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Abstract
Introduction Despite intravenous thrombolysis (IVT) and endovascular treatment (EVT) have been demonstrated effective in
acute ischemic stroke (AIS) due to large vessel occlusions, there are still no conclusive data to guide treatment in stroke due to
cervical internal carotid artery (ICA) occlusion. We systematically reviewed available literature to compare IVT, EVT, and
bridging (IVT + EVT) and define optimal treatment.
Methods Systematic review followed predefined protocol (Open-Science-Framework osf.io/bfykj). MEDLINE, EMBASE, and
Cochrane CENTRALwere searched. Results were restricted to studies in English, with sample size ≥ 10 and follow-up ≥30 days.
Primary outcomes were favorable outcome (mRS ≤ 2), mortality, and symptomatic intracerebral hemorrhage(sICH), defined
according to study original report. Newcastle-Ottawa scale was used for bias assessment.
Results Seven records of 930 screened were included in meta-analysis. Quality of studies was low-to-fair in 5, good in 2. IVT (n
= 450) did not differ for favorable outcome and mortality compared to EVT (n = 150), though having lower rate of sICH (OR =
0.4, 95% CI 0.2–0.8). Compared to IVT, bridging (IVT + EVT) was associated with higher rate of favorable outcome (OR = 2.2,
95% CI 1.3–3.7). Compared to EVT, bridging (IVT + EVT) provided higher rate of favorable outcome (OR = 1.9, 95% CI 1.1–
3.4), with a marginally increased risk of sICH (OR = 2.1, 95% CI 1–4.4) but similar mortality rates.
Conclusions Our systematic review highlights that, in acute ischemic stroke associated with isolated cervical ICA occlusion,
bridging (IVT + EVT) might lead to higher rate of functional independence at follow-up, without increasing mortality. The low
quality of available studies prevents from drawing firm conclusions, and randomized-controlled clinical trials are critically
needed to define optimal treatment in this AIS subgroup.
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Introduction

Intravenous thrombolysis (IVT) with recombinant tissue plas-
minogen activator (rtPA) is approved as a first-line treatment
for acute ischemic stroke within appropriate time-frame [1]. In
recent years, a bulk of literature has accumulated supporting
the effectiveness and safety of endovascular treatment (EVT),
which has therefore been implemented in current guidelines as
bridging (IVT + EVT) or as direct intervention [1].

Previous randomized-controlled clinical trials (RCTs) and
observational studies have highlighted differences in the ef-
fectiveness of reperfusion strategies depending on occlusion
site [2–4]. In particular, strokes due to acute internal carotid
artery (ICA) occlusion are associated with poor prognosis [3,
4]. Occlusion of extracranial ICA has very low recanalization
rates, so that poor benefit from IVT alone has been postulated
[3, 5]. A previous systematic review highlighted that EVT
might provide higher rates of favorable outcome, though as-
sociating with significantly higher risk of symptomatic intra-
cerebral hemorrhage (sICH) [4]. However, results were de-
rived from studies with interventions mostly limited to what
nowadays is considered a restricted time-window. Moreover,
data from studies using IVT before EVT were pooled in EVT
group, and ICA site of occlusion varied from cervical to ter-
minal or tandem [4], preventing from drawing meaningful
conclusions on the optimal reperfusion strategy.

To date, no completed RCTs exist addressing the specific
question of the optimal reperfusion treatment in stroke due to
extracranial ICA occlusion. Moreover, despite a vast
amount of literature produced on stroke due to large
vessel occlusions [6], there are still no conclusive clin-
ical data to guide best treatment approach in extracranial
ICA occlusion-related stroke.

Here we provide a systematic analysis of published studies
to define clinical outcomes in patients stroke due to occlusion
extracranial ICA treated with IVT, EVT, or bridging therapy.

Methods

Search strategy and selection criteria of the
systematic review

Systematic review followed PRISMA guidelines and protocol
registered with Open Science Framework (osf.io/bfykj).
MEDLINE, EMBASE, and Cochrane Central Register for
Controlled Trials (CENTRAL) were searched up to
March 04, 2020 for studies reporting on treatment of acute
ischemic stroke due to occlusion of extracranial ICA. Search

string included combination of the following terms: (i)
“stroke” OR “cerebrovascular diseas*”; (ii) “tissue plasmino-
gen activator” OR “thromboly*” OR “rtPA” OR “alteplase”
OR “tenecteplase”; (iii) “endovascular procedure*” OR
“endovascular treatment” OR “thrombectomy” OR “aspira-
tion” OR “retrieval”; (iv) “internal carotid artery” OR “prox-
imal carotid” OR “extracranial carotid” OR “cervical carotid”
(“*” as catch-term). We restricted results to studies with iso-
lated extracranial ICA occlusion documented by ultrasound
(US), computed tomographic angiography (CTA), magnetic
resonance angiography (MRA) or digital subtraction angiog-
raphy (DSA), and with sample size of treated patients ≥ 10 and
follow-up of at least 30 days in order to minimize anecdotal
report-related bias [4]. Only studies in English were included.
Two researchers independently carried out the search and
identified eligible studies. Controversies were resolved by
the senior author.

Data extraction, bias assessment, and defined
outcomes

Two authors extracted data from eligible papers, including
design, setting, sample size, reperfusion strategy (IVT, EVT,
or IVT + EVT). For studies published more than once (i.e.,
duplicates) and with multiple time-points, we included only
the report with the most informative and complete data.
Outcomes were (i) favorable outcome, according to study
original definition, (ii) mortality, and (iii) sICH. For included
studies, successful reperfusion according to in-study defini-
tion was extracted as secondary outcome. When specific def-
inition of sICH was not available, we considered as sICH (i)
hemorrhages associated with decline in neurological status
and (ii) parenchymal hematomas. Studies were excluded from
respective analysis if they did not provide data on clinical
outcomes predefined. Studies reporting outcomes at < 30 days
were excluded. Three groups of reperfusion strategies were
defined (IVT, EVT, or IVT + EVT), with clinical outcomes
extracted and attributed according to study reports. Cochrane
risk of bias tools and Newcastle-Ottawa Scale (NOS) were
used for bias assessment depending on study design [7]. A
follow-up of at least 30 days was pre-requisite for study in-
clusion and therefore defined as a reasonable timing for
assessing clinical outcomes in the respective NOS item [7].

Statistical analysis

Outcome distribution is displayed as binary variable across
reperfusion strategies, with count and percentages. Chi-
square test was used to compare prevalence of primary and
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secondary outcomes depending on reperfusion strategy. Odds
ratio (OR) were used to provide estimate of each treatment
effect on predefined outcome vs other treatment paradigms,
with logistic function implemented to calculate 95% confi-
dence intervals and p- alue, set as < 0.05 for significance.
Heterogeneity was tested and quantified according to Q-
statistics [8]. Outcome rates were meta-analyzed via
random-effect modeling due to substantial heterogeneity in
study design, treatment, and time-windows. Meta-regression
analysis was programmed to evaluate age, NIHSS, onset-to-
needle, and onset-to-reperfusion timing. Statistical analysis
was performed with R-v3.3.1.

Results

Overall, 165 records were screened (Fig. 1). After exclusion of
reports not providing data on isolated extracranial ICA occlu-
sion or outcome (Supplemental material - Table I), 7 studies
were retrieved and included and qualitative and quantitative
synthesis (Fig. 1).[2, 3, 9–13]. All studies were observational

in nature, 5 of them with retrospective [9–13] and 2 with
multicenter prospective design [2, 3]. None of the studies
was randomized or controlled, and treatment-provided follow-
ed guidelines available at that moment as well as stroke phy-
sician decisions. Bias assessment with NOS highlighted good
quality for only 2 studies [2, 3], the remaining having low to
fair quality (Supplemental material – Table II). Three studies
reported on IVT only [2, 11, 13], while 4 studies reported on
multiple reperfusion strategies [3, 9, 10, 12].

Six studies provided data for IVT in acute ischemic stroke
due to isolated extracranial ICA occlusion (n = 410) [2, 3,
9–11, 13]. All studies used rtPA for the treatment protocol,
except for 1 study which also included patients receiving sys-
temic urokinase [9]. Favorable outcome was defined as mod-
ified Rankin Scale (mRS) 0–2 at follow-up (ranging 1 to 3
months), except from one study which used more stringent
definition (mRS 0–1) [13]. Pooling data, favorable outcome
was reported in 28% (n = 115) after IVT, with sICH happen-
ing in 6.1% (n = 25), and mortality rate of 25.1% (n = 103).
Similar proportions were confirmed by meta-analysis, with
high heterogeneity for mortality (I2 = 65%, pheterogeneity =
0.22) and low heterogeneity for functional outcome and

Fig. 1 Study selection flow
diagram
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sICH (Supplemental material – Figure I). Secondary outcome
had inconsistent definition across studies, and highly variable
rates of successful recanalization were reported, with pooled
estimate of 14.6% (Table 1).

Three studies provided data for EVT in acute ischemic
stroke due to isolated cervical ICA occlusion (n = 150) [3, 9,
12]. EVT highly varied, including IA rtPA, thrombectomy,
aspiration, stenting, and angioplasty. Data on clinical out-
comes were provided by two studies only (n = 145), with
favorable outcome (mRS 0–2) reported in 31% (n = 45).
sICH rate was 13.8% (n = 20), and mortality 23.4% (n =
34). Similar proportions were confirmed by meta-analysis,
with high heterogeneity for mortality (I2 = 86%, pheterogeneity
< 0.01) and low heterogeneity for functional outcome and
sICH (Supplemental material – Figure II). Secondary outcome
had inconsistent definition on the two studies reporting recan-
alization rate, with estimate of 46.2% (Table 2).

Three studies provided data for bridging treatment (IVT +
EVT) (n = 62) [3, 10, 12]. Data on clinical outcomes were
provided by two studies only (n = 56) [3, 10], with favorable
outcome (mRS 0–2) reported in 46.4% (n = 26), sICH in 25%
(n = 14), and mortality in 19.6% (n = 11). Similar proportions
were confirmed by meta-analysis, with low heterogeneity
(Supplemental material – Figure III). Secondary outcome
was inconsistently reported, with estimate of 94.4% (Table 3).

Comparing pooled estimates of primary and secondary out-
comes depending on reperfusion strategy (Table 4), IVT did not
differ for favorable outcome, mortality, and successful recanali-
zation compared to EVT, though having lower rate of sICH (OR
0.4, 95% CI 0.2–0.8). Compared to IVT, bridging (IVT + EVT)
was associated with higher rate of favorable outcome (OR 2.2,
95% CI 1.3–3.7) and sICH (OR 5.1, 95% CI 2.5–10.5), though
not impacting onmortality (OR 0.7, 95%CI 0.4–1.4). Compared
to EVT, bridging (IVT + EVT) provided higher rate of favorable
outcome (OR 1.9, 95%CI 1.1–3.4) and successful recanalization
(OR 19.8, 95% CI 7.7–51.4), with a marginally increased risk of
sICH (OR 2.1, 95% CI 1–4.4) but similar mortality rates
(Table 4). Compared to IVT alone, any EVT (EVT or IVT +
EVT) (n = 201) resulted in marginally more frequent favorable
outcome (OR 1.4, 95% CI 1.0–2.0) and higher successful recan-
alization rates (OR 2.5, 95% CI 1.4–4.3), though increasing
sICH (OR 3.1, 95% CI 1.8–5.4) (Table 4). Similar results were
obtained comparing pooled estimates from random-effect meta-
analysis (Supplemental material – Table III), which were partial-
ly limited by heterogeneity, sample size, and reporting biases
(Supplemental material, Figures I–IV). Number of studies in-
cluded (< 10) precluded meta-regression analysis.

Discussion

Our analysis suggests that a bridging approach to stroke
caused by acute isolated cervical ICA occlusion might conferTa
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higher rates of favorable outcomes compared to IVT or EVT
alone. However, this comes at the cost of a higher risk of
sICH, though not impacting on mortality. IVT or EVT yielded
similar efficacy outcomes, but EVTwas related to higher odds
of symptomatic intracranial bleeding.

Our results add to the available literature and refine find-
ings from previous reports on reperfusion strategies in large
vessel occlusion. Higher rates of reperfusion and improve-
ment in functional outcome have been reported with bridging
treatment compared to IVT alone [6, 14–18]. However, there
is still vast debate on the role of IVT before EVT on large
vessel occlusion, with a reverberating hypothesis of a poten-
tial hazard with IVT as opposed to a 10% chance of recanali-
zation with IVT only [6, 19]. Isolated cervical ICA occlusion
has been to some extent neglected by RCTs and large-scale
studies, with the bulk of the literature addressing, as large
vessels, distal ICA, tandem occlusion, and proximal middle
cerebral artery segments [6, 19]. Therefore, the optimal man-
agement of acute stroke due to cervical ICA occlusion remains
elusive. A previous systematic review on ICA occlusion sug-
gested a possible benefit of EVT over IVT in terms of func-
tional outcome [4]. However, all studies addressing ICA oc-
clusion were pooled together, with consistent variations on
occlusion site (cervical, terminus, intracranial) and differences

in concomitant intracranial vessel occlusion (tandem), and
EVT treatment data were derived merging bridging and
EVT alone, therefore limiting the clinical implications of the
results [4]. Our results, deriving from a systematic reviewwith
predefined protocol and stringent inclusion criteria, highlight
that, when facing isolated cervical ICA occlusion, bridging
with IVT + EVT might improve functional outcome. Such
treatment approach is further supported by the fact that a slight
increase in sICH compared to IVT does not lead to higher
mortality, possibly suggesting that EVT after IVT adds to
the chances of recovery without impacting survival.

However, the results of our systematic review need to be
considered in the light of several limitations. First, the quality
of studies included is generally low, and prevents from draw-
ing firm conclusions on the optimal reperfusion strategy in
patients with stroke due to isolated cervical ICA occlusion.
Given current guidelines, supporting the use of bridging in
large vessel occlusion within appropriate timing, it would be
reasonable to explore if differences in functional outcome can
be confirmed comparing direct EVT vs bridging treatment in
an ad-hoc designed trial. Unfortunately, even latest trials (e.g.,
DIRECT-MT [20]) did not include patients with isolated cer-
vical occlusion. Given an absolute difference in good func-
tional outcome of 15.4%, we anticipate that a total sample size

Table 4 Comparison of
outcomes depending on
reperfusion strategy

EVT

n (%)

IVT

n (%)

OR (95% CI) p value

Favorable outcome 45 (31%) 115 (28%) 1.2 (0.8–1.7) 0.4953

Mortality 34 (23.4%) 103 (25.1%) 0.9 (0.6–1.4) 0.6879

sICH 20 (13.8%) 25 (6.1%) 2.5 (1.3–4.6) 0.0045

Successful recanalization 12 (46.2%) 60 (43.8%) 1.1 (0.5–2.3) 0.8244

IVT + EVT

n (%)

IVT

n (%)

OR (95% CI) p value

Favorable outcome 26 (46.4%) 115 (28%) 2.2 (1.3–3.7) 0.0058

Mortality 11 (19.6%) 103 (25.1%) 0.7 (0.4–1.4) 0.3725

sICH 14 (25%) 25 (6.1%) 5.1 (2.5–10.5) < 0.0001

Successful recanalization 17 (94.4%) 60 (43.8%) 21.8 (10.5–45.2) 0.0031

IVT + EVT

n (%)

EVT

n (%)

OR (95% CI) p value

Favorable outcome 26 (46.4%) 45 (31%) 1.9 (1.1–3.4) 0.0421

Mortality 11 (19.6%) 34 (23.4%) 0.8 (0.4–1.7) 0.5623

sICH 14 (25%) 20 (13.8%) 2.1 (1–4.4) 0.0608

Successful recanalization 17 (94.4%) 12 (46.2%) 19.8 (7.7–51.4) 0.0067

All EVT*

n (%)

IVT

n (%)

OR (95% CI) p value

Favorable outcome 71 (35.3%) 115 (28%) 1.4 (1–2) 0.067

Mortality 45 (22.4%) 103 (25.1%) 0.9 (0.6–1.3) 0.459

sICH 34 (16.9%) 25 (6.1%) 3.1 (1.8–5.4) < 0.0001

Successful recanalization 29 (65.9%) 60 (43.8%) 2.5 (1.4–4.3) 0.012

*Includes IVT + EVT and EVT without prior IVT; CI, confidence interval; EVT, endovascular treatment; IVT,
intravenous; OR, odds ratio; sICH, symptomatic intracerebral hemorrhage
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of 312 patients with acute ischemic stroke due to isolated
cervical ICA occlusion allocated 1:1 in equal groups would
yield a power of 80% to detect a significant (p < 0.05) im-
provement in favorable outcome, defined as mRS 0–2 at 3
months. As a second limitation of the study, several factors
might have influenced the benefit of each treatment approach.
Indeed, studies slightly differed in terms of age, NIHSS score
at admission, and treatment timing. In this study, we were
unable to adjust for such potential bias with meta-regression
due to the small number of available papers. However, it is
reasonable to hypothesize that the earlier the treatment the
higher the benefit, as cervical ICA occlusion might associate
with broad hemispheric penumbra. To this extent, the higher
rates of functional outcomes in studies with 3–4.5 h treatment
time window vs those with longer timing [9] seems to corrob-
orate the hypothesis, although the need for RCTs on this pop-
ulation remains crystal-clear. Third, we did not include surgi-
cal approach, such as embolectomy or endarterectomy ap-
proach, in the hyperacute setting of isolated cervical carotid
artery occlusion. However, reports on such approach are rath-
er isolated, and need refinement through observational and
randomized studies. As a fourth limitation, EVT technique
highly varied across studies, and has definitely expanded in
the last decade. Therefore, we might suppose that sICH could
have been overestimated, given the use of IA thrombolytics,
and that, with development of more effective devices, direct
EVT could provide even higher rates of recanalization and
lower risk of bleeding within narrow onset-to-
intervention windows. Fifth, only few studies provided
data on isolated cervical ICA occlusion treatment, no
mRS shift analysis was available to interpolate data
from different studies, and overall sample size was too
restricted to allow firm generalizability of results. To
this extent, it seems mandatory, in the near future as
well as in the long-term, to promote full data sharing,
even in the form of global repositories or supplementary
material, to help limiting reporting bias. Finally, we
only report unadjusted associations of EVT, IVT and
bridging therapy with safety and efficacy outcomes
due to lack of detailed data.

Conclusion

Overall, our results highlight that, in acute ischemic
stroke associated with isolated cervical ICA occlusion,
compared to IVT or EVT alone, bridging (IVT + EVT)
might lead to higher rate of functional independence at
follow-up, without increasing mortality. The analysis is
limited by quality and numerosity of studies, which
prevented meta-regression analysis. Larger trials are crit-
ically needed to define optimal treatment for patients
with stroke due to isolated cervical ICA occlusion.
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