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Abstract
Background Endovascular treatment of acute cerebral large vessel occlusions and concomitant atherosclerotic lesions of
the ipsilateral internal carotid artery (ICA) are a matter of debate. This article reports a multi-center experience using the
retriever wire supported carotid artery revascularization (ReWiSed CARe) technique allowing simultaneous treatment of
both lesions.
Methods The study retrospectively analyzed 23 patients with acute tandem occlusions (TO) who underwent ReWiSed
CARe at 3 German centers. Clinical, including demographics and National Institutes of Health Stroke Scale (NIHSS)
and procedural, including angiographic evaluation of recanalization, data were evaluated. Favorable clinical outcome was
defined as modified Rankin Scale (mRS) score �2at 90 days.
Results The median age was 70 years (interquartile range [IQR] 65–80 years) and 70% were male. The median baseline
NIHSS was 15 (IQR 11–17). Out of 23 patients, 22 (96%) had an intracranial occlusion of the anterior circulation. Successful
stent retriever deployment with subsequent carotid artery treatment was feasible in all cases without displacement of the
stent retriever during the procedure. Overall, successful reperfusion (modified Thrombolysis in Cerebral Infarction [mTICI]
≥2b) was achieved in 22/23 (96%) patients with 10/23 (44%) individuals completely reperfused (mTICI 3). The median
groin puncture to stent retriever deployment was 29min (IQR 23–46) and groin puncture to final revascularization was
63min (IQR 56–78). The median NIHSS at discharge was 5 (IQR 3–12) with favorable clinical outcome at 90 days in 11
out of 20 patients (55%).
Conclusion Endovascular treatment using ReWiSed CARe is safe, fast and efficient in TO patients with underlying
atherosclerotic lesion of the extracranial ICA.
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Introduction

A subgroup of acute ischemic stroke (AIS) patients suf-
fer from a combination of an intracranial large vessel oc-
clusion (LVO) and an extracranial internal carotid artery
(ICA) high-grade stenosis or occlusion [1]. The prognosis
of so-called tandem occlusions (TO) is poor when treated
with intravenous thrombolysis (IVT) alone because of a re-
duced supply of the thrombolytic drug due to high amount
of thrombus [2]. Although this subtype of stroke was ei-
ther underrepresented or excluded in several randomized
controlled trials published in 2015, intracranial mechanical
thrombectomy (MT) has been shown to improve the clinical
outcome in TO patients as demonstrated in subgroup analy-
ses of ESCAPE and MRCLEAN [3, 4]. A recent meta-anal-
ysis established that nearly half of the TO patients treated
with MT have a favorable clinical outcome [5]. Another
important aspect is the treatment of the extracranial lesion
as to date no standardized recommendation for the optimal
strategy exists. Focusing only on the extracranial carotid
artery lesion, several questions arise: first, the optimal time-
point of ICA recanalization in cases of high-grade stenosis
as it is not clear if it should be done within the initial in-
tervention when the intracranial lesion is recanalized or in
a staged procedure days after MT [6]. Second, in terms of
a one-stage treatment, further doubts exist if an antegrade
approach should be executed comprising primary recanal-
ization of the ICA with subsequent MT of the intracranial
LVO or a retrograde strategy addressing first the intracranial
occlusion followed by ICA recanalization [5, 7]. An alter-
native approach towards TO called retriever wire supported
carotid artery revascularization (ReWiSed CARe) was re-
cently described in a TO patient with an underlying ICA
dissection [8]. This novel technique utilizes the wire of
a stent retriever as the guiding wire for carotid artery stent-
ing (CAS), which may restore antegrade flow through the
released stent retriever during the procedural time of CAS.

The purpose of this multicenter study was to evaluate
the feasibility, efficacy and safety of ReWiSed CARe in TO
patients with underlying extracranial atherosclerotic carotid
lesions.

Methods

Study Design and Clinical Assessment

In this multicenter study, data from AIS patients were ret-
rospectively analyzed after treatment with the ReWiSed
CARe technique due to an extracranial/intracranial TO in
the time period between November 2016 and September
2018. Assessment of baseline characteristics, procedural
data and clinical outcome achieved in the three participat-

Fig. 1 Schematic illustration of
ReWised CARe. The 8 French
balloon guided catheter is placed
at the distal common carotid
artery. After the stent retriever
is successfully deployed the
push wire of the stent retriever
is used as a microwire for the
carotid artery stenting maneu-
ver. Therefore, a carotid stent
system is pushed to the level
of the stenosis and implanted
under continuous control of the
stent retriever position. CCA
common carotid artery, ECA ex-
ternal carotis artery, ICA internal
carotid artery

ing institutions (center A Göttingen, center B Augsburg,
center C Wiesbaden) was carried out from prospectively
collected databases. According to the guidelines of the re-
spective local ethics committees, ethic approval was given
when necessary for this anonymous retrospective study,
which was conducted in accordance with the Declaration
of Helsinki. Inclusion criteria were evidence of a proven
high-grade stenosis (≥70% according to North American
Symptomatic Carotid Endarterectomy Trial [NASCET] cri-
teria) and occlusion of the extracranial ICA ipsilateral to an
acute intracranial LVO based on computed tomography an-
giography (CTA) or digital subtraction angiography (DSA).
All eligible patients received IVT based on the judgment of
the attending neurologist according to the guidelines of the
German Neurological Society. The patients were included
independent of the administered antiplatelet regimen. There
were no general limitations on baseline variables. The an-
giographic results were graded locally according to the
modified thrombolysis in cerebral infarction (mTICI) score.
All DSA images from center A were re-evaluated by an in-
ternal core team in accordance with the recommendations of
the Cerebral Angiographic Revascularization Grading Col-
laborators [9], who was blinded to the clinical outcome
and in an anonymous fashion to determine the extent of
tissue reperfusion. The National Institute of Health Stroke
Scale (NIHSS) and modified Rankin Scale (mRS) param-
eters were assessed by a stroke neurologist. All values are
presented as median and interquartile range (IQR) or mean
and standard deviation (SD) for continuous variables, and
as frequency and percent for categorical variables.

Endovascular Technique

The ReWiSed CARe technique was described previously
[8]. Briefly, in cases of TO an 8 French guide catheter (or
optionally a balloon guide catheter) is advanced to the distal
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common carotid artery (CCA). A 160cm microcatheter is
navigated to the inferior trunk of the middle cerebral artery
and a stent retriever, usually a 4× 20mm pREset LITE (Phe-
nox, Bochum, Germany), is deployed. After removal of the
microcatheter the A C-arm is focused on the M1 segment
and stent retriever while the B C-arm is used for depic-
tion of the distal CCA and proximal ICA. The wire of the
stent retriever (it is important to use stent retrievers with
thin wires, e.g. 0.015 in. or 0,016 in.) is then used as a mi-
crowire for the CAS maneuver (Fig. 1). A carotid stent sys-
tem is pushed to the level of the stenosis or occlusion and
implanted under continuous control of the stent retriever
position with subsequent use of a balloon angioplasty to
optimize vessel wall reconstruction. Weight-adjusted hep-
arin and aspirin are injected intravenously prior to the CAS
maneuver. In the meantime, an aspiration catheter is pre-
pared and navigated to the face of the clot. In cases where
the guide catheter can be pushed distally to the carotid stent
a SAVE (stent retriever assisted vacuum-locked extraction)
thrombectomy maneuver is performed [10]. In cases where
the guide catheter cannot be pushed distally to the carotid
stent a Solumbra maneuver is performed [11].

Results

A total of 23 patients with acute TO were treated with Re-
WiSed CARe. Median age was 70 years (IQR 65–80) and
70% were male (Table 1). Out of 23 patients, 22 (96%)
had an intracranial occlusion of the anterior circulation:
distal ICA in 11/23 (48%), MCA M1 in 9/23 (39%), and
MCA M2 in 2/23 (9%). One patient (4%) suffered from
basilar artery occlusion and a stenosis of the feeding ver-
tebral artery. Median baseline NIHSS was 15 (IQR 11–17)
and median Alberta Program Early CT Score (ASPECTS)
on initial non-contrast computed tomography was 8 (IQR
8–9). In 78% IVT was given prior to the intervention.

Performing the ReWiSed CARe technique including suc-
cessful stent retriever deployment with subsequent carotid
artery treatment was feasible in all cases. No dislocation
of the distally placed stent retriever occurred during CAS.
The median groin puncture to stent retriever deployment
time was 29min (IQR 23–46) and the groin puncture to fi-
nal revascularization time was 63min (IQR 56–78). Overall,
successful reperfusion (mTICI ≥2b) was achieved in 22/23
(96%) patients with 10/23 (44%) individuals completely
reperfused (mTICI 3). First-pass complete reperfusion was
done in 7/23 (30%) patients. Mean number of stent retriever
passes was 1.2± 0.4. In 20/23 (87%) cases, the extracranial
carotid artery lesion was treated with stent implantation
and balloon angioplasty without the need of predilatation.
For the remaining, no stent implantation but balloon angio-
plasty alone was executed: 2 patients aged 88 years showed

Table 1 Demographic, procedural and clinical parameters

Number of patients, n 23

Baseline characteristics

Age (years), median (IQR) 70 (65–80)

Male, n (%) 16 (70)

Arterial hypertension, n (%) 13 (57)

Atrial fibrillation, n (%) 3 (13)

Diabetes mellitus, n (%) 6 (26)

Chronic kidney disease, n (%) 3 (13)

NIHSS baseline, median (IQR) 15 (11–17)

IVT, n (%) 18 (78)

ASPECTS baseline, median (IQR) 8 (8–9)

Intracranial occlusion site

ICA, n (%) 11 (48)

MCA, M1, n (%) 9 (39)

MCA, M2, n (%) 2 (9)

BA, n (%) 1 (4)

Procedural data

General anesthesia, n (%) 16 (70)

Onset–admission [min], median (IQR) 162 (83–209)

Admission–groin puncture [min], median (IQR) 45 (27–58)

Groin puncture–SR deployment [min], median
(IQR)

29 (23–46)

Groin puncture–final recanalization [min], median
(IQR)

63 (56–78)

First-pass complete reperfusion (mTICI 3), n (%) 7 (30)

First-pass successful reperfusion (mTICI ≥2b), n
(%)

19 (83)

Overall complete reperfusion (mTICI 3), n (%) 10 (44)

Overall successful reperfusion (mTICI ≥2b), n (%) 22 (96)

Number of SR passes, mean± SD 1.2± 0.4

Emboli in new territories, n (%) 1 (4)

Distal embolization, n (%) 3 (13)

Subarachnoid hemorrhage, n (%) 3 (13)

Intracranial parenchymal hemorrhage, n (%) 1 (4)

Symptomatic intracranial hemorrhage, n (%) –

Clinical outcome

NIHSS 24h, median (IQR) 5 (7–17)

NIHSS at discharge, median (IQR) 5 (3–12)

mRS �2at discharge, n (%) 11/23 (48)

mRS �2 after 90 days, n (%) 11/20 (55)

Mortality, periprocedural, n (%) 3/20 (15)

Mortality after 90 days, n (%) 4/20 (20)

ASPECTS 24h, median (IQR) 7 (6–8)

ASPECTS Alberta Stroke Program Early CT Score, BA basilar artery,
ICA internal carotid artery, IQR interquartile range, IVT Intravenous
thrombolysis, MCA middle cerebral artery, mRS modified Rankin
Scale, mTICI modified thrombolysis in cerebral infarction,
NIHSS National Institute of Health Stroke Scale, SR stent retriever,
SD standard deviation
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Fig. 2 a Baseline flat-detector computed tomography of a patient suffering from an occlusion of the left middle cerebral artery (MCA, white
arrowhead). b Initial lateral angiogram of the common carotid artery depicting an occlusion of the internal carotid artery (ICA) ipsilateral to the
intracranial lesion. c After the occlusion is passed with the microcatheter, a stent retriever is deployed in the MCA (black arrow) and antegrade
flow to the affected territory is achieved early during the procedure (white arrowhead). The wire of the stent retriever (white arrow) is utilized for
simultaneous deployment of the carotid stent (asterisk). d After retrieval of the stent retriever successful recanalization is achieved. e Final lateral
angiogram of the extracranial carotid artery demonstrating good vessel wall reconstruction of the ICA

increased signs of ischemic damage with low ASPECTS
(5 and 7, respectively) due to an extended time window in
a drip-and-ship model with a time from symptom onset to
groin puncture of 273min and 264min, respectively; stent
implantation and antiplatelet medication were avoided to
reduce the potential risk of intracranial hemorrhage. An-
other patient with a basilar artery occlusion also underwent
dilatation of the feeding vertebral artery.

In 3/23 (13%) individuals, a distal embolization oc-
curred: in one patient with an ICA-T occlusion, the MCA
territory was reperfused completely after the first attempt;
however, a proximal A2 embolization made a second pass
necessary. In two patients suffering from an ICA-T and
M1 occlusion, respectively, a distal embolization of the
proximal M3 segment remained. Subarachnoid hemor-
rhage of limited extent occurred in 3/23 (13%) patients.
The rate of symptomatic intracranial hemorrhage was 0%.
An exemplary case is shown in Fig. 2.

Perioperative antiplatelet medication was only adminis-
tered in patients who were treated with extracranial carotid
stenting. Out of 20 patients, 17 (85%) received loading
with aspirin; additionally, in 2/17 (12%) weight-adjusted
abciximab and in 1/17 (6%) clopidogrel was given after
the procedure. Of the patients two (10%) received only
weight-adjusted abciximab and one (5%) patient did not
receive any loading medication due to pre-existing aspirin
monotherapy. After intracranial hemorrhage was excluded,
lifelong aspirin and additional clopidogrel administration
were given, the latter varied from 6 weeks to 6 months.
The median NIHSS at discharge was 5 (IQR 3–12) and fa-
vorable clinical outcome (mRS �2) was achieved in 11/23
(48%). The follow-up data after 90 days were available
for 20/23 (87%) patients with 11 (55%) having a favorable
clinical outcome; 4/20 (20%) individuals died.
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Discussion

The results of this study show that ReWiSed CARe is a tech-
nical feasible approach for the treatment of atherosclerotic
TO with 100% successful distal stent retriever placement
and subsequent carotid artery treatment utilizing the stent
retriever wire (stent or balloon angioplasty alone). Most
interestingly, no displacement of the distally placed stent
retriever occurred during CAS confirming the concept of
a fixed wire to be an advantage in TO treatment as demon-
strated in a patients suffering from ICA dissection [8].
Thereby, the technique is not associated with higher rates of
ENT (embolization to new territory) compared to what has
been reported when an antegrade or retrograde approach
has been utilized to treat TO. In this study, only one ENT
occurred (4%) which is comparable to what has been re-
ported by a recently published multicenter study with 4%
ENT for the retrograde and 7% for the antegrade treatment
of TO [7]. Furthermore, in this series no patient suffered
from a sICH and only three patients suffered from a limited
SAH without clinical sequelae. Large retrospective studies
and a metareview found symptomatic intracranial hemor-
rhage (sICH) rates to be as high as 7–9% [12, 13]; however,
the absence of a sICH in this study has to be interpreted
with caution due to the small number of cases included and
additionally there were cases without CAS which did not
receive antithrombotic medication. The occurrence of SAH
after the procedure might possibly be based on the use of
the microwire as it was recently shown that the probability
of intracranial vessel perforation is reduced when passing
the clot with a wireless microcatheter [14].

With an mTICI 2b/3 rate of 96%, patients treated by the
means of ReWiSed CARe had substantially better reperfu-
sion results than what has been reported for standard treat-
ment of TO. Behme et al. reported a rate of only 70%
successful reperfused patients in a large multicenter study
[12]. A meta-analysis published in 2016 incorporating 237
patients found the TICI2b/3 rate to be 81% on average
and the subgroup analysis of the ESCAPE trial reported
69% TICI2b/3 results [4, 13]. In a more recent study, Maus
et al. found 91% of patients who were treated in a retro-
grade fashion to be successfully reperfused whereas ante-
grade treatment resulted in 63% mTICI2b/3 results which
was a significant difference [7]. In addition to the better
angiographic results, the results of this study showed that
carotid artery treatment utilizing the stent retriever wire is
a very fast approach towards tandem lesions. Groin-to-re-
canalization time in this study was 63min, which is consid-
erably shorter compared to 88min reported by Behme et al.
or 103/123min reported by Maus et al. when antegrade
or retrograde approaches were carried out respectively [7,
12]; however, within the subgroup analysis of the ESCAPE
trial patients were treated after a median of 88min (CT to

recanalization time) [4]; notably, only 57% of the 30 pa-
tients included in the ESCAPE analysis actually received
treatment of the carotid lesion. Both the very high rates
of successfully reperfused patients and the short groin to
reperfusion times in this study translated into a rate of 48%
favorable outcome at discharge and an even higher rate of
55% at 90 days, which is consistent with what has been re-
ported in the literature for the outcome after interventional
treatment of AIS caused by TO with rates ranging from
28–60% [4, 7, 12, 13]. A recent case series demonstrated
advantages of a simultaneous treatment of proximal ICA le-
sions with balloon angioplasty in a TO situation; however,
only five patients were included and carotid stenting was
avoided [15].

Another aspect of ReWiSed CARe is the long dwell time
of the stent retriever during the procedure, which might re-
sult in a better angiographic outcome. The long deployment
of the stent retriever allows prolonged clot integration as
this is known as a predictive factor of recanalization suc-
cess [16]. Kannath et al. reported an improved angiographic
outcome after 8min stent retriever dwell time with fewer
attempts compared to 3 and 5min, respectively [17].

Several limitations apply to this study. First of all, the
retrospective design and the small cohort with the atten-
dant selection bias and second the missing control group.
In addition, treatment of the carotid lesion was not ho-
mogeneous (stent/balloon angioplasty), which might have
affected some of the outcome measures that might depend
on the medical treatment (e.g. intracranial hemorrhage).

Conclusion

Endovascular treatment using ReWiSed CARe is safe, fast
and efficient in TO patients with underlying atherosclerotic
lesion of the extracranial ICA. This technique seems to be
an alternative strategy for this stroke subtype as the advan-
tage of an antegrade flow restoration through the deployed
stent retriever during the time of CAS might enable early
reperfusion of the affected territory.
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