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Abstract

Original Article

Introduction

COVID‑19 is caused due to infection with severe acute 
respiratory syndrome‑coronavirus‑2 (SARS‑CoV‑2).[1] Atypical 
clinical presentations including neurological presentations 
are not uncommon.[2] An important neurological problem is 
neurovascular thrombotic disorder. Evidence has shown that 
both arterial and venous thrombosis have been reported in 
pulmonary as well as systemic circulation which contribute to the 
severity of disease.[3] The prevalence of arterial thrombosis has 
been estimated between 2.8% and 3.8%.[4] The viral pathogen 
activates the innate immune system which is hypothesized to 
be the first event in the pathogenesis of thrombosis which is 
termed “immunothrombosis.”[5] The COVID‑19‑associated 
coagulopathy involves a possible interplay between the 
activation of intravascular tissue factors, innate immune 
cells, platelets, and endothelial cells, and releases neutrophil 

extracellular traps which can activate the contact pathway 
of coagulation. Subsequently, with the activation of the 
cytokine storm from the innate immune system, thrombotic 
microangiopathy, endotheliopathy, and multifactorial activation 
of coagulation would ensue to cause various manifestations.[6]

A change in the epidemiological pattern of neurovascular 
diseases has been observed among patients who have had 
COVID‑19 infection observed both during acute infection as 
well as in the patients who have recovered from COVID‑19. 
An increasing number of strokes in younger patients 
have been reported among patients who had COVID‑19 
infection which includes individuals who have no previous 
risk factors.[7] The possible putative mechanisms include 
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renin‒angiotensin system disturbance, downregulation 
of angiotensin‑converting enzyme  (ACE‑2) receptors, 
endothelial cell damage, coagulopathy, cytokine storm, and 
platelet abnormality inducing abnormality in the coagulation 
system, resulting in a direct cytotoxic effect on the nervous 
system related to angiotensin ACE‑2 receptor uptake of 
SARS‑CoV‑2 virus. There have been proposed mechanisms 
such as embolic phenomena in preexisting or new‑onset 
arrhythmias, hypoxia‑induced ischemia secondary to severe 
pulmonary disease, hypoxemia related to cardiorespiratory 
failure, and metabolic derangements leading to hypoxia.[8]

There have been not many studies which have evaluated the 
neurovascular manifestations among patients of COVID‑19 
infection. We intend to enumerate various neurovascular 
complications among patients who had COVID‑19 infection 
of varying severity and discuss the possible pathophysiological 
mechanisms.

Materials and Methods

Study design, study setting, population, and sampling 
methods
An observational study was conducted at a tertiary 
hospital in Pune, Maharashtra, from February 01, 2021, to 
October 10, 2021. The study population involved patients with 

COVID‑19 of varying severity and associated neurovascular 
complications. The total number of patients was 22 in number. 
The ethical approval was taken from institutional ethical 
committee, with letter number (IEC/2022/07).

Inclusion criteria
Patients infected with COVID‑19, either concurrently or 
those who have recovered presenting with any neurovascular 
manifestations in the form of stroke.

Exclusion criteria
Those presenting with doubtful stroke or stroke mimics were 
excluded from this study.

Variables evaluated
The severity of COVID‑19, time from RT‑PCR positivity, 
vaccination status, anticoagulation status, and neurovascular 
complications were correlated with functional outcomes.

Follow‑up
All the patients were followed up for a minimum of 90 days 
either by physical visit to the hospital or by telephonic 
interview done by the investigators.

Figure 1: The survival plot with sex distribution

Figure 2: Survival time plot

Figure 3: mRS with COVID‑19 severity. mRS: Modified Rankin Scale

Figure 4: RT‑PCR positive to ictus and COVID severity. RT‑PCR: Reverse 
transcription‑polymerase chain reaction
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Statistical analysis
The data were analyzed in MS Excel. The data were analyzed 
using JMP version  10.040. The categorical variables were 
summarized using frequency, proportions, and ratios, whereas 
the Chi‑square test was used to determine the association 
between study variables. A P < 0.05 was considered statistically 
significant.

Results

There were 16 males and 6 females [Figure 1], and the median 
age of the patients was 56 years with oldest being 76 years 
and youngest 40 years. Only six had received  (both doses) 
vaccination, whereas 16 had not received the same. All six 
of them had received COVISHIELD vaccine. About 18% of 
the patients had severe COVID, whereas 46% had moderate 
and 36% had mild disease. Therapeutic anticoagulation was 
received by eight patients for at least 1 week.

Among a total of 22  patients, sixteen  (73%) had arterial 
infarcts, five (23%) had venous infarcts, whereas one (04%) 
had intracerebral hemorrhage. Four patients had features of 
severe COVID‑19 and two of them had a modified Rankin 
Scale (mRS) of six. There were a total of four deaths one of 
them being a female.

The survival plot has time on the X‑axis and number on Y‑axis. 
It shows a total of four deaths with one of them being female 
[Figure 2].

The median survival was 109 days. The X‑axis depicts the 
number of patients and Y‑axis number of days. This shows a 
median survival of 109 days with a minimum of 44 days and 
a maximum of 225 days.

The median mRS for mild COVID‑19 was 1.5, whereas for 
moderate, it was 3.0 and severe had 4 [Figure 3]. There was 
no statistically significant correlation of mRS with COVID‑19 
severity with P = 0.3942.

There was no statistically significant correlation of RT‑PCR 
positivity to ictus with COVID‑19 severity with P = 0.9719 
[Figure 4]. However, a positive correlation was observed 
between the time duration from RT‑PCR positivity to 
neurovascular complications with the duration of >45 days 
having a poorer outcome.

Discussion

The neurological complications following COVID‑19 
infections which have been reported are viral meningitis 
and encephalitis, anosmia, postinfectious acute disseminated 
encephalomyelitis, postinfectious brainstem encephalitis, 
Guillain‒Barre syndrome, myositis, and acute necrotizing 
hemorrhagic encephalopathy.[9] It is known that COVID‑19 
infection causes a 7.6% increase in the odds of stroke compared 
to influenza virus‑related disease with a reported incidence of 
stroke in COVID‑19 patients between 1% and 6%. The WHO 
panel review has pegged the risk of ischemic stroke during 

COVID to be about 5%. The possible reasons for increased 
vascular events during COVID‑19 include state of generalized 
hypercoagulability, dysregulated immune response, leading 
to cytokine‑release syndrome, damage to endothelial 
cells, leading to increased inflammation and thrombosis, 
dysregulation of the renin‒angiotensin‒aldosterone system, 
and a direct cytotoxic effect on the nervous system related to 
ACE‑2 receptor uptake of SARS‑CoV‑2. COVID‑19 infection 
has a definite correlation with adverse functional outcomes in 
strokes with severe COVID having poorer outcomes. Various 
studies have revealed that COVID‑19‑associated strokes have a 
higher propensity to cause large vessel disease which not only 
has reduced the success of intravenous recanalization therapy 
but also results in poor functional recovery.[10] Increased 
complications during hospitalization involving multiple 
systems among patients of COVID‑19 with stroke have been 
reported. Not to mention the inadvertent use of steroids in some 
patients of COVID‑19 which not only presents with glycemic 
issues but also delays the functional recovery.[11] There is 
evidence that COVID‑19 infection has adverse implications 
on stroke management and outcomes, more so among severe 
COVID‑19 patients.[12] It is worth noting here that almost all 
the patients of severe COVID‑19 would have received heparin 
in therapeutic doses which theoretically might reduce stroke 
risk. This is a pertinent aspect which conveys that there may 
be other pathophysiological aspects other than thrombosis in 
the etiology of such vascular events.

Our study has revealed that COVID‑19 is more likely to cause 
thrombotic vascular events including stroke and the severity of 
COVID‑19 are directly correlated with poorer outcome from 
the vascular events. Another finding from our study is that 
the duration between RT‑PCR positivity and neurovascular 
symptoms if >45 days, having a poorer functional outcome from 
vascular complications even though statistically not significant, 
is possibly due to the waning effect of anticoagulation or 
antiplatelet received during the management of various 
COVID‑19 subtypes. Our study did not show any correlation 
between vaccination status and functional outcome from 
vascular events even though the numbers were rather small 
to come to any conclusion. The jury is out on whether the 
COVID‑19 and stroke have cause or association and further 
studies are needed to come to any conclusion on this.

Our study has revealed that COVID‑19 infection results in 
increased risk of thrombosis with severe the COVID‑19, 
poorer the functional outcome. A past history of COVID‑19 
infection is important to be taken among all patients presenting 
with stroke which might help in further elucidating the likely 
etiopathogenesis.

Limitations
The sample size of our study was small which possibly have 
had a bearing on the results. The data collection at our center is 
still going on. The data on vaccination status and its correlation 
with outcome did not come up with any credible results due 
to the meager number.
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Conclusion

COVID‑19 is more likely to cause thrombotic vascular events 
including stroke. The severity of COVID‑19 is directly 
correlated with poorer outcomes. The duration between 
RT‑PCR positivity and neurovascular symptoms if >45 days, 
has a poorer outcome.
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