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Abstract
Neurosurgeons and neurointerventionists interested in cerebral revascularisation to prevent stroke from intracranial atherosclerotic 

steno-occlusive disease were disappointed in 2011 with the closure of two important negative studies: the Carotid Occlusion Surgery 

Study (COSS) and Stenting and Aggressive Medical Therapy for Preventing Recurrent Stroke in Intracranial Stenosis (SAMMPRIS) study. 

Debates are centred on what causes these failures. While extracranial-intracranial (EC-IC) bypass and neurointervention (angioplasty and/

or stenting) cannot be considered a routine intervention for patients presenting with initial ischaemic event in the setting of atherosclerotic 

steno-occlusive disease, selected patients with severe haemodynamic impairment and/or recurrent symptoms despite maximal medical 

therapy may still benefit from surgery and neurointervention at high-volume centres, which can offer the procedure with low peri-

operative morbidity.
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Surgery for Occlusive Atherosclerotic Disease
Extracranial-intracranial (EC-IC) bypass for revascularisation in the setting 

of atherosclerotic occlusive disease has remained a topic of intense 

interest and scrutiny over the last four decades. The underlying premise 

of EC-IC bypass in this setting is to provide blood flow augmentation 

in the setting of cerebral ischaemia, aiming to improve blood flow to 

oligemic brain tissue. 

 

Evidence for Extracranial-Intracranial Bypass
Anterior Circulation
In evaluating the efficacy of EC-IC bypass for ischaemia, the primary focus 

has been on anterior circulation disease. Flow augmentation bypass in 

the anterior circulation primarily entails a bypass between the superficial 

temporal artery and the middle cerebral artery (STA-MCA). The EC-IC 

bypass study published in 1985 failed to demonstrate the efficacy of 

STA-MCA bypass over medical management in over 1,300 patients with 

occlusive disease of the anterior circulation.1 Patients with transient 

ischaemic attack (TIA) or stroke in the setting of occlusive disease not 

amenable to carotid endarterectomy (primarily carotid occlusion) were 

randomised to best medical therapy or best medical therapy in addition 

to EC-IC bypass. Although surgery was performed successfully, with a 

reported bypass patency rate of 96 %, EC-IC bypass conferred no benefit 

in terms of stroke risk over the average follow-up period of 55.8 months. 

Subsequent analysis of the study methodology identified shortcomings in 

study design and implementation that suggested universal abandonment 

of EC-IC bypass for ischaemic was premature.2,3 The trial was criticised for 

potential selection bias in enrolment, with concerns that a large number 

of patients, more than enrolled within the study, actually underwent 

surgery outside the trial. This would suggest that patients may have 

been selectively offered surgery versus enrolment in the trial based 

on perceived benefit of intervention, thus diluting any beneficial effect 

of bypass in those within the study cohort. Concern was also raised 

regarding the adequacy of flow augmentation provided by the STA-MCA 

bypass, with the notion that higher flows through larger calibre bypass 

could be more effective. The STA-MCA bypass has been the primary type 

of bypass performed in the setting of ischaemia, due to its high technical 

success rate and low morbidity given that anastomosis is performed to 

a distal cortical MCA branch with little risk of ischaemia during cross-

clamping.4 However, the degree of flow augmentation can be relatively 

modest compared with larger conduit bypasses such as vein or radial 

artery interposition grafts from the cervical carotid to the more proximal 

MCA. Larger conduits do carry several disadvantages, however, including 

higher morbidity and lower patency rates,5 and the risk of ischaemia 

during cross-clamping of the more proximal MCA. Additionally, there is 

concern for hyperperfusion haemorrhage when using high flow grafts 

to revascularise ischaemic brain,6 presumed to be due to the inability of 

the vasodilated ischaemic vascular bed to compensate acutely to a large 

increase in perfusion created by a high flow graft. Favourable preliminary 

results with higher flow grafts in small series have been reported with 

the use of a non-occlusive bypass technique, the excimer laser-assisted 

anastomosis (ELANA), which allows vein grafts to be placed onto large 
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proximal vessels, such as the supraclinoid carotid artery or proximal 

MCA, without clamping the vessel during anastomosis.7,8 This technique 

is still under evaluation, but the lack of temporary vessel occlusion during 

surgery, or the more physiological placement of the bypass proximally in 

the intracranial circulation, appears to reduce the risk of hyperperfusion.7

The most prominent drawback of the EC-IC bypass trial, which ultimately 

generated the most subsequent analysis and investigation, was the lack 

of haemodynamic evaluation in selecting patients for enrolment. In the 

trial, no objective physiological criteria were used to assess cerebral 

blood flow, and thus patients may have presented with ischaemic 

symptoms secondary to aetiologies unlikely to benefit from bypass, such 

as embolic phenomena or small vessel disease. Subsequent to the EC-

IC bypass trial, the role of haemodynamic assessment in evaluation of 

carotid occlusive disease has been extensively evaluated, demonstrating 

that haemodynamic evaluation can identify a subgroup at higher risk 

of recurrent stroke,9–15 and who would, therefore, be more appropriate 

candidates for revascularisation. In the last two decades, two trials 

have attempted to address the efficacy of bypass in such patients with 

haemodynamic compromise. The Japanese EC-IC bypass trial (JET) 

randomised patients with symptomatic internal carotid artery (ICA) or 

MCA occlusive and haemodynamic impairment to undergo STA-MCA 

bypass versus medical therapy. Interim results based on analysis of 196 

patients published in a Japanese language journal reported a favourable 

result for bypass at two-year follow-up,16 with a reduced risk of the 

primary endpoint of death and stroke (23.1  % in the medical arm and 

15.2 % in the surgical arm; p=0.046). The Carotid Occlusion Surgery Study 

(COSS) based in the US, however, did not support the efficacy of bypass 

for stroke-risk reduction.17

COSS enrolled patients with symptomatic carotid occlusion and 

haemodynamic impairment based on evidence of severe compromise 

on positron emission tomography (PET), which was considered to 

be more relevant than blood flow measurement alone.18 The study 

compared STA-MCA bypass with medical therapy alone, with a primary 

endpoint of ipsilateral ischaemic stroke within 2 years, plus 30-day 

stroke and death. The study was prematurely halted in June 2010, after 

randomisation of only 193 of the originally planned 372 patients. The 

termination of the study was based on futility analysis, as Kaplan-Meier 

estimates of the primary endpoint demonstrated essentially equivalent 

rates for the medical and surgical groups, at 23 % and 21 %, respectively. 

This occurred despite excellent graft patency rates and improvement 

in cerebral haemodynamics post bypass. The surgical group suffered a 

30 day (peri-operative) event rate of 15 %, and despite a low subsequent 

stroke risk thereafter, failed to provide an overall benefit, given that the 

medical group actually demonstrated a much lower event rate than 

the 40  % stroke risk originally projected based on prior observational 

data.14,19 Based on interim analysis, it was felt that a substantial increase 

in sample size from the originally anticipated 372 patients would be 

required to demonstrate any clinically meaningful difference in favour of 

surgery, and thus the study was terminated.

Although COSS was a carefully designed and well-executed study, 

several aspects of the study deserve further consideration.20 The lower 

than anticipated stroke rate in the medical arm of the trial was largely 

attributed to improvements in medical therapy such as use of statins. 

However, the magnitude of the reduction approaches or exceeds that 

seen in trials of intensive active medical management,21,22 and raises the 

potential concern that the criteria for selection of highest-risk patients 

into the trial failed to do so as effectively as planned. The use of a semi-

quantitative method for assessment of the haemodynamic compromise, 

based on relative right to left ratio, rather than the original absolute 

threshold utilised in earlier observational studies, has been raised as 

a potential concern in appropriately selecting the most compromised 

individuals.23 Regardless, the surgical arm suffered a higher than desirable 

peri-operative event rate, at 15 %. Within the study, 30 surgeons performed 

the 93 bypasses,24 which generally reflects the low-volume nature of this 

operation at any given site. A volume–outcome relationship has been well 

demonstrated in many aspects of cerebrovascular surgery, including EC-

IC bypass, where the relationship has been found to be most robust when 

considering not only just individual surgeon caseload but also hospital 

volume. This may reflect the influence of epiphenomenon to the surgery 

including specialised nursing, anaesthesia and critical care in addition to 

the surgeon experience. If peri-operative event rates closer to 8 % had 

been achieved, surgery would have demonstrated clear benefit in the 

COSS population. It is worth noting that the stroke event rate after the 30 

day peri-operative period was significantly lower in the bypass patients 

at 9 % compared with 22.7 % in the medical group. In conjunction with 

the haemodynamic improvement seen on PET in the surgical patients, 

these data do seem to confirm the general concept that revascularisation 

is beneficial, but only if it can be performed with low enough surgical 

risk. Even with the current rates reported in COSS, if stroke rates were to 

remain steady in both groups beyond the 2-year follow-up, the Kaplan-

Meier curves would cross over to a significant benefit of surgery at about 

5 years. One other important consideration when interpreting the results 

of COSS is the recognition that haemodynamically unstable patients, 

although a small subgroup of patients with carotid occlusion, were not 

well represented in the study population. The mean time to enrolment 

within COSS was 72 days, and thus likely represented more stable patients.

In conjunction with COSS, an ancillary study, Randomized Evaluation  

of Carotid Occlusion and Neurocognition (RECON), followed a subset of 

patients to examine cognitive outcomes. The results have not yet been 

published, but preliminary presentation of the data at the International 

Stroke Conference 2013 indicated that no cognitive benefit was realised 

in the small cohort studied. There has been prior non-randomised data 

supporting improvement of cognitive function, post bypass25,26 and 

even the interesting notion of functional benefits, such as increased 

brain volume and improvement in fixed neurological deficits.27–29 Such 

preliminary data will require further investigations.

After recent publication of the technical aspect of the COSS,24 

several concerns have also been voiced from Japanese vascular 

neurosurgeons. First, the duration of MCA occlusion in the study might 

have been too long: in patients who developed ischaemic stroke, the 

average occlusion time was 55.9 minutes.24 Even in those who did not 

develop stroke, the duration was 45.4 minutes.24 Experienced Japanese 

neurosurgeons who routinely perform EC-IC bypass procedures 

typically report completing suturing of the STA to the MCA within 30 

minutes of occlusion time.30,31 Although the list of participants in the 

COSS trial included many expert vascular neurosurgeons, the longer 

average occlusion times may reflect the relative rarity of EC-IC bypass 

procedures in the US. Although occlusion times in COSS were not linked 

to risk of peri-operative stroke per se, there is lingering concern that this 

may have been a contributory factor. Additionally, a single anastomosis 

was performed in COSS patients,24 which may provide insufficient 

blood flow to the ischaemic area. Although elevated oxygen extraction 

fraction (OEF) was markedly improved post bypass; it did not normalise. 

By contrast, it is the Japanese practice to create a double anastomosis 

to the frontal and temporal branches of the middle cerebral artery.30,31 
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However, consideration should be made about possible mentioned 

increased risk of hyperperfusion syndrome and risk of skin necrosis and 

the fact that single bypass usually tends to increase flow volume during 

long follow-up. Moreover, the frontal branch may be within the collateral 

system of the occluded ICA via the ophthalmic artery. Second, there 

has been little description in the published study of how patients were 

managed post-operatively, except that they received oral aspirin.17,24 

Japanese neurosurgeons are well aware that strict blood pressure 

control is essential for patients who undergo EC-IC bypass, since the 

incidence of hyperperfusion syndrome may not be rare.30,31 The use 

of near-infrared spectroscopy both for surgery and for non-invasive 

bedside measurement of regional cerebral oxygenation seems to be 

useful in the early detection of hyperperfusion syndrome.31 Interestingly, 

the great majority of reports on hyperperfusion syndrome have come 

from Asian countries,30,31 and it is uncertain whether the potential risk of 

hyperperfusion syndrome had been fully recognised by the neurocritical 

care physicians participating in COSS. Japanese neurosurgeons also 

have to do more: although positive results for the surgical treatment 

have been obtained from the JET study, it has still not been published 

in peer-reviewed English-language journal at the time of writing,16 even 

though more than 10 years have passed after completion of the JET 

study. Medical treatment has improved significantly during that period, 

and new data would be required to convincingly demonstrate to 

neurologists, neurosurgeons and patients worldwide that EC-IC bypass 

surgery is truly efficacious and safe.

Posterior Circulation
Data regarding bypass for posterior circulation ischaemia are sparse. This 

likely reflects the relative prevalence of the condition, and the emergence 

of less-invasive endovascular techniques in the face of the relative higher 

morbidity and technical complexity of posterior circulation bypass.32,33 

Furthermore, objective assessment of haemodynamic compromise in 

the posterior circulation has generally been more difficult: the imaging 

methods used in evaluation of anterior circulation ischaemia are less 

useful in assessment of the posterior circulation,34 due to the more 

compact brain territory and skull base artefacts. An alternative method 

for assessing posterior circulation blood flow relies on large vessel flow 

measurement using quantitative magnetic resonance angiography 

(QMRA), a technique utilising phase contrast MR to measure vessel 

specific volumetric flow rates. Preliminary results from patients with 

vertebrobasilar occlusive disease have shown that QMRA can identify 

patients with flow compromise, a group at higher risk of recurrent 

stroke.35 The utility of this imaging in identifying high-risk patients is 

currently under investigation in prospective fashion.36

Bypass operations utilising a variety of donor and recipient vessels 

have been described for the posterior circulation, including occipital 

artery (OA) to posterior inferior cerebellar artery (PICA), STA to posterior 

cerebral artery (PCA) and STA to superior cerebellar artery (SCA) 

bypasses. Overall, these carry higher risk and lower patency rates than 

those seen with anterior circulation STA-MCA bypass. Patency rates 

for OA-PICA bypass range from 88 to 100 %, with mortality averaging 

4  %;32 STA-PCA and STA-SCA bypasses carry a 78–90  % patency rate, 

with mortality averaging 12 %32,33 and serious morbidity of 20 %. Although 

these series report improvement in a subset of patients, the morbidity 

and mortality have introduced caution when considering bypass, 

particularly in patients with poor neurological condition or medical 

co-morbidities. Consequently, EC-IC bypass is performed rarely in this 

situation, and on a case-by-case basis reserved for the infrequent 

situation when symptoms are refractory to maximal medical therapy, 

haemodynamic compromise is demonstrable and the disease is not 

amenable to endovascular interventions.

Current Indications for Extracranial- 
Intracranial Bypass
Following publication of the original EC-IC bypass trial, surgical 

revascularisation with bypass in the setting of atherosclerotic disease 

has become increasingly restricted to a small, and select, population 

of patients who experience refractory symptoms despite maximal 

medical therapy.37,38 With the more recent trial data, EC-IC bypass cannot 

be considered a routine procedure for patients presenting with initial 

ischaemic event in the setting of atherosclerotic occlusive disease. 

However, selected patients with severe haemodynamic impairment 

and/or recurrent symptoms despite maximal medical therapy could 

benefit from surgery at high-volume centres that offer the procedure 

with low peri-operative morbidity. 

 

Angioplasty and Stenting for Intracranial 
Atherosclerotic Stenosis
Intracranial atherosclerotic stenosis is a cause of 8 to 10 % of cases of 

ischaemic stroke in the US and up to 33 % of ischaemic strokes in Asia, 

respectively.39–41 The annual risk of stroke from all causes in patients 

with intracranial atherosclerosis is estimated to be 3.6  % to 13  %.42–49 

Angioplasty and/or stenting are advocated to improve cerebral blood 

flow and stabilise vulnerable plaque, with a goal to prevent recurrent 

stroke in patients with symptomatic and severe intracranial stenosis.50

Evidence for Angioplasty and Stenting
Favourable results using self-expanding stents aroused interest and 

subsequently initiated studies into neurointerventional treatment of 

intracranial atherosclerotic stenosis worldwide.51 The risk of major peri-

procedural complication as represented by stroke or death at 30 days 

following intracranial stenosis using Wingspan varied from 4.5  % to 

9.6 % in the early studies.51–53 Over a mean imaging follow-up time of 

8.5 months, the incidence of in-stent restenosis (ISR) following Wingspan 

was reported to be 28.3  % (36/127), with 3.9  % (5/127) evolving into 

complete stent occlusion: a third of them were symptomatic.54

Stenting and Aggressive Medical Therapy for Preventing Recurrent 

Stroke in Intracranial Stenosis (SAMMPRIS) was an investigator-initiated 

randomised, controlled, multi-centre clinical trial to test whether early 

angioplasty and stenting can reduce subsequent ischaemic stroke risk 

in patients with symptomatic severe stenosis of a major intracranial 

artery.55 Medical management in SAMMPRIS was identical in the two 

groups and consisted of aspirin, at a dose of 325 mg per day; clopidogrel, 

at a dose of 75 mg per day for 90 days after enrolment; management of 

the primary risk factors (elevated systolic blood pressure and elevated 

low-density lipoprotein [LDL] cholesterol levels) and management of 

secondary risk factors (diabetes, elevated non-high-density lipoprotein 

[non-HDL] cholesterol levels, smoking, excess weight and insufficient 

exercise) were achieved with the help of an intensive medical regimen 

and a lifestyle modification programme. It was found that angioplasty 

and stenting was inferior to aggressive medical therapy in prevention 

of recurrent stroke in patients with intracranial atherosclerotic stenosis. 

The peri-procedural stroke or death rate within 30 days after Wingspan 

stenting (14.7 %) in SAMMPRIS was substantially higher than the rates 

reported in earlier case series.51–53

The high rate of peri-procedural complication was attributed to inclusion 

of patients with recent symptoms that could lead to increased risk of 
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