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Background: Extracranial-to-intracranial (EC-IC) arterial bypass is a tech-
nically demanding procedure used to treat complex cerebral artery dis-
eases. The indications, proper surgical techniques, and outcomes of this
procedure have been under debate over the recent decades.

Methods: Between January 2004 and December 2012, 28 patients, including
patients with cerebral artery occlusion, intracranial aneurysm, cranial base tu-
mor, and Moyamoya disease, underwent EC-IC bypass. Patients’” records were
retrospectively reviewed for demography, indications, complications, high-
flow versus low-flow bypass, patency rate of bypass, and neurological outcome.
The patients were sorted into prophylactic (n = 16) and therapeutic (n = 12)
groups based on the preoperative presentation of their neurological symp-
toms. Follow-up evaluation was performed at a mean of 32.7+24.3 months.
Results: The overall patency rate of bypass was 100%, the postoperative stroke
rate was zero, and the surgical complication rate was 14.3%. There was no sig-
nificant difference in the bypass patency rate between the 2 groups or between
the high-flow and low-flow bypass patients. Patients who underwent prophylac-
tic bypass had minimal surgical and total complications (P=0.03 and P<0.01,
respectively) and a better neurological outcome. Surgical complications were
more common in patients who underwent therapeutic bypass (25%).
Conclusions: The collaboration of neurosurgeons and plastic surgeons in per-
forming EC-ICbypass can resultin excellent outcomes with a high bypass paten-
cy rate and few complications, particularly for prophylactic EC-IC bypass. (Plast
Reconstr Surg Glob Open 2015;3:e372; doi: 10.1097/GOX.0000000000000339;
Published online 10 April 2015.)

n 1970, Yasargil et al' reported the first extracra-
nial-to-intracranial (EC-IC) arterial bypass, in
which the superficial temporal artery (STA) was
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(ICA). The procedure gained some popularity, and
the indications have recently expanded to include
not only cerebral ischemia but also Moyamoya dis-
ease (MMD, which is marked by the gradual stenosis
of bilateral internal carotid arteries, typically affects
teenagers and young adults, and is largely resistant
to medical treatment),”® intracranial aneurysms,
and intracranial tumors.®

In 1985, a randomized trial failed to demonstrate
the superiority of ECIC bypass to the best medical
treatments available for reducing the risk of ischemic
stroke.” As a consequence, the frequency of these op-
erations declined sharply.*® However, this study was
later criticized for several design flaws, including in-
appropriate cohort assignments and the involvement
of mostly low-volume centers and surgeons.'” A post
hoc analysis confirmed that EC-IC bypass is indeed an
effective treatment for MMD and for atherosclerotic
disease, particularly for those with poor cerebrovascu-
lar reserve, inadequate collateral flow, and posterior
circulation disease,!" and Schaller'? later demonstrat-
ed that neurologic function and stroke risk can be
significantly improved by EC-IC bypass.!” Currently,
there are many conditions for which ECIC bypass is
becoming the standard therapy, including MMD, cer-
tain tumors encasing the branches of the ICA in the
skull base,'™'* and giant aneurysms that require liga-
tion or the clipping of the ICA or its branches.'*!

Its resurgence in popularity notwithstanding, EC-
IC bypass remains a technically demanding procedure
that requires considerable microvascular skill and ex-
perience. In this light, we have previously described
a beneficial collaboration between neurosurgeons
and reconstructive microsurgeons performing ECIC
bypass, reporting 3 successful cases.'® This study was
performed to investigate the indications, technical
considerations, complications, and clinical outcomes
for both prophylactic and therapeutic EC-IC bypass.

A retrospective review of 28 consecutive patients
who underwent EC-IC bypass at the Chang Gung
Memorial Hospital between January 2004 and De-
cember 2012 was conducted after Institutional Re-
view Board approval (# IRB-103-4535B) (Table 1).
To be clear, EC-IC bypass has been performed by
neurosurgeons around the world and at our insti-
tution for many years, and the clinical decision to
perform this procedure was made according to the
judgment of the attending neurosurgeon(s). This
series of patients differs only in that the procedure
was performed in conjunction with a plastic surgeon
with microvascular expertise. This retrospective
study therefore served primarily to highlight the out-
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comes of this collaboration between neurosurgeons
and microsurgeons. Secondarily, we explored wheth-
er outcomes were different in patients undergoing
the procedure because they had had episode(s) of
cerebral ischemia/infarction (ie, therapeutic inter-
vention) or because they had been found to be at
high risk of ischemia/infarction (ie, prophylactic
intervention). As such, patients were retrospectively
categorized into prophylactic (group A; Table 1) and
therapeutic (group B; Table 2) groups.

Patients’ records were reviewed for demography,
indications, acute medical and surgical complica-
tions (especially postoperative stroke or neurologi-
cal deterioration), high-flow versus low-flow bypass,
patency rate of bypass, pre- and postintervention
Glasgow Coma Scores, and the Medical Research
Council grading of muscle power (Table 1).

Ligation of aneurysms, application of the adjust-
able clamp to the aneurysm, and excision of the skull
base tumor were performed by the neurosurgeon,
whereas the plastic surgeon focused on microvascu-
lar anastomoses and the harvest of the bypass graft
when used. Postoperatively, all patients were observed
in the intensive care unit under the supervision of
the neurosurgeons. Graft flow was monitored using
a handheld Doppler probe every hour for 24 hours
and then every 2 hours for the following 3 days. No
systemic anticoagulation was administered routinely,
out of concern for intracranial hemorrhage. Graft pa-
tency was assessed upon discharge using angiography
or magnetic resonance angiography if indicated. The
length of the hospital stay was typically 1 week. Com-
prehensive follow-up evaluation was performed at a
mean of 32.7+24.3 months (range, 1-67 months).

Surgical Technique

Preoperative planning was guided by arteriogra-
phy or magnetic resonance angiography. In the ma-
jority of cases, the targeted recipient artery was the
insular segment of the MCA, and the donor vessel
was usually the distal STA. However, the vascular im-
aging results and/or the intracranial pathology occa-
sionally dictated the use of other arteries, including
the anterior cerebral artery (ACA), posterior cere-
bral artery, and posterior inferior cerebellar artery
as recipient arteries and the external carotid artery
(ECA) and occipital artery as donor arteries. The dif-
ferent locations of the MCAs, ranging from M2 to
Mb, were also documented (Table 3).

The procedure began with craniotomy/intra-
cranial exposure (and tumor extirpation or aneu-
rysmal clipping). The dura was then incised, and
the sylvian fissure was exposed for the identifi-
cation of the intracranial recipient artery by the
neurosurgeons.'® The target recipient site of the
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Table 1. (Continued)

Muscle Power
(Upper/Lower Limb)

Glasgow Coma
Scores

Treatment

Bypass

Graft
Length

(cm)

Case Age
)

No.

Post-op

Post-op Pre-op

Pre-op
E4V5M6 E4VbM6 L:G3/G3 L:G5/Gh

Patency

Graft

Procedure

Therapeutic STA-MCA M2 bypass

Category

Indication

Sex Site

10 Patent

GSV

L Cranial base paragan-

M

32

23

R: G4/G4 R:G5/Gbh

E4V5M6 E4VHM6 L:G4/G4 L: G4/G4

glioma
ICA occlusion, cerebral

Patent

LSV

Therapeutic STA-MCA M3 bypass

infarction
ICA occlusion, cerebral

R

48 F

24

R: G5/GbH

R: G5/Gbh

E4V5M6 E4V5M6 L: G5/Gh L: Gb/Gb

Patent

Therapeutic STA-MCA M2 bypass

infarction

L
R ECA occlusion

93 F

25

R: G5/GH

R: G5/GH

E4V5M6 E4V5M6 L: G4/G4 L: G4/G4

Patent

Therapeutic STA-MCA M4 bypass

54 M

26
27
28

R: G5/Gbh

R: G5/Gb

E4V5M6 E4V5M6 L: G5/G4 L: Gb/Gb

Patent

Therapeutic STA-MCA M4 bypass

R Moyamoya disease

F

R: G5/GbH
L: G5/GH

R: G5/GH

E4V5M6 E4V5M6 L: G4/Gbh

Patent

Therapeutic STA-MCA M4 bypass

R Moyamoya disease

F

17

R: G4/Gb R: G5/Gbh

ACA, anterior cerebral artery; E, eyes opening; F, female; G, grade; L, left; M, male; M, motor response; MCA, medial cerebral artery; OA, occipital artery; PCA, posterior cerebral artery;
PCOMA, posterior communicating artery; PICA, posterior inferior cerebellar artery; R, right; SAH, subarachnoid hemorrhage; GSV, great saphenous vein graft; LSV, lesser saphenous vein V,

verbal response.
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Table 2. Preoperative Neurological Symptoms in 12
Patients Who Underwent Therapeutic Extracranial-to-
intracranial Arterial Bypass

Neurological Symptoms No. Patients (%)
Limb weakness 6 (50)
Dysarthria 5 (41.7)
Ataxia 4 (33.3)
Excruciating headache 3 (25)
Paresthesia 3 (25)
Facial palsy 2 (16.7)
Somnolence 2 (16.7)
Syncope 2 (16.7)
Dysphasia 1 (8.3)
Coma 1 (8.3)
Diplopia 1 (8.3)
Disorientation 1 (8.3)
Dysphagia 1 (8.3)
Global aphasia 1 (8.3)
Mild mental retardation 1 (8.3)
Transcortical motor aphasia 1 (8.3)
Vertigo 1 (8.3)
Visual acuity loss 1 (8.3)

MCA (or alternate recipient artery) was dissected.
The STA (or alternate donor artery) was prepared
and dissected; a length of approximately 2-8 cm
was mobilized. If the need for a vein graft was
anticipated, a segment of the greater saphenous,
lesser saphenous, or cephalic vein of 7-23 cm in
length was harvested, marking the proximal (out-
flow) end of the graft. The donor artery was tran-
sected distally, and vigorous pulsatile bleeding was
confirmed before flushing was performed with
heparinized saline and a microvascular clamp was
applied.

In the high-flow setting, the initial anastomosis
was performed distally between the intracranial
recipient artery and the outflow end of the vein
graft in an end-to-side fashion. Two single vascular
microclamps (S&T, Neuhausen, Switzerland) were
applied to either end because there was rarely suffi-
cient space to apply a double microclamp. Elliptical
arteriotomy was performed to match the diameter
of the vein graft, and the lumen was flushed with
heparinized solution. End-to-side anastomosis be-
gan on the posterior wall followed by the anterior
wall of the recipient vessel, using interrupted 11-0
nylon sutures. Blood flow through the recipient
artery after anastomosis served to untwist the vein
graft and allow for the better assessment of the vein
graft length required to reach the donor artery.
Standard end-to-end anastomosis was performed
using a double clamp and interrupted 9-0 or 10-0
nylon sutures between the vein graft and the do-
nor artery. The adventitia was routinely stripped
from the vein graft, allowing for adequate pulsatile
flow and facilitating flow from the STA through the
graft.
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3 E EIERR~|3 The patients included 12 men and 16 women,
g - = Zl=c = -é’“ with an average age of 48.3+23.7 years (range, 5-93
a = ° years). Twelve patients underwent EC-IC bypass for
Tg 2 » 8 vascular occlusion/stenosis, 8 for MMD, 6 for an an-
s é © v g eurysm, and 2 for a tumor (Table 1). There were 21
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>3 z S - STA-MCA and 4 ECA-MCA bypasses and 1 STA-ACA,
T8 z TE 1 ECA-posterior cerebral artery, and 1 occipital ar-
= g‘ o @ & tery-posterior inferior cerebellar artery bypass. Vein
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@D 88 o.® graft was used in 12 cases, with a mean graft length
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in group A (P = 0.05) (Table 3). Postoperative ce- " FHlauglic
rebral angiography demonstrated a complete bypass § % EE YT
patency rate of 100% (28 of 28). There were no oc- 2 = 82w
currences of postoperative stroke or surgical-related = : e
mortality during follow-up. s g L

Sixteen patients underwent prophylactic EC-IC }('-' —«;% : YR
bypass (group A), including 2 patients with aneu- = éi > @8@%
rysms, 6 patients with MMD, 3 patients with ICA 's g —2=
occlusion, 3 patients with MCA occlusion, 1 pa- S ©
tient with bilateral ICA stenosis, and 1 patient with £ 2
ICA occlusion and MCA stenosis. Seven patients in $ - % ~ &~
group A used a vein graft as a bypass conduit (Ta- _$ " -éo - s - Qi =2
ble 3). There were no bypass failures or neurologic S| 5|CF 1 R
deterioration observed in group A (Table 1). The E 'g S
Glasgow Coma Scale and muscle power scores also E 5 g
showed improvement or remained constant (Ta- L8 =9 _ ~
ble 1). At a mean follow-up of 30.1+22.4 months, ".:, ClEs o® gggw
there was one complication involving a persisting % é’% Z ::;O
hydrocephalus that occurred in 16 patients (8.3%) 2 S
(Table 4). 5 -

Group B included 2 patients with cranial base = & .
tumors, 2 patients with ICA aneurysms and sub- 5 ?ﬂg < S:m
arachnoid hemorrhage (SAH), 2 patients with é 5, >| o =2
ICA occlusion and cerebral infarction, 1 patient 8 @ g R
with a posterior communicating artery aneurysm .E ©
and SAH, 1 patient with a giant basilar aneurysm 3 28 = oo
and SAH, 1 patient with a giant basilar trunk o §:§ < %égﬁ
dissection, 1 patient with ECA occlusion, and 2 2 af| = QYo%
patients with MMD (Table 1). Seven of the 12 pa- ] & AN
tients (58.3%) had associated SAH or cerebral in- t gnﬁ? = Elneg
farction. Five of the 12 patients used a vein graft "E’ 'EE és gggﬁ
as a high-flow conduit (Table 1). The average 3 = Al ===
graft length in group B was 11.6 +3.8 cm. Seven of 5 NN
the 12 patients (58.3%) showed improved clinical ° 5| ¥|uZd -
symptoms and a stable neurological status after = ~o| = :;5
therapeutic EC-IC bypass (Table 1). One patient ]

(case no. 17) with a symptomatic giant basilar 3 ég ~|®5S
trunk dissection aneurysm had neurological dete- E fna & %ﬁ,g%ﬁ
rioration after a failed first EC-IC bypass and un- g = Z o N
derwent a second revisional bypass on post-op day s s o
4, which remained patent (Table 1). The clinical 9 22| S|ein
course was further impaired by respiratory fail- g o8S) > 22
ure, pneumonia, and meningitis. However, with S SH ors
appropriate medical care, the patient’s symptoms 2 a |oor~
remained stable. k] MR B

Twelve of the 28 patients (42.9%) were treated 2 AR 01 o
with a high-flow bypass (9 great saphenous veins, two —: s | 25%
lesser saphenous and one cephalic vein). There were g 2 .
no significant differences in bypass patency, surgical g > & =2& g
complications, and total complications between the S oo %’
groups with and without vein grafts (Table 5). 5 b= 2

In total, 11 complications developed in 28 pa- O S8 o)
tients (39.3%) (Table 4). One patient with cranial : a ng é
base meningioma died at 6 months after surgery ° g £EF i
from tumor progression after being discharged to " Sl<edin|?
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28 |wwm a nursing facility. One patient had a residual tumor
BlR_ | S8 < . . .
2| N— after resection of the cranial base paraganglioma
2| EE| A4S at 14-month follow-up. Outcome analysis between
@ ol @ SRBNEY] . .
& == |B2& the prophylactic (group A) and therapeutic (group
g B) groups is summarized in Table 4. The surgical
£ 2 and total complications in group B were 25% and
g = '% NP 62.5%, respectively, which were significantly great-
5 22| T3R8 er than those in group A (P = 0.03 and P < 0.01,
2 = ) Z| e - respectively) (Table 4). Although the overall com-
3 S plication rate was fairly high, it must be remem-
< bered that these were very morbid patients with a
'é g life-threatening condition in whom the risk of do-
£ 52| < @~ ing nothing was extremely high. Furthermore, as
E S2| Tlgagz many complications were medical and not surgi-
e % © § Z S a cal, and hence attributable largely to the patients’
R S R,
c |5 © comorbidities rather than to the procedure, the
."é %’- risk-to-benefit ratio, in our opinion, was therefore
w| g £ favorable.
v Q =]
a © 'S g § AGS@ .
a e ;i = A2 S Case Presentations
= = £ N A 48-year-old woman presented with symptoms
5 3 of acute cerebral infarction with acute onset of
E limb weakness and moderate dysarthria and dys-
= g phagia. Emergent preoperative computed tomo-
£ ?,,g & ggi .graphl.c ang}ogrz.lphy demonstrat.ed rlght temppral
v = T2 E—~ infarction with right MCA occlusion (Fig. 1). Right
£ E E‘ o] v STA-MCA bypass (M3 segment) was performed
€ 3 . . X
T <o with an 8-cm great saphenous vein graft (Fig. 2).
2 Perioperative indocyanine green video angiogra-
g 3 gl = Sos phy provided imaging of the patent anastomosis
© §:§ EI322~ and the restoration of brain perfusion [See Vid-
§ g = N©® eo 1, Supplemental Digital Content 1, which dis-
E plays' how an indoc.ya}nine green (25mg in 5n.1L)
= z o~ was intravenously injected after the completion
'*3 ég = 8,\?;*5 of anastomosis during the end-to-side EC-IC arte-
5 @8 E igigj rial bypass, hittp://links.lww.com/PRSGO/A95]. Post-
b= e - = operatively, the patient was neurologically stable,
= and the remaining hospital stay was uneventful. At
g‘ Eo|l ~| =2 the 8-month follow-up evaluation, the patient had
S = 8 ¥ §%§§ resumed her normal lifestyle, and angiography
T Em 2| ooV showed collateral perfusion to the right MCA via
© the right thyrocervical trunk, deep cervical artery,
g PRESNTS right ECA, right STA, and EC-IC bypass and then to
S © gg NE R the right MCA, intracranial ICA, and ACA (Fig. 3).
] FE2 HIES A b54-year-old man with right neck internal ca-
9_ = XIS X rotid dissection experiencing nearly total MCA
° occlusion for 1 month underwent EC-IC bypass
§ 6 8|loaow |, (Fig. 4). A right STA of 2mm in diameter was pre-
= 25|~ |g pared with good sprouting and was directly anas-
8 & tomosed to the MCA M4, which was 1.2mm in
§ = go diameter (Fig. 5). At the 6-month follow-up evalu-
U. - &n =: ation, magnetic resonance angiography revealed
P o gng £ collateral perfusion to the right MCA via the right
- N g ECA, right STA, and EC-IC bypass and then to the
= IETLTYE: right MCA (Fig. 6).
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Fig. 1. A, Preoperative CT angiography of a 48-year-old woman with infarction in right middle cerebral arterial territory. Note
tiny right anterior cerebral artery A1 segment (arrow) and significant focal stenosis of tiny anterior communicating artery (ar-
rowhead). B, Preoperative CT angiography of a 46-year-old woman with infarction in right middle cerebral arterial territory.
Note significant focal stenosis of tiny right posterior communicating artery (arrow). CT indicates computed tomography.

Fig. 2. A, Vein graft from right lesser saphenous vein (yellow arrow), which was 8cm in length and 3mm in diameter, was
anastomosed to the MCA M3 (green arrow), which was 1 mm in diameter, with 10-0 nylon in an end-to-side fashion. B, Right
superficial temporal artery (green arrow), which was 2.5 mm in diameter, was anastomosed to the vein graft (yellow arrow) in

an end-to-end fashion.

One currently accepted indication for EC-IC by-
pass is flow augmentation in the setting of chronic
occlusive /stenotic cerebrovascular disease.!” Pa-
tients with untreated athero-occlusive disease have
a 10-12% annual risk of stroke.'® Schaller,'* in a sys-
tematic review, reported that the risk of stroke or
death in selected patients with symptomatic inac-
cessible stenotic lesions of the ICA or MCA treated
with EC-IC bypass is significantly less than that of
medically treated patients (1.3% vs 3.6% per year,
respectively). Neurological function was improved
in 84% of the patients in the review by Schaller.'
In our study, 12 patients were treated for ICA and/
or MCA occlusion/stenosis. Eight of these patients
in group A were asymptomatic and were treated

8

prophylactically; all fared well, with no stroke or
neurologic deterioration and few complications
observed. Of the 4 symptomatic patients (nos. 19,
24, 25, and 26) in group B, 3 improved neurologi-
cally, 1 remained stable, and none suffered a post-
bypass stroke.

MMD is an additional indication for EC-IC by-
pass. In these patients, the frequency of transient
ischemic attacks can be reduced, and strokes can
be avoided, by creating an alternative circulatory
pathway in the brain.' The Japan Adult Moyamoya
Trial is currently underway, prospectively examining
the prognoses of patients treated with EC-IC bypass.
Pending the publication of these results, most cere-
brovascular surgeons recommend bypass surgery.?
In our study, there were 8 patients with MMD; all
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Fig. 3. Status of 48-year-old woman with prior left common
carotid arterial stenting and infarction in right middle cere-
bral arterial territory post EC-IC bypass. Contrast-enhanced
MRA showed total occlusion of right vertebral artery V4
segment, right common carotid artery and right cervical
internal carotid artery, high grade stenosis of right middle
cerebral artery distal M1 segment, and hypoplastic anterior
communicating artery and right anterior cerebral artery A1l
segment. Collateral perfusion to right middle cerebral ar-
tery is shown via right thyrocervical trunk, deep cervical ar-
tery, right external carotid artery, right superficial temporal
artery, and EC-IC bypass (arrow) and then to right middle
cerebral artery, intracranial internal carotid artery, and an-
terior cerebral artery. MRA indicates magnetic resonance
angiography.

fared well, with no significant complications and no
strokes observed.

An additional indication for EC-IC bypass is
flow replacement in the context of therapy for
complex aneurysms and skull base tumors.'®!” Clip
application or coil placement for an intracranial
aneurysm is not always feasible. In such cases, the
parent artery can be obliterated to induce throm-
bosis of the aneurysm, but if this involves one of
the major cerebral arteries, EC-IC bypass is indi-
cated for ipsilateral revascularization. A recent
meta-analysis of 20 studies has demonstrated that
neurologic function and subsequent stroke risk in
patients with otherwise untreatable intracranial an-
eurysm are significantly improved by EC-IC bypass.?!

Indications and Outcomes of EC-IC Bypass

Our study included 6 patients with an aneurysm,
including 4 with an associated SAH in group B.
These 4 patients, along with 1 of the tumor pa-
tients, comprised the 5 total patients (nos. 17, 18,
20-22) in the study who demonstrated a postop-
erative diminution of muscle strength. These unfa-
vorable outcomes likely reflect the grave nature of
their neurologic condition rather than an untow-
ard effect of the bypass procedure.

Prophylactic EC-IC bypass demonstrated a high
patency rate and minimal complications in this
study. However, therapeutic EC-IC bypass was asso-
ciated with significantly greater surgical and total
complications. It might be considered that there is
a trade-off between the 100% patency rate and 25%
surgical complication rate associated with therapeu-
tic EC-IC bypass in this study and the gravity of the
symptomatic cerebral artery disease present. The
equally high successful patency rate of EC-IC bypass
with or without vein graft indicated that a vein graft
can be used safely depending on the availability of
donor and recipient vessels.

The choice of revascularization conduit is depen-
dent on the required amount of brain perfusion,
the availability of the donor vessels, the availability
of graft flow, and the size of the recipient vessel.®
The ICA can be used, provided that there is suffi-
cient collateral flow to allow for temporary occlu-
sion. The ECA or one of its branches is used if the
ICA is not available or if collateral flow is insufficient
(Table 3).° Because of its good accessibility and
close proximity, the STA is an ideal graft in patients
with cerebro-occlusive disease, aneurysm, tumor,
and MMD, ensuring that the low-flow volume is ad-
equate for the recipient territory.?? The size of the
STA should be at least 1 mm in caliber, and the re-
cipient vessel can be the M2 or M3 segment of the
MCA or the superior cerebellar artery.® Patency rates
of the STA were as high as 95%,%** and in our study,
they reached 100%. However, in cases of large par-
ent vessel sacrifice, the STA is inadequate. For high-
flow conduits, the reverse great saphenous vein graft is
preferred because of its robust flow (70-140mL/min).
We prefer end-to-side anastomosis because it has
been demonstrated that for venous repairs with a
size discrepancy, end-to-side repairs are significantly
better.** The lesser saphenous vein, which is similar
to the greater saphenous vein but is smaller in diam-
eter, may be another good option for decreasing the
size mismatch at the end-to-side anastomosis of the
MCA insular segment. In this study, the cephalic vein
was used in one case because it matched the recipi-
ent vessel in size.

In a study of 137 revascularizations, Sekhar and
Kalavakonda® reported an overall graft patency

9
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Fig. 4. A, A 54-year-old man with infarction in right middle cerebral arterial territory. CT angiography showed right cervical
internal carotid artery dissection with nearly total occlusion (arrow). B, CT angiography showed total occlusion of right inter-
nal carotid artery. Vascular angulation with significant stenosis at right MCA origin is shown (arrow). CT indicates computed

tomography.

i

Fig. 5. A, The MCA M4 (green arrow), which was 1.2 mm in diameter, was used as the recipient vessel, and the superficial tem-
poral artery with good sprouting (yellow arrow), which was 2mm in diameter, was prepared as the donor vessel. B, The area
immediately after microsurgical anastomosis was performed in an end-to-side fashion using double microclamp. C, Good
perfusion of MCA M4 after anastomosis and the release of microclamp.

rate of 95.6% and an incidence of postoperative
cerebral infarction of 16.8%. In addition to graft
thrombosis, cerebral infarction can be caused by a
prolonged ischemia time of the recipient segment
of the MCA. Chazono et al*® reported a case of in-
traoperative infarction with a clamping time of 65
minutes and no infarction in 3 identical cases with
clamping times of 30-40 minutes. In partnership
with neurosurgical colleagues, the plastic surgeon
with well-honed microvascular skills is uniquely
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poised to perform these anastomoses accurately
and efficiently to maximize the outcomes in these
patients.

EC-IC bypass can be an effective procedure in
the treatment of complex neurovascular conditions,
including occlusive, stenotic, aneurysmal, and onco-
logic diseases. This study demonstrates that the col-
laboration of neurosurgeons and plastic surgeons in
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Fig. 6. Status of 54-year-old man with infarction in right
middle cerebral arterial territory post EC-IC bypass. Contrast-
enhanced MR angiography showed total occlusion of right
internal carotid artery and hypoplastic right anterior cerebral
artery A1 segment. Collateral perfusion to right middle cere-
bral artery is shown via right external carotid artery, right su-
perficial temporal artery, and EC-IC bypass (arrow) and then to
right middle cerebral artery. MR indicates magnetic resonance.

performing EC-IC bypass can result in excellent out-
comes with few complications. Therapeutic EC-IC
bypass was associated with greater total and surgical
complications compared with prophylactic bypass.
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