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Abstract

Background Acute large cerebral artery occlusions re-
spond poorly to systemic thrombolysis with recombinant
tissue plasminogen activator (rTPA) alone. The value of
stent retriever—based mechanical thrombectomy in patients
with additional extracranial occlusion of the internal ca-
rotid artery (ICA), who require acute a priori extracranial
stenting in order to reach the intracranial obstruction site,
is not well known. We determined the outcome after emer-
gency revascularization in acute stroke with tandem occlu-
sions of the anterior circulation.

Methods According to specific inclusion/exclusion criteria,
eligible stroke patients with large artery occlusions under-
went mechanical recanalization with the Solitaire stent re-
triever. In case of a tandem occlusion, we performed an
acute stenting with the Wallstent before thrombectomy.
From October 2009 to March 2011, 50 patients were treat-
ed according to this protocol; time frames, clinical data,
recanalization rates, and midterm outcome were recorded.
Results Forty-one patients had a large artery occlusion in
the anterior circulation and nine in the posterior circulation.
Mechanical recanalization was successful in 35/41 cases
(85 %). Six of 41 patients (15 %) died in the acute phase.
In 17/41 patients (42 %), thrombectomy was preceded by
an emergency stenting in the extracranial portion of the
internal carotid artery (ICA). National Institutes of Health
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Stroke Scale (NIHSS)/modified Rankin Scale (mRS) scores
showed significant improvement in both the stenting group
and the nonstenting group; there were no significant dif-
ferences between the groups. At 90 days, 54 % of patients
with emergency stenting had a good outcome.
Conclusions Acute extracranial stenting with the Wallstent
combined with intracranial Solitaire-based thrombectomy
is safe and may lead to an improvement in neurological
outcome in patients with an otherwise poor prognosis un-
der i.v. thrombolysis alone.

Keywords Acute stroke - Mechanical thrombectomy -
Acute stenting - Solitaire - Stent retriever -
Tandem occlusion

Klinische Ergebnisse der neurointerventionellen
Akutbehandlung extra-/intrakranieller Tandem-
Okklusionen im akuten Schlaganfall: Antegrader
Zugang und Behandlung mittels Wallstent und
Solitaire stent-retriever

Zusammenfassung

Hintergrund Akute GefaB3verschliisse der groBen hirnver-
sorgenden Arterien haben niedrige Rekanalisierungsraten
unter alleiniger systemischer Thrombolyse mit rTPA. Die
Effizienz einer stent-retriever basierten, mechanischen
Thrombektomie in Patienten mit einem zusitzlichen extra-
kraniellen Verschluss der A. carotis interna, die zunéchst
extrakraniell gestentet werden miissen, um einen intrakra-
niellen Zugang zu ermdglichen, ist wenig untersucht. In
der vorliegenden Arbeit wurde das klinische Outcome nach
endovaskuldrer Rekanalisation im akuten Schlaganfall bei
Tandem-Okklusionen der vorderen Zirkulation untersucht.
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Methoden Basierend auf spezifischen Ein- und Ausschluss-
Kriterien wurden geeignete Patienten mit Verschliissen
groBer hirnversorgender Arterien mittels mechanischer
Thrombektomie mit dem Solitaire stent-retriever behan-
delt. Im Falle einer Tandem-Okklusion wurde eine akute
Stentimplantation (Wallstent) vorgeschaltet. Zwischen Ok-
tober 2009 und Mirz 2011 wurden 50 Patienten endovas-
kulédr behandelt. Erfasst wurde neben den klinischen und
angiographischen Parametern auch das klinische Outcome
nach 90 Tagen.

Ergebnisse 41 Patienten hatten einen Verschluss eines gro-
Ben hirnversorgenden Gefasses in der vorderen, 9 in der
hinteren Zirkulation. Die Rekanalisationsrate betrug in der
vorderen Zirkulation 85 % (35/41). 6/41 Patienten (15 %)
verstarben in der akuten Phase. In 17/41 Patienten (42 %)
war eine vorgeschaltete, akute, Stent-basierte Rekanalisa-
tion der extrakraniellen A. carotis interna erforderlich. Die
respektiven NIHSS (National Institutes of Stroke Health
Scale) und mRS (modifizierte Rankin Skala) Scores ver-
besserten sich sowohl in der Gruppe der akut gestenteten
Patienten, als auch in der Gruppe der nicht gestenteten Pa-
tienten; es wurden keine signifikanten Unterschiede zwi-
schen beiden Gruppen beobachtet. Nach 90 Tagen wiesen
54 % der akut gestenteten Patienten ein gutes klinisches
Ergebniss auf.

Schlussfolgerungen Die Kombination eines akuten extra-
kraniellen Stentings der A. carotis interna verbunden mit
einer anschlieBenden intrakraniellen mechanischen Reka-
nalisation mittels Solitaire ist technisch sicher und kann
zu einer Verbesserung des neurologischen Ergebnisses bei
Patienten fiihren, die unter alleiniger systemischer Throm-
bolyse eine eingeschriankte Prognose aufweisen

Schliisselworter Schlaganfall - Thrombektomie -
Thrombolyse - rTPA - Akutes Stenting - Solitaire -
Tandem-Okklusion

Abbreviations

VA Vertebral artery

PCA  Posterior cerebral artery
BA Basilar artery

TIMI  Thrombolysis in myocardial infarction
OTR  Time interval from onset to recanalization
SICH Symptomatic intracranial hemorrhage
Introduction

Vascular recanalization has a decisive influence on func-
tional clinical outcome after stroke [1]. However, in acute
stroke, proximal cerebral artery occlusion is associated with
poor recanalization rates under i.v. thrombolytic therapy.
Only 5.9 % of distal internal carotid artery (ICA) occlusions
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are successfully recanalized with recombinant tissue plas-
minogen activator (rTPA) alone [2].

In recent times, there is growing evidence for a potential
benefit of mechanical thrombectomy in acute stroke caused
by proximal large vessel occlusions. The second generation
thrombectomy devices, termed “stent retrievers,” play a key
role in this interventional therapy. Most of the published
data refers to the Solitaire AB or Solitaire FR stent retriever
(ev3 Inc., Plymouth, MN), whose superiority to the first
generation device MERCI (Concentric Medical, Mountain
View, CA) has recently been shown [3]. However, there is
little information available on the effect of stent retriever—
based mechanical thrombectomy in patients with additional
extracranial occlusion of the ICA, who require acute a pri-
ori extracranial stenting in order to reach the intracranial
obstruction site.

The present study aims at evaluating the clinical outcome
of stroke patients after acute mechanical recanalization of
carotid-T or M1 occlusions with preceding acute extra-
cranial ICA stenting. This study is a subgroup analysis of
prospectively collected intention-to-treat data of all patients
eligible for mechanical thrombectomy between October
2009 and March 2011 at our institution.

Materials and Methods
Prerequisites

The study was approved by the institutional review commit-
tee. All subjects gave informed consent.

Patient Selection Criteria

Between October 2009 and November 2011, all consecu-
tive acute stroke patients aged 80 years or younger with an
National Institutes of Health Stroke Scale (NIHSS) score
of 210 presenting within a 4.5-h time frame from symptom
onset were triaged on admission for potential mechanical
thrombectomy with the Solitaire stent retriever (initially
AB, then FR). Also, patients presenting with an NIHSS
score of <10 were considered in case of clinically fluctuat-
ing symptoms or secondary worsening of 4 or more NIHSS
points after admission, as well as patients with a last well-
time beyond 4.5 h and obvious mismatch between severe
neurological deficits and cranial computed tomography
(CT) findings.

All patients had to fulfill the following preinterventional
CT-based imaging criteria to be mechanically thrombec-
tomized: (1) absence of cerebral hemorrhage, (2) no acute
infarction in more than one-third of middle cerebral artery
(MCA) territory in native cranial CT scan, and (3) CT angi-
ography (CTA) showing arterial occlusion in the ICA and/
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or the MCA (M1 and M2 segments, respectively) of the
anterior circulation or in the posterior circulation (verte-
bral artery [VA], basilar artery [BA], and posterior cerebral
artery [PCA]) corresponding to the clinical syndrome.
While digital image processing of the CTA was underway,
the patients eligible for i.v. rTPA were treated according to
the guidelines of the German Neurological Society indepen-
dently from the decision for mechanical thrombectomy. For
the present study, we retrospectively analyzed the subgroup
of patients with carotid-T or M1 occlusions who required
acute a priori stenting of the ICA (tandem occlusions).

Endovascular Treatment
General Approach

The treatment of the anterior circulation vessel obstruc-
tions was performed under general anesthesia. Through a
transfemoral approach, a 6-Fr guiding catheter Neuropath
(Micrus, San Jose, CA) or Neuron (Penumbra, Alameda,
CA) was placed in the proximal ICA. A heparinized saline
solution was continuously applied through the catheter for
the duration of the intervention. A 0.014-inch guide wire
was advanced over a Rapidtransit microcatheter (Cor-
dis, Bridgewater, NJ) and navigated distal to the clot. The
microcatheter was then subsequently advanced over the
wire through the clot. The correct position of the microcath-
eter tip distally of the clot and the selected vessel’s diameter
were depicted by a gentle contrast injection before advanc-
ing the Solitaire stent (4/20) through the microcatheter. The
stent was deployed with its distal portion being placed a few
millimeters distal to the clot. At this point, a routine control
injection was performed via the guide catheter to check for a
potential restoration of flow distal to the thrombus. The Sol-
itaire was kept deployed for 1-2 min. Then, one-third of the
stent was retrieved and the microcatheter and the stent were
gently withdrawn through the guide catheter under continu-
ous proximal aspiration with a syringe. A control angiogra-
phy was performed to assess the degree of recanalization
and reperfusion. If there was no or incomplete recanaliza-
tion, the procedure was repeated up to a maximum of four
maneuvers. Any relevant vascular stenosis proximal to the
occlusion was treated by stent implantation before using the
thrombectomy device.

Tandem Occlusions

In case of a tandem occlusion, we used the so-called ante-
grade approach or technique in all cases (stenting followed
by thrombectomy). An 8-Fr Vista Brite Tip guiding catheter
(Cordis, Bridgewater, NJ) was placed into the ipsilateral
distal common carotid artery. A 0.014-inch wire was then
passed through the proximal ICA occlusion, and a micro-

catheter was advanced over this wire into the petrous por-
tion. Then, a contrast injection was performed in order to
verify passage into the true lumen and to depict the extent of
the occlusive lesion. Extracranial carotid stenting was car-
ried out without the use of any protective devices, as there
was an intracranial obstruction in all cases. Prestenting bal-
loon angioplasty was performed when necessary with a
3.0- or 3.5-mm balloon. All patients received a Wallstent
(Boston Scientific, Natick, MA). For poststenting angio-
plasty, 4.5- or 5.0-mm balloons were used. The subsequent
thrombectomy in the carotid-T or M1 segment was carried
out as described until the point of retrieval of the Solitaire.
This step has to be carried out carefully, as there is a poten-
tial for an entrapment of the Solitaire in the Wallstent. It is
crucial to pass the Wallstent with the guiding catheter first,
verifying its correct position once again before removing
the partially sheathed Solitaire.

Periprocedural Antiplatelet Regimen in Tandem
Occlusions

If the patients had no prior medication with dual antiplatelet
therapy for other medical indications at the time of treat-
ment, eptifibatide was continuously infused for 24 h to
prevent secondary stent occlusion. We decided to use eptifi-
batide instead of acetylsalicylic acid (ASA) as early anti-
platelet therapy because of it has a short half-life allowing
for decompressive craniectomy in case of edematous brain
swelling. The combination of rTPA and eptifibatide has
been considered safe [4].

Patients were monitored in the intensive care unit pos-
tinterventionally. A control CT scan was obtained after 24 h
or earlier in case of any neurological worsening (NIHSS
score deterioration of >4).

After intracranial hemorrhage and decompressive cra-
niectomy were ruled out, the regimen was switched to a
secondary prophylaxis of stent occlusion based on a dual
antiplatelet therapy: Under continuous i.v. eptifibatide,
patients received a loading dose of 300 mg clopidogrel and
500 mg ASA. Patients with daily ASA medication prior to
treatment did not receive an ASA loading dose. The admin-
istration of eptifibatide was stopped 4 h after loading with
clopidogrel (and ASA). Patients continued with lifelong
ASA (100 mg/day) and additional clopidogrel (75 mg/
day) for 8 weeks. If a Multiplate® testing 72 h after load-
ing resulted in an insufficient efficacy of clopidogrel (non-
responder), we decided to use prasugrel (10 mg/day) for the
duration of 8 weeks.

Clinical Evaluation of Outcome

The NIHSS and modified Rankin Scale (mRS) scores were
assessed on admission and discharge. Good functional
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outcome was defined as mRS score of 0-2 on discharge.
Primary endpoints were change in NIHSS and mRS scores
between admission and discharge. In case of fatal stroke, no
NIHSS score could be assessed at discharge. These patients
were completely excluded from NIHSS-related statistics
and classified as mRS score 6.

Thrombolysis in myocardial infarction (TIMI) scores of
2 or 3 were defined as successful recanalization. In case of
a tandem occlusion, the final grade of recanalization was
defined on the basis of the entire result and not separately
for the extracranial and intracranial portion. Thus, a success-
ful ICA recanalization in combination with a completely
failed recanalization of the carotid-T in a patient resulted in
a TIMI grade of 0. We followed up all patients by structured
telephone interview in order to assess their mRS scores and
any potential history of recurrent stroke.

Results

From October 10, 2009, to March 22, 2011, a total of 50
patients with cerebral artery occlusions were eligible on
the basis of the protocol criteria for mechanical thrombec-
tomy with the Solitaire device at the study hospital. Male to
female ratio was 34:16. Mean age was 62 years. Forty-one
patients had a large artery occlusion in the anterior circula-
tion and nine in the posterior circulation. Mean hospitaliza-
tion time for the treated patients was 17 days (min. 2 days,
max. 89 days).

Anterior Circulation Strokes

The 35 anterior circulation stroke survivors were included
in the NIHSS statistics. They had an average NIHSS score
of 15.9 on arrival in the emergency department and of 8.5
at hospital discharge, a significant reduction (p=0.003, Wil-
coxon signed-rank test). The corresponding median mRS
scores were 5 on admission and 3 on discharge; the improve-
ment was statistically significant (p<0.01, Wilcoxon signed-
rank test). Good immediate (discharge) functional outcome
was achieved in 13/41 patients (32 %), including 5 patients
(12 %) without any residual symptoms (mRS score, 0).

Technical Success in Anterior Circulation Stroke

Overall, the mechanical recanalization was successful in
35/41 cases (85 %). In detail, the endovascular treatment
resulted in TIMI 3 in 23/41 cases (56 %) and TIMI 2 in
12/41 cases (29 %). In the remaining six cases (15 %), the
obstructed arteries could not be recanalized (TIMI 1); of
these patients only one (Table 1, patient no. 4) had an acute
stenting. Interestingly, the restoration of flow in his ICA
led to an mRS score of 3 at 90 days, although we were not
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able to recanalize the subsequent thromboembolic occlu-
sion of his M1 segment. He was also the only patient with a
technical complication: the initially placed Wallstent dislo-
cated, resulting in a dissection of the ICA up to the petrous
segment. The immediate placement of a self-expandable
Protege Stent (ev3 Inc., Plymouth, MN) resulted in a flow
restoration. Postinterventionally, he developed a critical
edematous swelling based on a partial MCA infarction,
requiring decompressive craniectomy. The remaining five
patients without flow restoration suffered from a bad clini-
cal outcome: 2 patients deceased in the postinterventional
course and 3 patients had an mRS score of 5 at 90 days.
Thus, failure to recanalize led to a very bad outcome com-
pared with the successful recanalizations except for the
above-mentioned patient with a partial success (recanaliza-
tion of his ICA).

Mortality in Anterior Circulation Stroke

Six of 41 patients (15 %) died in the acute phase. No death
was directly attributable to the endovascular procedure.
Mortality in the bridging group was 18 % (6/34) and 0 %
(0/7) in the nonbridging group. In 3/6 cases, the etiology
was an intracranial hypertension on the basis of malignant
territorial infarctions. In the remaining three cases symptom-
atic intracranial hemorrhage (SICH) was the cause, whereby
two hemorrhages occurred within 24 h postinterventionally
and one 3 days after recanalization. Thus, two fatal early
bleedings in 34 bridging patients may be attributed to the
systemic thrombolysis with rTPA, meaning 6 % mortality.

Patients with Acute ICA Stenting

Overall, 17/41 patients (42 %) had to be stented in the
extracranial portion of the ICA. In the present cohort, all
patients presented with extra- or intracranial tandem occlu-
sions comprising an intracranial thromboembolic occlusion
either in the carotid-T or in the M1 segment of the MCA.
The additional endovascular procedure led to a prolongation
of the mean needle-to-recanalization time of approximately
10 min on average; the delay did not result in a statistically
significant difference in mRS or NIHSS outcomes com-
pared with the patients without a priori stenting. All tandem
occlusions were treated with a Wallstent in the extracranial
ICA portion.

Patients Without Acute ICA Stenting

Twenty-four of 41 patients (58 %) underwent mechanical
thrombectomy in the anterior cerebral circulation without
extracranial ICA stenting. Baseline variables and results of
the two groups are presented in Tables 1 and 2.
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Table 1 Summary of patient data in the acute stenting group (tandem occlusion)

Patient Sex Age Stent Intracranial Intra- TIMI Needle-to- Stroke Door-to- mRS mRS  NIHSS NIHSS
no. obstruction venous score recanaliza- etiology recanaliza-  scoreat  score score at score at
site rTPA tiontime  (TOAST) tion time admission at 90 admission discharge
(min) (hour) days
1 M 47 ICA Ml Yes 3 120 Thrombo-  05:03:00 4 3 19 11
embolic
2 M 57 ICA Ml Yes 3 180 Thrombo-  04:52:00 4 3 11 6
embolic
3 M 63 ICA Ml Yes 2 180 Thrombo-  04:43:00 4 6 12 12
embolic
4 M 48 ICA Ml No 1 180 Thrombo-  05:13:00 4 2 14 11
embolic
5 M 57 ICA Ml Yes 3 180 Thrombo-  05:27:00 4 3 20 14
embolic
6 M 64 ICA Ml Yes 3 60 Thrombo-  02:32:00 4 0 17 0
embolic
7 M 59 ICA Carotid-T  No 3 120 Thrombo-  03:22:00 5 4 19 20
embolic
8 F 47 ICA Carotid-T  Yes 3 60 Thrombo-  02:52:00 5 3 18 6
embolic
9 M 65 ICA Carotid-T  Yes 3 60 Thrombo-  04:16:00 5 1 18 4
embolic
10 M 64 ICA Carotid-T  Yes 2 90 Thrombo-  03:56:00 2 + 25 De-
embolic ceased
11 F 73 ICA Ml No 3 120 Thrombo-  03:45:00 5 6 15 16
embolic
12 M 53 ICA Ml Yes 3 45 Thrombo-  02:18:00 5 2 20 3
embolic
13 M 72 ICA Carotid-T  Yes 3 75 Thrombo-  03:07:00 5 2 13 1
embolic
14 M 40 ICA Ml Yes 2 50 Thrombo-  02:30:00 5 4 19 19
embolic
15 F 74 ICA Carotid-T  Yes 2 60 Thrombo-  02:51:00 5 + 18 De-
embolic ceased
16 F 56 ICA Carotid-T  Yes 3 45 Thrombo-  01:24:00 5 0 11 4
embolic
17 M 60 ICA Carotid-T  Yes 3 85 Thrombo-  03:01:00 5 1 12 1
embolic

F female, /CA internal carotid artery, M male, mRS modified Rankin Scale, N/HSS National Institutes of Health Stroke Scale, *7PA4 recombinant
tissue plasminogen activator, TOAST Trial of Org 10172 in Acute Stroke Treatment

+: deceased in the acute phase

Comparison of Subgroups (With vs. Without Acute
Stenting) in Anterior Circulation Stroke

Age

The mean age of the patients in the group requiring acute
extracranial stenting was 59 years compared with 65 years
in the nonstenting group, resulting in a significant inter-
group age difference (p=0.04, Mann—Whitney U test).

Etiology (TOAST Criteria)

The stroke etiology was markedly different between the two
groups. While the acute stenting group comprised exclu-
sively thromboembolic causes for stroke, the nonstenting
group had almost exclusively cardioembolic stroke etiology
(20 cardioembolic, 3 thromboembolic, 1 unclear).

NIHSS Score of Survivors (Admission and Discharge)

There was no statistical difference in baseline NIHSS or
mRS scores at admission between the two groups (p=0.28
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Table 2 Summary of patient data in the group without acute stenting
Patient Sex Age Stent Intracranial Intra- TIMI Needle-to- Stroke Door-to-re- mRS mRS  NIHSS NIHSS

no. obstruction  venous recanaliza-  etiology canalization scoreat score score at score at
site rTPA tion time (TOAST) time (hour) admission at90  admission discharge
(min) days
1 F 70  None Ml Yes 3 90 Cardioem- 03:55:00 4 1 11 3
bolic
2 M 66 None Ml Yes 3 150 Cardioem- 02:11:00 4 + 12 De-
bolic ceased
3 M 79  None Ml Yes 2 300 Cardioem- 06:07:00 4 4 16 17
bolic
4 M 76 None Ml Yes 3 30 Cardioem- 02:33:00 4 0 14 3
bolic
5 M 74 None Ml Yes 3 30 Unclear 02:47:00 4 0 20 0
6 M 76 None Ml Yes 3 30 Cardioem- 02:42:00 5 0 11 0
bolic
7 M 67 None Ml Yes 1 60 Cardioem- 02:44:00 5 6 17 17
bolic
M 52 None Ml No 3 60 Unclear 03:43:00 5 0 16 0
M 68 None Ml No 1 90 Cardioem- 03:51:00 5 5 16 14
bolic
10 F 65 None Carotid-T  Yes 2 80 Cardioem- 02:23:00 5 5 18 18
bolic
11 F 53  None Carotid-T  Yes 1 90 Cardioem- 02:14:00 5 + 23 De-
bolic ceased
12 M 35 None Carotid-T  No 3 105 Unclear 05:10:00 3 1 7 1
13 M 51 None Carotid-T  Yes 3 45 Cardioem- 01:44:00 5 3 19 10
bolic
14 M 43 None Ml Yes 2 150 Thrombo-  03:53:00 4 3 12 9
embolic
15 F 77 None Ml Yes 2 50 Cardioem- 02:18:00 4 3 15 2
bolic
16 F 67 None Ml Yes 2 140 Cardioem- 02:58:00 5 4 14 5
bolic
17 F 80 None Carotid-T  Yes 3 150 Cardioem- 02:48:00 5 4 17 3
bolic
18 F 80 None Ml Yes 3 90 Cardioem- 02:57:00 4 3 10 4
bolic
19 M 27 None Carotid-T  Yes 2 90 Cardioem- 02:21:00 5 2 17 4
bolic
20 F 74  None Carotid-T  Yes 2 60 Cardioem- 02:43:00 5 + 20 De-
bolic ceased
21 M 75 None Ml Yes 1 120 Cardioem- 03:45:00 5 + 16 De-
bolic ceased
22 M 72 None Ml No 3 60 Cardioem- 01:46:00 5 4 17 2
bolic
23 F 71  None Carotid-T  Yes 1 120 Cardioem- 03:38:00 4 5 13 13
bolic
24 F 50 None Ml Yes 2 30 Cardioem- 01:42:00 5 2 15 4
bolic

F female, M male, mRS modified Rankin Scale, NIHSS National Institutes of Health Stroke Scale, 7TP4 recombinant tissue plasminogen
activator, TOAST Trial of Org 10172 in Acute Stroke Treatment

+: deceased in the acute phase
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and 0.99, respectively, Mann—Whitney U test). The changes
in NIHSS scores from hospital admission to discharge were
recorded for all patients. The NIHSS scores showed sig-
nificant improvement in the stenting group (median NIHSS
score from 17 to 6, p=0.003, Wilcoxon signed-rank test) as
well as in the nonstenting group (median NIHSS score from
15.5 to 4, p=0.0004, Wilcoxon signed-rank test). Compari-
son of the changes between the stenting vs. the nonstenting
group showed no statistical difference (p=0.67, Mann—
Whitney U test).

Immediate Outcome (mRS Admission and Discharge)

On discharge, 5/17 patients (29 %) in the acute stenting
group had a good outcome. This was true for 8/24 patients
(33 %) in the group without acute stenting. Each group
showed a significant amelioration of mRS scores (stent
group: median mRS score from 5 to 3, p=0.03; nonstent
group: median mRS score from 5 to 3, p=0.008; Wilcoxon
signed-rank test each). The comparison of the mRS changes
between the groups was indifferent (p=0.87, Mann—Whit-
ney U test).

Recanalization

The recanalization rate was 16/17 (94 %) and 19/24 (79 %)
in the group with and without acute stenting, respectively.
Successful recanalization was significantly associated with
the degree of mRS improvement (p=0.01, Mann—Whitney
U test). For the surviving patients with successful recana-
lization (n=39), the mean NIHSS score improvement was
8.8; however, for nonrecanalized survivors (n=4), the mean
NIHSS score worsened by 0.3 points.

Bridging

In the acute stenting group, 14/17 patients (82 %) were
bridged with i.v. rTPA. This was true for 20/24 patients
(83 %) in the nonstenting group. There was no difference in
the rate of i.v. thrombolysis between groups.

Antiplatelet Regimen

The described antiplatelet regimen, comprising the acute
phase and a secondary prophylaxis of in-stent thrombosis,
did not lead to an increased rate of SICH postintervention-
ally. During the acute phase and the follow-up, we found no
clinical evidence for acute in-stent thrombosis. The restroke
rate during follow-up was not increased in either group.

Follow-up

In the follow-up, 90-day data could be obtained for all 35
patients who survived the acute phase. The median follow-
up mRS score of these initial stroke survivors was 3 at the
time of hospital discharge as well as on follow-up. How-
ever, there was, significant amelioration in mRS scores
during follow-up time, when statistically tested (p=0.02,
Wilcoxon signed-rank test).

Three of 35 patients (9 %) died during follow-up: one of
a previously undiagnosed metastatic cancer of the prostate,
one of a heart attack, and 1 of unclear cause of death. Of the
remaining 32 patients, 7/13 (54 %) treated with acute stent-
ing had a good functional outcome and 11/13 (85 %) were
able to walk without assistance at 90 days. In the subgroup
without acute stenting, 8/19 (42 %) had a good functional
outcome and 12/19 (63 %) were able to walk independently
at 90 days.

Four of 35 patients suffered a new stroke or transient
ischemic attack (TIA) during follow-up. Two of the recur-
rent strokes affected vessel territories different from the
ones originally treated. The two recurrent vessel occlusions
lead to a new stroke in the previously recanalized territo-
ries of the respective MCA. The etiology in both cases was
cardioembolic. One event occurred after the patient had dis-
continued oral anticoagulation despite a proven ventricular
thrombus after myocardial infarction; the other patient also
had a proven cardioembolic cause for the primary stroke,
but received ASA (300 mg/day) instead of phenprocoumone
because of repeated drop attacks. Consequently, these events
were not attributable to the prior mechanical recanalization.

Discussion

The study contains an analysis of 50 consecutive patients
fulfilling the inclusion criteria, focusing on the initial and
midterm results of 17 patients, which had to be stented in
the extracranial portion of the ICA before intracranial clot
removal either in the carotid-T or M1 segments. In recent
times multiple stent-retriever designs have been introduced
after initial encouraging results with the Solitaire, e.g.,
Trevo (Concentric Medical, Mountain View, CA), Revive
(Codman & Shurtleff Inc., Raynham, MA), and Capture
(Mindframe, Irvine, CA). However, to date, there is no
clinical trial that has demonstrated that any intra-arterial
revascularization device improves clinical outcome in acute
stroke patients compared with i.v. rTPA within 4.5 h. Most
experiences have been published about the performance of
the Solitaire; the available data consist of small initial case
series [5—10], including a systematic review [11], larger pro-
spective single-center case series [12, 13], and single-center
retrospective analysis in more than 100 patients [14], as
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well as a retrospective multicenter study [15]. The reported
recanalization rates (technical success) vary between 60 and
90 %. There is though no consistency in the reported grad-
ing systems, including references in TIMI or thrombolysis
in cerebral infarction (TICI) or modified TICI scales. The
reported rate of good neurological outcome varies between
40 and 60 % at 90 days, depending on the inclusion criteria
and time frames [11-13, 15]. Recently, the superiority of the
Solitaire has been shown in a randomized trial against the
MERCI device [3].

The present cohort features an unusually high percentage
(42 %) of consecutive patients treated for tandem occlusions.
The data on endovascular therapy for tandem occlusion in
acute stroke is scarce. Initial case reports and small series on
the results of an immediate endovascular recanalization of an
obstructed extracranial ICA in acute stroke [16—20] reported
technical success rates between 84 and 100 % and a good
clinical outcome in 50-60 % after 90 days. Pertaining to the
more severe tandem occlusions, there are two recent retro-
spective reports about endovascular treatment results before
the advent of stent retrievers. In these studies the concomi-
tant intracranial occlusion was either treated by intra-arte-
rial thrombolysis or first-generation devices (e.g., MERCI)
or a combination of both. Malik et al. [21] reported a mean
NIHSS score of 15 on admission. Proximal revasculariza-
tion was successful in 100 % of cases, which is consistent
with previous reports. However, the intracranial recanaliza-
tion rate was only 58 % in case of a concomitant carotid-T
obstruction; in case of a M1 obstruction, it increased to 79 %.
The rate of good outcome is not given for each subgroup,
only the overall rate of 42 % is reported. Mortality was 25 %
at 90 days [21]. Hauck et al. [22] had a mean NIHSS score of
14 at admission, a recanalization rate of 68 % (15/22 patients)
in case of a tandem occlusion, and a good outcome in 50 %
(11/22) at 9 months. Mortality rate was 32 % [22].

To our knowledge, the present series is the largest to
date featuring 17 consecutive tandem occlusions treated
with emergency extracranial ICA stenting followed by
intracranial thrombectomy exclusively with the Solitaire
stent retriever. There is only one study by Cohen et al. [23]
with comparable inclusion criteria, featuring seven tandem
occlusions where the Solitaire was used exclusively for
intracranial clot retrieval in conjunction with an extracranial
Wallstent. The main difference is that Cohen et al. used a
second endovascular approach (thrombectomy followed by
extracranial stenting) in some patients alternatively. They
conclude, though, that proximal angioplasty and distal
stent retriever—based thrombectomy was the fastest and
most effective approach in terms of recanalization in tan-
dem occlusions. The experience derived from the present
series supports this technical conclusion.

Clinically, tandem occlusions usually result in major acute
stroke, leading to a severe disability or death [24, 25]. In the
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present study, we observed a high recanalization rate of 94 %
in tandem occlusions, leading to a good outcome in 54 % at
90 days. The door-to-recanalization time was not significantly
prolonged compared with the nonstenting group. The mortal-
ity rate was low compared with the literature, which was 15 %
overall in the acute phase. No death was attributable to a pro-
cedural complication. Of three intracranial hemorrhages, two
are most probably attributable to concomitant i.v. thromboly-
sis; no increased hemorrhage rate was observed in the course
of the described periprocedural antiplatelet regimen in acute
stenting for tandem occlusions, which is consistent with previ-
ous reports [26, 21, 27]. Thus, the main finding in the present
series is that stent-assisted endovascular recanalization of the
extracranial ICA followed by a stent retriever (Solitaire)-based
thrombectomy either in the carotid-T or M1 segments in the
setting of acute stroke is technically feasible; the recanaliza-
tion rate is high and the procedure is not associated with a sig-
nificantly increased risk when compared with i.v. rTPA alone.

The follow-up showed two strokes in the territory of the
originally treated vessels both of which have to be considered
cardioembolic. We observed no increased risk for a recurrent
stroke in the treated arterial territories at 90 days in either
group compared with conservative treatment alone [28].

The present study is limited by its design as a subgroup
analysis from an original prospective study to evaluate
the technical and clinical success of emergency mechani-
cal thrombectomy in acute stroke with the solitaire stent
retriever. Furthermore, patients’ age, sex, and stroke etiol-
ogy are distributed unequally between the extracranial stent-
ing and nonstenting groups. These differences in baseline
variables, however, result in the need for combined extra-
cranial stenting and intracranial thrombectomy in the first
place. Carotid stenosis due to atherosclerosis is the major
underlying pathophysiology of tandem occlusions, hence
the different distributions of stroke etiology. As male sex
is a risk factor for atherosclerosis and age a risk factor for
atrial fibrillation and thus cardioembolic stroke, the group
differences in these items seem inevitable in any kind of
noncontrolled trial as well. The strong points of this study
are the high rate of tandem occlusions treated, the consecu-
tive inclusion of all patients according to the inclusion crite-
ria on an intention-to-treat basis, the prospective assessment
of outcome variables, the evaluation of clinical as well as
technical outcome, and the high follow-up rate.

Conclusion

In our study on stent retriever (Solitaire)-based mechani-
cal revascularization, we observed an unusually high rate
of tandem occlusions in acute stroke. Our data suggest that
acute extracranial stenting in this setting combined with
intracranial Solitaire-based thrombectomy is safe and may



Clinical Outcome of Neurointerventional Emergency Treatment of Extra- or Intracranial Tandem Occlusions

215

lead to an improvement in neurological outcome in patients
with an otherwise poor prognosis under i.v. thrombolysis
alone. The endovascular manipulation did not increase the
risk for recurrent stroke during follow-up.
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