathy, arterial dissection, or leukoencephalopathy of the posterior reversible encephalopathy
type.1 Hemorrhagic stroke associated with COVID-19 may also be due to intracerebral hem-
orrhage, subarachnoid hemorrhage, or microbleeds.1 The incidence of stroke during the
pandemic was predicted to increase due to the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) virus link to both thrombotic and hemorrhagic risk potential.2 Paradoxically,
stroke admissions to hospital appeared to decline during the pandemic, speculated to be due to
a fear of infection, leading to patients with stroke refusing to call for emergency medical
services.2 Scientists called for epidemiologic data to characterize and more clearly understand
the effect of the COVID-19 pandemic on stroke care.2,3

Noguieira et al.4 answered the call by conducting a very large cross-sectional, observational,
retrospective study across 6 continents, 70 countries, and 457 hospital stroke centers to
measure the global impact of the pandemic on overall stroke hospitalizations, administration of
IV thrombolysis (IVT), and drip-and-ship transfers related to IVT at the peak of the pandemic
compared with 2 similarly long control intervals. The authors reported an 11.5% decline in
stroke admissions, a 13.2% drop in IVT administration, and an 11.9% decrease in interfacility
transfers for IVT.

The research is not totally novel. Instead, it is confirmatory in that a multitude of regional
stroke programs have published this result around the world.5,6 However, the Noguieira et al.
study is the largest, most comprehensive global retrospective evaluation on the topic of
pandemic-associated reduction in stroke phenomenon. The strengths of the study include the
inclusion of data from low-income and underresourced countries; evaluation of recovery of
stroke hospitalizations in later phases of the pandemic; pragmatic use of existing stroke center
databases; case ascertainment verification; prescreening of stroke centers for external con-
founders that could explain any unexpected changes in volumes; establishment of uniform
definitions of what constituted a hospitalization for stroke, IVT, and IVT transfer; and
measures to avoid duplicate cases. Potential limitations of the study design include the
exclusion of 12% of eligible stroke centers after screening due to incomplete data or con-
founders; reliance on participating stroke center data; possible variations in the criteria used
for the diagnosis of stroke, description of acute treatment, and documentation of transfer
across the various regional and national stroke programs; and the combining of ischemic
stroke with TIA and hemorrhagic stroke. The addition or inclusion of telestroke network data
may have been helpful to broaden representativeness beyond designated stroke centers.7 It
may have been interesting to include mechanical thrombectomy as one of the acute treat-
ments investigated for acute ischemic stroke. Although intracerebral hemorrhage was in-
cluded in the definition of stroke, its potential acute treatments, for example, craniotomy,
hematoma evacuation, or decompression, were not evaluated.8 The addition of other non-
vascular neurologic emergencies and their acute treatments would have offered convenient
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comparators. The investigators had the opportunity to
specify inclusion of both alteplase and tenecteplase as po-
tential thrombolytics, however did not. Comparing hospital-
reported IVT with pharmaceutical company Genentech
(Roche Group) national and international reports of
thrombolytic dose sales during the same time intervals may
have provided an opportunity for validation of results.

Where in the world did all the strokes go? The authors offered
many potentially plausible explanations. Their explanations
include hospital access related to high COVID-19 burden,
although this proved to be unlikely given that the decline has
been seen even in centers not overburdened by COVID-19
admissions; patients’ fear of contracting the virus; a decline in
presentations of TIA and mild stroke; and stay-at-home or
shelter-in-place orders and other social distancing measures
that may have prevented patients from having their stroke
witnessed by others. Like the explanation provided for the
witnessed reduction in acute coronary syndromes, another
reason for a decline in stroke admissions is a population-level
reduction in the consumption of high-sodium fast food, re-
duction in exposure to air pollution, and improvement in
patient behavior.9,10 Another possibility offered is the po-
tential reduction in patient exposure to other viruses known
to trigger vascular events by masking and social distancing,
resulting in reduced stroke incidence.

Beyond explanations offered by the authors, another reason
for a reduction in stroke admissions to hospital and IVT is a
possible reduction in stroke mimics that are sometimes
challenging to distinguish from an acute ischemic stroke
syndrome and are often treated with IVT, although un-
intentionally. Stroke mimics may represent up to a third of
all IVT-treated patients and be an important historical
baseline source of bias in stroke research.11 Any systemic
decline in stroke mimics presenting to emergency depart-
ments during the COVID-19 pandemic may affect overall
stroke syndrome–classified treatments and hospitalizations.
Similarly, psychogenic etiologies of stroke-like syndromes,
for example, somatic symptom disorders and psychogenic
stroke mimics, presenting to emergency departments are

plausibly declining as a rise in COVID-19 cases was found to
be associated with a decrease in mental health presentations
to emergency departments overall.12

In summary, Noguieira et al. convincingly demonstrated a
global reduction in stroke admissions to hospital, IVT, and
interfacility transfers after IVT at the height of the COVID-19
pandemic with a recovery later in the pandemic. Multiple
potential systemic explanations were offered, each associated
with COVID-19 or related mandates and societal behavior. A
true reduction in stroke incidence, although welcomed, is
unlikely and cannot be concluded at this point.
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