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Background and Purpose—Large vessel occlusion in ischemic stroke is associated with a high degree of morbidity. When
intravenous thrombolysis fails, mechanical thrombectomy can provide an alternative and synergistic method for flow
restoration. In this study we evaluate the safety and efficacy of our stroke management protocol (RECOST study).

Methods—Fifty consecutive ischemic stroke patients with large vessel occlusion were included. After clinical and MRI
imaging assessment, 3 treatment strategies were selected according to time of symptom onset and location of vessel
occlusion: rescue therapy; combined therapy; and stand-alone thrombectomy (RECOST study). MRI ASPECT score �5
was the main exclusion criterion. Mechanical thrombectomy was performed exclusively with the Solitaire flow
restoration device. Clinical outcome was assessed after treatment, on day 1, and at discharge.

Results—Mean patient age was 67.6 years, mean NIHSS score was 14.7, and mean ASPECT score was 6 on presentation.
Vessel occlusions were in the middle cerebral artery (40%), the internal carotid artery (28%), and the basilar artery
(32%). Rescue treatment represented 24%, combined therapy represented 56%, and stand-alone thrombectomy
represented 20%. Mean recanalization time from symptoms onset was 377 minutes, with overall recanalization rate TICI
3 of 84%. NIHSS score at discharge was 6.5, with 60% of patients demonstrating NIHSS score 0 to 1 or an improvement
of �9 points. Symptomatic complication rate was 10%. At 3 months, 54% of patients had a modififed Rankin scale
score of 0 to 2, with an overall mortality rate of 12%.

Conclusions—The present integrated stroke management protocol (RECOST study) demonstrated rapid, safe, and
effective recanalization. We postulate that the Solitaire device contributed to high recanalization and patient selection
using MRI ASPECT score to low and complication rates, therefore avoiding futile and dangerous interventions. (Stroke.
2011;42:1929-1935.)
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The use of intravenous (IV) recombinant human tissue
plasminogen activator for cerebral arterial occlusion was

initiated in the early 1990s, with recanalization rates ranging
from 25% to 55% in the middle cerebral artery (MCA).1–6

However, thrombus within large vessels is relatively resistant
to plasminogen activators and IV thrombolysis alone does not
result in rapid recanalization.7–11 Because the neurological
outcome is dependent mainly on the time required for
recanalization, new therapeutic strategies in stroke units are
increasingly involving direct endovascular techniques.

Intra-arterial fibrinolysis has been shown to improve target
vessel recanalization in PROACT II, with a maximum recan-

alization rate of 66% in the MCA.7 It also has shown a
significant clinical impact on patient outcome but a high
hemorrhagic transformation rate.9,11,12 Recently, endovascu-
lar mechanical thrombectomy devices have demonstrated to
successfully restore large vessel patency and therefore pro-
vide an alternative and synergistic method for large vessel
recanalization.10,13–16

There has been an increasing number of new thrombec-
tomy devices currently introduced with varying theoretical
mechanisms of action.8,10,13–15 Although these have dramati-
cally improved the capacity of neurointerventionalist to
conduct endovascular recanalization, they mainly are used as
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a second-line therapy after IV fibrinolysis failure or lapse of
IV fibrinolysis therapeutic windows. The exact role of this
new technique, therefore, is not fully determined, leading to
divergent therapeutic decisions among stroke practitioners.

As a consequence, a common algorithm was developed and
unanimously accepted by the various members of our stroke
multidisciplinary team (neurologists, neuroradiologists, and
anesthesiologists) to streamline and ascertain a coalescent
decision-making process in all patients with confirmed ische-
mic stroke secondary to large vessel occlusion. This inte-
grated stroke management protocol included both IV fibrino-
lysis and thrombectomy, depending on the time of symptom
onset and vessel occlusion location. All patients undergoing
thrombectomy were treated using the Solitaire mechanical
thrombectomy device (Solitaire flow restoration device or
Solitaire FR device; ev3). The objective of this study was to
evaluate and appraise the timing, safety, and efficacy of this
integrated stroke management protocol (Rescue, Combined,
and Stand-Alone Thrombectomy [RECOST] study).

Materials and Methods
Multidisciplinary Consensus: Organization
Ethical approval for this study was obtained by the local ethics
committee in our institution after review of the stroke protocol. The
Solitaire FR device in the European Union is certified for thrombec-
tomy by the “Communauté Européenne.” After a number of multi-
disciplinary stroke team meetings between May and August 2009, a
unified strategy for stroke management was finalized in our stroke
center. Detailed documentation describing the particulars regarding
IV fibrinolysis, thrombectomy, and anesthesiology were also pro-
vided by each team. Clinical information, time of symptom onset,
arrival in the stroke unit, start and end of imaging, duration of
anesthesia, time to recanalization, and morphological and functional
MRI information were all reported. In the angiographic suite, the
time of puncture, the number of passes of the thrombectomy device,
the time of recanalization, and the thrombolysis in cerebral infarction
(TICI) score were all reported in the “acute phase proforma.”

Acute Phase Management
A stroke neurologist systematically evaluated all patients with
suspicion of an acute ischemic stroke. A comprehensive urgent MRI
of brain with cerebral angiography and perfusion were performed as
part of the initial patient work-up. All ischemic stroke patients
presenting with a proximal major vessel occlusion (MCA, internal
carotid artery, and basilar artery [BA]) confirmed clinically and on
MRI (within 6 hours for the anterior circulation and within 24 hours
for the posterior circulation) were included in the study. If no
proximal large vessels occlusion was identified on imaging, then
standard IV fibrinolysis was performed and managed independently
by the neurologist.

Patients with a major vessel occlusion who met the inclusion/
exclusion criteria listed in Table 1 were placed within 1 of 3
therapeutic arms, depending on the time from symptom onset and the
location of vessel occlusion. These 3 therapeutic arms of the
protocol, detailed in Table 1, consisted of rescue therapy, combined
therapy, and stand-alone thrombectomy. MRI played a significant
role in patient selection. More specifically, an ASPECT score17,18

based on lesion location found on diffusion-weighted imaging
(DWI)19 was systematically evaluated by the on-call neuroradiolo-
gist in all cases of an anterior circulation stroke. Patients with an
ASPECT score �5 were excluded to avoid futile and dangerous
treatment. For the posterior circulation, extensive brain stem lesions
on DWI were the main criterion for exclusion and no specific scale
was consistently utilized. Once the decision for thrombectomy was
made, the anesthetist would be immediately informed and the
angiographic suite was prepared. Consent for intervention was

obtained from the patient or the family of the patient, depending on
the neurological status.

Rescue Therapy: Definition
All patients with MCA occlusion in segment M1 or M1–M2
presenting within 4.5 hours and satisfying the inclusion criteria
entered the rescue arm of the protocol. The clinical diagnosis of
ischemic stroke was made by the on-call neurologist and IV
fibrinolysis was initiated as soon as possible. The neuroradiologist
and anesthesiologists in the meantime would prepare for potential
rescue thrombectomy. Sixty minutes after initiation of the IV
fibrinolysis, the neurologist would reassess the patient and obtain a
second NIHSS. If the second NIHSS score was �8 or if there was a
relevant neurological deficit present with a significant impact on the
patient’s quality of life, then this would be interpreted as a failed IV
fibrinolysis and an urgent rescue thrombectomy would be performed.

Combined Therapy: Definition
Combined therapy was applied to all patients with terminal internal
carotid artery or tandem occlusions presenting within 4.5 hours, and
to all BA occlusions presenting within 24 hours. Combined therapy
would involve immediate IV fibrinolysis, which would continue as a
bridging mechanism until the angiographic suite would be prepared
for an urgent thrombectomy. In contrast to the rescue arm, no second
neurological assessment would be obtained before thrombectomy.
IV fibrinolysis would continue during the endovascular procedure
and, hence, the term combined therapy.

Stand-Alone Thrombectomy: Definition
Stand-alone thrombectomy was performed in patients presenting
outside the IV fibrinolysis therapeutic window, ie, between 4.5
and 6 hours for MCA and terminal internal carotid artery
occlusions. It was also applied in patients with any contraindica-
tions to IV fibrinolysis, eg, warfarin anticoagulation therapy
(international normalized ratio �2), recent surgery, or history of
hemorrhage/hematoma.

MRI Protocol
MRI was performed by using a 1.5-T magnet (33 mT/m hypergra-
dients; Intera, release 10; Philips Medical System) with a phase-array
head coil. First, a T2 gradient echo was performed to screen for
intracranial hemorrhage and to approximately localize the thrombus
in the intracranial circulation. Second, DWI sequences b0, b500, and
b1000 were acquired, as was an Apparent Diffusion Coefficient
(ADC) map to identify the necrotic core. FLAIR and T2 were also
used to corroborate information about the time from symptom
onset.20 A time-of-flight sequence focused on the circle of Willis was
then obtained to screen for large vessel occlusion. Finally, perfusion-
weighted imaging using IV gadolinium (Prohance; Bracco) was
acquired with colorimetric mapping after the time to peak parameter.

Table 1. Inclusion/Exclusion Criteria and Stroke
Management Protocol Algorithm Depending on Time Windows
and Vessel Occlusion

0 h–4 h 30 min 4 h 30 min–6 h �6 h

MCA Rescue Stand-alone thrombectomy …

Terminal ICA Combined Stand-alone thrombectomy …

BA Combined Combined Combined

Inclusion criteria: (1) proximal major vessel occlusion: MCA (M1, M1–M2),
terminal ICA, or BA; (2) all stroke patients with a relevant deficit; time window
�6 h or no changes on T2 for the anterior circulation; time window �24 h for
the posterior circulation.

Exclusion criteria: (1) ASPECT score �5; extensive brain stem involvement;
spontaneous NIHSS score improvement.

ASPECT indicates Alberta Stroke Program Early CT; BA, basilar artery; ICA,
internal carotid artery; MCA, middle cerebral artery; NIHSS, National Institutes
of Health Stroke scale.
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In case of MRI contraindication, a CT noncontrast angiography and
perfusion were performed.

IV Fibrinolysis Protocol
IV thrombolysis with recombinant human tissue plasminogen acti-
vator (full dose, 0.9 mg/kg) was considered in all patients presenting
within 4.5 hours from symptom onset. A loading dose of 10% was
administered as soon as possible. Patient contraindications for IV
fibrinolysis were: pregnancy, serum glucose �50 and �400 mg/dL;
known hemorrhagic diathesis; known coagulation factor deficiency;
oral anticoagulation treatment with international normalized ratio
�1.5; use of heparin with a prothrombin time �2-times normal;
platelet count �100 000/mL; sustained systolic blood pressure
�185 mm Hg or diastolic blood pressure �110 mm Hg despite
treatment; and life expectancy �3 months.

Mechanical Thrombectomy Protocol
All procedures were performed via a femoral artery approach and
using general anesthesia (GA). In the anterior circulation, an 8-Fr or
9-Fr balloon guide catheter (Merci Balloon Guide Catheter; Concen-
tric Medical) was introduced through a femoral sheath into the
concerned carotid artery. In the posterior circulation, a 6-Fr Envoy
(Cordis) guide catheter was placed into the dominant or most
navigable vertebral artery. A 0.21-inch internal diameter microcath-
eter (Prowler Select Plus; Cordis or Vasco 21; Balt) was navigated
distal to the point of occlusion over a 0.014-inch steerable microwire.
The microwire was exchanged with the mechanical thrombectomy
device. All patients undergoing mechanical thrombectomy were
treated using the Solitaire FR or AB device (ev3). An intravenous
bolus of 1000 IU of standard heparin was administered after Solitaire
FR device deployment. On Solitaire FR device deployment, an
angiographic control was performed to evaluate the correct place-
ment and expansion of the device. The device was left in place for 2
to 7 minutes, allowing full expansion of the nitinol stent through the
thrombus. Then, the fully deployed Solitaire FR device together with
the delivery microcatheter were gently pulled back as a single unit
and recovered. Before this retrieval, the balloon guide catheter was
inflated and manual aspiration performed with a 50 mL syringe
through the hemostatic valve to reverse the flow in the target artery
and therefore reduce the risk of thromboembolism. Successful
recanalization was defined as Thrombolysis In Cerebral Infarction
(TICI) 3 in all treatable vessels. If the treatable vessel was not
opened to at least TICI 2 with a maximum of 5 passes of the
thrombectomy device, then the treatment was considered as a failure.
No intra-arterial fibrinolytics were administered at any point during
this study, even if the recanalization attempt was unsuccessful. Groin
punctures were routinely closed with an Angio-Seal (St. Jude
Medical, St. Paul, MN).

Anesthetic Protocol
After the decision for thrombectomy, rapid evaluation was per-
formed by the anesthetist. If no significant contraindication was
identified, then the patient was transferred to the angiography suite,
where urinary bladder catheterization and intubation were per-
formed. The blood pressure was carefully monitored during anes-
thetic induction and during the procedure, with a minimal threshold
set at 90 mm Hg (mean arterial pressure). Following any complica-
tions, the patient was maintained under GA and transferred to the
intensive care unit.

Postoperative Management
A CT scan was performed in the angiographic suite after all
procedures to screen for immediate hemorrhagic transformation or
any unforeseen procedural complications. Prompt extubation in
elderly patients was preferred to avoid anesthetic complications. If
the postprocedural neurological status did not allow immediate
extubation, then patients were managed in the intensive care unit
with prophylactic anticoagulation for the first 24 hours using
fractioned heparin injection (0.2–0.6 mL). The number of days until
extubation was recorded for all such patients. A further CT or MRI

was performed at 24 hours. If no hemorrhage was present, then
antiplatelet monotherapy was administered while awaiting cardiac
exploration. If a cardioembolic etiology was strongly suspected, then
IV heparin was initiated with a target ACT score between 2 and 3,
depending on the extent of the brain lesions on the 24-hour scan.

Adverse Event Definition
Clinically significant procedural complications were defined as
procedural complications resulting in a �4-point NIHSS score
decline, death, or groin complication requiring surgery or blood
transfusion. Symptomatic intracranial hemorrhage was defined as a
�4-point NIHSS score decline within 24 hours with blood products
identified on the 24-hour head CT/MRI scan (petechial hemorrhage,
parenchymal hematoma, or subarachnoid hemorrhage) or any intra-
cranial hemorrhage in which no further NIHSS scores were available
beyond baseline and the patient died. All 24-hour CT/MRI scans
were reviewed by a second neuroradiologist and adjudicated as
subarachnoid hemorrhage or as ECASS hemorrhagic infarction types
I or II or ECASS parenchymal hematoma types I and II.

Patient
Patient neurological status was scored with a further NIHSS,
immediately after extubation, on day 1, and at discharge. All patients
were scheduled for a 3-month evaluation with a stroke practitioner.
Good neurological outcome was defined as a NIHSS score of 0 or 1
or a NIHSS score improvement of �9 points at discharge or both.

Statistical Analysis
Patients and treatment characteristics were presented using median
and range (or mean and SD) for continuous variables and frequencies
and proportions for categorical variables. Times were compared
between groups (defined by the procedure) using Student or Wil-
coxon rank test as appropriate. Correlations were performed using
Spearman correlation coefficient along with 95% CI. Statistical
significance threshold was set at 5%. Statistical analysis was per-
formed using SAS version 9.1 (SAS Institute).

Results
Population
Three hundred fifty-five patients were admitted to our stroke
unit between August 2009 and May 2010. Among these, 57
arrived within 6 hours and presented with a proximal vessel
occlusion. Seven were excluded: 5 because of an ASPECT
score �5 and 2 because of extensive brain stem lesions. Fifty
patients were included in this study and had a mean age of
67.6 years (median, 70 years; SD, 14.6 years) and a sex ratio
of 50%. Cardiovascular risk factors were hypertension in
23%, diabetes in 15%, smoking in 10%, and dyslipidemia in
8%. Mean initial NIHSS score was 14.7 (median, 15; range,

Table 2. Distribution of Patient Between the 3 Arms Defined
and Described in Table 1

Combined Rescue
Stand-Alone

Thrombectomy Overall

MCA 5* 12 3 20 (40%)

Terminal ICA 13 0 1 14 (28%)

BA 10 0 6† 16 (32%)

Overall 28 (56%) 12 (24%) 10 (20%) 50

BA indicates basilar artery; ICA, internal carotid artery; IV, intravenous; MCA,
middle cerebral artery.

*Five protocol deviations were observed with 5 MCA occlusions undergoing
combined instead of rescue therapy.

†Six patients with a BA occlusions underwent stand-alone thrombectomy as
a consequence of IV contraindications.
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3–23). Sixteen patients (32%) had an abnormal Glasgow
coma scale score quoted by the emergency medical team on
arrival.

Acute MRI
An MRI was performed upon admission in 48 of the 50
patients. In the anterior circulation, mean ASPECT score on
DWI was 6.3–10 Two patients had MRI contraindications and
were assessed by CT with CTA and CT perfusion. Four
patients (8.3%) demonstrated significant motion artifact but
DWI sequences were nevertheless available for all cases.
Mean time for MRI was 22 minutes (range, 9–45 minutes).

Protocol Deviation
Protocol deviation regarding patient inclusion was observed
in 5 cases (10%), with patients included despite an ASPECT
score �5. The ASPECT score was 4 in 4 cases and 3 in 1 case

on the initial DWI. Among these, 2 patients died within the
first week, 1 had a NIHSS score of 20 at discharge, and 2
were quoted NIHSS score of 0 at discharge. Deviation to the
stroke management algorithm was also observed in another 5
cases (10%) with MCA occlusions. In these patients, com-
bined therapy was performed instead of rescue treatment. All
5 had NIHSS score of 0 at discharge.

Technical Results
A total of 50 patients were included in this study, 12 in the
rescue therapy group, 28 in the combined therapy group, and
10 in the stand-alone thrombectomy group, as previously
described (Table 2). Recanalization TICI 3 was achieved in
84% and TICI 2B was achieved in 4%, with a primary end
point of 88% (TICI 3 and TICI 2B). We observed 2 cases of
TICI 2A and 4 cases of TICI 0. Mean passes of the
thrombectomy device were 2 (median, 2; range, 1–5). Results
per location of the vessel occlusion are summarized in Table
3. Solitaire FR or AB devices were used in all cases.

Workflow Timing
Mean time between symptom onset and presentation was 2
hours 56 minutes, with a marked discrepancy between ante-
rior and posterior circulation, as expected (1 hour 51 minutes
for anterior circulation and 5 hours 20 minutes for posterior
circulation). Mean time between presentation and MRI was
59 minutes, with a mean MRI procedure time of 22 minutes.
Mean time between groin puncture to maximum final TICI
was 54 minutes (median, 48 minutes; range, 15–243 min-
utes), with no significant difference observed between ante-
rior and posterior circulation. The workflow timing results are
summarized in detail in Table 4.

Table 3. Technical Results of RECOST Study

Procedural
Issues
and Timing TICI 3

Procedural Time
(Groin Puncture

to Maximum TICI)
(min)

Mean No.
of Device
Passes

Symptomatic
Periprocedural
Complication

Rate

MCA, n�20 86% (19/20) 40 1.5 10% (2/20)

Terminal ICA,
n�14

71% (10/14) 55.5 2.4 0% (0/14)

BA, n�16 81% (13/16) 56.2 2.1 19% (3/16)

Overall,
n�50

84% 54 2 10%

BA indicates basilar artery; ICA, internal carotid artery; IV, intravenous; MCA,
middle cerebral artery; RECOST, Rescue, Combined, and Stand-Alone Throm-
bectomy; TICI, thrombolysis in cerebral infarction.

Table 4. Work Flow Timing

Work Flow Timing
Overall

Lesions (n�50)
Anterior

Circulation (n�34)
Posterior

Circulation (n�16)

Symptoms onset, door

Mean 02:56 01:51 05:20

Median 02:07 (00:30–11:40) 01:55 (00:45–04:00) 04:07 (01:28–11:40)

Door to MRI arrival

Mean 00:59 00:37 01:01

Median 00:34 (00:04–11:41) 00:34 (00:10–01:43) 00:40 (00:04–05:49)

MRI procedure

Mean 00:22 00:21 00:22

Median 00:23 (00:09–00:45) 00:22 (00:09–00:35) 00:21 (00:15–00:38)

End MRI to groin puncture

Mean 01:21 01:14 01:20

Median 01:05 (00:09–04:33) 01:05 (00:22–03:16) 01:08 (00:09–03:30)

Groin puncture to maximum TICI

Mean 00:54 00:47 01:11

Median 00:48 (00:15–04:03) 00:49 (00:16–01:53) 00:56 (00:15–04:03)

Symptoms onset to maximum TICI

Mean 06:17 04:54 09:22

Median 05:27 (02:58–16:10) 04:54 (02:58–06:57) 09:17 (03:42–16:10)

Data shown are hours and minutes.
MRI indicates magnetic resonance imaging; TICI, thrombolysis in cerebral infarction.
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Complications
Symptomatic complications were seen in 5 patients (10%),
with 4 adverse embolic infarcts in a new territory observed on
the DWI and one posterior fossa hemorrhagic transformation.
New ischemic lesions were seen in 8 cases (16%) on DWI
sequences, including the 4 cases of adverse embolic events
described above. At day one, 7 hemorrhagic complications
were demonstrated on CT or MRI imaging, 5 parenchymal
hematomas (4 parenchymal hematoma1, 1 parenchymal he-
matoma2), and 2 persisting subarachnoid hemorrhages. Only
one parenchymal hematoma2 (2%) hematoma was symptom-
atic according to the ECASS definition,6 following an initial
BA occlusion.

Clinical Results
Sixty percent (30/50) had NIHSS score improvement of �9
points or NIHSS score 0 to 1 at discharge (Table 5). Mean
NIHSS score was 6.5 at discharge (Figure). For the BA
occlusions, 8 of 16 (50%) patients had a normal Glasgow
coma scale score at discharge but with 4 deaths recorded
(25%). At 3 months, 70% of MCA patients had a modified
Rankin scale score 0 to 2 or NIHSS score 0 to 1 or both, 44%
of internal carotid artery occlusions, and 43% of BA occlu-
sions, with an overall rate of 54%. The overall mortality rate
at 3 months was 12% (6 of 50 patients; Table 5).

Discussion

Stroke Management Pathway
Our stroke management pathway clearly focuses on patients
with large vessel occlusions and the evidence to date shows
that these patients respond poorly to IV fibrinolysis.4,7,21 The

location of the occlusion and the time from symptom onset
were the determining criteria (Table 1).

In MCA occlusions, IV fibrinolysis was initiated as soon as
possible in accordance with ECASS 3 protocol6 up to 4.5
hours. A 60-minute window was allowed to assess any
clinical improvement. Interestingly, in the 12 patients of the
rescue arm with an MCA stroke, only 2 improved clinically
after IV fibrinolysis, with a good outcome at discharge
(NIHSS scores 0 and 1) and did not undergo a complemen-
tary mechanical thrombectomy. Ten patients with MCA
strokes underwent thrombectomies that were therefore possi-
bly unnecessarily delayed. Further investigation is needed to
assess the appropriateness of rescue therapy compared to a
unified combined strategy.

Imaging-Based Patient Selection
The approved medical therapy in acute ischemic stroke
remains IV fibrinolysis within 4.5 hours.6 However, there is
increasing evidence22 that by using advanced imaging tech-
niques, it is possible to facilitate safe and effective treatment
in patients beyond these windows. Endovascular treatment in
patients with a clinical/DWI mismatch may prevent clinical
worsening and promote improvement.23 The ASPECT scor-
ing system19 for rating ischemic lesions has been demon-
strated to be a reliable and reproducible “location-weighted”
system to assess the initial necrotic core on DWI.

In our center, the ASPECT score after MRI played a
pivotal role in patient selection for stroke management. All
patients with an ASPECT score of �5 were selected for
treatment. It is important to notice that among the 5 patients
with protocol deviation with ASPECT score inclusion �5, 2
died and 1 was quoted NIHSS score of 20 at discharge. This
is in accordance with the work by Kimura et al24 and, more
recently, Nezu et al,19 who demonstrated that the ASPECT
score is a good and reliable predictive factor for brain lesion
recovery. This has allowed us to safely and cautiously extend
our therapeutic options beyond the traditional time con-
straints of the IV fibrinolysis.

Contrary to the anterior circulation, in the posterior fossa,
ischemic lesions are associated with an increased mortality
and practitioners constantly face a therapeutic and ethical
dilemma. Doing nothing usually leads to death, but inter-
vention, even if successful, can leave the patient in a
vegetative state, especially when the lesions are widespread.
The ASPECT scoring system in the posterior fossa lesion
published by the Calgary team25 suggests that with an
ASPECT score �8, no good clinical outcome can be ex-

Table 5. Major Clinical Outcome by Location

Location
Total

(n�50)
MCA

(n�20)
Terminal ICA

(n�14)
BA

(n�16)

Discharge NIHSS score 0�1 or
NIHSS score improvement �9 points

60% (30/50) 75% (15/20) 57% (8/14) 44% (7/16)

3-mo mRS score 0�2 or NIHSS
score 0�1

54% (27/50) 70% (14/20) 43% (6/14) 44% (7/16)

3-mo mortality 12% (6/50) 0% 14% (2/14) 25% (4/16)

BA indicates basilar artery; ICA, internal carotid artery; MCA, middle cerebral artery; mRS, modified
Rankin scale; NIHSS, National Institutes of Health Stroke scale.

Figure. Graph showing National Institutes of Health Stroke Scale
Score from admission to discharge in all included patients.
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pected. Renard et al26 similarly presented that a maximum
score of 3 points predicted a poor outcome on a 10-point
grading scale. In our opinion, there is still insufficient data
regarding the relationship between BA occlusion prognosis
and DWI to define a fixed therapeutic strategy in the posterior
fossa. Hence, in this study, although extensive brain stem
lesions on DWI were a main criterion for exclusion, no
specific cut-off was consistently utilized. Patient selection in
this location is still a challenge.

Recanalization Rate
The use of the Solitaire device facilitated a very high rate of
recanalization (TICI 3) in 84%, in comparison with the
Penumbra trial13 (27.2%) and the Multimerci trial10 (69.5%).
Mazhigi et al27 also demonstrated in the internal carotid artery
a recanalization rate of only 46% in comparison to 71% in our
study. Clearly, the Solitaire FR device has allowed rapid and
effective mechanical thrombectomy with a low number of
passes (mean, 2) and satisfactory recanalization results (TICI
2B/TICI 3 achieved in 88%). Another interesting point is that
in 22 patients (44%), only 1 pass was sufficient to obtain a
TICI 2B/TICI3 recanalization. These results are supported by
other recent Solitaire FR device studies.15,28 Castaño et al15

also demonstrated a recanalization rate of 90% (TICI 2B/
TICI3) in 18 of the 20 patients using the Solitaire device in
MCA occlusions.

General Anesthesia
In our study, all procedures except 2 were performed using
GA according to the protocol described in the Materials and
Methods. Patient motion could lead to longer and less
efficient treatments or, even worse, to vascular injury and
catastrophic intracranial hemorrhage. Jumaa et al29 and Abou-
Chebl et al30 compared the outcome of patients treated with
conscious sedation and GA. They observed an increased
mortality rate in the group with GA with no difference in the
length of treatment and hemorrhagic complication rate. The
main problem, however, with these studies was a selection
bias. Patients who received GA were more likely to have
more significant vessel occlusions and higher NIHSS scores,
therefore representing more extensive lesions. Consequently,
it is now not possible to conclude that conscious sedation is
safer than GA. Interestingly, there was no difference in length
of treatment or hemorrhagic complication rate observed
between the 2 groups.

However, if time to recanalization is the main objective,
then clearly conscious sedation will help to reduce this time
in most cases. Furthermore, there might be further theoretical
advantages of conscious sedation related to the cerebral
autoregulation and blood pressure changes that are altered by
anesthetic agent. The authors would welcome a randomized
prospectively study between conscious sedation and GA. In
our study, immediate extubation was observed in 67% of the
patients. Interestingly, of the patients with a final modified
Rankin scale score 0 to 2, 75% were extubated immediately,
compared to 59% in the group with modified Rankin scale
score �2 (P�0.26). However, one has to interpret these
results with some caution and consider the same selection

bias described regarding the studies by Jumaa et al29 and
Abou-Chebl et al.30

Clinical Results
The NIHSS score dramatically improved from day 1 to
discharge (14.7 to 6.5), as shown in Figure 1. This was also
reported by Castano et al,15 showing a mean NIHSS score of
9.4 at day 7. As expected, differences were observed between
locations, with a significant improvement of 75% in the MCA
patients in contrast to 43% in the vertebrobasilar system.
Overall, we reported a favorable neurological outcome in
60% of patients at discharge (NIHSS score 0–1, or NIHSS
score improvement by 9 points). This is in accordance with
the study by Roth et al,28 who recently reported a 63% good
neurological outcome at discharge. Our 3-month follow-up
results were also similar to those observed in other Solitaire
studies. We demonstrated modified Rankin scale score 0 to 2
at 3 months in 54% of patients in comparison to 45% reported
by Castaño et al15 and 50% reported by Roth et al.28

Interestingly, we observed a lower mortality rate of 12% in
our series in contrast to the studies by Castano et al (20%)15

and Roth et al (18%).28 We hypothesize that the systematic
utilization of DWI ASPECT for patient selection most likely
contributed to this.

Therapeutic Safety
Safety in this small series was satisfactory, with a rate of
symptomatic intracranial hemorrhage of 2% (1 of 50) repre-
senting following a case of BA recanalization. This rate is
less than the rates reported in the PROACT II study7 and the
IMS studies,21,31 and similar to the 2.5% reported in the
ECASS III trial6,32 and the SITS-ISTR registry.5 Our study, as
well as PROACT-II, IMS, and Recanalyze, only included
patients with documented large artery occlusions, which was
not the case in the ECASS III trial or the SITS-ISTR registry.
This difference in the inclusion criteria is reflected in the
median baseline NIHSS score, which was only 9 to 10 in
ECASS III and only 11 in the SITS-ISTR registry, compared
to 14.7 in our study. The DWI ASPECT inclusion criteria
used in our protocol probably reduced the number of inter-
ventions in patients with extensive lesions and most likely
contributed to the low hemorrhagic rate reported. Also, it
must be noted that 20% (10 of 50) of the patients in this study
were treated with mechanical thrombectomy alone and no IV
fibrinolysis, and therefore potentially lowering the hemor-
rhagic risk. Symptomatic embolic events occurred in 4 cases
and appeared to be the most common procedural complica-
tion of the technique. Although 2 cases were observed in the
anterior and 2 in the posterior circulation, these represented
6% (2/34) and 12.5% (2/16) of cases in each territory. This
discrepancy may reflect the fact that a balloon-mounted guide
catheter was used only in the anterior circulation.

Our perioperative mortality rate was 0%. Again, this is in
line with the low complication rate demonstrated and indi-
cates the safety of the thrombectomy protocol and patient
selection. At 3 months, the overall mortality rate was 12% (6
of 50), which again is very favorable compared to other
thrombectomy studies.13–15,28
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Conclusions
In this study, the integrated Stroke Management Protocol
(RECOST study) allowed rapid and safe recanalization (TICI
3 and TICI 2B in 88%). The efficacy and safety of the
Solitaire device cannot be ignored, especially given the
excellent angiographic results and low complication rates. An
overall clinical outcome with a mean NIHSS score of 6.5 was
observed at discharge compared to an initial mean NIHSS
score of 14.7 at entry. NIHSS score 0 to 1 was observed in
38% (19 of 50) of the patients at discharge, and 60% had an
early neurological improvement. Overall symptomatic com-
plication rate was 10%, with 4 cases of adverse embolic
events during thrombectomy and 1 case of symptomatic
hemorrhagic complication, representing only 2% in this
series. At 3 months, we demonstrated a modified Rankin
scale score 0 to 2 in 54% of patients with an overall mortality
rate of 12%. We postulate that the use of the DWI ASPECT
score has contributed to this by providing careful selection of
patients and therefore avoiding futile and dangerous
recanalization.
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