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Background and purpose: Stroke has been described as a COVID-19 complication. However, its occurrence rate, risk factors, and causal relationships are still not well established.

Methods: We describe the characteristics of confirmed COVID-19-related strokes among all cases of COVID-19 hospitalized in our health network, from November 1, 2020 to April 30, 2021. Risk factor analysis has been conducted for ischemic stroke (IS), which represents 92% of all confirmed cases of Covid-19-related strokes, and a “causal attribution to infection” classification is provided.

Results: In all, 62/4105 hospitalized COVID-19 patients had an acute stroke (1.51%). Severe COVID-19 (OR 2.27—CI 1.06–4.77; p = 0.032), atrial fibrillation (OR 3.65—CI 1.63–7.98; p = 0.001), and ischemic heart disease (OR 4.590—CI 1.714–12.137; p = 0.002) proved to be independent risk factors for IS, while obesity was a protective factor (OR 0.90—CI 0.82–0.97; p = 0.012). COVID-19 had a causal role in 32.1% of IS cases, was a relevant cofactor in 28.6% of cases of IS, and was a possible trigger in 39.3% of events.

Conclusion: Our stroke occurrence rate is consistent with other population-based reports (range 0.34–2.7%). Prespecified peculiar clinical and radiological features allow the distinction between “IS caused by COVID-19” and “IS triggered by COVID-19.” Clinical history of vascular diseases and risk factors is crucial in determining the risk of IS in patients with COVID-19. However, the protective effect of a BMI > 30 kg/m2 seems to suggest an obesity paradox.
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Highlights

- Stroke is a complication of COVID-19 in 1.51% of hospitalized patients.

- In COVID-19 patients, 32.1% of strokes are likely to be caused by infection-induced coagulopathy, while 67.9% are probably or possibly triggered by viral infection.

- COVID severity, atrial fibrillation, and ischemic heart disease are independent risk factors for acute stroke in COVID-19 patients.

- Higher BMI and obesity paradoxically proved to protect COVID-19 patients from ischemic stroke occurrence.

- The independent association of the most severe COVID-19 forms with stroke occurrence encourages the need for effective and long-lasting vaccination against COVID-19.



Introduction

After 3 years of the ongoing pandemic, strokes have been extensively described as a possible complication of COVID-19. Acute infection with SARS-CoV-2 seems to confer a risk of stroke up to 7-fold higher than previously described with influenza A and B (1, 2). Strokes related to COVID-19 proved to be characterized by some distinctive clinical, laboratory, and instrumental features if compared to overall acute strokes. Acute ischemic stroke (AIS) is largely the most common and studied stroke subtype in COVID-19 patients. The most relevant features that have been highlighted in the literature are a higher proportion of large artery disease (LAD) (3) and multifocality (4, 5), a younger age at onset (6), a higher rate of concurrent systemic thrombotic events (7), resistance to prophylactic and even therapeutic antithrombotic therapy (8–10), a higher NIHSS at onset, and a worse functional outcome (11). A lower number of reports described intracerebral hemorrhage (ICH) related to COVID-19 infection, pointing out the more inhomogeneous pattern of presentation at neuroimaging, the higher tendency to early hematoma expansion (12), the high mortality rate, COVID-19 severity as a risk factor, and the role of therapeutic anticoagulation as an independent risk factor for ICH (13, 14).

Thus far, despite the large number of research papers published in the last 2 years, there are still some uncertainties about the occurrence/incidence rate of strokes in COVID-19 and the clinical profile of the patient with COVID-19 infection that is “at risk” for stroke occurrence. In cohorts of COVID-19 patients, stroke occurrence has been reported globally to range from 0.1 to 25.7% (15–25). This high variability is explained above all by the high heterogeneity of different hospital settings, referrals’ codes, and the cohorts’ characteristics. In the few population-based studies available, stroke occurrence/incidence ranges from 0.34 to 2.7% of hospitalized patients with COVID-19 (19, 26–28). COVID-19 severity (26) and conventional vascular risk factors (28) have been associated with AIS incidence. In only one study, a prespecified distinction between a triggering role of COVID-19 and a causal one was proposed, with authors observing that “COVID-19 was the likely principal cause of stroke in 24% of patients” (4). After a complete stroke diagnostic workup, Requena et al. (23) discussed that <40% of their AIS cases were probably related to COVID-19.

Some consensus is emerging that the impact of COVID-19 is destined to influence stroke research and epidemiology even beyond the first impetuous waves of the ongoing pandemic (29, 30). So, additional data on stroke occurrence in COVID-19 and on the patients at risk of cerebrovascular complications are extremely important. More data are also relevant to outline the relationship between systemic inflammation/infection and cerebrovascular disease, both as a trigger of and a direct cause of the event itself.

In this study, we aimed at (i) providing additional data on stroke occurrence during a COVID-19 infection; (ii) depicting risk factors for stroke in patients with a COVID-19 infection; and (iii) defining boundaries among causal, cofactor, or incidental roles in the relationship between COVID-19 and acute stroke.



Methods


Patients’ selection

We acquired data from all the patients hospitalized in the hospital network of our institution, covering a population of 526.474 inhabitants (31), from November 1, 2020 to April 30, 2021. The hospital system in our metropolitan area consists of one hub hospital and five local spoke hospitals. The dedicated Neurocovid ward and Infectious Disease Clinic are hosted in the hub facility only, whereas intensive care units (ICUs) and medical wards were also available in all the spoke centers.

We selected patients who had in their Hospital Discharge Records (HDRs) a diagnosis of respiratory infection associated with COVID-19 (ICD9 codes: 079.82, 079.99, 043.xx, 480.xx, 518.xx, and 519.xx). HDRs were reviewed carefully by one of the authors (FJ) and duplicated records and wrong codifications in both COVID-19 and stroke diagnoses were excluded. From the initial 6,456 records with a COVID-19-related diagnosis, 291 had a stroke-related diagnosis (ICD9 codes: from 430.xx to 438.xx) and 4,105 records had a confirmed COVID-19 infection. After revision of the HDR, 62 patients with a diagnosis of acute stroke associated with COVID-19 infection were left for analysis. In the group without stroke, after the exclusion of patients with incomplete/unavailable clinical data and those with known vascular complications, 270 patients were finally selected as the control group. Figure 1 shows the details of this selection process.
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FIGURE 1
 Patients’ selection process. HDR, hospital discharge records; SAH, subarachnoid hemorrhage; COPD, chronic obstructive pulmonary disease; PE, pulmonary embolism; and APE, acute pulmonary edema.




Diagnosis and risk factors definitions; classification systems and scores

Stroke was defined as an acute onset of symptoms and/or signs of focal disturbance of cerebral function lasting >24 h or leading to death, presumed, after exclusion of other causes, to be due to vascular disease (32). Patients who received reperfusion therapies were diagnosed with stroke even if symptoms were completely resolved within 24 h. Incident stroke was defined as a first-ever-in-a-lifetime (FES) stroke, occurring within the study period and with no clinical history of previous stroke.

The diagnosis of COVID-19 infection was confirmed in all patients through reverse transcriptase viral PCR testing. Patients whose test became positive >72 h after admission or stroke onset were excluded from this series.

The vascular diseases, other than stroke, considered in the patients’ selection process (and reported as “concurrent vascular events” in the stroke group) included pulmonary embolism (PE), deep/superficial venous thrombosis (D/SVT), acute myocardial infarct (AMI), and acute intestinal infarction (AII).

The Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria were used to classify ischemic stroke etiology into the following seven groups: large artery disease (LAD), cardioembolic (CE), small vessel disease (SVD), undetermined strokes because of two or more causes identified (UND-a), undetermined strokes because of negative evaluation (UND-b), undetermined strokes because of incomplete workup (UND-c), and other determined etiology (OTH) (33). Stroke due to a large vessel occlusion (LVO) was defined if there was evidence of occlusion/severe stenosis of an extracranial epiaortic artery, intracranial internal carotid artery, and middle cerebral artery (both M1 and M2 tracts). Evidence of aortic atheroma >1.5 mm was considered qualifying for a large vessel stenosis/occlusion and LAD in the TOAST category. Carotid stenosis was measured by either cerebral tomographic angiogram (CTA), neck, or transcranial ultrasound according to NASCET or ECST criteria and classified as mild (0–30% stenosis), moderate (31–50% stenosis), severe (51–70%), and critical (71%-occlusion).

High blood pressure was defined as systolic pressure of 140 mmHg and/or diastolic pressure of 90 mmHg, and/or the use of antihypertensive medication. Atrial fibrillation was diagnosed if a patient had atrial fibrillation in EKG recording before stroke and/or during hospitalization. Diabetes mellitus was defined as a history of diabetes that was confirmed in medical records, and/or use of insulin/oral hypoglycemic agents, and/or random non-fasting blood glucose concentration of 11.1 mmol/L. Hypercholesterolemia was defined as a fasting total cholesterol serum level of 5.18 mmol/L (200 mg/dL), and/or fasting low-density lipoprotein cholesterol serum level of 4.14 mmol/L (160 mg/dL), and/or use of lipid-lowering medications. Coronary heart disease was defined as a history of acute myocardial infarction, angina pectoris, coronary artery bypass graft, or percutaneous coronary intervention. Patients were defined as smokers if they were current smokers, or if they had stopped smoking less than 3 months before the index stroke/TIA. Alcohol consumption was defined as “overuse” if a patient reported taking regularly more than two alcoholic units per day. Obesity was herein considered according to the most accredited global definition as a BMI > 30 kg/m2 (34).

The van-Swieten score was used to grade concurrent chronic vascular encephalopathy or leukoaraiosis on brain CT scans (35). The NIHSS and the modified Rankin Scale (mRS) were used as markers of stroke severity and outcome. COVID-19 severity was classified according to the WHO severity index (0 = asymptomatic; 1 = mild with no pneumonia; 2 = moderate pneumonia; and 3 = ARDS and critically ill) (36).



Association of ischemic stroke with COVID-19 infection

We defined three levels of likelihood of association, regardless of the TOAST assignment, and according to the patient’s vascular conventional risk factor (RF) profile and the stroke-specific features (SSF) indicating an active hyper-coagulopathy (i.e.: multifocality of brain lesions, associated signs of acute/subacute atherosclerosis at vascular imaging, concurrent extracerebral thrombotic events, and occurrence despite adequate antithrombotic therapy):

1. Causal association: COVID-19 infection is likely the main determinant of ischemic stroke (the patient has <2 known RFs and > 2 SSF).

2. Probable trigger/concurrent factor: the patient’s clinical history and risk factor profile suggest a preexisting moderate to high risk of stroke, but atypical stroke features indicate a probable role of acute infection (the patient has >2 known RFs and at the same time > 2 SSF).

3. Possible trigger/concurrent factor: the patients’ clinical history and risk factor profile were already coherent with stroke occurrence (the patient has >2 known RFs and < 2 SSF), and COVID-19 infection had a low probability of being a key element in ischemic stroke pathogenesis.



Statistical analysis

Continuous variables are described as mean ±± standard deviation (sd), and an unpaired t-test was used to compare groups. Categorical variables are shown as percentages out of the total and the Chi2 test was used to compare groups. Univariate analysis and multiple logistic regression were used to identify independent risk factors associated with stroke occurrence. The relationship between the investigated variables was studied with a network analysis approach. Continuous variables were discretized to allow network analysis (e.g.: BMI became obesity according to the WHO definition). The association between each couple of variables was assessed by the non-parametric and non-linear method of mutual information; the structure of the network was then computed with the ARACNE algorithm. Given the small sample size, the uncertainty of the associations was assessed with bootstrap (37). Data were analyzed using spss 29.0 (IBM corporation, New York, United States, 2022).



Ethics

The study was approved by the regional ethics committee as part of the Sarscov2 infection Stroke Study initiative—“SISSI” project—aimed at clarifying several aspects of stroke occurrence in COVID-19 infection (CEUR-2021-Os-117). Patients were considered exempt from signing a written informed consent, according to the non-interventional observational nature of the study. Personal data and sensitive information were treated anonymously and according to all the principles of the Helsinki Declaration.




Results

We identified 4,105 patients hospitalized with a COVID-19 infection during the 6 months study period. Of these, 62 had a confirmed diagnosis of acute stroke. The crude rate of occurrence of stroke resulted in 1.51%. Almost all stroke patients were from Western Europe (96.8%), whereas one patient was Eastern European and another was Black. Supplementary Figure 1 shows the proportion of stroke subtypes. Notably, no subarachnoid hemorrhage (SAH) was diagnosed, and ischemic stroke subtypes: FEIS, RIS, and TIA accounted altogether for 57/62 (92%) of stroke cases (74% FEIS, 10% RIS, and 8% TIA). Figure 2 shows the outcome at 3 months of stroke patients.
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FIGURE 2
 Pre-and post-stroke disability according to modified Rankin Scale (mRS) in stroke patients (percentage out of total stroke patients). Connection lines between bar histograms separate, from the left, mild or no disability (mRS 0–2), moderate disability (mRS 3), severe disability (mRS 4–5), and death (mRS 6). mRS, modified Rankin Scale.


Among all the hospitalized COVID-19 patients, 270 patients fulfilled the selection criteria to be part of the control sample without cerebrovascular complications. The COVID-19 with ischemic stroke group consisted of 57 patients. In Tables 1, 2 we show the clinical features of the two groups of COVID-19 patients, with and without stroke, and the statistical comparison for all the available common variables. COVID-19 patients with stroke were older, and rheumatologic or neurologic chronic disorders were more often reported in their clinical history. Stroke patients had more hypertension, ischemic heart disease, AF, congestive heart failure, and a higher proportion of anticoagulation treatment at stroke onset. Noteworthy BMI was lower in stroke patients than in the COVID-19 without stroke group. Stroke patients showed higher D-dimer levels and lower Fibrinogen levels, but no statistically significant differences in pro-inflammatory biomarkers IL6 and proADM.



TABLE 1 Common clinical baseline features of COVID-19-associated ischemic strokes and COVID-19 patients without cerebrovascular complications.
[image: Table1]



TABLE 2 Clinical baseline specific features of COVID-19 associated ischemic strokes.
[image: Table2]

Univariate and multivariate logistic analysis of the two groups is reported in Table 3. Atrial fibrillation and ischemic heart disease history turned out to be independent risk factors for ischemic stroke, as well as the most severe forms of COVID-19 infection. However, BMI was demonstrated to be a protective factor in COVID-19 patients. A bootstrapped network in our population of COVID-19 patients is shown in Figure 3. It depicts the mutual relationship between each vascular risk factor, with a thicker line indicating a stronger association. The direction of the risk was indicated by multivariate analysis: atrial fibrillation, ischemic heart disease, and severity of COVID-19 infection were confirmed as risk factors for ischemic stroke, while obesity was a strong protective factor.



TABLE 3 Univariate and multivariate logistic analysis of COVID-19 patients with ischemic stroke vs. COVID-19 patients without stroke.
[image: Table3]
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FIGURE 3
 Vascular risk factor network in COVID-19 patients (N = 309). The network shows the link among variables of “vascular interest”; the thicker the line, the stronger the association. “Obesity,” BMI > 30; “severe COVID-19,” both ARDS and moderate to severe pneumonia.


According to “likelihood of attribution” prespecified definitions, COVID-19 infection proved to have a causal relationship with ischemic stroke in 32.1% of events. Viral infection as a probable trigger or relevant cofactor in stroke pathogenesis was responsible for 28.6% of events, and in 39.3% of cases, it seemed to be a possible trigger only (see Figure 4A). Stacked bar charts in Figure 4 show the distribution of likelihood categories according to COVID-19 severity and TOAST classification: undetermined (UNDb and UNDc) and large artery disease (LAD) strokes, as well as severe and very severe COVID-19, have higher proportions of a causal relationship with a viral infection, although being non-statistically significant (p = 0.13 and p = 0.08 respectively).

[image: Figure 4]

FIGURE 4
 Stacked bar charts showing (A) the “likelihood of association” categories distribution in ischemic strokes; (B) the relationship between ischemic stroke mechanisms as per TOAST classification and the likelihood of stroke association with COVID-19; and (C) the relationship between COVID-19 severity and the likelihood of stroke association with COVID-19. See M&M for a “Likelihood of association with COVID-19” definition. UND-b, undetermined strokes because of negative evaluation; UND-c, undetermined strokes because of incomplete work-up; LAD, large artery disease; CE, cardioembolic stroke; and SVD, small vessel disease.




Discussion

This study evaluated the occurrence of acute stroke, the functional outcome, and the risk factors for acute ischemic stroke (AIS) in COVID-19 patients. We found that stroke occurred in 1.46% of hospitalized COVID-19 patients. In comparison to previous similar studies, the data suggest that, in population-based reports, stroke occurrence is consistent, and that the high variability found in other studies is likely due to selection bias in different clinical settings. Our data confirm the ischemic subtype preference and the bad outcome at 3 months as measured by mRS.

Risk analysis in our COVID-19 patients showed that atrial fibrillation, ischemic heart disease, and COVID-19 severity are independent risk factors for AIS. Infection severity has been described, and then confirmed in review articles, as a major determinant of ischemic stroke occurrence as well as of other neurological complications (38). In a recent meta-analysis, authors found a significant relative risk (RR) as high as 2.9–3.5 in severe COVID-19 cases vs. mild forms. The slight variations in RR seem to depend on the “a priori” definition of disease severity, but all the studies were consistent in indicating the risk factor effect direction (39). Time from COVID-19 onset to stroke occurrence varies across studies, from 0 to 19 days (40, 41). Jang et al. (42) reported that the first 3 days from COVID-19 onset were the ones with the highest incidence rate ratio (IRR) for acute stroke, 10 times higher than in non-COVID-19 patients. However, they did not provide “COVID severity” as a variable influencing COVID-19 onset to stroke occurrence. We found a significant correlation between “time from COVID-19 onset to stroke occurrence” and “COVID-19 severity/ICU setting” (r = 0.484, p < 0.001). Sluis et al. (7) found a similar correlation in their study, with AIS occurring earlier in mild/moderate COVID-19 and later in severe/critical patients. However, we are not completely sure of what was the actual infection onset, above all in less severe cases, with very mild and underreported symptoms during the incubation phase; therefore, we cannot exclude that a simple systematic error in clinical data could explain this finding.

Noteworthy, 50.8% of our AIS patients had a cryptogenic stroke. Other studies reported a higher rate of undetermined stroke etiopathogenesis (43). Although there is an undoubtful relationship between TOAST assignment and underlying causes of ischemic stroke, we argue that the role of a specific cause, such as COVID-19 infection, should be defined with criteria slightly different from TOAST. In fact, radiological and clinical features suggestive of COVID-19 related acute hyper-coagulopathy (i.e.: multifocality of brain lesions, hypointense and unstable plaques at vascular imaging indicating acute/subacute atherosclerosis, concurrent extracerebral thrombotic events, mainly PE, and occurrence despite adequate antithrombotic therapy) can fall under all the TOAST categories. Although this clarifies stroke mechanisms in several patients, it does not elucidate the causal relationship of COVID-19 infection itself. For example, a stroke due to new onset AF could either be due to preexisting cardiomyopathy or to COVID-19 induced AF; the two possibilities lead to the same attribution to cardiac embolism (CE), but in the first case COVID-19 has minor or no role, whereas in the second case, COVID-19 has at least a relevant trigger effect. Similarly, a homolateral severe carotid stenosis allows for the classification of a stroke as large artery disease (LAD), but the COVID-19 role depends more on signs of preexisting stenosis, which would indicate that COVID-19 had a minor causal/trigger role, or acute/subacute extensive atherosclerosis, which would indicate probable infection-induced active coagulopathy. Moreover, an AIS attributable to SVD is usually a minor stroke related to several known conventional vascular RFs. However, COVID-19 related endotheliopathy could theoretically cause a small deep lesion, and a causal relationship in these cases can rely more on RF profile and clinical and radiological features rather than on standard TOAST criteria. In their research paper reporting data from the Swiss Stroke Registry, Strambo et al. (4) reported a similar likelihood categorization. Our definitions differ from theirs basically in two points. First, the attribution is explicitly unbiased with TOAST classification and, second, we do not exclude “a priori” a triggering role of all COVID-19 infections, though this could be minor. In their experience, a causal role of COVID-19 was recognized in 24% of AIS. We found that in COVID-19 patients, 32.1% of strokes are likely to be caused by infection-induced coagulopathy, while 28.6 and 35.5% are, respectively, probably and possibly triggered by viral infection. Requena et al. (23) concluded that a minority only of strokes, 28.6% of AIS, were attributable to COVID-19 infection after a complete diagnostic workup. Altogether, these data (although few and not completely comparable) are consistent in indicating that COVID-19 infection has a causal role in nearly one-third of AIS cases, while in two-thirds, a minor triggering role is more likely. The fact that UND-b AIS (negative evaluation) shows a higher proportion of “causal” and “probable cofactor” roles than UND-c AIS (uncomplete evaluation), seems to strengthen the validity of our classification since a mix of hidden etiopathogenetic factors likely underlies the UND-c category. Finally, the analysis herein reported is a relevant frame to refine the etiopathogenesis of AIS, beyond TOAST classification, and also in other emerging subclusters of strokes, such as in AIS cases triggered by other infectious diseases and cancer-related coagulopathy.

In our population of COVID-19 patients, higher BMI values and obesity were surprisingly protective factors for AIS. Although overweight and obesity have been recognized since long ago as conventional risk factors for ischemic stroke type (44–46), in recent years evidence of an “obesity paradox” in stroke patients is increasing in the literature. In the last year, little evidence of an obesity paradox has been emerging in COVID-19 patients’ outcomes. Graziano et al. (47) demonstrated that both an increased waist circumference (WC) and bioimpedance analysis were significantly associated with the need for increased ventilator support, but not with ICU admission and—above all—not with mortality rate. In a large multicenter study, only very high BMI (> 40 kg/m2) was associated with higher mortality in COVID-19 cases (48). However, in that study, all the patients with metabolic syndrome had a poor outcome, independently of their BMI, raising a debate on the actual existence of an obesity paradox in COVID-19 itself. Methodological concerns around the definition of obesity have also been suggested in the general overall stroke field (49, 50). Even less data are available in the specific setting of “COVID-19 related AIS.” In a recent meta-analysis, Poly et al. (51) found that RR for mortality in COVID-19 patients increased, significantly and consistently, with classes of obesity (from 1.27 in class I to 1.92 in class III obesity), but in their secondary analysis, the “stroke subgroup” was the only one in which obesity was not significantly associated with a positive RR for mortality (1.80–0.89-3.64, p = 0.10). Mendes et al. (52) reported that each additional point in body mass index (BMI) significantly reduced the risk of stroke by 14%. A higher BMI has been associated in previous “general stroke” studies with a better AIS clinical outcome and lower stroke recurrence (53). However, further analysis, overcoming selection biases, did not find an association between BMI and stroke outcome, at least if case fatality at 1 month from stroke onset was considered (54). A complex interplay also exists between obesity and AF, with a U-shaped effect on RR for mortality and vascular outcome (55). Thus, the fact that AF proved an independent risk factor for AIS in COVID-19 might have contributed to the emergence of an “obesity paradox.” Tutor et al. (56) recently reviewed the literature on the obesity paradox and cardiovascular diseases and they highlighted that coronary artery disease, heart failure, and atrial fibrillation—three conditions that we found associated with ischemic stroke in COVID-19 patients—have the stronger evidence of an obesity paradox. We can hypothesize that several metabolic, endocrinological, and inflammatory changes, chronically occurring in obese patients (57), may interact in a different way, possibly protectively, in the specific setting of an AIS associated with a viral infection such as COVID-19. Noteworthy, most of these studies draw cautious conclusions, mainly because of the alternative meanings of the different measurements of overweight, other than BMI. Suk et al. (58) studied the waist-to-hip ratio and suggested that it would be a stronger risk factor for ischemic stroke, thus further complicating the interpretation of the role of BMI and obesity on vascular diseases. Finally, further studies are needed to confirm and eventually explore mechanisms of an ‘obesity paradox’ in acute stroke.

The vaccination campaigns around the world are likely to reduce the cerebrovascular risk in COVID-19 patients, mainly because of a drastic reduction in severe forms of the disease. Our data and almost all the data on stroke in COVID-19 are based on infections due to COVID-19 variants up to Delta and Omicron, and we do not completely know which is the current risk of stroke with more recent and brand-new variants. Published data on stroke reduction after vaccination are desirable. We speculate that the residual stroke risk despite vaccination might possibly be due to the triggering effect that acute infection has in patients with high vascular risk. The wider experience with influential vaccination (59) seems also to support this concept.

Our study has some strengths: the population-based setting of our study produces reliable occurrence rates and proportion of stroke subtypes, as well as a more accurate relationship (causal, concurrent factor, or apparent) between COVID-19 infection and stroke.

However, it also has some limitations. (1) We cannot exclude underestimation of stroke occurrence in COVID-19 in two specific subsets of patients: the non-hospitalized with very mild stroke symptoms (who possibly did not come to clinical attention because of stay-at-home orders) and the critical patients (whose neurological evaluation was often very hard in the COVID-dedicated-ICU setting). (2) We cannot exclude subclinical vascular events in non-critical COVID-19 patients who did not undergo specific radiological examination (e.g., head and thoracic CT, or brain MRI). (3) The selection process among COVID-19 patients without vascular complications was largely affected by the low availability of clinical data, which precluded a clear case–control matching. (4) AF is herein considered as a single variable, regardless of different subtypes: new-onset, parossistic, or chronic. (5) We had no detailed data to distinguish between Delta and Omicron effects on stroke risk, outcome, and a possible different proportion of causal vs. trigger factors of the specific virus variants themselves.



Conclusion

Ischemic stroke is a possible thrombotic complication of nearly 1.5% of COVID-19 infections. COVID severity, atrial fibrillation, and ischemic heart disease are independent risk factors for stroke occurrence. However, obesity seems to be a protective factor, which fosters the debate about the “obesity paradox” both in COVID-19 and in cerebrovascular disease. Moreover, differently from most of the previous studies, we suggest that not all stroke events are completely attributable to COVID-19, and only one-third of them have clinical and radiological hallmarks of the so-far known “acute coagulopathy” associated with COVID-19 infection. Finally, the role of the most severe form of infection as an independent risk factor once more underlines the importance of vaccination campaigns in reducing the occurrence of vascular disease among other severe complications.
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