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Approximately 20-30% of patients with acute ischemic stroke, caused by large intracranial vessel occlusion,
have a tandem lesion, defined as simultaneous presence of high-grade stenosis or occlusion of the cervical in-
ternal carotid artery and thromboembolic occlusion of the intracranial terminal internal carotid artery or its
branches, usually the middle cerebral artery. Patients with tandem lesions have usually worse outcomes than
patients with single intracranial occlusions, and intravenous thrombolysis is less effective in these patients.
Although endovascular thrombectomy is currently a cornerstone therapy in the management of acute ischemic
stroke due to large vessel occlusion, the optimal management of extracranial carotid lesions in tandem occlusion
remains controversial. Acute placement of a stent in the cervical carotid artery lesion is the most used therapeutic
strategy compared with stented balloon angioplasty and thrombectomy alone without carotid artery revascu-
larization; however, treatment strategies in these patients are often more complex than with single occlusion, so
treatment decisions can change based on clinical and technical considerations. The aim of this review is to
analyze the results of different studies and trials, investigating the periprocedural neurointerventional man-
agement of patients with tandem lesions and the safety, efficacy of the different technical strategies available as
well as their impact on the clinical outcome in these patients, to strengthen current recommendations and thus
optimize patient care.

1. Introduction up to 80% of patients [6], presumably related to a larger clot burden and

low anterograde flow impeding thrombolytic drug access to the intra-

Tandem lesions are defined as simultaneous presence of high-grade
stenosis or occlusion, such as atherosclerotic stenosis or artery dissec-
tion, of the cervical internal carotid artery and thromboembolic occlu-
sion of the intracranial terminal internal carotid artery or its branches,
usually the middle cerebral artery [1]. Acute ischemic stroke due to
tandem lesions accounts for about 15-25% of all LVO strokes in clinical
trials and published data in Tandem Occlusions registries [2-4]. Patients
with TLs have usually worse outcomes than patients with isolated
intracranial occlusions, and natural history of these lesions usually leads
to high morbidity, up to 70% and mortality, up to 50% [5]. Intravenous
thrombolysis (IVT) alone is associated with a poor functional outcome in

cranial thrombus [7].

Endovascular thrombectomy (EVT), where clot is extracted me-
chanically through an endovascular access is currently a cornerstone for
treatment of intracranial LVO, with higher recanalization rate compared
to IVT alone and better functional outcomes for patients [8,9]. The ef-
ficacy of endovascular revascularization for acute ischemic stroke due to
large vessel occlusion is demonstrated, and this procedure has been
rapidly implemented into national stroke guidelines and has been
widely performed in various institutions [9,10]. Currently, however,
there are no guidelines or recommendations based on high- quality ev-
idence for treatment of TL’s undergoing EVT, that’s because three of
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major EVT trials [11-13] excluded these patients; in the remaining
major randomized controlled trials of EVT, relatively few patients with
TL’s were included, representing 13-32% [15] of study population,
therefore current evidence is based on metanalysis and smaller retro-
spective studies [4-14]. Some of these studies suggests importance of
acute stenting of cervical-ICA in tandem occlusions, to reduce risk of
recurrent stroke [16,17], but in absence of strong randomized trial data,
no firm recommendations about optical management can be forwarded,
as reflected in most recent American and European guidelines.

The aim of this review is to analyze not only the results of different
studies and trials, but also to highlight the different pathophysiological
mechanisms related to TS, which is essential for the diagnosis of the
disease and then evaluate efficacy of the different technical strategies
available and their impact on the clinical outcome of these patients.

2. Pathophysiological mechanism and diagnosis of tandem
lesions

Tandem lesions are encountered in approximately 15% of cases un-
dergoing endovascular treatment. As the proximal occlusion is usually
due to complication preexisting atherosclerotic carotid artery stenosis,
which is more common in men, the same predilection is seen in tandem
lesions. Prevalence of extracranial artery disease also varies significantly
by race. Native American and Caucasian individuals have the highest
prevalence of carotid artery stenosis, whereas African American males
and Asian females appear to have the lowest prevalence [18]. The pre-
dominant pathophysiologic process involved in acute occlusion of the
extracranial ICA is ruptured atherosclerotic plaque and superimposed
thrombus, with distal embolization of thrombus fragment (arter-
y-to-artery embolization [19]) or embolization of the clot from and
arterial dissection in the cervical ICA to the intracranial circulation [207;
about 60%— 70% of TL’s are usually related to atherosclerotic plaque,
20-30% to ICA dissection and less than 5% to carotid web and cardiac
emboli [21]. Carotid web is a non-atheromatous and non-dissecting
membrane-like strand that protrudes into the lumen of the carotid ar-
tery with aspects similar to the fibromuscular dysplasia and abnormal-
ities mainly involving the intimal layer [22]. Carotid web is mostly
located in the posterior wall of the carotid bulb and is currently
considered as an underrecognised cause of recurrent stroke [23]. Car-
dioembolic occlusion of the proximal internal carotid artery have also
been reported, presumably related to a large cardiac embolus in the
c-ICA and embolization of fragments in the intracranial circulation [24].

Most of the tandem occlusion recent literature data reported a mix of
atheromatous and dissection, pooled as a single anatomic description.
From a nosologic point of view, it looks confusing to associate two
different diseases in different populations of patients with a different
physiopathologic origin in a unique strategic approach [25]. Patients
with dissection are significantly younger and exhibit a lower prevalence
of vascular risk factors. Arterial dissection is an acute process,
hampering the opportunity to develop cerebral circulation collaterals
(such as cardioembolic strokes), which is a well-known predictive factor
of good outcome after reperfusion [26]; however, this group seems to be
more prone to present with a very good circle of Willis to justify a simple
intracranial treatment. Furthermore, while the recurrence of stroke is
proved in ICA atheromatous stenosis, [27,28] the stroke recurrence from
ICA dissection after efficient medical therapy seems to be very low. [29]
Diagnosis of ICA dissection usually doesn’t require conventional angi-
ography, that’s because non-invasive imaging modalities, such as
angio-MR and angio-CT, have been found to have similar sensitivity and
specificity, compared to conventional angiography [30]. Non-contrast
brain CT is insensitive for dissection but may demonstrate cerebral
ischemia/infarct or an arterial wall hematoma in the upper portion of
the ICA, more than 2 cm from ICA origin, as a spontaneous
crescent-shaped hyperattenuating focus [31]. Angio-CT highlights a
narrowed eccentric lumen, the so called “flame-shaped” aspect, sur-
rounded by a crescent-shaped mural thrombus and thin annular
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enhancement, related to vasa-vasorum enhancement in the adventitia
[32]. Double barrel lumen and intimal flap are rarely seen [33]. MRI can
be useful to detect ICA dissection with T1 FS, T2 and SWI [34] sequences
which allow for highlighting an high signal crescent sign indicating
intramural hematoma and angio-MR, which usually detects absent flow
void or abnormal vessel contour, considered an high sensitivity and
specificity sign [34].

Atherosclerotic lesions are usually seen in the elderly and more
commonly in males. Tandem occlusions in these patients are the results
of vulnerable atherosclerotic plaque with artery-to-artery distal embo-
lization of thrombus fragments. The situation for the atherosclerotic
process is different, compared to arterial dissection, as the first evolves
slowly, enhancing the possibility to develop good leptmeningeal
collateral [35]; at last, atherosclerotic plaques are usually located at the
carotid bulbar bifurcation, or in any case close to the origin of the ICA
and are typically associated with adjacent calcified plaques [36].
Another factor that favors the etiological diagnosis of atherosclerotic
pathology is the simultaneous presence of plaques in other cervical
arterial segments [37].

Although in clinical practice the diagnosis of tandem lesions is
considered simple and immediate, it is still important to keep in mind
the differential diagnosis with pseudo-occlusion of the cervical internal
carotid artery. Carotid pseudo-occlusion refers to apparent occlusion of
the cervical internal carotid artery on CT angiography or digital sub-
traction angiography due to a stagnant column of unopacified blood
proximal to terminal T-junction occlusion by thromboembolism. The
finding of cervical ICA PO has the potential to impact care because of its
misdiagnosis as a tandem extracranial-intracranial ICA occlusion or
dissection and lead to the erroneous exclusion of isolated intracranial
ICA patients from clinical trials. Delayed CTA, multiphase CTA, or ca-
rotid ultrasonography may improve diagnostic accuracy [38], but
despite that PO remains a significant diagnostic issue even after
long-acquisition DSA, with angiographic microcatheter exploration
being often required for the proper diagnosis [39].

3. Treatment strategies and review of literature
3.1. Stenting vs Angioplasty alone

Two different main approaches can be performed in patients with
TLs (TAB. 1): the first is based on the immediate release, during the
mechanical thrombectomy procedure, of a carotid stent, in order to
obtain an immediate recanalization of the cervical tract of the ICA
(Fig. 1), while the second involves only the execution of the balloon
angioplasty treatment, usually performed together with thromboaspi-
ration through large-bore catheter, and crossing the stenotic tract of the
cervical ICA, which will then be treated in the following days or weeks
through CAS, CEA or medical treatment alone (Fig. 2). Both are common
widely used and have advantages and risks to consider when facing a TL.
Obviously the most evident advantage of the CAS is to treat in the acute
phase the carotid lesion, atherosclerotic or dissecting, responsible for
the stroke, thus reducing the risk of stroke recurrence. Furthermore, the
treatment of the cervical carotid lesion not only acts by favoring the
spontaneous intracranial recanalization, favoring the lysis of the clot,
but also acts by determining a recovery of the haemodynamic alterations
which usually occur in carotid stenoses. Obviously, these advantages are
counterbalanced by the increased thrombotic risk that occurs in these
patients, with a consequent increased risk of stent occlusion, hence the
need to immediately start an antithrombotic therapy, with all the
consequent difficulties, related to the need to set up an acute treatment.
On the other hand, balloon angioplasty treatment alone with stent
placement at a later stage, in an elective regimen and in the best possible
conditions for the patient, does not require the execution of an antith-
rombotic therapy in the acute phase, it seems be associated with a lower
risk of intracranial haemorrhagic bleeding, although on this last point
the data in the literature appear discordant and finally it seems to be
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Fig. 1. Angiographic data(A-B) showed tandem occlusion of left proximal internal carotid artery+occlusion of M1 tract of MCA. After crossing extracranial lesion, a
first attempt of thromboaspiration was performed(C), with a complete recanalization, TICI 3, of the intracranial circulation (D-E). Carotid stent was then deployed

with dilatation of angioplastic Balloon(F).

associated with a lower risk of distal embolization, with however an
increased risk of reocclusion and stroke recurrence. Based on the
currently available literature, there is no treatment that can be consid-
ered definitive (TAB.2).

Endovascular treatment of tandem occlusion remains poorly studied,
that’s because of lack of high-quality evidence of major randomized
controlled trials, where TL is usually considered as an exclusion
criterialt %4142 In the ESCAPE trial, only 54 patients presented with a
tandem occlusion; of these 30 were in the endovascular treatment arm
and 17 received stenting for the cervical ICA occlusion, 10 before and 7
after intracranial thrombectomy [43]. MR CLEAN and REVASCAT in-
vestigators reported a similar incidence of TOs, 32% and 19%, respec-
tively [44,45]; in the ESCAPE-NAI trial, among 115/1105 patients
(10.4%) with tandem occlusions, 62 (53.9%) received stenting for the
cervical ICA occlusion. Of these, 46 (74.2%) were stented after and 16
(25.8%) before the intracranial thrombectomy and resulted that tandem
occlusion in patients with acute large vessel stroke did not lower the
odds of good functional outcome in our study and functional outcomes
were similar irrespective of the management of the cervical ICA occlu-
sion (stenting vs not stenting) [46,47], although it’s important to say
that ESCAPE-NA1 trial was not designed for evaluate efficacy and safety
of endovascular treatment in TL’s but to assess efficacy and safety of
nerinetide in ischaemia-reperfusion that occurs with rapid endovascular
thrombectomy in patients who had an acute ischaemic stroke.
Furthermore, in all these trials there was no subgroup analysis for

patients with cervical dissection, because, as we say before, most of the
tandem occlusion literature data reported a mix of atheromatous and
dissection, pooled as a single anatomic description. A recent study
analyzed all carotid artery dissection tandem occlusion strokes and
isolated anterior circulation occlusions from RECOST study [25], stating
that endovascular treatment of carotid artery dissection tandem occlu-
sions could be a treatment safe and effective, in case of failure of a
conservative approach [48]. Similar results also emerged from a recent
meta-analysis, wherein both primary stenting and stenting of sponta-
neous CAD yielded unfavourable results with respect to stent thrombosis
and stroke rates. Conversely, stenting following MT had acceptable
mortality and complication rates corroborating the use of stenting in the
setting of CAD as a second line treatment [49].

An international survey [50] of stroke experts highlighted uncer-
tainty in treatment of the cervical ICA lesion in patients with TLs, with
75% of respondents admitting to having equipoise regarding therapy for
these patients; same results also emerged in “The PICASSO survey”,
which demonstrated multiple areas of uncertainty regarding the medical
and endovascular management of TOs, with most practitioners (70%)
agreed that there is equipoise regarding the optimal endovascular
treatment of cervical lesions in TO [51]. This equipoise also emerged
from several studies that were all observational and often only described
stented patients. Several main meta-analyses of these smaller case series
have been published; some of these [55] focused primarily on efficacy
and safety of thrombectomy using stent-retrievers with emergency
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Fig. 2. Angio-CT (A-B) showed tandem occlusion of left proximal internal carotid artery+occlusion of M1 tract of MCA. Dilatation with angioplastic balloon, without
deployement of carotid stent, was performed (C), in order to cross extracranial lesion.After two attempts of thromboaspiration, complete recanalization, TICI 3, of the
intracranial circulation was obtained (D-E).
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stenting of cervical ICA in acute anterior stroke patients with tandem
occlusion ICA, without, however, defining best modality to treat prox-
imal stenosis. A recent meta-analysis [57] tried to compare the antero-
grade and retrograde approaches to provide updated clinical evidence of
strategy selection, stating that the retrograde approach seems to achieve
a higher successful reperfusion rate and better functional outcome with
a comparable safety profile when compared with an antegrade
approach. Most studies, instead, focused primarily on safety and efficacy
of carotid artery stenting in patients with tandem occlusion, however,
with inconsistent results. Specifically, one meta-analysis [54] stated no
benefit from emergency stenting in parameters such as successful
revascularization (TICI>2b), clinical outcome (mRS<2) or 90-day
mortality, unlike the others, in which, it was defined that acute stent
placement seems to be associated with higher odds of successful reper-
fusion and good functional outcome than no-stenting in patients with
acute ischemic stroke due to tandem occlusion®>°%°%%6 with good
safety outcomes, highlighted by the absence of statistically significant
differences, between stenting and no-stenting group, in sICH rates, re-
ported to range from 4% to 9%, as demonstrated in other studies, and
mortality.

Most of the evidence related to tandem occlusions comes from the
TITAN registry [58], a retrospective analysis of consecutive patients
presenting to 18 comprehensive stroke centers with AIS due to tandem
lesion of the anterior circulation who underwent MT. In this large
multicenter retrospective cases-series a total of 395 patients were
included. Successful reperfusion, expressed in terms of modified
thrombolysis in cerebral infarction score 2b-3 was achieved in 79.4%
while, at 90 days, 53.4% achieved a good outcome, expressed in terms of
modified Rankin Scale score 0-2; intravenous thrombolysis and emer-
gent carotid artery stenting were predictors of a successful reperfusion,
as independently associated with the latter while, lower age, absence of
hypercholesterolemia, lower NIHSS scores, ASPECT Score >7 and
proximal middle cerebral artery occlusion independently predicted a
good 90-day outcome [59,60], suggesting that patients treated with
acute antiplatelet medications and stenting have more favorable out-
comes than patients treated with angioplasty alone or those with no
acute ICA intervention [61].

Better results came from analysis of data of STRATIS registry [62], a
prospective, nonrandomized study of patients undergoing mechanical
thrombectomy with the Solitaire device. Of 147,/984 (14.9%) patients
with tandem lesions treated, stenting of the extracranial lesion during
thrombectomy was performed in 80 patients and withheld in 67 pa-
tients. Good outcomes, expressed in terms of modified Rankin Scale, 0-2
at 90 days were higher in the stenting group with no difference in
mortality or symptomatic hemorrhage [63]. However, patients in the
stenting group had lower baseline NIHSS scores, shorter onset to arterial
puncture time and lower rates of atrial fibrillation compared to the
non-stenting group, although after adjustment for covariates, stenting
continued to be associated with superior outcomes. Clearly, observa-
tional and non-randomized design from STRATIS studies has known
methodological shortcomings and could have led to bias.

The Endovascular Acute Stroke Intervention (EASI ClinicalTrials.
gov: Identifier NCT02157532) trial was the first single-center random-
ized care trial trying to randomly allocate patients with tandem lesions
[64]. In this trial, performed before the MR CLEAN results, patients were
randomized to BMT alone versus BMT with EVT, and patients allocated
to EVT with TL underwent a second randomization, allocating them to
acute stent placement or not. Randomized allocation was interrupted
when other trials showed the benefits of endovascular therapy [65].
Despite this, the importance of the data obtained was still high, because
it allowed the development of a further trial, the Endovascular Acute
Stroke Intervention-Tandem Occlusion (EASI-TOC) trial (ClinicalTrials.
gov: Identifier NCT04261478), a phase III multi-centre, prospective,
randomized, open-label, blinded endpoint (PROBE) controlled trial,
with 458 patients enrolled and randomized (1:1) to undergo acute ICA
stenting during the thrombectomy procedure (either before or after
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intracranial thrombectomy, at the discretion of the treating physician)
or to intracranial thrombectomy alone without ICA stenting. The trial
will seek to determine if in patients undergoing acute intracranial
thrombectomy for anterior circulation stroke with concurrent ipsilateral
symptomatic high-grade (>70%) atherosclerotic stenosis or occlusion of
the extracranial ICA, endovascular ICA revascularization with stenting is
superior to intracranial thrombectomy alone with regards to functional
outcome at 90 days (measured using the Modified Rankin Scale).

Simultaneously to EASI-TOC, also Intracranial Thrombectomy and
Extracranial Carotid Stenting Versus Intracranial Thrombectomy Alone
In Acute Anterior Circulation Strokes With TANdem Occlusion: the
Randomized Controlled TITAN Trial [66] (ClinicalTrials.gov: Identifier
NCT03978988), an investigator-initiated, multicenter, prospective,
randomized, open-label, blinded-endpoint (PROBE) study, with 432
patients enrolled and randomized after tandem occlusion confirmation
on angiogram, will try to compare the two types of treatment in patients
with acute ischemic stroke due to anterior circulation tandem occlusion,
especially assessing the safety and efficacy of emergent internal carotid
artery stenting associated with at least one antiplatelet therapy in the
acute phase of stroke reperfusion.

In this context, only data of these two randomized-controlled trials
will help to identify the best therapeutic strategy for patients with tan-
dem occlusions. In absence of these results, at the date, only data from
observational studies can suggest the optimal management of patients
with AIS due to TLs, with all implications related to lack of consensus.

3.2. Anterograde vs Retrograde approach

Two endovascular approaches are commonly used in the manage-
ment of patients with tandem occlusions [67,68] (TAB. 3). According to
the sequence of extracranial or intracranial lesions addressed, the
treatment strategies are classified as the anterograde approach and
retrograde approach. Tailored evidence for the optimal treatment order
between antegrade and retrograde approaches remains inconsistent
among studies, as both the approaches have innate advantages and
disadvantages; in fact, some studies have shown comparable results
between the two approaches [69,70,75,771, while, in other studies a
better outcome of the anterograde [74] or retrograde [68,71-73,76]
approach have been shown. In patients from the TITAN cohort, the order
of treatment of intracranial occlusion or cervical occlusion led to a
similar rate of successful reperfusion [61], with faster time from punc-
ture to reperfusion in the retrograde approach group but with similar
clinical outcomes. Anterograde approach provides a proximal-to-distal
recanalization, with angioplasty and/or stenting of the cervical lesion
first, followed by intracranial thrombectomy. The main advantage of the
anterograde approach is related to the restored blood-flow, with
increased likelihood of successful distal recanalization due to the in-
crease blood-flow in non-occluded arteries from collaterals, preventing
possible recurrent occlusion of intracranial distal vessels due to
slow-flow. Furthermore, another advantage of the anterograde tech-
nique is the improved accessibility of intracranial lesions for EVT, with
presumable low risk of vessel dissection or perforation because of
non-blind navigation of the ICA with the microwire and microcatheter;
also, it is possible to work with “flow arrest” by simply advance the
balloon guide catheter. The most important disadvantage of the ante-
grade approach is that, treating cervical-ICA first, might increase the
time for intracranial recanalization, which might lead to an increased
infarct volume [73]. Mechanical thrombectomy device can be entrapped
within the carotid stent, a potential complication that can be prevented
by advancing the occlusion balloon or sheath distal to the carotid stent.

The retrograde approach provides a distal-to-proximal recanaliza-
tion, with treatment of the intracranial occlusion with mechanical
thrombectomy first, followed by treatment of the cervical ICA occlusion.
Advantages to the retrograde technique are clearly related to shorter
intracranial recanalization time, in order to limit the size of the cerebral
infarction [78], and avoidance of potential snagging of the
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stent-retriever in the struts of an already-deployed cervical-ICA stent
[73]. The major disadvantage of the retrograde approach is that treat-
ment may provoke distal embolization of the intracranial thrombus
[79], an important complication that, however, can also be observed
with the anterograde approach, as shown by results of some studies that
highlight an higher rate of distal embolism in this latter, probably
related to the restoration of blood-flow and the augmented pressure on
the intracranial thrombus, which may lead to a clot fragmentation
distally in new territories, worsening outcome of the patients [80].

Due to distal embolization risk related to both approaches, balloon
angioplasty and carotid stent placement could be performed utilizing
distal or proximal protection. Data concerning efficacy and safety of
embolic protection devices in non-acute carotid artery stenting for pri-
mary and secondary stroke prevention proved that use of an embolic
protection device is independently associated with lower in-hospital risk
for stroke or death, major stroke or death, and stroke [81]; however,
data concerning benefit of embolic protection devices during acute ICA
intervention are scarce, regarding only single-center non-randomized
studies [82,83], with relatively small sample size and single
case-reports. At the date, considering urgency of mechanical throm-
bectomy for stroke, embolic protection devices are rarely used.

Concerning the safety profile between anterograde and retrograde
approaches, many studies have highlighted no significative statistical
differences in terms of symptomatic hemorrhage, 90-day independence,
or mortality [57,68,84], with a slight lower incidence of periprocedural
complications with the retrograde approach.

The optimal technical approach still needs clarification in prospec-
tive studies with meticulous design, however it is unquestionable that in
AIS due to tandem occlusions, distal vascular revascularization is more
important than the proximal lesion treatment; early reperfusion
shortens the ischemic duration and could bring more beneficial for poor
leptomeningeal collateral circulation in the acute phase of stroke,
leading to theoretical better clinical outcomes for patients with TLs. For
these reasons, to date, the retrograde approach is the one of choice in
many centers; however, must be kept in mind that in some cases the
retrograde approach is not feasible, due to high-grade stenosis and the
anterograde approach seems to be the only choice.

3.3. Deferred ICA intervention

Deferred ICA intervention refers to a staged approach, in which CAS
or endarterectomy, for carotid recanalization, are usually performed a
few days after intracranial EVT and represents an additional treatment
option. During the acute stage, cervical-ICA lesion is treated with only
balloon angioplasty, in order gain access to intracranial vessels. Few
data are available regarding delayed ICA revascularization. In the
ESCAPE trial [3], among the 30 intervention-arm subjects, 17 (57%)
underwent emergency endovascular treatment of the extracranial dis-
ease. Of the remaining 13 subjects, only four required staged carotid
revascularizations due to persistent severe carotid stenosis. Recent
studies [85,86] tried to assess the efficacy of balloon
angioplasty-assisted mechanical thrombectomy without urgent stenting
in the carotid artery, with promising results in terms of successful
recanalization, good clinical outcomes and sICH. According to these
results and these studies, staged approach could be considered a safer
approach for the endovascular treatment of tandem occlusions, espe-
cially in patients with specifically clinical and radiological findings, such
as dissection etiology, high bleeding risk, low ASPECT, and incomplete
or absent intracranial recanalization (mTICI 0-1)avoiding futile stenting
and occurrence of hemorrhagic complications [15]; however, due to the
design of these studies, retrospective single-center studies,
non-randomized and with a relatively small number of cases, none of the
evidence can be considered definitive.
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3.4. Medical treatment of tandem occlusion

The initial step in the treatment of tandem occlusions is often the
administration of thrombolytic medications, such as tissue plasminogen
activator (tPA), which help dissolve blood clots and restore blood flow.
The benefit of intravenous thrombolysis (IVT) in tandem occlusion is
debatable [87] because of the large clot burden and the potential need
for periprocedural antiplatelet therapy in cases of acute carotid artery
stenting, with only 20% of patients have a good clinical outcome after
IVT [4]; also, intra-arterial treatment in TOs seems to be related to low
efficacy due to length of thrombus [88]. A recent study found that
among patients with tandem lesions, favorable outcomes observed in
rt-PA-treated patients had no statistically significant difference to those
observed in untreated patient [89]; however, it’s important to note that
IVT is an added value in EVT-treated patients with tandem occlusion and
improves early outcome, as highlighted by several studies. TITAN and
ETIS investigators found that IVT+EVT group had higher odds of
favorable outcome, excellent outcome (90-day mRS score 0-1), and
successful reperfusion (express in terms of mTICI), compared to EVT
group [90], with no statistical significative difference in the risk of
significant hemorrhagic complications between groups [91]. IVT may
serve as an adjunct for EVT by altering clot properties and thus aiding
mechanical recanalization but also may dissolve harder-to-reach clots
and additional microemboli.

The medical treatment of tandem occlusions tends to differ according
to the placement or not of a carotid stent in the acute phase. Acute stent
placement is usually associated to antithrombotic medication, to avoid
stent thrombosis, which occurs in around 2% of patients and negatively
impacts neurological outcomes [92]. The need to prevent intra-stent
thrombosis collides with the need to prevent the symptomatic hemor-
rhagic transformation of the infarcted brain tissue, which occurs in
about 10% of patients with TOs and significantly worsens the functional
outcome [56-92]. Antithrombotic treatment during stent acute place-
ment should increase the risk of sICH, due to the coagulopathy caused by
thrombolysis and to the disruption of the blood-brain barrier [93]
(TAB.3). In this context, also prior IVT may have a role in increasing risk
of sSICH. Recent literature data document how IVT in patients pretreated
with Acetylsalicylic acid, who do not undergo EVT, is associated to a low
but statically significantly elevated risk of sICH, with no effect on clin-
ical outcome [94] and should not be given within 24 h after IVT. Similar
results also emerged in patients with double antiplatelet therapy [95].
Despite this, things are different; indeed, as mentioned above, not only
bridging therapy (IVT+EVT) in patients with acute ischemic stroke due
to anterior tandem occlusion is safe and may improve functional
outcome, but even in patients treated with acute carotid artery stenting,
bridging therapy is associated with higher odds of favorable outcome
and lower odds of mortality at 90 days [58,59], without an increased
incidence of sICH [20], although, on this last point, data in literature
lack of consensus®-6-%7,

Current data available from literature couldn’t give a clear answer as
to what is antithrombotic treatment that appears to be superior for pa-
tients with TOs undergoing acute stent placement, with or without prior
IVT. Several antithrombotic treatments have been proposed, including
No antiplatelets, single antiplatelet treatment with administration of
aspirin alone, with a stent occlusion rate within 7 days of 10.3% [71],
dual antiplatelets therapy (DAPT) with a combination of aspirin and
clopidogrel. DAPT is the most used antithrombotic treatment in many
studies, albeit in different ways, with a marginal benefit on good func-
tional outcome and carotid stent patency without a significant increase
in risk of sICH [98]. Some studies have reported use of an IV loading
dose of aspirin (250-500 mg) with a loading dose of clopidogrel
(300 mg), which can be given immediately, without prior IVT [68-77]
or 24 h later, after a postprocedural follow-up CT scan excludes hem-
orrhage [25-99], followed by DAPT for 3 months. In other studies pa-
tients received aspirin (100 mg) and clopidogrel (75 mg) 24 h after
carotid stent placement [100]. In some cases, a different approach has
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also been proposed, using more aggressive antithrombotic therapy, with
aspirin clopidogrel and abciximab, basing on results of SAMPRISS trial
[101], but off 13 patients receiving an intravenous loading dose of
abciximab during the procedure, 4/13 had SICH (31%), compared with
1/10 (10%) of those who did not, with the incidence of SICH that seems
to be associated with the use of abciximab and advanced patient age
[102]. In this context, promising results regarding the use of eptifibatide
have emerged from small case series, after that a retrospective analysis
of the cohorts of the 16 comprehensive stroke centers documented that
Glycoprotein IIb/Illa inhibitor was significantly associated with stent
patency but not with symptomatic intracranial hemorrhage [103]. Low
dose of eptifibatide administered during treatment of tandem occlu-
sions, overlapped with DAPT, seems not only to be safe in tandem oc-
clusions [104] (symptomatic intracranial hemorrhage, 2%) but also
feasible with good recanalization rates and low risk of stent occlusion
[105]. Literature data relating to the use of new antiplatelet agents, such
as ticagrelor and cangrelor, are scarce, consequently their use cannot be
recommended [106,107]; however, it is known that patients may
demonstrate a so-called high on-treatment platelet reactivity with clo-
pidogrel, also acknowledged as resistance or nonresponsiveness to
therapy. In this context, DAPT with aspirin/ticragrelor could be a valid
alternative. Further results about the use of ticagrelor in carotid artery
stenting may emerge from the PRECISE-MRI trial (ClinicalTrials.gov
Identifier: NCT02677545).

Some studies also tried to investigate the impact of heparin, used
during endovascular therapy of tandem occlusions, on the functional
and safety outcomes, with conflicting results. Analysis from TITAN
Registry [108] found periprocedural heparin was not associated with
better functional, angiographic or safety outcomes, while analysis of the
TREVO 2 trial showed that the use of heparin was independently asso-
ciated with good functional outcome [109]. In this context, the role of
the MR-CLEAN MED [110] trial for evaluation of safety and efficacy of
aspirin and unfractionated heparin appears decisive, stating that peri-
procedural intravenous aspirin and unfractionated heparin during
endovascular stroke treatment is associated with an increased risk of
symptomatic intracranial haemorrhage without evidence for a benefi-
cial effect on functional outcome [111].

Medical treatment of non-acute ICA stent placement looks more
uniform, given the results that have also emerged from various studies
and trials [112]; because of this, DAPT is now considered to be the norm
during the perioperative period for CAS, as associated with a lower
ischemic complications and lower hemorrhagic complications than
anticoagulant therapy [113]. DAPT should be orally administered for at
least 4 days prior to the operation, and, postoperatively, clopidogrel
should be continued for at least 30 days, and aspirin should be continued
for at least 12 months, often the rest of the life, considering the patient’s
clinical condition.

3.5. Coil occlusion and other treatment options

Other treatment options have been performed infrequently in the
past and, consequently, data on their use are sparse. The most relevant of
these treatments is without any doubt permanent occlusion of cervical
carotid artery with coils, performed in order to prevent early embolic
recurrence in patients with cervical-ICA occlusion associated to an
intraluminal thrombus, especially in patients with good collateral flow is
provided via the circle of Willis. Labeyrie et al. [114] was the first to
report this approach, together with others five approaches to manage
the cervical occlusion in 49 patients with TL (14% of MT): medical
treatment alone in 16/64 (25%), stenting/angioplasty in 16/64 (25%),
occlusion with coils in 12/64 (19%), angioplasty alone in 9/64 (14%),
stent retriever in 8/64 (12%), and/or thromboaspiration in 3/64 (5%).
Occlusion with coils had a lower rate of radiological intracranial hem-
orrhage at 48-hour compared to other approaches with similar rates of
favorable outcome and mortality at 90-days; however, duo to several
limitiations of the study, first the small size of the sample, no high-grade
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recommendation can be made.

The same study also suggests, in patients with persistent cervical-ICA
occlusion, to leave the latter untreated, with medical treatment which
alone may be sufficient when no cervical intraluminal thrombus is
present, the Willis polygon is effective, and the cervical occlusion can be
crossed easily to perform the intracranial thrombectomy.

Emergent Carotid Endarterectomy following mechanical thrombec-
tomy, a treatment option based on results of a recent comparative study
between the latter and carotid artery stenting [115], has, to date, a
marginal role in the treatment of tandem occlusions, but it could
eventually have a rationale in the rare circumstance of being unable to
cross the cervical occlusion during management of acute ischemic stroke
with tandem occlusion.Tables 1-3.

4. Conclusion

Acute ischemic stroke due to tandem lesions accounts for about
15-25% of all LVO strokes. Despite the recent randomized controlled
trials demonstrating effectiveness of MT in AIS, there is still a lack of

Table 1
Diagram summarizing the main advantages and disadvantages of acute stent
placement vs PTA alone.

Advantages of Disadvantages of
acute ICA acute ICA
stenting stenting
. .
| | Lowrisk of || High thrombotic
stroke recurrence risk
— —
. .
|| Promotes lysis of || High risk of stent
clot occlusion
- —
.
Require
Recovery Of. immediate
— haemodynamic — . .
. antithrombotic
alterations
treatment
O
Advantages of Disadvantages of
PTA alone PTA alone
. .
Low risk of . .
! artery-to-artery High risk of
o stroke recurrence
embolization
— -—
. .
Antlthrom_botlc High risk of
— treatment in an — .
. . reocclusion
elective regimen
— -—
.
— Low risk of ICH
-
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Table 2
Suggested algorithm for investigation and management of Tandem lesions.
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Clinical suspicion of

stroke

of TL

NCCT+AngioCT to
confirme diagnosis

MT for intracranial
revascularization

PTA alone, usually

with
thromboaspiration

PTA+Stenting

Deferred ICA
stenting

Endarterectomy

Antegrade
approache

Necessary

Retrograde

antithrombotic
approach

treatment

DAPT for at least 4
days prior
intervention

consensus, due to research gap, about management of tandem occlu-
sions. There are some evidences in favor of EVT with acute stent
placement of the cervical ICA, while, other results suggest that balloon
angioplasty technique without acute stenting could have a comparably
favorable outcome rate. Furthermore, the optimal anticoagulation and
antiplatelet regimen has not been established. Because of this, only re-
sults of randomized controlled trials, comparing the long-term outcome
of a stenting cohort to a non-stenting cohort following successful
reperfusion, will be the key to clarify the best treatment strategy for this
group patients.
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Table 3
Diagram summarizing the main advantages and disadvantages of antegrade and
retrograde approach.

Advantages of antegrade approach

¢ Increased distal recanalization
 Avoid recurrent distal occlusion due to slow-flow
¢ Low risk of dissection

Disadvantages of antegrade approach

¢ Increased time for recanalization
« Possible increase infarct volume
* Entrapment within carotid stent

Advantages of retrograde approach

» Shorter intracranial recanalization time

* Avoid snagging of stent-retriever

Disadvantages of retrograde approach

« Distal embolization
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