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Extracranial-Intracranial Bypass Surgery Using a Radial
Artery Interposition Graft for Cerebrovascular Diseases
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Department of Neurological Surgery, University of Ulsan College of Medicine, Asan Medical Center, Seoul, Korea

Objective : To investigate the efficacy of extracranial-intracranial (EC-IC) bypass surgery using a radial artery interposition graft (RAIG) for surgical
management of cerebrovascular diseases.

Methods : The study involved a retrospective analysis of 13 patients who underwent EC-IC bypass surgery using RAIG at a single neurosurgical in-
stitute between 2003 and 2009. The diseases comprised intracranial aneurysm (n=10), carotid artery occlusive disease (n=2), and delayed steno-
sis in the donor superficial temporal artery (STA) following previous STA-middle cerebral artery bypass surgery (n=1). Patients were followed clini-
cally and radiographically.

Results : Bypass surgery was successful in all patients. At a mean follow-up of 53.4 months, the short-term patency rate was 100%, and the long-
term rate was 92.3%. Twelve patients had an excellent clinical outcome of Glasgow Outcome Scale (GOS) 5, and one case had GOS 3. Procedure-
related complications were a temporary dysthesia on the graft harvest hand (n=1) and a hematoma at the graft harvest site (n=1), and these were
treated successfully with no permanent sequelae. In one case, spasm occurred which was relieved with the introduction of mechanical dilators.
Conclusion : EC-IC bypass using a RAIG appears to be an effective treatment for a variety of cerebrovascular diseases requiring proximal occlusion

or trapping of the parent artery.
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INTRODUCTION

Extracranial-intracranial (EC-IC) bypass surgery is being in-
creasingly used in the surgical management of cerebrovascular
diseases, especially for the treatment of complex, unclippable
aneurysms and occlusive cerebrovascular disease*??. EC-IC by-
pass surgery using a saphenous vein interposition graft (SVIG)
has been the preferred treatment for giant aneurysms of the cli-
noid or cavernous internal carotid artery (ICA) where acute
sacrifice of the ICA is often required. The advantages of using
the saphenous vein (SV) for grafting are that a long length can
be harvested, and it is readily available, also it is a high-flow
conduit'”*). However, the disadvantages are that there is often a
large diameter disparity between the donor vessel and the SVIG,
the SV is vulnerable to traumatic injury during harvesting,
scarring can be significant following harvesting of long graft
lengths, and the SV has a lower resistance to kinking or torsion

- Received : March 7, 2011 «Revised : June 24, 2011

« Accepted : September 8, 2011

« Address for reprints : Jae Sung Ahn, M.D.
Department of Neurological Surgery, University of Ulsan College of
Medicine, Asan Medical Center, 88 Olimpic-ro 43-gil, Songpa-gu,
Seoul 138-736, Korea
Tel : +82-2-3010-3564, Fax : +82-2-476-6738
E-mail : jsahn@amc.seoul.kr

compared to arterial grafts**.

The use of radial artery interposition graft (RAIG) has not
been broadly accepted because of its tendency to cause spasm
and occlusion when used in coronary bypass surgery”®. How-
ever, interest in the use of RAIG for cerebral revascularization
has been rekindled with the advent of the pressure distention
technique described by Sekhar et al.*** and drug therapy to
prevent graft spasm. A number of studies have reported satis-
factory long-term patency rates for RAIG*?.

The present study evaluated clinical outcomes in 13 patients
with cerebrovascular diseases who underwent EC-IC bypass
surgery using a RAIG. The pressure distention technique was
used in all cases.

MATERIALS AND METHODS

Data from 13 patients treated in a single institute between
2003 and 2009 who underwent an EC-IC bypass using a RAIG
were retrospectively analyzed (Table 1). Patients comprised 9
females and 4 males, and had a mean age of 57.2 years (range,
44-76). Patients presented with intracranial aneurysm (n=10),
carotid artery occlusive disease (n=2), and delayed stenosis in
the donor after previous superficial temporal artery-middle ce-
rebral artery (STA-MCA) bypass surgery (n=1).
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Of the 10 patients treated for acute therapeutic occlusion, six
had large to giant aneurysms at the ICA, one had giant throm-
bosed fusiform aneurysms at the mid-basilar artery, one had an
ICA pseudoaneurysm presenting with massive epistaxis, and
two had a blood blister-like aneurysm on the dorsal wall of the
ICA. Two patients with chronic occlusive cerebrovascular dis-
ease presented with ischemic symptoms had a hypoplastic ipsi-
lateral STA for use as a donor vessel for STA-MCA bypass. One
patient used RAIG due to delayed stenosis in the donor STA
following previous STA-middle MCA bypass surgery. Nine pa-
tients underwent long-segment bypass surgery from the proxi-
mal external carotid artery (ECA) to the M2 segment of the
MCA (Fig. 1A), and 4 patients underwent short-segment bypass
from the proximal STA to the M2 segment of the MCA (Fig. 1B).

Patient evaluation

Most patients were evaluated preoperatively using magnetic
resonance image, computed tomography (CT) and convention-
al trans-femoral catheter angiography (TFCA). TFCA was per-
formed in all patients to evaluate the location, shape and size of
the aneurysm, and to obtain vital information regarding collat-
eral circulation from other major intracranial vessels. In addi-
tion, selective external carotid angiography and selective bra-

chial arteriography of the non-dominant arm were performed
to evaluate the diameters and collaterals of the donor and graft
vessels. Balloon test occlusion (BTO) of the ICA was performed
in the same session to evaluate collateral vascular flow. BTO
findings were the main criteria used when deciding upon the
appropriate bypass conduit. Single proton emission computed
tomography (SPECT) with radioisotope infusion during tempo-
rary ICA occlusion was performed to gather additional impor-
tant information regarding subclinical hypoperfusion. Patients
were classified based on the BTO and SPECT data : 1) good
clinical tolerance during BTO, no sign of hypoperfusion on
SPECT; 2) good clinical tolerance with appearance of some por-
tion of hypoperfusion on SPECT; and 3) poor clinical tolerance.
For class 1) patients, the ICA or MCA can simply be occluded
without bypass. For class 2) patients, it is routine to perform a
low-flow bypass such as STA-MCA bypass. For class 3) patients,
it is usual to perform a high-flow bypass such as SVIG (ECA-
SVIG-M2) or RAIG (ECA-RAIG-M2)".

In the patient group with chronic occlusive cerebrovascular
diseases, Diamox SPECT has a pivotal role for selecting patients
who will benefit from bypass surgery. In our institute, a de-
crease in perfusion or perfusion reserve in one or more territo-
ries on SPECT combined with sustained clinical symptoms af-
ter optimal antiplatelet treatment is an indication for an STA-
MCA bypass. However, RAIG was

®

employed when the STA could not be
used for reasons such as injury during
dissection, unsuitable diameter com-
pared to the donor, and previous use in
other surgical procedures. When RAIG
had too large to bypass the M4 recipi-
ent artery that was too small and nar-
row in size, thus high-flow bypass ECA-
RAIG-M2 was performed.

Operation
The long-segment bypass technique

Fig. 1. lllustrations depicting long- and short-segment bypassing using a radial artery interposition
graft (RAIG). A : Long-segment bypass. One end of the RAIG (green color) is anastomosed to the M2
segment of the middle cerebral artery and the other end is anastomosed the cervical external ca-
rotid artery in an end-to-side fashion. B : Short-segment bypass. The RAIG is anastomosed to the
proximal superficial temporal artery in an end-to-end fashion at a site just anterior to the tragus.

Fig. 2. A : Intraoperative photo shows anastomosis from radial artery to M2 segment of the middle
cerebral artery in and end-to-side fashion. B : It shows anastomosis from cervical external carotid
artery to radial artery in an end-to-side fashion.
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(Fig. 1A) has been described in detail
elsewhere**). Briefly, the patient was
positioned in the supine position with
the head rotated to the contralateral side
of the affected side. The frontotemporal
head, ipsilateral neck and non-domi-
nant side of the arm was prepared and
draped. A craniotomy centered at the
sylvian fissure was performed in the
frontotemporal region, and the cervical
ICA, ECA and common carotid artery
were dissected and prepared for anasto-
mosis. The radial artery was harvested
using a linear skin incision just above
the artery and “popped” with heparin-
ized saline. The lumen of the radial ar-
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tery graft was flushed with heparinized saline and both graft
ends were prepared for anastomosis. The graft was soaked in
heparinized saline. A distal anastomosis was performed first be-
tween the RAIG and M2 branches of the MCA in an end-to-
side fashion using an interrupted suture of 8-0 or 9-0 nylon. Af-
ter confirming no leakage, the RAIG was passed along the sub-
cutaneous tunnel under the skin anterior to the tragus. Great
care was taken to avoid rotating or kinking of the graft below the
skin tunnel, and this was confirmed by temporarily releasing the
temporary clip placed at the graft near the MCA and observing
a smooth, pulsatile blood flow through the non-anastomosed
end of the graft. Another end-to-side anastomosis was per-
formed between the proximal ECA and the RAIG using a con-
tinuous 6-0 nylon suture. The proximal ECA rather than the
ICA was used as a donor proximal vessel because the ECA is less
vulnerable than the ICA to ischemia associated with the long
cross-clamping times required for the anastomosis procedure.

Short-segment bypass surgery (Fig. 1B) was performed be-
tween the proximal STA and M2 segment of the MCA in the
same manner as the long-segment bypass. The RAIG was anas-
tomosed to the proximal STA in an end-to-end manner just an-
terior to the tragus as that allows for the maximum diameter to
be achieved without injuring the facial nerve.

Intraoperative photos showed long-segment bypass from ECA
to M2 segment of the MCA using radial artery (Fig. 2).

All antiplatelet drugs or anticoagulants were discontinued 1
week prior to surgery. Calcium channel blockers were not ad-
ministered for prevention of RAIG spasm. An intravenous in-
jection of 3,000 U heparin during the bypass was done in the
first 4 patients of the series, but not in the subsequent 9 patients.
In all patients, intraluminal irrigation was done using heparin-
ized saline. All patients were administered 300 mg aspirin after
recovery from anesthesia, followed by ongoing 100 mg oral as-

Table 1. Clinical characteristics and outcomes

pirin per day.

In patients with therapeutic occlusion of the ICA, endovascu-
lar occlusion of the parent vessel was performed at the postoper-
ative 4 day to 13, after confirmation of the patency of the bypass
graft. Parent vessel occlusion was performed using detachable
balloon in 1 case, and using detachable coils in 5 cases. In others,
conventional TFCA was performed at postoperative 1 week.

Follow-up involved clinical examinations and neuroimaging
studies including TFCA or CTA to verify graft patency. Three
dimensional CTA follow-up was performed at postoperative 3
months and 1 year. Clinical outcome was assessed using the
Glasgow Outcome Scale (GOS)™.

RESULTS

The overall mean follow-up time was 42 months (range, 8-64).
Of the 10 intracranial aneurysm patients, nine had a GOS score
of 5 (ie., excellent clinical outcome) (Table 1). The remaining
patient had a GOS score of 3 who had a blister-like aneurysm
on the ICA (Table 1, case 3). The majority of patients were in
good clinical condition without any signs of regional hypoper-
fusion. Of the 3 chronic occlusive disease patients, all had GOS
scores of 5, and none showed signs of any new ischemic or
stroke symptoms.

Graft patency persisted in 12 patients (92.3%). One graft fail-
ure was seen. This patient was a 56-year-old female with a
blood blister-like aneurysm on the dorsal wall of the supracli-
noid ICA where direct clipping of the aneurysm resulted in
tearing of the aneurysm neck. As a result, an emergency EC-IC
bypass was performed after prolonged ICA trapping. A RAIG
was used since the STA was lost during the craniotomy proce-
dure, and postoperative patency was confirmed using angiogra-
phy. However, postoperative brain swelling resulted in the need

Patency of graft ~ Follow-up

Case Sex Age Diagnosis Type of bypass (6 month) (months) GOS
1 F 61 Giant cavernous ICA aneurysm Long RAIG Intact 64 5
2 F 51 Atherosclerotic MCA stenosis Long RAIG Intact 63 5
3 F 56 SAH, ICA blood blister-like aneurysm Long RAIG Occlusion 62 3
4 M 76 Traumatic ICA pseudoaneurysm Long RAIG Intact 61 5
5 F 64 Large ICA calcified aneurysm Long RAIG Intact 60 5
6 F 47 Cavernous ICA aneurysm Long RAIG Intact 22 5
7 F 55 Atherosclerotic ICA occlusion Long RAIG Intact 60 5
8 M 65 Atherosclerotic ICA occlusion, Short RAIG Intact 41 5

donor STA stenosis after STA-MCA bypass
9 F 54 ICA dorsal wall aneurysm Short RAIG Intact 40 5
10 M 60 Basilar dissecting aneurysm Short RAIG Intact 29 5
11 F 44 ICA giant aneurysm, left Short RAIG Intact 24 5
12 M 54 Unruptured Lt. distal ICA aneurysm Short RAIG Intact 16 5
13 F 57 ICA thrombosed giant aneurysm Long RAIG Intact 8 5

GOS : Glasgow Outcome Scale, RAIG : radial artery interposition graft, SAH : subarachnoid hemorrhage, ICA : internal carotid artery, MCA : middle cerebral artery, STA :

superficial temporal artery
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for decompressive craniectomy surgery and resultant sacrifice
of the graft. The patient presented preoperatively with Hunt
and Hess Grade IV due to a ruptured aneurysm, and showed
no improvement in this condition postoperatively.

Fig. 3. A 61-year-old woman presented with a headache, and was found
to have a huge aneurysm of the right cavernous internal carotid artery. A
and B : Preoperative conventional angiography showing a giant aneu-
rysm measuring 2x4 cm. C : Postoperative angiography revealed good
patency of the bypass graft. D : After endovascular occlusion of the prox-
imal ICA, the aneurysm is no longer filled. Angiography shows blood
flow through the RAIG supplying the whole middle cerebral territory and
the supraclinoid portion of the ICA. ICA : internal carotid artery, RAIG : ra-
dial artery interposition graft.

Fig. 4. A 60-year-old man presented with headache and neck pain, and was found to have a huge
dissection aneurysm on basilar artery. A, B and C : Preoperative conventional angiography show a
giant dissection aneurysm measuring 1.6x3.2 cm. D : Post-bypass surgery angiography reveal
good patency of the bypass graft. E and F : After endovascular occlusion of the proximal right verte-

bra artery, the aneurysm is no longer filled.

Two patients experienced minor reversible complications re-
lated to surgery. The first complication was postoperative hand
dysthesia related to the graft harvest. This symptom spontane-
ously improved and resolved completely within 3 months after
surgery. The second complication occurred in a patient with a
cavernous ICA aneurysm. At postoperative day 10, the aneu-
rysm was treated with endovascular occlusion of the affected
ICA after confirming graft patency. After the procedure, a large
hematoma developed at the RAIG donor site in the left forearm,
possibly due to intravenous heparinization during the procedure.
The hematoma was successfully treated by squeezing it through
a small incision along the previous incision, and applying com-
pression dressings for several days.

Case 1

A 61-year-old woman presented with complaints of pro-
longed repeated headaches (case 1). A 2x4 cm giant cavernous
aneurysm was diagnosed (Fig. 3A, B). EC-IC bypass using a
RAIG was performed. At postoperative 10 days, the proximal
ICA portion was occluded using an endovascular method (Fig.
3C, D). The patient was in good condition after the procedure.
CT angiography at postoperative 7 months showed a patent
graft and no trace of the aneurysm. The patient had no neuro-
logic deficits.

Case 2

A 60-year-old man presented with headache and neck pain,
and was found to have a huge dissection aneurysm on basilar ar-
tery (Fig. 4). Preoperative conventional angiography showed a gi-
ant dissection aneurysm measuring 1.6x3.2 cm (Fig. 4A, B, C).
STA-Superior cerebellar artery anastomosis was performed using
a RAIG. Postoperative angiography re-
vealed good patency of the bypass graft
(Fig. 4D). After endovascular occlusion
of the proximal right vertebra artery, the
aneurysm was no longer filled. The left
vertebral artery also occlusion (it was
not demonstrated) (Fig. 3E, F).

DISCUSSION

Why high flow?

Acute occlusion of the ICA either ac-
cidentally or intentionally during treat-
ment of ICA aneurysms or tumors re-
sults in stroke in 30-37% of patients'®').
EC-IC bypass has been used to avoid
ischemic complications after ICA oc-
clusion. An STA-MCA bypass is sim-
ple, easy to perform and has a high suc-
cess rate, and is therefore a common
surgical modality for providing com-
pensation for an occluded ICA during
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cerebrovascular surgery*'?. It also has the advantage of no ad-
ditional surgical preparation since the donor graft is harvested
in the same surgical field and it can be used in an emergency
situation if not injured during the opening procedure. However,
the STA-MCA bypass is a low-flow conduit (20-40 mL/min)
and cannot supply sufficient blood in cases of ICA sacrifice, es-
pecially if collaterals such as the anterior communicating or
posterior communicating artery provide poor supply. The risk
of postoperative ischemia is greater in low-flow than in high-
flow bypass grafts. According to the Hagen-Poiseuille equation
(Flow=A Pressure mr4/8xlengthxviscosity), a RAIG with a 3
mm diameter provides 81-times the blood flow than an STA
with a 1 mm diameter. There is no preoperative test to confirm
that the STA can supply sufficient blood to compensate for the
occluded ICA'™. In addition, the distal short segment of the
STA graft near the anastomosis site often narrows, probably
due to a change in spasm following dissection and adventitia
removal for bypass, and this significantly impairs blood flow
through the graft. A RAIG has a larger diameter, and its use
even for a short length between the proximal STA and M2 seg-
ment of the MCA results in greater bypass blood flow, and de-
creases the risk of ischemia especially during the vulnerable pe-
riod to postoperative 4-5 days.

The risk of hemodynamic ischemia is greater early after ther-
apeutic occlusion of the ICA than later since the cerebral perfu-
sion reserve substantially decreases soon after permanent carot-
id occlusion and then gradually improves over several years®.
Therefore, high-flow bypass using a SVIG or RAIG is the most
reliable surgical option for preventing ischemic complications
after occlusion of the ICA*.

Why the radial artery?

The advantages of saphenous vein graft (SVG) include that
they can be long, they are readily available, and they are a high-
flow conduit; therefore they have been widely used for ICA re-
construction®. Use of SVIG for the management of giant aneu-
rysms was popularized by Sundt et al*** in the early 1980s and
this approach is now widely implemented. Reported SVG pa-
tency rates vary from 66-90%, and the rate was shown to im-
prove from 90% to 98% with the use of intraoperative angiogra-
phy**. A long graft length provides several advantages including
preventing tension between the proximal and distal anastomo-
sis sites, allowing for an easier bypass procedure. However, di-
ameter disparity between the donor site and the SVG is a key
limitation. Such a disparity may create turbulent flow at the
anastomosis site and cause delayed graft occlusion. The radial
artery diameter is 3.55+0.45 mm'?, which is more compatible
than the SV for the recipient M2 portion diameter. Therefore, a
RAIG provides a smoother luminal diameter transition from
the ECA to the M2 segment than a SVG, and hence less turbu-
lent flow. In addition, the SV is vulnerable to traumatic injury
during harvesting. Finally, scarring after SV harvesting is a sig-
nificant cosmetic concern due to the length, especially if wound

complications occurred.

Arterial grafts are generally more resistant to kinking or tor-
sion than vein grafts. Also, arteries do not have valves and remain
open even at low flow rates. These factors appear to contribute to
the superior long-term patency of RAIG compared to SVG. In
terms of harvest site morbidity, RAIG have fewer cosmetic prob-
lems and more rapid wound healing than SVG, which promotes
earlier postoperative mobilization®. In the present series, hand
dysthesia developed in only one case, and this spontaneously
resolved by postoperative 3 months. Therefore, careful radial
artery dissection and an incision at the distal end maximally
1-2 cm proximal to the radial styloid is required to avoid possi-
ble dysthesia at the harvest site.

Patency

A major complication associated with bypass grafting is graft
occlusion. Occlusion rates have decreased over time, and are re-
ported to be 5-29%'>'%%). A study by Lawton et al.' analyzed
61 patients with 63 intracranial complex aneurysms treated with
surgery and revascularization. The STA and SV were mainly
used, and postoperative angiograms showed that early graft oc-
clusion occurred in 3 patients (5%). Follow-up angiograms in
13 (25%) patients at a mean postoperative 5.1 months found
that 1 patient had graft occlusion. The mortality and morbidity
rates were 2% and 8%, respectively. A study by Hacein-Bey et
al” on 9 patients with intracranial aneurysm who underwent
STA-MCA or SV bypass grafting reported that postoperative 10
days angiograms showed 1 patient had graft occlusion. Jafar et
al."¥ reported that of 29 giant aneurysm patients treated using a
SVIG, 2 (7%) patients had graft occlusion. Sekhar et al**2® re-
ported on 17 intracranial aneurysm patients treated using RAIG
between 1994 and 2001. Of the 12 patients treated using the
pressure distension technique, none experienced graft occlu-
sion or vasospasm. One (6%) of those 17 patients developed
graft occlusion. In the present series, the short-term patency
rate was 100%, and the long-term rate was 93%. The cause of
the graft occlusion in one case mainly reflected the preoperative
surgical plan of direct clipping without preparation for possible
bypass surgery in a blood blister-like aneurysm.

Spasm

The radial artery is a muscular artery with a prominent ad-
ventitia, and the muscular media of the radial artery has an in-
creased tendency to spasm both in vitro and in the clinical set-
ting. Carpentier and colleagues first proposed the use of the
RAIG for coronary artery bypass graft (CABG) in 1973, but
reports of spasm and occlusion led to its abandonment. How-
ever, other reports detailing long-term angiographically patent
radial artery grafts after CABG have revived considerable inter-
est in the use of RAIG". Ausman et al.? may have been the first
to describe the use of a RAIG for cerebral revascularization,
and many Japanese neurosurgeons have reported good surgical
results following the use of RAIG in bypass surgery'>'”. Im-
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proved surgical harvest techniques, the administration of anti-
spasmotic drugs, and development of the pressure distention
technique as described by Sekhar and Kalavakonda®® have re-
lieved concerns regarding graft artery spasms. In the present se-
ries, perioperative antispasmotic medications were not used,
but the pressure distension technique for the RAIG was used in
all cases. RAIG spasm occurred in 1 case (case 9), and this in-
volved spasm in a short RAIG segment that resulted in acute
occlusion of the graft in the surgical field. The STA-RAIG anas-
tomosis sutures were then removed and Debakey vascular dila-
tors (Aesculap) were introduced into the RAIG to relieve the
spasm. The spasm was relieved with serial introduction of larg-
er vascular dilators to the lumen, and blood flow through the
bypass from the MCA was achieved. A STA-RAIG anastomosis
was performed thereafter.

CONCLUSION

This study indicates that cerebral revascularization using a
RAIG is effective for a variety of cerebrovascular diseases. Care-
ful preoperative planning appears essential to prevent surgery
related complications. Meticulous undertaking of surgical tech-
niques and careful perioperative management are required to
ensure optimal surgical outcomes.
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