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TABLE 102-2 m 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 colleagues' and Naga-
shima.®? Diaz and coworkers® 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 colleagues® 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 associates™ 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 symptoms. 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.

REFERENCES

1. Quain R: The Anatomy of the Arteries of the Human Body and
Its Application to Pathology and Operative Surgery, with a Series
of Lithographic Drawings. London, Taylor & Walton, 1844.

2. Matas R: Aneurysms and wounds of the vertebral arteries. Ann
Surg 18:477-516, 1893.

3. Alexander W: The treatment of epilepsy by ligature of the verte-
bral arteries. Brain 5:170-187, 1882.

4. Moniz E: L'encephalographie arterielle son importance dans la
localisation des tumeurs cerebrales. Rev Neurol (Paris) 2:72-90,
1927.

5. Radner S: Intracranial angiography via the vertebral artery: Pre-
liminary report of a new technique. Acta Radiol (Stockh) 28:
838-842, 1947.

6. Kubik CS, Adams RD: Occlusion of the basilar artery—a clinical
and pathological study. Brain 69:73-121, 1946.

7. Millikan CH, Siekert RG: Studies in cerebrovascular disease. L.
The syndrome of intermittent insufficiency of the basilar arterial
system. Mayo Clin Proc 30:61-68, 1955.

8. Millikan CH, Siekert RG, Shick RM: Studies in cerebrovascular
disease. IIL. The use of anticoagulant drugs in the treatment of
insufficiency or thrombosis within the basilar arterial system.
Mayo Clin Proc 30:116-126, 1955.

9. Crawford ES, De Bakey ME, Fields WS5: Roentgenographic diag-
nosis and surgical treatment of basilar artery insufficiency. JAMA
168:509-514, 1958.

10. Cate WR Jr, Scott HW Jr: Cerebral ischemia of central origin:
Relief by subclavian-vertebral artery thromboendarterectomy.
Surgery 45:19-31, 1959.

11. Reivich M, Holling HE, Roberts B, et al: Reversal of blood flow
through the vertebral artery and its effect on cerebral circulation.
N Engl ] Med 265:878-885, 1961.

12. Hardin CA, Williamson WP, Steegmann AT: Vertebral artery
insufficiency produced by cervical osteoarthritic spurs. Neurol-
ogy 10:855-858, 1960.

13. Husni EA, Bell HS, Storer J: Mechanical occlusion of the vertebral
artery. JAMA 196:475-478, 1966.




14.

15.

16.
17.
18.

19.

20.
21.

24,

27.

28.

29.
30.
31
32,

35.

36.

37.

38.

39.

Hardin CA, Poser CM: Rotational obstruction of the vertebral
artery due to redundancy and extraluminal cervical fascial
bands. Ann Surg 158:133-137, 1963.

Hass WK, Fields WS, North RR, et al: Joint study of extracranial
arterial occlusion. II. Arteriography, techniques, sites and compli-
cations. JAMA 203:969-976, 1968.

Wylie E], Ehrenfeld WK: Extracranial Cerebrovascular Disease.
Philadelphia, WB Saunders, 1970.

Berguer R, Andaya L, Bauer RB: Vertebral artery bypass. Ann
Surg 111:976-979, 1976.

Carney AL, Anderson EM: Carotid distal vertebral bypass for
carotid occlusion: Case report and technique. Clin Electroenceph-
alogr 9:105-109, 1978.

Carney AL: Vertebral artery surgery: Historical development,
basic concepts of brain hemodynamics, and clinical experience
of 102 cases. Adv Neurol 30:249-279, 1981.

Perry MO, Thal ER, Shires GT: Management of arterial injuries.
Ann Surg 173:403-408, 1971.

Dotter CT, Judkins MP: Transluminal treatment of arteriosclerotic
obstruction: Description of a new technic and a preliminary
report of its application. Circulation 30:654-670, 1964.

. Bachman DM, Kim RM: Transluminal dilation for subclavian

steal syndrome. AJR Am J Roentgenol 135:995-996, 1980.

. Higashida RT, Hieshima GB, Tsai FY, et al: Percutaneous translu-

minal angioplasty of the subclavian and vertebral arteries. Acta
Radiol Suppl (Stockh) 369:124-126, 1986.

Fields WS, Lemak NA: Joint study of extracranial arterial occlu-
sion. VII. Subclavian steal—a review of 168 cases. JAMA 222:
1139-1143, 1972.

. Toole JF, Tucker SH: Influence of head position upon cerebral

circulation: Studies on bloed flow in cadavers. Arch Neurol 1:
616-623, 1960.

. Ausman JI, Shrontz CE, Pearce JE, et al: Vertebrobasilar insuffi-

ciency: A review. Arch Neurol 43:803-808, 1985.

Grad A, Baloh RW: Vertigo of vascular origin: Clinical and elec-
tronystagmographic features in 84 cases. Arch Neurol 4:281-
284, 1989.

Kumar A, Mafee M, Dobben G, et al: Diagnosis of vertebrobasilar
insufficiency: Time to rethink established dogma? Ear Nose
Throat J 77:966-974, 1998.

Osborne AG: Diagnostic Cerebral Angiography, 2nd ed. New
York, Lippincott Williams & Wilkins, 1999.

Mann FC, Herrick JF, Essex HE, et al: The effect on blood flow of
decreasing the lumen of a blood vessel. Surgery 4:249-252, 1938.
Mayi AG, DeWeese JA, Rob CG: Hemodynamic effects of arterial
stenosis. Surgery 53:513-524, 1963.

Parker DL, Tsuruda JS, Goodrich KC, et al: Contrast-enhanced
magnetic resonance angiography of cerebral arteries: A review.
Invest Radiol 33:560-572, 1998.

. Karonen JO, Vanninen RL, Liu Y, et al: Combined diffusion and

perfusion MRI with correlation to single-photon emission CT in
acute ischemic stroke: Ischemic penumbra predicts infarct
growth. Stroke 30:1583-1590, 1999.

. Heiserman JE, Dean BL, Hodak JA, et al: Neurologic complica-

tions of cerebral angiography. AJNR Am J Neuroradiol 15:1401-
1411, 1994.

Srinivasan ], Mayberg MR, Weiss DG, et al: Duplex accuracy
compared with angiography in the Veterans Affairs Cooperative
Studies Trial for Symptomatic Carotid Stenosis. Neurosurgery
36:648-655, 1995.

Bryant DJ, Payne JA, Firmin DN, et al: Measurement of flow
with NMR imaging using a gradient pulse and phase difference
technique. ] Comput Assist Tomogr 8:588-593, 1984.

Hofman MBM, Visser FC, van Rossum AC, et al: In vivo valida-
tion of magnetic resonance blood volume flow measurements
with limited spatial resolution in small vessels. Magn Reson Med
33:778-784, 1995.

Zhao M, Charbel FT, Loth F, et al: Improving quantification of
blood flow in intracranial vessels with 3D localization and vessel
contouring algorithm. Paper presented at the 10th Annual Inter-
national Workshop on Magnetic Resonance Angiography, Sept
29-Oct 3, 1998, Park City, Utah.

Charbel FT, Zhao M, Quek F, et al: Phase contrast MR flow
measurement system using volumetric constrained image inter-
polation and color-coded image visualization. Paper presented

Chapter 102 wm Extracranial Vertebral Artery Disease

41.

42

43.

46.
47.

48.
49.
50.
51.
52.

53.

55.

56.

57.
58.

59.

60.

61.

62.

1713

at the 47th Annual Meeting of the Congress of Neurological
Surgeons, 1997, New Orleans.

. Meier D, Maier 5, Bosiger P: Quantitative flow measurements on

phantoms and on blood vessels with MR. Magn Reson Med 8:
25-34, 1988.

Enzman DR, Ross MR, Marks MFP, et al: Blood flow in major
cerebral arteries measured by phase-contrast cine MR. AJNR Am
J Neuroradiol 15:123-129, 1994.

Mattle H, Edelman RR, Wentz KU, et al: Middle cerebral artery:
Determination of flow velocities with MR angiography. Neurora-
diology 181:527-530, 1991.

Charbel FT, Shi ], Quek E et al: Neurovascular flow simulation
review, Neurol Res 20:107-115, 1998.

. Clark ME, Zhao M, Loth F, et al: A patient-specific computer

model for prediction of clinical outcomes in the cerebral circula-
tion using MR flow measurements. Proceedings of the 2nd Inter-
national Conference of Medical Image Computing and Com-
puter-Assisted Intervention, Sept 1999, Cambridge, England.

. Whisnant JP, Cartlidge NE, Elveback LR: Carotid and vertebral-

basilar transient ischemic attacks: Effect of anticoagulants, hyper-
tension, and cardiac disorders on survival and stroke
occurrence—a population study. Ann Neurol 3:107-115, 1978.
Weksler BB, Lewin M: Anticoagulation in cerebral ischemia.
Stroke 14:658-663, 1983.

Easton JD: What have we learned from recent antiplatelet trials?
Neurology 51(3 Suppl):536-538, 1998.

Chimowitz MI, Kokkinos ], Strong J, et al: The warfarin-aspirin
symptomatic intracranial disease study. Neurology 45:1488-
1493, 1995.

Beaujeux RL, Reizine DC, Casasco A, et al: Endovascular treat-
ment of vertebral arteriovenous fistula. Radiology 183:361-367,
1992.

Miralbes S, Cattin F, Andrea I, et al: Vertebral arteriovenous
fistula: Endovascular treatment with electrodetachable coils.
Neuroradiology 40:761-762, 1998.

Mortarjeme A, Keifer JW, Zuska AJ: Percutaneous transluminal
angioplasty of the brachiocephalic arteries. AJNR Am ] Neurora-
diol 3:457462, 1982.

Higashida RT, Tsai FY, Halbach VV, et al: Transluminal angio-
plasty for atherosclerotic disease of the vertebral and basilar
arteries. ] Neurosurg 78:192-198, 1993.

McKenzie D, Wallace RC, Dean BL, et al: Preliminary results of
intracranial angioplasty for vascular stenosis caused by athero-
sclerosis and wvasculitis. AJNR Am ] Neuroradiol 17:263-268,
1996.

. Storey GS, Marks MP, Dake M, et al: Vertebral artery stenting

following percutaneous transluminal angioplasty. ] Neurosurg
84:883-887, 1996.

North American Symptomatic Carotid Endarterectomy Trial
Steering Investigators: Clinical alert: Benefit of carotid endarter-
ectomy for patients with high-grade stenosis of the internal ca-
rotid artery: National Institute of Neurological Disorders and
Stroke-Trauma Division. Stroke 22:816-817, 1991.

Diaz FG, Ausman ]I, De Los Reyes RA, et al: Surgical reconstruc-
tion of the proximal vertebral artery. ] Neurosurg 61:874-881,
1984.

Berguer R, Feldman AJ: Surgical reconstruction of the vertebral
artery. Surgery 93:670-675, 1983.

Anson JA, Spetzler RF: Surgery for vertebral basilar insufficiency:
Extracranial. In Carter LP, Spetzler RF, Hamilton MG (eds): Neu-
rovascular Surgery. New York, McGraw-Hill, 1995, pp 383-403.
Carney AL: Vertebral artery surgery: Pathology, hemodynamics,
and technique. In Robicsek F (ed): Extracranial Cerebrovascular
Disease: Diagnosis and Management. New York, Macmillan,
1986, pp 395-424.

Diaz FG, Ausman ]I, Shrontz C, et al: Surgical correction of
lesions affecting the second portion of the vertebral artery. Neu-
rosurgery 19:93-100, 1986.

Brink B: Approach to the second segment of the vertebral arter-
ies. In Berguer R, Bauer RB (eds): Vertebrobasilar Arterial Occlu-
sive Disease: Medical and Surgical Management. New York, Ra-
ven, 1984, pp 257-264.

Nagashima C: Surgical treatment of vertebral artery insufficiency
caused by cervical spondylosis. ] Neurosurg 32:512-521, 1970.



1714

63.

64.

65.
66.

Section III m Vascular

Clark K, Perry MO: Carotid vertebral anastomosis: An alternative
technic for repair of the subclavian steal syndrome. Ann Surg
163:414-416, 1966.

Pritz MB, Chandler WF, Kindt GW: Vertebral artery disease:
Radiological evaluation, medical management, and microsurgical
treatment. Neurosurgery 9:524-530, 1981.

Henry AK: Extensile Exposures. Baltimore, Williams & Wilkins,
1957.

Verbiest H: Anterolateral operations for fractures and disloca-
tions in the middle and lower parts of the cervical spine. ] Bone
Joint Surg Am 51:1489-1530, 1969.

67.

69.

70.

Verbiest H: A lateral approach to the cervical spine: Techniques
and indications. ] Neurosurg 28:191-203, 1968.

. Berguer R: Long-term results of vertebral artery reconstruction.

In Yao JST, Pearce WH (eds): Long-Term Results in Vascular
Surgery. Norwalk, Conn, Appleton & Lange, 1993, pp 69-80.
Berguer R, Morasch MD, Kline RA: A review of 100 consecutive
reconstructions of the distal vertebral artery for embolic and
hemodynamic disease. ] Vasc Surg 27:852-859, 1998.

Koskas F, Kieffer E, Rancure G, et al: Direct transposition of the
distal cervical artery into the internal carotid artery. Ann Vasc
Surg 9:515-524, 1995.



