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Abstract

In the last years, we have faced a blooming 
of mechanical thrombectomy (MT). 
Numerous randomized controlled trials 
have shown the benefit of MT, combined 
with the best medical treatment, in the set-
ting of acute ischemic stroke with large 
vessel occlusion. Thus, the management 
and triage of patients with acute ischemic 
stroke have become crucial in order to offer 
a swift recanalization to these patients. In 
this chapter, we will summarize the recent 
data of the literature on MT, review the 
indications and guidelines for MT, and dis-
cuss the different strategies for triage. We 
will also present the different techniques 
available for MT, and their respective safety 
and effectiveness.

Abbreviations

ADAPT	 A direct aspiration first-pass 
technique

AHA	 American Heart Association
AIS	 Acute ischemic stroke
ASA	 American Stroke Association
ASPECTS	 Alberta Stroke Program Early 

CT Score
BMT	 Best medical treatment
CSS	 Comprehensive stroke center
ICA	 Internal carotid artery
IV	 Intravenous
LVO	 Large vessel occlusion
MCA	 Middle cerebral artery
MT	 Mechanical thrombectomy
mRS	 Modified Rankin Scale
mTICI score	 Modified thrombolysis in cere-

bral infarction score
NIHSS	 National Institutes of Health 

Stroke Scale
NNT	 Number of patients needed to 

treat
RCT	 Randomized controlled trial
tPA	 Tissue plasminogen activator

1	 �Recent Data on Mechanical 
Thrombectomy

Until 2015, all randomized controlled trials 
(RCTs) that have evaluated the effectiveness 
of mechanical thrombectomy (MT) in the set-
ting of acute ischemic stroke (AIS) with large 
vessel occlusion (LVO) failed to demonstrate 
a benefit in terms of 3  months’ neurological 
outcome compared with the best medical 
treatment (BMT) (Ciccone et  al. 2013; 
Broderick et al. 2013; Kidwell et al. 2013). In 
2015, five RCTs (Berkhemer et  al. 2015; 
Jovin et al. 2015; Goyal et al. 2015; Campbell 
et  al. 2015; Saver et  al. 2015), with a close 
design, showed a strong benefit of MT in 
patients with LVO, associated with the 
BMT.  Indeed, in these studies, the gap of 
good neurological outcome (i.e., modified 
Rankin Scale [mRS] score ≤2 at 3  months’ 
follow-up) in favor of MT + BMT varied from 
13.5 to 31%, and the number of patients 
needed to treat (NNT) to gain a patient with 
independency at 3-month follow-up ranged 
from 3 to 8. In most of the studies, the time 
window to start the MT procedure was 6  h, 
but some studies, selecting the patients with a 
small core infarct, extended the time window 
to 8 or even 12  h (REVASCAT (Jovin et  al. 
2015) and ESCAPE(Goyal et  al. 2015) stud-
ies, respectively).

One could wonder what happened between 
the negative studies published in 2013 and the 
positive ones published in 2015. First, the 
patients’ selection was more rigorous in the 
recent studies, which involved only patients 
with imaging-proven LVO.  Second, all posi-
tive RCTs used the most recent MT devices, 
especially stent retrievers, while first-genera-
tion devices were used in previous RCTs. 
These methodological issues may explain the 
discrepancies between older and recent RCTs.

Since then, two additional RCTs have been 
published (Bracard et  al. 2016; Mocco et  al. 
2016), confirming the results of the first five 
RCTs published in 2015.

F. Clarençon et al.
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2	 �Indications of Mechanical 
Thrombectomy

In 2015, the American Heart Association (AHA)/
American Stroke Association (ASA) published 
its recommendations concerning the indications 
of MT in the setting of AIS with LVO, based on 
the five above-mentioned RCTs published in 
2015  in the New England Journal of Medicine 
(Powers et  al. 2015). These recommendations 
specified that patients for whom MT was consid-
ered should receive IV thrombolysis if no contra-
indication is found. MT should be performed in 
patients ≥18 years, with an imaging proven LVO 
(M1 or ICA), with pre-MT mRS score ≤1, with a 
NIHSS (National Institutes of Health Stroke 
Scale) ≥6 and an ASPECTS (Alberta Stroke 
Program Early CT score) ≥6. MT should be initi-
ated (groin puncture) within 6  h of symptom 
onset and performed with a stent retriever.

Recently, two RCTs have expanded the time 
window for mechanical thrombectomy in patients 
with an AIS due to LVO: the DWAN trial 
(Nogueira et al. 2018) and the DEFUSE 3 study 
(Albers et al. 2018).

The DAWN (Clinical Mismatch in the Triage 
of Wake Up and Late Presenting Strokes 
Undergoing Neurointervention With Trevo) trial 
(Nogueira et al. 2018) is a RCT that involved 206 
patients and aimed at comparing MT associated 
with BMT vs BMT alone between 6 and 24  h 
from symptoms’ onset (known symptoms’ onset 
or last known well) in patients with AIS and 
LVO. Selection criteria, based on the core infarct 
volume, were as follows: infarct volume <31 ml 
in patients less than 80 years with a NIHSS ≥10 
or infarct volume <51  ml in patients less than 
80  years with a NIHSS ≥20 or infarct volume 
<21 ml in patients ≥80 years with a NIHSS ≥10. 
At 3 months’ follow-up, good clinical outcome 
(i.e., mRS ≤  2) was observed in 48.6% in the 
group MT + BMT vs 13.1% in the BMT group. 
Additionally, the NNT was close to 3 (2.8). For 
comparison purpose, the NNT for the exclusion 
treatment of ruptured intracranial aneurysms is 
13 (Lanzino et  al. 2013). It is noteworthy that 

about two-third of the patients included in the 
DWAN trial were wake-up strokes and that one-
fourth were AIS with undetermined stroke onset.

Another recent study has expended the time 
window for MT: the DEFUSE3 trial (Albers et al. 
2018). This study involved 182 patients from 38 
centers from the United States. Patients with an 
AIS with LVO (proximal MCA or ICA occlu-
sions), between 6 and 16  h after the symptom 
onset (or last known to be well) an initial infarct 
size of less than 70 ml, and a ratio of the volume 
of ischemic tissue on perfusion imaging to infarct 
volume of 1.8 or more, were randomized either 
for MT + BMT vs BMT alone. Results in terms of 
independency (mRS ≤2 at 3 months’ follow-up) 
were better for the MT + BMT arm (45% vs 17%, 
P < 0.001). Additionally, the 90-day mortality rate 
was 14% in the endovascular therapy group and 
26% in the medical therapy group (P = 0.05).

Since the publication of the DAWN and 
DEFUSE3 trials, AHA and ASA have updated 
their recommendations in 2018 (Powers et  al. 
2018), which now take into account a wider time 
window for MT, in selected patients, according to 
the above-described imaging criteria.

What DAWN and DEFUSE3 trials have in 
common is the patients’ selection based on some 
form of mismatch. The mismatch is defined as 
the difference between hypoperfused and 
infarcted tissue and has many imaging and clini-
cal surrogates. Identifying patients with symp-
tomatic ischemic penumbra, at risk of evolution 
toward infarction, and amenable to tissue salvage 
by emergent LVO revascularization, is bound to 
be the cornerstone of patient selection for MT in 
the future.

3	 �Triage for Mechanical 
Thrombectomy

With the blooming of mechanical thrombectomy, 
due to the critical influence of the time to recana-
lization, triage of patients eligible for MT has 
become a crucial point. Indeed, the benefit of MT 
in terms of functional outcome decreases with 
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time. For instance, it has been shown in the meta-
analysis of Saver et al. that for every 4-min delay 
in emergency department door-to-reperfusion 
time, 1 of every 100 treated patients had a worse 
disability outcome, leading to no significant ben-
efit of MT when initiated more than 7.3 h after 
the symptoms’ onset (Saver et  al. 2016). Thus, 
numerous strategies have been proposed and 
studied to improve the patient workflow and 
reduce, as much as possible, these critical times.

3.1	 �“Mothership” Vs “Drip 
and Ship”

Discrepancies in terms of equipment and facilities 
exist between the different hospitals in which 
patients with AIS associated with LVO may be 
managed. Indeed, some of them have both a neu-
rovascular unit and an interventional neuroradiol-
ogy department, in which MT can be performed. 
In these hospitals (called “comprehensive stroke 
centers”), the patients are directly sent to the angi-
ography suite. This workflow is called the 
“Mothership” paradigm. In other hospitals (called 
“primary stroke centers”), no department of inter-
ventional neuroradiology is present. Thus, after 
neurological examination and imaging confirming 
the diagnosis of AIS with LVO, the patient will be 
transferred to another hospital in which MT will 
be performed. If the patient is admitted in the pri-
mary stroke center within the time window for IV 
thrombolysis, the tPA injection will be performed 
before the transfer to the comprehensive center. 
This workflow is called the “Drip and Ship” para-
digm (Detraz et al. 2018).

In terms of safety, numerous non-randomized 
studies (Park et al. 2016a, b; Hiyama et al. 2016; 
Gerschenfeld et al. 2017) have shown no differ-
ence between the 2 paradigms on mortality rate, 
symptomatic hemorrhages, or intraoperative 
adverse events. Additionally, effectiveness of 
both paradigms, in terms of 3 months’ neurologi-
cal outcome, appears equivalent according to 
these non-randomized series (Park et al. 2016a, 
b; Hiyama et al. 2016; Gerschenfeld et al. 2017).

Interestingly, no RCT has compared the safety 
and the effectiveness of these two paradigms.

3.2	 �Clinical Scores

To improve the prehospital triage of patients who 
may benefit from MT, clinical scores may be 
used (Perez de la Ossa et al. 2014; Hastrup et al. 
2016; Lima et  al. 2016; Katz et  al. 2015). This 
strategy may help to depict indirectly patients 
who may have LVO in order to refer them directly 
to a comprehensive stroke center. However, 
according to a recent publication, using pub-
lished cut-offs of these scores for triage would 
result in a loss of opportunity for ≥20% of 
patients with LVO, who would be inappropriately 
sent to a center without neurointerventional angi-
ography suite. On the contrary, using these cut-
offs would result in sending patients 
inappropriately (false positive for LVO eligible to 
MT) to a comprehensive stroke center in 10% of 
the cases (Turc et al. 2016). To date, none of these 
scores can avoid performing cerebral imaging for 
triage.

3.3	 �Triage in Angiography Suite

Recently, some teams have proposed perform-
ing triage directly in the angiography suite 
(Ribo et al. 2018). Indeed, the recent advances 
in the cone-beam flat panel technology allow 
performing CT scan, CT angiography, and CT 
perfusion directly in the angio suite (van der 
Bom et al. 2012). This option may help avoid-
ing loosing time during the different transfers 
of the patients. This “all-inclusive” option with 
C-arm CT acquisitions seems at a first glance 
very seducing since it reduces the delay 
between imaging acquisition and groin punc-
ture and thus revascularization time (Ribo 
et al. 2017). However, this strategy for patients 
triage may have some limitations (Clarencon 
et  al. 2018). Indeed, a consistent number of 
patients with no AIS (intraparenchymal hemor-
rhage, stroke mimic) or with AIS but no LVO 
may be screened in the angiography suite with 
this triage method, which may be a consider-
able source of disorganization for interven-
tional neuroradiology departments, and may 
also be not cost-effective.

F. Clarençon et al.
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3.4	 �Perspectives

A perspective to improve the patient workflow is 
the use of an ambulance carrying a CT scan on 
which regular CT acquisition, as well as CTA and 
CT perfusion, could be performed (John et  al. 
2016). Preliminary experiences with such 
“mobile stroke units” have been described in dif-
ferent towns like Berlin (Ebinger et al. 2015) or 
Cleveland (Taqui et al. 2017). This strategy may 
help improving the patient transfer to the com-
prehensive stroke center (El-Ghanem et al. 2017). 
Telestroke management, mobile neuro-
endovascular teams, or smart device applications 
may be other potential solutions to improve the 
patient workflow (El-Ghanem et al. 2017).

4	 �Technique(S)

4.1	 �Stent Retriever or Aspiration 
Catheter?

In most of the recent RCTs, the benefit of MT in 
AIS with LVO has been proven with stent retriev-
ers (Berkhemer et  al. 2015; Jovin et  al. 2015; 
Goyal et  al. 2015; Campbell et  al. 2015; Saver 
et al. 2015). Fewer evidences are available con-
cerning the effectiveness of aspiration with large 
bore catheters (Mocco et al. 2016). Stent retriev-
ers are non-detachable stents, which will be 
opened in the clot in order to grab the clot within 
the stent retriever’s mesh. Then, the stent retriever 
will be removed opened in the guiding catheter 
(Kang and Park 2017). In this technique, the clot 
is anchored in the stent retriever’s mesh and with-
drawn through the guiding catheter. To avoid 
fragmentation of the clot during removal, and 
thus the risk of clot migration in the same and/or 
another territory, flow arrest with balloon guiding 
catheters or combination of stent retriever with 
aspiration catheter close to the thrombus may be 
used (cf infra).

Based on mTICI (modified thrombolysis in 
cerebral infarction) score (Zaidat et  al. 2013) 
grading (Table  1), a 77% recanalization rate 
(mTICI 2b or 3) has been reported with stent 
retrievers (Campbell et al. 2016).

An alternative strategy is the contact aspira-
tion. This technique consists in navigating a large 
bore catheter in contact with the clot and to aspi-
rate the clot, either by manual aspiration or by 
means of an aspiration pump (Fig. 1). ADAPT (a 
direct aspiration first-pass technique) is a variant 
of the aspiration technique, which consists in 
using aspiration thrombectomy as the first-line 
treatment with the possibility of adjuvant treat-
ment if recanalization is not initially achieved. 
Fewer evidences are available for the effective-
ness of aspiration/ADAPT for the management 
of AIS with LVO. Effectiveness of the aspiration 
technique in terms of recanalization (TICI 2b-3) 
has been reported ranging from 65 to 89% (Wei 
et al. 2017); the one of ADAPT technique from 
76% to 97% (Wei et al. 2017). Good 3 months’ 
clinical outcome with the aspiration technique 
has been reported ranging from 38 to 78% (Wei 
et al. 2017) and from 39 to 84% with the ADAPT 
technique (Wei et  al. 2017) .Interestingly a 
benchtop study has shown that the ADAPT tech-
nique was responsible for fewer distal emboli, 
compared with stent retriever thrombectomy 
technique (Chueh et al. 2016).

The THERAPY trial (Mocco et al. 2016) was 
the sole RCT that compared MT performed with 
the ADAPT technique + BMT vs BMT alone. 
This study did not show significant difference 
between the two treatment strategies (38% vs 

Table 1  Modified thrombolysis in cerebral infarction 
(mTICI) score(Zaidat et al. 2013)

Grade 0: No perfusion
Grade 1: Antegrade reperfusion past the initial 
occlusion, but limited distal branch filling with little or 
slow distal reperfusion
Grade 2
     • Grade 2a: Antegrade reperfusion of less than half 
of the occluded target artery previously ischemic 
territory (e.g., in one major division of the middle 
cerebral artery (MCA) and its territory)
     • Grade 2b: Antegrade reperfusion of more than 
half of the previously occluded target artery ischemic 
territory (e.g., in two major divisions of the MCA and 
their territories)
Grade 3: Complete antegrade reperfusion of the 
previously occluded target artery ischemic territory, 
with absence of visualized occlusion in all distal 
branches

Acute Stroke: Management
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Fig. 1  A 63-year-old 
female with sudden 
onset of left hemiplegia. 
NIHHSS = 12. (a) MRI 
diffusion-weighted 
image, axial slice, 
showing a faint 
hyperintense signal 
located on the right 
aspect of the pons 
(arrow). (b) 3D 
time-of-flight MR 
angiography 
demonstrating an 
occlusion of the mid- 
and distal aspects of the 
basilar artery (arrow). 
(c) Left vertebral artery 
digital subtraction 
angiography (DSA) in 
anteroposterior (AP) 
projection confirming 
the occlusion of the 
basilar artery, distally to 
the origin of the 
antero-inferior cerebellar 
arteries (arrow). (d) 
Road map from the left 
vertebral artery in AP 
projection. Navigation 
of a large bore catheter 
(0.068″) close to the 
occlusion site. After a 
90s aspiration, the 
catheter is removed 
under aspiration with a 
pump. (e) Left vertebral 
artery DSA in AP 
projection at the end of 
the procedure. Complete 
recanalization of the 
basilar artery is seen, 
after one aspiration pass. 
The procedure, from the 
groin puncture to the 
final DSA run, lasted 
15 min

F. Clarençon et al.
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30%, P  =  0.52) but the study was prematurely 
stopped (108 patients enrolled; 692 patients 
planed for inclusion) after the publication of the 
results of the MR CLEAN trial (Berkhemer et al. 
2015).

Only one RCT has compared the ADAPT 
technique vs the stent retriever technique: the 
ASTER trial (Lapergue et  al. 2017). The 
results of this study showed no statistically 
significant difference in terms of recanaliza-
tion rate or good clinical outcome between 
the two techniques. A non-significant trend 
toward a lower complication rate (emboli in a 
new territory, symptomatic hemorrhage) was 
observed in the group treated by the ADAPT 
technique.

4.2	 �Balloon Guiding Catheters

Balloon guiding catheters (BGCs) are guiding 
catheters with a balloon mounted at their tip. 
The balloon is inflated during the retrieval of 
the stent retriever in order to obtain flow arrest 
and to reduce the risk of emboli migration 
either in the same territory or in another one. A 
number of benchtop studies have shown the 
benefit of using BGCs to reduce distal emboli 
during MT and to obtain more effective revas-
cularization (Chueh et  al. 2013; Mokin et  al. 
2016). Numerous clinical studies have also 
shown a benefit in terms of angiographic and 
clinical outcomes with the use of BGCs in MT 
(Nguyen et al. 2014; Velasco et al. 2016). In a 
recent meta-analysis, it has been shown that 
patients treated with BGCs had higher odds of 
first-pass recanalization and higher rates of 
TICI 3 or TICI 2b/3 recanalizations (Brinjikji 
et al. 2018). Additionally, patients treated with 
BGCs had a higher rate of 3 months’ good neu-
rological outcome (59.7% vs 43.8%) and a 
lower mortality rate (13.7% vs 24.8%). Mean 
procedure time was also significantly shorter 
for patients treated with BGCs (weighted mean 
difference: −7.7  min, 95% CI −  9.0 to −6.4) 
(Brinjikji et al. 2018). It is however noteworthy 
that no RCT has proven the superiority of BGCs 
in MT over the other techniques.

4.3	 �Combined Technique

Numerous series have studied a technique com-
bining aspiration catheter and stent retriever for 
clot removal (Delgado Almandoz et  al. 2016) 
(Fig. 2). Various names have been given to this 
technique with faint variations: Solumbra 
(Delgado Almandoz et  al. 2016), ARTS 
(aspiration-retriever technique for stroke) 
(Massari et  al. 2016), SAVE (Stent retriever 
Assisted Vacuum-locked Extraction) (Maus et al. 
2018).

Recently, a technique combining stent 
retriever + aspiration catheter + balloon guiding 
catheter (the so-called “PROTECT” [PRoximal 
balloon Occlusion TogEther with direCt 
Thrombus aspiration] technique) has been 
described, with promising results (Maegerlein 
et  al. 2018). Finally, a RCT comparing BGC 
associated with intermediate catheter and stent 
retriever vs BGC with stent retriever alone has 
recently been performed (the “ASTER2” trial, 
ClinicalTrial NCT03290885); the results of this 
study will soon be published.

5	 �Safety of Mechanical 
Thrombectomy

The safety of MT has been proven, and regarding 
adverse events, many RCTs have proven that 
patients who underwent MT with BMT vs BMT 
alone did not have significantly higher mortality 
or symptomatic intracranial hemorrhage rates 
(Barral et al. 2018).

Mortality rate in patients treated by MT has 
been reported ranging from 9% to 21% 
(Berkhemer et al. 2015; Jovin et al. 2015; Goyal 
et  al. 2015; Campbell et  al. 2015; Saver et  al. 
2015), which is not significantly higher than in 
patients with LVO who received the BMT 
(Marmagkiolis et al. 2015).

A meta-analysis has found a symptomatic 
intracranial hemorrhage rate of 5.6% in patients 
treated by MT (range: 0–7.7%), which is quite 
similar to the one of medical treatment (5.2%) 
(Hao et  al. 2017). However, the rate of asymp-
tomatic intracranial hemorrhage is higher in 
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Fig. 2  A 47-year-old female presenting a sudden onset of 
right hemiplegia and aphasia (NIHSS  =  24). (a) MRI 
diffusion-weighted image, axial slice, showing a slight 
hyperintense signal on the right insula (white arrow) and 
of the left caudate nucleus (black arrow). (b) 3D time-of-
flight MR angiography demonstrating an occlusion of the 
left MCA (M1 segment). Left internal carotid artery 
(ICA) DSA in AP (c) and lateral (d) projections showing 
an occlusion of the M1 segment (c, arrow) with hypoper-

fusion of the whole left MCA territory (d). (e) Road map 
from the left ICA with the aspiration catheter positioned 
in M1 (black arrow) and the stent retriever opened in the 
thrombus (white arrowhead). (f) Retrieval of the stent 
retriever inside the aspiration catheter under aspiration 
(black arrow, aspiration catheter’s tip; white arrowhead, 
stent retriever). On control DSA in AP (g) and lateral (h) 
projection, complete recanalization of the left MCA terri-
tory is seen (mTICI3)

a

c d

b
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patients treated by MT compared with BMT 
(28% vs 13.9%) (Hao et al. 2017). The perfora-
tion rate (with either the microguide wire, the 
microcatheter, or the stent retriever) in MT has 
been reported ranging from 0% to 4.9% in the 
first RCTs (Berkhemer et  al. 2015; Jovin et  al. 
2015; Goyal et  al. 2015; Campbell et  al. 2015; 
Saver et al. 2015).

Migration of emboli in another territory (for 
instance migration in an embolus in the anterior 
cerebral artery during an MCA thrombectomy) 

may also occur during MT and may worsen the 
patient’s clinical condition. They have been 
reported occurring as frequently as in about 10% 
of the cases (Chalumeau et al. 2018).

Another complication that may occur after 
MT is a groin hematoma. Groin hematomas may 
be observed in about 5% of the cases (Chivot 
et al. 2018). Most of these hematomas are ≤5 cm 
and do not require surgical treatment and/or 
blood transfusion. They are not more frequently 
observed in patients who received IV tPA, or 

e f

g h

Fig. 2  (continued)
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those previously treated with antiplatelet therapy. 
Interestingly, groin hematomas are not more fre-
quent when the puncture is ipsilateral to the 
inferior limb’s neurological deficit (Chivot et al. 
2018).

6	 �Effectiveness of Mechanical 
Thrombectomy

Effectiveness of MT in terms of recanalization 
(mTICI 2b-3) has been reported ranging from 
58.7% to 100% in the recent RCTs (Berkhemer 
et al. 2015; Jovin et al. 2015; Goyal et al. 2015; 
Campbell et  al. 2015; Saver et  al. 2015). The 
pooled estimate of patients with mTICI 2b–3 
after MT was 71% (95% CI: 62–79%). These 
RCTs also demonstrated a significant improve-
ment in terms of neurological outcome (mRS 
scores 0–2 at 3 months) in patients treated with 
MT: OR = 2.14, 95% CI: 1.72–2.67 (P < 0.00001) 
(Barral et al. 2018).

Only three studies (REVASCAT (Jovin et al. 
2015), ESCAPE (Goyal et  al. 2015), and 
THRACE (Bracard et  al. 2016)) reported the 
results of Barthel index scores and showed the 
superiority of MT  +  BMT over BMT alone 
(scores of 95–100 at 3 months, OR: 2.43, 95% 
CI) (Barral et al. 2018).

However, it is noteworthy that MT has no sig-
nificant impact on survival rate (OR: 0.82, 95% 
CI: 0.62–1.07) (Barral et al. 2018).

7	 �Questions Yet 
to be Answered

7.1	 �Is Intravenous Thrombolysis 
Still Necessary in Combination 
with Mechanical 
Thrombectomy?

In all the RCTs demonstrating the effectiveness 
of MT, endovascular treatment was associated 
with the BMT, being most of times the IV throm-
bolysis. One could wonder if IV thrombolysis is 
really required in combination with MT. Indeed, 
IV tPA could potentially be responsible for higher 
intracranial hemorrhage rates and may worsen 

puncture site complications. Additionally, IV 
thrombolysis may lead to a clot fragmentation, 
which could be responsible for more challenging 
MT procedures with numerous distal emboli to 
remove instead of one proximal thrombus.

Results from non-randomized studies are con-
tradictory. Indeed, some series have clearly 
shown the benefit of additional IV thrombolysis 
in combination with MT (Goyal et  al. 2018). 
Others found no clinical benefit in combining 
MT with IV thrombolysis (Coutinho et al. 2017; 
Kass-Hout et al. 2014).

Additionally, symptomatic hemorrhages and 
groin puncture complication rates are not stati-
cally higher in patients treated by MT and IV 
thrombolysis.

The only RCT that compared BMT alone vs 
MT, the Synthesis-Expansion trial (Ciccone et al. 
2013), was in disfavor of MT. However, in this 
study, numerous endovascular procedures were 
not performed with the most recent MT devices, 
such as stent retrievers.

More evidences on the benefit of pre-MT IV 
thrombolysis are yet to be provided, through 
RCTs using the most recent MT devices.

7.2	 �Distal Occlusions

In the RCTs, most of the occlusion sites were 
proximal (i.e., ICA terminus or proximal M1). 
Only limited data on the effectiveness of MT in 
distal occlusions are thus available. In the above-
mentioned RCTs that proved the benefit of MT in 
LVO (Berkhemer et al. 2015; Jovin et al. 2015; 
Goyal et  al. 2015; Campbell et  al. 2015; Saver 
et  al. 2015; Bracard et  al. 2016; Mocco et  al. 
2016), the rate of patients included with a M2 
occlusion ranged from 1% to 14.3%.

No RCT has evaluated the benefit of MT in 
M2 occlusions. According to a recent meta-
analysis (Saber et al. 2018), recanalization after 
MT in M2 occlusions is obtained in 81% of the 
cases, with no significant difference with the 
recanalization rate in M1 occlusions. Good clini-
cal outcome is obtained in 56.2% of the cases for 
MT in M2 occlusions, which is significantly 
higher than in M1 occlusions (Saber et al. 2018). 
However, it is noteworthy that patients with a M1 
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occlusion usually have a poorer initial condition 
than those with a M2 occlusion (Bhogal et  al. 
2017). Additionally, MT in M2 occlusions may 
be associated with a higher risk of vessel perfora-
tion due to vessel fragility (Mokin et  al. 2017) 
and an increased risk of symptomatic intracranial 
hemorrhage (Saber et al. 2018).

Finally, it should be mentioned that only short 
retrospective case series (Uno et  al. 2018) are 
available on the effectiveness of MT in anterior 
cerebral arteries occlusions, and no series has 
been published on PCA occlusions treated by 
MT.  No RCTs studying the effectiveness of 
MT + BMT vs BMT alone are available for these 
specific occlusion sites.

7.3	 �Basilar Artery Occlusions

To date, no RCT has demonstrated the superior-
ity of MT combined with the BMT over the BMT 
alone in patients with basilar artery occlusion 
(BAO). A systematic review of the literature 
showed a recanalization rate ranging from 44 to 
100% (average 80%) and a good 3 months’ clini-
cal outcome from 20 to 58% (average 43%) in 
patients with BAO treated by MT. A recent meta-
analysis (Gory et al. 2016) showed a 3 months’ 
favorable outcome in 42% of the patients and a 
mortality rate of 30%. Symptomatic intracranial 
hemorrhage rate in this meta-analysis was 4%. 
Predictors of mortality in patients treated by MT 
for BAO were mainly age ≥60 years, a high ini-
tial NIHSS at admission, and absence of success-
ful recanalization (Gory et  al. 2018). Two 
prospective RCTs (BASICS [NCT01717755] 
and Best [NCT02441556] trials) are currently 
ongoing, comparing MT + BMT vs BMT alone 
in order to prove definitively the effectiveness of 
MT in BAO.

7.4	 �Anesthesia for Mechanical 
Thrombectomy

The best strategy for anesthesia (i.e., general 
anesthesia, conscious sedation, or local anesthe-
sia) in MT is still debated. A first meta-analysis 
from the recent RCTs (Ouyang et  al. 2016) 

showed evidences of a better outcome in patients 
treated under conscious sedation vs general anes-
thesia. However, these results were biased since 
no randomization was performed on this crite-
rion. Additionally, one could wonder that patients 
in worse condition at admission, who will usually 
have the worse clinical outcome at follow-up, 
were more frequently treated under general anes-
thesia due to an agitation or a comatose state. 
Three RCTs (Schonenberger et  al. 2016; 
Lowhagen Henden et  al. 2017; Simonsen et  al. 
2018) have been published, comparing general 
anesthesia vs non-general anesthesia MT.  In all 
these 3 RCTs, no significant difference was 
observed in terms of clinical outcome between 
the two techniques. Interestingly, these studies 
were all mono-centric.

8	 �Conclusion

In recent years, MT has radically changed the 
management of patients with AIS secondary to 
LVO.  Numerous evidences have been gathered 
on its safety and effectiveness and have shown its 
superiority compared with the BMT alone. Time 
window for MT has been recently expanded for 
patients with a small core infarct.

Numerous questions have yet to be answered, 
especially for distal occlusions or basilar artery 
occlusions.
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