
1. Introduction

Since December 2019, the emergence of coronavirus disease

2019 (COVID-19) has had a major impact worldwide. According to

the data from CDC of Taiwan, by March 2022, there were 435 million

infections and 5.97 million deaths occurred due to COVID-19 infec-

tion all over the world. COVID-19 does not only affect the respiratory

system, but also affects the nervous system. Common neurological

symptoms, including headache, hyposmia, hypogeusia, dizziness,

and less commonly, seizures, encephalopathy, and acute cerebro-

vascular disease have been reported.1,2 This is a new disease in

which we have very little knowledge in relation to cerebrovascular

disease. In this review article, we summarize the characteristics of

stroke patients with COVID-19 infection by searching case reports

and cohort studies.3–19 At the same time, the development of vac-

cines against COVID-19 has allowed us to see a glimmer of hope. As

we speed up the development of vaccines, safety is the topmost pri-

ority. However, there have been sporadic reports about vaccine re-

lated adverse events and death that reduce the willingness to re-

ceive vaccines.20 Could we convince everyone that the benefits out-

weigh the side effects under the currently available evidence? Here-

in, we review literature to elucidate the association between COVID-

19 vaccines and stroke with the aim of assisting clinical decisions and

giving people greater confidence in receiving vaccines.

2. Epidemiology of stroke in COVID-19 infection

In currently published cohort studies, the incidence of COVID-

19 infection complicated by stroke (including ischemic and hemor-

rhagic) is approximately 0.5–5%.3 A meta-analysis that included 24

studies and a total of 108,571 people reported that the pooled inci-

dence of stroke was 1.4% which varied by region, ranging from 1.1%

to 1.2% in North America and Europe and 3.1% in Asia.3 Men are

more likely to experience stroke with COVID-19 than women.3–8

However, there is an inconsistency in the reported conclusions

regarding whether the incidence of stroke is higher in COVID-19-in-

fected patients than in the general population. In one study using

the U.S. Cerner Real-World database, 103 (1.3%) of 8,163 COVID-

19-infected patients developed ischemic stroke, while 199 (1.0%)

of 19,513 patients who were not infected with COVID-19 had is-

chemic stroke.9 No obvious difference in stroke incidence between

the two groups was noted in this observational study. On the other

hand, another British study using the national registry of COVID-19

vaccination to carry out a self-controlled case series study, includ-

ing a total of 1,758,095 COVID-19 positive patients, found that the

incidence of ischemic stroke within 28 days of infection was 1.26–

3.94 times higher than the baseline.10 The severity of the COVID-19

infection also affects the risk of stroke. In a meta-analysis, the odds

ratio of stroke is 5.10 (95% CI: 2.72–9.54) in severe COVID-19 infec-

tion.3 Even in asymptomatic COVID-19 infection, the incidence of

stroke is higher than general population. In a case series study in

Singapore, 15 stroke patients were reported in a cohort of 54,485

South Asian workers living in the dormitories, who were labora-

tory-confirmed asymptomatic COVID-19 infection. Their annual in-

cidence rate of ischemic stroke was higher compared with histori-

cal matched cohort (82.6 vs. 38.2 per 100,000, OR: 2.16, 95% CI:

1.36–3.48).21

Whether COVID-19 infection increases ischemic stroke remains

to be clarified, but there is evidence that COVID-19-related stroke is

characteristically different from a traditional stroke with cerebro-

vascular risk factors.

3. COVID-19 can cause ischemic stroke in younger age

Some studies did not show differences in age between stroke
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patients with and without COVID-19. In a case-control study in UK

that included 1,470 stroke cases, the median age of stroke patients

with and without COVID-19 infection was 74.5 and 73 years old, re-

spectively, with no significant statistical difference.5 Another cohort

study of 27,676 people, the mean age of acute ischemic stroke with

and without COVID-19 were similar (68.8 vs. 71.0, p = 0.24).9 But in

most studies, the median age of stroke associated with COVID-19

infection is between 62.5–67.2 years old, which is younger than the

cases of ischemic stroke without COVID-19 infection.4,11,12 A retro-

spective cohort study in New York, US, documented 32 patients with

ischemic stroke who were positive for COVID-19 with a significantly

lower median age than those of with ischemic stroke who were ne-

gative for COVID-19 (63 vs. 70, p = 0.001).6 Another meta-analysis

found a similar result that the pooled median age difference was six

years younger in stroke with COVID-19 infection (-6 years, 95% CI:

-12.3~-1.4).3 These patients also had less cerebrovascular risk. In one

meta-analysis, young (< 50 years old) ischemic stroke patients with

COVID-19 infection were the ones most likely to have no cerebro-

vascular risk factors, and they had the lowest frequency of hyper-

tension, atrial fibrillation, and coronary artery disease compared to

those > 50 years old.7 This may hint that COVID-19 possesses an ob-

scure mechanism for ischemic stroke; thus, these young patients are

often classified as having cryptogenic stroke. To explore the mecha-

nism between COVID-19 and ischemic stroke, further stroke subtype

classification is required.

4. Subtype of ischemic stroke with COVID-19 infection

In a systemic review of 160 cases of stroke after COVID-19 in-

fection, the results showed that among all stroke subtypes, ischemic

stroke was the most common (78.8%), followed by intracerebral he-

morrhage (15%), cerebral venous thrombosis (4.4%), and subara-

chnoid hemorrhage (1.9%).5 Another multinational cohort study in-

volving 432 patients showed roughly the same proportions, except

that subarachnoid hemorrhage was slightly higher than cerebral

venous thrombosis (5.3% vs. 4.2%).12

Many patients with ischemic stroke and COVID-19 have de-

monstrated large vessel occlusion (LVO) on vascular imaging. Previ-

ous case series and systemic reviews reported about 41–46.9% of

patients were found to have LVO,5–7,12 which is higher than that of

ischemic stroke without COVID-19 infection.3,13 Furthermore, a

study in UK also showed that the rate of multi-territory LVO in-

creased significantly in stroke with COVID-19.5 The finding of multi-

focal LVO may hint a unique mechanism of stroke in COVID-19 in-

fection, such as inflammation-related hypercoagulable status, dif-

fuse vascular endothelium damage, or heart injury-induced cardio-

embolism, rather than common atherosclerosis and small vessel dis-

ease. In clinical practice, COVID-19-infected patients may present

with LVO but lack an obvious risk factor for stroke. Therefore, in the

TOAST classification, cryptogenic stroke accounts for 22.4–44.7%,

while small vessel disease accounts for only 2–10%.3,8,11,12,14

The consequences of LVO are reflected in the severity of stroke,

with significantly higher mean National Institute of Health Stroke

Scale (NIHSS) scores in COVID-19-positive patients.22 In a cohort

study in New York, the median NIHSS score of COVID-19-positive

stroke patients was higher than that of COVID-19-negative stroke pa-

tients (19 vs. 8, p = 0.007).6

5. Laboratory findings in ischemic stroke with COVID-19

infection

In contrast to common pneumonia and viral influenza, COVID-

19 causes severe inflammation and immune responses; therefore,

systemic complications are significantly more frequent. The labora-

tory findings showed that the C-reactive protein (CRP) and D-dimer

levels of stroke patients with COVID-19 were higher than those of

stroke patients without COVID-19,5 suggesting that the mechanism

of stroke caused by COVID-19 may be related to the hypercoagulable

status in severe inflammation. D-dimer levels may also be correlated

with the severity of COVID-19 infection and can be used as an indica-

tor of poor outcomes.15

Some case series found antiphospholipid antibodies, including

anticardiolipin antibody, anti-B2-glyocprotien, and lupus anticoa-

gulant, in the serum of stroke patients with COVID-19.4,16 Anti-

phospholipid antibodies are associated with a predisposition for

blood clots in the arteries or veins. However, acute infections are

sometimes associated with transient positive antiphospholipid anti-

bodies, and the prevalence of positive antiphospholipid antibodies

in the general healthy population is still unknown. To date, no well-

designed large trials have compared whether stroke patients with

COVID-19 have higher antiphospholipid antibody titers. Therefore,

the significance of antiphospholipid antibodies in the pathogenesis

of COVID-19 associated stroke still warrants further investigation.

6. Prognosis of ischemic stroke with COVID-19 infection

The mortality rate of ischemic stroke in COVID-19 positive pa-

tients is about 19–38%, which is significantly higher than that in

COVID-19 negative patients.3,5,9,14 A meta-analysis showed that the

odds ratio of in-hospital mortality of ischemic stroke in COVID-19

positive was 5.21 (95% CI: 3.43–7.90) compared with COVID-19 ne-

gative.3 The cohort study in New York reported 14 deaths among 22

stroke patients with COVID-19 positive, with an abnormally high

mortality rate of 63%.6 This study was conducted at the peak of the

epidemic in New York between March and April 2020, with 3,000–

4,000 new patients infected every day. In terms of medical exhaus-

tion at that time, these deaths may be related to sepsis or respira-

tory failure caused by COVID-19 itself and fewer medical resources

allocated to stroke care. However, evidence has shown a more ad-

vanced stroke severity and poorer functional outcomes in stroke

survivors with COVID-19. In the UK cohort study results, the median

mRS on discharge was higher in COVID-19 positive patients (4 vs. 3, p

< 0.0001).5 Multiple organ damage and more serious neurological

deficits caused by COVID-19 may lead to more neurological sequelae.

7. Pathophysiology of ischemic stroke with COVID-19

infection

Combining the above-mentioned characteristics of COVID-19-

associated stroke, such as the lack of traditional vascular risk factors,

multiple LVO, higher inflammatory index and D-dimer, higher stroke

severity, and poorer prognosis, scientists speculate that the me-

chanism of stroke caused by COVID-19 is different from traditional

stroke. The pathogenesis is still incompletely understood, and there

may be many contributing factors related to the acute inflammatory

response to COVID-19 infection (Figure 1).3,17

7.1. Sepsis-induced hypercoagulation

COVID-19 causes a more severe inflammatory response than

general pneumonia or other viral influenza. One cohort study at two

hospitals in New York compared the characteristics and stroke rates

of patients with COVID-19 and influenza virus infection. They found a

higher rate of ICU admission (25% vs. 6%), mechanical ventilation
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(17% vs. 3%), and higher D-dimer and erythrocyte sedimentation

rate (ESR) in COVID-19 positive patients. The likelihood of acute

ischemic stroke was higher with COVID-19 infection than with in-

fluenza infection (adjusted odds ratio 7.6, 95% CI: 2.3–25.2).18 The

severe infection may cause sepsis-induced coagulopathy which ex-

plains the reason for D-dimer elevation. Antiphospholipid anti-

bodies might also play a role in sepsis-induced hypercoagulation.

Ischemic stroke may develop through direct artery occlusion or ve-

nous thrombosis with a paradoxical embolus. This also explains the

finding of LVO in young patients without any vascular risk factors.

7.2. Cytokine storm

In COVID-19 infection, several cytokines, including IL2, IL6, IL7,

IL10, GCSF, IP10, MCP1, MIP1A, and TNF� have been found to be

markedly elevated.19 In those with severe disease, this response is

exaggerated, resulting in a “cytokine storm”. Cytokines have numer-

ous pro-inflammatory and pro-coagulant effects on the endothe-

lium, activating the coagulation pathway, and evidently causing

blood clotting. Besides, cytokines are also involved in the athero-

sclerotic plaque development and rupture.23

7.3. Vascular endothelium injury

COVID-19 infects the host via the ACE-2 receptor, which is likely

to cause direct damage to the vascular endothelium. The ACE-2 re-

ceptor is mainly expressed in the lungs, heart, kidneys, and vascular

endothelium. COVID-19 infection may cause vasculitis and trigger

platelet aggregation or rupture of the superimposed plaque. Pa-

tients with pre-existing arteriosclerosis are at a higher risk of stroke

after infecting with COVID-19.1,7

7.4. Severe hypoxemia

Many COVID-19 patients present with profound hypoxemia

without signs of respiratory distress, in which rapid deterioration

may occur. In the first few days of the disease, lung function was pre-

served; thus, the respiratory center did not trigger hyperventilation.

However, rapid respiratory decompensation may occur, causing hy-

poxic damage to the brain and heart, especially in patients with ca-

rotid artery stenosis and coronary artery disease.

7.5. Cardiomyopathy

Cardiac involvement may be caused directly by COVID-19 virus

invasion due to the affinity of the ACE-2 receptor, which is abundant

in heart tissue, leading to myocardial dysfunction. It is also indirectly

affected by systemic inflammation, cytokine storms, and hypoxemia.

This may lead to arrhythmia and heart failure and increase the risk of

cardioembolic stroke.

8. Ischemic stroke risk factors in COVID-19 infection

Although there are special stroke mechanisms in patients with

COVID-19, traditional vascular risk factors still play a role in predis-

posing patients to ischemic stroke. A meta-analysis found that older

182 S.-F. Kuo et al.

Figure 1. Overview of the possible mechanism of ischemic stroke in COVID-19 infection. Figure created with BioRender.com. ESR, erythrocyte sedimentation
rate.



age (+4.8 years), hypertension (OR = 7.35, 95% CI: 1.94–27.87), dia-

betes (OR = 5.56, 95% CI: 3.34–9.24), and coronary artery disease

(OR = 3.12, 95% CI: 1.61–6.02), all reached statistical significance and

contributed to ischemic stroke in COVID-19 positive patients.3 An-

other retrospective cohort study had similar results, showing that

older age, the incidence of hypertension, diabetes, hyperlipidemia,

atrial fibrillation, and congestive heart failure were significantly

higher in patients with ischemic stroke in COVID-19 positive pa-

tients.9 These remind us that traditional stroke risk factors still play

an important role, and COVID-19 may be a trigger factor in these

already high-risk populations. In public health policy, these high-

risk populations for stroke should be given more delicate preventive

measures, such as vaccination.

9. Treatment for ischemic stroke with COVID-19 infection

Intravenous thrombolysis and endovascular thrombectomy

should be provided for eligible stroke patients under the premise of

safety. Stroke societies had promulgated criteria for selection of pa-

tients for intravenous thrombolysis and endovascular thrombec-

tomy according to the local epidemic prevention policy.24–26 The

benefit and necessity of stroke intervention should be weighted with

the safety of medical crews, the risk of infectious spreading, and the

capacity of healthcare resources. Stroke team members should have

appropriate personal protective equipment. However, reduced effi-

cacy of thrombolysis and thrombectomy had been reported, which

may relate to multiple vessel occlusion, larger clot burden and clot

fragmentation.27,28

It is still not clear whether antiplatelet or anticoagulant provide

superior efficacy in primary or secondary stroke prevention with

COVID-19 infection. Because of the evidence of hypercoagulable sta-

tus and cardiomyopathy in COVID-19 infection which may be respon-

sible for stroke, experts recommend low molecular weight heparin

(LMWH) as thromboprophylaxis in all COVID-19 hospitalized pati-

ents, particularly those with severe infection or high D-dimer le-

vel.29–32 However, anticoagulant should be used with caution in

acute phase of ischemic stroke, as it might raise the risk of hemor-

rhagic transformation. Using anticoagulant seems reasonable in se-

lected patients such as multi-territory infarction suggesting embolic

stroke, small infarction size, positive antiphospholipid antibody, high

D-dimer level, and critical ill patients who require mechanical venti-

lation that have higher risk for systemic thrombosis and pulmonary

embolism.33

10. COVID-19 vaccine and stroke

In response to the COVID-19 epidemic, vaccines against COVID-

19 have been authorized for marketing since December 2020. The

development of vaccines was accelerated to fight the global pan-

demic; thus, post-marketing safety surveillance is of high impor-

tance. A few months after widespread vaccination, adverse reac-

tions have been reported. The most well-known adverse event was

that the recombinant adenovirus vector vaccine (AstraZeneca ChAdOx1

nCov-19, Johnson & Johnson/Janssen Ad26.COV2.S) may cause ve-

nous thrombosis with thrombocytopenia (Table 1). This vaccine-

induced thrombotic thrombocytopenia (VITT) may be similar to

heparin-induced thrombocytopenia (HIT), which is caused by trig-

gering an abnormal immune response that produces antibodies

against platelet factor 4 on platelet surface.34,35 Autopsy and histo-

logical research also showed the expression of adhesion molecule

VICAM-1 and complement components C1r and C4d on the vascular

endothelium, along with the CD163 and CD66b-positive inflamma-

tory cell, indicate the activation of the immune system that promote

inflammatory process.36,37 Most patients developed symptoms

within 5 to 30 days of vaccination. The most common thrombotic

site is cerebral vein and sinus, accounting for 50%, followed by pul-

monary embolism and deep vein thrombosis of legs (37%). There

were also unusual thrombosis in veins such as splanchnic vein, portal

vein, ophthalmic vein, jugular vein, and in many cases, multiple

veins.38 In a German study of these post-vaccination venous throm-

bosis cases, women accounted for the majority (77.8%) of the pa-

tients, and they were younger than 60 years old (80%). ChAdOx1 was

nine times more likely to develop cerebral venous thrombosis than

the mRNA vaccine.39 Due to the successive case reports of venous

thromboembolism, many European countries announced the pause

of the ChAdOx1 injection program or additional age limitation for

ChAdOx1 injection after April 2021.

Most of the adverse thrombotic events after vaccination were

venous embolisms; however, there were also some case reports of

arterial embolism. A British cohort study of patients with VITT esti-

mated that arterial embolism accounted for 12% of all adverse

events.38 In previous case reports, cerebral artery embolism after

vaccination occurred mostly in young patients (< 60 years old) with

no obvious risk factors. The onset of ischemic stroke is usually be-

tween 7 and 21 days after vaccination. The embolism occluded large

arteries and sometimes in bilateral hemispheres simultaneously.40–45

Systemic venous embolism was often detected in ischemic stroke

patients at the same time, including the cerebral venous sinus, por-

tal vein, pulmonary artery, and ophthalmic vein. Blood tests showed

a low platelet count (< 100,000/cm3) and positive anti-platelet factor

4 antibody with a diagnosis of VITT. Most patients received intra-

venous immunoglobulin (IVIG), plasmapheresis, and anticoagulant

therapy. If the patients present to the hospital within the time win-

dow, they may receive thrombolysis therapy; however, due to con-

comitant thrombocytopenia, these patients are usually not candi-

dates for intravenous thrombolysis. Instead, most patients had large

artery occlusion in the setting of VITT, so they had the opportunity to

undergo intra-arterial thrombectomy. Patients who successfully

achieved recanalization and received subsequent intravenous im-

munoglobulin, plasmapheresis, and anticoagulant therapy showed

improvement in platelet count and better recovery from stroke.44

Conversely, those with re-occlusion, hemorrhagic transformation,

and multi-territory infarction often had poor outcomes.40,43,45

Whether COVID-19 vaccine increases the chance of ischemic
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Table 1

Incidence of thromboembolic events following vaccination.

Study Vaccine Event Sample size Incidence

Schultz et al.,
35

(Norway) ChAdOx1 TTS 00,130,000 3.8 per 100,000 injections

Ad26.COV2.S TTS 14,100,000 0.38 per 100,000 injectionsSee et al,
48

(US)
mRNA-based TTS 351,000,0000 0.00086 per 100,000 injections

ChAdOx1 CVT 02,320,535 1.52 per 100,000 person-monthSchultz et al,
39

(Germany)

BNT162b2 CVT 04,454,505 0.11 per 100,000 person-month
UK MHRA report on 10 March 2022

49
ChAdOx1 TTS 24,900,000 1.75 per 100,000 injections

CVT, cerebral venous thrombosis; MRHA, Medicines & Healthcare products Regulatory Agency; TTS, thrombosis with thrombocytopenia syndrome.



stroke is currently limited to case reports and large cohort studies.

Randomized control trials are still lacking. A Danish and Norwegian

cohort study included 281,264 people who received the ChAdOx1

vaccine and observed the incidence of arterial and venous thrombo-

embolisms. They found that total cerebral infarction was not higher

than the expected background incidence (incidence ratio 0.92, 95%

CI: 0.53–1.50), but intracerebral hemorrhage was significantly in-

creased by two times (incidence ratio 2.33, 95% CI: 1.01–4.59), and

cerebral venous sinus thrombosis was significantly increased by 20

times (incidence ratio 20.25, 95% CI: 8.14–41.73). Despite the sig-

nificant increase in the risk of cerebral venous sinus thrombosis,

the absolute incidence rate is still only 1–2/100,000-person year,

which is a rare complication of vaccination.46

Another UK study, using the national registry of COVID-19 vac-

cination to carry out a self-controlled case series, included a total of

19,608,008 individuals with ChAdOx1 vaccine, 9,513,625 individuals

with BNT162b2 vaccine, and 1,758,095 patients with COVID-19 posi-

tive.10 To compare the incidence rates of arterial or venous throm-

boembolic events in these three groups, this study observed the

stroke events within the exposure period (21 days after vaccination

or COVID-19 infection), and then conducted a self-comparison with

the baseline period (29 days before and after exposure period) as

the control group. The results showed that ischemic stroke risk

slightly increased after ChAdOx1 (incidence rate ratio 1.07 on day

8–14) and BNT162b2 (incidence rate ratio 1.12 on day 15–21) vac-

cination; the risk of cerebral venous thrombosis increased in both

vaccines (ChAdOx1 incidence rate ratio 4.01 on day 8–14 and BNT

162b2 incidence rate ratio 3.58 on day 15–21). Nevertheless, the risk

of ischemic stroke and cerebral venous thrombosis after vaccination

is still far less than COVID-19 infection (incidence rate ratio of is-

chemic stroke 2.00 to 3.94 on day 1–21, and cerebral venous throm-

bosis 12.9 to 13.4 on day 1–14). Therefore, experts recommend that

people without a history of special diseases should receive the vac-

cine, because the benefits far outweigh the risk of these rare adverse

events.47 If there is a history of coagulopathy such as autoimmune

disease, cancer, heparin-induced thrombocytopenia, deep vein th-

rombosis, cerebral venous sinus thrombosis, idiopathic thrombo-

cytopenic purpura, perhaps an mRNA-based vaccine is a better

choice.

11. Conclusion

According to the currently published literature, the probability

of stroke within 30 days after infection with COVID-19 is appro-

ximately 0.5–5%, and some studies have suggested that infection

with COVID-19 will increase the risk of ischemic stroke and lower the

onset age of stroke. Ischemic strokes in patients infected with

COVID-19 are mainly manifested by LVO and even in multiple terri-

tories; therefore, the severity of stroke was more severe, with more

neurological sequelae and higher mortality. However, the mecha-

nism that caused LVO is often obscure; therefore, cryptogenic stroke

(undetermined) was the most common subtype in TOAST classifica-

tion. Current research suggests that the mechanism is related to the

severe inflammatory response and hypercoagulation state caused

by COVID-19 infection. After being infected with COVID-19, people

with traditional cerebrovascular risk factors, including high blood

pressure, hyperlipidemia, heart disease, and older age, have a higher

risk of developing stroke. Therefore, from a public health perspec-

tive, people with a history of stroke or a high risk of cerebrovascular

disease should be vaccinated. When people hear reports that

COVID-19 vaccine can cause blood clots, they often worry about

strokes, especially in patients who have already experienced a stroke.

They may be hesitant on receiving a vaccine or question which brand

of vaccine they should choose. In fact, the existing vaccines against

COVID-19, whether adenovirus vector-based or mRNA-based vac-

cines, all had case reports of adverse reactions of artery or venous

thromboembolism, but statistically, the incidence of ischemic stroke

is extremely low (approximately 1 in 10,000) and the risk has only in-

creased slightly (1.07 to 1.12 folds),10 which is much lower than the

probability of stroke after COVID-19 infection. To minimize the oc-

currence of vaccine-related adverse events, physicians should obtain

a detailed medical history prior to vaccination. If there is a coagula-

tion disorder, mRNA-based vaccines may be less likely to cause VITT.

If there is an unexplained ischemic stroke or cerebral venous sinus

thrombosis, doctors should be more aware of the vaccination his-

tory. Blood cell count and serum anti-platelet factor 4 antibody tests

can be helpful in confirming the diagnosis of VITT. Intra-arterial

thrombectomy has been reported to be safe and effective for VITT

with large vessel occlusion. Treatment with intravenous immuno-

globulin, plasmapheresis, and anticoagulant therapy may be helpful

for patients with VITT.

Declaration

The authors certify that they have no affiliations with or in-

volvement in any organization or entity with any financial or non-

financial interest in the subject matter or materials discussed in this

manuscript.

References

1. High B, Hixon AM, Tyler KL, et al. Neurology and the COVID-19 pandemic:
Gathering data for an informed response. Neurol Clin Pract. 2021;11:
e48–e63.

2. Mao L, Jin H, Wang M, et al. Neurologic manifestations of hospitalized
patients with coronavirus disease 2019 in Wuhan, China. JAMA Neurol.

2020;77:683–690.
3. Nannoni S, de Groot R, Bell S, et al. Stroke in COVID-19: A systematic re-

view and meta-analysis. Int J Stroke. 2021;16:137–149.
4. Tan YK, Goh C, Leow AST, et al. COVID-19 and ischemic stroke: a system-

atic review and meta-summary of the literature. J Thromb Thrombolysis.

2020;50:587–595.
5. Perry RJ, Smith CJ, Roffe C, et al. Characteristics and outcomes of COVID-

19 associated stroke: a UK multicentre case-control study. J Neurol Ne-

urosurg Psychiatry. 2021;92:242–248.
6. Yaghi S, Ishida K, Torres J, et al. SARS-CoV-2 and stroke in a New York

Healthcare System. Stroke. 2020;51:2002–2011.
7. Fridman S, Bres Bullrich M, Jimenez-Ruiz A, et al. Stroke risk, phenotypes,

and death in COVID-19: Systematic review and newly reported cases.
Neurology. 2020;95:e3373–e3385.

8. Luo W, Liu X, Bao K, et al. Ischemic stroke associated with COVID-19: a
systematic review and meta-analysis. J Neurol. 2022;269:1731–1740.

9. Qureshi AI, Baskett WI, Huang W, et al. Acute ischemic stroke and
COVID-19: An analysis of 27,676 patients. Stroke. 2021;52:905–912.

10. Hippisley-Cox J, Patone M, Mei XW, et al. Risk of thrombocytopenia and
thromboembolism after covid-19 vaccination and SARS-CoV-2 positive
testing: self-controlled case series study. BMJ. 2021;374:n1931.

11. Bhatia R, Pedapati R, Komakula S, et al. Stroke in coronavirus disease
2019: A systematic review. J Stroke. 2020;22:324–335.

12. Shahjouei S, Tsivgoulis G, Farahmand G, et al. SARS-CoV-2 and stroke
characteristics: A report from the Multinational COVID-19 Stroke Study
Group. Stroke. 2021;52:e117–e130.

13. Kihira S, Schefflein J, Mahmoudi K, et al. Association of coronavirus dis-
ease (COVID-19) with large vessel occlusion strokes: A case-control study.
AJR Am J Roentgenol. 2021;216:150–156.

14. Ramos-Araque ME, Siegler JE, Ribo M, et al. Stroke etiologies in patients
with COVID-19: the SVIN COVID-19 multinational registry. BMC Neurol.

2021;21:43.
15. Xiong M, Liang X, Wei YD. Changes in blood coagulation in patients with

severe coronavirus disease 2019 (COVID-19): a meta-analysis. Br J Hae-

184 S.-F. Kuo et al.



matol. 2020;189:1050–1052.
16. Aubignat M, Godefroy O. COVID-19 and ischemic stroke: Should we sys-

tematically look for lupus anticoagulant and antiphospholipid anti-
bodies? Rev Neurol (Paris). 2020;176:505–506.

17. Spence JD, de Freitas GR, Pettigrew LC, et al. Mechanisms of stroke in
COVID-19. Cerebrovasc Dis. 2020;49:451–458.

18. Merkler AE, Parikh NS, Mir S, et al. Risk of ischemic stroke in patients with
coronavirus disease 2019 (COVID-19) vs patients with influenza. JAMA

Neurol. 2020;77:1–7.
19. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with

2019 novel coronavirus in Wuhan, China. Lancet. 2020;395:497–506.
20. Sessa F, Salerno M, Esposito M, et al. Autopsy findings and causality

relationship between death and COVID-19 vaccination: A systematic
review. J Clin Med. 2021;10:5876.

21. Tu TM, Seet CYH, Koh JS, et al. Acute ischemic stroke during the con-
valescent phase of asymptomatic COVID-2019 infection in men. JAMA

Netw Open. 2021;4:e217498.
22. Hwang YP, Huang CC, Jhou ZY, et al. Using Glasgow Coma Scale to identify

acute large-vessel occlusion stroke. Int J Gerontol. 2021;15:64–66.
23. Ramji DP, Davies TS. Cytokines in atherosclerosis: Key players in all stages

of disease and promising therapeutic targets. Cytokine Growth Factor

Rev. 2015;26:673–685.
24. AHA/ASA Stroke Council Leadership. Temporary Emergency Guidance to

US Stroke Centers during the coronavirus disease 2019 (COVID-19) pan-
demic: On behalf of the American Heart Association/American Stroke
Association Stroke Council Leadership. Stroke. 2020;51:1910–1912.

25. Nguyen TN, Abdalkader M, Jovin TG, et al. Mechanical thrombectomy in
the era of the COVID-19 pandemic: Emergency preparedness for neuro-
science teams: A Guidance Statement from the Society of Vascular and
Interventional Neurology. Stroke. 2020;51:1896–1901.

26. Chen CH, Liu CH, Sung PS, et al. Taiwan Stroke Society Recommendations
for hyperacute stroke management during the COVID-19 pandemic.
Formosan Journal of Stroke. 2020;2:1–4.

27. Wang A, Mandigo GK, Yim PD, et al. Stroke and mechanical thrombec-
tomy in patients with COVID-19: technical observations and patient cha-
racteristics. J Neurointerv Surg. 2020;12:648–653.

28. Escalard S, Maier B, Redjem H, et al. Treatment of acute ischemic stroke
due to large vessel occlusion with COVID-19: Experience from Paris.
Stroke. 2020;51:2540–2543.

29. Atallah B, Mallah SI, AlMahmeed W. Anticoagulation in COVID-19. Eur

Heart J Cardiovasc Pharmacother. 2020;6:260–261.
30. Marietta M, Ageno W, Artoni A, et al. COVID-19 and haemostasis: a

position paper from Italian Society on Thrombosis and Haemostasis
(SISET). Blood Transfus. 2020;18:167–169.

31. Gavioli EM, Sikorska G, Man A, et al. Current perspectives of anticoa-
gulation in patients with COVID-19. J Cardiovasc Pharmacol. 2020;76:
146–150.

32. Tang N, Bai H, Chen X, et al. Anticoagulant treatment is associated with
decreased mortality in severe coronavirus disease 2019 patients with
coagulopathy. J Thromb Haemost. 2020;18:1094–1099.

33. Ma A, Kase CS, Shoamanesh A, et al. Stroke and thromboprophylaxis in
the era of COVID-19. J Stroke Cerebrovasc Dis. 2021;30:105392.

34. Greinacher A, Thiele T, Warkentin TE, et al. Thrombotic thrombocyto-

penia after ChAdOx1 nCov-19 vaccination. N Engl J Med. 2021;384:
2092–2101.

35. Schultz NH, Sørvoll IH, Michelsen AE, et al. Thrombosis and thrombo-
cytopenia after ChAdOx1 nCoV-19 vaccination. N Engl J Med. 2021;384:
2124–2130.

36. Pomara C, Salerno M, Esposito M, et al. Histological and immunohisto-
chemical findings in a fatal case of thrombotic thrombocytopenia after
ChAdOx1 nCov-19 vaccination. Pathol Res Pract. 2022;231:153796.

37. Pomara C, Sessa F, Ciaccio M, et al. Post-mortem findings in vaccine-
induced thrombotic thombocytopenia. Haematologica. 2021;106:2291–
2293.

38. Pavord S, Scully M, Hunt BJ, et al. Clinical features of vaccine-induced
immune thrombocytopenia and thrombosis. N Engl J Med. 2021;385:
1680–1689.

39. Schulz JB, Berlit P, Diener HC, et al. COVID-19 vaccine-associated cerebral
venous thrombosis in Germany. Ann Neurol. 2021;90:627–639.

40. Al-Mayhani T, Saber S, Stubbs MJ, et al. Ischaemic stroke as a presenting
feature of ChAdOx1 nCoV-19 vaccine-induced immune thrombotic th-
rombocytopenia. J Neurol Neurosurg Psychiatry. 2021;92:1247–1248.

41. Bayas A, Menacher M, Christ M, et al. Bilateral superior ophthalmic vein
thrombosis, ischaemic stroke, and immune thrombocytopenia after
ChAdOx1 nCoV-19 vaccination. Lancet. 2021;397:e11.

42. Costentin G, Ozkul-Wermester O, Triquenot A, et al. Acute ischemic
stroke revealing ChAdOx1 nCov-19 vaccine-induced immune thrombotic
thrombocytopenia: Impact on recanalization strategy. J Stroke Cerebro-

vasc Dis. 2021;30:105942.
43. Blauenfeldt RA, Kristensen SR, Ernstsen SL, et al. Thrombocytopenia with

acute ischemic stroke and bleeding in a patient newly vaccinated with an
adenoviral vector-based COVID-19 vaccine. J Thromb Haemost. 2021;19:
1771–1775.

44. Kenda J, Lovri� D, Škerget M, et al. Treatment of ChAdOx1 nCoV-19 vac-
cine-induced immune thrombotic thrombocytopenia related acute is-
chemic stroke. J Stroke Cerebrovasc Dis. 2021;30:106072.

45. De Michele M, Iacobucci M, Chistolini A, et al. Malignant cerebral in-
farction after ChAdOx1 nCov-19 vaccination: a catastrophic variant of
vaccine-induced immune thrombotic thrombocytopenia. Nat Commun.

2021;12:4663.
46. Pottegård A, Lund LC, Karlstad Ø, et al. Arterial events, venous throm-

boembolism, thrombocytopenia, and bleeding after vaccination with
Oxford-AstraZeneca ChAdOx1-S in Denmark and Norway: population
based cohort study. BMJ. 2021;373:n1114.

47. Markus HS. Ischaemic stroke can follow COVID-19 vaccination but is
much more common with COVID-19 infection itself. J Neurol Neurosurg

Psychiatry. 2021;92:1142.
48. See I, Lale A, Marquez P, et al. Case series of thrombosis with throm-

bocytopenia syndrome after COVID-19 vaccination-United States, De-
cember 2020 to August 2021. Ann Intern Med. 2022;175:513–522.

49. Medicines & Healthcare products Regulatory Agency. Coronavirus vac-

cine - weekly summary of Yellow Card reporting. London, United King-
dom: Medicines & Healthcare products Regulatory Agency. Available at
https://www.gov.uk/government/publications/coronavirus-covid-19-
vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-
card-reporting. Accessed March 10, 2022.

Stroke Related to COVID-19 Infection and Vaccination 185


