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ABSTRACT

Mechanical thrombectomy is now the standard of

care for acute ischemic stroke patients with large

vessel occlusions, and can be performed with several
devices and techniques. One of these techniques, direct
aspiration (DA), consists of navigating a large-bore
catheter up to the face of the clot and initiating forceful
suction. This comprehensive review has three objectives:
(1) to describe the direct aspiration technique; (2) to
present the available evidence regarding predictive
factors of DA success and performance compared with
other techniques; and (3) to discuss the forthcoming
improvements in distal aspiration.

INTRODUCTION

With the results from recent randomized clinical
trials (RCT),! ? the clinical benefit of mechanical
thrombectomy (MT) in patients with acute ischemic
stroke and anterior circulation large vessel occlu-
sion (AC-LVO) is now well established. This benefit
over best medical therapy alone was in large part
due to the achievement of excellent recanalization
rates and the demonstration of safety of the throm-
bectomy procedure. Although MT is now standard
of care, there is still ongoing debate regarding the
optimal first-line thrombectomy strategy. The most
commonly used device in these trials was the stent
retriever (SR) and, as a result, it is generally felt to
be the first-line device for MT.* * Alternative tech-
niques such as a direct aspiration first-pass tech-
nique (ADAPT) or direct aspiration (DA) are being
increasingly used in current clinical practice. These
techniques involve the use of large-bore aspiration
catheters that are guided to the proximal end of the
thrombus and then put under negative pressure (by
using vacuum aspiration systems or a syringe) to
produce suction on the thrombus. The clot is thus
trapped at the tip or aspirated through the aspira-
tion catheter.’

Over the past several years, clinical experiences
reported in several non-controlled observational
studies® 7 have suggested that compared with SRs,
DA could result in faster reperfusion, higher rates of
successful reperfusion (defined by a Thrombolysis
in Cerebral Infarction (TICI) score of 2b or more),
lower rates of major complications (including
fewer distal emboli® and vessel wall damages’) and
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superior cost effectiveness.'” Similar results have
been reported for basilar artery occlusion (BAO)'! 1
and M2 occlusions.” '* However promising these
results may seem, they were not confirmed by
two recent randomized controlled trials, ASTER"
(Contact Aspiration vs Stent Retriever for Successful
Revascularization) and COMPASS'  (Aspiration
Thrombectomy vs Stent Retriever Thrombectomy
as First-Line Approach for Large Vessel Occlusion),
that only demonstrated similar efficacy and safety.

Notably, DA has also been used in combination
with SR. Several techniques using the combina-
tion of SR and DA have been described: Solumbra
(which refers to Solitaire (Medtronic Neurovas-
cular, Irvine, CA) and Penumbra combination),'”
ARTS (Aspiration (catheter)-(stent) Retriever
Technique for Stroke),'® and SAVE (Stent retriever
Assisted Vacuum-locked Extraction) are some
examples.'” Again, although several observational
studies have reported promising results with such a
combined approach,®® no clear superiority over DA
has been shown in an RCT.*!

This comprehensive review has three objectives:
(1) to perform a description of the direct aspira-
tion technique; (2) to present the available evidence
regarding predictive factors of DA success and
performance compared with other techniques; and
(3) to discuss the forthcoming improvements in
distal aspiration.

TECHNIQUE AND DEVICE EVOLUTIONS OF
DIRECT ASPIRATION

The index experience with aspiration in patients
with AC-LVO was published in 2006.** In this
prospective single-arm trial, complete or partial
recanalization was obtained in only seven of 14
patients and only six patients experienced good
functional outcome at 3 months. This first expe-
rience was followed by the publication of two
other studies in 2008* and 2009** in which an
aspiration catheter was used in combination with
a device separator to fragment and remove the clot.
However, despite excellent recanalization rates
with these devices, clinical results were modest. In
the Penumbra Pivotal Stroke Trial, while 82% of
these patients achieved a Thrombolysis In Myocar-
dial Infarction (TIMI) score of 2 or 3, only 25% of
patients had a modified Rankin Scale (mRS) score
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Ischemic Stroke

Table 1 List and characteristics of new generation of large-bore aspiration catheters
Proximal OD Proximal ID Distal ID

Product name Length (cm) (inches) (inches) (inches) FDA approved CE approved
PENUMBRA (Alameda, CA)

ACE 68 132 0.080 0.068 0.068 X X

JET7 132 0.085 0.072 0.072 Pending
STRYKER (Fremont, CA)

CATALYST 7 132 NA 0.068 0.068

VECTA 132 0.085 0.071 0.071
MICROVENTION (Tustin, CA)

SOFIA 6F FLOW PLUS 125/131 0.0825 0.070 0.070 X X
MEDTRONIC (Irvine, CA)

REACT 68 132 0.083 0.068 0.068

REACT 71 132 0.0855 0.071 0.071

CE, European conformity; FDA, US Food and Drug Adminstration; ID, inner diameter; OD, outer diameter.

<2 at 90 days.** Missing data (including initial Alberta Stroke
Program Early CT Score (ASPECTS), time from onset to reca-
nalization, and procedural time) may have explained the lack of
clinical response in some patients despite recanalization.

In the years that followed, technological improvements led
to the development of new aspiration catheters with larger
distal internal diameter, a softer tip, and better navigability and
trackability into the distal anatomy. Together, these features
allowed operators to reach the intracranial clot and aspirate
it without the need for a separator device, a technique called
Forced Aspiration Suction Thrombectomy (FAST).” In 2012,

Figure 1 lllustrative case of the direct aspiration technique. Patient
presenting 3 hours after acute onset of right-side hemiparesis and
aphasia (NIHSS score of 25). Baseline angiography (A) shows total
occlusion of the segment M1 of the left MCA. (B) Distal part of the Sofia
plus aspiration catheter (white arrow) in contact with the proximal end
of the thrombus. (C) Final angiography shows complete reperfusion (TICI
3) after first pass. (D) Whole clot is trapped at the tip of the aspiration
catheter. MCA, middle cerebral artery; NIHSS, National Institutes of
Health Stroke Scale; TICI, Thrombolysis in Cerebral Infarction.

The Randomized Concurrent Controlled Trial to Assess the

Penumbra System’s Safety and Effectiveness in the Treatment of

Acute Stroke (THERAPY trial) began.?® THERAPY compared

DA plus intravenous tissue plasminogen activator (IV tPA) versus

IV tPA alone. This trial was halted early, after the publication of

five RCTs confirming the efficacy of MT with SR. Based on the

analysis of the 108 patients recruited into this study, patients
treated with DA and IV tPA did not achieve better clinical
outcomes (mRS 0-2) in comparison with IV tPA alone (38% vs

30%, p=0.44).%° Thus, although there is compelling evidence

that MT with SR is superior to best medical therapy, there are no

comparable data for DA.

In 2014, a new aspiration technique, ADAPT, emerged.’
This technique, using a new generation of large-bore aspiration
catheters, has gradually evolved further over subsequent years,
with the development of even larger aspiration catheters (a new
generation of large-bore aspiration catheters and characteristics
are summarized in table 1). In the next paragraph, we delineate a
step-by-step description of the DA technique based on our expe-
rience and techniques reported in the literature.

A guiding catheter (long introducer sheath or a balloon guide
catheter (BGC) for proximal flow arrest) is navigated into the
target proximal cervical vessel (carotid or vertebral artery). With
the help of a microcatheter and a microwire, a large bore aspira-
tion catheter is then navigated intracranially up to the proximal
portion of the clot. Once in place, the aspiration catheter is then
connected to an aspiration system such as a pump or a negative-
pressure syringe. After waiting for a few minutes, the aspiration
catheter is then slowly withdrawn (figure 1). Several important
features need to be considered here:

» Some of the latest generation aspiration catheters are so flex-
ible that, in some favorable anatomical configurations, they
can be navigated without a microcatheter (with a microwire
only), or even with no device at all,*” which can speed up
the procedure.”’

» When using a microcatheter and/or a microwire to navigate
the aspiration catheter, it is recommended to avoid crossing
the thrombus whenever possible, as it may be associated
with an increased risk of causing distal emboli. Once the
aspiration catheter is in contact with the proximal end of the
thrombus (within 2-3 mm of the thrombus if possible), the
microcatheter should be removed before initiating suction.®
Of note, even an optimal positioning of the aspiration
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catheter, with clear engagement of the clot, does not ensure
technical success, as the clot may stay in place.

» There is no consensus regarding the optimal duration
after suction activation from which the catheter should be
removed. Catheter removal is typically done after 2-3 min
of continuous aspiration.

» Once the aspiration catheter is in place, and the suction acti-
vated, it is essential to observe the behavior of the aspiration
tube or syringe:

The presence of an immediate backflow could either indicate
that the aspiration catheter is not properly placed (usually
too proximal to the clot) or the clot has been successfully
aspirated (in this case the clot could be seen in the syringe or
going through the aspiration tube).

If there is no backflow until the catheter is removed from the
patient, it is likely that the clot (or at least a portion of it) is
occlusive, inside the catheter or at its tip.

If backflow is restored before the catheter is removed from
the long introducer sheath or the BGC, it is likely that the
clot was aspirated in the process, or that it was lost on with-
drawing the aspiration catheter and remains in the vascu-
lature. In this situation, it is not necessary to completely
remove the aspiration catheter, and it may be advantageous
to keep the catheter in the patient in the event another pass
is required. However, the operator must take great care with
the control run as the force of the injection could push resid-
ual clot back into the distal vessels.

FACTORS INFLUENCING THE SUCCESS OF DIRECT
ASPIRATION

Technical factors

A greater aspiration force is one of the most frequently reported
factors that may positively influence the success of DA. Several
technical factors have been shown to impact aspiration force
and, as a result, recanalization. A larger inner diameter (ID) of
the aspiration catheter®?’ is a critical factor. For example, the use
of ACE 68, which could generate 25% greater aspiration force
than the ACE 60°?° compared with smaller aspiration catheters
(ACE 60 and 5Max, Penumbra, Alameda, DA) has been shown
to lead to a higher rate of successful reperfusion after the first
pass. This was associated with shorter procedural times and
lower rates of rescue treatment with SR without increased risk
of complications.® %’ Removing the microcatheter before suction
has also been shown to influence aspiration force.”® Finally,
using a vacuum aspiration system with higher aspiration force®®
has also been beneficial.

In addition to the aspiration force, the use of cyclical aspiration
instead of continuous aspiration could result in higher first-pass
recanalization rates and lower distal clot embolization.* ** One
hypothesis is that cyclical aspiration allows larger clot ingestion
into the aspiration catheter and causes less clot fragmentation
than continuous aspiration.’ Although DA could be used with
either a long introducer sheath or a BGC, recent retrospective
studies have shown that utilization of a BGC might improve the
final and first-pass recanalization rates.*> One possible explana-
tion is that inflation of the BGC might reduce the systolic blood
pressure acting on the proximal clot face, thus enhancing the
effect of aspiration.*

Anatomical factors

The reviewed literature describes the site of arterial occlusion
(with isolated middle cerebral artery (MCA) occlusion being the
best target for DA),** and the angle of interaction between the

aspiration catheter and the clot,* as being important factors for
DA success. In one study, an angle of interaction between the
aspiration catheter and the clot of =125.5° was significantly
associated with successful clot removal.*> One explanation for
this may be that a low angle of interaction between the aspi-
ration catheter and the clot might be associated with a much
higher coefficient of friction acting on the thrombus, leading to
increased resistance to DA.

Patient factors

Younger age’® and a shorter time from stroke onset to clot
contact’* have been reported to positively influence the success
of aspiration. One speculative explanation for the latter finding
could be that a longer delay since stroke onset might promote
biological interactions between the thrombus and the arterial
wall, leading to a more firm adhesion which could then explain
DA failure.

Clot related factors

Several studies have reported that clot composition (ie, fibrin
and red blood cell (RBC) content) could have an impact on the
success of aspiration.’” ** These studies suggest that the DA tech-
nique may be more efficient for fibrin-rich clots which could
correspond to clots with low density on CT scan and without
susceptibility vessel sign (SVS) on MRL?” ** Higher recanaliza-
tion rates may be achieved with SR for an RBC-rich clot which
might correspond to clots with high density on CT scan and with
SVS on MRI.***° This hypothesis is to be tested in the VECTOR
trial,*® an RCT which will compare the combined approach to
DA alone as first line for patients with a positive SVS on MRI.

DIRECT ASPIRATION VERSUS OTHER TECHNIQUES

Methods

Literature search

We performed a literature search through MEDLINE/PubMed
and Google Scholar for papers published in the English literature
from 2015 to 2020 using the following search key:

“ADAPT?, “aspiration”, “contact aspiration”, “stent”, “stent
retriever”, “acute ischemic stroke”, “mechanical thrombec-
tomy”, “endovascular treatment”, “outcome” and “revascular-
ization”. Additional studies were identified through a manual
search of the references of published papers and reviews.

Two authors (WB and RB) carried out the literature search
and extracted data from relevant studies. Studies comparing
clinical and/or angiographic outcomes between DA and SR or
the combined approach were included. Exclusion criteria were:
(1) case reports; (2) studies not separating outcomes by first-line
device use; (3) non-comparative studies (ie, studies with a single
group); and (4) studies published before 2015 and the use of new
generation of stent retriever and large-bore aspiration catheters.

Outcome variables

For the purposes of this study, patients were divided into three
groups according to the first-line device use: SR, DA, and the
combination of both techniques. The following outcomes were
studied: good functional outcome defined as an mRS <2 at 90
days following endovascular treatment, mortality, successful
recanalization defined as TICI 2b/3, complete recanalization
(TICI 3), first pass recanalization rates defined as complete reca-
nalization with a single thrombectomy device pass, and proce-
dure duration (ie, delay between puncture and recanalization).
Results were divided into three groups according to the occlusion
location: AC-LVO (intracranial internal carotid artery, M1 or

Boisseau W, et al. / Neurolntervent Surg 2020;12:1099-1106. doi:10.1136/neurintsurg-2019-015508

30f9

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

" jooyasaboysnwseig
V11-Z39 uswiredaq e G20z ‘T aunr uo /wod fwqg siuly:dny woiy papeojumoq "0Z0zZ dUNC ZT U0 80SSTO-6T0Z-B.ns1uLINaU/9eTT 0T Sk paystignd isiiy :64nS 1usAISIUI0INGN [


http://jnis.bmj.com/

Ischemic Stroke

219 unique articles identified and
screened

L -

64 articles retrieved for more
detailed evaluation

g =

33 studies included in the study

155 excluded based on abstract
and title alone

31 for opinion pieces or
single-arm case series

Figure 2 PRISMA flow diagram. PRISMA, Preferred Reporting Items
for Systematic Reviews and Meta-Analyses.

proximal M2 branches of the MCA), basilar artery, and medium
vessel occlusions (MeVOs) (ie, distal M2 or M3 segments of the
MCA, pericallosal artery or the posterior cerebral artery).*!

RESULTS

A total of 219 articles were retrieved after the first round of
research, 155 of which were excluded by title or abstractscreening.
The full texts of the remaining 64 articles were accessed, and 33
articles matching the inclusion criteria were included: 26 studies
with AC-LVO (including 20 studies comparing DA and SR and
six comparing DA and the combined approach), six studies with
BAO, and one study with MeVOs. The search selection process
is illustrated in figure 2.

Anterior circulation large vessel occlusion

Direct aspiration versus stent retriever first-line technique

The 15 selected studies included five observational studies,
two RCTs (ASTERY and COMPASS'®) and eight systematic
reviews and meta-analyses.*®™? Study characteristics are summa-
rized in online supplementary table 1. Devices, and clinical and
angiographic outcomes, are depicted in table 2.

The majority of these studies demonstrated similar successful
(TICI 2b or more) and complete (TICI 3) reperfusion rates,
both after the first-line strategy and at the end of the proce-
dure." 427 Syccessful reperfusion rates ranged from 42-83%
after first-line DA, and from 78-92% at the end of the proce-
dure.” 3 ¢ 42 %% These studies also reported similar adverse
events rates (including symptomatic intracranial hemorrhage
(sICH) and embolization in a new territory (ENT)) and clinical
outcomes with both techniques.” * '® #* Nevertheless, several
studies’ #¥ ** and meta-analyses® °? have suggested that the
proportion of patients who needed rescue therapies was higher
among patients who received first-line DA. A similar result was
found in the ASTER trial in which 32.8% of patients treated
with DA received rescue treatment compared with 23.8% in the
SR group (OR 1.57, 95% CI 0.99 to 2.47; p=0.05)."

Finally, studies have suggested several advantages of DA over
SR as a first-line strategy. Total device cost seems to be signifi-
cantly lower with DA. In the recent COMPASS trial, the use of
DA as first-line approach led to a mean reduction of $5074 in
the cost of devices used.'® DA was also associated with faster
groin-to-reperfusion time.'® **** According to the ASTER and
COMPASS trials, DA resulted in a shorter mean procedural time
of 7-10 min compared with SR."> *® Despite this time advantage,
DA was not associated with improved patient outcomes. Similar
results have been reported in studies focusing on patients with

7 4245

proximal M2 occlusions only (three observational studies and
two meta-analyses) (see table 3).48

It should be noted that several of the aforementioned studies
included patients before 2015, at a time when MT was not yet
standard of care; thus these studies reflect data accrued with
older generations of devices, with older techniques and without
the rigorous patient selection criteria responsible for the great
success in recent trials. Furthermore, these early studies were
plagued with a significant heterogeneity in thrombectomy tech-
nique which confounds comparison between SR and DA. In some
studies, the concomitant use of a DA in the stent retriever first-
line group was frequent. In the COMPASS trial'® 85% of patients
in the SR group also received DA, as did 55.7% of SR patients in
the study by Stapleton et al.** In the ASTER trial, only 2.9% of
the SR group also had DA." As a consequence, many SR patients
were not in fact SR-only patients but rather patients treated with
a combined approach. In similar fashion, the use of BGCs with
SR was not standardized in several studies, introducing another
level of heterogeneity.” 5 1 #** While BGCs were systemati-
cally used with SR in the ASTER trial,” they were used between
0-72% of cases in other studies.” '® **~** Finally, many DA studies
included patients treated with intermediate-size aspiration cath-
eters (which, as described above, might not be as efficient as
larger-bore aspiration catheters). Only the COMPASS'® study
used predominantly large-bore aspiration catheters (with ID
>0.064 inches). In COMPASS,'® 98% of patients in the DA first-
line group were treated with large-bore catheters compared with
only 47.7% in the ASTER study."” Although future RCTs will be
required to confirm these findings, it is reasonable to speculate
that better reperfusion rates could have been reached with the
use of these larger-bore aspiration catheters.

Direct aspiration versus combined approach

Ten studies compared DA alone versus the combined treatment
(combination of DA and SR) in patients with AC-LVO. Six of
these studies used the combined approach as a rescue treatment
(after the failure of first-line DA) and not as first-line technique
and were thus excluded.

Our review thus includes four observational studies
and one RCT,*' a non-inferior randomized multicenter study
comparing the effects of a three-dimensional stent retriever in
conjunction with local aspiration-based mechanical thrombec-
tomy versus aspiration-based thrombectomy alone as a primary
modality for endovascular stroke intervention. Three of these
studies'®?%%! have been pooled in a recent meta-analyses.®! Study
characteristics are summarized in online supplementary table 1.
Details of the revascularization devices as well as the clinical and
angiographic outcomes are reported in table 4.

According to this recent meta-analysis,’’ combined treatment
was associated with better successful reperfusion rates (OR 1.47,
95%CI 1.02 to 2.12) compared with DA alone; however, there was
no difference in clinical outcomes (favorable outcome OR 0.84,
95%CI 0.38 to 1.86). One study’” further investigated this result.
After stratification according to the occlusion site, the combined
approach was more efficient for carotid “T” occlusions with
higher rates of recanalization (TICI 2¢ or more 55.2% vs 15.4%;
p=0.025), with higher rates of first-pass mTICI 2¢ or more (59.6%
vs 33.3%; p=0.019), and demonstrated a trend toward better final
successful reperfusion rate (93.1% vs 65.4%; p=0.10).>’ For M1
segment occlusion, similar reperfusion rates were reported (94.8%
vs 83.3%; p=0.187). Finally, two observational studies have also
reported a lower rate of ENT with combined treatment but also
an increased risk of sSICH,** ®° a difference that was not found in
the RCT.*! There is an ongoing RCT which may help to confirm

10 20 59 60
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the potential superiority for the combined approach in carotid “T”
occlusions as well as provide more information on the potential
increased hemorrhagic risk of combined treatment.®*

Medium vessel occlusions

Only one study has directly compared DA and SR as the first-line
approach in patients with MeVOs."* In this retrospective study of
137 patients, the use of a 3 mm Trevo stent (Stryker Neurovascular,
Fremont, CA) compared to Penumbra 3MAX device (Penumbra,
Alameda, CA) resulted in higher rates of first-pass mTICI 2b-3
reperfusion and lower utilization of adjuvant therapy."*

Basilar artery occlusions

Five studies, including two prospective registries with retrospective
analysis'® ® and two retrospective studies,'’ ¢* ® have compared
DA and SR approaches as first-line strategies in patients with BAOs.
These five studies are summarized in a recent meta-analysis.®® The
pooled results suggested that the DA approach achieved a signifi-
cantly higher rate of successful recanalization (OR 2.0, 95%CI 1.1
to 3.5; p=0.02) with a lower ENT rate compared with first-line
SR.®® A similar trend was found for the mTICI 3 rate.°® Again,
procedure duration was significantly lower with DA than SR.*®
However, once again, these angiographic outcomes were not asso-
ciated with better clinical outcomes.®® No significant difference for
hemorrhagic complications, functional independence or mortality
at 3 months was found between the two techniques.

CHALLENGES AND FUTURE PROSPECTS

New, larger aspiration catheters and vacuum aspiration systems
with higher aspiration force are under development. The Penumbra
JET 7 catheter (Penumbra, Alameda, CA) (with 0.072 inch ID),
AXS Vecta (Stryker Neurovascular, Fremont, CA), the React cath-
eter (Medtronic Neurovascular, Irvine, CAA) (with 0.071 inch ID)
and the Penumbra Jet Engine (Penumbra, Alameda, CA) have been
recently approved by the US Food and Drug Administration.*® ¢’
It is, however, important to note that the largest aspiration cathe-
ters (JET 7, Vecta and React 071) are not compatible with current
BGCs. A novel aspiration catheter system, the R4 Q aspiration cath-
eter (MIVI Neuroscience, Inc, Eden Prairie, MN) has a larger prox-
imal ID, and in a recent benchtop study demonstrated a substantial
increase in aspirated flow rate and suction force compared with
the commercially available standard tubular catheters.®® As a final
example, the Advanced Thrombectomy System (ANCD) is a novel
stroke thrombectomy device incorporating a coated self-expanding
funnel. Theoretically, this funnel must be deployed after SR expan-
sion to the proximal part of the clot and might restrict the flow
and enhance the aspiration force. Altogether, this new device might
facilitate clot retrieval and reduce clot fragmentation.®” The combi-
nation of these new generation aspiration catheters and vacuum
aspiration systems may produce a higher aspiration force and tip
suction forces and further improve recanalization rates with DA.*
Although this new generation of large-bore aspiration catheters
appears to be efficient and safe based on recent non-controlled
observation studies,”>”* concerns exist regarding the navigability
and trackability of these devices, especially around the ophthalmic
artery in tortuous vessels. For example, the use of Vecta™ or React”*
catheters required the use of an SR to deliver the aspiration cath-
eter up to the clot level (the “grappling hook technique”) in about
25% of cases. By comparison, this “grappling hook technique” was
required in 40% of cases with the ACE 068. Further studies are
needed to better investigate the efficiency and safety of this new
generation of aspiration catheters and vacuum aspiration systems.

Although the benefit of MT in MeVOs is suggested in several
non-controlled observational studies (mainly in patients with
M2 occlusions), these findings need to be confirmed in RCTs.*!
MeVOs (M2 or M3 segments of the MCA, pericallosal artery or
the posterior cerebral artery) can lead to severe AIS. While these
smaller vessels can still cause a severe deficit, thrombectomies
in these vascular beds raise some questions. The risk of vessel
perforation is perceived to be higher given the smaller caliber
of artery, yet it is actually unknown. It is also unclear whether
medical therapy is superior to endovascular therapy in terms of
clinical outcomes. Once again, the use of DA will need to be
assessed in this specific scenario.

Finally, given the several limitations in the aforementioned
cited literature and the rapid evolution of suction equip-
ment, further randomized trials are required in order to
better assess the efficiency of DA compared with SR or the
combined approach. The research community may want to
reconsider the optimal outcome metric for evaluating throm-
bectomy devices. The three trials mentioned above have
used three different outcomes as their primary endpoint. A
clinical outcome was used in COMPASS (clinical functional
outcome at 90 days) and an angiographic outcome was used
in both ASTER (mTICI 2b or 3) and the trials by Nogueira
et al (mTICI 2 or 3). Clinical outcome after MT depends
on multiple factors besides recanalization, including, but not
limited to, patient age, comorbidities, initial infarct volume
and occurrence of sSICH. Moreover, although improvements
in thrombectomy devices have led to a sharp increase in
successful reperfusion rates, clinical outcomes have remained
largely unchanged. For example, the recent COMPASS trial
reported successful reperfusion in 90% of enrolled patients,
yet the percentage of patients with functional independence
at 90 days is only 50%.'® Thus clinical outcomes do not
appear to be the optimal endpoint to capture the efficacy
of thrombectomy devices. Although angiographic outcomes
may represent a useful surrogate endpoint, the definition
of successful revascularization should be reviewed. Recent
RCTs have reported successful reperfusion (mTICI =2b) in
up to 90% of enrolled patients.'® Given these current rates
of revascularization, if we use the somewhat broad “mTICI
2b or more” as the primary outcome to judge new devices, it
may be unrealistic to expect higher rates of successful reca-
nalization. Perhaps stricter parameters such as near complete
(mTICI 2¢ or 3), complete reperfusion (mTICI 3)7 or first
pass effect’* 7 rates should be used as the new standard defi-
nition for technical success in future trials.

CONCLUSION

Direct aspiration is a fast, safe and efficient thrombectomy tech-
nique that deserves its place in the interventional neuroradiology
armamentarium. Given the rapid evolution of DA equipment
and the inherent limitations to the many studies gathered in our
review, we believe further randomized trials are needed to better
capture the true efficiency of DA compared with SR and the
combined approach. Rates of near complete recanalization and
first pass effect should be used as the new standard definitions
for technical success in these future trials.
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