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FIGURE 102-10. Anterolateral approach to the distal vertebral artery. A, The incision is placed along

the medial border of the sternocleidomastoid muscle and extends posteriorly over the mastoid bone.

B, The skin is retracted and the platysma is cut, exposing the sternocleidomastoid muscle with the

great auricle nerve, which is also cut. The levator scapulae muscle, which covers the anterior ramus

of C2, is visible. C, The levator scapulae muscle is cut to reveal the anterior ramus of C2. D, The

vertebral artery is revealed. Medial exposure of the carotid sheath shows the common, internal, and

external carotid arteries.
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FIGURE 102-11. Different methods of distal vertebral artery reconstruction. A, External carotid artery-

to-distal vertebral artery transposition leaves the occipital artery intact while other branches are

sectioned. B, Common carotid artery-to-distal vertebral artery vein bypass. C, External carotid

artery-to-distal vertebral artery vein bypass. D, Occipital artery-to-distal vertebral artery transposi

tion.
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anastomosis. The proximal vertebral artery is perma

nently occluded with a clip. Some authors have used

an interposition graft, but it has a high likelihood of

thrombosis with frequent head motion.

Vein Bypass from the Distal Vertebral Artery. Us

ing the anterolateral approach, both the vertebral artery

and the carotid artery are exposed. The donor site can

be the CCA (see Fig. 102-11B), ICA, or ECA (see Fig.

102-11C).

A saphenous vein of selected length is removed

from the leg. The vein is prepared, and its valves

removed. The patient is given heparin (5000 U). After

5 minutes, the vertebral artery is gently pulled up with

the loop to isolate a 2-cm section. Two Sugita clips are

used to isolate the vertebral artery, and an incision is

made equivalent to the fish-mouth end of the vein

graft. The vein is connected to the vertebral artery with

an end-to-side anastomosis using 8-0 polypropylene.

If the artery is occluded in the proximal segment, the

ECA and vertebral artery can be anastomosed end to

end. The J-clamp is removed. If backflow through the

graft is good, a temporary clip is used to occlude

the vein.

The proximal end of the graft is passed below the

CCA or ECA. The CCA (see Fig. 102-11B) is cleared of

any surrounding tissue, and a cross-clamp is applied

to its proximal and distal portions. Using an aortic

punch, a 4- or 5-mm elliptical arteriostomy is made in

the posterior wall of the CCA. With 6-0 polypropylene,

the vein graft is anastomosed end to side. Again, back-

flow is allowed from the vein and distal CCA before

the final suture is placed. The clamp on the proximal

carotid artery is then removed.

The ECA can be anastomosed end to end to the

proximal portion of the artery from the vein graft. The

distal portion of the ECA is tied off permanently (see

Fig. 102-11C).

We do not recommend the use of a vein graft for

the ECA-to-distal vertebral artery bypass (see Fig. 102-

11C), because rotation of the head often leads to throm

bosis of the graft. This is especially true if the graft is

passed below the carotid artery.

Occipital-to-Distal Vertebral Artery Bypass. As

discussed, collateral blood flow to the distal vertebral

artery comes from the occipital artery. In such cases,

transposing the occipital artery directly to the distal

vertebral artery has minimal effect. In cases of acute

occlusion with inadequate collateral blood flow, a sim

ple anastomosis between the occipital artery and the

distal vertebral artery from the anterolateral approach

can be used (see Fig. 102-11D).

The posterior approach for an occipital artery-to-

distal vertebral artery bypass has been advocated by

others.58 This approach is more familiar to neurosur-

geons because the patient is in a full prone or three-

quarter prone position. The incision is made from the

C3-4 spinous process to the inion in a hockey-stick

fashion to the mastoid bone.58'67 Details of this ap

proach can be found elsewhere.58 All occipital ap

proaches have the same disadvantages, with the added

challenge that the occipital artery tends to be more

tortuous as it emerges from the trapezius muscle, and

large lengths of it can be difficult to isolate. However,

the distal vertebral artery is easily accessed with a large

exposure from the dura to Cl by removing the Cl

foramen as inferiorly as the exit of C2.

Decompression of the Distal Vertebral Artery. An

occasional patient may have severe local obstruction of

the vertebral artery caused by compression from arte

rial branches or neighboring nerves. This can easily

be treated by using the posterolateral approach with

division of the obstruction.

Sometimes acute angulation or constriction can com

promise blood flow. In such cases, the vertebral artery

is removed as inferiorly as C3. The redundant section

is cut, and an end-to-end anastomosis is reestablished.

Constriction can also be caused by head rotation. In

some reported cases, occlusion of the distal vertebral

artery followed lateral head rotation. Traditionally,

these patients were simply fused between the skull,

Cl, and C2. In younger patients, however, it is best to

explore the anatomy and remove the pathology. If the

artery is too short, an appropriate bypass should be

used.

■ CASE HISTORY 4

A 77-year-old right-handed man was admitted to another

hospital with pulmonary edema and right-sided weak

ness. In the emergency room he became hypotensive and

unresponsive. He was hospitalized, and his neurological

examination revealed double vision, nystagmus, dyspha-

gia, and paresthesias of the hands and feet. MRI of the

brain showed right medullary and cerebellar infarctions

in the territory of the right posterior inferior cerebellar

artery. MRA snowed narrowing of the basilar artery with

small vertebral arteries. His electrocardiogram was abnor

mal, and congestive heart failure developed. After medical

management, he was transferred to a rehabilitation pro

gram.

The patient was transferred to our institution for fur

ther evaluation. Four-vessel cerebral angiography showed

both carotid arteries to be normal, with good filling of

posterior cerebral arteries via patent posterior communi

cating arteries. His left vertebral artery was narrow and

terminated in the posterior inferior cerebellar artery. His

right vertebral artery was 90% stenotic at its origin on the

subclavian artery (Fig. 102-12) and fed the basilar artery

by musculoskeletal branches from the occipital artery (Fig.

102-13). The basilar artery was poorly visualized, but

segmental stenosis of this artery was possible. Phase-con

trast MRI showed that blood flow in the basilar artery

was 28 mL/minute. Blood flow in the right vertebral

artery was 12 mL/minute. Both values were substantially

low compared with normal.

Based on these findings, the patient's symptoms were

attributed to hypoperfusion of the basilar artery. Although

his vertebral artery filled, it was segmented. Therefore, it

was not clear if the entire vertebral artery was patent.

Angioplasty of the proximal vertebral artery stenosis was

recommended. This procedure failed because the lesion

could not be penetrated, and an ECA-to-distal vertebral

artery bypass was recommended.

An anterolateral approach followed. Because the pa

tient's occipital artery supplied musculoskeletal branches

that fed the vertebral artery, the only branch from the
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FIGURE 102-12. A Anteroposterior angio-

graphic view of proximal vertebral artery ste

nosis. B, Entire length of the vertebral artery

showing segmental stenosis.

ECA that was not ligated was the occipital artery. An end-

to-end anastomosis was completed between the ECA and

the distal vertebral artery. Intraoperative flow measure

ments showed that when the ECA proximal to the occipi

tal artery was temporarily occluded, there was no flow in

the vertebral artery. The patient tolerated the procedure

without difficulty. Phase-contrast MRI showed that the

blood flow in the basilar artery was 50 mL/minute. He

was returned to his rehabilitation program with no further

symptoms.

Postoperative angiography showed patent distal verte

bral artery-to-ECA anastomosis (Fig. 102-14). With better

flow in the basilar artery, the segmental stenosis of the

vertebral artery was more noticeable. The patient is now

asymptomatic. If further symptoms are noted or if follow-

up phase-contrast MRI shows a substantial decrease in
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FIGURE 102-13. A, Lateral angio-

graphic view of the basilar artery
showing segmental stenosis. B,

The distal vertebral artery with oc

cipital artery branches to the dis

tal vertebral artery.
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FIGURE 102-14. A, Postoperative

anteroposterior angiographic

view showing external carotid ar

tery-to-distal vertebral artery

transposition, with a view of the

segmental stenosis of the basilar

artery. B, Lateral angiographic

view of the external carotid ar

tery-to-distal vertebral artery

transposition.
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basilar artery flow, the patient will be considered for an-

gioplasty of the basilar artery via his new anastomosis.

OUTCOMES AND COMPLICATIONS

Two studies have reported outcomes from medical

therapy for extracranial vertebral artery disease. Milli-

kan and colleagues8 showed a decline in the mortality

rate from 43% to 14% when heparin was used systemi-

cally to treat extracranial vertebral artery disease.

Twenty years later in a 4-year follow-up, Whisnant and

coworkers45 reported that the incidence of brainstem

stroke decreased from 35% to 15% when oral anticoag

ulants were used. In neither study were the patients

chosen randomly, nor did most of the patients undergo

angiography. A well-controlled, randomized, multicen-

ter study is needed to address the efficacy of medical

therapy for extracranial vertebral artery disease. Mean

while, outcome studies on the use of antiplatelet medi

cations and anticoagulants in the anterior circulation

and the use of warfarin for intracranial disease are

well documented. The findings can be applied to the

extracranial vertebral arteries, but with caution.

There are few studies on the complications and out

comes associated with endovascular management of

extracranial vertebral artery disease. During a 12-year

period, Beaujeux and associates49 treated 46 patients

with AVF involving the extracranial vertebral arteries,

35 of which were treated by endovascular therapy.

Thirty-two (91%) of these patients had complete occlu

sion, and three patients (9%) had partial occlusion.

They reported no complications.

Few studies have reported long-term outcomes for

percutaneous transluminal angioplasty of the extracra

nial vertebral arteries. Higashida and coworkers52 per

formed percutaneous transluminal angioplasty for he-

modynamically significant stenosis of the proximal

vertebral artery in 34 cases and of the distal vertebral

artery in 5 cases. For the former, three cases of postpro-

cedural transient ischemic attacks occurred. Short-term

follow-up showed restenosis in three patients, two of

whom again underwent angioplasty. In 12 months,

symptoms in all patients improved, except for one who

died of an unrelated aneurysm. For the distal vertebral

artery, two patients died from complications during

the procedure. The other three were symptom free 12

months later.

In 1996, Storey and colleagues54 observed restenosis

within 3 months of angioplasty of the vertebral artery.

Subsequently, they recommended the use of stents. In

the next few years, the long-term outcome of angio

plasty with and without stenting compared with medi

cal therapy for vertebral artery stenosis will be avail

able with the results of the Carotid and Vertebral

Artery Transluminal Angioplasty Study.

The outcome of patients undergoing surgery of the

external vertebral artery depends on the cause of the

disease, the segment of the vertebral artery affected,

and the type of treatment performed. In the hands of

an experienced surgeon, surgery is associated with a

very low mortality rate, and life expectancy is not

substantially different from that of the general popula

tion with cerebrovascular disease. These individuals

usually die within 10 years of cardiac disease.68'69

Berguer68 detailed the long-term outcome and expe

rience with surgery of the proximal vertebral artery. Of

230 patients, 2 died. Complications included recurrent

laryngeal nerve palsy in 2%, Homer's syndrome in

15%, lymphocele in 4%, chylothorax in 0.5%, and im-
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TABLE 10 2-2 ■ Common Surgical Approaches to the Vertebral Artery

PROXIMAL VERTEBRAL ARTERY MIDDLE VERTEBRAL ARTERY DISTAL VERTEBRAL ARTERY

Subclavian artery-vertebral artery

angioplasty

Transposition of proximal vertebral

artery to common carotid artery

Vein graft bypasses to subclavian

artery or common carotid artery

Decompression

Vertebral angioplasty, if isolated lesion

Transposition of distal vertebral artery to

external carotid artery

Vein graft to external carotid artery, common

carotid artery, or subclavian artery

Vertebral artery angioplasty, if isolated lesion

mediate thrombosis in 1%. Symptoms resolved sub

stantially or were cured in 83% of the patients. Patency

rates were 95% and 91% at 5 and 10 years, respectively.

For middle vertebral artery disease, decompression

for osteoarthritic spurs was associated with excellent

results in series by Hardin and colleagues12 and Naga-

shima.62 Diaz and coworkers60 reported surgical treat

ment (vertebral endarterectomy and vertebral-to-

carotid transposition) in 11 of 12 patients with middle

vertebral artery disease. Patency was found in 11 of

the 12 patients. One patient had an occluded graft

and continued to have transient ischemic attacks. VBI,

however, was relieved in all patients. Follow-up ranged

from 4 to 34 months.

Berguer and colleagues69 published the outcomes of

100 consecutive reconstructions of the distal vertebral

artery over a 14-year period. They performed 72 distal

vertebral artery-to-CCA, -ICA, or -ECA venous grafts.

Twenty-three procedures were transposition of the dis

tal vertebral artery to the ECA or occipital artery. In

two patients, the ICA was used. Other methods were

used in three patients. Of 16 graft abnormalities (16%)

noted on postangiographic studies, 11 required revi

sions. Four patients died of perioperative stroke, and

there was one nonfatal hemispheric stroke. Symptoms

resolved in 87 patients, and the patency rate was 75%

and 70% at 5 and 10 years, respectively.

Koskas and associates70 also reported revasculariza-

tion of the distal vertebral artery segment in 92 pa

tients, 91 of whom underwent direct transposition of

the vertebral artery to the ICA. They performed endar

terectomy of the ICA during the same operation in

26.1% of the cases. There were no deaths or strokes.

VBI symptoms were alleviated in 57.5%, 2.3% were

unchanged, and the rest improved. Eight patients

(8.7%) had thromboses of the vertebral artery. The pat

ency rate was 89.1% at 5 years.

CONCLUSION

The literature reports many series using different ap

proaches to the extracranial vertebral artery with great

success. Table 102-2 summarizes the endovascular and

surgical approaches to the extracranial vertebral artery

that we believe should be initiated before more sophis

ticated techniques are used. We must emphasize, how

ever, the need to analyze the clinical and laboratory

data of each patient methodically and to define the

cause of the sympto'ms. If surgical intervention is indi

cated, the choice of procedure must optimize blood

flow while minimizing the treatment risk of death or

morbidity to the patient.

There will always be unique cases that require spe

cial approaches to the three segments of the extracra

nial vertebral artery. In general, however, as more so

phisticated endovascular techniques are developed, the

use of angioplasty and stent placement to treat occlu-

sive disease will likely become more common. Such a

trend has already occurred with the proximal vertebral

artery. For the distal vertebral artery, ECA-to-vertebral

artery transpositions or vein graft surgeries are the

most common procedures used to revascularize this

region and will continue to be used. The middle verte

bral artery will not be operated on as frequently as the

other segments unless compressive lesions are easily

accessible. Other cases of segmental occlusion in this
region can be approached more distally.
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