THERAPEUTIC ADVANCES in
Neurological Disorders

Review

Diagnosis and treatment of acute isolated
proximal internal carotid artery occlusions:
a narrative review

Odysseas Kargiotis'’, Klearchos Psychogios'*’, Apostolos Safouris"*,

Stavros Spiliopoulos, Theodore Karapanayiotides'*', Eleni Bakola, Michail Mantatzis,
Efthimios Dardiotis, John Ellul, Sotirios Giannopoulos"=’, Georgios Magoufis*

and Georgios Tsivgoulis*

Abstract: The clinical manifestations of proximal (extracranial) internal carotid artery
occlusions (pICAOs) may range from asymptomatic to acute, large, and devastating ischemic
strokes. The etiology and pathophysiology of the occlusion, intracranial collateral status

and patient’s premorbid status are among the factors determining the clinical presentation
and outcome of pICAOs. Rapid and accurate diagnosis is crucial and may be assisted by the
combination of carotid and transcranial duplex sonography, or a computed tomography/
magnetic resonance angiography (CTA/MRA]. It should be noted that with either imaging
modalities, the discrimination of a pseudo-occlusion of the extracranial internal carotid artery
(ICA) from a true pICAO may not be straightforward. In the absence of randomized data,

the management of acute, symptomatic pICAOs remains individualized and relies largely

on expert opinion. Administration of intravenous thrombolysis is reasonable and probably
beneficial in the settings of acute ischemic stroke with early presentation. Unfortunately, rates
of recanalization are rather low and acute interventional reperfusion therapies emerge as

a potentially powerful therapeutic option for patients with persistent and severe symptoms.
However, none of the pivotal clinical trials on mechanical thrombectomy for acute ischemic
stroke randomized patients with isolated extracranial large vessel occlusions. On the contrary,
several lines of evidence from non-randomized studies have shown that acute carotid
endarterectomy, or endovascular thrombectomy/stenting of the ICA are feasible and safe, and
potentially beneficial. The heterogeneity in the pathophysiology and clinical presentation of
acute pICAOs renders patient selection for an acute interventional treatment a complicated
decision-making process. The present narrative review will outline the pathophysiology,
clinical presentation, diagnostic challenges, and possible treatment options for pICAOs.

Keywords: carotid endarterectomy, internal carotid artery occlusion, ischemic stroke,
mechanical thrombectomy, thrombolysis

Received: 4 May 2022; revised manuscript accepted: 16 October 2022.

Introduction patients (8.8%). Of those, 19 patients (0.5%) had
Isolated acute and symptomatic proximal (extrac- occlusion of the common carotid artery, 269
ranial) internal carotid artery occlusions patients (6.5%) of the proximal internal carotid

(pICAOs) are not rare among acute ischemic
stroke (AIS) patient cohorts. In a comprehensive
analysis of more than 4,000 consecutive AIS
patients, Weimar et al. found symptomatic occlu-
sion of the extracranial carotid arteries in 366

artery (ICA), and 116 patients (2.8%) of the dis-
tal ICA. A concurrent middle cerebral artery
(MCA) occlusion, hence tandem occlusion, was
present in 52 (14.2%) of 366 patients with extrac-
ranial carotid artery occlusion.! In the Perugia
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Stroke Registry 182 patients (11% out of 1,598
consecutive AIS patients) were diagnosed with
pICAO. Ten patients had coexisting contralateral
ICA occlusion and 15 high grade contralateral
ICA stenosis of >70%.2 A more recent study of
4,942 consecutive patients with anterior circula-
tion AIS documented isolated pICAOs in 146
cases (3%).3

The clinical presentation of acute pICAOQOs varies
substantially and may range from a totally asymp-
tomatic discovery to large and fatal hemispheric
infarcts.* Several factors, discussed in detail below,
may determine the clinical presentation and
course of acute pICAOs. On the contrary, tandem
occlusions, defined as the simultaneous presence
of pICAO with occlusion of the intracranial ICA
or MCA, are always symptomatic and constitute
10%—-20% of all large vessel occlusion attributed
AIS.5 Therefore, accurate and prompt diagnosis
of pICAOs, including the exclusion of distal coex-
isting occlusions or isolated intracranial large ves-
sel occlusion (LVO), is important and can be
accomplished with the aid of neurosonology,
computed tomography angiography (CTA) or
magnetic resonance angiography (MRA).6-8

Treatment strategies for the management of acute
pICAOs vary substantially across stroke centers.
The lack of unambiguous treatment protocols
reflects the absence of randomized data, since
none of the pivotal randomized-controlled clini-
cal trials (RCTs) of mechanical thrombectomy
(MT) for LVO-related AIS included patients
with isolated extracranial L.VO.° On the contrary,
approximately 9% of the participants in RCTs of
MT for LVO-attributed AIS harbored tandem
occlusions, which did not result in any treatment
effect heterogeneity.l® Treatment options for
acute pICAOs include conservative treatment
(no acute reperfusion treatment) focusing on sec-
ondary prevention and hemodynamic stability,
intravenous thrombolysis (IVT), and urgent end-
ovascular recanalization or endarterectomy.!!
The latter is supported only by observational
data, hence the low level of evidence.

In the present narrative review, we highlight
aspects concerning the clinical presentation, diag-
nosis, pathophysiology, and treatment options for
acute symptomatic isolated pICAOs. We also
present a diagnostic and treatment algorithm that
may prove useful to stroke physicians and inter-
ventionalists in the acute stroke setting.

Clinical presentation and natural course

The clinical presentation of acute pICAOs may
vary from asymptomatic to acute, large, and
devastating ischemic strokes. Rates of asympto-
matic pICAO are not easy to estimate but may
be as high as 50% of cases.* Neurological mani-
festations originate in critically hypoperfused
brain regions irrigated by the MCA, the ante-
rior cerebral artery (ACA), the anterior choroi-
dal artery, or the posterior cerebral artery
(PCA) in cases with fetal-type P1 segment of
the ipsilateral PCA.!2 An intriguing clinical
manifestation, observed typically in severe
steno-occlusive ICA disease, is the limb shak-
ing syndrome. It is characterized by rhythmic
involuntary movements of a single or both
limbs contralateral to the diseased ICA. The
abnormal movements typically occur while
walking, standing, or during neck hyperexten-
sion and resolve when patients are put in the
supine position.!? Hypoperfusion of the oph-
thalmic artery, the first branch of the ICA,
causes transient monocular vision loss (amau-
rosis fugax), progressive vision loss, or retinal
claudication, the latter characterized by epi-
sodes of unilateral visual loss in bright light.14

In all, 8%—-33% of patients with acute pICAOs
present with single or recurrent transient
ischemic attacks (TIAs).1* TIAs may precede
an AIS in more than half of cases.!® Luckily,
among all patients admitted with symptomatic
pICAO, 52%-63% experience either TIAs or
suffer minor strokes at presentation.3* Moderate
to severe strokes, with National Institutes of
Health Stroke Scale (NIHSS) scores of more
than 5 points, occur in 40%—-50% of patients
and are associated with poor outcome.? Notably,
blood pressure-depended clinical fluctuations,
reflecting hemodynamic insufficiency, are com-
mon during the acute phase heralding unfavora-
ble outcomes.!6

Recurrence rates due to acute pICAOs, both on
early or late times after initial presentation, are
high. In the study by Weimar ez al., among 366
patients with common carotid artery (CCA)/ICA
occlusion recurrent cerebral ischemia within 72h
occurred in 7.4% of cases. Similarly, stroke within
1year follow-up was reported in 10% of patients.
Mortality rates lyear after diagnosis were at
26.5%, similar to those in patients diagnosed with
MCA occlusion (note that the study was published
in the pre-MT era), but higher than the 1-year
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mortality rates observed in patients with CCA/ICA
or other intracranial vessel symptomatic stenosis.!

Etiology and pathophysiology

The leading cause of ICA occlusion is atheroscle-
rotic vascular disease, responsible for the 47%—65%
of cases.’2 Other causes include cardioembolism,
arterial dissection, carotid web, vasculitis, and irra-
diation, the latter two conditions being the most
uncommon.!?” In the Internal Carotid ARtery
Occlusion studies ICARO and ICARO-3) 55.5%
of the recruited patients had an atherosclerotic eti-
ology, 16.6% a cardioembolic, and in 14.2% an
arterial dissection was diagnosed.!®1° Among the
uncommon causes giant cell arteritis may very
rarely cause acute extracranial ICA occlusion, but
its prompt diagnosis is critical.2® The clinical mani-
festations following acute pICAOs are attributed
either to distal embolization of thromboembolic
fragments originating in the occluded ICA, or to
hemodynamic failure.!2

The presentation and outcome of pICAOs
depends on several factors including the speed of
progression to complete vessel occlusion, the
presence or absence of significant pre-occlusion
stenosis, the patency of the contralateral ICA,
and the intracranial collateral status.?! Four dif-
ferent infarct patterns may occur as a result of
acute ICA occlusions: territorial infarcts related
to embolization of distal MCA or anterior cere-
bral artery (ACA) branches, subcortical infarcts
resulting from either embolization of deep perfo-
rating MCA branches or occlusion of the MCA
with efficient leptomeningeal collaterals, dissemi-
nated lesions in distal cortical regions, and water-
shed infarcts at the internal MCA or cortical
[between MCA and ACA or MCA and posterior
cerebral artery (PCA)] borderzone territories.22
In a study comprising 101 patients with total
symptomatic ICA occlusion, watershed infarcts
and patent posterior communicating cerebral
artery (PCoA) were associated with more favora-
ble prognosis.!> Similarly, collateral flow via the
PCoA was associated with a low prevalence of
border zone infarcts.?!

In acute ICA occlusions, without clinically sig-
nificant distal embolization, the outcome depends
largely on the collateral status. Both primary and
secondary collaterals, via anastomoses, are
recruited to augment blood flow into the ipsilat-
eral to the occlusion MCA territory. Primary

collaterals consist of blood flow reversal in the
ipsilateral ophthalmic artery, PCoA and the Al
segment of the ACA through a patent anterior
communicating artery (ACoA), the latter being
probably the most efficient collateral pathway.23
However, hypoplasia or aplasia of the ACoA is
present in 25% of cases, whereas a complete cir-
cle of Willis exists in only 20% of individuals.?*
Coexistent stenosis of the contralateral ICA is not
uncommon and may further compromise blood
supply into the affected cerebral hemisphere.® In
addition, severe stenosis of the ipsilateral external
carotid artery (ECA) has been recognized as a
risk factor of AIS occurrence and death following
ICA occlusion.*25

Diagnosis

Diagnosis of acute pICAO is accomplished by
means of duplex sonography, CTA, MRA, or dig-
ital subtraction angiography (DSA). The accuracy
of carotid duplex ultrasonography in diagnosing
total carotid occlusion is reported as high as 97%,
with a positive predictive value of 96%, a negative
predictive value of 98%, a sensitivity of 91%, and
a specificity of 99%.2%27 The direct sonographic
signs of cervical artery ultrasound to diagnose ICA
occlusion include absence of color and flow in
proximal ICA in the duplex and spectral modes,
respectively, whereas indirect signs are increased
resistivity index in the ispilateral CCA and spec-
tral ‘internalization’ with reduced resistivity index
in the ipsilateral ECA.28 In addition, the sonogra-
pher may obtain important information about the
origin of the occlusion and differentiate between a
floating and hypoechoic thrombus, an underlying
atheromatous plaque, or a dissection.® The latter
can be diagnosed by the direct visualization of
intimal flap, pseudolumen, or hypoechoic vessel
wall thickening, especially when contralateral ath-
erosclerosis is absent.?° The distinction between
total carotid artery occlusion and near-occlusion is
often challenging and highly operator depended.
A recent study comprising 548 patients that
underwent carotid artery ultrasound and CTA
showed that ultrasound had a specificity of 99%
(95% confidence interval [CI]: 99%—-100%) but a
sensitivity of only 22% (95% CI: 14%-30%) for
detecting near-occlusions. Importantly, 13 (13%)
cases of near-occlusions were interpreted as total
occlusions.>?°

Transcranial ultrasound examination will in turn
detect and characterize the type and adequacy of
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collateral circulation through the circle of Willis
and the ophthalmic artery.3! A recent study evalu-
ated the collateral status in 113 acute stroke
patients with unilateral ICA occlusions. Among
the different collateral pathways activated, the
ACo0A was the most frequent in 81% of cases, fol-
lowed by the ophthalmic artery in 63%, the PCoA
in 53%, and the leptomeningeal collaterals of the
PCA in 22% of cases. Efficient collateralization
was dependent on the presence of primary collat-
erals, the ACoA and to a lesser extend the PCoA.
Antegrade flow in the ophthalmic artery was
indicative of a good collateral status through the
circle of Wills.32 Notably, transcranial ultrasound
examination in patients with ICA occlusions
allows for an indirect detection of leptomeningeal
collaterals through the PCA toward the MCA ter-
ritory. In these cases, a high-velocity and low-
resistance flow in the ipsilateral PCA, in the
absence of ipsilateral PCoA or distally to a func-
tional ipsilateral PCoA, is indicative of leptome-
ningeal collateral network recruitment.3> More
recently, transcranial ultrasound perfusion imag-
ing has emerged as a potential diagnostic tool to
assess cerebral perfusion in cases with severe ICA
stenosis or occlusion. The ultrasounds are per-
formed with phase-inversion-harmonic-imaging
and bolus application of contrast media with sub-
sequent semiquantitative analysis of time-intensity
curves. Time-to-peak intensity values are the main
parameter to be assessed.3*

For patients capable of performing apnea test,
calculation of the vasomotor reactivity (VMR)
with the Breath Holding Index can provide useful
information about the cerebrovascular reserve
(CVR).?>36 Indeed, impaired CVR has been asso-
ciated to increased risk of ischemic stroke in
patients with severe ICA disease.3” A previous
transcranial Doppler ultrasonography study of
patients with ICA occlusion found that impaired
VMR significantly increased the probability of
AIS to an annual risk of 32.7%. Notably, patients
with 1 major collateral pathway had a much
higher risk of AIS of 17.5% compared with 2.7%
for those with 2 collateral pathways.38

An even more severe manifestation of impaired
VMR is the reversed Robin Hood syndrome,
described in patients with acute MCA or ICA
occlusions. It is characterized by a blood flow
velocity reduction in the ipsilateral to the occlu-
sion intracranial arteries at the time of a blood
flow velocity increase in the contralateral

arteries. The steal phenomenon can be transient,
spontaneous, or induced by vasodilatory stimuli
such as breath holding.?® Apart from being a
mechanism responsible for early neurological
deterioration in AIS patients, reversed Robin
Hood syndrome has also been independently
associated with a higher stroke recurrence risk
within 6 months after AIS or TIA.40:41

Other imaging modalities for the identification of
cerebrovascular reserve in patients with ICA occlu-
sion include the (99) technetium(m)-hexamethyl
propylene amine oxime single photon emission
computed tomography (HMPAO-SPECT) with
acetazolamide challenge and the magnetic reso-
nance spectrometry (MRS).42 In cases with insuf-
ficient collaterals, the MRS shows decreased
N-acetylaspartate/choline, and increased lactate/N-
acetylaspartate in the affected brain regions.*3

Another important consideration regarding the
urgent imaging of AIS patients is the accurate dif-
ferentiation by means of CTA between a pICAO
and an ICA pseudo-occlusion due to a distal
(intracranial) ICA occlusion, the latter rendering
the patients candidates for MT. This distinction
is also important for the definition of the revascu-
larization technique that might be employed.
Indeed, a retrospective review by different experts
of CTAs from 37 patients found sensitivity and
specificity for detecting ICA pseudo-occlusions of
68% and 75%, respectively, with a poor interob-
server agreement (k = 0.32; 95% CI: 0.16—
0.47).4% A similar retrospective analysis of 46
cases by two readers showed a sensitivity for
detecting pseudo-occlusions on CTA of 82%
(95% CI: 57-96) for both readers, and specifici-
ties of 76% (95% CI: 56-90) and 86% (95% CI:
68-96), respectively, with satisfactory interob-
server agreement (k value of .77). Pseudo-
occlusion was suspected when a gradual contrast
decline above the level of the carotid bulb was
detected, especially coupled with a terminal ICA
occlusion.¥> Therefore, characteristic imaging
features to look for include a delayed filling of the
ICA and/or a beak filling pattern in the proximal
ICA both indicative of pseudo-occlusions, and a
flat pattern present in cases of true pICAOs
(Figure 1).7%6 Moreover, in our experience,
absence of filling of the ipsilateral to the occlusion
ophthalmic artery when the ipsilateral common
carotid artery is injected with contrast might also
serve as a potential indirect sign for the presence
of intracranial ICA occlusion.
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Figure 1. Digital subtraction angiography: Pseudo versus true occlusion of the proximal ICA. A beak filling
pattern (arrow) of the proximal ICA after the carotid bulb (a) in a patient with intracranial thromboembolic

ICA occlusion that underwent MT with thromboaspiration alone. The absence of filling of the ipsilateral to the
occlusion ophthalmic artery (arrow) when the ipsilateral common carotid artery is injected with contrast (b)
might also serve as a potential indirect sign for the presence of an intracranial ICA (arrow) occlusion (proximal
ICA pseudo-occlusion] (c]. Contrarily, a flat filling pattern is observed in a case of true proximal ICA occlusion
of atherosclerotic origin (arrow) (d). Note that after injection of contrast in the ipsilateral to the occlusion

CCA, there is a retrograde filling of the ipsilateral ophthalmic artery (arrow) irrigating partially the ipsilateral
carotid siphon (arrowheads] (e). This patient was treated with urgent balloon angioplasty and stenting (arrow])
(f). A beak filling pattern might also be observed in cases with dissection-related occlusion of the mid/distal
extracranial ICA (arrow) (g). In this case, despite the absence of an intracranial ICA occlusion, there is no
retrograde filling of the ipsilateral ophthalmic artery when the ipsilateral CCA is injected with contrast, instead
the ophthalmic artery shows an antegrade filling (arrow) (h] from the contralateral ICA which irrigates partially
the ipsilateral carotid siphon (arrow] (i) through the anterior communicating artery.

CCA, common carotid artery; ICA, internal carotid artery; MT, mechanical thrombectomy.

Treatment

VT

The management of acute pICAOs may vary
according to the specific characteristics of each
case but also the expertise of each center. The
only evidence-based treatment is IVT, adminis-
trated according to the current eligibility and
exclusion criteria in acute AIS. In other words,
complete pICAO is not a contraindication for
IVT, irrespective of its cause (for instance, dissec-
tion).*” However, low recanalization rates of

5%-13% constitute an important limitation of
IVT.48:49 Moreover, a subanalysis of the EPITHET
clinical trial showed worse outcomes by IVT given
within 3-6h after symptom onset in patients with
ICA occlusions compared with controls (modified
Rankin Scale [mRS] score, 5-6 at 3months: OR,
11.2;95% CI: 1.1-120.4; p=0.04).5° The limita-
tion of this study relates primarily to the delayed
time window of IVT.

Subsequently, the case—control multicenter pro-
spective Internal Carotid ARtery Occlusion study
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(ICARO) investigated the efficacy and safety of
IVT in AIS patients, with ICA occlusion, admin-
istrated within 4.5h of symptom onset. The prob-
ability of a favorable outcome defined as an mRS
score of 0-2 was significantly higher with IVT
compared with controls (adjusted odds ratio
[OR], 1.80; 95% CI: 1.03-3.15; p=0.037).
However, any intracranial hemorrhage (ICH) and
death were more common with IVT (adjusted
OR, 1.80; 95% CI: 1.03-3.15; p=0.037 for ICH;
adjusted OR, 2.28; 95% CI: 1.36-3.22; p=0.001
for death) due to higher rates of cerebral edema in
patients treated with systemic thrombolysis.!8 A
recent systematic review of 7 studies comparing
the reperfusion strategies for AIS due to isolated
pICAO found that the 28% of cases achieved a
favorable functional outcome (mRS 0-2). Rates of
symptomatic ICH and death were 6.1% and
25.1%, respectively. Successful recanalization was
calculated at surprisingly high rates of 14.6%.5!
However, only 5 of the 7 studies reported rates of
successful recanalization, the definition of suc-
cessful recanalization differed between studies,
whereas in the largest study that reported rates of
successful recanalization these were at 24h post-
treatment and at rates of 54%, suggesting proba-
bly an overestimation of the effect of systemic
thrombolysis.>? Collectively, although IVT for
pICAOs appears to be beneficial and should be
offered to all eligible patients, the rates of success-
ful recanalization are low, while the rates of sSICH
are not neglectable.

Endovascular therapy

MT is a powerful and highly efficient treatment for
LVO-attributed AIS, which has revolutionized
stroke management.>>5*% However, the benefits
from acute intravascular treatment for isolated
pICAOs are less well established, since these cases
are rare compared with intracranial LVOs, and
since patients with isolated pICAOs were not
included in RCTs of MT. In the literature, treat-
ment options for the off-label endovascular reper-
fusion of pICAOs include intra-arterial thrombolysis
(IAT), microwire clot disruption with stenting, bal-
loon angioplasty with or without stenting, and
thrombectomy via stent retriever or aspiration.>>

The efficacy and safety of emergent endovascular
revascularization for acute pICAOs has been
addressed only in retrospective studies. Nikas
et al. reported on 18 patients with moderate sever-
ity AIS (median National Institutes of Health

Stroke Scale [NIHSS] of 8.5) receiving angio-
plasty with carotid artery stenting (CAS) within
6h of symptom onset. Recanalization rates were
83.3% and median mRS at 30 days was 1, whereas
stroke recurrence or death occurred in 11.1%.56
Hauck ez al. treated 22 patients with pICAOs pre-
senting with severe strokes (mean NIHSS of 14).
Poor outcomes (mRS > 2) were recorded in 50%
of cases and were associated with the presence of
atrial fibrillation, admission NIHSS scores = 20,
and complete occlusion of the ICA in its entire
course.’” A larger case series comprising 264
patients with ICA occlusions pretreated with
IVT, examined the efficacy of add-on endovascu-
lar treatment. In this cohort, there were 185
patients with extracranial ICA occlusions, of
whom 76 received emergent CAS or thrombec-
tomy. Endovascular treatment significantly
improved the likelihood of achieving a favorable
functional outcome at 3months (OR 2.74, 95%
CI: 1.65-4.56) and reduced mortality rates (OR
0.17, 95% CI: 0.08-0.38).58

The study by Jadhav er al. focused exclusively on
pICAOs. The median NIHSS was 8. The major-
ity of patients had favorable baseline imaging pro-
files, with median Alberta Stroke Program Early
CT Score (ASPECTS) of 9 and perfusion mis-
match in 93% of cases. Moreover, clinical-imag-
ing mismatch was present in 42% of patients. The
decision to proceed with endovascular treatment
was based either on the presence of a clinical-
imaging mismatch, or on recurrent transient epi-
sodes or progressive neurological deterioration
persisting =24 h from symptom onset and despite
appropriate conservative management. Successful
recanalization with angioplasty and CAS occurred
in 92% of cases leading to favorable 3-month out-
comes in 65% of treated patients. Importantly,
almost half of patients displayed a dramatic clini-
cal improvement (NTHSS reduction of =8 points)
after the intervention. Rates of sSICH were 6.5%,
however, the most common complication,
observed in 22% of cases and associated with early
infarct growth, was distal embolization. These
data underscore the importance of an individual-
ized approach with careful selection of cases that
might benefit from early recanalization.>®

In this context, a single center retrospective study
of consecutive patients with acute ICA occlusion
that did not undergo immediate endovascular
treatment, aimed to explore the natural course
the disease. Fifty-six patients, presenting with a
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relatively low median NIHSS of 3, were identi-
fied. Neurological deterioration within the first
7days occurred in 11 patients (20%), and was
associated with a baseline perfusion mismatch
volume of >40 ml. Four patients received emer-
gent endovascular treatment due to neurological
deterioration, whereas at 3months, 13 more
patients had evidence of ICA patency. Although
patients initially presented with relatively low
severity strokes, functional independence was
achieved in just 69% of the total cohort.%°
Apparently, in AIS patients presenting with mild
neurological deficits due to acute extracranial
ICA occlusion, deterioration or recurrence due to
an underlying hemodynamic instability is not
uncommon and should be ideally either predicted
or aggressively treated when occurring.

A more recent study compared the outcomes
between extracranial and intracranial ICA occlu-
sions treated with MT (using stent retrievers or
thromboaspiration) within 6-24h after stroke
onset. Rates of functional independence and
mortality at 3months were similar between the
two groups (36% versus 40% and 7% versus 10%,
respectively), whereas no sICH was observed
after recanalization of pICAOQOs.%! Similarly, Park
et al. evaluated the efficacy of endovascular treat-
ment in 29 patients with isolated pICAOs and
compared outcomes with 46 cases presenting
with tandem occlusions (concurrent extracranial
ICA occlusion and intracranial LVO). Successful
reperfusion was achieved in 96.6% and 84.0%,
respectively. Favorable functional outcome was
reported for 64% of total cases at 3 months fol-
low-up, which was not different between the two
groups.®? These data support the concept that
symptomatic acute isolated pICAOQOs, causing sig-
nificant and critical hypoperfusion, should be
perceived as equally important as intracranial
occlusions, and early recanalization is both feasi-
ble and safe. Indeed, in several stroke centers
endovascular treatment may be offered without
perfusion imaging in patients presenting within
6 h of symptom onset with disabling neurological
deficits due to isolated pICAO. Notable, the
authors of a small case study with 9 individuals
suffering from acute pICAOs with hemodynamic
compromise suggest that in case ICA recanaliza-
tion cannot be achieved, stenting of other cervi-
cal large arteries, such as the vertebral arteries,
may be considered in order to alleviate brain
ischemia through augmentation of collateral
circulation.%?

Data from high-quality meta-analyses on urgent
pICAO recanalization are lacking. A systematic
review of 32 studies found that stenting compared
with intrarterial thrombolysis resulted in higher
recanalization (87% wersus 48%, p=0.001) and
favorable outcome rates (68% versus 15%,
$<0.001) and lower mortality (18% versus 41%,
p»=0.048).55 A more recent study showed that
compared with IVT, combined IVT plus endo-
vascular treatment was associated with higher
rates of favorable outcome (OR, 2.2; 95% CI:
1.3-3.7). Notably, compared with endovascular
treatment alone, bridging therapy (IVT plus end-
ovascular treatment) resulted in higher rates of
favorable outcome (OR, 1.9; 95% CI: 1.1-3.4).
However, the quality of analyzed studies was low,
whereas no RCTs were included.>!

Angioplasty and stenting for dissection-related
pICAOs is technically more challenging compared
with atherosclerotic or embolic occlusions, hence it
should be reserved for carefully selected patients,
refractory to conservative treatment. Indeed, the
risks of the endovascular procedure include the
expansion of dissection due to accidental catheteri-
zation of the false lumen, and a sSICH due to reperfu-
sion injury. The latter might have a higher risk of
developing in patients with dissections compared
with those with atherosclerotic occlusions, because
of the absence of leptomeningeal collateral recruit-
ment in the acute phase. Indeed, a recent study of 22
patients treated with angioplasty assisted stenting for
acute ICA dissections reported sICH rates of
18.2%.%% Moreover, dissections typically involve a
longer arterial segment than atherosclerosis, neces-
sitating longer or multiple stent deployment.
Nevertheless, several case series have reported high
rates of recanalization and an overall technical suc-
cess of the endovascular procedure for the treatment
of ICA dissections, coupled with high functional
independence rates of >80%, especially in the
absence of tandem occlusions.%4%7 On the contrary,
the risk of distal embolization seems lower, and thus
use of distal protection devices is not critical.%*
However, in these studies only subgroups were
treated in an emergency VO context due to dissec-
tion-related pICAQO. The majority of the patients
presented with non-occlusive extracranial dissec-
tions. Also, there was a low rate of IVT treatment
and almost all patients received intravenous heparin
and double antiplatelets before endovascular treat-
ment, which are considerable elements in the acute
onset stroke. Current European Stroke Organization
(ESO) guidelines recommend endovascular therapy
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in selected patients with isolated extracranial ICA
dissection based on expert opinion.%8

Carotid endarterectomy

Several small-scale case series have reported out-
comes on emergent carotid endarterectomy for
patients with acute isolated pICAOs. Notably, in
these studies, surgery was performed within a
few hours after stroke onset, whereas some
patients were pretreated with IVT.%9-71 Patient
selection was largely based on the identification
of salvageable brain tissue using perfuse imag-
ing. Favorable outcomes were reported for the
majority of patients, which, however, had under-
gone careful selection with the aim of identifying
potential candidates that may benefit from early
revascularization. A recent literature review of
studies published after the year 2000 identified
175 patients that underwent emergency carotid
endarterectomy. The study found high rates of
recanalization  (93%), early neurological
improvement (66%), and favorable functional
outcome (62%). Rates of symptomatic ICH
(4%) and mortality (5%) were low. However,
the time of surgery varied considerably within
the studies, from hours to several days after
symptom onset.”2

Although there are no studies comparing endar-
terectomy with endovascular revascularization
in the setting of acute pICAQOs, emergency sur-
gery might be an alternative for patients with
large penumbra or severe neurological deterio-
ration, and technically challenging angioplasty/
stenting for anatomical reasons or lack of expert
interventionists. Nevertheless, surgery might be
more hazardous compared with endovascular
procedures for hemodynamically unstable
patients, cases pretreated with IVT, and those
with contralateral ICA severe stenosis or occlu-
sion. Moreover, endovascular procedures are
the only option for cases with tandem distal ICA
or MCA occlusions. Importantly, a possible dis-
tal embolization during the interventional pro-
cedure, either surgical or endovascular, may be
only recognized and potentially treated when
patients undergo endovascular reperfusion
therapies.”3:74

Extracranial-intracranial bypass
Extracranial-intracranial (EC-IC) bypass sur-
gery has been studied as a rescue intervention for

cases with symptomatic ICA or MCA occlusion
and subsequent subacute or chronic hemody-
namic impairment. However, since two RCTs
failed to show clinical benefit from EC-IC bypass
surgery, this intervention is seldom used by most
stroke experts. The first RCT recruited patients
with stenosis or occlusion of the ICA or MCA,
while the second with ICA occlusion only but
with additional documentation of cerebral
ischemia by positron emission tomography scan.
Notably, both studies reported increased rates of
early postoperative stroke in the intervention
group, and in fact, the most recent Carotid
Occlusion Surgery Study was terminated earlier
for futility.”>76

EC-IC has been also investigated as an emer-
gency treatment modality for hemodynamically
unstable LVOs in the settings of non-randomized
retrospective studies. A small case series com-
prising 8 patients operated within hours after
clinical recurrence or deterioration reported
improvement in MRI perfusion/diffusion mis-
match in 50% of cases.”” However, a larger study
of 81 patients, the majority (85%) with ICA
occlusions, showed that perioperative stroke
rates were higher for cases operated early (within
7 days of the index event) compared with late
surgery (31% wersus 11.5%, p=0.04).1°
Therefore, because of an unacceptably high,
early postoperative risk but also because of lack
of efficacy, EC-IC bypass surgery is currently
not indicated for the acute management of
patients with pICAOs.

Induced hypertension

Observational data from small pilot studies
indicate that phenylephrine-induced hyperten-
sion may be associated with neurological improve-
ment in patients with AIS due to large artery
atherosclerotic extra- or intracranial steno-occlu-
sive disease.’80 The Safety and Efficacy of
Therapeutic Induced HYPERTENSION
(SETIN-HYPERTENSION) trial was a small
phase II RCT conducted in Korea that provided
preliminary evidence in favor of induced hyper-
tension in AIS patients with major neurological
deficits (NIHSS-score 4-18) from non-cardioem-
bolic stroke etiology who were ineligible for endo-
vascular  reperfusion  therapies.®!  Current
European Stroke Organization (ESO) guidelines
recommend careful use of vasopressor agents to
increase blood pressure with close monitoring of
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Figure 2. A 49-year-old man with a history of left intracranial ICA dissection 2years ago, presented with an
episode of amaurosis fugax of the right eye. Neurosonology examination showed pre-stenotic flow spectrum
in the proximal right ICA (a), as well as an intimal flap (arrowhead) and intramural hematoma (arrow]) (b).
Blood flow reversal was noted only in the right PCoA (c), while the A1 segment of the left ACA was absent,
precluding any possibility of collateralization via the ACoA. Mean blood flow velocity on the right MCA was 41
cm/s (d). Brain/cervical MRI verified the recurrence of a non-occlusive extensive ICA dissection, this time on
the right side, by disclosing increased intramural ICA signal (arrow) in the FLAIR sequences (e]. The patient
was treated with low-molecular weight heparin and bed rest. Seven days after admission and 1day after the
patient was dismissed from the stroke unit, he was re-submitted due to an episode of dysarthria and right

hemiparesis. Emergent brain DWI-MRI revealed acute infarcts in the internal MCA watershed area (f], whereas
T1-Fat saturation sequences showed an intramural hematoma (arrow) causing near-occlusion of the right ICA
(g). TCCDS verified the worsening of blood flow in the right MCA, with a mean flow velocity of 28.5 cm/s (h) and
absence of vasoreactive response during the breath holding test. MRI-Perfusion using RAPID software study

showed a critically hypoperfused area of 25 cc, without detectable infarct core volume, within the territory

of the right MCA [i]. The patient was treated conservatively, with blood pressure elevation and bed rest.

After several transient brief episodes of dysarthria during the following days, the patient stabilized and was
dismissed without further recurrences. Neurosonology follow up showed improvement in the blood flow of the
right proximal ICA (j) and the right MCA (mean flow velocity of 39 cm/s) (k). NIHSS-score at discharge was 0.
ACoA, anterior communicating artery; DWI-MRI, diffusion weighted imaging magnetic resonance imaging; FLAIR, fluid
attenuated inversion recovery; ICA, internal carotid artery; MCA, middle cerebral artery; PCoA, posterior communicating

artery; TCCDS, transcranial color-coded duplex sonography.

blood pressure values in AIS not treated with sys-
temic or endovascular reperfusion therapies and
with clinical deterioration where a hemodynamic
mechanism is suspected or shown to be directly
responsible for the neurological deterioration.8?
This recommendation parallels our own clinical
experience (Figure 2).

Conclusion

Isolated pICAO is not an uncommon condition
with variable clinical presentation, ranging from
asymptomatic to severe hemispheric strokes.
Progressive ICA occlusions often cause milder
strokes due to progressive occlusion and aug-
mentation of collaterals. Accurate and prompt
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Figure 3. A 39-year-old woman presented with acute onset mild left hemiparesis, with a NIHSS-score of

4 points. She reported headache and an episode of right amaurosis fugax the day before admission. CTA
showed a proximal right ICA near occlusion (a), CT-Perfusion using RAPID software showed a critically
hypoperfused area of 36 ml volume in the internal watershed area of the right MCA (b], and brain DWI-MRI
disclosed acute infarcts in watershed areas of the right MCA territory (c]. Twelve hours later, significant
clinical worsening was noted with left hemiplegia and NIHSS-score of 11 points. An emergent CTA-CT
Perfusion study showed occlusion of the right ICA and extension of the critically hypoperfused area, with

a Tmax >6s, to 50 cc, without any ischemic core (rCBF <30%) (d). Blood pressure augmentation partially
improved patient’s clinical condition. The patient was transferred to the angiography suite, where angioplasty
assisted stenting was performed. The intervention resulted in significant clinical improvement, and the patient
was discharged with a NIHSS-score of 3. Brain DWI-MRI showing moderate infarct expansion (e, f).

CTA, computed tomography angiography; DWI-MRI, diffusion weighted imaging magnetic resonance imaging; MCA, middle
cerebral artery; NIHSS, National Institutes of Health Stroke Scale; rCBF, regional cerebral blood flow.

diagnosis is critical in order to plan therapeutic
strategies aiming to avert and/or prevent cere-
bral ischemia. Among the different diagnostic
modalities, cervical and transcranial ultrasounds
allow for the rapid diagnosis of pICAOQO, the
potential etiologic differentiation, as well as the
continuous real-time monitoring of ipsilateral
intracranial blood flow and the estimation of
cerebrovascular reserve.

There is low-quality data regarding treatment deci-
sions for acute pICAOs. IVT administrated within
the approved time windows is both safe and effec-
tive. Non-randomized data has shown that endo-
vascular treatment might be feasible, safe and
effective in averting neurological deficits and in
preventing further clinical deterioration (Figure 3).
An off-label acute interventional recanalization of

pICAOs might be considered for cases with severe
strokes at presentation or those with neurological
deterioration. The detection of large volumes of
salvageable brain tissue at risk coupled with the
absence of large ischemic core through perfusion
imaging, has been largely used by most studies and
is highly recommended. Importantly, an indivi-
dual approach is warranted with careful patient
selection for treatment and close pre- and post-
intervention monitoring by stroke experts in order
to minimize the likelihood of severe complications
following reperfusion (Figure 4). In Table 1 we
present the theoretical advantages and disadvan-
tages of the different therapeutic options for the
acute treatment of pICAOs.

On the contrary, the design of RCTs investigat-
ing the safety and efficacy of endovascular
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Patient presenting with isolated proximal ICA occlusion

(-——-"""27&\)

—>

No symptoms (incidental
finding) or TIA and patient
asymptomatic thereafter

Minor, non-disabling

symptoms

Disabling stroke with
presentation >4.5
hours or unknown time

v

4

monitoring

Dual antiplatelet treatment, close

Disabling stroke,
presentation within
4.5 hours or unknown

v

Clinical deterioration with disabling
symptoms and no response to blood
pressure elevation

v

Disabling stroke with
presentation >6 but
<24 hours and with

Perform/repeat Perfusion imaging

v

No Perfusion mismatch (2)

(i |

—>

Continue blood

pressure elevation

1: Perfusion core/penumbra mismatch:

-Infaret core* volume < 70 ml and critically hypoperfusedt volume
/infaret core® volume > 1.2 and mismatch volume > 10 ml

*rCBF < 30% (CT perfusion) or ADC <620 pm2/s (Diffusion
MRI)

T Tmax >6s (perfusion CT or perfusion MRI)

onset without time onset with Perfusion mismatch
DWI/FLAIR mismatch or || | DWI/FLAIR mismatch [}l (2} and no response to
Perfusion mismatch (1) or Perfusion blood pressure
¢ mismatch (1) elevation
Dual antiplatelet treatment, l
blood pressure elevation,
close monitorin,
g Intravenous thrombolysis
Further clinical No improvement
deterioration
Consider endovascular
treatment
Perfusion mismatch (2) present a

2:Perfusion core/penumbra mismatch:

-Infaret core® volume < 70 ml and eritically hypoperfusedf volume
- infarct core* volume (mismatch volume ) > 40 ml (indicative

value based on reference 60)

#rCBF < 30% (CT perfusion) or ADC <620 um2/s (Diffusion MRI)
+ Tmax >6s (perfusion CT or perfusion MRI)

Note that in several stroke centers endovascular treatment may be

offered without Perfusion imaging in patients presenting within 6

hours of symptom onset

Figure 4. A schematic treatment algorithm proposed for the management of cases with acute proximal
internal carotid artery occlusions.

Table 1. Theoretical advantages and disadvantages of the different therapeutic options for the acute treatment of proximal isolated
internal carotid artery occlusions.

Treatment strategy

Advantages

Disadvantages

Conservative treatment:
DAPT, blood pressure

elevation, close monitoring

VT

e Low ICH risk

e May be applied by non-comprehensive stroke
centers

e |ow-cost treatment

e Inaccordance with current ESO Guidelines

e Inaccordance with current ESO Guidelines .

e May increase rates of favorable functional .
outcome .

e May be applied by non-comprehensive stroke °
centers

e | ow-cost treatment

Early neurological deterioration common

Frequent need for administration of vasopressor
drugs to augment blood pressure: increased risk of
complications such as myocardial ischemia
Potential expansion of the ischemic core

Clinical stabilization and/or improvement may not be
feasible

No potential of proximal ICA recanalization

Low rates of proximal ICA successful recanalization
Increased rates of sICH

May increase rates of cerebral edema and death
Administration of vasopressor drugs (in case of
unsuccessful recanalization) is limited or even
contraindicated after IVT

Antiplatelet treatment cannot be administered at least
for 24hours after IVT and DAPT has not been studied
in the acute post-stroke period after IVT (important
limitations particularly when bridging with stenting of
the ICA is planned)

(Continued)
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Table 1. (Continued)

Treatment strategy

Advantages

Disadvantages

Aspiration with balloon
angioplasty alone

Carotid stenting with or .

without angioplasty

Carotid endarterectomy °

Intra-arterial lysis

e Lower cost compared to stenting

e Effective and relatively safe for cases with
thromboembolic causes of ICA occlusion and for
cases with increased burden of thrombi within
the ICA

e Potential recognition and treatment of distal LV
embolization occurring during the interventional
procedure

e No need for immediate DAPT

e Technically less demanding compared to stenting

e May increase rates of early and sustained
neurological improvement in carefully selected
patients

May increase rates of early and sustained

neurological improvement in carefully selected

patients

e Decreases risk of recurrence

e Treatment of choice for dissection related
occlusions

e Treatment of choice for atherosclerotic
occlusions when surgical revascularization is not
an option

e Potential recognition and treatment of distal LV

embolization occurring during the interventional

procedure

May increase rates of early and sustained

neurological improvement in carefully selected

patients

e Decreases risk of recurrence

e Lower risk of distal embolization compared to
stenting and angioplasty

e No need for early DAPT

e Recanalization may not be successful particularly in
cases with atherosclerotic occlusions

Early re-occlusion common

Residual stenosis common

Risk of distal embolization

Risk of reperfusion related injury and ICH

Off label treatment

Treatment not widely available in all stroke centers

Risk of distal embolization

Risk of reperfusion injury and ICH

Need for early DAPT

Off label treatment

Higher cost

Treatment not widely available in all stroke centers
Technically more demanding

e Risk of reperfusion related injury and ICH

e Need for general anesthesia

e Potential expansion of the ischemic core during the
procedure

e Potential distal LV embolization occurring during the
procedure cannot be directly recognized and treated

e Prior IVT within 24 hours is an absolute
contraindication

e Off label treatment

e Treatment not widely available in all stroke centers

Intra-arterial lysis would not be considered in most centers

DAPT, dual antiplatelet treatment; ESO, European Stroke Organization; ICA, internal carotid artery; ICH, intracranial hemorrhage; IVT, intravenous

thrombolysis; LV, large

vessel; sICH, symptomatic intracranial hemorrhage.

therapies for symptomatic isolated pICAOs is
complicated and challenging. Heterogeneities
in the etiology of ICA occlusion, clinical pres-
entation, natural course, cerebrovascular
reserve and collateral status are almost univer-
sal, and in conjunction with a technically
demanding endovascular procedure, are all fac-
tors to consider in the design of future clinical
trials. The implementation of data obtained
from perfusion imaging and the evaluation of
cerebrovascular reserve are of paramount
importance. In respect to the former, the perfu-
sion thresholds and/or the clinical-imaging mis-
match requirements that have been successfully

utilized in the recent RCTs on late time win-
dow MT for LVO-attributed AIS might serve
as foundations to develop similar thresholds for
patient selection in case of pICAQOs.8384

Declarations
Ethics approval and consent to participate
Our study did not require an ethical board

approval because it was a narrative review.

Consent for publication
Not applicable.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

0 Kargiotis, K Psychogios et al.

Author contributions

Odysseas Kargiotis: Data curation; Formal
analysis; Investigation; Methodology; Validation;
Writing — original draft.

Klearchos Psychogios: Data  curation;
Investigation; Methodology; Writing — review &
editing.

Apostolos Safouris: Data curation; Formal
analysis; Investigation; Writing — review & editing

Stavros Spiliopoulos: Investigation; Validation;
Writing — review & editing.

Theodore Karapanayiotides: Formal analysis;
Methodology; Validation; Writing — review &
editing.

Eleni Bakola: Investigation; Methodology;
Validation; Writing — review & editing.

Michail Mantatzis: Formal analysis; Methodo-
logy; Validation; Writing — review & editing.

Efthimios Dardiotis: Formal analysis;
Investigation; Writing — review & editing.

John Ellul: Investigation; Methodology; Vali-
dation; Writing — review & editing.

Sotirios Giannopoulos: Formal analysis; Investi-
gation; Validation; Writing — review & editing.

Georgios Magoufis: Data curation; Formal
analysis; Investigation; Supervision; Validation;
Writing — review & editing.

Georgios Tsivgoulis: Conceptualization; Data
curation; Investigation; Methodology; Super-
vision; Validation; Visualization; Writing — review
& editing.

Acknowledgements
None.

Funding

The author(s) disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: The publication
fee was covered by an unrestricted grant from the
National & Kapodistrian University of Athens.

Competing interests

The authors declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

Availability of data and materials
Not applicable.

ORCID iDs

Odysseas Kargiotis

https://orcid.org/0000-

0002-8317-6428

Klearchos Psychogios

https://orcid.org/0000-

0003-3993-2545

Apostolos Safouris

https://orcid.org/0000-

0002-9630-6949

Theodore Karapanayiotides

https://orcid.org/

0000-0002-2357-7967

Sotirios Giannopoulos

https://orcid.org/0000-

0001-7443-5179

Georgios Magoufis

https://orcid.org/0000-

0003-2440-3202

Georgios Tsivgoulis

https://orcid.org/0000-

0002-0640-3797

References

1.

Weimar C, Goertler M, Harms L, ez al.
Distribution and outcome of symptomatic stenoses
and occlusions in patients with acute cerebral
ischemia. Arch Neurol 2006; 63: 1287-1291.

Paciaroni M, Caso V, Venti M, er al. Outcome

in patients with stroke associated with internal
carotid artery occlusion. Cerebrovasc Dis 2005; 20:
108-113.

Hause S, Oldag A, Breja A, et al. Acute
symptomatic extracranial internal carotid
occlusion — natural course and clinical impact.
Vasa 2020; 49: 31-38.

Bryan DS, Carson J, Hall H, ez al. Natural history
of carotid artery occlusion. Ann Vasc Surg 2013;
27:186-193.

Anadani M, Marnat G, Consoli A, ez al.
Endovascular therapy of anterior circulation
tandem occlusions: pooled analysis from the
TITAN and ETIS registries. Stroke 20215 52:
3097-3105.

Kargiotis O, Safouris A, Magoufis G, ez al.
The role of neurosonology in the diagnosis and
management of patients with carotid artery
disease: a review. ¥ Neuroimaging 2018; 28:
239-251.

Choi JH, Jang J, Koo ], er al. Multiphasic
computed tomography angiography findings

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
https://orcid.org/0000-0002-8317-6428
https://orcid.org/0000-0002-8317-6428
https://orcid.org/0000-0003-3993-2545
https://orcid.org/0000-0003-3993-2545
https://orcid.org/0000-0002-9630-6949
https://orcid.org/0000-0002-9630-6949
https://orcid.org/0000-0002-2357-7967
https://orcid.org/0000-0002-2357-7967
https://orcid.org/0000-0001-7443-5179
https://orcid.org/0000-0001-7443-5179
https://orcid.org/0000-0003-2440-3202
https://orcid.org/0000-0003-2440-3202
https://orcid.org/0000-0002-0640-3797
https://orcid.org/0000-0002-0640-3797

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

for identifying pseudo-occlusion of the internal
carotid artery. Stroke 2020; 51: 2558-2562.

Hernandez-Pérez M, Puig ], Blasco G, ez al.
Dynamic magnetic resonance angiography
provides collateral circulation and hemodynamic
information in acute ischemic stroke. Stroke 2016;
47: 531-534.

. Tsivgoulis G, Safouris A, Katsanos AH, ez al.

Mechanical thrombectomy for emergent large
vessel occlusion: a critical appraisal of recent
randomized controlled clinical trials. Brain Behav
2016; 6: e00418.

Goyal M, Menon BK, van Zwam WH, ez al.
Endovascular thrombectomy after large-vessel
ischaemic stroke: a meta-analysis of individual
patient data from five randomised trials. Lancer
2016; 387: 1723-1731.

Mayer L, Grams A, Freyschlag CF, ez al.
Management and prognosis of acute extracranial
internal carotid artery occlusion. Ann Transl Med
2020; 8: 1268.

Malhotra K, Goyal N and Tsivgoulis G. Internal
carotid artery occlusion: pathophysiology,
diagnosis, and management. Curr Atheroscler Rep
2017; 19: 41.

Yanagihara T, Piepgras DG and Klass DW.
Repetitive involuntary movement associated with
episodic cerebral ischemia. Ann Neurol 1985; 18:
244-250.

Furlan AJ, Whisnant JP and Kearns TP.
Unilateral visual loss in bright light. An unusual
symptom of carotid artery occlusive disease. Arch
Neurol 1979; 36: 675-676.

Gdler S, Utku U and Aynaci O. Early clinical
signs, lesion localization, and prognostic factors
in unilateral symptomatic internal carotid artery
occlusion. ¥ Stroke Cerebrovasc Dis 20145 23:
1908-1914.

Rice CJ, Cho SM, Taqui A, et al. Early versus
delayed extracranial-intracranial bypass surgery
in symptomatic atherosclerotic occlusion.
Neurosurgery 2019; 85: 656-663.

Thalhammer C, Husmann M, Glanzmann C,
et al. Carotid artery disease after head and neck
radiotherapy. Vasa 2015; 44: 23-30.

Paciaroni M, Balucani C, Agnelli G, et al.
Systemic thrombolysis in patients with acute
ischemic stroke and Internal Carotid ARtery
Occlusion: the ICARO study. Stroke 2012; 43:
125-130.

Paciaroni M, Inzitari D, Agnelli G, ez al.
Intravenous thrombolysis or endovascular therapy

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

for acute ischemic stroke associated with cervical
internal carotid artery occlusion: the ICARO-3
study. ¥ Neurol 2015; 262: 459-468.

Cull RE. Internal carotid artery occlusion
caused by giant cell arteritis. ¥ Neurol Neurosurg
Psychiatry 1979; 42: 1066-1067.

Hendrikse J, Hartkamp M], Hillen B, ez al.
Collateral ability of the circle of Willis in patients
with unilateral internal carotid artery occlusion:
border zone infarcts and clinical symptoms.
Stroke 20015 32: 2768-2773.

Szabo K, Kern R, Gass A, ez al. Acute stroke
patterns in patients with internal carotid
artery disease: a diffusion-weighted magnetic
resonance imaging study. Stroke 2001; 32:
1323-1329.

Miralles M, Dolz JL, Cotillas J, ez al. The role

of the circle of Willis in carotid occlusion:
assessment with phase contrast MR angiography
and transcranial duplex. Eur ¥ Vasc Endovasc Surg
1995; 10: 424-430.

Riggs HE and Rupp C. Variation in form of circle
of Willis. Arch Neurol 1963; 8: 24-30.

Dalainas I, Avgerinos ED, Daskalopoulos ME,

et al. The critical role of the external carotid
artery in cerebral perfusion of patients with total
occlusion of the internal carotid artery. Inr Angiol
2012; 31: 16-21.

AbuRahma AF, Pollack JA, Robinson PA, ez al.
The reliability of color duplex ultrasound in
diagnosing total carotid artery occlusion. Am ¥
Surg 1997; 174: 185-187.

Tsivgoulis G and Alexandrov AV. Ultrasound in
neurology. Continuum 20165 22: 1655-1677.

Shakeri AB, Zarrintan S and Shakeri-Bavil M.

The diagnostic value of the resistivity index of
the common carotid arteries in severe internal

carotid artery stenosis. Folia Morphol 2008; 67:
175-178.

Psychogios K, Magoufis G, Kargiotis O, er al.
Ultrasound assessment of extracranial carotids
and vertebral arteries in acute cerebral ischemia.
Medicina 2020; 56: 711.

Johansson E, Vanoli D, Braten-Johansson I,
et al. Near-occlusion is difficult to diagnose
with common carotid ultrasound methods.
Neuroradiology 20215 63: 721-730.

Tsivgoulis G, Alexandrov AV and Sloan

MA. Advances in transcranial Doppler
ultrasonography. Curr Neurol Neurosci Rep 2009;
9: 46-54.

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

0 Kargiotis, K Psychogios et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Connolly F, Réhl JE, Lopez-Prieto J, ez al.
Pattern of activated pathways and quality of
collateral status in patients with symptomatic
internal carotid artery occlusion. Cerebrovasc Dis
2019; 48: 244-250.

Guan J, Zhang S, Zhou Q, ez al. Usefulness of
transcranial Doppler ultrasound in evaluating
cervical-cranial collateral circulations. Inzerv
Neurol 2013; 2: 8-18.

Krogias C, Hennebohl C, Geier B, er al.
Transcranial ultrasound perfusion imaging and
perfusion-MRI — a pilot study on the evaluation of
cerebral perfusion in severe carotid artery stenosis.
Ultrasound Med Biol 2010; 36: 1973-1980.

Alexandrov AV, Sloan MA, Tegeler CH, ez al.
Practice standards for transcranial Doppler
(TCD) ultrasound. Part II. Clinical indications
and expected outcomes. ¥ Neuroumaging 2012;
22:215-224.

Tsivgoulis G and Alexandrov AV. Cerebral
hemodynamics in acute stroke: pathophysiology
and clinical implications. ¥ Vasc Interv Neurol
2008; 1: 65-69.

Reinhard M, Schwarzer G, Briel M, et al.
Cerebrovascular reactivity predicts stroke in high-
grade carotid artery disease. Neurology 2014; 83:
1424-1431.

Vernieri F, Pasqualetti P, Matteis M, er al. Effect
of collateral blood flow and cerebral vasomotor
reactivity on the outcome of carotid artery
occlusion. Stroke 2001; 32: 1552-1558.

Alexandrov AV, Sharma VK, Lao AY, ez al.
Reversed Robin Hood syndrome in acute ischemic
stroke patients. Stroke 2007; 38: 3045-3048.

Palazzo P, Balucani C, Barlinn K, ez al.
Association of reversed Robin Hood syndrome
with risk of stroke recurrence. Neurology 2010;
75:2003-2008.

Alexandrov AV, Nguyen HT, Rubiera M, ez al.
Prevalence and risk factors associated with
reversed Robin Hood syndrome in acute ischemic
stroke. Stroke 2009; 40: 2738-2742.

Sharma VK, Tsivgoulis G, Ning C, ez al. Role of
multimodal evaluation of cerebral hemodynamics
in selecting patients with symptomatic carotid or
middle cerebral artery steno-occlusive disease for
revascularization. J Vasc Interv Neurol 2008; 1:
96-101.

van Everdingen KJ, Visser GH, Klijn C]J, ez al.
Role of collateral flow on cerebral hemodynamics
in patients with unilateral internal carotid artery
occlusion. Ann Neurol 1998; 44: 167-176.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Diouf A, Fahed R, Gaha M, ez al. Cervical
internal carotid occlusion versus pseudo-
occlusion at CT angiography in the context of
acute stroke: an accuracy, interobserver, and
intraobserver agreement study. Radiology 2018;
286: 1008-1015.

Kappelhof M, Marquering HA, Berkhemer
OA, et al. Accuracy of CT angiography

for differentiating pseudo-occlusion from
true occlusion or high-grade stenosis of the
extracranial ICA in acute ischemic stroke: a
retrospective MR CLEAN substudy. Am ¥
Neuroradiol 2018; 39: 892—-898.

Kim H, Kwak HS, Chung GH, et al.
Differentiating pseudo-occlusion from true
occlusion of proximal internal carotid artery in
acute ischemic stroke on CT angiography. Clin
Neurol Neurosurg 2019; 185: 105495.

Berge E, Whiteley W, Audebert H, ez al.
European Stroke Organisation (ESO) guidelines
on intravenous thrombolysis for acute ischaemic
stroke. Eur Stroke ¥ 2021; 6: I-LXII.

Mueller L, Pult F, Meisterernst ], et al. Impact
of intravenous thrombolysis on recanalization
rates in patients with stroke treated with
bridging therapy. Eur ¥ Neurol 2017; 24:
1016-1021.

Seners P, Turc G, Maier B, ez al. Incidence and
predictors of early recanalization after intravenous
thrombolysis: a systematic review and meta-
analysis. Stroke 2016; 47: 2409-2412.

Ebinger M, Iwanaga T, Prosser JF, et al. Clinical-
diffusion mismatch and benefit from thrombolysis
3 to 6 hours after acute stroke. Stroke 2009; 40:
2572-2574.

Romoli M, Mosconi MG, Pierini P, er al.
Reperfusion strategies in stroke due to isolated
cervical internal carotid artery occlusion:
systematic review and treatment comparison.
Neurol Sci 20215 42: 2301-2308.

Yeo LL, Kong WY, Paliwal P, er al. Intravenous
thrombolysis for acute ischemic stroke due to
cervical internal carotid artery occlusion. ¥ Stroke
Cerebrovasc Dis 2016; 25: 2423-2429.

Turc G, Bhogal P, Fischer U, et al. European
Stroke Organisation (ESO) — European

Society for Minimally Invasive Neurological
Therapy (ESMINT) guidelines on mechanical
thrombectomy in acute ischaemic stroke
endorsed by Stroke Alliance for Europe (SAFE).
Eur Stroke ¥2019; 4: 6-12.

Katsanos AH, Malhotra K, Goyal N, ez al.
Mortality risk in acute ischemic stroke patients

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

THERAPEUTIC ADVANCES in
Neurological Disorders

Volume 15

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

with large vessel occlusion treated with
mechanical thrombectomy. ¥ Am Heart Assoc
2019; 8: e014425.

Kappelhof M, Marquering HA, Berkhemer OA,
et al. Intra-arterial treatment of patients with
acute ischemic stroke and internal carotid artery
occlusion: a literature review. ¥ Neurointerv Surg
2015; 7: 8-15.

Nikas D, Reimers B, Elisabetta M, er al.
Percutaneous interventions in patients with
acute ischemic stroke related to obstructive
atherosclerotic disease or dissection of the
extracranial carotid artery. ¥ Endovasc Ther 2007;
14: 279-288.

Hauck EF, Natarajan SK, Ohta H, ez al.
Emergent endovascular recanalization for cervical
internal carotid artery occlusion in patients
presenting with acute stroke. Neurosurgery 2011;
69: 899-907; discussion 907.

Hong JH, Sohn SI, Kang J, ez al. Endovascular
treatment in patients with persistent internal
carotid artery occlusion after intravenous tissue
plasminogen activator: a clinical effectiveness
study. Cerebrovasc Dis 2016; 42: 387-394.

Jadhav A, Panczykowski D, Jumaa M, ez al.
Angioplasty and stenting for symptomatic
extracranial non-tandem internal carotid artery
occlusion. ¥ Neurointerv Surg 2018; 10:
1155-1160.

Ter Schiphorst A, Gaillard N, Dargazanli C,

et al. Symptomatic isolated internal carotid artery
occlusion with initial medical management: a
monocentric cohort. ¥ Neurol 2021; 268: 346-355.

Okumura E, Tsurukiri J, Ota T, ez al. Outcomes
of endovascular thrombectomy performed 6-24
h after acute stroke from extracranial internal
carotid artery occlusion. Neurol Med Chir 2019;
59: 337-343.

Park SE, Choi DS, Baek HJ, et al. Emergent
carotid artery stenting in patients with acute
ischemic stroke due to cervical internal carotid
artery steno-occlusive lesion: comparison of
tandem intracranial occlusion and isolated
cervical internal carotid artery occlusion. Inzerv
Neuroradiol 2020; 26: 425-432.

de Castro-Afonso LH, Nakiri GS, Moretti
Monsignore L, er al. Endovascular reperfusion
for acute isolated cervical carotid occlusions: the
concept of ‘hemodynamic thrombectomy’. Inzerv
Neurol 2020; 8: 27-37.

Kim JG, Kang CH, Choi JC, ez al. Clinical
outcomes of endovascular treatment for carotid
artery dissection without intracranial large vessel

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

occlusion in patients with cerebral ischemia
presentation. Front Neurol 20225 12: 713190.

Kim Y, Choi CH, Lee TH, et al. Endovascular
stenting for symptomatic carotid dissection with
hemodynamic insufficiency. World Neurosurg
2017; 102: 598-607.

Yin Q, Li Y, Fan X, ez al. Feasibility and safety of
stenting for symptomatic carotid arterial dissection.
Cerebrovasc Dis 2011; 32(Suppl. 1): 11-15.

Farouk M, Sato K, Matsumoto Y, et al.
Endovascular treatment of internal carotid artery
dissection presenting with acute ischemic stroke.
F Stroke Cerebrovasc Dis 20205 29: 104592.

Debette S, Mazighi M, Bijlenga P, er al. ESO
guideline for the management of extracranial and
intracranial artery dissection. Eur Stroke ¥ 2021;
6: XXXIX-LXXXVIIIL.

Schubert J, Witte OW, Settmacher U, ez al. Acute
stroke treatment by surgical recanalization of
extracranial internal carotid artery occlusion: a
single center experience. Vasc Endovascular Surg
2019; 53: 21-27.

Benes$ V 3rd, Buchvald P, Klimosova S, et al.
Acute extracranial occlusion of the internal
carotid artery: emergent surgery remains a viable
option. Acta Neurochir 2014; 156: 901-908;
discussion 908.

Gunka I, Krajickova D, Lesko M, et al. Emergent
carotid thromboendarterectomy for acute
symptomatic occlusion of the extracranial internal
carotid artery. Vasc Endovascular Surg 2017; 51:
176-182.

Benes V 3rd, Bradac¢ O, Horvath D, ez al. Surgery of
acute occlusion of the extracranial internal carotid
artery — a meta-analysis. Vasa 2020; 49: 6-16.

Stewart LM, Spangler EL, Sutzko DG, er al.
Carotid endarterectomy with concomitant distal
endovascular intervention is associated with
increased rates of stroke and death. ¥ Vasc Surg
2021; 73: 960-967.

Quispe-Orozco D, Limaye K, Zevallos CB, ez al.
Safety and efficacy of symptomatic carotid artery
stenting performed in an emergency setting.
Interv Neuroradiol 2021; 27: 411-418.

EC/IC Bypass Study Group. Failure of
extracranial-intracranial arterial bypass to
reduce the risk of ischemic stroke. Results of an
international randomized trial. N Engl ¥ Med
1985; 313: 1191-1200.

Powers W], Clarke WR, Grubb RL ]Jr, ez al.
Extracranial-intracranial bypass surgery for

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan

0 Kargiotis, K Psychogios et al.

717.

78.

79.

80.

stroke prevention in hemodynamic cerebral
ischemia: the Carotid Occlusion Surgery
Study randomized trial. ¥AMA 2011; 306:
1983-1992.

Burkhardt JK, Winklhofer S, Fierstra J, et al.
Emergency extracranial-intracranial bypass to
revascularize salvageable brain tissue in acute
ischemic stroke patients. World Neurosurg 2018;
109: e476—e485.

Saqqur M, Sharma VK, Tsivgoulis G, er al. Real-
time hemodynamic assessment of downstream
effects of intracranial stenoses in patients with
orthostatic hypoperfusion syndrome. Cerebrovasc
Dis 2010; 30: 355-361.

Rordorf G, Koroshetz W], Ezzeddine MA, et al.
A pilot study of drug-induced hypertension for
treatment of acute stroke. Neurology 2001; 56:
1210-1213.

Rordorf G, Cramer SC, Efird JT, ez al.
Pharmacological elevation of blood pressure

81.

82.

83.

84.

in acute stroke. Stroke 1997; 28:
2133-2138.

Bang OY, Chung JW, Kim SK, ez al.
Therapeutic-induced hypertension in patients
with noncardioembolic acute stroke. Neurology
2019; 93: €1955-e1963.

Sandset EC, Anderson CS, Bath PM,

et al. European Stroke Organisation (ESO)
guidelines on blood pressure management
in acute ischaemic stroke and intracerebral
haemorrhage. Eur Stroke ¥ 2021; 6:
XLVIII-LXXXIX.

Nogueira RG, Jadhav AP, Haussen DC, ez al.
Thrombectomy 6 to 24 hours after stroke with a
mismatch between deficit and infarct. N Engl ¥
Med 2018; 378: 11-21.

Albers GW, Marks MP, Kemp S, ez al.
Thrombectomy for stroke at 6 to 16 hours with
selection by perfusion imaging. N Engl ¥ Med
2018; 378: 708-718.

Visit SAGE journals online

journals.sagepub.com/
home/tan

®SAGE journals

journals.sagepub.com/home/tan


https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan

