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Abstract

Background High-flow extracranial-intracranial bypass is associated with a significant risk of ischemic stroke. The goal of this
study is to evaluate the effectiveness of STA-MCA bypass preceding a high-flow bypass as a means of protecting the brain from
ischemia during the high-flow bypass anastomosis in patients with otherwise untreatable aneurysms.

Materials and method This prospective study included 10 consecutive patients treated for complex/giant aneurysm using a
previous combined STA-MCA bypass and high-flow EC-IC bypass between June 2016 and January 2018 when classical
endovascular or microsurgical exclusion was estimated too risky. Early cranial Doppler, MRI, CT scan, and conventional
angiography were performed in each patient to confirm patency of bypasses, measure flow in the anastomoses, detect any
ischemic lesions, and evaluate exclusion of the aneurysm.

Results The mean age at treatment was 55 years (range 34 to 67). The mean time of microsurgical procedure was 11 h (range 9 to
12). In all patients, the high-flow bypass was patent intraoperatively and complete occlusion of aneurysm was obtained. No
ischemic lesions were noted on early MRI. One patient died from a large hemispheric infarction related to a common carotid
artery dissection 10 days after the microsurgical procedure and immediate postoperative epidural hematoma was noted in one
other patient.

Conclusion In this study, we described the use of a protective STA-MCA bypass, performed prior to the high-flow bypass, in
order to reduce the risk of perioperative ischemic lesions without increasing the morbidity of the surgical procedure. This
treatment paradigm was feasible in all ten patients without complications related to the STA-MCA anastomosis.
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Introduction

The “gold standard” for the treatment of most large/gi-
ant/ and/or complex aneurysms remains is either surgical
clipping or endovascular embolization. In certain cases,
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carotid artery (ECA) via a graft to middle cerebral artery
(MCA), requires a transient interruption of the flow in
the recipient artery (M2 or M3 segments of MCA) dur-
ing the anastomosis. This temporary occlusion of a rela-
tively large artery is not without risk. The likelihood of
cerebral ischemia increases with the duration of anasto-
mosis [19] and therefore the occlusion time should be
kept as short as possible without compromising the qual-
ity of the anastomosis. In order to maintain some distal
flow in the MCA territory during the temporary occlu-
sion of the M1 or M2 segment, we perform a superficial
temporal artery (STA) to cortical MCA branch bypass
prior to performing the high-flow bypass (Fig. 1). This
“protective” STA-MCA bypass results in some perfusion
in the distal MCA territory and decreases the risk of
iatrogenic ischemic lesions during the time of ECA-
MCA is performed. Moreover, it adds to the overall per-
fusion of the MCA territory once the parent artery and
aneurysm are occluded.

The goal of this study is to evaluate the effectiveness
of STA-MCA bypass preceding a high-flow bypass as a
means of protecting the brain from ischemia during the
high-flow bypass anastomosis in patients with otherwise
untreatable aneurysms.

Fig. 1 STA-MCA (M3 and M4 a
segments) anastomosis (a, b) is

performed before EC-IC high-

flow procedure in order to protect

brain from ischemia during

receptor artery (M1 or M2

segments) clamping (c).

Exclusion of giant MCA

aneurysm is possible at the end of

intervention (d)
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Materials and method
Population

This prospective study included 10 consecutive patients treat-
ed for complex/giant aneurysm using combined low flow and
high-flow EC-IC bypass. The patients were operated on in two
different institutions (Antwerp University Hospital and Lille
University Hospital) between June 2016 and January 2018.
Ethics approval was obtained from the local institutional re-
view board, and written informed consent was obtained from
patients. One male and nine female patients underwent the
procedure at a mean age of 55 years (range 34 to 67) at treat-
ment. The clinical and neurological conditions of the patients
and the type of aneurysm and its treatment are presented in
Table 1.

The treatment strategy was systematically discussed and de-
cided in multidisciplinary staff including neurosurgeons, neuro-
radiologists, and intensivists. All patients had a clinical examina-
tion performed by a senior neurosurgeon before and after the
treatment. Age at diagnosis, medical history, neurological status,
and the American Society of Anesthesiology (ASA) score [20] of
each patient were recorded. In patient with a ruptured aneurysm,
initial WFNS (World Federation of Neurological Surgeons) score
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Table 1 Population data
Patient Age at Aneurysm location  Ruptured Preoperative  Endovascular exclusion Complete mRS 3 months after
treatment aneurysm mRS after bypass exclusion treatment

1 67 ICA bifurcation + 3 - + 3

2 66 MCA bifurcation - 1 - + 6

3 34 ICA intracavernous  + 4 + + 3

4 50 ICA ophthalmic - 0 - + 1

aneurysm

5 59 ICA intracavernous — 1 + + 1

6 61 MCA bifurcation + 1 - + 1

7 56 ICA - 2 - + 2

8 57 MCA bifurcation - 2 + + 2

9 51 MCA bifurcation - 2 - + 2

10 50 MCA bifurcation - 0 - + 0

[11] was recorded. The size and location of the aneurysm as well
the angioarchitecture were evaluated on a conventional cerebral
angiography and on a magnetic resonance imaging (imaging).
Diameters of STA branches diameters were recorded by conven-
tional external carotid angiogramm. Calcification of aneurysm
wall and intrasaccular thrombus were documented using cranial
computed tomography (CT) scanning and MRI. Venous Doppler
and cervical Doppler allowed for the evaluation of venous graft
quality (ulnar vein) and the evaluation of the internal carotid
artery (ICA) and ECA. Exclusion of the complex/giant aneurysm
by endovascular treatment or direct microsurgical neck clipping
was evaluated by both neurosurgeons and neuroradiologists.
When classical endovascular or microsurgical exclusion was es-
timated too risky, a previous combined STA-MCA bypass and
high-flow ECA-MCA bypass is decided before internal carotid
artery (ICA) or proximal MCA occlusion. Concerning the pa-
tients with ICA aneurysms, Balloon Occlusion Test was not
tolerated and Flow diverter was not indicated because of vessel
anatomical conditions as ICA cavernous segment too long or
dysplasic.

Surgery

The patients were operated on under general anesthesia in
supine position, with the head turned to the contralateral side
fixed in a Mayfield clamp. The graft site for harvesting the
vascular graft (i.e., ipsilateral arm) was draped simultaneously
with the cranium and the cervical region. The STA was local-
ized using palpation and portable continuous wave Doppler
ultrasonography, and its course marked on the skin. Incisions
and relevant blood vessels were marked on the skin. Incision
lines were not infiltrated, to prevent spasm of the arteries.

A frontotemporal incision was made, careful to preserve STA
integrity. Skin and subcutis were dissected and reflected caudally.
A frontotemporal craniotomy over the Sylvian fissure was

performed, and the dura was opened to detect a suitable recipient
M3-M4 cortical artery. Such arteries can be located superior or
inferior to the Sylvian fissure. Once the recipient artery was
identified, the STA was dissected. Depending on the length and
diameter of the STA, either frontal or parietal branches were
carefully dissected free, distally cut, and proximally clipped with
a temporary aneurysm clip. When the M2-M2 “side to side”
anastomosis was considered in the surgical strategy and/or good
anatomical conditions (multiple branches of STA and good di-
ameter of the recipient arteries) were present during procedure,
two “protective” STA-MCA bypasses were performed.

Meanwhile, another surgeon microsurgically prepared the
venous graft. All branches of the vein were occluded by clips
or microsutures and cut. The distal and proximal ends of the
vein were marked.

The Sylvian fissure was widely split to identify the appropri-
ate M1 or M2 MCA segment. The recipient cortical artery (or
arteries) were dissected free from the overlying arachnoid and
isolated with a rubber sheet. Care was taken not to obscure the
view of the Sylvian fissure, necessary for the high-flow bypass
procedure, with the STA-MCA anastomosis. The cortical artery
was temporarily clipped with a small aneurysm clip and
arteriotomy was performed. Subsequently, an end-to-side anas-
tomosis was performed of the STA to the cortical branches using
microneurosurgical techniques with interrupted 10-0 nylon su-
tures. During temporary clipping, the blood pressure was raised
to normotensive levels and barbiturates were administered. The
patency of STA-MCA anastomosis was confirmed by intraoper-
ative indocyanine green videoangiography.

Next, the high-flow bypass was performed. Ipsilateral com-
mon, internal, and external carotid arteries were dissected and
end-to-side anastomosis was performed between the distal ve-
nous graft and a branch of the ECA using interrupted 9-0 nylon
sutures. The vascular graft was then tunneled pre- or
postauricularly to the cranium. The proximal venous end was
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then anastomosed end-to-side to the M1 or M2 segment of the
MCA using interrupted 10-0 nylon sutures.

The patency of STA-MCA and ECA-MCA bypasses was
confirmed by intraoperative indocyanine green
videoangiography. If the bypasses were patent, the parent artery
of the aneurysm (ICA or MCA) was occluded with an aneurysm
clip when technically feasible. The wound was closed in a stan-
dard fashion, making sure not to compromise the bypasses.

If parent artery occlusion was not performed during sur-
gery, endovascular occlusion was performed within 24 h after
the procedure.

Postoperative evaluation

Early (< 7 days) postoperative clinical and neurological exam-
ination was performed by a senior neurosurgeon. Early cranial
Doppler, MRI, CT scan, and conventional angiography were
performed in each patient to confirm patency of bypasses,
measure flow in the anastomoses, detect any ischemic lesions,
and evaluate exclusion of the aneurysm. Three months after
treatment, all patients were re-evaluated. Clinical and neuro-
logical examination and the modified Rankin Scale score [16]
(mRS) were recorded. Late postoperative (>3 months) MR
imaging was performed in each patient to detect any ischemic
lesions and to evaluate cerebral perfusion. A late conventional
angiography was performed after 1 year, to evaluate aneurysm
occlusion and patency of the bypasses. Cranial Doppler was
performed in each patient 3 months later to evaluate flow in
the anastomoses.

Results
Population

The pre- and postoperative clinical characteristics and the an-
giographic results of the patients are presented in Table 1. The
duration mean follow-up was 16 months (range 6 to 36).

Unruptured aneurysms were noted in six patients and rup-
tured aneurysm in four patients.

Concerning patients with unruptured aneurysm, symptoms
were seizure in one patient, chronic headache in three patients,
and diplopy in two patients.

The WENS score was 1 in 2 patients and 2 in 2 patients.

Aneurysms characteristics

The location of aneurysm was on intracavernous ICA in three
patients, on the supracavernous ICA in two patients, on M1
segment in two patients and on the MCA bifurcation in three
patients.

The mean aneurysm diameter was 22 mm (range 16 to 35).
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Calcifications were present on the aneurysm neck in
six patients, and intrasaccular thrombus was noted in
eight patients.

Microsurgical procedure

The mean time of microsurgical procedure was 11 h (range 9
to 12).

Previous STA MCA (M3 or M4 segment) anastomosis
was performed in all patients. In seven patients, one
STA-MCA anastomosis was made, and in three patients,
a double STA-MCA anastomosis was performed because
of good anatomical conditions (multiple branches of STA
and good diameter of the recipient arteries) and M2-M2
side to side anastomosis was considered (in two patients
among the three). Intraoperative indocyanine green
videoangiography demonstrated the patency of this anas-
tomosis in all patients during the procedure. Mean occlu-
sion time of the recipient artery (M3 or M4 segment)
occlusion was 42 min (30 to 70 min).

In all patients, the high-flow bypass was patent intraopera-
tively. Mean temporary occlusion time of the recipient artery
(M1 or M2 segment) was 51 min (range 37 to 65 min).
Occlusion of the parent artery during the microsurgical proce-
dure was performed in seven patients (Fig. 2a, b). Surgical
ligation on the cervical portion of ICA was performed in one
patient with supracavernous ICA aneurysm; trapping a
supracavernous ICA aneurysm by clipping distal ICA
supracavernous segment, proximal ACA segment, and proxi-
mal M1segment was performed in one patient; clipping only
distal M1 segment before aneurysm neck was performed in
one patient with MCA bifurcation aneurysm; trapping M1
aneurysm was performed in two patients with M1 aneurysm;
and trapping by clipping distal M1 segment, proximal portion
of the two M2 segments after creation of M2 to M2 side to
side anastomosis was performed in two patients with MCA
bifurcation aneurysm. Three patients underwent endovascular
occlusion of the parent artery within the first 24 h after

surgery.

Early post-procedural morbidity

Out of ten patients, one patient died from a large hemispheric
infarction related to a common carotid artery dissection
10 days after the microsurgical procedure. No ischemic le-
sions were identified on early MRI before this fatal complica-
tion. Immediate postoperative epidural hematoma was noted
in one patient, requiring surgical evacuation. Clinical recovery
was slow, but favorable, with a mRS score of 3 by the end of
hospitalization. There were no complications regarding
wound healing or infection.



Acta Neurochir (2019) 161:1207-1214

1211

Fig. 2 A complex ICA aneurysm
previously treated by
endovascular coiling (a) was
microsurgically excluded after
performing a prior protective
STA-MCA anastomosis followed
by EC-IC high-flow bypass (b)

Radiological outcome

Complete occlusion of aneurysm was obtained in all patients.
Early (<7 days) occlusion of the ECA-MCA bypass, but not
the STA-MCA bypass, was noted in one asymptomatic pa-
tient. No ischemic lesions were noted on early MRI in all
patients. No aneurysm recanalizations and no delayed bypass
occlusion were recorded during the follow-up.

Discussion

Morbidity of STA MCA bypass

STA MCA bypass is a valuable microsurgical procedure with
demonstrated effectiveness in selected intracranial vascular dis-
eases: MoyaMoya disease (MMD), aneurysm, skull base tumor
[5, 13, 18]. The STA MCA bypass is usually known as a “low-
flow” bypass but a “high-flow” bypass in this vascular anasto-
mosis has been sometimes reported by some authors [4, 5].
However, this technique is usually associated with low morbidity
[7]. Moreover, the patency rate is reported to be around 95%
immediately after the bypass procedure [3, 6]. In a series of
264 MMD patients with 450 revascularization procedures,
Guzman [7] reported that the surgical morbidity rate was 3.5%
and the mortality rate was 0.7% per treated hemisphere after
STA-MCA bypass. Complications were mainly related to the
physiopathology of MMD, e.g., fragile vessels and unstable he-
modynamics. It is likely that patients with MMD differ from our
patient population with aneurysmal lesions without MMD. The
quality of cortical vessels is considered higher in the latter group.
Surgical morbidity of STA-MCA bypass should be even lower in

this patient population. Moreover, MMD is involving extracra-
nial artery as STA according to some authors [21]. Therefore, the
risk of bypass thrombosis appears higher in MMD patients. In
our study, STA MCA bypass was performed at the beginning of
surgical procedure before the high-flow bypass in order to main-
tain distal MCA territory perfusion during vascular high-flow
anastomosis with transient M2 segment clamping. The patency
rate of STA-MCA bypass in our study was 100%, and there were
no wound healing complications.

Morbidity of high-flow bypass

High-flow EC-IC bypass is an effective microsurgical treatment
in patients with a giant/complex aneurysm located on anterior
cerebral circulation [17]. This microsurgical procedure is associ-
ated with higher morbidity compared to STA-MCA bypass, part-
ly due to the transient recipient artery clamping (M2 or M3
segments of MCA) [19]. The morbidity and mortality rates are
close to 7% and 2%, respectively according to many authors [1,
18]. In a series of 29 patients with giant aneurysm managed by
high-flow EC-IC bypass, Jafar [9] reported one death from a
large cerebral infarction, neurological disorder related to ische-
mic lesion in two patients, and graft occlusion in two patients. In
a series of 170 patients who underwent high-flow bypass, Sia
[19] reported 14.7% of graft complications but leading to a mRS
score > 2 only in 5.9% of cases. The mortality rate was 4% with a
majority of thrombosed graft. Postoperative distal ischemia was
noted in four patients (2.3%). In our series, we noted one death
from a large infarction related to a common carotid artery dissec-
tion 10 days after the microsurgical procedure. It might be due to
the occurrence of an intimal flap during the external carotid
artery-vein graft anastomosis procedure that propagated.
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There are some neuroprotective interventions [14] to limit the
extent of cerebral ischemia during the temporary clipping of the
parent artery, e.g., mild hypothermia, burst suppression, Sendai
cocktail [22] (Manitol, Phenhydan, Solumedrol, Tokoferol;
Cerebrolysin; fraction of inspired oxygen (FiO2) = 1, middle ar-
terial pressure (MAP) =100 mmHg, total intravenous anesthe-
sia). Temporary clipping time plays without doubt a significant
role in ischemic lesions occurrence. High-flow non-occlusive
bypass using ELANA (excimer laser-assisted non-occlusive
anastomosis) technique is also an effective therapeutic option in
patient with giant/complex aneurysm [26]. However, morbidity
and mortality are comparable to those of conventional high-flow
revascularization operations [24] and also the rate of periopera-
tive ischemic lesions is comparable between both these therapeu-
tic options. In the study including 33 patients with giant aneu-
rysm treated by ELANA technique, van Doormaal [25] reported
2 deaths (6%) and a nonfatal complication in 7 patients (21%). In
the long term, 25 patients (74%) had a favorable outcome and 27
patients (79%) were independent (modified Rankin scale, < 3).
In a study of 58 ELANA procedures for anterior and posterior
circulation aneurysms in 64 patients, Vajkoczy [24] reported a
perioperative mortality rate of 6% and 50%, respectively. At the
3-month follow-up, the mortality rate was 12% and 63% of the
respectively. Further studies are required to confirm the suprem-
acy of this non-occlusive procedure.

Combined treatment: STA-MCA bypass then
high-flow bypass

The STA MCA bypass is generally regarded as a low-flow by-
pass, but it has been observed to evolve into a high-flow state
over time. For example, some authors have reported safe ICA or
MCA occlusion after STA MCA bypass [4, 5]. As the STA-
MCA bypass procedure generally harbors low morbidity, we
deemed it useful to perform this bypass as a protective measure,
prior to performing a more risky high-flow EC-IC bypass. In this
study, the main goal of performing the STA-MCA bypass was to
maintain flow in the distal segments of the MCA during tempo-
rary clamping when performing the high-flow bypass, thus lim-
iting perfusion deficits in distal MCA territory. This allowed us to
extend temporary occlusion times for performing proximal
MCA anastomosis. The mean time-clamping time was 51 min.
No postoperative ischemic lesions in the MCA territory were
detected on MRI. An additional benefit of performing a protec-
tive STA-MCA bypass prior to the high-flow one might be that
one ends up with two patent bypasses after a successful proce-
dure, compared to one bypass as is usually the case after the
standard high-flow bypass procedure [8, 15]. In our study, early
(<7 days) occlusion of the ECA-MCA bypass, but not the STA-
MCA bypass, was noted in one asymptomatic patient without
ischemic lesions on MRI. A presumable downside of performing
two bypasses—instead of one—in the same microsurgical pro-
cedure is that it increases total operating time. The risk of
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anesthesia-related complications may possibly be higher because
of this increased duration [10, 27]. On the other hand, creation of
two bypasses might ultimately reduce the flow in each bypass
and, consequently, increase the likelihood of bypass occlusion.
Bypasses that remain patent typically maintain high flow rates. If
the STA-MCA bypass provides ample flow to the MCA circu-
lation, then the long-vein bypass is likely to occlude (especially
so when flow rates become <40 mL/min). Contrarily, if the long-
vein bypass carries significant flow, then the STA-MCA bypass
is likely to involute due to lack of demand. Long-term evaluation
of bypasses patency is required to evaluate the bypass occlusion
when multiple bypasses were performed.

Limitations

Our study included a limited number of patients, a direct result of
the rarity of the treated pathology. Ideally, a randomized con-
trolled trial comparing outcomes of patients undergoing a single
high-flow bypass procedure versus combined protective bypass
and high-flow bypass should be performed to determine any
additional benefit of a prior STA-MCA bypass. Moreover, we
have not sufficient data from our two institutions related to the
morbidity/mortality of high-flow bypass with a long-vein graft
without protective STA-MCA bypass. These data would have
been necessary in order to demonstrate a “need” for the protec-
tive bypass advocated for in this series. Nevertheless, valuable
scientific and clinical progress can be made from observations in
a relatively small group of patients. We did not also prove that
STA-MCA anastomosis was not sufficient alone for flow re-
placement of the MCA segment in patients with MCA aneu-
rysm. In those patients since the territory that is needed to be
replaced include only the MCA, not the ACA, thus the total
amount of blood flow that is needed for replacement tend to be
much lower. More investigations with intraoperative flow mea-
surements can be performed to determine the best surgical bypass
strategy. Moreover, we can perform intraoperative test occlusion
with electrophysiological monitoring to better understand the
collateral blood flow and endogenous ischemic tolerance and to
identify the subgroup of patients that will not tolerate temporary
M2 occlusion. After these intraoperative tests, we have more data
to decide if STA-MCA protective bypass at the beginning of the
procedure is required.

Conclusion

In this study, we described the use of a protective STA-MCA
bypass, performed prior to the high-flow bypass, in order to
reduce the risk of perioperative ischemic lesions without in-
creasing the morbidity of the surgical procedure. This treat-
ment paradigm was feasible in all ten patients without com-
plications related to the STA-MCA anastomosis. The rate of
ischemic complication was 10% but probably not related to
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the technique. As high-flow EC-IC bypass procedures are
associated with significant morbidity due to the high rate of
occurrence of perioperative ischemic lesions, any technique to
limit cerebral ischemia is of potential value. We propose fur-
ther evaluation of this protective low-flow bypass in clinical
setting including randomized controlled trials.
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