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Abstract
We discuss the current understanding of COVID-19’s neurological implications, their basis, and the evolving clinical consensus
with a focus on cerebrovascular stroke. We further illustrate the potential significance of these implications with the aid of an
accompanying case report outlining the disease course and treatment of a COVID-19 patient suffering from ischemic stroke and
pulmonary embolism. The ever-growing strain on the global healthcare system due to the spread of the novel coronavirus SARS-
CoV-2 requires focused attention on urgent care of independent, coexisting, and associated comorbidities, including cerebro-
vascular accidents. For illustration purposes, we outline the case of a 68-year-old female presenting with COVID-19 subse-
quently complicated by bilateral pulmonary embolism and a right-sided cerebrovascular accident. The patient was successfully
managed pharmacologically and discharged without significant neurological deficit. The evidence for a hypercoagulable state in
this patient along with discussion of mechanistic bases, corroborative evidence from the literature, along with relevant guidance
on screening, treatment, and prophylaxis is offered. Greater study of the pathogenesis of COVID-19-related cerebrovascular
complications and revisiting current guidelines on their management including potentially heightened levels of
thromboprophylaxis are warranted.
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Introduction

After first being reported in Wuhan, China, in December
2019, the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic has emerged as a dominant
force affecting nearly every aspect of society and millions

worldwide, resulting in over 1,400,000 by the end of
November 2020 [1]. Such crises often disproportionately
harm the most socioeconomic and medically vulnerable
patient groups [2, 3]. Given the multisystem scope of
COVID-19, studies have been limited with regard to the
specific mechanistic causes behind fatalities and break-
down of their clinical characteristics. While a recent study
of 77 fatal cases of COVID-19 found 3.9% of deaths to be
due to nervous system disease, more specific breakdowns
were not provided [4]. Specifically, stroke risk has been
reported to be related to disease severity in hospitalized
COVID-19 patients, with an incidence of close to 1% in
mild disease and up to 6% in severe infections [5]. Here,
we use the case of a 68-year-old female to draw attention
to the patient subpopulation whose COVID-19 disease
course is complicated by acute ischemic stroke (AIS).
We provide a literature review and viewpoint on the cur-
rent recommendations and evolving strategies for the pre-
vention, management, and resolution of such cases.
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Case Report

Case Presentation

In an effort to contextualize the clinical relevance of our subse-
quent discussion, we have detailed the case of a 68-year-old
female with a history of hypertension, hyperlipidemia, and ob-
structive sleep apnea positive for SARS-CoV-2. A timeline over-
view of the case is presented in Fig. 1. On day 1 of admission, the
patient presented with symptoms of fever, shortness of breath,
and acute respiratory failure due to COVID-19 pneumonia. She
received tocilizumab, hydroxychloroquine, and azithromycin.
On day 4, the patient was transferred to the intensive care unit
(ICU) for worsening respiratory failure requiring intubation. On
day 6, the patient was extubated and transferred on day 7 back to
the medical floor on a non-rebreather mask with improved pan-
cytopenia. On day 9 at 1:50 pm, while recovering on a non-
rebreather mask, the patient was noted to have sudden onset of
left-sided facial, arm, and leg weakness and dysarthria. Her
symptoms improved transiently on the way to performing com-
puted tomography (CT) but worsened soon after. The CT scan
was unremarkable for acute hemorrhage or evolving infarct but
showed signs of chronic small vessel ischemic disease.
Computed tomography angiography (CTA) showed emboli in
bilateral distal main and upper lobe pulmonary arteries consistent
with bilateral pulmonary embolism (PE). A non-occlusive
thrombus in the proximal right M2 segment of the middle cere-
bral artery (MCA) was also discovered (Fig. 2). The patient was
able to lift left upper and lower extremities against gravity but
suffering from weakness to resistance. Strength was noted as 3/5
in both upper and lower extremities, along with dysarthria. The
patient was assessed with an NIH stroke scale of 8 for left-sided
weakness. D-dimer levels were notably elevated. Her PE and
COVID-19 status were not considered an impediment to imme-
diate thrombolytic administration, and the tissue plasminogen
activator (tPA) alteplase was ordered at 0.9 mg/kg for manage-
ment of bilateral PE and right MCA non-occlusive thrombus
after obtaining consent from the patient. On day 10, the patient
no longer showed signs of left-sided weakness or focal neuro-
logical deficits. The next day, she was started on clopidogrel
daily after CT of the head did not show intracranial hemorrhage.
On day 11, the patient’s breathing improved with reduction in
cough severity, but still suffering frommild tachypnea and resid-
ual shortness of breath requiring increased oxygen supplements.
Dysarthria and facial asymmetry continued to be absent. C-
reactive protein was also noted to continue trending downwards.
On day 12, the patient was observed sitting in recliner and feeling
better, though still tachycardic and mildly tachypneic. No resid-
ual symptoms were noted from the presumed stroke. MRI
showed embolic stroke in the right insula and left cerebellum
(Fig. 3). On day 13, she was noted to show signs of heparin-
induced thrombocytopenia (HIT) with a further steady decline in
platelets since initiating heparin therapy on day 11 (Fig. 5).

Heparin was discontinued and the patient was started on
fondaparinux with plans to switch to apixaban. HIT was later
confirmed via antibody testing. On day 15, the patient was
discharged in good general condition despite a positive repeat
SARS-CoV-2 test, without evident neurological sequelae and
was instructed to practice continued quarantine for 2 weeks.

Case Discussion

The patient was SARS-CoV-2 positive upon admission pre-
senting with pulmonary symptoms of COVID-19. Her treat-
ment with hydroxychloroquine, azithromycin, and the anti-
interleukin-6 antibody tocilizumab was consistent with prac-
tices and experiences of other clinicians at the time of admis-
sion [6–8]. She showed signs of improvement, extubated, and
returned to the medical floor on day 7 of hospitalization.
Evidence is still being gathered on the unproven efficacy,
unclear mechanism, and possibly significant side effect profile
of hydroxychloroquine in the treatment of COVID-19 [9, 10].
There is however further evidence for successful use of toci-
lizumab in a number of case reports along with a compelling
theoretical basis for its efficacy [7, 8, 11].

Despite the improvement in her general condition and re-
spiratory status, the patient showed symptoms of a CVA on
the ninth day of hospitalization, 2 days after returning to the
medical floor. As early as 4 days prior to the manifestation of
her CVA, the patient’s D-dimer, prothrombin time, and INR
levels were markedly elevated indicating an existing coagu-
lopathy at admission, with thrombocytopenia (Fig. 4 and Fig.
5). Inflammatory markers such as C-reactive protein (CRP),
fibrinogen, and ferritin were also high in the days leading up
to the CVA (Figs. 6 and 7). The increased levels of fibrinogen
are not compatible with consumption coagulopathy such as
disseminated intravascular coagulation (DIC), and instead in-
dicate an overlapping picture of hypercoagulability in con-
junction with a severe inflammatory state. This patient had
multiple risk factors predisposing her to acute ischemic stroke.
Her inflammatory and hypercoagulable state theoretically
stemming from her COVID-19 status and a history of hyper-
tension and hyperlipidemia are of importance. Obstructive
sleep apnea itself is associated with an increased risk of hy-
percoagulable states as well [12, 13]. It is worthwhile to con-
sider whether these trends in laboratory values, along with
known risk factors, may have justified early prophylactic ther-
apy to reduce the risk of acute ischemic stroke.

Review of Literature

Neurological Manifestations of COVID-19

The novel SARS coronavirus (SARS-CoV-2)—initially
known primarily as a severe viral pneumonia—has since
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Fig. 1 Case timeline
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become associated with extrapulmonary manifestations, in-
cluding neurological symptoms. Among a study of 214
COVID-19 patients, 36.4% experienced some neurologic
manifestations, including CNS symptoms such as dizziness,
headache, impaired consciousness, CVD, ataxia, and seizure,
as well as PNS symptoms such as impairment of taste, smell,
and vision, and nerve pain [5]. Alterations in olfactory and
gustatory senses are some of the more unique symptoms
[14, 15]. In a study of 202 individuals, these alterations were
observed as the solitary or earliest sign of COVID-19 in 15%
of patients, and present concomitantly with other symptoms in
another 23% [15]. It has also been proposed that SARS-CoV-
2 could also affect the respiratory reflex pathway resulting in
lack of dyspneic symptoms even in intubated patients [16, 17].
Rarer neurologic manifestations such have been linked in in-
dividual cases [5, 18]. There have also been some anecdotal
accounts of delirium and cognitive decline in COVID-19 pa-
tients [19]. A recent study, which reported cognitive decline in

COVID-19 patients, was limited by its cross-sectional and
non-peer-reviewed nature with insufficient bases for signifi-
cant confidence in its conclusions [20]. However, peer-
reviewed published works do exist documenting cognitive
changes in COVID-19 patients, including those who have
recovered [21, 22]. It is unclear if such sequelae are likely to
be subacute or chronic. Of course, there are theoretical bases
for these observations, stemming from SARS-CoV-2’s poten-
tial impact via hypoxemia, coagulopathies, vascular damage,
and neuroinflammation among others. The exact mechanism
by which these specific neurological symptoms are linked to
SARS-CoV-2 is unclear and may simply be a result of an
immunological response rather than direct neuroinvasive se-
quela of the virus.

Of particular relevance to our discussion, in an early study
of 214 patients in China, 5.7% of patients with severe
COVID-19 were found to have suffered from acute cerebro-
vascular disease (CVD) [5]. These patients have been signif-
icantly older and more likely to have had risk factors such as
diabetes, hypertension, or previous history of CVD or severe
COVID-19 [23, 24], with severity of COVID-19 assessed
using American Thoracic Society guidelines for community-
acquired pneumonia [25]. A systemic review of 39 studies
with 68,361 laboratory-confirmed COVID-19 patients found
that 1.3% experienced ischemic stroke. Individual data from
129 such patients found an in-hospital mortality rate of 22.8%
[26]. It is difficult to ascertain with reference to current re-
search, whether such cerebrovascular manifestations are di-
rectly caused by the COVID-19 disease process. However,
there is compelling evidence in support of COVID-19 unique-
ly contributing to a heightened risk of CVAs.

Review of COVID-19-Associated Hypercoagulability

Though past experiences with the 2002 SARS-CoV outbreak
have yielded limited evidence due to its significantly lower
number of cumulative cases (8447 worldwide) [27], a study of

Fig. 2 Computed tomography angiography (CTA) showing non-
occlusive thrombus in the proximal right M2 segment of the middle
cerebral artery (MCA)

Fig. 3 Magnetic resonance
imaging (MRI) without contrast
showing embolic stroke in the
right insula and left cerebellum
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anecdotal cases in Singapore showed several patients with
pulmonary thromboembolism and deep vein thrombosis
[28]. Vascular fibrin thrombi were also a commonly found
feature in over 80% of cases among a group of 20 autopsies
performed in patients with the 2002 SARS-CoV virus in
Toronto [29]. Of course, differences in the genetic character-
istics between the 2002 SARS-CoV and SARS-CoV-2 (80%
shared identity) are not insignificant and may result in varying
presentations [30].

There is, however, additional evidence of a hypercoagulable
state inCOVID-19 pneumonia patients admitted to intensive care
units. A study of 184 ICU patients in the Netherlands found a

31% incidence of thrombotic complications, despite standard
thromboprophylaxis [31]. In another study by Tang et al. involv-
ing 183 COVID-19 patients, the criteria of disseminated vascular
coagulation were met at a higher rate among non-survivors
(71.4%) compared to survivors (0.6%) [32]. There is also an
associated mild thrombocytopenia in COVID-19 patients, as
with our patient [33]. Other studies have shown coagulation
disturbances primarily in levels of D-dimer and fibrin degrada-
tion products (FDP) in COVID-19 patients, interpreted by the
authors as consistent with consumption coagulopathy [34]. A
study of 5700 patients hospitalized in New York with COVID-
19 painted a similar picture with markedly elevated D-dimers,

Fig. 5 Platelets

Fig. 4 D-dimer, prothrombin time, and INR
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ferritin, and CRP [35]. A pathological study from Brazil of ten
autopsies showed small fibrinous thrombi in small pulmonary
arterioles in eight patients [36].

Given the selective patient populations analyzed some of the
above studies, findings cannot be extrapolated to draw definite
conclusions about the general disease process and certainly not
immediately applicable to clinical decision-making without care-
ful consideration. As an example, thromboelastography analysis
from 24 patients presenting with COVID-19 admitted to the ICU
in Milan, Italy, was found to be consistent with hypercoagulabil-
ity in the setting of a severe inflammatory state, but not

consumption coagulopathy as previously described by Tang
et al. [32, 37]. Ranucci et al. reported a similarly diverging pattern
of prothrombotic coagulopathy compared to what would other-
wise be expected from that of DIC [38]. The increased levels of
fibrinogen lend further evidence in support of this diverging
pattern of coagulopathy, consistent with our own observations.
Nevertheless, the overall picture of a hypercoagulable state in the
most severe cases of COVID-19 is consistently apparent.

A retrospective study of 1916 patients with COVID-19
found ischemic stroke to be 7.6 times more likely as compared
to patients with influenza [39]. Evidence suggests that

Fig. 6 Fibrinogen and C-reactive protein

Fig. 7 Lactate dehydrogenase
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COVID-19 presents an independent risk factor for stroke [40].
In a study of 3556 patients in one New York healthcare sys-
tem, cases of stroke in COVID-19 patient were more likely to
be cryptogenic (65.6%) than those without COVID-19
(30.4%, p = 0.003) and historic cases of ischemic stroke from
the same time period in the preceding year (25.0%, p < 0.001)
[41]. The above observations are not without a theoretical
basis, and there exist plausible mechanisms by which
COVID-19may further compoundCVD risk in high-risk pop-
ulations. The SARS-CoV-2 virus is internalized into the host
cell via the angiotensin-converting enzyme 2 (ACE2) receptor
with the aid of the transmembrane protease serine 2
(TMPRSS2) protein (Fig. 8). Given the facilitative role played
by TMPRSS2, its presence along with ACE2 in particular
tissues potentially renders themmore susceptible to viral entry
and replication. Vascular smooth muscle expresses both
ACE2 and TMPRSS2 priming vascular tissue for damage
[42]. Cardiovascular implications of COVID-19 potentially
leading to arrhythmias leading to thrombi as well as hypoten-
sion exacerbating downstream ischemic events can both con-
tribute to the development of stroke [43]. Additionally, the
inflammatory cascades and the release of proinflammatory
cytokines may further contribute to the propagation of
procoagulant lesions in the vasculature [7, 37, 38]. Hypoxia
[31, 44, 45], thrombocytopenia [33], cytokine storm [7], and
liver abnormalities [46] may each contribute to a hypercoag-
ulable state in COVID-19 patients.

Clinical Implication and Practice Recommendations

Regardless of the pathological processes behind COVID-19-
associated CVAs, the need to formulate an evidence-based
strategy remains. Given that CVAs share overlapping risk
factors with prognostic severity of disease in COVID-19 in-
cluding age and chronic diseases, a focused attention on the
management of new-onset acute ischemic stroke is of addi-
tional importance in light of the negative prognostic

consequences. The American Heart Association (AHA) and
American Stroke Association (ASA) released temporary
emergency guidance to US stroke centers on March 31,
2020, in relation to protective measures against the spread of
SARS-CoV-2, as well as modulated expectations in terms of
adherence to treatment times [47]. A discussion on the topic is
also available as a podcast [48]. However, additional guide-
lines are needed to address the links between COVID-19 and
CVAs.

Before discussing the issue further, it is important to con-
sider that with rising infection levels, it may be more difficult
to determine if a patient’s AIS is induced by their SARS-CoV-
2–positive status or whether the patient’s COVID positivity is
separate from underlying disease processes responsible for
their presenting stroke. Given the importance of stroke on its
own account, we shall first discuss the latter scenario.

Acute Stroke as the Presenting Complaint

When it comes to a novel disease process such that of SARS-
CoV-2, possible complications are not always attributable
with complete certainty via a cause-and-effect relationship to
the coexisting disease [49]. However, in terms of clinical man-
agement, there is a need for reciprocal screening of patients
among CVA and COVID-19 populations. The standard prac-
tice of screening patients for COVID-19 obviously extends to
those suspected of CVAs. As has already been discussed,
COVID-19 has neurological manifestations and such patients
should be carefully screened [14]. More concerning, a report
from Italy showed a precipitous and counter-intuitive decline
in the number of documented cases of ischemic stroke over
the course of 1 month [50]. Similar observations have been
made in other areas worldwide [51–53]. This is likely the
combined result of patients with mild cases not seeking care
for fear of being infected, cases of ischemic stroke being
overlooked in the healthcare setting due to resource realloca-
tion and overlapping cases of severe or fatal COVID-19, and
stroke not being adequately tracked as cases of stroke. Public
officials and healthcare professionals should do more in en-
couraging patients with symptoms of possible stroke to con-
tinue seeking emergency services themselves without concern
for the risk of exposure to SARS-CoV-2. Telemedicine can
help alleviate some patient concerns [54]. To reduce the risk to
patients of unknown COVID status, some institutions have
already begun using telemedicine to screen patients both in
their own emergency departments and regionally [47, 55, 56].
Medical centers have already adjusted their acute stroke pro-
tocol in the emergency department to include temperature
checks, oxygen saturation, and COVID-19 screening [57].
However, stroke patients may be unable to answer screening
questions in which case they should ideally be considered
potential carriers of SARS-CoV-2 [47]. Canadian physicians
have offered a “Protected Code Stroke Pathway” [58], theFig. 8 SARS-CoV-2 attachment to host cells
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implementation of which may be complicated by the limited
availability of personal protective equipment (PPEs) [47, 57].

The interim guidance by AHA/ASA has called for some
flexibility in algorithms and guidelines to balance the need for
providing optimal care while minimizing the spread of SARS-
CoV-2 [47], a goal requiring careful coordination not only
within each institution but also among comprehensive hospital
networks. Further recommendations have been proposed by
Canadian Stroke Best Practices Advisory Council and
American clinicians on hospitalization measures, transfers,
rehabilitation, discharge, and secondary prevention for stroke
patients during the COVID-19 pandemic [59, 60]. It is crucial
that quality of care for suspected and confirmed cerebrovas-
cular cases are not overlooked even amid a pandemic, given
the uncertainty about when cases may subside and in prepa-
ration for future waves of infections.

COVID-19 Disease as the Presenting Complaint

There have been reports of patients presenting with CVAs that
appear to have been triggered by an underlying SARS-CoV-2
infection [61]. Thus, COVID-19 patients should be recipro-
cally screened for hypercoagulable states and assessed for risk
of thrombotic events. The case of the 68-year-old patient with
AIS reported in this paper falls into this category. Her initial
presentation and reason for hospitalization was a deteriorating
respiratory function related to SARS-CoV-2. COVID-19 pa-
tients with any of the risk factors, including advanced age,
diabetes, hypertension, past history of cerebrovascular dis-
ease, severe COVID-19, increased D-dimer levels, or height-
ened inflammatory response reflected in high CRP, are known
to be at significantly increased risk of CVD [23]. It should be
noted, however, that the aforementioned risk factors in this
study were shared among subjects with CVD and their inde-
pendent risk contribution is not well established. Clinically,
however, given the urgency of the situation, justification ex-
ists for thromboprophylactic measures in all hospitalized
COVID-19 patients who have been cleared of any contraindi-
cations, especially those in whom the above risk factors are
clearly present. It should be noted that many questions remain
unanswered on the disease mechanisms involved. Current
studies are incomplete and, in certain cases, suffer from po-
tentially imperfect analysis, and thus, clinical signs and evi-
dence should continue to be the primary driving force behind
therapeutic and prophylactic decisions in individual COVID-
19 patients within the judgement of each clinician until such
time that more systemic guidance is available based on larger-
scale clinical trials.

It has been argued that a number of hospitalized COVID-
19 patients often fit criteria for increased risk of thromboem-
bolic events and qualify for thromboprophylaxis purely by
virtue of their respiratory failure, immobilization, and acute
respiratory infection [62]. A retrospective comparison of

coagulation features between severe pneumonia in the setting
of SARS-CoV-2 versus non-SARS-CoV-2 pneumonia
showed 28-mortality reduction with the use of LMWH
thromboprophylaxis compared to no thromboprophylaxis, in
a subgroup of SARS-CoV-2–positive patients but only those
with markedly elevated D-dimer levels [63]. There has been
some disagreement among clinicians on possible interim mea-
sures when it comes to the management of hypercoagulation.
Tang et al. have presented claims that LMWH is associated
with better prognosis in severe COVID-19 patients, but the
basis of this finding has been challenged by others [64, 65].
The International Society on Thrombosis and Haemostasis
(ISTH) has issued interim guidance authored by Tang et al.
for the use of LMWH in select patients, a recommendation
that has been challenged by Porfidia et al. and separately
called upon for modification by Barret et al. who have argued
for more liberal prophylaxis beginning with unfractionated
heparin even prior to significant clinical deterioration, follow-
ed by additional regimens as indicated such as the use of tPA
in cases of overlapping pulmonary embolism [62, 66, 67]. It
should be noted that thrice-daily unfractionated heparin is not
ideal given the need to reduce patient contact during the pan-
demic, and thromboprophylaxis agents such as LMWH or
fondaparinuxmay bemore appropriate, at least from that point
of view. Barret et al., Wang et al., and Moore et al. have gone
further to suggest tPA as a treatment for COVID-19-
associated ARDS [67–69]. Moore et al. have also proposed
clinical trials in collaboration with Genentech Inc. in a selec-
tive cohort of patients [70]. However, the evidence in support
of such a therapy is as of yet insufficient.

The American Society of Hematology (ASH) has provided
guidance on this issue, calling for VTE thromboprophylaxis
with LMWH or fondaparinux. At this point in time, the ASH
has not taken a position regarding the use of therapeutic-
intensity anticoagulation in the absence of confirmed or
suspected venous thromboembolism [71]. However, the evi-
dence from the Dutch study by Kolk et al. of 184 COVID-19
patients showed that even with standard thromboprophylaxis
with LMWH, 31% of subjects experienced thrombotic com-
plications, 27% of which were confirmed as venous thrombo-
sis [31]. Helms et al. also found an increased risk of thrombo-
sis despite standard anticoagulation therapy [72]. Thus, stan-
dard LMWH may be insufficient and heightened levels of
prophylaxis may potentially be required. This is of particular
importance for patients with correlates of elevated risk for
COVID-19-associated CVD in whom laboratory indicators
of coagulopathy are markedly abnormal.

Conclusions

SARS-CoV-2 has presented ever-increasing challenges to ev-
ery facet of clinical medicine. CVAs are a precarious source of
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morbidity even in the most ideal of situations. They have
become ever more significant not only due to the difficulties
in maintaining optimal care during a pandemic but also due to
an increased risk presented by COVID-19. Furthermore, pa-
tient apprehension has even resulted in some cases of non-
COVID-19-related strokes being left unreported and untreated
[53]. It is crucial and possible for standards of care to be
maintained while allowing for flexibility towards balancing
CVA patient care with reducing infectious spread [73].

Though it is recommended that the management of
COVID-19 patients with stroke follows similar standards to
patients without COVID-19, special considerations must be
made. Prophylactic anticoagulation—preferably in the context
of a clinical trial—may be warranted in COVID-19 patients
without confirmed or suspected venous thromboembolism
(VTE) and for whom contraindications have been ruled out.
There has been some debate on whether prophylactic, inter-
mediate, or therapeutic dosing is appropriate in such COVID-
19 patients. At the time of this paper’s publication, the
American Society of Hematology recommends prophylactic-
intensity anticoagulation in critically or acutely ill COVID-19
patients without confirmed or suspected VTE, given the hy-
percoagulable state resulting from the disease [74]. Drug in-
teractions with COVID-19 medications should also be taken
into account. A helpful resource for COVID-19 drug interac-
tions is found via the University of Liverpool [75]. The
National Institutes of Health has further up-to-date recommen-
dations on which clinicians can additionally rely [76]. In pa-
tients with documented evidence of acute ischemic stroke,
standard stroke treatment protocols should be followed, while
taking necessary precautions to limit infection spread. Special
care should be taken to reduce time to treatment with the
appropriate agent while ensuring that hemorrhagic stroke
and risk of bleeding are ruled out [77]. There has not been
any evidence thus far against the use of tPA for intravenous
thrombolysis when otherwise appropriate [78, 79]. While
standard stroke treatment with the complete range of pharma-
ceutical and surgical options is to be considered, it should be
noted that the hypercoagulable state in COVID-19 could the-
oretically raise the possibility of reocclusion. The latter com-
bined with the risk of hemorrhagic conversion requires close
monitoring following any reperfusion therapy, within the
limits of infectious disease protocols [77, 80].

Clinicians should modulate official guidelines for each in-
dividual patient based on their existing risk factors, frequent
analysis of trends in the patient’s laboratory results (e.g., D-
dimers), and evolving clinical picture to determine the need
for prophylaxis, diagnostic imaging, and treatment.
Communication and coordination with support staff to ensure
detection of neurological signs in at-risk patients with frequent
monitoring can further improve outcomes. The findings re-
ported herein are sure to continue evolving in the coming
months. Studies have found COVID-19-associated ischemic

stroke to be more severe and result in both worse functional
outcomes and higher mortality [81]. Thus, it is imperative that
clinicians continue remaining up to date with present research,
clinical trials, and new epidemiological findings.
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