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Abstract
Objectives To assess the efficacy and safety profile of stent-
retriever thrombectomy (SRT) in acute anterior ischemic
stroke patients with tandem occlusion.
Materials and methods Using the MEDLINE database, we
conducted a systematic review andmeta-analysis of all studies
that included patients with acute ischemic stroke attributable
to tandem occlusion who received treatment with SRT be-
tween November 2010 and May 2015.
Results The literature search identified 11 previous studies in-
volving a total of 237 subjects out of whom 193 (81.4 %) were
treated with acute stent placement for the extracranial internal
carotid artery occlusion. Mean initial NIHSS score was 17, and
median time from onset to recanalization was 283.5 min. Mean
intravenous thrombolysis rate was 63.8%. In themeta-analysis,
the recanalization rate reached 81 % (95 % CI, 73–89). Meta-
analysis of clinical outcomes showed a pooled estimate of 44%
(95 % CI, 33–55; 10 studies) for favourable outcome, 13 %

(95 % CI, 8–20; 10 studies) for mortality, and 7 % (95 % CI,
2–13; eight studies) for symptomatic intracranial haemorrhage.
Conclusion SRT with emergency carotid stenting is associat-
ed with acceptable safety and efficacy in acute anterior stroke
patients with tandem occlusion compared to natural history.
However, the best modality to treat proximal stenosis is based
on an individual case basis.
Key Points
• Stent retriever thrombectomy of tandem occlusion is efficient
and safe.

•Emergent carotid stenting during thrombectomy increase
symptomatic intracranial haemorrhage without impact
mortality.

•Thrombectomy of tandem anterior circulation occlusion may
be the first therapeutic option

Keywords Stent retriever . Stroke . Thrombectomy . Large
vessel occlusion . Anterior circulation

Rotem Sivan-Hoffmann and Benjamin Gory contributed equally to this
work.

* Benjamin Gory
benjamin.gory@chu-lyon.fr

1 FHU IRIS, Department of Interventional Neuroradiology, Hospices
Civils de Lyon, Hôpital Neurologique Pierre Wertheimer, 59
Boulevard Pinel, Bron, France

2 Université Claude Bernard lyon 1, Lyon, France
3 Department of Interventional Neuroradiology, Western Galilee

Hospital, Nahariyya, Israel
4 Hospices Civils de Lyon, Délégation à la Recherche Clinique et à

l’Innovation, Cellule Innovation/UMR-CNRS 5510/MATEIS,
Bron, France

5 Department of Radiology and Clinical Neurosciences, University of
Calgary, Calgary, Alberta, Canada

6 Fédération Hospitalo-Universitaire d’Anesthésie Réanimation
Neurologique, Hôpital Neurologique Pierre Wertheimer,
Bron, France

7 EA PI3 Pathophysiology of injury-induced immunosuppression,
Université Claude Bernard Lyon 1, Lyon, France

8 FHU IRIS, Department of Neurology, Stroke Unit, Hospices Civils
de Lyon, Hôpital Neurologique Pierre Wertheimer, Bron, France

9 Division of Health Sciences, The University of Warwick, Warwick
Medical School, Coventry, England

Eur Radiol (2017) 27:247–254
DOI 10.1007/s00330-016-4338-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-016-4338-y&domain=pdf


Introduction

Acute ischemic strokes due to tandem occlusions of the extra-
cranial internal carotid artery (ICA) and the distal ICA and/or
proximal middle cerebral artery (MCA) are associated with
poor prognosis [1]. Recanalization rate of large vessel occlusion
had been proven to improve significantly using stent retrievers
as opposed to intravenous (IV) thrombolysis in several trials
[2–6], which was the most powerful predictor of favourable
outcome in stroke patients [7]. Since the publications of MR
CLEAN, ESCAPE, EXTEND-IA, SWIFT PRIME, and
REVASCAT, stent-retriever thrombectomy (SRT) is now the
new standard of care in association with IV thrombolysis for
stroke with distal ICA and/or proximal MCA occlusion [8].
However, endovascular treatment of tandem occlusion could
be more difficult and take more time and could require emer-
gency ICA stenting, which increases the risk of symptomatic
intracranial haemorrhage (sICH) due to antiplatelet therapy.
Pending the results of randomized trial including specifically
the tandem occlusions and/or meta-analysis of tandem stroke
patients included in MR CLEAN, ESCAPE, and REVASCAT
trials, the benefit and safety of SRT still needs to be determined
in stroke patients with acute tandem occlusions.

The aim of this study was to assess efficacy and safety
outcomes for SRT in anterior circulation stroke patients
with acute tandem occlusion. We, therefore, conducted a
systematic review of all previous studies using this
endovascular approach.

Materials and methods

Using the MEDLINE database and keywords terms of “tan-
dem occlusion”, “carotid occlusion”, “acute stroke”, “acute
carotid stenting”, “endovascular treatment”, we searched for
studies published between 1 November 2010 and 1May 2015
that included patients with acute ischemic stroke attributable
to tandem occlusion who had received treatment with SRT
regardless of the study design. We included only articles that
used stent-retrievers for thrombectomy or those where we
could extract the data on patients treated with stent-retrievers.
Thus, articles with mixture of thrombectomy devices without
specific outcome on patients treated with stent-retrievers were
excluded. Only studies with > 5 cases of stroke associated
with tandem occlusion were included in our analysis to min-
imize the chance of anecdotal outcomes. Two authors (RSH)
identified potentially relevant articles at title or abstract level
and obtained the full text for detailed review.

Data analysis

Each study had to report recanalization rates, functional neu-
rological outcomes symptomatic intracerebral haemorrhage

(sICH) rates, and mortality rates. Successful recanalization
was defined as "thrombolysis in cerebral infarction" (TICI)
≥2b revascularization of the MCA. Favourable outcome was
defined as modified Rankin Scale (mRS) ≤2 at 90 days.
Mortality was evaluated at discharge or 90 days as determined
by each author. According to European Cooperative Acute
Stroke Study II (ECASS-II) [9], sICH was defined as any
parenchymal hematoma, subarachnoid haemorrhage, or intra-
ventricular haemorrhage associated with worsening of the
National Institutes of Health Stroke Scale (NIHSS) score by
≥4 within 24 h.

Meta-analysis

The 95 % CIs of the estimates were built with the Wilson
method. The estimate and the 95% CI of the mean percentage
over all the studies were obtained for each outcome using a
logistic mixed model with a random effect on the intercept in
order to take into account the heterogeneity between the stud-
ies. The meta-analyses were carried out using the metaprop
Stata command on Stata/SE 14.1 (Statacorp LP, College
Station TX, USA) [10]. We prepared this report with
reference to MOOSE (meta-analyses of observational
studies) guidelines.

Individual study quality assessment

The included studies being uncontrolled, individual study
quality was assessed using a checklist published by the
National Institutes of Health for before-after (pre-post) studies
with no control group [11]. This 12-item checklist enables an
assessment of uncontrolled studies and provides an overall
quality rating. Quality assessment was performed indepen-
dently by two authors (BG).

Results

A total of 180 citations were identified. After reviewing the
records at title or abstract level, 35 articles were read in full
and 11 were judged eligible for inclusion (Fig. 1) [12–22]. The
subgroup of tandem stroke patients inMRCLEAN, ESCAPE,
and REVASCAT trials were not included because of the un-
availability of recanalization, favourable outcome, sICH, and
mortality rates [2, 3, 5]. The included studies enrolled 237
patients (mean sample size, 21; range, 7–43). All of the studies
were case series; most of them (n=9) were classified as ret-
rospective case series analysis. Studies used for analysis for
each group, including methodological and baseline character-
istics of the included studies, as well as treatment outcomes,
are listed in Table 1.

All patients received thrombectomy with stent-retrievers,
the Solitaire stent (Covidien) was used in all studies, and in
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four series a combination of devices (Solitaire; Revive,
Codman Neurovascular; Trevo, Stryker; Preset, Phenox). A
majority of patients (n=193) were treated with acute stent
for the ICA occlusion during the same procedure. In five arti-
cles the stenting was done after thrombectomy, and in five it
was done in an antegrade manner prior to thrombectomy.
Three authors used both techniques. [13, 16, 20] The admis-
sion mean NIHSS score was 17 (range, 14–20), and median
time from onset to recanalization was 283.5 min (range, 200–
302; eight studies). Mean intravenous (IV) thrombolysis rate
was 63.8 % (range, 28.6-91.7; nine studies).

In the meta-analysis (237 patients), the overall recanaliza-
tion rate was 81 % (95 % CI, 73–89), and clinical outcomes
were favourable at 3 months in 44 % (95 % CI, 33–55; 10
studies). The recorded mortality was 13 % (95 % CI, 8–20; 10
studies) at 3 months follow-up, and the symptomatic intracra-
nial haemorrhage was 7 % (95 % CI, 2–13; 8 studies) (Fig. 2).
We found no evidence of major publication and selection bias
by examining the funnel plots.

In the meta-analysis of tandem patients treated with acute
ICA stenting (193 patients), the overall recanalization rate was
83 % (95 % CI, 73–91), and clinical outcomes were
favourable at 3 months in 46 % (95 % CI, 35–58; nine stud-
ies). The recorded mortality was 13 % (95 % CI, 8–19; eight
studies) at 3 months follow-up, and the symptomatic intracra-
nial haemorrhage was 4 % (95 % CI, 0–10; six studies)
(Fig. 3). We found no evidence of major publication and se-
lection bias by examining the funnel plots. Antiplatelet thera-
py was noted in nine studies, and aspirin (250 to 500 mg) and
clopidogrel (300 to 600 mg) was associated in six of them [12,
15–17, 20, 22]. In the study of Soize el al [17], a single IV
bolus of 250 mg aspirin was administered after ICA stent
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Fig. 1 PRISMA flow diagram showing screening and selection of
studies for systematic review
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deployment. In one study, tirofiban and eptifibatide was added
to the association of aspirin and clopidogrel [14, 20], respec-
tively. Acute carotid stent thrombosis was reported in only one
study (one out of 24 patients) [22].

Quality assessment

Nine studies were retrospective whereas two were prospec-
tive. All were non-comparative. Studies had large heterogene-
ity in terms of methods for the assessment of outcomes (pres-
ence or not of an adjudication committee; presence or not of a
centralized core laboratory; different antiplatelet regimen).
Using the prespecified tool, the quality rating of studies was
considered good in two studies, the other being rated as fair or
poor. The main limitations of studies were as follows: no
prespecification of selection criteria for the study population;
no justification of sample size; no independent assessment of
outcomemeasures across all study participants. Consequently,
the risk of bias was significant in all but two studies.

Discussion

Efficacy of SRT in tandem occlusions

Pooled data from all of the studies included in our analysis
suggest high successful recanalization rates and acceptable
favourable outcome rates for acute tandem occlusion stroke
patients treated with SRT. The overall recanalization rate was
81 % (95 % CI, 73–89), and the pooled estimate of favourable
clinical outcome was 44 % (95 % CI, 33–55). Similar results
were recently reported in a large series of 170 tandem anterior
stroke patients included in four German databases between
2007 (before the introduction of stent-retrievers for mechani-
cal thrombectomy) and 2014 with a recanalization rate of
77 %, and a favourable outcome in 36 % of cases [23]. High
rate of recanalization (87 %) and favourable outcome (68 %)
were reported in December 2015 in series of 47 consecutive
stroke patients with carotid occlusion or high-grade stenosis
and concomitant intracranial embolus treated with carotid
stenting and intracranial SRT between September 2011 and

Fig. 2 Forest plots for (A) recanalization, (B) favourable outcome, (C) mortality, and (D) symptomatic intracranial haemorrhage in tandem patients
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December 2014 (median NIHSS 16, 85 % IV thrombolysis,
mean time from stroke onset to recanalization 311 min) [24].
This series was not included in our meta-analysis because it
was very recently published. The functional benefit at
3 months of SRT in association with IV thrombolysis over
IV thrombolysis alone was recently proven in the setting of
intracranial occlusions; however, the presence of extracranial
ICA tandem occlusion seems not change those results, as the
ESCAPE, MR CLEAN, and the EXTEND IA reported better
outcome within this subgroup. In fact, the superiority of SRT
persists significantly in the subgroup of patients with tandem
occlusion in MR CLEAN (75 out of 233 patients; OR=1.43,
95 % CI = 0.78-2.64), ESCAPE (21 out of 165 patients;
OR=9.64, 95 % CI=2.62-35.49), and REVASCAT (19 out
of 102 patients; OR=4.3, 95 % CI=1.5-12.5) [2, 3, 5]. In our
study, bridging therapy was used in the majority of cases
(63.8 %), a similar rate of thrombolysis in REVASCAT trial
(68%). A previousmeta-analysis in 2012 including a majority
of series without stent retrievers has suggested that an
endovascular approach to stroke caused by acute ICA occlu-
sion results in higher rates of favourable outcomes than

treatment with IV thrombolysis alone [25], since the rate of
recanalization of IV thrombolysis alone is very low for ICA
(less than 10 %) [26]. In addition, in a subgroup analysis,
distal ICA and tandem ICA and M1 occlusions showed great-
er recanalization and a trend toward better outcome with
endovascular treatment in IMS III trial [27].

In our meta-analysis, recanalization and favourable out-
come rates in tandem occlusion treated by SRTare in line with
the results of MR CLEAN, ESCAPE, and REVASCAT trials
[2, 3, 5]. This favourable outcome rate could be explained by a
systematic use of stent-retrievers and an early recanalization.
Although no tandem occlusion was treated in SWIFT and
TREVO 2 trials, stent-retrievers achieved faster and more
complete recanalization, and improve significantly the rate
of favourable clinical outcomes in large vessel occlusion
strokes compared to the previous generation of mechanical
devices such as the MERCI retriever [28, 29]. In addition,
early recanalization is the most powerful predictor of stroke
outcome after either IV thrombolysis or either endovascular
therapy with or without stent-retrievers [30–32].
Endovascular treatment of tandem occlusion can possibly take

Fig. 3 Forest plots for (A) recanalization, (B) favourable outcome, (C) mortality, and (D) symptomatic intracranial haemorrhage in tandem patients
treated with acute carotid stenting
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more time compared to that of intracranial occlusion alone.
However, no published data compared the time to recanaliza-
tion after thrombectomy between tandem occlusion and intra-
cranial occlusion alone. In our study, the median time from
onset to recanalization was relatively short (283.5 min), this
may explain at least partially our favourable outcome rate.

Safety of SRT in tandem occlusions

Early administration of aspirin in acute stroke patients treated
with thrombolysis is usually not recommended during the first
24 h because of the higher risk of sICH. In fact, in the ran-
domized trial ARTIS trial, sICH occurred more frequently in
the aspirin group compared to the standard treatment group
(4.3 % versus 1.6 %, 95 % CI, 0.2-5.4; p=0.04), and sICH
was more often the cause of poor outcome in the aspirin group
compared to the standard treatment group (11 vs. 1, p=0 ·
006) [33]. In our study, acute ICA stenting was performed in
the majority of thrombectomy procedures in studies included
in our analysis (81.4 %, 193 ICA stenting out of 237 tandem
occlusions). According to our meta-analysis, emergency stent
placement in the extracranial ICA in combination with anteri-
or circulation thrombectomy is associated with a reasonable
risk of sICH (7 %), which is probably related to early admin-
istration of antiplatelet therapy. In the study of Lescher et al,
39 consecutive patients were included and nine of them re-
ceived cervical ICA stent placement. Surprisingly, no sICH
occurred in ICA stent group whereas four patients (13 %)
presented sICH. There was no significant difference in the
occurrence of sICH in patients with antiplatelet therapy after
stent placement although the majority of patients received IV
thrombolysis (73 % versus 78 %) [19]. In a recent review of
intra-arterial treatment of patients with acute ischemic stroke
due to ICA occlusion, Kappelhof et al reported an overall
sICH rate of 9 % for all cases ICA occlusion, and 16 % for
tandem cases with no statistical differences [34]. In addition,
in the population with extracranial ICA occlusion, stenting
resulted in a higher recanalization rate (87 % vs. 48 %,
p = 0.001), favourable outcome rate (68 % vs. 15 %,
p<0.001) and lower mortality (18 % vs. 41 %, p=0.048) than
intra-arterial thrombolysis. Two approaches of ICA stenting
are available. In this review including 11 studies, six and five
series reported retrograde and antegrade stenting technique,
respectively. Lockau et al reported that the mean angiography
time was significantly shorter in the "thrombectomy first"
group (43.1±30.8 vs. 110.8±43.0 min, p<0.001), and more
patients had favourable outcomes after 3 months (52.0 vs.
33.3 %, p=0.319) [20], whereas Stampfl et al found a median
increase of the reperfusion time of 20 min when stenting was
necessary [16]. To date, there is not enough good quality ev-
idence in the literature to support acute stenting of carotid
stenosis in the acute setting of tandem lesions in ischemic
stroke. Operator judgment is advised on an individual case

basis. A conservative approach would be balloon dilation of
the stenosis to completeMCA thrombectomy and once patient
stability and lack of hemorrhagic transformation of stroke is
ascertained [9, 35, 36], carotid stenting must be employed or a
carotid endarterectomy can be performed based on consensus
opinion. Acute stent placement in carotid stenosis in the situ-
ation of tandem lesions in ischemic stroke may be potentially
hazardous and hence sound operator judgment is recommend-
ed before embarking on such a procedure.

Thrombectomy using stent-retrievers in tandem occlusion
patients did not impact negatively onmortality since our meta-
analysis showed a pooled estimate of 13% (95%CI, 8–20; 10
studies). Before the demonstration of clinical benefit of SRT,
the safety of endovascular approach were demonstrated in
three randomized clinical trials in 2013 [37–39]. In fact, these
trials showed The trial showed similar safety outcomes with
endovascular therapy after IV thrombolysis, as compared with
IV thrombolysis alone. However, stent-retrievers were used in
only a small number of patients. In addition, our findings are
consistent with data from the five positive trials (range, 9–
21 %) [2–6]. In ESCAPE trial, the mortality was significantly
reduced when the patients was reperfused by stent-retrievers
compared to thrombolysis alone since the adjusted odds ratio
was 0.5 (95 % CI, 0.3-0.8) [3]. The earlier time to reperfusion
in this study may account for a relatively low mortality rate,
especially in a severe group of acute ischemic stroke [1]. The
effect of shorter interval from symptom onset to reperfusion
was previously reported in a large collaborative pooled anal-
ysis of seven endovascular databases including 480 patients
[40]. The adjusted odds ratio for each 30-minute time increase
was 1.21 (95% CI, 1.09-1.34; p<0.001) for mortality, and the
positive effect of onset-to-reperfusion time on mortality was
stronger in patients with ICA occlusion than in patients with
isolated MCAwithin 6 h [40].

Limitations

There are limitations of our study. The articles included in our
systematic review were heterogeneous in terms of study de-
sign. Centres differ in their treatment protocols and interpre-
tation and reporting of results, which should be considered
when interpreting the results of our systematic analysis. We
did not have access to the individual data of the studies and
could not separate patients whowere treated with acute carotid
stenting from those who did not. This is a limit to appreciate
the impact of SRT alone and with carotid stenting on clinical
outcomes, especially for sICH rate. A range of antiplatelet
protocols was used: Soize et al [17] administered a 250 mg
IV bolus of aspirin after stent placement, whereas Lockau et al
[20] gave a weight-adapted bolus of tirofiban followed by a
continuous infusion for 24 h. The risk of acute instent-
thrombosis seems very low since this phenomenon was re-
ported in only one study in our analysis [22]. Recently,
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Sorkin et al reported a case of hyperacute (25 min later) ca-
rotid stent thrombosis successfully treated by intra-arterial bo-
lus dose of eptifibatide. The patient was discharge 3 days post-
revascularisation on dual antiplatelet therapy with an NIHSS
score of 1 [41]. In the Danish series, eight (17 %) patients had
acute stent thrombosis during procedure [24]. In seven of
those patients, stent recanalization was achieved with local
administration of GPIIb/IIIa inhibitor; in one patient recanali-
zation was not attempted because of excellent collateral flow
and complete intracranial recanalization. Thirty-nine (91 %)
patients had patent carotid stents at 3-month follow-up while
four (9 %) patients had occluded stents [24].

Conclusions

Our study supports that thrombectomy using stent-retrievers
with emergency stenting of cervical ICA is associated with
acceptable safety and efficacy in acute anterior stroke patients
with tandem occlusion. The jury is still out about the best way
to treat proximal stenosis in tandem lesions with anterior cir-
culation acute ischemic stroke. Whether to treat by acute
stenting or salvage balloon angioplasty to complete mechan-
ical thrombectomy followed by delayed stenting or endarter-
ectomy are decisions which should be made by the operator
on an individual case basis bearing in mind the various pros
and cons of each method of treatment.
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