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A B S T RA  C T
The acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the COVID-19 disease, a global pandemic. A strong association 
has been documented between COVID-19 and cardiovascular events, although the exact pathophysiological mechanism is still unclear. Carotid 
atherothrombosis and ischemic stroke represents one of the possible severe manifestations of COVID-19, as a leading cause of long-term dis-
ability and death. Different complex intertwined mechanisms seem to underlie the endothelitis which is the cause of multiple cardiovascular 
manifestations. To date, few case series describing COVID-19 and acute ischemic stroke caused by cervical carotid thrombosis have been pub-
lished. All the patients shared common similar radiographic features, comorbidities, and biomarker profiles. The aim of this brief review was to 
analyze the impact of COVID-19 pandemic in the management of a Vascular Surgery Department, changing the daily vascular practice, as well 
as to provide practical suggestions for symptomatic carotid stenosis, while reviewing published literature.
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The acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is responsible for the COVID-19 disease, a 

global pandemic with 176.156.662 confirmed cases of 
infection, including 3.815.486 deaths as reported to date 
from WHO data (WHO Health Emergency Dashboard, 
2021, June 16th).1 A strong association has been docu-
mented between cardiovascular events and COVID-19 
infection, even if the exact pathophysiological mechanism 
remains debated and needs to be clarified.2-4 COVID-19 
positive patients, both young and old, experience vascular 

complications, such as arterial and venous thromboembol-
ic disease, increased by infectious and multi-organ failure 
status.5 Furthermore, paradoxically, several deleterious 
aspects also arise for COVID-negative vascular patients. 
This population is subjected to an impairment of examina-
tions and cures, caused by filling of hospitals and of oper-
ating rooms, and by the fear to get the infection coming to 
the hospital or to the emergency room (ER) for evaluation 
or treatment. This leads to more serious vascular compli-
cations at the first presentation.6 Carotid atherothrombosis 
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immune-mediated response following SARS-CoV-2 infec-
tion.15 In particular, patients with COVID-19 showed an 
increased risk of thromboembolic events, even within the 
first 24 hours after admission.16 Not only the risk of stroke 
is higher in COVID-19 patients, but also the mortality rate 
associated with stroke. As a matter of fact, in-hospital mor-
tality was found to be more than five-fold higher among 
SARS-CoV-2 stroke patients vs. non-infected contempo-
rary or historical stroke patients (OR=5.60, 95% CI=3.19-
9.80).14 Some studies presented in the literature have dem-
onstrated that diabetes mellitus (DM) is one of the most 
serious comorbidities affecting stroke patients infected 
with SARS-CoV-2. Patients with DM have an increased 
risk of severe complications and stroke during infection.17 
In diabetics the principal pathophysiological mechanisms 
were described as a hypercoagulable state, dysregulation 
of glucose metabolism, and reduced Angiotensin-convert-
ing enzyme 2 expression (ACE2).18, 19 Coagulation and 
inflammatory tests results highlighted a substantial dif-
ference in coagulation profiles and acute-phase proteins, 
such as lower lymphocyte count, lower platelet count, and 
higher lactate dehydrogenase between COVID-19 stroke 
patients and controls.13-20 Another risk factor is represented 
by patient’s neurological history. Meta-analytical studies 
have shown that the presence of previous neurological dis-
ease represents an independent risk predictor of mortality 
for any cause in hospitalized COVID-19 patients.14 A his-
tory of stroke leads to a 3 to 5-fold increase in the risk of 
mortality and a 2.5-fold increase in the likelihood of seri-
ous illness and adverse outcomes in COVID-19 patients 
when compared with the general population.21-23 Elderly 
patients and those with comorbidities are more likely to 
develop severe complications of COVID-19 infection and 
present a higher risk of thrombosis.24, 25 Furthermore, an-
other important aspect during SARS-CoV-2 outbreak pe-
riod is the delay of receiving thrombolytic treatment. The 
delay in tissue plasminogen activator (tPA) treatment ad-
ministration could partially be explained by the absence of 
prompt symptom recognition due to social distancing or 
reticence regarding prompt hospital presentation matched 
with health care system overload and preventive measures 
following the pandemic situation.26-29 Furthermore, many 
patients infected with SARS-CoV-2 were diagnosed with 
stroke during their hospital admission, contraindicating 
thrombolysis treatment. Moreover, COVID-19 patients 
were often intubated, anticoagulated, with critical illness. 
Delays in imaging, due to the delay in symptom recogni-
tion during hospitalization, could be an important explana-
tion for the deferred active treatment of stroke patients.30-32

and ischemic stroke represents one of the possible severe 
manifestations of COVID-19, as a leading cause of long-
term disability and death. A few case series regarding pa-
tients with COVID-19 and acute ischemic stroke caused by 
cervical carotid thrombosis have been described to date in 
literature.4, 7-12 All the patients shared similar radiographic 
features, comorbidities, and biomarker profiles. The aim 
of this review was to provide evidence of the impact of 
COVID-19 outbreak derived from published literature 
(case reports, multicenter experience, and expert opinion) 
on vascular surgery services and interventions for carotid 
artery disease, describing COVID-19-related findings, in-
traoperative observations, and postoperative outcomes.

Epidemiology of stroke 
during COVID-19 pandemic period

In the Society of Vascular and Interventional Neurology 
(SVIN) COVID-19 Registry, a retrospective observation-
al cohort of 14,483 consecutive patients evaluated in the 
emergency department with COVID-19 across 31 hospi-
tals in four countries, the primary outcome was the inci-
dence rate of cerebrovascular events, including acute isch-
emic stroke, intracranial hemorrhages (ICH), cortical vein 
and sinus thrombosis (CVST). Of all the patients with lab-
oratory-confirmed SARS-CoV-2 infection, 172 were diag-
nosed with an acute cerebrovascular event (1.1%). Among 
these, 156 had acute ischemic stroke, 28 ICH, and 3 CVST. 
The hospital mortality rate for SARS-CoV-2-associated 
complications was 38.1% for stroke, and 58.3% for ICH. 
After adjusting for admission site, age, baseline stroke 
severity and all predictors of in-hospital mortality, cryp-
togenic stroke mechanism (P<0.01), older age (P=0.03), 
and lower lymphocyte count at admission (P=0.04) were 
independent predictors of mortality among patients with 
stroke and COVID-19.13 Katsanos et al. performed a 
meta-analysis of observational cohort studies reporting 
outcomes of patients with cerebrovascular events associ-
ated with SARS-CoV-2 infection.14 Eighteen cohort stud-
ies including 67,845 patients have been identified. Among 
patients with SARS-CoV-2, 1.3% were hospitalized for 
cerebrovascular events, 1.1% for ischemic stroke, and 
0.2% for hemorrhagic stroke. Compared to non-infected 
COVID-19 negative contemporary or historical controls, 
patients with SARS-CoV-2 infection had increased odds of 
ischemic stroke (OR=3.58, 95% CI=1.43–8.92) and cryp-
togenic stroke (OR=3.98, 95% CI=1.62–9.77). The higher 
risk of ischemic stroke in these patients seems to be related 
to a blood hypercoagulable state that has been linked to an 
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teries: based on these findings, the authors hypothesize that 
after entering the bloodstream, SARS-CoV-2 infects and 
replicates in vascular endothelial cells, where it modulates 
vascular response and further migrates to organs. Finally, 
the carotid body itself could be a site of SARS-CoV-2 in-
vasion, due to local expression of its ACE2 receptor and an 
alternative route of nervous system invasion, through ret-
rograde transport along the carotid sinus nerve. Peripheral 
arterial chemoreception is mainly mediated by the carotid 
body, which in turn may induce local and systemic inflam-
mation reactions, increasing arterial chemosensitivity and 
sympathetic outflow.43

Ischemic stroke due to carotid artery thrombosis 
during severe COVID-19 infection

Basically, in case of SARS-CoV-2 infection we can observe 
two main pathways for the development of large arteries 
occlusion at the carotid level: 1) acute thrombosis without 
signs of atherosclerosis; and 2) worsening of a pre-existing 
atherosclerotic stenosis. A retrospective study of data from 
the COVID-19 outbreak in Wuhan, China, showed that the 
incidence of stroke among hospitalized patients was ap-
proximately 5%, with the youngest being 55 years old.3 
A report from the international COVID-19 stroke group 
highlights a higher proportion of large vessel occlusions, 
a lower rate of small vessel occlusions, lacunar infarction 
and a considerable number of strokes in young patients 
when compared with population studies performed before 
the pandemic. This is only partly explained by the delay 
of presentation of patients with mild-to-moderate stroke 
symptoms at medical centers. In this study, preliminary 
findings confirm a relatively high number of young acute 
ischemic stroke patients, with male predominance.44 Esen-
wa et al. presented three cases of patients with COVID-19 
and acute ischemic stroke due to fulminant carotid throm-
bosis. In their postulate, the overwhelming innate immune 
response to SARS-CoV-2 results not only in systemic 
inflammation and associated coagulopathy, but also in a 
local endothelitis which may destabilize a non-significant 
chronic atherosclerotic plaque to thrombosis.7 Goldberg 
et al. described the case of a patient testing positive for 
SARS-CoV-2 infection, who developed pneumonia and 
stroke, secondary to evolution from a mild extra- and in-
tracranial atherosclerotic disease to a high-grade stenosis 
at the level of internal carotid bifurcation, confirmed by 
arteriography.45 They support the hypothesis that the acti-
vation of immune and inflammatory pathways could lead 
to plaque disruption, as a source of thrombosis.

Pathophysiology
Arterial thrombosis and stroke are strictly related to coro-
navirus infections even if in the previous outbreaks, those 
were more related to thrombosis of the intracranial arter-
ies. Umapathi et al., after the 2002 severe acute respira-
tory syndrome (SARS) outbreak, reported five cases of 
stroke out of 206 patients.33 Ischemic strokes were also 
reported during the Middle East respiratory syndrome 
(MERS-CoV) epidemic in Saudi Arabia.34 There is wide 
evidence in the literature that some patients may respond 
to COVID-19 with an exuberant “cytokine storm” re-
sponse.35 Immunological studies have demonstrated that 
proinflammatory cytokines interleukin 6 (IL-6), IL-17A, 
and tumor necrosis factor α were elevated in most patients 
with poor outcomes.36 Hypercoagulability is an important 
finding during an inflammatory state. Proinflammatory 
cytokines are critically involved in platelet hyperactiva-
tion and abnormal clot formation and play an important 
role in the downregulation of important physiological an-
ticoagulant pathways.37 Yaghi et al. identified, of 3556 pa-
tients hospitalized with COVID-19 infection, a total of 32 
patients (0.9%) who had radiologically proven ischemic 
stroke and required mechanical ventilation in most cases. 
Cryptogenic stroke subtype was more common (65.6%) as 
compared with contemporary controls (30.4%; P=0.003) 
and historical controls (25.0%; P<0.001), possibly related 
to an acquired associated hypercoagulability.38 A possible 
mechanism still under investigation seems to be related 
to the capacity of SARS-CoV-2 infection to bind the viral 
surface spike protein to the human ACE2 receptor after 
activation of the spike protein by a transmembrane pro-
tease serine 2.39 Kolikonda et al. suppose that tissue viral 
invasion may occur not only via ACE2, but also via nasal 
spreading to the olfactory bulb through the trans-synaptic 
route. Through the central nervous system penetration, the 
viral invasion of mechano- and chemoreceptors in the me-
dulla can lead to respiratory failure, increasing mortality 
of patients with unstable carotid plaques.40 Clotting disor-
der has been observed in COVID-19 in more than 50% of 
patients with severe disease.41 Several studies prove that 
elevated d-dimer concentrations and fibrin degradation 
products in COVID-19 patients are the most relevant al-
terations in coagulation parameters.24 A preliminary report 
observed peculiar histopathologic findings in the carotid 
arteries of COVID-19 patients with stroke. COVID-19 
RNA loads in carotid arteries were found to be comparable 
to those observed in throat samples, together with a mod-
erate degree of inflammation.42 These data could suggest 
that SARS-CoV-2 infects and replicates into the carotid ar-

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



CASANA� COVID-19 AND CAROTID DISEASE

538	 The Journal of Cardiovascular Surgery	D ecember 2021 

surgery on an unplanned admission. They observed a sig-
nificantly higher risk of 30-day mortality in patients with 
preoperative SARS-CoV-2 infection diagnosed within 
7 weeks before surgery compared with patients who did 
not have preoperative SARS-CoV-2 infection, because of 
postoperative complications. However, there was no sig-
nificant difference in 30-day postoperative mortality rate 
in those patients diagnosed with SARS-CoV-2 infection 
>7 weeks before surgery. The authors suggested that deci-
sions should be tailored for each patient, since the possible 
advantages of delaying surgery for at least 7 weeks fol-
lowing SARS-CoV-2 diagnosis must be balanced against 
the potential risks of delay.50 Finally, several case reports 
and experiences with small cohorts of patients have been 
reported during pandemic period. Viguier et al. first de-
scribed the case of a 73-year-old man with an acute isch-
emic stroke, complicating a large floating thrombus within 
the common carotid artery in a case of SARS-CoV-2 pneu-
monia.8 Gulko et al. reported two cases with acute throm-
bosis in the ipsilateral common carotid artery bifurcation 
not associated with progression of atherosclerotic disease.9 
Regarding surgery, Singh et al. described one case of ur-
gent CEA in a 71-year-old male patient with COVID-19 
infection and who developed acute left-sided weakness 
in February 2020 during the Diamond Princess cruise. In 
this case the medical history included hypertension and in-
ability to take the usual antiplatelet therapy. After 1 month 
of waiting due to staying aboard with SARS-CoV-2, CT 
scan confirmed pneumonia, the patient underwent CEA for 
the presence of a mobile intramural filling defect within 
a soft, homogeneous plaque of the internal carotid artery. 
Surgery was then carefully planned and postoperative 
care was optimized to ensure the maximum safety for the 
patient. Upon the dissection of the carotid artery, the au-
thors realized abnormally inflamed characteristics of the 
vessel: the amount of perivascular inflammation required 
extra care in dissection and resulted in the thinning of the 
endarterectomized carotid wall.10 Chiesa et al. described 
20 patients with carotid stenosis at admission: symptom-
atic in eight cases and asymptomatic but preocclusive or 
with unstable plaque in 12 patients. The time elapsed from 
the onset of symptoms to definitive treatment was sig-
nificantly higher in COVID-19 patients.11 The COVID-19 
Vascular sERvice (COVER), a prospective observational 
cohort study designed to investigate the worldwide impact 
of the COVID-19 pandemic on vascular surgery at both 
service provision and individual patient levels, reported 
an unexpectedly high mortality following vascular inter-
vention during this period. Of 1,103 patients submitted 

The impact of COVID-19 pandemic in the 
management and outcomes of carotid artery 

disease in vascular surgery departments
The unexpected spreading of the pandemic forced govern-
ments around the world to reorganize medical centers, pri-
oritizing COVID-19 infection containment and treatment. 
From a different perspective, due to the tricky situation and 
all the related uncertainties of the first wave of Covid-19, 
the patients themselves, primary care physicians, and spe-
cialists were less likely to call the practitioner, go to the 
ER, ask vascular referrals, or recommend interventions, 
respectively. Collaterally, the outbreak has also deeply 
changed protocols and habits of surgeons, rescheduling 
priorities.46 In many countries during the first spreading 
phase, health politics led to a new medical structure, pro-
viding “hub/spoke” hospitals for highly specialized medi-
cal activities. In Lombardy, the hubs guaranteed full time 
evaluation of all patients with known or suspected vascular 
surgery disease in emergency or not able to be postponed 
more than 30 days, and surgical treatment was reserved 
only to symptomatic, urgent, or emergent disease.47 The 
Vascular and Endovascular Research Network (VERN) 
has determined a series of online polls of vascular surgi-
cal practice worldwide to evaluate the effect of the CO-
VID-19 pandemic on workstream.12 A total of 249 centers 
have been analyzed on the impact of COVID-19 on carotid 
surgery practice. Only 42% of the centers were still able 
to follow international guidelines and have not modified 
practice. Nevertheless, 45% of centers showed that they 
were now managing most recently symptomatic patients 
with TIA or minor stroke with ‘best medical therapy’ af-
ter multidisciplinary team revision.12 Meanwhile, merely 
12% of the vascular units were able to provide carotid 
endarterectomy (CEA) or carotid artery stenting (CAS) 
to patients with worsening symptoms.48 Regarding CAS, 
Kiwan et al. proposed a simplified protocol during the CO-
VID-19 pandemic to treat symptomatic carotid stenosis 
within 14 days from the index episode, to minimize non-
urgent inpatient admissions. Furthermore, to reduce the 
hospital stay, the authors proposed a radial-first approach. 
Admission was limited only to those with a complex medi-
cal history, without sufficient social support or who lived 
more than one hour from the hospital.49 Regarding the 
timing of surgery, the NIHR Global Health Research Unit 
of Global Surgery observed conflicting recommendations 
during the COVID-19 era which delayed surgery from 1 to 
12 weeks. In their prospective cohort study, indications for 
surgery were classified as benign disease, cancer, obstet-
rics, or trauma, while emergency surgery was defined as 
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laying surgery after at least 7 weeks in patients who have 
experienced SARS-CoV-2 respiratory infection.50 Emerg-
ing data supported antiplatelet strategies in symptomatic 
patients waiting for carotid revascularization during CO-
VID-19 outbreak.51

Conclusions

The COVID-19 outbreak has radically changed all medical 
practice. Cerebrovascular disease may be directly related 
with COVID-19 prothrombotic state or may be due to de-
lays in treatments due to hospital overload or patients’ fear. 
In this scenario, it is necessary to discriminate urgent and 
deferrable situations, particularly in cases of asymptomat-
ic carotid stenosis. Further analyses are needed to describe 
management and outcomes of COVID-19 positive patients 
with intracranial or extracranial cerebrovascular disease, 
although published data indicate higher complications and 
postoperative mortality rate in infected treated patients. 
Data regarding the even worsts COVID-19 second and 
third waves are still lacking, but preliminary unpublished 
reports seem to show a general better response of hospi-
tal management for vascular disease. The lesson learned 
from the first wave, regarding organization of admissions, 
isolation, and precautions in case of suspected COVID-19 
illness, and selection of patients has improved the man-
agement of both elective and emergent vascular surgery. 
Currently, mass vaccination should be effective in reduc-
ing viral spread and severity of SARS-CoV-2 infection, 
and however it will surely help the national health systems 
to face the pandemic in all respects. Anyway, the fear of 
a possible fourth wave is alarming, in particular if more 
contagious or deadly variants of the virus will proliferate, 
and as nations roll back mitigation measures. In this case 
all the vascular community should be now well trained to 
act sooner and more decisively, even in case of a new and 
severe outbreak, regardless of limited resources.
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to vascular or endovascular intervention, collected from 
57 vascular units in 19 countries, with 71.6% elective or 
scheduled procedures, the overall in-hospital mortality 
was 11.0% (121/1103 patients). Suspected or confirmed 
COVID-19 infection was documented in 4.0%. Regard-
ing carotids, the mean time from index neurological event 
to intervention was 26.3±41.1 days. In-hospital mortality 
for any carotid intervention was 10.7%, (11/103) with a 
combined stroke or death rate of 13.6% (14 of 103). One-
third of the carotid interventions (38 patients; 36.9%) were 
performed for asymptomatic carotid stenosis with a 7.9% 
(3 patients) all-cause mortality rate. Symptomatic carot-
id interventions were associated with a 12.3% (8 of 68) 
all-cause mortality rate.12 Wang et al., in five COVID-19 
positive patients with occlusion of the large anterior cervi-
cal vessels, proposed the use of a suction aspiration after 
thrombolysis with rTPA and final stent deployment. They 
concluded that patients with COVID-19 are more likely to 
have worse radiographic and clinical outcomes after en-
dovascular approach, associated with clotting in multiple 
locations, clot fragility, and extensive clot burden.4

Practical suggestions for symptomatic carotid 
stenosis: updated proposal carotid guidelines 

during the current COVID-19 pandemic

Pending the 2022 review, the Clinical practice guidelines 
of the European Society for Vascular Surgery (ESVS) re-
ported current indications for carotid revascularization in 
symptomatic and asymptomatic patients.51 Overall, the 
burden of the pandemic has revolutionized the common 
clinical practice all over the world. Asymptomatic cases 
should not be considered as priorities and should be sub-
mitted to best medical therapy (BMT), postponing surgery 
with respect to symptomatic cases. In case of neurologi-
cal symptoms, patient-tailored evaluation and surgery 
planning must be carefully developed in order to reduce 
postoperative morbidity and mortality. To complicate the 
whole management, it must be underlined that during the 
COVID-19 pandemic period there was a significant delay 
between onset of symptoms, first evaluation, and undergo-
ing carotid revascularization. A special case is represented 
by the patients with symptomatic carotid stenosis and 
perioperative COVID-19 infection. If ESVS guidelines 
recommend that carotid revascularization should be per-
formed as soon as possible from onset of symptoms, with 
the purpose to avoid early recurrent stroke,51 these patients 
are at increased risk of death and pulmonary complication 
following surgery. Therefore, there is a consensus on de-
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