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Abstract Objective To present a case-series study of extracranial–intracranial (EC–IC) bypass
procedures performed in our service and evaluate indications and results.
Method The medical records of 30 patients undergoing 32 EC–IC anastomosis
procedures were evaluated. Seventeen patients were male (56.6%). The age ranged
from 26 to 85 years (mean: 58.2). The follow-up ranged from 1 to 211 months (mean:
54). We evaluated the indications and complications of the surgical procedures.
Results The bypass procedures comprised 28 STA–MCA anastomosis (87,5%) and
four posterior circulation anastomosis. The main indications included cervical internal
carotid artery occlusion (19 cases), Moyamoya disease (3 cases), giant aneurysms (3
cases), intracranial arterial stenosis (2 cases), and vertebral–basilar insufficiency (3
cases). On follow-up, graft patency was 93.7%, confirmed in half of the cases by arterial
digital subtraction angiography, magnetic resonance angiography, and CT angiogra-
phy. There was no surgical mortality. Three patients had PO complications (9.3%),
including one case of ischemia (3.1%).
Conclusion The EC–IC bypass is a procedure with low morbidity and mortality. The
indication of EC–IC bypass surgery for cerebral atherosclerotic disease should not be
generalized. The EC–IC bypass can be indicated for cerebral revascularization in
Moyamoya disease, intracranial stenosis, and in the management of complex aneur-
ysms. This procedure can be an alternative in the treatment of vertebral–basilar
insufficiency.

Resumo Objetivo Apresentar uma série de casos de anastomose extra-intracraniana (EC-IC)
avaliando suas indicações e resultados.
Método Foram avaliados retrospectivamente os prontuários de 30 pacientes sub-
metidos a 32 procedimentos de anastomose EC-IC. Dezessete pacientes eram do sexo
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Introduction

Cerebral revascularization by extracranial-to-intracranial
(EC–IC) anastomosis between the superficial temporal artery
(STA) and the middle cerebral artery (MCA) is not a com-
monly performed procedure in most neurosurgery training
centers.

The initial enthusiasm for the new technique proposed by
Yasargil1 was dampened after the results of the first multi-
center randomized controlled trial on cerebral revasculari-
zation, whichwas funded by the National Institutes of Health
(NIH).2

However, the methodology of that study received much
criticism and the validity of its conclusions was called into
question. In addition, the results of other multicenter studies
proving the benefits of another type of revascularization,
endarterectomy to treat carotid stenosis, reawakened inter-
est in the EC–IC bypass technique.

The results of another multicenter study evaluating the
indication of EC–IC bypass surgery for carotid artery (CA)
occlusion have been published recently.3 Although EC–IC
bypass was shown to increase cerebral blood flow, the
procedure was not superior to best medical treatment in
stroke prevention.

In addition to the indication for atherosclerotic disease,
EC–IC bypass is indicated for the treatment of Moyamoya
disease, arterial stenosis due to neoplasia, and in the man-
agement of giant or complex brain aneurysms.

We present a case-series study of EC–IC bypass proce-
dures performed in our service and evaluate indications and
results. We have included the cases of EC–IC bypass for the
posterior circulation.

Methods

We evaluated retrospectively the medical records of 30
patients undergoing 32 EC–IC anastomosis procedures by

the senior author in the period between January 1996 and
December 2013. Seventeen patients were male (56.6%). The
age ranged from 26 to 85 years (mean: 58.2). The follow-up
ranged from 1 to 211 months (mean: 54). We evaluated the
indications and complications of the surgical procedures.
Late patency of the anastomosis has been verified by imaging
tests (angiography, angiotomography, or angio-MRI). During
the follow-up period we evaluated the incidence of stroke
and death.

This study was approved by the Research Ethics Commit-
tee of the Biocor Institute. All patients signed informed
consent form.

Technique

Antiplatelet drugs were discontinued 7 days prior to the
procedure. The patients received bridge therapy with 40 mg
subcutaneous enoxaparin, as done for endarterectomy.4

Intraoperative monitoring, fluid loading, and choice of anes-
thetic agents were left to the discretion of the anesthesiolo-
gist, with the recommendation of maintaining normocapnia.
All the patients were given antibiotics 1 hour before surgery
through the first postoperative (PO) day. Only one anasto-
mosis was done in each patient. Either the frontal or tempo-
ral branch of the STA was dissected; the connective tissue
surrounding the vessel adventitia was spared. The end
centimeter of the arterial graft was prepared in a “fish
mouth” shape. Arterial blood flowwas stopped with tempo-
rary clipping. A circumferential frontotemporal craniotomy
was done (►Fig. 1). The dura mater was open and a cortical
branch of theMCAwasdissected to receive the STA graft. This
segment was isolatedwith the aid of small temporary clips. A
longitudinal arteriotomy was performed proportional to the
luminal diameter of the temporal artery graft. An end-to-
side anastomosis was done using interrupted 9.0 Prolene or
nylon sutures. The patient was not heparinized during the
anastomosis procedure. After completion of the

masculino (56,6%) com média de idade de 58,2 anos. O período de seguimento variou
de um a 211 meses (média: 54). Foram avaliadas as indicações e complicações dos
procedimentos cirúrgicos.
Resultados Foram realizadas 28 anastomoses entre a artéria temporal superficial e a
cerebral média (87,5%) e quatro anastomoses na circulação posterior. As principais
indicações foram oclusão de carótida interna cervical (19 casos), doença de Moyamoya
(3 casos), aneurismas gigantes (3 casos), estenose arterial intracraniana (2 casos) e
insuficiência vertebrobasilar (3 casos). A patência tardia do bypass confirmada em
metade dos casos por angiografia, angiorressonância ou angiotomografia foi de 93,7%.
Não houve mortalidade cirúrgica. Um paciente (3,1%) apresentou isquemia no pós-
operatório. Outros dois pacientes (6,2%) apresentaram complicações não isquêmicas.
Conclusões A revascularização EC-IC é procedimento de baixa morbidade e morta-
lidade. A indicação do procedimento para oclusão carotídea não pode ser generalizada.
O bypass EC-IC pode ser indicado na doença deMoyamoya, nas estenoses intracranianas
e no manejo de aneurismas complexos. Pode ser alternativa no tratamento da
insuficiência vertebrobasilar.
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anastomosis, the temporary clips were removed. Any bleed-
ing on the suture line was controlled by gentle compression
with Cottonoids and Surgicel. The graft patency was tested
by stopping the MCA flow upstream of the anastomosis and
assessing the arterial flow in the segment distal to the
anastomosis. On the first PO day, the patients were started
on 325 mg oral aspirin or 75 mg clopidogrel daily.

Results

The bypass procedures comprised 28 STA–MCA anastomoses
(87.5%) and 4 posterior circulation anastomoses. Of the
latter, three procedures involved the occipital artery and
the vertebral artery, and one involved the occipital artery and
a postmeatal segment of the anterior inferior cerebellar
artery (AICA). The indications were cervical internal CA
occlusion—unilateral (16 cases) and bilateral (3 cases), pseu-
do-aneurysm of the cervical internal CA (1 case), severe
stenosis or occlusion of the intracranial internal CA from
Moyamoya disease (3 cases), MCA stenosis (2 cases), cavern-
ous internal CA stenosis due to neoplasia (1 case), giant
aneurysm in cavernous internal CA (2 cases), vertebral–
basilar insufficiency (3 cases), and giant aneurysm of the o
basilar artery (1 case). Immediate graft patency was ascer-
tained in all the cases by observation, as described. On
follow-up, graft patency was confirmed in half of the cases
by arterial digital subtraction angiography in 10 cases,
magnetic resonance angiography in 4 cases, and CT angiog-
raphy in 2 cases. The long-term graft patency rate based on
those imaging studies was 93.7%.

There was no surgical mortality. Three patients had PO
complications (9.3%), including one case of ischemia (3.1%).
One patient had an acute subdural hematoma requiring
surgical drainage; late in the PO course, the same patient

developed a pseudoaneurysm at the site of the anastomosis,
which was surgically treated. There was one case of cerebro-
spinal fluid fistula with central nervous system infection,
which responded well to medical treatment. Fistula repair
surgery was not necessary. One patient developed mild
crural paresis in the immediate PO period, which did not
prevent ambulation. No stroke or death was observed in the
follow-up period.

Discussion

Since EC–IC bypass was proposed by Yasargil1 in 1969, the
reaction to this cerebral revascularization technique, also
known as low-flow bypass, has varied from heightened
enthusiasm to total rejection.

In the 1970s, the EC–IC bypass procedure became man-
datory in the training of residents andwas widely performed
in neurosurgical services worldwide. Despite being a low-
morbidity procedure, the indications and results of EC–IC
bypass were not well established.

The NIH funded an international, multicenter, random-
ized controlled trial to determine whether cerebral revascu-
larization by the EC–IC bypass technique would reduce the
risk of cerebrovascular events or death in patients with distal
CA stenosis, CA occlusion, or MCA stenosis.2 The publication
of that study results, in 1985, had a great impact on neuro-
surgical practice, as it concluded that EC–IC bypass surgery
offered no benefit over medical treatment in the prevention
of cerebrovascular events and death. Following that study,
EC–IC bypass procedures became an exception and were
used in select cases and in few centers of reference.

Nevertheless, several authors pointed to methodological
flaws in that study.5–7 The most common failure discussed
was the analysis of the complications, which was done on an
intent-to-treat basis. Thus, 81 cases of strokewere counted in
the group of 663 surgical patients (12.2%). However, 16 of
those patients had suffered a stroke after randomization but
before surgery. If only the cases of post-surgery strokes were
considered, stroke incidence rates would fall to 9.9% (65
cases of stroke in 652 operations).

The publication of the results of randomized studies on
endarterectomy, another modality of revascularization, was
also used as criticism to the conclusions of the international
study and contributed to rekindle the interest in low-flow
bypass surgery. The Asymptomatic Carotid Atherosclerosis
Study (ACAS),8 North American Symptomatic Carotid Endar-
terectomy Trial (NASCET),9 and European Carotid Surgery
Trial (ECST)10 are the most notable of those studies.

Indicated for moderate to severe cervical CA stenosis,
even if asymptomatic, endarterectomy proved to be more
efficacious than the medical treatment alone. Similarly,
cervical CA angioplasty with stenting was shown to be
efficacious for stroke prevention in severe carotid
stenosis.11,12

Carotid occlusion in patients with atherosclerosis is a risk
factor for a stroke13: 27 to 38% of the patients with acute CA
occlusion suffer a stroke, and the annual risk ranges from 2 to
5.5%. The risk of death after a diagnosis of carotid occlusion

Fig. 1 Craniotomy bypass. CT angiotomography showing circum-
ferential craniotomy.
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ranges from 30 to 40% in 5 years. In addition, the risk of
endarterectomy or angioplasty for treatment of carotid
stenosis contralateral to the occlusion site increases
significantly.

Because neither endarterectomy nor angioplasty is indi-
cated for carotid occlusion, bypass surgery began to be
regarded as a potential therapeutic option.

To test the hypothesis that EC–IC bypass surgery would
benefit patients with carotid occlusion, the NIH funded the
Carotid Occlusion Surgery Study (COSS).3 This randomized
study was conducted between 2002 and 2010, involving 49
centers in the United States and Canada. All the cases of
stroke and deathwithin 30 POdayswere evaluated, aswell as
the incidence of ipsilateral stroke after 2-year
randomization.

Despite the excellent graft patency rate and significant
improvement in cerebral blood flow as demonstrated by
positron emission tomography (PET) scanning, the study
data did not demonstrate superiority of the surgical proce-
dure compared with best medical treatment.

Two-year rates for the primary end point were 21% in the
surgical group and 22.7% in themedical group. The incidence
rate of ipsilateral stroke after 30 days was 14.3% in the
surgical group and 2% in the medical group.

In our series, CA occlusion (►Fig. 2) was the principal
indication for EC–IC bypass (19 cases, 59.3%). Because PET
scanning was not available, we used brain perfusion single-
photon emission computed tomography (SPECT) to confirm
hypoperfusion in all cases. Only one patient suffered a stroke
in the 30-day PO period (3.1%). This patient had left-sided
cervical CA occlusion manifested as aphasia. During the
immediate PO period, the patient developed crural paresis.
Magnetic resonance imaging (MRI) showed a small area of
parietal ischemia.

The bypass surgery for atherosclerotic disease was the
object of two large randomized trials and failed to show a
significant benefit. It is speculated that a subgroup of pa-
tientswith refractory ischemic symptoms could benefit from
the bypass provided that perioperative complication rates
are low.14,15 However, given the results of the trials, there is
no established recommendation for revascularization in
atherosclerotic disease. Despite its limited indication for
atherosclerotic disease, revascularization should not be
abandoned. First, because there is a group of patients who
do benefit from this surgical technique, whose indications
must be individualized. Second, because the EC–IC bypass
can be of great utility in other pathologic conditions.

The EC–IC bypass procedure may be a valid alternative in
intracranial arterial stenosis. The findings of the SAMMPRIS
trial support that aggressivemedical management should be
used rather than angioplasty in patients with intracranial
arterial stenosis.16 The occurrence of any stroke and major
hemorrhage was higher in the percutaneous angioplasty
group than in the medical group. Therefore, one may consid-
er EC–IC bypass to treat intracranial arterial stenosis. In our
series, we performed EC–IC bypass surgery on two patients
with severe symptomatic stenosis in the MCA segment with
good outcome.

Moyamoya disease is also an indication for EC–IC bypass.
It causes major hemodynamic alterations in cerebral circu-
lation involving the CA supraclinoid segments. The abundant
network of minute collateral vessels surrounding the arterial
occlusion, which names the disease because of its appear-
ance of smoke (“Moyamoya”means “a puff of smoke”), is not
sufficient to ensure cerebral blood flow. Revascularization
has proved useful in these cases.17,18 In our series, Three
adult patients with Moyamoya disease underwent revascu-
larization. They had bilateral occlusion of the intracranial
internal CA with the typical angiographic pattern of the
disease.

The EC–IC bypass procedure can also be used for revascu-
larization when the sacrifice of a major blood vessel is
necessary, as in the treatment of some giant or complex

Fig. 2 Superficial temporal artery (STA) and middle cerebral artery
(MCA). Remark to occlusion of internal cervical carotid (big arrow) and
swallow of MCA by anastomosis (small arrow).
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intracranial aneurysms. Following that indication, we per-
formed the bypass in two cases of giant aneurysm in the
cavernous internal CA as part of the strategy of cervical
internal CA occlusion to manage the aneurysm. The same
rationale supported the indication of bypass for posterior
circulation in the case of a giant aneurysm in themiddle one-
third of the basilar artery. We did a bypass of the occipital
artery to the AICA at the cerebellopontine angle. In a second
stage, the basilar artery upstream of the anastomosis was
occluded using endovascular technique.

The literature data are insufficient to support an evalua-
tion of the indication and efficacy of revascularization in the
posterior fossa. We indicated posterior fossa revasculariza-
tion due to vertebral–basilar insufficiency in three cases in
our series. We performed anastomosis of the occipital artery
with the horizontal segment of the extracranial vertebral
artery (►Fig. 3). This technique was inspired by a case report
by Hadley et al, who used it in a case of blunt trauma to the
vertebral artery.19

Because the chief indication for revascularization is to
prevent cerebral ischemia, most reports of PO complications
focus mainly on ischemic events. In the first trial, regardless
of the methodology adopted, the rate of ischemic complica-
tions was high: based on the intent-to-treat analysis, the
stroke rate was 12.2%. When the cases of stroke prior to
surgery were disregarded, still the ischemic complication
rate was 9.9%. This complication was fatal in four cases

(0.6%).2 The COSS study found 14.3% of ipsilateral strokes
in the group of surgically treated patients.3

In our series, one patient had aminor stroke (3.1%). However,
the evaluation of this low incidence rate should take into
consideration the limitations of our work: (1) a retrospective
study, (2)EC–ICbypasswasnot indicatedonly foratherosclerotic
disease, and (3) no control group was included.

The occurrence of non ischemic complications should also
deserve attention. Samson and Boone reported 13.6% of non
ischemic complications in 376 operations.20 Schick et al
reported a 6% incidence rate of subdural hematoma in their
series of 47 cases.21 In our series, two patients developed non
ischemic complications (6.45%).

Conclusion

The EC–IC bypass is a procedure with low morbidity and
mortality. The indication of EC–IC bypass surgery for cerebral
atherosclerotic disease should not be generalized. Some
patients could benefit from cerebral revascularization and
should be evaluated on an individual basis.

The EC–IC bypass can be indicated for cerebral revascu-
larization in Moyamoya disease, intracranial stenosis, and in
the management of complex aneurysms. This procedure can
be an alternative in the treatment of vertebral–basilar
insufficiency.
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