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Clinical characteristics and outcomes of SARS-CoV-2-
associated stroke: a large multicenter national cohort study

	❚ Highlights
	■ SARS-CoV-2 patients had 83.7% ischemic stroke and  
39% in-hospital mortality rates. 

	■ D-dimer levels independently predict mortality in  
patients with COVID-19 and stroke. 

	■  Patients with COVID-19 and stroke have high complication 
rates: pneumonia 61%, renal failure 35%, sepsis 30.3% 
sepsis.

	■ Time from symptom onset to admission was shorter than 
the pre-pandemic average. 

predominated (83.7%) with severe outcomes and 31% in-hospital 
mortality. Only 28% of patients achieved good functional status. 
D-dimer level emerged as an independent predictor of mortality 
(OR=1.036, p=0.04), while NIH Stroke Scale score predicted 
poor functional outcomes (OR=1.15, p<0.001). Contrary to early 
pandemic concerns, stroke admission delays were not prolonged 
compared to pre-pandemic averages, with a median onset-to-
admission time of approximately 4 h. 
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	❚ ABSTRACT
Objective: This study aimed to characterize the clinical, laboratory, and neuroimaging profiles 
of hospitalized Brazilian patients with confirmed SARS-CoV-2 and acute cerebrovascular events. 
Methods: This retrospective multicenter study included 374 patients from 17 stroke centers 
between March and November 2020. Eligible events were ischemic stroke, intracerebral 
hemorrhage, subarachnoid hemorrhage, and cerebral venous thrombosis. The stroke subtypes 
were further classified using the TOAST, Oxfordshire, and SMASH-U criteria. Demographics, 
National Institutes of Health Stroke Scale (NIHSS) scores, laboratory results, imaging findings, 
complications, and outcomes were analyzed. Multivariate logistic regression was used to assess 
the predictors of in-hospital mortality and good functional outcomes (modified Rankin Scale; 
mRS 0- 2). Results: Ischemic stroke accounted for approximately 83% of all stroke cases. The 
median patient age and NIHSS score at admission were 66 years and 10, respectively. The 
major complications included pneumonia (61%), renal failure (35%), and sepsis (30%). The in-
hospital mortality rate reached 31%, and only 28% of the patients achieved good functional 
outcomes. Higher NIHSS scores and D-dimer levels were independently associated with worse 
outcomes. Notably, the median time from stroke onset to admission (4.4 h) was shorter than the 

How to cite this article:
Andrade JB, Montanaro VV, Marques MS, 
Merida KL, Alquéres RA, Sandoval FA, et al. 
Clinical characteristics and outcomes of  
SARS-CoV-2-associated stroke: a large 
multicenter national cohort study.  
einstein (São Paulo). 2026;24:eAO2027.

Associate Editor:
Henrique Andrade Rodrigues da Fonseca
Hospital Israelita Albert Einstein, São Paulo, 
SP, Brazil
ORCID: https://orcid.org/0000-0001-8360-8465

Corresponding Author: 
Joao Brainer Clares de Andrade
Rua Botucatu 720 
Zip code: 04023-0 62 - São Paulo, SP, Brazil
Phone: (55 11) 97337-2285
E-mail: joao.brainer@unifesp.br

Received on:
Jul 23, 2025

Accepted on:
Jan 12, 2026

Conflict of interest:
none.

https://orcid.org/0000-0001-8360-8465
mailto:joao.brainer@unifesp.br


Clinical characteristics and outcomes of SARS-CoV-2-associated stroke

3
einstein (São Paulo). 2026;24:1-15

pre-pandemic average. Conclusion: In this national cohort, SARS-
CoV-2-associated stroke was severe, predominantly ischemic, and 
commonly complicated by systemic organ dysfunction. D-dimer 
levels emerged as a significant prognostic biomarker of mortality and 
poor functional outcomes. Contrary to earlier assumptions, stroke 
admission delays were not prolonged during the pandemic. These 
findings highlight the need for integrated stroke care in patients with 
COVID-19 and inform future management strategies.

Keywords: Severe acute respiratory syndrome-related coronavirus; 
Neurological manifestations; Risk factors; Stroke; SARS-CoV-2; 
Developing countries

	❚ INTRODUCTION
Several studies have demonstrated that severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection can induce neurological manifestations, 
ranging from mild to severe, potentially involving the 
central nervous system (CNS), peripheral nervous 
system (PNS), and skeletal muscles(1,2). Notably, stroke 
has been described as a complication of severe 
COVID-19 and an initial indicator of the disease. These 
cerebrovascular events may be caused by endothelial 
injury, hypercoagulable state, or cardiogenic embolism(2,3). 
Although the exact mechanism through which  
SARS-CoV-2 affects the nervous system remains unclear, 
several potential explanations have been proposed. 
Consequently, various clinical, laboratory, and imaging 
biomarkers have been explored to track and understand 
neurological complications(4). Additionally, outside 
the context of a pandemic, outbreaks of coronavirus 
infections have been documented as understanding 
their neurological impact can inform new therapeutic 
and prognostic strategies. 

Historical data from the pre-vaccine era provide 
valuable insights into the behavior of SARS-CoV-2 
infections, aiding in understanding viral variant 
dynamics and the pathophysiological mechanisms 
underlying long-term outcomes (“Long COVID”)(5,6). 
However, national reports on COVID-19 neurological 
manifestations are still scarce, especially in countries 
with high case counts. In Brazil alone, nearly 40 
million COVID-19 cases were reported (fatality rate 
of approximately 2%), making it an important setting 
to study the neurovascular impacts of COVID-19 
in a diverse population.(7) Notably, the COVID-19 
pandemic has significantly affected stroke care. Studies 
in Brazil and other countries have reported substantial 
reductions in stroke hospitalizations (e.g., a 32% decline 
in ischemic stroke admissions in São Paulo) during 
the first wave of the pandemic, along with the need to 
reorganize emergency services to accommodate patients 
with COVID-19(8-10). These systemic factors underscore 

the need to interpret the profiles and outcomes of  
COVID-19-associated stroke. 

	❚ OBJECTIVE
We aimed to retrospectively describe the clinical, 
laboratory, and neuroimaging features of in-hospital 
patients with SARS-CoV-2 and acute cerebrovascular 
disease, compare these features across stroke subtypes, 
and analyze outcome predictors to better characterize 
the intersection of COVID-19 and stroke in a middle-
income country during the pre-vaccination period of 
the pandemic.

	❚METHODS
Study design and population
This multicenter, observational, retrospective study 
used data from a population-based stroke registry that 
includes 17 comprehensive stroke centers across Brazil. 
The study was conducted from March to November 
2020, corresponding to the later phase of the first 
COVID-19 wave in Brazil and the pre-vaccination era. 

Inclusion criteria
We included consecutive hospitalized patients aged ≥18 
years who tested positive for SARS-CoV-2 (via RT-PCR 
or serology) within 14 days of stroke onset and had a 
confirmed acute cerebrovascular event. Cerebrovascular 
diagnoses included ischemic stroke, intracerebral 
hemorrhagic stroke, subarachnoid hemorrhage (SAH), 
or cerebral venous thrombosis (CVT). Patients were 
evaluated by a neurologist within 24 h of admission and 
underwent at least one neuroimaging study within 7 days 
of the onset of neurological symptoms. We excluded 
patients with inconsistent diagnoses, refusal to undergo 
neurological evaluation, and missing key initial data. 

Data Collection
De-identified data were collected by trained local 
investigators (stroke neurologists, residents, or 
research staff) at each center using a standardized 
electronic case report form. The collected variables 
included sociodemographic information, pre-existing 
comorbidities (e.g., hypertension, diabetes, atrial 
fibrillation, obesity, and smoking status), COVID-19-
related information (symptoms, home isolation status, 
and family COVID exposure), and stroke-specific data. 
The stroke onset time, mode of hospital arrival, and 
time from stroke onset to hospital admission were also 
recorded. We assessed initial stroke severity using the 
NIH Stroke Scale (NIHSS) at admission and pre-stroke 
disability using the modified-Rankin Scale (mRS). 
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All patients underwent at least one brain imaging 
assessment (CT and/or MRI). Stroke subtypes were 
classified as ischemic stroke, intracerebral hemorrhage, 
SAH, or CVT. Ischemic stroke was further categorized 
using the Oxfordshire Community Stroke Project (OCSP) 
classification into total anterior circulation infarcts, 
partial anterior circulation infarcts, lacunar infarcts, and 
posterior circulation infarcts. Ischemic stroke etiology 
was determined using the Trial of ORG 10172 in Acute 
Stroke Treatment (TOAST) criteria when data were 
available. The causes of intracerebral hemorrhage were 
categorized using the SMASH-U classification, and 
SAH etiologies (aneurysmal versus non-aneurysmal) 
were noted. We also documented in-hospital medical 
complications (pneumonia, sepsis, pulmonary embolism, 
and acute renal failure), treatments for COVID-19 
(e.g., use of steroids, anticoagulants, and antivirals), and 
acute stroke therapies (IV thrombolysis or mechanical 
thrombectomy, when applicable). Functional outcomes 
at hospital discharge were measured using the mRS, and 
vital status (in-hospital survival or death) was recorded. 

Statistical analysis
Continuous variables are reported as mean±standard 
deviation (SD) or median [interquartile range, 
IQR], as appropriate, and categorical variables as 
frequencies (%). Group comparisons (ischemic versus 
hemorrhagic strokes) were performed using Student’s 
t-test or Mann- Whitney U test for continuous data 
(depending on normality), and χ2 or Fisher’s exact test 
for categorical data. Statistical significance was set at 
p<0.05. Multivariate analysis was conducted using 
logistic regression to identify the independent predictors 
of outcomes. Two logistic regression models were 
constructed to assess the predictors of good functional 
outcomes at discharge (mRS score 0- 2) and in-hospital 
mortality. A stepwise backward-elimination approach 
was used to refine the model. We assessed the goodness-
of-fit of the model using the Hosmer- Lemeshow test 
and ensured no major collinearity between covariates. 
Adjusted odds ratios (OR) with 95% confidence intervals 
(95%CI) were calculated for significant predictors. 
In the multivariate logistic regression models, we 
adjusted for classical stroke risk factors including age, 
hypertension, diabetes mellitus, atrial fibrillation, and 
previous stroke, in addition to acute severity markers 
(NIHSS) and inflammatory/coagulation biomarkers 
(D-dimer). Given that all patients in this cohort 
had confirmed SARS-CoV-2 infection by design, 
we could not assess whether COVID-19 itself was 
an independent risk factor for stroke occurrence 
or poor outcomes. The variables entered into the 
multivariate models included age, baseline hypertension, 
diabetes mellitus, atrial fibrillation, previous stroke, 

NIHSS score at admission, and D-dimer level.  
A comprehensive univariate analysis of all potential 
predictors is presented in Table S1, Supplementary 
Material. Variables with p<0.10 in univariate analysis 
were considered for entry into stepwise multivariate 
models. The final models demonstrated adequate 
statistical power with events per variable (EPV) ratios 
of 16.7 for mortality (117 deaths/7 variables) and 13.6 
for favorable outcomes (95 events/7 variables), both 
exceeding the recommended minimum of 10 EPV. The 
variant inflation factors for all covariates were <2.5, 
indicating no significant multicollinearity. 

All analyses were performed using SPSS version 
28.0 (IBM Corp., Chicago, IL, USA).

Ethical approval
This study was approved by the Institutional Review 
Board of the local hospital (Universidade Federal de São 
Paulo, CAAE: 31351220.8.1001.5505; 4.354.729). All the 
national ethical requirements were met to support this 
study. All data used in the analysis are presented in tables 
and. The requirement for individual informed consent 
was waived owing to the retrospective, observational 
design with de-identified data.

	❚ RESULTS
This study included 374 patients with cerebrovascular 
disease who tested positive for SARS-CoV-2 between 
March and November 2020. The patient ages 
ranged from 20- 95 years (median 66 [57-75]), with a 
predominance of men (57.6%). The mean time from 
SARS-COV-2 symptoms to neurological impairment 
was 6±8.9 days, and 62.2% patients exhibited SARS-
COV-2 symptoms at hospital admission. Stroke symptom 
recognition by family members occurred in 28.8% 
cases. The treatment strategies used for SARS-COV-2 
infection were macrolides (34.5%), steroids (21.7%), 
heparin (9.2%), and chloroquine (6.9%). The most 
common clinical complication was pneumonia (61%), 
followed by acute renal failure (35%), sepsis (30.3%), 
cardiac arrest (27.9%), venous thromboembolism 
(9.1%) and delirium (8.2%). Among the patients, 288 
(83.7%), 23 (6.7%), 18 (5.2%), and 15 (4.4%) patients 
had a final diagnosis of ischemic stroke, intracerebral 
hemorrhage, cerebral venous thrombosis, and subarachnoid 
hemorrhage, respectively. Demographic and clinical 
baseline characteristics are shown in table 1. 

Baseline cardiovascular medication use (antiplatelets, 
anticoagulants, and statins) prior to stroke was not 
systematically collected in this registry and was therefore 
not reported.

Patients with ischemic stroke were older and had a 
higher incidence of diabetes (41.5%), atrial fibrillation 
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Table 1. Demographics and clinical characteristics

Variable
All patients 

(n=374) (±SD) 
[IQR]

Ischemic Stroke 
(n=312) (±SD) 

[IQR]

Intracerebral 
hematoma (n=29) 

(±SD) [IQR]

Subarachnoid 
hemorrhage (n=15) 

(± SD) [IQR]

Cerebral venous 
thrombosis (n=18)

(±SD) [IQR]

Age, years 65 [55-75] 67 [57-76]* 63 [51-67] 63 [56-71] 48 [26-62]*

Male, % 56.9 60.9* 48.2 13* 38.9

Admitted to a private hospital, % 9 8.3 13.6 7.1 16.7

ASPECTS on admission, points - 10 [10, 7] - - -

NIH Stroke Scale on admission, points 10 [4, 19] 10 [5, 19]* 9 [4, 14]* - -

Wake-up symptoms, % 11 12.8* 3.4 0 0

Without time for reperfusion therapy, % - 42.9 - - -

Time from stroke onset to admission, minutes 655 (2594) 954.7 (230)* 480 (300)

Presence of COVID-19 symptoms at neurological 
symptoms onset, %

62.2 64.2 47.8 40 66.7

Time from COVID-19 symptoms to neurological 
symptoms, days

6 (8.9) 6 (9) 4.6 (7.6) 6.9 (10.5) 8.2 (8.4)

Fluctuating symptoms, % 7.5 6.1* 3.4 6.7 38.9*

Home isolation, % 36.6 37.9 34.8 26.7 27.7

Identification of CVD symptoms by familiars, % 30.2 30.4 44.2 20 11.1

OCSP classification on admission

LACI - 22.6 - - -

PACI - 26.8 - - -

TACI - 34.3 - - -

POCI - 14.0

SMASH-U Classification, %

Systemic diseases - - 8 - -

Medication - - 20 - -

Amyloid angiopathy - - 0 - -

Structural - - 8 - -

Hypertensive - - 24 - -

Undetermined - - 40 - -

Artery involvement, %

MCA - 72.2 - - -

ACA - 2 - - -

PCA - 2.4 - - -

Basilar - 9.2 - - -

Anterior and posterior - 6.2 - - -

Two or more arteries - 13.4 - - -

TOAST SSS - Etiology, % - - - -

Cardio-aortic - 19.8 - - -

Large vessels - 19.8 - - -

Small vessels - 7.5 - - -

Others - 6.4 - - -

Undetermined - 21.4 - - -

Incomplete evaluation 25.1

Comorbidities, % 

Arterial hypertension 73.5 75 78.9 64.3 50

Diabetes 38.5 41.5* 26.3 21.4 21.4

Atrial fibrillation 4.1 5.3* 4.3 0 0

Previous Stroke 16.8 19.7* 0 7.1 0

Obesity 10.7 9.8 10.5 21.4 14.3

Current smoking 11 11.1 10.5 21.4 0

Cardiopathy 18.6 19.7 26.3 7.1 0
continue...
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...Continuation

Table 1. Demographics and clinical characteristics

Variable
All patients 

(n=374) (±SD) 
[IQR]

Ischemic Stroke 
(n=312) (±SD) 

[IQR]

Intracerebral 
hematoma (n=29) 

(±SD) [IQR]

Subarachnoid 
hemorrhage (n=15) 

(±SD) [IQR]

Cerebral venous 
thrombosis (n=18) 

(±SD) [IQR]

Laboratory findings on admission

Hemoglobin, g/L 12 (8.6) 12.1 (9.1) 11.7 (3.6) 10.8 (4.1) 11.5 (5.5)

WBC, /mm³ 9710 (6343) 9378 (6281)* 11300 (6695) 13898 (6072)* 9497 (6053)

Platelets, /mm³ 268149 (159898) 287997 (9438)* 195647 (110312)* 242866 (135852) 240288 (151064)

Creatinine, mg/dL 1.6 (8.5) 1.6 (9.1) 2.3 (4.1)* 1.9 (3.6) 1.2 (1.4)

Urea, mg/dL 44.6 (40.4) 43.4 (38.5) 58.4 (51.2) 57.6 (58.6) 37 (34)

D-Dimer, ng/ml 3.9 (17.6) 4 (19)** 2.7 (5.3) 4 (7.6) 2.5 (4.8)

LDH, mg/dL 183 (454) 169 (295) 410 (1401) 205 (256) 96 (155)

Thrombin Time/INR, s 0.98 (0.85) 0.96 (0.83) 1.16(1.4) 0.97 (0.5) 1.04 (0.4)*

aPTT/INR, s 0.64 (0.56) 0.6 (0.53) 0.75 (0.9) 0.82 (0.47) 0.83 (0.48)

Sedimentation rate, seconds 4.4 (18) 3.6 (15) 4 (19) 5.6 (22) 15.6 (38.7)*

Neurological and clinical complications, % 

Hemorrhagic transformation - 11.1 - - -

Recurrent ischemia - 2.8 - - -

Delirium 8.2 8.7 6.2 0 20

Pneumonia 61 63.1 69 36.4 40

Acute renal failure 35 33.3 50 36.4 40

VTE or DVT 9.1 7.6 18.7 9.1 20

Sepsis 30.3 31 18.7 36.4 30

Cardiac arrest 27.9 26.9 31.2 27.3 40

In-hospital treatment, %

Chloroquine 6.9 7.1 6.2 8.3 0

Steroids 21.7 21.4 18.8 41.7 9.1

Heparin 9.2 7.2* 25* 0 36.4*

Macrolides 34.5 34.3 31.2 41.7 36.3

Combined treatment 30 30 31.2 33.3 27

Clinical outcomes, %

mRS 0-2 29.1 27.2 30 21.4 55.5*

mRS 3-5 55 59* 47 25* 10*

In-hospital death 31 32.8* 44.5 71.4* 38.8
*p≤0.05 compared to other groups; ** p≤0.05 compared to patients with ICH. 
MCA: middle cerebral artery; PCA: posterior cerebral artery; ACA: anterior cerebral artery; OCSP: Oxfordshire Community Stroke Project; LACI: lacunar infarct; PACI: partial anterior circulation infarct; TACI: total anterior circulation infarct; POCI: posterior 
anterior circulation infarct; TOAST SSS: Trial of Org 10172 in Acute Stroke Treatment and Stop Stroke Study; WBC: white blood cell; LDH: lactate dehydrogenase; aPTT: active partial thromboplastin time; CVD: cerebrovascular disease; VTE: venous 
thromboembolism; ICH: Intracerebral hematoma; DVT: deep vein thrombosis; mRS: Modified Rankin Scale.

(5.3%), and a previous stroke (19.7%) (Table 1). The 
median NIHSS on admission was 10 [7, 13], and the 
mean time from stroke onset to admission was 954.7 
(±230) min, with 13.9% of wake-up strokes. D-dimer 
(p=0.02) and platelet counts (p=0.04) were higher in 
patients with ischemic stroke than in those with other 
cerebrovascular diseases. 

All 17 participating stroke centers were capable of 
performing thrombolysis throughout the study period. 
Among 312 patients with ischemic stroke, 161 (51.6%) 
did not receive reperfusion therapy. Of these, 80 (49.7%) 

arrived outside the therapeutic time window, whereas 
81 patients (50.3%) presented within the appropriate 
time window, but did not receive reperfusion. Analysis 
of the 81 patients revealed several contributing factors: 
28.4% had mild strokes (NIHSS ≤4), for which the 
risk of reperfusion therapy may outweigh potential 
benefit according to current guidelines. Next, 77 
patients (24.7%) received reperfusion therapy; 64 
received intravenous thrombolysis with recombinant 
tissue plasminogen activator (rtPA), five underwent 
mechanical thrombectomy alone, seven received 



Clinical characteristics and outcomes of SARS-CoV-2-associated stroke

7
einstein (São Paulo). 2026;24:1-15

combined intravenous thrombolysis plus thrombectomy 
(bridging therapy), and one patient received 
Tenecteplase.

The median NIHSS score at admission was 10 
points [7- 13], indicating moderate overall stroke severity. 
Patients with ischemic and hemorrhagic strokes had 
similar NIHSS median scores (both around 9- 10), 
whereas those with CVT tended to have lower NIHSS 
scores (many patients with CVT had no focal NIHSS 
deficits; data not shown). The median time from stroke 
symptom onset to hospital arrival (pre-hospital phase) 
was 4.3 h (IQR, 2- 12 h) for the entire cohort, although 
this varied by stroke type: ischemic and hemorrhagic 
stroke and cerebral venous thrombosis had a median 
onset-to-door time of 4.5 h, 2.7 h, and 48 h, respectively. 
Wake-up stroke (symptom onset during sleep with an 
unknown exact time) accounted for 11.0% of the cases. 
Detailed in-hospital time metrics (such as door-to-
needle or door-to-groin times) were not systematically 
collected across all the centers in this observational 
registry. Notably, this median onset-to-door time was 
shorter than the pre-pandemic benchmarks reported in 
Brazil, suggesting that despite the pandemic, many stroke 
patients reached hospitals relatively quickly. However, 
approximately one-third of the patients with ischemic 
stroke (36.6%) arrived outside the thrombolysis/
thrombectomy time window and did not receive 
reperfusion therapy. Among patients with ischemic 
stroke, 42.9% were ineligible for acute reperfusion 
because of delayed presentation. Anterior circulation 
infarcts (especially total anterior circulation infarcts, 
34.3%) were common in the ischemic stroke subset 
(Table 1), and 13.2% of these patients had multifocal 
strokes involving at least two arterial territories 
(suggestive of embolic or coagulopathic mechanisms). 
Among patients with hemorrhagic strokes, 40% had 
an undetermined etiology according to the SMASH-U 
criteria (no clear hypertensive or structural cause), 
and 35.7% of SAH cases had no identified aneurysm 
(presumed non-aneurysmal SAH).

Laboratory parameters on admission revealed 
elevated levels of inflammatory and coagulopathic 
markers in several patients. The mean D-dimer level 
was markedly high (overall mean 3,054ng/mL, median 
1,200 ng/mL; normal <500ng/mL), and D-dimer values 
were significantly higher in patients with ischemic 
stroke than in those with hemorrhagic stroke, SAH, 
or CVT (p=0.02). Additionally, the mean platelet 
count was high in the ischemic and nonischemic 
groups (p=0.04). No significant differences were 
observed in other laboratory values, such as leukocyte 
count or C-reactive protein level, between the stroke 

subtypes (not shown), although most patients had 
some inflammatory abnormalities. The COVID-19 
treatment strategies varied: 34.5%, 21.7%, 9.2%, 9.2% 
patients received macrolide antibiotics, corticosteroids, 
therapeutic anticoagulation (heparin), and chloroquine 
or hydroxychloroquine during hospitalization (reflecting 
practices in early 2021), respectively.

The clinical outcomes of the study cohort were poor. 
Overall, 54.1% of the patients had severe functional 
impairment (mRS score 3- 5) at discharge, and the 
in-hospital mortality rate was 31%. This indicates 
that only approximately one-quarter of the patients 
achieved a favorable outcome (mRS 0- 2) at the time 
of discharge. Figure 1 illustrates the distribution of the 
functional outcomes. Major in-hospital complications 
were common; 61% of the patients developed 
pneumonia, 35% experienced acute kidney injury or 
renal failure, and 30.3% developed sepsis during their 
hospital stay. Other complications included cardiac 
arrest (27.9%), venous thromboembolism (deep vein 
thrombosis or pulmonary embolism), (9.1%), and 
delirium (8.2%). Patients often experienced multiple 
concurrent complications. Only 8% of the patients 
required decompressive craniectomy for malignant 
edema (all ischemic stroke cases) (Figure 1). At 
discharge, 15.9% of the survivors were independent 
(mRS 0- 2), 24.4% had a moderate disability  
(mRS 3- 4), 21.6% were severely disabled (mRS 5), 
and 38.1% had died (mRS 6). 

In the univariate analysis, factors associated 
with in-hospital mortality included older age, higher 
NIHSS score on admission, occurrence of renal 
failure, and elevated D-dimer levels. Conversely, 
prior use of anticoagulants or antiplatelet agents and 
ischemic versus hemorrhagic stroke type were not 
significantly associated with mortality. Subsequently, 
multivariate logistic regression analysis was performed 

Figure 1. Clinical complications
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by adjusting for confounders. The results revealed that 
a higher D-dimer level at admission was independently 
associated with increased odds of in-hospital death 
(OR=1.036 per 1-unit increase; 95%CI=1.001- 1.073; 
p=0.04; Figure 2). Admission NIHSS score and 
the development of acute renal failure were also 
independent predictors of mortality: each point 
increase in the NIHSS score corresponded to an OR  
of ~1.12 for death (95%CI=1.06- 1.19, p=0.004), and 
patients who experienced renal failure had a markedly 
higher risk of dying (OR=6.04, 95%CI=2.29- 15.87, 
p=0.001). No other variables (age, stroke subtype, or 
other complications) retained independent significance 
for mortality after adjustment. Notably, the p-value for 
the D-dimer effect was only 0.04, reflecting a marginal 
significance level. Moreover, no correction for multiple 
comparisons was applied; therefore, this finding 
should be interpreted with caution. After adjusting 
for cardiovascular risk factors (age, hypertension, 
diabetes mellitus, atrial fibrillation, and previous 
stroke) in the multivariate models, independent 
predictors of mortality were NIHSS score at admission 
and D-dimer level. 

In the univariate analysis, classical risk factors 
showed variable associations; hypertension showed 
a trend toward significance (p=0.06), while diabetes 
(p=1.00), atrial fibrillation (p=1.00), and previous 
stroke (p=0.39) did not reach statistical significance 
as individual predictors. Therefore, we performed a 
sensitivity analysis after excluding 53 patients (14.2%) 
with previous cerebrovascular events. In this subgroup 

analysis (n=268), the independent predictors of 
mortality remained unchanged: NIHSS at admission 
(OR per point 1.14, 95%CI=1.07-1.21, p<0.001) and 
D-dimer level (OR=per ng/ml 1.04, 95%CI=1.01-1.08, 
p=0.038) remained significant predictors of mortality 
even after adjustment for age, hypertension, diabetes, 
and atrial fibrillation. The magnitude and direction 
of the associations were consistent with the primary 
analysis, suggesting that the inclusion of patients with 
prior stroke did not materially bias our conclusions.

Scatter plot with linear regression line showing the 
relationship between stroke severity at admission, as 
measured by the National Institutes of Health Stroke 
Scale (NIHSS), and plasma D-dimer levels (log₁₀-
transformed) in patients with acute cerebrovascular 
events and SARS-CoV-2 infection. A weak positive 
linear association was observed, suggesting that patients 
with higher NIHSS scores had elevated D-dimer levels 
upon admission. D-dimer is a marker of coagulation 
activation and systemic inflammation and is commonly 
elevated in severe COVID-19. 

 Multivariate analysis for good functional outcomes 
(mRS 0- 2 at discharge) revealed that admission NIHSS 
score and D-dimer levels were independent predictors. 
A higher NIHSS score was strongly predictive of worse 
functional outcomes (OR=0.88 per point for achieving 
mRS 0- 2, p=0.001, indicating that an increase in the 
NIHSS score reduced the odds of a good outcome 
by 12% (Figure 3). Similarly, higher D-dimer levels 
were associated with lower odds of a good outcome 
(OR=0.86 per unit, 95%CI=0.76- 0.99, p=0.03), which 
is consistent with the fact that greater coagulopathy/
inflammation portends worse recovery. Age was also 
significantly associated with poor outcome in univariate 
analysis; however, after adjusting for NIHSS and 
D-dimer, age had a more modest effect (OR=0.96 per 
year for good outcome, p=0.08) and was not statistically 
significant in the final model. Additionally, the use of 
any COVID-19 directed therapies (such as steroids 
or anticoagulants) was not significantly related to the 
outcomes or mortality (p>0.1 for all adjusted models).

The summary of predictors, context and clinical 
implications is portrayed in figure 4.

Relationship between the NIHSS score and D-dimer 
levels stratified by functional outcome at discharge. 
Three-panel scatter plots showing the association 
between stroke severity at admission (National Institutes 
of NIHSS, x-axis) and D-dimer levels (ng/ml, y-axis, 
log scale), stratified by functional outcomes. Panel A: 
Favorable outcome (mRS 0-2, n=95). Panel B: Poor 
outcomes (mRS 3-5, n=115). Panel C: Death (mRS 6, 

NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Scale; SARS-CoV-2: severe acute respiratory 
syndrome coronavirus 2.

Figure 2. Linear regression between NIHSS at admission and log-transformed D 
dimer levels
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NIHSS: National Institute of Health Stroke Scale; OR: odds ratio; 95%CI: 95% confidence interval. 

Figure 4. Predictive factors and clinical implications

n=117). The progressive increase in both NIHSS and 
D-dimer values is evident across the worsening outcome 
categories, with patients who died showing the highest 
values for both biomarkers. 

	❚ DISCUSSION
In this large multicenter cohort study, we observed 
that COVID-19 in hospitalized patients was frequently 
associated with acute ischemic stroke (>83% of cases), 
with relatively fewer hemorrhagic strokes, SAH, or 
CVT. This distribution was skewed slightly more toward 
ischemic stroke compared to that in pre-pandemic 
stroke epidemiology in Brazil, where ischemic stroke 
typically accounted for approximately 80% of cases.(10,11) 

The median age and sex distribution in our COVID- 
stroke cohort were similar to those in non-COVID 
stroke populations in middle-income countries, although 
a trend toward fewer patients with a history of prior 
stroke or known atrial fibrillation than in historical 
stroke cohorts was observed.(7,11) This suggests that 
some COVID-related strokes occurred in individuals 
without traditional cerebrovascular risk factors, 
which is consistent with early reports of COVID-19 
causing stroke in younger, healthier patients, possibly 
via novel mechanisms (such as coagulopathy and 
endothelialitis).(12-14) Nonetheless, hypertension and 
diabetes remained highly prevalent in our cohort, 
reinforcing the idea that conventional risk factors play a 
role in stroke patients with COVID-19. 

NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Scale; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Figure 3. Relationship between NIHSS and D-dimer by functional outcome

A B C
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Notably, our analyses showed high rates of in-
hospital complications and mortality. Our observed 
in-hospital mortality rate of 39% was substantially 
higher than the typical mortality rate of patients with 
stroke prior to COVID-19. Specific Brazilian stroke 
registries have reported in-hospital mortality rates of 
approximately 15- 20%, although these figures come 
from select centers and may not be generalizable to 
all healthcare settings or geographic regions across 
Brazil. Additionally, the observed mortality rate is 
higher than the 12- 16% in-hospital stroke mortality 
reported during the pandemic in at least one general 
stroke cohort in a Brazilian city (Joinville).(10,11) This 
discrepancy underscores the fact that our study 
specifically examined the subset of patients with both 
stroke and COVID-19. Accordingly, this rate appears 
to be consistent with international series that have 
reported very high mortality in COVID-associated 
stroke. For example, a North American registry 
reported an approximately 39% in-hospital mortality 
in patients with COVID-19 ischemic stroke.(15) 
Generally, evidence suggests that COVID-19 and 
stroke lead to substantially worse outcomes than 
does stroke in COVID-negative patients.(16) The high 
mortality in our cohort likely reflects both the direct 
impact of viral infection and the severity of the stroke 
itself. Many patients experience multi-organ failure 
(as indicated by high rates of sepsis, renal failure, 
and respiratory complications), which undoubtedly 
contributes to the high fatality rate. Additionally, 
hospital resources may have been strained during the 
peak of the pandemic, which could have indirectly 
affected stroke care outcomes. 

Our multivariate analysis identified D-dimer level 
as an independent predictor of mortality, even after 
controlling clinical factors. This finding is consistent 
with a growing body of evidence linking elevated 
D-dimer levels and coagulopathy markers to worse 
outcomes in COVID-19 and stroke populations.(4,13,17) 
High D-dimer in patients with COVID-19 likely 
reflects a state of hypercoagulation and thrombus 
formation (from widespread intravascular clotting 
or severe inflammation). Stroke may indicate a more 
extensive infarction or an underlying propensity 
for thrombosis (e.g., venous thromboembolism or 
disseminated intravascular coagulation). Additionally, 
previous studies have found that D-dimer levels are 
associated with stroke severity and can predict mortality 
in patients with ischemic stroke and COVID-19.(4,5) 
Thus, our results reinforce that D-dimer level is a 
useful prognostic biomarker in this specific patient 
population. Clinically, this might justify more aggressive 

monitoring or prophylactic anticoagulation strategies, 
although our data did not show a clear benefit from 
therapeutic heparin use (possibly owing to confounding 
by indication). Notably, the average time from stroke 
onset to hospital admission was shorter in our patients 
with COVID-19-associated stroke than the reported 
pre-pandemic averages.(10) However, the statistical 
significance of D-dimer levels as a predictor of 
mortality was marginal (p=0.04), and no correction for 
multiple comparisons was applied in our exploratory 
analysis. Therefore, although this finding aligns with 
the established biological mechanisms of COVID-19-
related coagulopathy, it should be validated in larger, 
independent cohorts before being incorporated into 
clinical decision-making algorithms.

We originally hypothesized that pandemic-related 
factors, such as patients avoiding hospitals because of fear 
of infection or healthcare system overload, would lead 
to delayed presentation and treatment of stroke.(9,18- 21) 

However, our findings suggest that the median onset-
to-door time (~4.4 h) was relatively brisk. One 
explanation for this finding is that some strokes in 
patients with COVID-19 occurred in the hospital 
or under medical supervision (e.g., patients already 
hospitalized for COVID-19 who then suffered a stroke, 
which would drastically shorten the delay time).(21,22) 
Another explanation is that the increased vigilance 
during the COVID-19 surge, both by patients/families 
and emergency medical services, may have led to faster 
recognition and response when neurological symptoms 
appeared in the COVID-19 context. Additionally, the 
overall volume of emergency room for non-COVID 
conditions was lower than normal during the lockdown, 
potentially allowing patients with stroke who did come 
in to be triaged and treated more rapidly than usual.(18,19) 
Moreover, several patients (62.2%) in this study had 
severe COVID-19 symptoms that prompted early 
hospital arrival and in whom stroke occurred shortly 
after admission. Nevertheless, our data suggest that 
the feared substantial delays in stroke care during 
COVID-19 might not have occurred universally, 
at least in the participating centers, and in fact, the 
median door times did not worsen. This contrasts with 
some early reports during the pandemic that showed 
decreased stroke admissions and procedure volumes 
due to patients avoiding hospitals.(18,21,22)

Our findings are in line with the experience in 
Joinville, Brazil, where local stroke network-maintained 
performance metrics during the pandemic and overall 
stroke care times were preserved.(10) Another notable 
observation was that only a small fraction of all 
hospitalized patients with COVID-19 experienced 
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stroke. While we did not have data on the total 
COVID-19 admissions for each hospital, external data 
suggest that the incidence of stroke among hospitalized 
patients with COVID-19 was on the order of a few 
percent.(23) While a meta-analysis across continents 
reported an incidence rate of approximately 3.3%, 
with South America at the highest end (8.9%),(24) our 
multi-center registry focused on those who had a stroke, 
providing insights into this severe subset. 

Although stroke in patients with COVID-19 is 
relatively infrequent, we observed severe outcomes, 
which highlights a major challenge that these are rare but 
extremely high-risk patients. Consequently, identifying 
patients with COVID-19 at risk of stroke (e.g., those 
with high D-dimer levels, extreme inflammation, or 
certain comorbidities) could allow for preventive 
measures in the future.(4,13,25) From a pathophysiological 
standpoint, our findings support the proposed 
mechanisms underlying COVID-19-associated stroke. 
The predominance of large anterior circulation and 
multifocal infarcts in patients with ischemic stroke 
suggests an embolic and hypercoagulable etiology in 
many cases.(23,24,26) This is consistent with the concept 
that COVID-19 induces a thromboinflammatory state 
with endothelial dysfunction, cytokine storm, platelet 
activation, and microthrombus formation.(12) Notably, 
13% of the patients with ischemic strokes in this study 
had multiple territories involved, and cryptogenic stroke 
(stroke of undetermined etiology) was common- findings 
echoed in other series where cryptogenic mechanisms 
(perhaps undetected coagulopathy or endotheliopathy) 
were prevalent. The occurrence of CVTs and non-
aneurysmal SAH in our cohort, although minor, hints 
at the unique COVID-19 effects on the coagulation 
system (predisposing patients to cerebral venous clots) 
and fragile cerebral vessels (possibly via inflammation 
leading to bleeding).(27-30) These unusual types of strokes 
have also been associated with COVID-19.(20,23,26,29- 32) 

While our findings provide important insights into 
the intersection of COVID-19 and stroke during the pre-
vaccine era, they must be interpreted within the context 
of the study design and the extraordinary circumstances 
of the pandemic. Our study has some limitations that 
warrant careful consideration when interpreting the 
results. First, the absence of a contemporaneous control 
group of COVID-negative patients with stroke from 
the same centers and time period limits our ability to 
definitively attribute the observed high mortality and 
complication rates solely to COVID-19. The general 
pandemic-related strains in the healthcare system, 
including resource reallocation, staffing shortages, and 

delayed care for non-COVID conditions, may have 
contributed equally to the poor outcomes observed. 
However, without such a control group, the direct 
viral effects cannot be distinguished from the indirect 
systemic impact of the pandemic on the quality of 
stroke care. Second, the retrospective study design 
had inherent limitations, including missing data for 
certain variables, potential inconsistencies in diagnostic 
workups across centers, and an inability to establish 
definitive causality between COVID-19 and stroke 
outcomes. Third, our study only included hospitalized 
patients with stroke, inevitably capturing the more 
severe end of the clinical spectrum of both COVID-19 
and cerebrovascular events. Fourth, although the 
multicenter design enhanced generalizability, it 
introduced significant heterogeneity in local protocols 
for COVID-19 treatment, stroke management, and 
resource availability across participating centers 
during the chaotic period of the pandemic. Fifth, 
functional outcome assessments were performed only 
upon hospital discharge. Consequently, the long-term 
functional trajectory of these patients, particularly their 
90-day mRS scores, remains unclear. This represents 
an important direction for future research as early 
discharge assessments may not capture delayed recovery 
or late complications, potentially underestimating true 
functional outcomes in survivors. Sixth, we did not 
collect comparative stroke admission data from the 
participating centers during the corresponding pre-
pandemic period (March- November 2019 or 2020). 
Such historical control data would have enabled us 
to assess whether the stroke incidence increased 
during the pandemic or whether COVID-19 simply 
represented an additional risk factor. Seventh, we did 
not systematically collect information on the use of 
pre-stroke cardiovascular medications (antiplatelets, 
anticoagulants, and statins), which may influence 
mortality and functional outcomes. Therefore, future 
prospective stroke registries should include baseline 
medication status to better characterize secondary 
prevention adequacy and the potential protective 
effects against COVID-19-associated cerebrovascular 
events. Finally, we acknowledge that the p-value of 0.04 
for elevated D-dimer levels independently predicting 
mortality represents marginal statistical significance; 
however, we did not correct for multiple comparisons 
in our exploratory analyses. Consequently, this finding 
should be interpreted with caution although this 
association is biologically plausible given the known 
hypercoagulable state of COVID-19.
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	❚ CONCLUSION
In this national Brazilian cohort study, patients with 
COVID-19 who suffered a stroke predominantly had 
an ischemic stroke, lower rates of atrial fibrillation, and 
prior stroke compared to typical non-COVID stroke 
populations, but significantly higher rates of medical 
complications and mortality. The D-dimer level was an 
independent predictor of in-hospital mortality in these 
patients, reinforcing its role as a prognostic marker 
for COVID-related coagulopathy. However, contrary 
to initial expectations, the time from stroke symptom 
onset to hospital admission was not prolonged during 
the pandemic. In fact, among our patients, delays 
were shorter than historical averages, although longer 
pre-hospital times were associated with more severe 
neurologic deficits on admission. Notably, these findings 
must be interpreted cautiously given the substantial 
limitations of our study design, particularly the absence 
of a control group and the marginal statistical significance 
of some predictive factors. Nonetheless, these findings 
suggest that, while COVID-19 is associated with more 
severe stroke outcomes, prompt hospital presentation 
can still be achieved, which is crucial. Our study 
contributes to the growing understanding of the stroke- 
COVID-19 interplay and provides a benchmark for 
outcome expectations in similar middle-income settings. 
Ongoing vigilance and further research are warranted 
to mitigate the impact of this pandemic on stroke care.

	❚ DATA AVAILABILITY 
Anonymized data, study protocol, statistical analysis 
plan, and informed consent form will be shared upon 
request from other investigators after obtaining ethical 
approval.

	❚ AUTHORS’ CONTRIBUTION
João Brainer Clares de Andrade: contributed to the 
conceptualization, methodology, supervision, and 
writing of the manuscript. Vinícius Viana Abreu 
Montanaro, Mayara Silva Marques, Kristel Larisa 
Back Merida, Rafaela Almeida Alquéres, Felipe Aydar 
Sandoval, Millene Rodrigues Camilo, Ahmad Ali El 
Madjdoub, Letícia Januzi de Almeida Rocha, Vinícius 
Luiz Cristofolini, Jackeline Viana da Silva, Rafael 
Paes Alves, Lorena Souza Viana, Felipe Ibiapina dos 
Reis, Patrícia Beatriz Christino Marinho, Pérola de 
Oliveira, Pedro Silva Correa de Magalhães, Vivian 
Dias Baptista Gagliardi, Sheila Cristina Ouriques 
Martins,Thais Leite Secchi, Octavio Marques Pontes-
Neto, Iago Navas Perissinotti, Alan Alves de Lima 

Cidrão, Deborah Moreira Rangel, Rodrigo Bazan, 
Gabriel Pinheiro Modolo , Luana Aparecida Miranda 
Bonome, Felipe Araujo Rocha, Fabrício Oliveira Lima, 
Adriana Bastos Conforto, Daniela Laranja Gomes 
Rodrigues and Gisele Sampaio Silva: review & editing.  
contributed to project administration, visualization, 
writing, review, and editing.

	❚ AUTHORS’ STATEMENT ON GENERATIVE ARTIFICIAL 
INTELLIGENCE
During manuscript preparation, ChatGPT-5 and Claude 
AI were used to review grammar, improve language 
clarity, and translate the Portuguese text into English. 
All AI-generated content was carefully reviewed, 
edited, and revised by the authors. The authors take full 
responsibility for the accuracy and integrity of all the 
content. No AI tools were used for literature search, 
data extraction, analysis, or interpretation of the results.

	❚ AUTHORS’ INFORMATION
Andrade JB: http://orcid.org/0000-0001-8768-7164
Montanaro VV: http://orcid.org/0000-0001-7819-5563
Marques MS: http://orcid.org/0000-0003-3957-4928
Merida KL: http://orcid.org/0000-0002-8144-9365
Alquéres RA: http://orcid.org/0000-0002-6462-4221
Sandoval FA: http://orcid.org/0000-0002-0120-6313
Camilo MR: http://orcid.org/0000-0002-0310-6033
Madjdoub AA: http://orcid.org/0009-0000-7400-9356
Rocha LJ: http://orcid.org/0000-0003-2738-9346
Cristofolini VL: http://orcid.org/0000-0002-2348-0292
Silva JV: http://orcid.org/0009-0000-2533-2579
Alves RP: http://orcid.org/0009-0009-0586-9614
Viana LS: http://orcid.org/0000-0002-0141-5174
Reis FI: http://orcid.org/0000-0002-6102-4159
Marinho PB: http://orcid.org/0009-0006-8412-2794
Oliveira P: http://orcid.org/0000-0003-1824-5578
Magalhães PS: http://orcid.org/0000-0001-7297-1381
Gagliardi VD: http://orcid.org/0000-0003-3182-5147
Martins SC: http://orcid.org/0000-0002-8452-712X
Secchi TL: http://orcid.org/0000-0001-5214-7037
Pontes-Neto OM: http://orcid.org/0000-0003-0317-843X
Perissinotti IN: http://orcid.org/0000-0003-3685-9565
Cidrão AA: http://orcid.org/0000-0002-8756-5519
Rangel DM: http://orcid.org/0000-0001-9820-4631
Bazan R: http://orcid.org/0000-0003-3872-308X
Modolo GP: http://orcid.org/0000-0003-1057-5089
Bonome LA: http://orcid.org/0000-0001-9465-1653
Rocha FA: http://orcid.org/0000-0001-7605-1232
Lima FO: http://orcid.org/0000-0002-0383-4145
Conforto AB: http://orcid.org/0000-0001-7869-3490
Rodrigues DL: http://orcid.org/0000-0003-2976-6782
Silva GS: http://orcid.org/0000-0002-3247-3123



Clinical characteristics and outcomes of SARS-CoV-2-associated stroke

13
einstein (São Paulo). 2026;24:1-15

	❚ REFERENCES
1.	 Reza-Zaldívar EE, Hernández-Sapiéns MA, Minjarez B, Gómez-Pinedo 

U, Márquez-Aguirre AL, Mateos-Díaz JC, et al. Infection Mechanism of 
SARS-COV-2 and Its Implication on the Nervous System. Front Immunol. 
2021;11:621735. 

2.	 Kułakowska A. SARS-CoV-2 and the nervous system. Neurol Neurochir Pol. 
2023;57(1):3-7. 

3.	 Normandin E, Valizadeh N, Rudmann EA, Uddin R, Dobbins ST, MacInnis BL, 
et al. Neuropathological features of SARS-CoV-2 delta and omicron variants. 
J Neuropathol Exp Neurol. 2023;82(4):283-95. 

4.	 Esenwa C, Cheng NT, Luna J, Willey J, Boehme AK, Kirchoff-Torres K, et 
al. Biomarkers of Coagulation and Inflammation in COVID-19-Associated 
Ischemic Stroke. Stroke. 2021;52(11):e706-9. 

5.	 Guasp M, Muñoz-Sánchez G, Martínez-Hernández E, Santana D, Carbayo 
Á, Naranjo L, Bolós U, Framil M, Saiz A, Balasa M, Ruiz-García R, Sánchez-
Valle R; Barcelona Neuro-COVID Study Group. CSF Biomarkers in COVID-19 
Associated Encephalopathy and Encephalitis Predict Long-Term Outcome. 
Front Immunol. 2022;13:866153.

6.	 Nguyen TN, Qureshi MM, Klein P, Yamagami H, Abdalkader M, Mikulik R, 
Sathya A, Mansour OY, Czlonkowska A, Lo H, Field TS, Charidimou A, Banerjee 
S, Yaghi S, Siegler JE, Sedova P, Kwan J, de Sousa DA, Demeestere J, Inoa 
V, Omran SS, Zhang L, Michel P, Strambo D, Marto JP, Nogueira RG; SVIN 
COVID-19 Global COVID Stroke Registry; Kristoffersen ES, Tsivgoulis G, Lereis 
VP, Ma A, Enzinger C, Gattringer T, Rahman A, Bonnet T, Ligot N, De Raedt 
S, Lemmens R, Vanacker P, Vandervorst F, Conforto AB, Hidalgo RCT, Mora 
Cuervo DL, de Oliveira Neves L, Lameirinhas da Silva I, Martíns RT, Rebello LC, 
Santiago IB, Sakelarova T, Kalpachki R, Alexiev F, Cora EA, Kelly ME, Peeling 
L, Pikula A, Chen HS, Chen Y, Yang S, Roje Bedekovic M, Čabal M, Tenora 
D, Fibrich P, Dušek P, Hlaváčová H, Hrabanovska E, Jurák L, Kadlčíková J, 
Karpowicz I, Klečka L, Kovář M, Neumann J, Paloušková H, Reiser M, Rohan 
V, Šimůnek L, Skoda O, Škorňa M, Šrámek M, Drenck N, Sobh K, Lesaine 
E, Sabben C, Reiner P, Rouanet F, Strbian D, Boskamp S, Mbroh J, Nagel S, 
Rosenkranz M, Poli S, Thomalla G, Karapanayiotides T, Koutroulou I, Kargiotis 
O, Palaiodimou L, Barrientos Guerra JD, Huded V, Nagendra S, Prajapati C, 
Sylaja PN, Sani AF, Ghoreishi A, Farhoudi M, Sadeghi Hokmabadi E, Hashemilar 
M, Sabetay SI, Rahal F, Acampa M, Adami A, Longoni M, Ornello R, Renieri L, 
Romoli M, Sacco S, Salmaggi A, Sangalli D, Zini A, Sakai K, Fukuda H, Fujita 
K, Imamura H, Kosuke M, Sakaguchi M, Sonoda K, Matsumaru Y, Ohara N, 
Shindo S, Takenobu Y, Yoshimoto T, Toyoda K, Uwatoko T, Sakai N, Yamamoto 
N, Yamamoto R, Yazawa Y, Sugiura Y, Baek JH, Lee SB, Seo KD, Sohn SI, 
Lee JS, Arsovska AA, Chieh CY, Wan Zaidi WA, Wan Yahya WNN, Gongora-
Rivera F, Martinez-Marino M, Infante-Valenzuela A, Dippel D, van Dam-Nolen 
DHK, Wu TY, Punter M, Adebayo TT, Bello AH, Sunmonu TA, Wahab KW, 
Sundseth A, Al Hashmi AM, Ahmad S, Rashid U, Rodriguez-Kadota L, Vences 
MÁ, Yalung PM, Dy JSH, Brola W, Dębiec A, Dorobek M, Karlinski MA, Labuz-
Roszak BM, Lasek-Bal A, Sienkiewicz-Jarosz H, Staszewski J, Sobolewski P, 
Wiącek M, Zielinska-Turek J, Araújo AP, Rocha M, Castro P, Ferreira P, Nunes 
AP, Fonseca L, Pinho E Melo T, Rodrigues M, Silva ML, Ciopleias B, Dimitriade 
A, Falup-Pecurariu C, Hamid MA, Venketasubramanian N, Krastev G, Haring 
J, Ayo-Martin O, Hernandez-Fernandez F, Blasco J, Rodríguez-Vázquez A, 
Cruz-Culebras A, Moniche F, Montaner J, Perez-Sanchez S, García Sánchez 
MJ, Guillán Rodríguez M, Bernava G, Bolognese M, Carrera E, Churojana A, 
Aykac O, Özdemir AÖ, Bajrami A, Senadim S, Hussain SI, John S, Krishnan 
K, Lenthall R, Asif KS, Below K, Biller J, Chen M, Chebl A, Colasurdo M, 
Czap A, de Havenon AH, Dharmadhikari S, Eskey CJ, Farooqui M, Feske SK, 
Goyal N, Grimmett KB, Guzik AK, Haussen DC, Hovingh M, Jillela D, Kan 
PT, Khatri R, Khoury NN, Kiley NL, Kolikonda MK, Lara S, Li G, Linfante I, 
Loochtan AI, Lopez CD, Lycan S, Male SS, Nahab F, Maali L, Masoud HE, 
Min J, Orgeta-Gutierrez S, Mohamed GA, Mohammaden M, Nalleballe K, 
Radaideh Y, Ramakrishnan P, Rayo-Taranto B, Rojas-Soto DM, Ruland S, 
Simpkins AN, Sheth SA, Starosciak AK, Tarlov NE, Taylor RA, Voetsch B, 
Zhang L, Duong HQ, Dao VP, Le HV, Pham TN, Ton MD, Tran AD, Zaidat OO, 
Machi P, Dirren E, Rodríguez Fernández C, Escartín López J, Fernández Ferro 
JC, Mohammadzadeh N, Suryadevara NC, de la Cruz Fernández B, Bessa F, 
Jancar N, Brady M, Scozzari D. Global Impact of the COVID-19 Pandemic 
on Cerebral Venous Thrombosis and Mortality. J Stroke. 2022;24(2):256-65. 
Erratum in: J Stroke. 2024;26(1):129. 

7. 	 Wolf JM, Kipper D, Borges GR, Streck AF, Lunge VR. Temporal spread and 
evolution of SARS-CoV-2 in the second pandemic wave in Brazil. J Med Virol. 
2022;94(3):926-36. 

8. 	 Tanisaka LS, Paiva LD, Werneck de Carvalho LE, Fonseca FL, Feder D, do 
Nascimento VB, et al. Stroke Hospital Admissions during the COVID-19 
Outbreak in São Paulo, Brazil. Cerebrovasc Dis. 2022;51(5):686-9. 

9. 	 Rocha LJ, Melo MT, Piva RG, Rafani SM, Pontes-Neto OM, Rocha E, Baggio 
JA. Stroke awareness in a Brazilian Northeastern capital city and the burden 
of the COVID-19 pandemic. Arq Neuropsiquiatr. 2024;82(8):1-6.

10. 	Dos Reis FI, de Magalhães PS, Diegoli H, Longo AL, Moro CH, Safanelli JA, 
et al. Stroke profile and care during the COVID-19 pandemic: what changed 
and what did not? A prospective cohort from Joinville, Brazil. Front Neurol. 
2023;14:1122875. 

11. 	de Carvalho JJ, Alves MB, Viana GÁ, Machado CB, dos Santos BF, Kanamura 
AH, et al. Stroke epidemiology, patterns of management, and outcomes in 
Fortaleza, Brazil: a hospital-based multicenter prospective study. Stroke. 
2011;42(12):3341-6. 

12. 	Rustagi V, Gupta SR, Talwar C, Singh A, Xiao ZZ, Jamwal R, et al. SARS-
CoV-2 pathophysiology and post-vaccination severity: a systematic review. 
Immunol Res. 2024;73(1):17. 

13. 	Wang S, Tai Y, Yang X, Li P, Wang H, Tan Y, et al. Identification of potential 
biomarkers and drug of ischemic stroke in patients with COVID-19 through 
machine learning. Heliyon. 2024;10(20):e39039. 

14. 	Nath A, Kolson DL. Reemerging Infectious Diseases and Neuroimmunologic 
Complications. Neurol Neuroimmunol Neuroinflamm. 2025;12(1):e200356. 

15. 	Dmytriw AA, Dibas M, Phan K, Efendizade A, Ospel J, Schirmer C, Settecase 
F, Heran MKS, Kühn AL, Puri AS, Menon BK, Sivakumar S, Mowla A, Vela-
Duarte D, Linfante I, Dabus GC, Regenhardt RW, D’Amato S, Rosenthal 
JA, Zha A, Talukder N, Sheth SA, Hassan AE, Cooke DL, Leung LY, Malek 
AM, Voetsch B, Sehgal S, Wakhloo AK, Goyal M, Wu H, Cohen J, Ghozy 
S, Turkel-Parella D, Farooq Z, Vranic JE, Rabinov JD, Stapleton CJ, Minhas 
R, Velayudhan V, Chaudhry ZA, Xavier A, Bullrich MB, Pandey S, Sposato 
LA, Johnson SA, Gupta G, Khandelwal P, Ali L, Liebeskind DS, Farooqui M, 
Ortega-Gutierrez S, Nahab F, Jillella DV, Chen K, Aziz-Sultan MA, Abdalkader 
M, Kaliaev A, Nguyen TN, Haussen DC, Nogueira RG, Haq IU, Zaidat OO, 
Sanborn E, Leslie-Mazwi TM, Patel AB, Siegler JE, Tiwari A; North American 
Neurovascular COVID-19 (NAN-C) Consortium & Society of Vascular and 
Interventional Neurology (SVIN) Investigators. Acute ischaemic stroke 
associated with SARS-CoV-2 infection in North America. J Neurol Neurosurg 
Psychiatry. 2022;93(4):360-368.

16. 	Pero A, Ng S, Cai D. COVID-19: A Perspective from Clinical Neurology and 
Neuroscience. Neuroscientist. 2020;26(5-6):387-91. 

17. 	Sagris D, Papanikolaou A, Kvernland A, Korompoki E, Frontera JA, Troxel AB, 
et al. COVID-19 and ischemic stroke. Eur J Neurol. 2021;28(11):3826-36. 

18. Yaghi S, Ishida K, Torres J, Mac Grory B, Raz E, Humbert K, et al. SARS-CoV-2 
and Stroke in a New York Healthcare System. Stroke. 2020;51(7):2002-11. 

19. 	Qin C, Zhou L, Hu Z, Yang S, Zhang S, Chen M, et al. Clinical Characteristics 
and Outcomes of COVID-19 Patients With a History of Stroke in Wuhan, 
China. Stroke. 2020;51(7):2219-23. 

20. 	Ntaios G, Michel P, Georgiopoulos G, Guo Y, Li W, Xiong J, et al. Characteristics 
and Outcomes in Patients With COVID-19 and Acute Ischemic Stroke: The 
Global COVID-19 Stroke Registry. Stroke. 2020;51(9):e254-8. 

21. 	Teo KC, Leung WC, Wong YK, Liu RK, Chan AH, Choi OM, et al. Delays in Stroke 
Onset to Hospital Arrival Time During COVID-19. Stroke. 2020;51(7):2228-31. 

22. 	Kansagra AP, Goyal MS, Hamilton S, Albers GW. Collateral Effect of Covid-19 
on Stroke Evaluation in the United States. N Engl J Med. 2020;383(4):400-1. 

23. 	Nannoni S, de Groot R, Bell S, Markus HS. Stroke in COVID-19: A systematic 
review and meta-analysis. Int J Stroke. 2021;16(2):137-49. 

24. 	Tan YK, Goh C, Leow AS, Tambyah PA, Ang A, Yap ES, et al. COVID-19 and 
ischemic stroke: a systematic review and meta-summary of the literature. J 
Thromb Thrombolysis. 2020;50(3):587-95. 



Andrade JB, Montanaro VV, Marques MS, Merida KL, Alquéres RA, Sandoval FA, Camilo MR, Madjdoub AA, Rocha LJ, Cristofolini VL, Silva JV, Alves RP, Viana LS, Reis FI, Marinho PB, Oliveira P, 
Magalhães PS, Gagliardi VD, Martins SC, Secchi TL, Pontes-Neto OM, Perissinotti IN, Cidrão AA, Rangel DM, Bazan R, Modolo GP, Bonome LA, Rocha FA, Lima FO, Conforto AB, Rodrigues DL, Silva GS

14
einstein (São Paulo). 2026;24:1-15

25. 	Becker RC. COVID-19 update: Covid-19-associated coagulopathy. J Thromb 
Thrombolysis. 2020;50(1):54-67. 

26. 	Li Y, Li M, Wang M, Zhou Y, Chang J, Xian Y, et al. Acute cerebrovascular 
disease following COVID-19: a single center, retrospective, observational 
study. Stroke Vasc Neurol. 2020;5(3):279-84. 

27. 	Lim MJ, Yeo J, Fong KY, Eng SW, Fu S, Tan BY, et al. Characteristics 
of subarachnoid hemorrhage associated with COVID-19 infection: A 
systematic review and descriptive analysis. J Stroke Cerebrovasc Dis. 
2023;32(2):106904. 

28. 	Qureshi AI, Baskett WI, Huang W, Shyu D, Myers D, Lobanova I, et al. 
Subarachnoid Hemorrhage and COVID-19: An Analysis of 282,718 Patients. 
World Neurosurg. 2021;151:e615-20. 

29. 	Kafadar S, Yucetas SC, Gezgin I, Kaya H, Gulacti U, Bilek O. Influence 
of COVID-19 disease on subarachnoid hemorrhage and intracerebral 
hemorrhage. Bratisl Lek Listy. 2022;123(2):140- 3. 

30.	 Scutelnic A, van de Munckhof A, Miraclin AT, Aaron S, Hameed S, Wasay M, 
et al. Characteristics and outcomes of cerebral venous thrombosis associated 
with COVID-19. Eur Stroke J. 2024;9(3):676- 86. 

31. 	Cezar-Junior AB, Faquini IV, Silva JL, de Carvalho Junior EV, Lemos LE, Freire 
Filho JB, et al. Subarachnoid hemorrhage and COVID-19: association or 
coincidence? Medicine (Baltimore). 2020;99(51):e23862. 

32. 	Ghosh R, Roy D, Ray A, Mandal A, Das S, Pal SK, et al. Non-Aneurysmal 
Subarachnoid Hemorrhage in COVID-19: A Case Report and Review of 
Literature. Med Res Arch. 2022;10(1):2673. 



Clinical characteristics and outcomes of SARS-CoV-2-associated stroke

15
einstein (São Paulo). 2026;24:1-15

	❚ SUPPLEMENTARY MATERIAL

Clinical characteristics and outcomes of SARS-CoV-2-
associated stroke: a large multicenter national cohort study
João Brainer Clares de Andrade, Vinícius Viana Abreu Montanaro, Mayara Silva Marques, Kristel Larisa Back Merida, Rafaela Almeida Alquéres, 
Felipe Aydar Sandoval, Millene Rodrigues Camilo, Ahmad Ali El Madjdoub, Letícia Januzi de Almeida Rocha, Vinícius Luiz Cristofolini,  
Jackeline Viana da Silva, Rafael Paes Alves, Lorena Souza Viana, Felipe Ibiapina dos Reis, Patrícia Beatriz Christino Marinho ,  
Pérola de Oliveira, Pedro Silva Correa de Magalhães, Vivian Dias Baptista Gagliardi, Sheila Cristina Ouriques Martins, Thais Leite Secchi,  
Octavio Marques Pontes-Neto, Iago Navas Perissinotti, Alan Alves de Lima Cidrão, Deborah Moreira Rangel, Rodrigo Bazan,  
Gabriel Pinheiro Modolo, Luana Aparecida Miranda Bonome, Felipe Araujo Rocha, Fabrício Oliveira Lima, Adriana Bastos Conforto,  
Daniela Laranja Gomes Rodrigues, Gisele Sampaio Silva

DOI: 10.31744/einstein_journal/2026AO2027

Table 1S. Univariate analysis of predictors of in-hospital mortality in patients with COVID-19-associated stroke

Variable Deceased
(n=117)

Survivors
(n=210) p value Included in multivariate model

Demographics

 Age (years), median [IQR] 67 [57- 75] 63 [56- 72] 0.013† Yes

 Male sex, n (%) 65 (55.6) 114 (54.3) 0.916‡ No

Baseline Comorbidities

 Hypertension, n (%) 84 (83.2) 122 (65.2) 0.002‡ Yes

 Diabetes mellitus, n (%) 40 (39.6) 69 (36.9) 0.746‡ Yes

 Atrial fibrillation, n (%) 8 (7.9) 5 (2.7) 0.080‡ Yes

 Previous stroke, n (%) 22 (21.8) 22 (11.8) 0.037‡ Yes

 Obesity, n (%) 10 (9.9) 19 (10.2) 1.000‡ No

 Current/former smoking, n (%) 11 (10.9) 20 (10.7) 1.000‡ No

 Cardiopathy, n (%) 26 (25.7) 29 (15.5) 0.051‡ No

Stroke characteristics

 NIHSS at admission, median [IQR] 18 [10- 24] 8 [4- 14] <0.001† Yes

 Pre-stroke mRS, median [IQR] 0 [0- 1] 0 [0- 0] 0.001† No

 Ischemic stroke, n (%) 88 (75.2) 180 (85.7) 0.027‡ No

 Hemorrhagic stroke, n (%) 12 (10.3) 15 (7.1) 0.441‡ No

 Cerebral venous thrombosis, n (%) 7 (6.0) 11 (5.2) 0.976‡ No

 Subarachnoid hemorrhage, n (%) 10 (8.5) 4 (1.9) 0.011‡ No

 Wake-up stroke, n (%) 8 (6.8) 23 (11.0) 0.307‡ No

 Time to admission (min), median [IQR] 226 [95- 610] 270 [120- 730] 0.470† No

Laboratory parameters (admission)

 D-dimer (mg/L), median [IQR] 3.6 [1.3- 12.4] 1.8 [0.9- 4.2] 0.001† Yes

 Hemoglobin (g/dL), median [IQR] 13.1 [11.5- 14.4] 13.6 [12.1- 14.8] 0.089† No

 White blood cells (×10³/μL), median [IQR] 10.8 [7.9- 14.2] 9.9 [7.2- 13.1] 0.152† No

 Platelet count (×10³/μL), median [IQR] 235.5 [171- 301] 265.9 [207- 338] 0.002† No

 Creatinine (mg/dL), median [IQR] 1.2 [0.9- 1.8] 1.0 [0.8- 1.3] <0.001† No

 Urea (mg/dL), median [IQR] 56.5 [38- 89] 36.5 [28- 52] <0.001† No

In-hospital complications

 Pneumonia, n (%) 58 (55.8) 61 (55.5) 1.000‡ No

 Acute renal failure, n (%) 54 (51.9) 12 (10.9) <0.001‡ No

 Sepsis, n (%) 49 (47.1) 13 (11.8) <0.001‡ No

 Cardiac arrest, n (%) 57 (54.8) 1 (0.9) <.001‡ No

 Venous thromboembolism, n (%) 7 (6.7) 11 (10.0) 0.539‡ No

 Delirium, n (%) 5 (4.8) 9 (8.2) 0.471‡ No
† Mann- Whitney U test (for continuous variables); ‡ χ2 test or Fisher’s exact test (for categorical variables).
IQR: interquartile range; NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Scale.
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Variable selection for multivariate modeling:
•	 Variables with univariate p<0.10 were considered 

for entry into multivariate logistic regression models
•	 Stepwise backward elimination was used to derive 

final parsimonious models
•	 The final models included age, hypertension, 

diabetes mellitus, atrial fibrillation, previous stroke, 
National Institutes of NIHSS score at admission, 
and D-dimer levels.

Model adequacy:
•	 Mortality model: 117 events / 7 variables = 16.7 

events per variable (EPV)
•	 Favorable outcome model: 95 events / 7 variables = 

13.6 EPV
•	 Both exceed the recommended minimum of 10 

EPV for logistic regression
•	 The variance inflation factors (VIFs) for all variables 

in the final models were <2.5, indicating no 
significant multicollinearity.

•	 Hosmer- Lemeshow goodness-of-fit test: p>0.05 
for both models (indicating acceptable calibration)

Key findings:
•	 In total, 15 of 33 tested variables achieved statistical 

significance at p<0.10 
•	 The strongest univariate predictors were in-

hospital complications (cardiac arrest, renal failure, 
and sepsis) and acute severity markers (National 
Institutes of NIHSS score, D-dimer level, and urea 
level).

•	 Classical cardiovascular risk factors showed variable 
associations; hypertension (p=0.002) and previous 
stroke (p=0.037) were significantly associated with 
in-hospital complications but diabetes (p=0.746) 
was not.

•	 After multivariate adjustment, only NIHSS 
and D-dimer retained independent prognostic 
significance

Important notes:
•	 Sample sizes vary because of missing data for some 

variables (especially laboratory parameters)
•	 Complications listed are those occurring during 

hospitalization and thus could not be true 
“predictors” at admission; they are included here 
for completeness but were not entered into predictive 
models

•	 Baseline cardiovascular medication use (antiplatelets, 
anticoagulants, and statins) was not systematically 
collected and therefore could not be analyzed.




