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Endovascular mechanical thrombectomy has evolved signif-
icantly in the last two decades and has become the mainstay
and most effective currently available treatment for acute
ischemic stroke patients due to large vessel occlusion.1,2

Mechanical thrombectomy is presently performed using a
stent retriever or stent-like device, an aspiration catheter, or
a combination of the two. Much of the literature has focused
on the benefits of endovascular mechanical thrombectomy
with only limited data about procedural complications and
management. The expanded treatment windowand growing
number of eligible patients may increase the incidence of
complications. Indeed, the overall frequency reported in the
recent randomized trials approaches 15% based on recent
randomized control trials (RCTs).1 Awareness of risk factors
and early recognition of these complications can potentially
reduce complication rates, improve management, and yield
better overall outcomes.

In this review,we present a description of intraprocedural
complications and strategies to prevent and treat these
complications. We classified procedural complications into
intra- and extracranial complications and discuss anaphy-
laxis separately. Extracranial complications include access
site–related complications, cervical carotid/vertebral dissec-
tions, and vasospasm. Intracranial complications include

perforations, distal migration of emboli or embolization to
a new vascular territory, and device-related complications.

Extracranial Complications

Access Site Complications
Although prolonged time to gain arterial access is not
considered in itself a complication, slower times result in
delayed clot retrieval and in turn adversely impact the
clinical outcomes.3 Alawieh and colleagues found higher
rate of poor functional outcome when procedure time
extended beyond 30minutes.4 While the transfemoral ap-
proach is the most commonly used route, radial, brachial,
and direct carotid punctures can also be utilized in patients
with arterial tortuosity or severe atherosclerotic disease of
the femoral/iliac arteries and aortic arch.5–8 Access site
hematoma, retroperitoneal hematoma, distal emboli lead-
ing to limb ischemia, dissection, pseudoaneurysms, and/or
arteriovenous fistula are well-recognized complications
that can occur during or after gaining access.9 The reported
rate for puncture site hematoma in RCTs ranges from 2 to
10.7%10–13 as opposed to 1 to 2% in non-RCTs.14–16 In a
single-center experience, among 473 patients undergoing
mechanical thrombectomy including 260 who received
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tissue plasminogen activator (t-PA), the overall groin com-
plication rate ranged from 0.4 to 0.8%.3 In the Femoral
Arterial Access with Ultrasound Trial (FAUST), ultrasound
proved to minimize the number of attempts, increase the
first-pass success rate, and reduce venipunctures in 1,004
patients.17 Hemostasis can be achieved by either manual
compression or vascular closure device (VCD). Although
some data suggest lower complication rates with VCDs as
compared with manual compression,18–20 VCDs are associ-
ated with risks and potential complications; so, careful
patient selection and experience in their use and adherence
to manufacturer recommendations are important.21

Management
Most groin hematomas are usuallymanaged conservatively by
manual compression. It is crucial to focus on the arterial pulse
as the landmark to hold pressure, not the skin incision.22

Depending on the clinical status, some patients require emer-
gent vascular surgery to establish hemostasis and repair flow-
limiting dissections or high flow AVFs. Pseudoaneurysms can
either be treated by ultrasound-guided compression or direct
thrombin injection.23 Surgical repair for arteriovenousfistulas
is the gold standard, though other reported treatment options

include covered stent placement (►Fig. 1), coil embolization,
and glue embolization.24

Iatrogenic Cervical Carotid/Vertebral Vessel
Dissections
Localized arterial dissections are largely asymptomatic;
however, they are associated with increased risk of flow
impedance and thromboembolic complications that can lead
to poor outcomes.25 In RCTs, the frequency of arterial dis-
sections ranged between 0.6 and 3.9%.10,12,13,26 In the case
series reported by Goeggel Simonetti et al, vessel dissection
occurred in 18 patients (2%) out of 866 who underwent
mechanical thrombectomy.27 Extracranial vessel involve-
ment occurred in 15 patients (mostly cervical internal carot-
id artery, 14 patients) versus intracranial vascular dissection
only in three cases.27 Interestingly, there was a statistically
significant higher incidence in smokers.27 Localized contrast
pocket, double lumen sign, or intimal flap on DSA images aid
in identifying such a complication.25

Management
Depending on the severity of flow limitation and the hemody-
namic significance, treatment ranges from conservative

Fig. 1 (a) Digital subtraction angiography (DSA) of the right external iliac artery (EIA) via a left femoral approach anteroposterior view showing a
pseudoaneurysm adjacent to the distal tip of the sheath (arrow)with early opacification of the external iliac vein, consistent with arteriovenous fistula (asterisk).
(b)DSAof the rightEIA revealingcompleteobliterationofaneurysmandthefistulaafterdeployingaViabahnGorecoveredstentacross theneckof theaneurysm.
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management with anticoagulation or dual-antiplatelet thera-
py (DAP) in asymptomatic non–flow-limiting dissections
(►Fig. 2) to balloon angioplasty or stenting that may be
required to line up the intimal flap with the vessel wall and
therefore restore the flow.25,28,29 Of note, with acute stent
placement, the use of antiplatelet therapy should be initiated
and hence might be associated with higher risks of bleeding.

Cervical Carotid/Vertebral Vasospasm
Stable and distal positioning of guiding catheters is neces-
sary during mechanical thrombectomy. However, vaso-
spasm may preclude adequate positioning of guide
catheters. Mechanically induced vasospasm results from
irritation of the vessel wall during catheter or guidewire
manipulation.30 Spasm can involve any artery, either extra-
cranial, intracranial, or puncture site vessels.28,31 The rate of
vasospasm in RCTs was 3.9 to 23%; however, none were
reported to cause clinical deterioration.9,12,13,32 In a retro-
spective analysis of 176 acute ischemic stroke patients
treated with mechanical thrombectomy, Behme and col-
leagues reported 5 cases of access vessel vasospasm with no
adverse clinical sequelae.31

Management
In the majority of cases, vasospasm will be self-limited and
improve spontaneously within minutes by minimizing irri-
tation of the vessel wall and retracting the catheter. If
vasospasm persists and limits antegrade flow, selective
injection of a calcium channel blocker such as nimodipine
(0.5–1mg) or 10mg of either verapamil or nicardipine over
several minutes can be considered.28,33 It is important to
monitor for systemic hypotension, as this may be more
detrimental than vasospasm, particularly in a patient with
acute brain ischemia.33

Intracranial Complications

Device-Related Complications
Inadvertent stent retriever detachment during thrombec-
tomy is extremely rare (less than 1%) and mostly found in
first-generation devices.34 No standardized way to deal with
this complication has been proposed.34 Capturing the pre-
maturely detached stent has been reported35–37; however,
associated risks, including vessel dissection, spasm, and/or
perforation, have to be considered. Leaving a detached stent
can also be an option; however, initiating DAP to prevent
stent thrombosis may increase the risk of intracranial hem-
orrhage (ICH), particularly if the patient received t-PA.38

Two cases of catheter tip fracture during thrombectomy
have been reportedwith the use of snare/microsnare devices
to retrieve the catheter fragments.39

Vascular Perforation
Two main mechanisms of vessel perforation have been
reported:microwirepenetrationordirectendoluminal trauma
andshear forcesduring theuseofstent retrieverdevices.28,40,41

While any vessel can be perforated, typically it affects distal
intracranial vasculature (►Fig. 3).40 Vessel perforation man-
ifested by contrast extravasation during the procedure is a rare
yet drastic complication and, when it occurs, is associatedwith
a high rate of mortality as opposed to angiographically
occult postprocedural subarachnoid hemorrhage (SAH) which
is characterized by a rather benign course.40,42 Five recent
trials10–12,26,32 reported an incidence of 1.6% (10 perforations)
in a total of 634 patients.

Management
Intracranial vessel perforation manifested by contrast
extravasation requires immediate action as it is associated

Fig. 2 (a) Digital subtraction angiography (DSA) of the right common carotid artery, right anterior oblique view showing total internal carotid artery (ICA)
origin occlusion aftermicrocatheter and awirewere successfully advanced through the occlusion. (b) DSA runof the right ICA, lateral view after reperfusion
of the intracranial vessels showinga linear/spiral fillingdefect within the petrocavernous segmentof the ICA consistent ofdissection. (c) Repeat angiography
7 days after the procedure showing complete resolution of the dissection with preserved antegrade flow.
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with mortality rates exceeding 50% and an overall poor
outcome rate of 75%.40 Generally, management follows the
same rules as those that occur during endovascular treat-
ment of any intracranial lesion: the perforating device
should not be pulled back immediately as it may be sealing
the site of injury.43 Sometimes, the clot can achieve hemo-
stasis if the injured vessel is distal to the occlusion. For
vessel injuries proximal to the clot, immediate communica-
tion with the anesthesia team is important to reduce blood
pressure and to watch for Cushing’s triad (i.e., increased
blood pressure, irregular breathing, and bradycardia)
which may indicate imminent brain injury.44 In patients
who received heparin during the procedure, administra-
tion of protamine sulfate will rapidly reverse the systemic
effect of heparinization.28,40,41 Reversal of the fibrino-
lytic effect of t-PA by infusion of platelets and cryoprecipi-
tate is controversial.40 Inflation of a balloon at the site of
injury for several minutes (5–10minutes) is sometimes
needed to achieve hemostasis.40,45 If bleeding persists
despite repeated rounds of balloon inflation, sacrifice of
the injured segment with embolic agents or detachable
coils can be considered.9,40,46 Although vessel sacrifice
almost certainly results in a larger stroke burden, vessel
sacrifice may be the only life-saving option. Follow-up
imaging is recommended in these scenarios to exclude
pseudoaneurysm formation and evaluate the extent of
thromboembolic complications.47

Distal Clot Migration and/or Embolization to a
New Vascular Territory
Migration of clot to a previously unaffected territory may
occur during retrieval of a proximal clot.48 The frequency of
migration of emboli to a new vascular territory ranges from 1
to 8.6% in recent clinical trials.10–13,26 Bench models have
revealed that distal migration of emboli in the same target
vessel mostly occurs when catheters cross the occluded
segment distal to the clot.49 The burden of distal emboliza-
tion is directly proportional to the size of the catheter used to
traverse the clot.49 Several contributing factors are involved

such as the type of clot and different types of guide catheters
with less frequent embolization to proximal unaffected
territory being reported with the use of balloon guide
catheters.48,50

Management
Management depends mainly on the location of emboli and
after outweighing risks versus benefits. Based on this
notion, nontarget clot migration can be left alone if the
affected vessel is too small or distal and it is felt that risks
outweigh the potential benefits. If clinically appropriate and
in absence of any contraindication, intra-arterial injection
of t-PA can be considered in distal migration of the clot.51 In
proximal emboli, the migrated clot can be retracted by
aspiration alone or stent retrieval in conjunction with
aspiration.29

Anaphylaxis Emergency

While allergic reactions to contrast media are not uncommon,
theyare rarely severe and life threatening.1 Severe anaphylaxis
noted by respiratory and/or cardiovascular symptoms should
be immediately addressed.52 Cornerstones of initial manage-
ment include intravenous (IV) epinephrine, supplemental
oxygen, intubation (if not already intubated and in the absence
of airway edema), and volume resuscitation with IV fluids.53

There is little evidence of clear benefit of glucocorticoids in
acute settings.54

Tips and Tricks to Minimize Periprocedural
Complications

1. Endovascular mechanical thrombectomy should be
performed by physicians with appropriate stroke train-
ing in centers equipped to handle these complex
patients.55,56

2. Eligible patients for mechanical thrombectomy should be
appropriately selected.

Fig. 3 (a) Digital subtraction angiography (DSA) of the left internal carotid artery (ICA), Towne view showing occluded left middle cerebral artery (MCA)
with anterior cerebral artery pial collaterals retrogradely filling the distal MCA territory. (b) Microcatheter DSA run of the MCA after first pass using stent
retrieval device (Solitaire) revealing contrast extravasation at the distal MCA. (c) Guide catheter DSA run of the left ICA showing occluded MCA sealing the
microperforation. The presence of collaterals suggests acute on top of chronic occlusion or long-term MCA stenosis.
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3. Reviewing available cross-sectional images prior to pro-
cedure allows better procedural planning in a shorter
time period.

4. Adherence to manufacturer’s guidelines and avoiding use
of older generations of devices may help reduce device-
related complications.55

5. Prolonged endovascular procedure time is associated
with increased risk of symptomatic ICH.57,58

6. Increased number of passes is associated with higher rates
of complications and parenchymal hematoma after the
procedure.59–61

7. Minimize traversing the clot with catheter as possible to
avoid distal migration of emboli.49

8. Postprocedure neurocritical care monitoring with appro-
priate blood pressure management improves outcomes
and helps prevent possible complications.55,56

Fig. 4 Flow chart for procedural complications and management.
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Conclusions

Mechanical thrombectomy is the gold standard for acute
ischemic stroke patients with large vessel occlusion, and it is
incumbent on the interventionalist to anticipate andmanage
technical complications. Neurointerventionalists, intensiv-

ists, and neurologists should be aware of these complications
asmany are preventable and can be efficientlymanagedwith
early recognition.

Conflict of Interest
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Fig. 5 Flow chart for procedural complications and management.
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