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The overwhelming clinical benefit of intra-arterial stroke therapy owes to the major advance in 
revascularization brought on by the current generation of thrombectomy devices. Nevertheless, 
there remains a sizeable proportion of patients for whom substantial reperfusion cannot be 
achieved or is achieved too late. This article addresses the persistent challenges that face 
neurointerventionists and reviews technical refinements that may help to mitigate these obstacles 
to procedural success. Insights from in vitro modeling and clinical research are organized around 
a conceptual framework that examines the interaction between the device, the thrombus and the 
vessel wall.
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Introduction

In acute ischemic stroke (AIS), the overwhelming clinical benefit 
of intra-arterial treatment (IAT) seen in the recent randomized 
trials owes primarily to the effectiveness of stent retrievers.1-5 
With this device class, substantial reperfusion is routinely 
achieved in 70–80% of cases. In addition, large-bore aspiration 
catheters have emerged as an alternative means of achieving 
similarly high revascularization rates.6 However, there remains a 
sizeable minority of patients in whom the thrombus cannot be 
removed using the current approaches. This subgroup represents 
the next challenge for the neurointerventional field. This review 
will provide a conceptual framework for understanding how 
thrombus characteristics and procedural techniques may impact 
the success of IAT including problems associated with vascular 

access and thrombus removal, and will highlight areas requiring 
further research.

Revascularization results in the current era

The current benchmark for technical success of the endovascu-
lar procedure is a modified Treatment in Cerebral Ischemia 
(mTICI) 2b-3 score (reperfusion in greater than 50% of the tar-
get ischemic territory).7,8 As compared to the Merci retriever, the 
mTICI 2b-3 rates have roughly doubled with the current devices 
(Figure 1).9-11 As technology improves, this angiographic end-
point may be less able to discriminate device superiority owing 
to a ceiling effect. For this reason, mTICI 2c-3 (>90% target 
territory reperfusion) will likely be a more useful endpoint in fu-
ture device trials.7 Currently, rates of complete reperfusion are 
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approaching 50% (Table 1).12-15 Devices and techniques that are 
less prone to clot fragmentation should improve these results, 
but there is a likely upper limit to this rate determined by the 
prevalence of distal emboli at baseline. Unfortunately, it is diffi-
cult to identify distal occlusions on noninvasive vascular imag-
ing, given the number of distal branches to evaluate and the 
variability of contrast opacification in the ischemic bed due to 
collateral differences between patients. Currently, the most ac-
curate way to visualize the presence of additional downstream 
thrombi is using susceptibility weighted MRI. In one study uti-
lizing this technique, multiple thrombi were present in 7.4% of 

patients (24 of 324 patients).16

The intra-procedural time to reperfusion is another critical 
measure of device effectiveness as well as ease of delivery, and 
has a direct impact on clinical outcomes. This can be reported 
in various ways, including the time from vessel access to reper-
fusion or from guide catheter placement to reperfusion, and the 
rate of first-pass success. The steady decline in the time to re-
vascularization also accounts for the clinical success of the lat-
est generation devices (Figure 2). In some studies, the average 
time from guide catheter to revascularization is approximately 
30 minutes or less (Table 1).

Table 1. Revascularization results with third-generation devices

Trial Device mTICI 2b-3 (%) mTICI 3 (%) Time from guide catheter to revasc/end (min)

SWIFT10 Solitaire N/A N/A 36 (median)

  Merci N/A N/A 52 (median)

Trevo 211 Trevo 68 14 48 (mean)

  Merci 44 6 47 (mean)

Trevo9 Trevo 72 7 N/A

STAR12 Solitaire 79 55 20 (mean)

NASA registry*,13 Solitaire 73 40 N/A

Humphries et al.*,15 Stent retriever+penumbra 88 44 N/A

ADAPT FAST*,14 Penumbra 5MAX 75 41 38† (mean)

  Penumbra 5MAX ACE 82 61 36† (mean)

mTICI, modified Treatment in Cerebral Ischemia; SWIFT, Solitaire With the Intention For Thrombectomy; N/A, not available; STAR, Solitaire flow restoration 
Thrombectomy for Acute Revascularization; NASA, North American Solitaire Acute stroke registry; ADAPT FAST, A Direct Aspiration first Pass Technique Fast.
*Not core lab adjudicated; †Time from groin puncture to mTICI ≥2B or end.

0
MR

RESCUE
IMS III Merci

(Trevo 2)
Trevo

(Trevo 2)
Trevo
(Trevo)

Solitaire
(NASA)

Solitaire
(STAR)

5 MAX
(ADAPT
FAST)

5 MAX ACE
(ADAPT
FAST)

10

20

30

40

50

60

70

80

90

100

1st and 2nd 3rd

% mTICI 2b-3
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Figure 2. Evolution of procedural times. First generation device = Merci. 
Second generation = initial smaller bore Penumbra catheters. Third genera-
tion = stent-retrievers and large-bore aspiration catheters (e.g., Penumbra 
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Challenges to procedural success

Despite the groundbreaking results of the recent trials, the 
variability in angiographic and clinical outcomes highlight 
the need to further improve neurointerventional tools and 
techniques (Figure 3). In 15–40% of the trial populations, 
substantial reperfusion could not be achieved, and in probably 
many more, revascularization was achieved too late. The nu-
merous challenges that can decrease the clinical effectiveness 
of IAT may be broadly categorized into two classes: vascular 
access and thrombus removal.

Vascular access
Clearly, barriers to vessel access and to adequate guide cathe-
ter support will impede or prevent device delivery to the 
thrombus. Unfortunately, these obstacles are most common in 
high-risk stroke populations. Significant peripheral vascular 
disease can make traditional groin access either time consum-
ing or impossible (e.g., aorto-iliac occlusion), necessitating al-
ternative approaches or causing early termination of the 
thrombectomy procedure. Similarly, in patients with certain 
aortic arch configurations (e.g., type III) or with significant cer-
vical vascular tortuosity, catheterization may be significantly 
delayed, and placement of large-bore guide catheters may be 
impossible.17,18 Furthermore, in these situations, the forces re-
quired to navigate intermediate catheters and microcatheters 
into the intracranial circulation may result in guide catheter 
herniation and loss of access. This is particularly problematic 
for lesions involving the left anterior circulation, given the 
sometimes steep angulation of the origin of the left common 
carotid artery. In one series of 130 anterior circulation AIS pa-
tients undergoing IAT, the target artery could not be catheter-

ized in 2 patients due to aorto-iliac occlusion and in 5 patients 
due to vessel tortuosity.18 In 25% of the remaining cases, the 
time from groin access to carotid guide catheterization was 30 
minutes or longer. In this subgroup, there was significantly de-
creased revascularization rate, longer time to revascularization, 
and worse 90-day outcomes. Predictors of difficult carotid ac-
cess were age >75 years, hypertension, dyslipidemia, and left 
carotid catheterization.18

In such situations, direct puncture of the common carotid 
artery may be the only viable option.19,20 In one series of seven 
patients, direct carotid puncture was performed after multiple 
unsuccessful attempts from a femoral approach, which lasted 
from 20 to 90 minutes.19 Carotid access was achieved in 15 
minutes or less in all cases (median 10 minutes), and mTICI 
2b-3 reperfusion was achieved in 6 (86%) patients within 
7–49 minutes of access. Notably, all patients had left middle 
cerebral artery (MCA) occlusions. The drawbacks to this ap-
proach are the potential for respiratory compromise or cranial 
nerve injury from hematoma formation, and the absence of 
devices tailored to the shorter working distances.20

Another frequent obstacle to thrombectomy is significant 
stenosis or occlusion of the cervical ICA. In the recent trials, 
the rate of tandem occlusions ranged between 10–30%.1,2,4 It 
is noteworthy that the trials with the highest mTICI 2b-3 rates 
(SWIFT PRIME and EXTEND IA) excluded such patients.3,5 In the 
remaining trials, there was an inverse relationship between 
mTICI 2b-3 rate and the proportion of tandem cervical occlu-
sions. Furthermore, there will by necessity be a delay to throm-
bectomy as an occluded/severely stenosed ICA needs to be 
opened before the device maneuver. A balloon guide catheter 
may in such a scenario be used for proximal protection even 
though it is uncertain whether the flow arrest achieved in this 
way offers sufficient protection. In addition, if performing an 
acute carotid stenting in this context, the new double-layer 
carotid stents have been proposed to limit embolization related 
to plaque prolapse through the stent.21 A pertinent question is, 
however, whether such acute carotid stenting should be per-
formed or the procedure limited to angioplasty alone. Although 
stenting helps to minimize post-angioplasty recoil, the major 
drawback is the need for antiplatelet therapy which can in 
combination with a fresh infarct and a deprived autoregulation 
potentially exacerbate the risk of symptomatic intracranial 
hemorrhage, particularly after IV rtPA. However, a recent meta-
analysis of nonrandomized studies reported an acceptable 
overall symptomatic hemorrhage rate of 4% (95% confidence 
interval 0–10) when carotid stenting was performed in con-
junction with stent retriever thrombectomy.22 Dual antiplatelet 
therapy was used in most of the included studies. Despite the 
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Figure 3. Variability in angiographic and clinical outcomes in the recent 
randomized trials of thrombectomy. TICI: Treatment In Cerebral Ischemia; 
mRS: modified Rankin Scale.
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added technical difficulty of treating tandem lesions, there is 
no justification to withhold treatment from these patients as 
the presence of a tandem cervical lesion did not modify treat-
ment effect in the recent trials.23

Thrombus removal
The primary challenge for neurointerventionists is the 20–30% 
of thrombi that are resistant to current retrieval approaches. In 
order to systematically address this challenge, it is useful to 
understand the interaction between the device, the thrombus, 
and the vessel wall, and how various factors and procedural 
techniques can influence this interaction (Figure 4).

Thrombus-vessel interaction
There are two primary factors that determine how much force 
will be required to remove the thrombus. The first is the force 
of impaction, which is determined by the pressure gradient 
across the thrombus – in other words, systemic blood pressure 
acting on the proximal thrombus face minus the pressure from 
retrograde collateral blood flow at the distal thrombus face. 
This factor likely explains the decreased rate of successful re-
vascularization among patients with worse collaterals.24 The 
second factor is the combined force of friction and adhesion 
between the thrombus and the vessel wall, which will deter-
mine how “sticky” the thrombus is. In vitro experiments using 
thrombi of varying fibrin and red blood cell proportions have 
shown that fibrin-rich thrombi (<20% red cell content) have a 
significantly higher coefficient of static friction, both on a low-
friction polytetrafluoroethylene-coated plate and on harvested 
vessel wall tissue (Supplementary Video 1).25 This finding sup-
ports recent studies that have demonstrated decreased revas-
cularization rates of hypodense, fibrin-rich thrombi (Supple-
mentary Video 2).26 In addition, greater thrombus length would 
be expected to yield increased friction and adhesion given the 
larger surface area for thrombus-vessel interaction. This might 

explain in part the worse outcomes seen after aspiration 
thrombectomy of longer thrombi in the THERAPY trial.27

Modifying device-thrombus-vessel interaction
Clearly, the ideal interaction is one in which the force of re-
trieval is greater than the overall inertial force (impaction force 
plus friction/adhesion force). There are several procedural tech-
niques that can potentially shift this balance to favor success.

Optimizing stent retriever integration with thrombus. The 
amount of retrieval force that can be transmitted to the 
thrombus is directly related to the degree of thrombus integra-
tion with the stent retriever. The surest way to maximize de-
vice-thrombus interaction is to appropriately position the de-
vice so that the active element (i.e., segment with full stent di-
ameter) is deployed within the thrombus. The proximal marker 
at the junction of the stent and the pusher wire should be 
proximal to the proximal thrombus face, recognizing that there 
is typically a short tapered segment between the marker and 
the active element in most stent retrievers.

For stents with a closed-cell design (e.g., Trevo), integration 
can be further enhanced by pushing the stent rather than un-
sheathing during deployment. This will result in an increase in 
stent diameter (along with foreshortening). An in-vitro study 
by van der Marel and colleagues demonstrated that pushing 
resulted in significantly greater integration of the stent retriev-
er within hard thrombi.28 Integration was high for soft thrombi, 
regardless of how the stent retriever was deployed. The push-
ing technique, therefore, addresses the potentially more diffi-
cult cases with firm thrombi, which is supported by a clinical 
study of Trevo thrombectomy wherein the pushing technique 
resulted in higher rates of first-pass reperfusion and of com-
plete reperfusion (mTICI 3) compared to standard unsheath-
ing.29 Finally, the study by van der Marel et al.28 showed that 
thrombus integration further increased at five minutes after 
deployment compared to immediate post-deployment mea-
surement. However, the optimal incubation time was not stud-
ied.

Development of new devices. The most commonly used stent 
retrievers today are all based on the same principle, relying on 
the radial force to sufficiently penetrate the thrombus to 
achieve a grip firm enough to hold it while being removed. 
There are, however, new devices in different stages of develop-
ment that incorporate new working principles (Table 2). Some 
of these devices are already approved and used, at least in 
some parts of the world, whereas others are still at the investi-
gational stage.

Intermediate catheter and local aspiration. In cases with sig-
nificant vessel tortuosity (e.g., S-shaped curve), placement of 
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Figure 4. Device-thrombus-vessel interaction. 



Vol. 19 / No. 2 / May 2017

https://doi.org/10.5853/jos.2017.00752 http://j-stroke.org 125

an intermediate catheter (IMC) in close proximity to the 
thrombus ensures that the greatest effective retrieval force is 
generated when removing the device (Figure 5). Ideally, the 
most proximal 20–25% of the retriever is pulled inside the 
IMC, after which the entire construct is retracted to an inflated 
balloon guide catheter (BGC) with aspiration on both the IMC 
and the BGC, the so-called “pinning technique”.30

The ability to deliver large-bore intermediate catheters to 
the thrombus also enables such a strong suction force that it is 
possible to remove a soft thrombus without a stent-retriever 
(ADAPT technique; Figure 6).14 The presence of an intermediate 
catheter alone (i.e., before suction is applied) decreases the im-

paction force on the proximal thrombus face by the percentage 
of the vessel lumen cross-sectional area occupied by the cath-
eter. When the aspiration pump is turned on, there should be a 
further decrease in impaction force, with one in-vitro study re-
porting flow reversal.31 The suction force on the thrombus be 
comes appreciable when the catheter tip is close to the throm-
bus (<1 mm) and increases until the catheter comes into con-
tact with the thrombus.32 One concern is that once the throm-
bus is engaged, the suction forces within the vessel lumen are 
lost, and flow around the intermediate catheter may result in 
fragmentation and distal embolization during retrieval, which 
has been reported in an in-vitro model.31 This may be particu-
larly problematic when the thrombus is soft and friable. Never-
theless, the recent ASTER trial results demonstrated no signifi-
cant difference in the primary outcome of final mTICI 2b-3 rate 
(i.e., after all treatments) when front-line therapy was ADAPT 
(85.4%) vs. stent-retriever (83.1%; P=0.53).33 Similarly, the 
rates of complete reperfusion (mTICI 3) were 37.5% vs. 38.6% 
for ADAPT vs. stent-retriever, respectively (P=0.82). The use of 
rescue therapy was numerically higher in the ADAPT group 

Table 2. New mechanical thrombectomy devices

Device Company Working principle

EMBOTRAP
Neuravi/Codman
Neurovascular

Open outer cage, inner flow channel, closed distal end

ERIC Microvention Interlinked cage technology with adjustable length; small (0.017)

TIGER TRIEVER Rapid Medical Adjustable diameter; strong radial force

GOLDEN RETRIEVER Amnis Therapeutics Cage formation expanding from a microwire; small (0.014)

LAZARUS RE-COVER Medtronic Cover accessory device - combined with various stent retrievers

Figure 5. Line-of-force challenge. Top left image demonstrates a stent re-
triever deployed within a thrombus on the distal limb of an S-shaped curve. 
Top right image, taken during retraction of the stent retriever without an 
intermediate catheter, shows ineffective force transmission where some of 
the force deforms the original course of the vessel (depicted with the dot-
ted lines). Bottom left image shows a stent retriever delivered through an 
intermediate catheter and deployed across a thrombus, again on the distal 
limb of an S-shaped curve. Bottom right image, taken during retraction of 
the stent retriever and with the intermediate catheter just proximal to the 
thrombus, demonstrates effective force transmission without deformation 
of the vessel.

Figure 6. ADAPT. Long thrombus retrieved from a cervical internal carotid 
artery occlusion using the ADAPT technique through a Penumbra ACE 68 
catheter. 
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(32.8% vs. 23.8%, P=0.053). However, the median times from 
groin puncture to mTICI 2b-3 reperfusion were shorter for 
ADAPT (median 31 min vs. 44 min), which was related to a sig-
nificantly faster time from thrombus contact to reperfusion 
(median 13 min vs. 23 min; P=0.02). There were no significant 
differences in the safety endpoints. In particular, there was no 
meaningful difference in embolization to a new territory (3.1% 
vs. 2.1%, ADAPT vs. stent-retriever; P=0.58).

Balloon guide catheter. The traditional way to achieve flow 
arrest during thrombectomy is using a cervical BGC. This will 
reduce the impaction force on the thrombus allowing for more 
effective retrieval, as well as minimize the tendency for throm-
bus fragmentation and distal embolization compared to a tra-
ditional cervical guide catheter.31,34 However, it should be rec-
ognized that full flow arrest may not be possible if there is col-
lateral flow from the posterior communicating artery – this 
may explain why distal embolization is still seen with BGCs in 
in-vitro studies wherein the flow model includes this collateral 
vessel. When suction is applied through the BGC, significant 
flow reversal can be achieved, which in some cases can fully 
retrieve intracranial occlusions without the need for intracra-
nial catheterization.35,36 In retrospective clinical studies of 
stent-retriever thrombectomy, BGC use was associated with 
improved revascularization, shorter procedure times, and better 
clinical outcomes.37,38 Although these data support the use of a 
BGC with stent retrievers, the recent ASTER results showed no 
advantage of this combination over a primary ADAPT approach 
regarding revascularization rate. However, the better clinical 
outcomes for stent retrievers in this study, although not statis-
tically significant, may reflect less peripheral emboli in the pri-
marily affected territory when used in combination with a BGC 
as compared to ADAPT.39 In ASTER, 92% of the stent-retriever 
cases utilized a BGC versus none of the ADAPT cases (personal 
communication, Dr. Bertrand Lapergue).

Combined stent-retriever and local aspiration. As mentioned 
above, another common approach is to perform stent-retriever 
thrombectomy through an IMC using added local aspiration 
(“pinning technique”).30,40 By combining these two methods, 
this technique increases the retrieval force that can be gener-
ated on the thrombus as well as diminishes the line-of-force 
challenge of an S-configuration that may be formed by the 
upper carotid siphon and M1 segment (Figure 7). In an in-vitro 
model, mTICI 2b-3 reperfusion was significantly more frequent 
with the stent-retriever/aspiration approach than with a stent-
retriever alone.30 In a retrospective, multicenter clinical study, 
the combined approach resulted in an 88% rate of mTICI 2b-3 
reperfusion, with complete reperfusion in 44%.15 A variant of 
this technique is to completely remove the stent retriever and 

thrombus through the aspiration catheter which is left in place. 
This technique may, however, prove ineffective or impossible in 
cases of very firm thrombi, where retraction of the stent re-
triever and active pinning of the thrombus between the stent 
retriever and the tip of the IMC provides a strong hold on the 
thrombus and might be the best method to remove these chal-
lenging thrombi. However, even with soft thrombi, the partial-
capture technique may be preferable because once the proxi-
mal portion of the thrombus enters the aspiration catheter, the 
maximal aspiration force is exerted. By trying to fully capture a 
friable thrombus, there is a risk of thrombus shearing and distal 
embolization due to the loss of aspiration at the catheter tip 
(Figure 8). A recent single-center, retrospective study of the 
partial-capture technique in 42 patients reported an mTICI 
2b-3 rate of 98% (mTICI 3 rate of 55%).41 Finally, there are 
emerging data concerning stent retriever thrombectomy with 
combined BGC and local aspiration, with promising early re-
sults.42

Procedural impact on friction-adhesion forces. It should be 
kept in mind that procedural manipulations can influence the 
interaction between the thrombus and the vessel wall. Because 
the coefficient of static friction is greater than that of kinetic 

A

D

B

C

Figure 7. Combined stent-retriever/aspiration. (A) Baseline image of right 
MCA M1 segment occlusion. (B) Thrombus within the stent-retriever is 
partially captured within the aspiration catheter and removed as a single 
unit. (C and D) Final AP and lateral image demonstrating mTICI 2c reperfu-
sion. Notice the S-shaped configuration of the supraclinoid ICA and M1 
segment. MCA, middle cerebral artery; AP, FULL NAME; mTICI: modified 
Treatment In Cerebral Ischemia; ICA, internal carotid artery.
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friction, once the retrieval is begun, the pull should be steady 
until the thrombus is removed from the body. The retrieval 
should not be stopped and re-started because greater forces 
are required to get the thrombus moving again.

Also, with each thrombectomy attempt, there is the poten-
tial for compressing the thrombus (Figure 9). With greater 
compression, the coefficient of friction between the thrombus 
and vessel wall increases, making subsequent retrieval more 
difficult (Figure 10). For this reason, identifying techniques that 
maximize first-pass success are critical. In a related manner, 
clots that remain in place for a longer time may be increasingly 
difficult to remove since they are compressed by the water-
hammer effect of the systemic blood pressure. This may have 
implications when embarking on thrombectomy after 6 hours, 
perhaps even up to 24 hours which was the upper time limit in 
the recently presented DAWN-trial.43

Thromboemboli distal to the M2 segments. Even though 
none of the randomized controlled trials included clots distal 
to M2, there are stent retrievers available today with smaller 
diameter, typically 3 mm, which may be used in smaller arter-
ies. Although distal thrombectomy in the anterior cerebral ar-

tery has been reported to have high revascularization rate with 
low complication profile,44 our anecdotal experience suggests 
that very distal thrombectomy in both the middle and posterior 
cerebral arteries carries an increased risk for focal subarach-
noid hemorrhage and potentially focal ischemia due to perfo-
rator injury. Because these distal arteries are less robust and 
more loosely attached to the parenchyma, a thrombectomy 
maneuver may displace an entire arterial segment whereby the 
perforators are at risk for being detached. The risk of injury ap-
pears to be greater in the distal superior division MCA branches 
given their tortuous course along the frontal operculum.

Pharmacological augmentation of mechanical thrombecto-
my. Intra-arterial thrombolysis, mostly with recombinant tissue 
plasminogen activator (rt-PA), has been used for quite some 
time in combination with mechanical thrombectomy in order 
to initially “soften” the thrombus, or more commonly, to recan-

Figure 8. Risk of thrombus shearing when pulling the stent-retriever fully through the aspiration catheter (Courtesy of Neuravi Inc.). BG, balloon guide catheter.

Figure 9. Thrombus compression after stent-retriever attempt (Courtesy of 
Neuravi Inc.).

Before stent-retriever pass After one pass
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alize distal fragments, originally present or dislodged during 
the procedure. This may imply an increased risk for post-proce-
dure hemorrhage, especially if the patient has been treated 
with intravenous thrombolysis, but seems in our experience to 
be safe if the dosage is limited (e.g., <10 mg rt-PA), particularly 
after intravenous rt-PA. Another option is to augment the me-
chanical thrombectomy with intra-arterial administration of 
GPIIb/IIIa inhibitors. Even though this strategy seems safe in 
small case-series,45 the safety and efficacy need to be proven 
in larger studies, and many questions remain regarding timing, 
dosage, routes of administration and the characteristics of spe-
cific drugs.

Conclusions and future directions

Despite the recent success of intra-arterial stroke therapy, 
there remain numerous challenges for neurointerventionists. 
Difficult vascular anatomy may preclude access and introduce 
significant delays to reperfusion. Further work is needed to im-
prove alternative access tools and techniques. Clinical and in-
vitro data suggest that hypodense, fibrin-rich thrombi are more 
resistant to thrombectomy. However, it is unknown whether a 
thrombectomy strategy tailored to thrombus imaging charac-
teristics improves angiographic and clinical outcomes. When 
using a stent-retriever alone, the use of a balloon guide cathe-
ter appears beneficial. This is based on nonrandomized clinical 
data, but is also supported by in-vitro modeling and theoretical 
considerations. With a closed-cell stent-retriever, deployment 
using a pushing technique may produce better thrombus inte-
gration and yield a greater force of retrieval. Based on recent 
randomized data from the ASTER trial, the use of aspiration 
thrombectomy as a first-line approach may be justified even 
though combined stent-retriever/aspiration approaches, par-
ticularly with partial capture of the stent-retriever (“pinning 
technique”), appear promising for refractory thrombi. Future 
studies, should examine whether this approach is superior as a 
first-line approach or if it should be reserved in case of difficul-
ties with straight-forward stent retriever or aspiration tech-
niques. It should be remembered that more complicated tech-
niques may take longer and pose more problems, not least for 
relatively inexperienced operators; simple and fast is often 
preferable. With each thrombectomy attempt, there is poten-
tial for thrombus compression and increasing difficulty of sub-
sequent retrieval. Therefore, it is essential to identify strategies 
that enhance first-pass revascularization, as well as rates of 
complete reperfusion.

Future areas of investigation and innovation: 1) Identify pa-
tient subgroups for whom alternative vascular access should 

be used initially; 2) Improve tools and techniques for direct ca-
rotid puncture; 3) Investigate reliable imaging predictors of re-
fractory thrombi, and test whether a thrombectomy strategy 
tailored to thrombus imaging characteristics will improve out-
comes; 4) Develop and evaluate thrombectomy approaches 
that maximize first-pass success and complete reperfusion; 
and 5) Evaluate the cost effectiveness of using a single- versus 
multi-device approach as frontline therapy.
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