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ABSTRACT 
Stroke is a major cause of death and disability in the Unit-
ed States and rapid evaluation and treatment of stroke 
patients are critical to good outcomes. Effective surgical 
treatments aim to restore adequate cerebral blood flow, 
prevent secondary brain injury, or reduce the likelihood 
of recurrent stroke. Patient evaluation in centers with a 
comprehensive stroke program and a dedicated neuro- 
vascular team is recommended.
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INTRODUCTION

Stroke is the leading cause of long-term adult disability 
in North America and the fifth leading cause of death.1,2 
Although some strokes are hemorrhagic, the majority (87%) 
are ischemic due to insufficient cerebral blood flow sec-
ondary to occlusion or flow limiting stenosis. Brain tissue 
is exquisitely sensitive to ischemia, and an estimated 1.9 
million neurons die every minute that blood flow is not 
restored. Time is brain.3

Surgical treatment for stroke can be classified into acute 
(emergent) or non-acute. Acute interventions, initiated 
within hours of stroke onset, are aimed at reestablishing 
cerebral blood flow, restoring lost neurologic function, and 
preventing permanent tissue damage. Non-acute surgical 
therapies focus on reducing secondary injuries resulting 
from brain swelling or preventing recurrent stroke. 

The effective surgical management of stroke requires con-
tinuous and immediately available treatment by dedicated 
personnel specializing in complex cerebrovascular inter-
ventions. These requirements may be best accomplished in 
facilities with a dedicated neurovascular center and stroke 
program.

EMERGENT EMBOLECTOMY FOR STROKE 

Intravenous tissue plasminogen activator (IV-tPA) remains 
an effective medical treatment in stroke patients if adminis-
tered within 4.5 hours of symptom onset. However, 20–30% 
of acute ischemic stroke patients have evidence of large 

vessel occlusion (LVO) involving a major proximal intracra-
nial artery and the efficacy of IV-tPA is significantly reduced 
in these cases.4 Furthermore, many patients do not fit the 
strict time window and inclusion criteria for the admin-
istration of IV-tPA and therefore are ineligible to receive 
treatment.

The recent refinement of endovascular catheter-based 
surgical techniques, which use a stent-retriever device to 
directly remove clots from occluded vessels and restore 
blood flow, have proven effective in reducing morbidity 
and mortality in stroke patients with LVO. Several recent 
randomized studies have demonstrated a significant benefit 
of embolectomy compared to standard medical treatment 
alone.5,6 Due to improved outcomes, embolectomy in com-
bination with IV-tPA has now become the standard of care 
for patients with LVO stroke. Figure 1 demonstrates pre- and 
post-angiographic images in a patient who underwent emer-
gent embolectomy and shows the dramatic improvement of 
cerebral perfusion following recanalization.

In addition to improving outcomes, embolectomy has 
less restrictive enrollment criteria and a longer time treat-
ment window (usually 6 hours from stroke onset, though 
12 or more hours in suspected basilar artery occlusion). It is 
estimated that the likelihood of a good outcome decreases 
by 10% for every 30-minute delay in recanalization from 
embolectomy, making efficient diagnosis and management 
critical. Computed tomographic angiography (CTA) can rap-
idly and accurately demonstrate the presence of an occlu-
sion, and should be part of the minimum imaging workup 
for suspected stroke patients. A national study in 2015, led 
by members of our neurovascular team, identified several 
elements that are required to achieve timely revasculariza-
tion in LVO patients.7 Expanding upon these findings, our 
Comprehensive Stroke Center (CSC) developed a standard-
ized practice to decrease procedure times and initiated a 
protocol for LVO patients who first presented to an outside 
primary stroke center (PSC) to facilitate quick treatment 
(Figure 2).8 This method was designed to minimize waiting 
times for suspected LVO patients, getting them closer to 
intervention as soon as possible. Initial results demonstrate 
that when fully executed, median time from PSC arrival 
to CSC intervention was reduced from 151 to 111 min-
utes (p<0.0001). This protocol also made patients twice as 
likely to have a favorable outcome (50% vs. 25%). Evidence 
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strongly supports that prompt evaluation and treatment of 
stroke patients with documented LVO in centers capable 
of performing embolectomy is crucial to obtaining optimal 
clinical outcomes.

DECOMPRESSIVE HEMICRANIECTOMY

Despite acute interventions such as IV-tPA and embolec-
tomy, up to 10% of ischemic strokes result in large areas of 
infarction. This can lead to significant brain swelling, raised 
intracranial pressure (ICP), and in severe cases, life-threaten-
ing herniation syndromes. These conditions are associated 
with worse outcomes, as they promote further reductions 

in cerebral blood flow leading to additional ischemic tissue 
damage (secondary brain injury). 

Significant edema that occurs in the supratentorial space 
after a stroke is referred to as malignant infarction of the 
middle cerebral artery (MCA).9 This condition is associated 
with CT evidence of infarction involving at least 50% of the 
MCA territory or an infarct volume of greater than 145 cm3 
on diffusion weighted magnetic resonance imaging (MRI). 
Despite aggressive medical management including hyper-
ventilation, barbiturates, hyperosmolar therapy, and corti-
costeroids, malignant MCA infarctions have been associated 
with an 80% fatality rate. However, recent multi-center 
trials and pooled analyses strongly support the role of sur-
gical intervention, consisting of a decompressive hemicra-
niectomy (DHC), in reducing mortality and disability after 
malignant MCA infarction in select patients.9.10 The surgical 
procedure involves removal of a large bone flap, followed by 
insertion of a dural patch. This results in reduced constric-
tion of the injured brain and culminates in lower ICP and 
reduced risk of brain herniation.

Three European prospective, multi-center, randomized 
controlled trials have investigated the benefit of DHC ver-
sus medical treatment in patients with space-occupying 
hemispheric strokes and altered level of consciousness.9,10,11 

The DESTINY trial enrolled patients, between 18 and 60 
years of age, within 36 hours of stroke onset. The trial was 
terminated per the study protocol when statistical signifi-
cance was reached for reduction in 30-day mortality in the 
surgical arm (88% of patients randomized to DHC versus 

Figure 1. A) AP view of left ICA angiogram demonstrating MCA occlusion (arrow). 

B) AP view of left ICA post-embolectomy angiogram showing recanalization of MCA (arrow)
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Outside hospitals (PSC) notify the CSC immediately upon  
patient arrival

Obtain a CTA in addition to non-contrast CT in all patients with 
suspected LVO, although this should not delay IV-tPA administration

Share imaging with CSC using a secure cloud-based platform

Activation of the neurointerventional surgical team as soon as 
possible based on LVO confirmation or clinical stroke severity

Additional imaging techniques, particularly those intended to 
physiologically select patients for embolectomy, may provide 
additional value but should not delay the procedure

Avoidance of routine general anesthesia during intervention

Figure 2. Protocol to expedite time to embolectomy
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47% receiving conservative therapy survived after 30 days). 
DECIMAL randomized 38 patients, 18–55 years old, within 
24 hours of stroke onset. There was a 52.8% absolute reduc-
tion in death in the surgical cohort. Lastly, the HAMLET 
trial included 64 patients between 18 and 60 years of age 
treated within 96 hours of symptom onset and found that 
DHC reduced case fatality by 38%. A pooled analysis of 
94 patients from all three trials demonstrated a significant 
increase in favorable outcome in the DHC cohort.11 How-
ever, there was no statistically significant evidence in any 
individual trial regarding improved functional outcomes for 
patients undergoing DHC.

Current evidence suggests a role for DHC in patients 
younger than 60 with malignant infarction of the MCA asso-
ciated with altered consciousness who are treated within 48 
hours of stroke onset. For patients older than 60, surgical 
decompression is controversial. There are notable improve-
ments in mortality, but many of the surviving patients have 
severe disability.12

CAROTID ENDARTERECTOMY  
AND CAROTID STENTING

Carotid artery stenosis causes up to 10% of all ischemic 
strokes. The risk of recurrent stroke is significantly higher 
in patients who have previously suffered an initial stroke 
or transient ischemic attack (TIA). It is estimated that 25% 
of patients presenting with a stroke are suffering from a 
recurrent ischemic episode. The risk of stroke is particularly 
high in symptomatic patients who have severe narrowing 
of the extracranial internal carotid artery, and several large 
randomized studies have demonstrated the effectiveness 
of carotid endarterectomy (CEA) in reducing future stroke 
risk in these patients. The North American Symptomatic 
Carotid Endarterectomy Trial (NASCET) reported that in 
symptomatic patients with greater than 70% carotid ste-
nosis who undergo CEA, the absolute risk of future stroke 
is reduced by 17% compared to medical therapy alone13, 
which has been confirmed by other large studies.14 Pooled 
analysis of three large trials of CEA versus medical therapy 
has shown a 16% absolute risk reduction when CEA was 
performed in patients with symptomatic stenosis of 70% or 
more.15 For patients with 50–69% stenosis, there was still a 
benefit but to a lesser degree. Patients with less than 50% 
narrowing of the carotid artery do not appear to benefit from 
surgical intervention. 

Despite the proven effectiveness of CEA, carotid artery 
stenting (CAS) has been promoted as an attractive, less 
invasive option for revascularization. Potential advantages 
of CAS include decreased patient discomfort and a shorter 
recuperation period. Early studies indicated a higher proce-
dural risk during CAS compared to CEA, but these studies 
have been criticized for inadequate and non-uniform oper-
ator experience.16 Furthermore, advances in endovascular 

techniques and devices used for CAS have made the proce-
dure safer.

The largest trial to date, the Carotid Revascularization 
Endarterectomy versus Stent Trial (CREST) was a prospec-
tive, randomized trial of 2,502 patients comparing the effi-
cacy of CAS with CEA.17 The primary endpoint was the 
composite of any stroke, myocardial infarction, or death 
during the periprocedural period and ipsilateral stroke within 
4 years thereafter. The study found that CAS and CEA had 
similar outcomes, although there were varying complica-
tions with each intervention. The rate of any periprocedural 
stroke or post-procedural ipsilateral stroke within 30 days 
was significantly higher in the CAS group than in the CEA 
group (5.5% versus 3.2%). However, the rate of myocardial 
infarction was higher in the CEA group (2.3% versus 1.0%). 
Overall, the CREST study demonstrated that CAS and CEA 
had similar short- and long-term outcomes. Carotid artery 
stenting may prove especially useful in cases of surgically 
inaccessible lesions, radiation-induced stenosis, or and in 
patients with severe cardiac or pulmonary disease.

To date, studies have shown that surgical interventions 
aimed at preventing stroke in patients who have already suf-
fered a stroke or TIA from extracranial carotid stenosis have 
proven more effective than medical treatment alone. How-
ever, previous studies did not include optimal medical ther-
apies such as statins. As advances in the medical treatment 
of stroke continue, it is imperative to compare these with 
both CEA and CAS. The CREST 2 trial currently underway 
attempts to compare current best medical therapy versus 
CEA and CAS.

EXTRACRANIAL TO INTRACRANIAL  
ARTERIAL BYPASS

Extracranial-intracranial (ECIC) bypass surgery has not been 
shown to provide any benefit for patients with atheroscle-
rotic carotid occlusion or carotid artery narrowing distal to 
the carotid bifurcation. However, in patients with moyam-
oya disease or syndrome, ECIC bypass has been shown to be 
effective at reducing stroke risk.

Moyamoya can occur in children and adults and is a cere-
brovascular condition that predisposes affected patients to 
stroke due to progressive stenosis of the intracranial internal 
carotid arteries and their branches (Figure 3a). Genetic fac-
tors play a role, and moyamoya can be associated with other 
conditions such as Down’s syndrome, sickle cell disease, 
neurofibromatosis, or previous cranial irradiation. If the dis-
ease is unilateral, or is associated with one of these condi-
tions, it is called moyamoya syndrome. Moyamoya disease 
is bilateral and is not associated with other risk factors. 
Most patients present with stroke or ischemic symptoms 
with 50–75% of known moyamoya patients experiencing 
ischemic stroke.18

It has been estimated that up to two-thirds of patients 
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with moyamoya have symptomatic progression over a 
5-year period with poor outcomes without treatment. Medi-
cal therapies have not been shown to be beneficial in reduc-
ing stroke risk and surgical revascularization (ECIC bypass) 
is the primary treatment for moyamoya. This procedure 
utilizes extracranial arterial supply (usually the superficial 
temporal artery) which is either directly or indirectly anas-
tomosed to an intracranial cortical artery (Figure 3b). Fol-
lowing ECIC bypass, there is a 96% probability of remaining 
stroke-free over the subsequent 5 years, and a meta-anal-
ysis concluded that 1003 of 1156 patients (87%) derived  
symptomatic benefit from surgical revascularization.19

FUTURE DIRECTIONS

Time to treatment is a critical factor in improving outcomes 
in acute stroke, and the development of additional strate-
gies to decrease time to intervention are warranted. Field 
triage based on clinical severity to a Comprehensive Stroke 
Center can help decrease time to treatment. Perhaps the 
ultimate solution, Mobile stroke ambulances (composed of 
trained medical personnel, a CT scanner, and telecommu-
nications) can allow ultra-rapid patient assessment, in-field 
administration of IV-tPA, and rapid transport to a dedicated 
neurovascular center. Only a few units currently exist, but 
preliminary reports show improvement in treatment times 
and clinical outcomes. 

The precise time window for acute embolectomy has not 
been fully evaluated. A select group of patients, with defined 

areas of reversible ischemia, may benefit from recanaliza-
tion outside of the current time recommendations. Further 
refinement of patient selection using advanced CT or MR 
based imaging will likely allow us to offer treatment to a 
greater group of patients. In addition, as endovascular tech-
nologies continue to improve, treatment of non-LVO stroke 
patients with occlusion in smaller, more distal vessels may 
benefit from embolectomy.

Despite treatment, many stroke patients have permanent 
neurologic deficits such as hemiplegia, aphasia, or visual 
loss. Surgical techniques to restore function are needed. 
Stem cell transplantation, neuromodulation and cortical 
stimulation techniques, and brain-computer interface tech-
nologies have potential to improve neurorestoration and 
warrant future investigation.
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