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Distal occlusions are notoriously 
difficult to manage with EVT sec-
ondary to vessel tortuosity and small 
caliber. Additionally, variability in 
size and composition of thrombi, 
whether hard or soft, poses technical 
challenges. Some of the great leaps 
in EVT include new and continually 
improving retrievable stent tech-
nology that can be tailored for just 
about any scenario. 

Of note, while continual improve-
ments in guide catheters, distal 
thrombectomy suction catheters, 
and retrievable stent technologies 
allow for potentially safer attempts 
at thrombectomy, thorough patient 
workup is crucial before thrombecto-
my is attempted. Potential complica-
tions include vessel injury and hem-
orrhage, particularly in the setting 

of poor collateral vascular supply or 
when distal thrombi are present. In 
addition, anatomical access chal-
lenges can be mitigated with access 
via the radial artery or direct carotid 
arterial puncture. Understanding 
how and when to use these oppor-
tunities will help to prevent some of 
these complications and may also 
improve clinical outcomes over time. 

Vascular Access
Endovascular procedures his-

torically have utilized femoral 
artery catheterization owing to the 
artery’s ease of access and large size. 
However, complications related to 
arterial access may include pseudo-
aneurysm formation, retroperitoneal 
hematoma, arteriovenous fistula, 
and artery occlusion. Femoral access 
can also be painful  and requires 
the patient to lie supine for several 
hours afterward.1 

In interventional cardiology, ra-
dial artery catheterization has been 
utilized over a longer time period, 
with fewer complications.1 Radial 
access can have a steep learning 
curve associated with accessing the 
cerebral vasculature. It also may be 
challenging to insert larger cathe-
ters into the radial artery. Peterson, 
et al, performed a meta-analysis of 
thrombectomy via transradial access 
in acute stroke. They found no signif-
icant differences in puncture time to 
reperfusion, mortality, radiographic 
reperfusion, or clinical outcomes.2 

For tortuous or otherwise diffi-
cult anatomy, occasionally direct 
trans-carotid access may be per-
formed under ultrasound guidance. 
Although most interventionalists 
are inexperienced in accessing the 
carotid artery directly, Scoco, et al, 
found trans-carotid approaches to 
be safe and effective with careful at-
tention to technique and knowledge 
of anatomy.3 Complications include 
neck hematomas.

Posterior Circulation
While the first clinical trials that 

demonstrated the efficacy of endovas-
cular thrombectomy analyzed ante-
rior circulation proximal occlusions 
in patients that presented <4.5 hours 
after last known well, stent retrievers 
have also been successfully used to 
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revascularize the posterior circula-
tion. Several studies have achieved 
thrombolysis in cerebral infarction 
(TICI) grade 2b or grade 3 recanal-
ization, indicating complete filling 
of the expected vascular territory 
but slower-than-normal or complete 
reperfusion, respectively. Compared 
to clinical outcomes for anterior cir-
culation thrombectomies, however, 
posterior circulation thrombectomies 
generally have poorer outcomes, 
however the natural history of basilar 
artery occlusion is worse compared to 
the anterior circulation.4

Guide Catheter
Although not specifically recorded, 

most procedures in the first group 
of randomized control trials for 
EVT of acute large-vessel occlusion 
likely utilized only stent retriever 
thrombectomy technology, wherein 
a stent is placed temporarily during 
the procedure and retrieved at the 
conclusion. Since then, analyses of 
the additional use of balloon guide 

catheter technologies for thrombec-
tomies have been performed.5 

Balloon guide catheters are used to 
reduce clot fragmentation and distal 
embolization (Figure 1). The largest 
contributor to distal embolization 
during mechanical thrombectomy is 
when the clot becomes embedded in 
the retriever and is brought into the 
catheter. Components of, or the en-
tire clot itself, can be sheared off the 
device as the clot enters the receiv-
er. Balloon guide catheters placed 
proximally can momentarily block 
anterograde flow, preventing the 
emboli from traveling distally. How-
ever, balloon guide catheters can be 
more difficult to handle, may injure 
the parent artery during balloon 
inflation, and may be incompatible 
with other devices.6

The necessity of balloon guide 
catheters is still being debated. A ret-
rospective analysis by Velasco, et al, 
demonstrated improved angiograph-
ic results and shorter procedure 
duration when they were used.7 Con-
versely, Bourcier, et al, reviewed data 

from the Endovascular Treatment in 
Ischemic Stroke registry and found 
that reperfusion and clinical results 
with and without balloon guide cath-
eters did not differ significantly from 
thrombectomy via contact aspiration 
and stent retrievers.5 

New Retrievable Stent 
Technologies

Numerous devices have been 
developed to improve the efficacy 
of retrievable stents. The Lazarus 
Effect Cover (Medtronic) employs a 
protective sheath around the stent to 
protect against distal embolization 
(Figure 2). The Q aspiration catheter 
(MIVI Neuroscience Inc.) consists of 
a control wire on the proximal cath-
eter shaft (Figure 3). This allows the 
distal end of the catheter to function 
as an extension to increase suction of 
the guide catheter.4 

The longer length of the stent 
retriever may play a role in its efficacy 
by allowing better placement and 
increasing the margin of error in 

Figure 1. Walrus balloon guide catheter (Q’apel 
Medical, Fremont, California).

Figure 2. The Lazarus Effect Cover (Medtronic, 
Minneapolis, Minnesota).

Figure 3. The Q aspiration catheter (MIVI 
Neuroscience Inc, Eden Prairie, Minnesota).
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patients with tortuous anatomy. It may 
also increase device stability distal to 
the clot, thus increasing the chances 
for successful thrombectomy.8 

Vascular tortuosity can affect 
success rates in mechanical throm-
bectomy. Traveling around a sharp 
curve, the stent can become elongat-
ed, resulting in clot dislodgement. 
Fragmented or segmented stents 
can remain patent in tortuous 
anatomy, improving thrombectomy 
success rates.9

The Tigertriever (Rapid Medical) 
stent allows a manual, stepwise in-

crease in radial force during device ex-
pansion (Figure 4). This permits slight 
overexpansion of the device compared 
to the affected artery and safer, con-
trolled, graded expansion compared 
to other self-expanding stent retriev-
ers. The device has demonstrated 
reperfusion rates and a safety profile 
compared to similar devices.10 

Clot Properties
The properties of clots may have 

clinical implications. Intravenous ad-
ministration of tPA has been shown 

most effective in small thrombi with 
red blood cell (RBC)-rich compo-
sition. Gunning et al suggest that 
that RBC content above 20% may 
dramatically increase friction prop-
erties of the clot, which could affect 
mechanical thrombectomy success 
rates.11 For thrombectomy efficacy, 
the proportion of fibrin may be rele-
vant in determining the probability 
of successful retrieval, as fibrin-rich 
thrombi are firm, tough, and sticky, 
and therefore less likely to deform 
during mechanical thrombectomy. 
Furthermore, stent retrievers with 

Figure 4. The Tigertriever stent (Rapid 
Medical, Yokneam, Israel)

Figure 5. The pREset stent retriever 
(phenox GmbH, Bochum, Germany)

Figure 6. Trevo with a Flowgate balloon 
guided catheter (Stryker, Kalamazoo, 
Michigan).
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The Options

Devices frequently used for me-
chanical thrombectomy currently fall 
into two main categories: stent re-
trievers and aspiration devices. These 
devices have been shown to increase 
the odds of good functional outcomes 
more than fourfold in randomized 
clinical trials and large series.1 
They work by restoring perfusion in 
occluded, ischemic, but not yet fully 
infarcted brain tissue. Though these 
devices achieve similar goals, their 
biomechanical mechanisms of action 
differ slightly. 

Stent retrievers (Table 1) are stent-
like mesh, self-expanding wires that 
are deployed within a thrombus, en-
tangling it within the stent structure. 
Both are then withdrawn into the 
delivery catheter. This offers imme-
diate flow restoration, more effective 
capture and clearance of a target 
thrombus, less fragmentation and 
embolism of thrombi, and reduced 
trauma to the vessel wall.2 

Aspiration Devices

Aspiration catheters (Table 2) are 
flexible devices with a large inner 
diameter that break clots into smaller 
pieces that can be aspirated using ex-
ternal pump or manual suction. While 
manual aspiration risks clogging the 
catheter tip, adding an in-bore sep-
arator wire with a bulbous tip that can 
be advanced and retracted, such as 
that in the Penumbra system, allows 
clot disruption and extraction ahead 
of the catheter. 

References
1)  Rha JH, Saver JL. The impact of recanaliza-
tion on ischemic stroke outcome: a meta-anal-
ysis. Stroke. 2007;38:967–973.

2)  Jahan R. Solitaire flow-restoration device 
for treatment of acute ischemic stroke: safety 
and recanalization efficacy study in a swine 
vessel occlusion model. AJNR Am J Neuroradi-
ol. 2010;31(10):1938-1943.

Table 1. Summary of Key Features of Stent Retrievers

DEVICE (COMPANY) STENT DIAMETER AND LENGTH (MM) DELIVERY CATHETER: 
MINIMUM INNER DIAMETER 
(INCHES)

EmboTrap II (Cerenovus 
Johnson and Johnson) 

5x21

5x33

0.021

0.021

Revive SE (Cerenovus 
Johnson and Johnson)

4.5x30 0.021 to 0.027

Solitaire 2 (Medtronic) 4×15

4×20

4×40

6×20

6×30

0.021

0.021

0.021

0.027

0.027

pREset (Phenox) 4×20

6×30

0.021

0.021

Trevo ProVue (Stryker) 4x20 0.021

3D Revascularization 
(Penumbra) 

4.5×20 0.024 

ERIC (MicroVention) 3×15

3×20

4×24

4×30

6×44

0.017

0.017

0.021

0.021

0.027

Table 2. Summary of Key Features of Aspiration Catheters

DEVICE (COMPANY) ASPIRATION METHOD DISTAL INNER DIAMETER 
(INCHES)

WORKING LENGTH 
(CM)

Navien (Medtronic) Manual 0.058 
0.072

125 or 130

Sofia (MicroVention) Manual 0.055  
 
0.070

115 
125 
115

ACE reperfusion 
catheter (Penumbra) 

External Pump 0.060 
0.064 
0.068

132

MAX reperfusion 
catheter (Penumbra) 

External Pump 0.035 
0.041  
0.054

153 
139 
132 

AXS Catalyst Distal 
Access Catheter 
(Stryker) 

Manual 0.058  
0.058 
0.060

115 
132 
132

Mechanical Thrombectomy
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high radial force, designed to capture 
rather than penetrate the thrombus, 
may perform better on firm thrombi. 
Clot properties may also determine 
whether a thrombus is prone to frag-
mentation during thrombectomy.12 

Different neurointerventional 
techniques may be more useful for 
thrombectomy, depending on clot 
properties. With softer clots, the size 
and type of stents have less of an 
effect; therefore, small-caliber stents 
may be used to reduce the likelihood 
of vessel injury. However, with hard-
er clots, a large-caliber aspirator, 
larger stent, and/or employing the 
“push-and-fluff” technique (which 
maximizes device expansion), may 
be required. Subsequent direct 
aspiration following the use of a 
stent retriever may also be needed 
with harder clots.13 

Micro-guide wires are used in 
mechanical thrombectomies to 
gain access distal to the thrombus. 

The round tip of the catheter aims 
to prevent unintended entry into 
perforating branches, and its mod-
ified pigtail shape helps it to move 
past the thrombus. Experiments 
with simulated clots have shown 
that the wire retains its shape with 
a soft clot; however, the wire can 
become stuck and deform when en-
countering a hard clot. This makes 
renavigating the micro-guidewire 
or reusing it for further thrombec-
tomy attempts difficult.13 

Distal Occlusions
New stent retrievers can reach 

more distal vasculature than 
earlier devices and have addition-
al capabilities, including smaller 
versions of commercially available 
stent retrievers and dynamically 
expanding stents.14

Many newer stent retrievers 
(pREsetTM/pREset LITETM, phenox 

GmbH; SolitaireTM, Medtron-
ic; Trevo, Stryker; EmbotrapTM, 
Neuravi; 3D Revascularization 
Device, Penumbra) have resulted 
in TICI 2b or better recanalization 
with vessel diameters below 2 mm 
(Figures 5-8). Although recanaliza-
tion of distal branches can reduce 
resultant infarct size, the proce-
dure increases the risk of focal 
subarachnoid hemorrhage.15

Selection for Thrombectomy
Several studies have explored 

the possibility of expanding the 
criteria of treatment candidates for 
mechanical thrombectomy. Earlier 
studies included patients with small 
ischemic cores, large penumbras, 
and significant neurological deficit. 
Newer studies have shown favorable 
outcomes in patients with core sizes 
up to 100 ml. Retrospective analyses 
have shown efficacy in patients with 

Figure 7. Embotrap III device (Neuravi, 
Galway, Ireland)

Figure 8. 3D Revascularization Device 
(Penumbra Inc, Alameda, California)
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more mild stroke symptoms.14 
A retrospective analysis of patients 

with anterior circulation large-vessel 
occlusion with admission National 
Institutes of Health stroke scale (NI-
HSS) scores lower than 6 treated with 
mechanical thrombectomy demon-
strated similar efficacy for mechan-
ical thrombectomy compared to 
more traditional selection criteria. 
The study did, however, demonstrate 
an increased risk of asymptomatic 
intracranial hemorrhage.16

Although most thrombectomy 
studies have evaluated patients with 
large-vessel occlusions, Cimflova, 
et al, reviewed current opinions on 
the use of mechanical thrombecto-
my for medium-vessel occlusions 
(MeVO). The majority of respond-
ing physicians stated they would 
directly treat these patients with 
endovascular thrombectomy. These 
physicians were more likely to treat 
younger patients with greater stroke 
severity or smaller core volume.17 
Respondents were also more likely to 
perform endovascular thrombecto-
my in patients with MeVO involving 
middle cerebral artery segments 
(M2/3, M3) and posterior cerebral 
artery segments (P2/3) than in those 
involving anterior cerebral artery 
(A3) segments.17

General Anesthesia vs 
Sedation

The Sedation versus Intubation for 
Endovascular Stroke Treatment trial 
showed no difference in post-throm-
bectomy NIHSS scores between 
patients receiving general anes-
thesia compared to those receiving 
conscious sedation. The Anesthesia 
During Stroke trial compared con-
scious sedation to general anesthesia 
and showed that maintaining blood 
pressure required significantly more 
vasoactive drugs in the general anes-
thesia group than those under seda-
tion. However, there was no differ-
ence in functional outcome at three 
months between the two groups. 

Blood pressure management pre- 
and post-thrombectomy and during 
induction of anesthesia are key focus 
points that must be well controlled.

Conversely, the Highly Effective 
Reperfusion Evaluated in Multiple 
Endovascular Stroke trial found that 
for every 100 patients treated under 
general anesthesia, 18 had worse 
functional outcomes compared to 
the non-general anesthesia group. 
This may be because those in the an-
esthesia group were more likely to be 
unconscious, agitated, and/or vomit-
ing. In the randomized control trials 
that demonstrated no difference in 
sedation, participants were suitable 
candidates for either anesthesia or 
conscious sedation.18 

Vacuum Aspiration 
The vacuum force required for 

suction thrombectomy can be cre-
ated manually using a large-volume 
syringe or via vacuum pumps. Vacu-
um pumps work on the principle of 
Poiseuille’s Law which states that the 
vacuum force exerted on the clot de-
pends directly on the pressure gener-
ated within the lumen and the radius 
of the distal catheter tip. Several 
medical pumps are now commercial-
ly available from companies such as 
Penumbra, Stryker, and Microven-
tion. One study found the Penumbra 
Jet Engine was able to reach and 
maintain the highest peak aspiration 
pressures. Simple manual aspiration 
with a 60cc syringe has been shown 
to create vacuum pressures simi-
lar to vacuum pumps and is more 
cost effective compared to suction 
pumps, canisters, and tubing.19 

Direct Aspiration
Several randomized trials have 

demonstrated the efficacy of throm-
bectomy in large-vessel occlusions. 
Because these trials predominantly 
used stent retrievers, established 
stroke guidelines specifically recom-
mend the use of these devices.20 

A direct aspiration first-pass 
technique attempts to remove a 
thrombus without a stent retriever. 
If unsuccessful, a stent retriever may 
then be used.20 

The recent Cardiovascular Out-
comes for People using Anticoagu-
lation Strategies trial was a multi-
center, randomized, non-inferiority 
trial that compared aspiration as 
first pass with initial stent retriever 
thrombectomy.20 The trial showed 
that patients presenting within 6 
hours of onset of anterior circulation 
large-vessel occlusion and an Alberta 
Stroke Programme Early CT Score 
(ASPECTS) greater than 6 (therefore 
more likely to have a worse function-
al outcome) who were treated with 
direct aspiration thrombectomy had 
non-inferior functional outcomes 
compared to those treated with first-
line stent retriever.

Complications Following 
Thrombectomy

Hemorrhagic transformation after 
mechanical thrombectomy occurs at 
a rate of up to 11.6%.21 Risk factors 
include a history of smoking, a low 
ASPECTS score, unfavorable collat-
eral vasculature on angiography, and 
thromboembolic migration. Various 
chemokines and growth factors are 
involved in reperfusion following 
ischemic stroke. A robust collateral 
flow may help mitigate this acute 
reperfusion stress and minimize the 
risk of hemorrhagic transformation.21 

Subarachnoid hemorrhage or 
arterial perforation has been cor-
related with TICI scores below 2b. 
M2 segment and carotid terminus 
occlusions have also been associated 
with higher risk of subarachnoid 
hemorrhage. This may be because of 
technical difficulties associated with 
removing these lesions. Arterial dis-
section incidence ranges from .6 to 
7% and is also correlated with revas-
cularization scores below TICI 2b.22

Some studies have shown gender, 
hypertension, age, diabetes, and 
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history of smoking were not associated 
with subarachnoid hemorrhage, clot 
embolization, or dissection. Owing to 
different definitions, rates of intracra-
nial hemorrhage vary greatly in the 
literature, ranging from 3 to 35% of 
cases. Higher NIHSS at onset, ongoing 
antiplatelet therapy, diabetes, and 
longer groin-to-reperfusion time were 
associated with higher risk of symp-
tomatic intracranial hemorrhage.22

Conclusion
Interventional stroke manage-

ment continues to evolve. Factors 
including patient anatomy, thrombus 
composition, and thrombus location 
impact device selection. Understand-
ing the advantages and limitations 
of the available systems may help 
prevent complications and improve 
patient outcomes. 
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