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Objectives: COVID-19 is an independent risk factor for ischemic stroke. Studies 
from early in the pandemic show increased rates of unfavorable recanalization, 
poor outcomes, and mortality in patients who were COVID-19 positive at the 
time of mechanical thrombectomy. However, there are currently no studies 
examining these parameters during the later pandemic when circulating variants 
were less virulent.

Materials and methods: We performed a retrospective review of mechanical 
thrombectomies from 12/2020 to 3/2023. Patients who were COVID-19 positive 
at the time of thrombectomy were included. Demographic, procedural, and 90-
day functional outcomes were evaluated.

Results: Of 306 patients undergoing mechanical thrombectomy for acute 
ischemic stroke between 12/2020 and 3/2023, 18 were COVID-19 positive. 
Compared with the COVID-19 negative cohort, there were lower rates of 
favorable recanalization (73% vs. 92%, p = 0.03) and good functional outcomes 
(26% vs. 49%, p = 0.06), but greater tandem carotid pathology (42% vs. 12%, 
p < 0.01), and a higher mortality rate (53% vs. 26%, p = 0.02). However, COVID-19 
positive status did not predict outcomes in multivariable analysis when controlled 
for age, NIHSS, IV tPA, recanalization status, and tandem carotid pathology.

Conclusion: Late in the pandemic, outcomes remained comparable to those 
observed in the early pandemic for patients positive for COVID-19 at the time 
of mechanical thrombectomy. This case series also demonstrates increased 
tandem carotid pathology in the COVID-19 cohort. While COVID-19 may not 
influence outcome to the degree that age and NIHSS do, the excess mortality 
continues to suggest a negative effect despite lower virulence.
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Introduction

Emerging evidence continues to illustrate the multi-system 
impact of SARS-CoV-2 infection, including disruption of the 
endoluminal space. SARS-CoV-2 is believed to cause endothelial 
disfunction and induce a hypercoagulable state due to the presence of 
angiotensin converting enzyme (ACE)-2 on the surface of vascular 
endothelial cells and dysregulation of the immune response (1–4). 
These mechanisms are believed to underly the increased rate of 
thrombotic events, including acute ischemic stroke (AIS), observed in 
COVID-19 patients (5, 6).

In single-center and multicenter studies examining outcomes 
following mechanical thrombectomy in COVID-19 positive patients 
with AIS, there have been conflicting results. Many studies indicate a 
significantly higher mortality rate for patients who test positive for 
COVID-19 at the time of mechanical thrombectomy, while some have 
demonstrated equivalent outcomes between patient groups (7–13). 
However, essentially all data are from 2020, early in the pandemic. As 
the pandemic progressed, a series of COVID-19 variants were seen, 
with increased transmissibility but decreased virulence (14–16). Here 
we present a single-center retrospective analysis of patients who tested 
positive for COVID-19 at the time of mechanical thrombectomy from 
2021 to 2023 to evaluate outcomes in the later stages of the pandemic.

Materials and methods

This is a single center retrospective review of mechanical 
thrombectomies performed from 12/1/2020 to 3/23/23. Using an 
institutional database, we evaluated demographic, procedural and 
90 day functional outcome data in setting of COVID-19 status. 
We had routine in-house PCR-based COVID-19 testing established 
during the period studied, such that COVID-19 status could 
be established at or just after the time of thrombectomy. Given that 
COVID-recovered patients often still test positive, and the established 
increased perioperative risk, we included both COVID-19 positive 
and recently COVID-19 recovered in the COVID-19 positive cohort. 
IV tPA was administered to patients according to practice guidelines 
out to 4.5 h. Case fatality rates were determined using data from 
Monroe County available through the New York state Department 
of Health.

We evaluated categorical variables with Fisher’s exact or 
Chi-squared tests and continuous variables with Welch’s T test. 
Univariable analysis of 90-day functional outcome was performed for 
candidate variables. Variables with a p-value of <0.2 were included in 
the multivariable logistic regression analysis for favorable 90-day 
functional outcomes (defined as mRS 0–2) and mortality, adjusted for 
age, National Institute of Health Stroke Scale (NIHSS), COVID-19 
status, and procedural variables. Statistical significance was set at 
p < 0.05. Analysis was performed with PRISM 10.1.1 (Graphpad, San 
Diego, CA) and R studio (2024.12.0.467, R version 4.4.1).

Results

A total of 306 mechanical thrombectomies were performed 
during the time frame of December 1, 2020 to March 23, 2023. Of 
these we identified 18 patients who were COVID-19 positive with 19 

thrombectomies (Table 1). The only patient considered COVID-19 
recovered had a second large vessel occlusion (LVO) on the 
contralateral side on post-operative day one. One third of patients 
received intravenous tissue plasminogen activator (IV tPA). All 
patients had anterior circulation LVO. Tandem cervical internal 
carotid artery (ICA) pathology was frequent (8/19 cases, 42%) 
including 2 carotid occlusions, 2 non-flow limiting stenoses (<70%), 
2 flow-limiting stenoses (>70%), 1 dissection and 1 non-occlusive 
thrombus with <50% stenosis. By contrast, the COVID-19 negative 
population had a 12% incidence of cervical carotid pathology 
(p < 0.01) (Table 2). In patients with carotid pathology causing flow 
limiting stenosis (>70%) or occlusion, there was no difference between 
COVID Positive and Negative groups. The case fatality rate for 
Monroe County from the early pandemic (March 2020–November 
2020) was 2.2 and 0.95% in the late pandemic (December 2020–
March 2023).

There was no difference in NIHSS between the COVID-19 
positive and COVID-19 negative groups (mean 15.1 +/− 7.7 vs. 15.0 
+/− 7.0, p = 0.94). Good procedural outcomes (TICI 2b-3) were 
achieved in 14/19 cases (73%), which was less than the 92% achieved 
in the COVID negative population (p = 0.03). There were no 
statistically significant differences in procedural metrics such as last 
know well (LKW) to groin time, LKW to reperfusion time, and groin 
to reperfusion times. Good functional outcomes (90-day mRS 0–2) 
were achieved in 5/19 COVID positive cases (26%), while 140/297 
(49%) achieved this in the COVID-19 negative cohort (p = 0.06) 
(Table 2). However, the 90-day mortality was significantly higher in 
the COVID positive cohort (10/19, 53%), compared with COVID-19 
negative group (p = 0.02) (Figure 1). Likewise, there were significant 
differences in between-group outcomes (Mann–Whitney U test; 
p < 0.01). In univariate analysis, COVID positive status was 
significantly associated with poor outcomes (OR 0.3571, CI 0.1154–
0.9334, p = 0.048) and mortality (OR 3.322, CI 1.251–8.426, p = 0.015) 
(Tables 3, 4). We then analyzed the effect of COVID-19 positivity on 
90-day functional outcomes in a multivariable logistic regression 
model controlled for age, NIHSS, recanalization score, IV tPA 
administration, and presence of tandem pathology (Table 3). This 
demonstrated that younger age (OR 0.97, CI 0.95–0.99, p = <0.01), 
lower NIHSS (OR 0.88, CI 0.84–0.91, p = <0.01), and administration 
of IV tPA (OR 2.03, CI 1.13–3.70, p = 0.02) were significant predictors 
of good outcome, whereas COVID-19 positive status was not a 
predictor of good outcome (OR 0.44, CI 0.122–1.395, p = 0.18) 
(Table 3). Logistic regression modeling using mortality as the endpoint 
again showed COVID positivity was a significant predictor in 
univariate analysis (OR 3.22, CI 1.25–1.84, p = 0.015) but dropped out 
in a multivariable model (OR 2.61, CI 0.84–8.15, p = 0.096) controlled 
for age, NIHSS, IV tPA, tandem carotid pathology, and recanalization 
grade (Table 4).

Discussion

Elevated mortality rate even in the late 
pandemic

This single-center, retrospective study found a higher mortality 
rate (53%) in patients who tested positive for COVID-19 at the time 
of mechanical thrombectomy than in patients who tested negative. 
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TABLE 1 COVID-19 cohort characteristics and demographics.

COVID-19 
Positive at 
arrival?

Date 
arrival

NIHSS IV 
tPA

Clot 
location

Cervical 
ICA 

pathology

final 
TICI 

score

Additional 
procedures

LOS Discharge 
disposition

90d 
mRS

Cause of 
CVA

(TOAST)

Symptomatic 
COVID-19?

D 
dimer

Notes

Yes 12/20 28 Yes L M1, M3 0 3 8 Deceased 6 2 Yes

Yes 1/21 16 Yes R ICAT 0 2b 6 Deceased 6 4 Yes 2.19

Yes 1/21 16 Yes R M1 0 2a 9 Home 6 5 No

Seizure/

death at 

home

Recovered 3/21 24 No L ICAT 0 3 R M1 POD1 10 See below

See 

below 2 No

Same 

patient

Recovered 3/21 NR No R M1 0 3 10 Deceased 6 4 No 2.98

Same 

patient

Yes 3/21 9 Yes R ICA, M1 Reoccluded 2b 6 Rehabilitation 3 1 No

Yes 7/21 14 No R M1 0 3 11 SNF 4 2 No

Yes 9/21 23 No L M1 0 3 0 Deceased 6 4 No

Yes 11/21 13 No L M2 0 2a 9 Deceased 6 2 No

Yes 12/21 9 No L M2 Atherosclerosis 2a 5 Home 1 2 No

Yes 12/21 7 No L M1

Sub-occlusive 

thrombus 2b 18 SNF 2 4 No

Yes 4/22 23 No L ICA Occlusion 3 24 Rehabilitation 5 2 No

Yes 5/22 31 No R M1 Stenosis >70% 2b

R CEA POD 21; L 

CEA POD 32 46 Deceased 6 1 No

Multifocal 

CVA post 

CEA

Yes 5/22 7 No R ICA Stenosis >70% 3 CAS 14 Home 1 1 No

Yes 5/22 8 No L M1 0 2b 3 Home 1 2 No

Yes 8/22 5 Yes R M3 0 2b 76 SNF 5 4 No

Yes 8/22 15 No R ICAT 0 3 2 Home 0 2 No

Yes 2/23 11 No R ICAT Dissection 2a Acute CAS 33 Deceased 6 1 No PE

Yes 3/23 13 Yes R M1 Atherosclerosis 0 13 Deceased 6 1 No

CAS, carotid artery stenting; CEA, carotid endarterectomy; CVA, cerebrovascular accident; ICA, internal carotid artery; ICAT, internal carotid artery terminus; LOS, length of stay; mRS, modified Rankin score; NIHSS, National Institute of Health Stroke Scale; PE, 
pulmonary embolism; POD, post-operative day; SNF, skilled nursing facility; TICI, thrombolysis in cerebral infarction; TOAST, Trial of Org 10,172 in Acute Stroke Treatment; tPA, tissue plasminogen activator.
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COVID-19 positive patients also had a lower rate of favorable 
revascularization. Multivariable logistic regression analysis showed 
that COVID-19 positive status at the time of thrombectomy was not 
associated with favorable 90-day functional outcomes. The data 
reported in this study are concordant with previous studies that 
demonstrated lower rates of favorable recanalization and worse 
outcomes in patients with COVID-19 at the time of mechanical 
thrombectomy (7–11). However, previous literature is focused on the 
early pandemic (3/2020–12/2020), while our case series is exclusively 
in the late pandemic.

Late pandemic COVID-19 virulence is 
lower

This study examined outcomes in the later stages of the COVID-19 
pandemic, during which dominant circulating strains of SARS-CoV-2 
were shown to have lower virulence (14–16). Nevertheless, our single 
center series shows patterns of lower recanalization, excess mortality, 
and a trend toward worse outcomes similar to that seen in the early 
pandemic. This has implications for additional waves of COVID-19, 
as SARS-CoV-2 has now established itself as an endemic virus; the 
virulence may have decreased, and those who come in COVID-19 
positive may not be “symptomatic” in a traditional sense, yet they 
appear to continue to have higher risk of cerebrovascular events. In 
our series, only the two earliest patients were symptomatic. The 
decrease in virulence and overall mortality of SARS-CoV-2 infection 
is further suggested by the decrease in case fatality rates observed in 
our county from the early pandemic (March 2020 – December 2020) 
and the late pandemic (January 2021 and beyond). An open question 
is whether vaccination has a positive impact on this cerebrovascular 
event risk. In a recent review of COVID and cardiovascular events, it 
appears that vaccination does indeed reduce overall CVE risk when 
compared with unvaccinated adults (17).

Immuno-thrombosis in COVID-19

We assessed the suspected cause of the stroke based on established 
TOAST criteria (18). The majority of vessel occlusions in COVID-19 
positive patients were either cardioembolic in origin or attributed to a 

presumed hypercoagulable state (TOAST 4). COVID-19 has been well 
documented as an independent risk factor for AIS (5, 6, 19). The 
underlying mechanisms of thrombotic events attributable to SARS-
CoV-2 infection are thought to be  endothelial disruption and 
dysregulation of the immune response, leading to hypercoagulability 
and hyperinflammation. Endothelial disruption is believed to occur due 
to direct infection of endothelial cells by SARS-CoV-2 via binding to 
ACE-2, leading to cellular damage and apoptosis, thus disrupting the 
antithrombotic activity of intact epithelium (3, 20, 21). Although 
classically associated with the pulmonary epithelium, ACE-2 receptors 
are widely distributed throughout the vascular endothelium (22). 
COVID-19 is also associated with high levels of proinflammatory 
cytokines such as interleukin-6 (IL-6), IL-1B, IL-18, and granulocyte-
macrophage colony-stimulating factor, a state commonly referred to as 
“cytokine storm” (23, 24). This hyperinflammatory state can cause 
intravascular release of neutrophil extracellular traps (NETs), immune 
complexes which are capable of activating platelet aggregation and the 
extrinsic and intrinsic pathways of the coagulation cascade (3). NETs 
are believed to be a conserved mechanism of the innate immune system 
capable of limiting the circulation of pathogens through the 
microcirculation (25, 26). However, in a state of widespread endothelial 
inflammation, this mechanism can lead to significant disruption of the 
microcirculation and is likely a key factor contributing to both the lower 
rate of optimal recanalization and poor outcomes observed in 
COVID-19 patients who experience large-vessel AIS.

Enriched carotid disease

COVID-19 positive patients in this study also had higher rates of 
concomitant cervical internal carotid artery (ICA) pathology including 
atherosclerosis, stenosis, sub-occlusive thrombosis, and one case of 
dissection. There have been some reports in the literature of an 
association between COVID-19 and atherothrombosis of the ICA (27–
30). Esenwa et al. (29) described a series of three COVID-19 patients 
with known mild carotid atherosclerosis who developed AIS due to 
carotid thrombosis. They postulated that endotheliitis induced by 
SARS-CoV-2 may destabilize otherwise quiescent atherosclerotic 
plaques and cause thrombosis (29). Gulko et al. (28) described two 
patients who were COVID-19 positive at the time of acute thrombosis 
of the carotid bifurcation with concomitant evidence of acute and 

TABLE 2 Study cohort characteristics.

COVID-19 positive (n = 19) COVID-19 negative (n = 287) p-value

Age (mean +/− SD) 71.6 +/− 11.3 70.2 +/−14.6 0.62

NIHSS (mean +/− SD) 15.1 +/−7.7 15.0 +/−7.0 0.94

TICI 2b-3 (%) 14 (73) 263 (92) 0.03

90d mRS 0–2 (%) 5 (26) 140 (49) 0.06

90d mortality (%) 10 (53) 72 (26) 0.02

Cervical ICA pathology (%) 8 (42) 34 (12) <0.01

IV tPA given? 6 (33) 88 (31) 0.97

LKW to groin time, minutes, mean +/− SD 381.1 +/− 264.3 403.2 +/− 323.6 0.73

LKW to reperfusion time, minutes, mean +/− SD 435.1 +/− 279.1 438.8 +/− 316.1 0.95

Groin to reperfusion time, minutes, mean +/− SD 49.7 +/− 31.3 44.1 +/− 24.0 0.47

ICA, internal carotid artery; LKW, last known well; mRS, modified Rankin score; NIHSS, National Institute of Health Stroke Scale; SD, standard deviation; TICI, thrombolysis in cerebral 
infarction. Bolded p-values indicate those that are statistically significant.
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subacute infarcts of the cerebral vasculature; in both cases, there was no 
evidence of intra- or extracranial atherosclerotic disease in their patient 
(28). Viguier et al. (30) described a 73-year-old with no vascular risk 
factors who developed fulminant common carotid thrombosis 1 week 
after developing respiratory symptoms related to COVID-19; imaging 
ultimately revealed only a thin, non-ulcerating plaque in the common 
carotid artery (30). An international, multicenter study conducted by 
Dmytriw et al. (10) also demonstrated that COVID-19 positive patients 
with LVO were more likely to have stroke due to large vessel 
atherosclerosis, where as non-COVID-19 LVO was more likely to be of 
cardioembolic origin. While these cases and studies suggest an elevated 
risk of carotid pathology in COVID-19 patients, our study is the first 
that shows a statistically significant association between carotid disease 
and COVID-19 patients with AIS.

Limitations

The primary limitations of this study are its retrospective design 
and lack of randomization. As a single-center study, our sample size 
was relatively modest, which may limit the generalizability of our 
findings to broader populations. Additionally, due to inconsistent 
documentation in the early pandemic, we did not have COVID-19 test 
data for patients who underwent mechanical thrombectomy between 
March 2020 and December 2020 thus reducing the internal validity of 
this study.

Assessing the suspected cause of the stroke is difficult. While 
we  assessed that a quarter of the COVID-19 positive cohort had a 

FIGURE 1

Graphical shift of 90d mRS in COVID positive and COVID negative cohort. There is a significant between-group difference by Mann–Whitney U test 
(p < 0.01). LTFU, lost to follow up.

TABLE 3 Univariable and multivariable logistic regression of factors 
impacting good outcome (mRS 0–2).

Univariable

Variable OR 95% CI P-value

COVID+ 0.357 0.115 to 0.933 0.048

Patient age 0.998 0.995 to 1.001 0.189

Initial NIHSS 0.978 0.9638 to 0.992 0.002

IV tPA 0.827 0.626 to 1.091 0.181

Cervical ICA 

pathology

0.640 0.335 to 1.188 0.163

TICI 2b-3 0.588 0.260 to 1.264 0.183

Multivariable

Variable OR 95% CI P-value

COVID+ 0.4412 0.1218 to 1.395 0.180

Patient Age 0.9680 0.9486 to 0.9868 <0.001

Initial NIHSS 0.8754 0.8367 to 0.9128 <0.001

IV tPA 2.0270 1.129 to 3.698 0.020

Cervical ICA 

pathology 0.4919 0.2126 to 1.104 0.090

TICI 2b-3 0.6608 0.2494 to 1.683 0.390

ICA, internal carotid artery; mRS, modified Rankin score; NIHSS, National Institute of 
Health Stroke Scale; OR, odds ratio; TICI, thrombolysis in cerebral infarction; tPA, tissue 
plasminogen activator. Bolded p-values indicate those that are statistically significant.
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hypercoagulable mechanism, only two of the patients had any objective 
measure such as D-dimer. There is often overlap in mechanisms. The 
patient with a carotid artery dissection who underwent a carotid artery 
stent ultimately passed from a suspected pulmonary embolism. A few 
patients’ etiologies were clear, such as the patient with bilateral embolic 
events a day apart, who was found to have an elevated D-dimer. However, 
this patient was also deemed COVID-recovered, as it is common for 
patients to test positive for weeks after their symptoms have resolved.

Conclusion

In the later stages of the COVID-19 pandemic, mortality rates in 
COVID-19 positive patients undergoing mechanical thrombectomy 
remain high. Despite the lower virulence of later circulating variants, 
SARS-CoV-2 infection remains a neurovascular concern as 
demonstrated by a higher incidence of tandem carotid pathology 
observed in this cohort. Further research is required to clarify if 
progressively less virulent strains of COVID-19 continue to influence 
stroke outcomes as the virus continues to evolve.
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TABLE 4 Univariable and multivariable logistic regression of factors 
impacting 90-day mortality (mRS 6).

Univariable

Variable OR CI p-value

COVID+ 3.224 1.251 to 8.426 0.015

Patient age 1.039 1.019 to 1.062 <0.001

Initial NIHSS 1.132 1.085 to 1.184 <0.001

IV tPA 0.981 0.558 to 1.695 0.945

Cervical ICA pathology 1.277 0.609 to 2.564 0.502

TICI 2b-3 0.431 0.193 to 0.983 0.041

Multivariable

Variable OR CI p-value

COVID+ 2.605 0.835 to 8.149 0.096

Patient age 1.036 1.013 to 1.062 0.003

Initial NIHSS 1.144 1.093 to 1.203 <0.001

IV tPA 0.834 0.430 to 1.582 0.583

Cervical ICA pathology 1.31 0.526 to 3.121 0.549

TICI 2b-3 0.302 0.114 to 0.792 0.015

Bolded p-values indicate those that are statistically significant.
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