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SUMMARY

In this study, 52 cases of vertebral artery obstruction, comprising 29 women and 23 men
between the ages of 27 and 78 years, were taken into consideration. The relevant arterial
territories of these patients, who had sought medical attention for a variety of symptoms, were
studied by means of doppler ultrasound, duplex, and digital subtraction angiography. Of the
original 52 patients, 38 were excluded because of the failure to demonstrate a functional collateral
circle with the vertebral artery distal to the point of its obstruction. Of the 14 remaining patients
(6 men, 8 women), a collateral circle through cervical branches arising from the thyrocervical and
costo-cervical trunks was demonstrable in 7. Six others (3 men, 3 women) demonstrated a
collateral circle through a combination of cetvical and occipital artery branches. In one (female)
case, a collateral circle was demonstrated through the sole occipital artery. With the exception of a
single case (a 47-year-old woman), the occlusion was localized to the origin of the vertebral artery.
Hemodynamically, the collateral circles were sufficient to maintain perfusion.

INTRODUCTION

The study of the vertebral arteries has always been the subject of much
interest. Knowledge of the normal and abnormal anatomy of these arteries is
necessary for an understanding of the variable clinical manifestations of disease of
these vessels. On account of the variability of their clinical manifestations, patho-
logy of these vessels presents a great diagnostic challenge. It is known that a
statistically significant asymmetry of caliber exists between the 2 vertebral arteries
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(Orlandini, 1970; Franceschi, 1980; Gulisano ef al., 1982; Dauzat et al., 1986; von
Reutern and Budingen, 1992). Furthermore, in 4 to about 6% of cases, the left
vertebral artery directly from the aortic arch (von Lanz, 1955; Testut and Jacomb,
1974; Lang, 1979; Gray’s, 1989), instead of the left subclavian artery. However,
most relevant to our studies are the descriptions by several investigators of the
formation of compensatory collateral circles as a consequence of the obstruction of a
vertebral artery (Franceschi, 1980; Dauzat et al., 1986; Hennerici and Neuebrurg,
1991; von Reutern and Budingen, 1992).

The aim of our study is to confirm the presence of compensatory collateral
circles in cases of vertebral artery obstruction and their hemodynamica adequacy, to
identify their origin as exaclty as possible, and to determine their significance and
clinical implications.

MATERIALS AND METHODS

We have studied 52 cases of vertebral artery occlusion. The patients (23 men,
29 women; age range: 27 to 78 years), had sought medical attention for the
following complaints: several «objective» episoders of vertigo (#=35; 2 men, 3
women), syncope (#=3; 2 men, 1 woman), intermittent episodes of «subjective»
vertigo (»=28; 13 men, 15 women); a variety of visual complaints, such as «flames»
or «scintillation» (#=6; 3 men, 7 women).

After the patients had undergone doppler ultrasonography and were found to
have velocimetric abnormalities indicative of occlusion of a vertebral artery, a color
doppler ultrasound and digital subtraction angiogram of the vertebral artery was
performed in each patient.

A Meda Sonic D9 doppler ultrasonography unit, a 5-MHz Acuson 128 color
doppler ultrasonography system, and Philips DVTI 2 digital subtraction unit were
used in our study. '

RESULTS

Of the 52 patients examined, 38 failed to demonstrate a compensatory
collateral circle, or at any rate a hemodynamically functional collateral citcle. These
38 patients were excluded from our study. The remaining 14 patients (6 men, 8
women; age range: 27 to 67 years) who were enrolled in the study were found to
have a functional compensatory collateral circle.

In 7 patients (3 men, 4 women), the collateral circle comprised the cervical
branches; in 6 (3 men, 3 women), a combination of cervical branches and the
occipital artery, and in a single case (female), only the occipital artery.

In the 7 cases in which the cervical branches constituted the compensatory
circle, the vertebral artery occlusion was localized to its origin or close to it. In 5 of
these cases, the right vertebral artery was involved; in the other 2, the left. Figures 1
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to 4 summarize the doppler velocimetric tracings and the ultrasound tomographic
and angiographic findings in one of the 7 cases in which the vertebral artery was
obstructed at its origin, that of a 27-year-old woman with occlusion of the left
vertebral artery.

Figure 1 represents the doppler velocimetric tracings in the regions examined.
Note the presence of flow in the distal vertebral artery. It is reduced and irregular in
comparison to the flow in the contralateral vertebral artery, but nonetheless present
(frame A). Figure 2 demonstrates the ultrasound tomographic findings in the
vertebral artery. The lack of color enhancement indicates the absence of flow. Figure
3 is a reproduction of the angiogram.

In the six cases in which the collateral circle was established through a
combination of the cervical branches and the occipital artery, the occlusion of the
vertebral artery was localized to the origin in 5 cases and at the level of C6 in one.
In 3 cases, the right vertebral artery was occluded; in the other 3, the left.

Figures 4 and 5 illustrate the findings in the case of a 47-year-old woman with
right vertebral artery obstruction at the level of the C6 vertebra. Figure 4 demon-
strates the findings of ultrasound tomography. The interruption of blood flow is
evidenced by the abrupt curtailment of color enhancement above C6. Figure 5 is the
angiographic representation of the same finding.

Figure 6/1 illustrates the doppler velocimetry of various arteries, while figure
6/2 demonstrates the angiographic findings in a 56-year-old woman who had an
obstruction of the right vertebral artery. Note the presence of blood flow in the
right vertebral artery at the level of the ansa of the atlas. It is slightly reduced in
comparison with the contralateral vertebral artery (frame B). Furthermore, there is
evidence (frame C) of diastolic flow in the cervical branches that originate from the
costo-cervical and thyro-cervical trunks, as well as in the occipital artery (frame D).
These findings confirm that these vessels supply a compensatory circulation to a
territory of lower resistance, such as the vertebral arteries. Manual compression of
the cervical and occipital zone causes the cessation of flow in the vertebral artery at
the level of the ansa of the atlas. This manoeuvre confirms the origin and functional
importance of these collateral circles.

The case of obstruction of the right vertebral artery (in a 42-year-old woman)
in which the collateral circle was supplied but the ipsilateral occipital artery was
completely identical to the preceding case, with the exception that there was no
compensatory circle through the cervical collaterals.

Figure 7 illustrates the collateral circles described up to this point.

Among the 14 patients examined, we noted that less severe symptoms cotre-
sponded with those who had developed a more extensive collateral circle. In fact, 10
of them (3 men, 7 women) had reported only non-specific complains that were not
clearly referrable to insufficiency of the vertebral circulation. Three others (1man, 2
women) presented with visual disturbances that were mostly reported as «flames» or
«scintillation». Only one woman complained of recurrent episodes of «objectives
vertigo.
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DISCUSSION AND CONCLUSIONS

It appears from our study that, in cases of vertebral artery obstruction, the
frequency of functional compensatory circle is rare with respect to cases of internal
carotid artery obstruction (Franceschi, 1986; Hennerici, 1987; von Reutern, 1992).
In part, this may be explained by the frequent presence of adequate compensation
through the contralateral vertebral artery; in part, it is explained by the anatomic
difficulty of developing a collateral circle among the cervical branches, the occipital
artery, and the vertebral artery.

Another finding is the higher prevalence of occlusions among women as
compared to men and in the right vertebral artery as compared to the left, even
though these data are not statistically significant. Furthermore, it must be empha-
sized that there is an inverse correlation between the severity of the symotomato-
logy and the functional adequacy of the collateral circle. The finding of vertebral
artery occlusions that we have reported does not correlate with age. As a matter of
fact, occlusions were more frequent between the ages of 27 and 35. This suggests a
high frequency of congenital abnormalities, which may predispose to occlusive
events.

The possible establishment of a functional collateral circle confirms the impor-
tance of knowing the pathways through which such circles are formed, even if they
are found in only a minority of cases. This is important, both for therapeutic and
prognostic purposes. Since vascular surgery in this region is extremely delicate, it
would be absurd to intervene in cases in which a sufficient collateral circle had been
established. Problems associated with the vertebral arteries are always very contro-
versial, since their clinical manifestations are extremely frequent between the ages
of 20 and 80, and there is a great deal of confusion regarding this issue (Loeb and
Meyer, 1965; Marshall, 1972; Hennerici, 1991). This increases the importance of
understanding the anatomy of the collateral circles and justifies the great devotion
of research to a filed that may otherwise appear to be of only slight interest.

Arrived 22[10/93. Accepted 27/11/93.

REFERENCES

Aaslid R, (ed). 1986. Transcranial doppler sonography. Springer, Wien.

Chiarugi G, Bucciante L. 1975. Istituzioni di Anatomia dell’Uomo, Vallardi, Milano.

Dauzat M, Laroche JP, De Bray JM, Juhel P, Becker F, Cesari JB, Jonnart L, Domergue A,
Carette J, Davaufferrier R, Heyden D, Maugin D, Vonsgouthi S, Davinroy M. 1986. Pratique de
P'ultrasonographie vasculaire (Doppler echografie), Vigot, Paris.

Davies DV and Davies F. 1962. Gray’s Anatomy, Longmans, London, 754-865.

Falcone C. 1950. Trattato di Anatomia umana, 1. Vallardi MIlano, 468-606.



The Anatomy and Clinical Importance etc. 157

Franceschi C, Luizy F, Jardin M, Martelli L, Tanitte M. 1980. La carotide externe sous-
parotidienne: un point de compression méconnu mais de grande valeur diagnostique: Ultrasons, I:
295-298.

Chigi C. 1946. Anatomia umana Normale, I.L.U.C.E., Bari, 420-441.

Gray’s Anatomy, Longman Group L.T.D., London, 1989.

Gulisano M, Zecchi S, Pacini P, Orlandini GE. 1982. The behaviour of some human arteries
as regards the corrected circumference: a statistical research. Anat Anz, Jena, 152: 341-357.

Hennerici M, Neurburg HD. 1991. Diagnostica vascolare con ultrasuoni. Il Pensiero
Scientifico Editore, Roma.

Hennerici M, Hulsbomer HB, Hefter H, Lammerts D, Rautemberg W. 1987. Natural
history of asymptomatic extracranial arterial disease. Results of a long-term prospective study.
Brain, 110: 777-791.

Hyrtl G. 1893. Istituzioni di anatomia dell'uomo. Pasquale, Napoli, 781-826.

Kani I. 1910. Systematische Lichtungs und Dickenmessungen der groben Arterien und ihre
Bedeutung fur die Patologie der Gefabe. Virchows Arch Path Anat, Berlin, 201: 45-78.

Lambertini G, Bushe KA, Buschmann W, Linnert D. 1979. Kopf, teil b, Gehirnund
Augenschadel. In von Lanz, T, Wachsmuth: Praktische Anatomie. Ein lehr-und Hilfe-buch der
Anatomischen Grundlagen arztlichen Handelns. Springer, Berlin.

Von Lanz T, Wachsmuth W. 1955. Praktische Anatomie. Ein lehr und Hilfsbuch der
Anatomischen Grundlagen arztlichen Bd. 1/2 Hals Springer, Berlin.

Loeb C, Meyer JS. 1965. Strokes due to vertebro-basilar disease, C Thomas.

Loteti F. 1963. Elementi di Anatomia Generale e di Embriologia del cuore, del pericardio e
dei vasi sanguiferi. Idelson, Napoli, 87-99.

Juster M. 1953. Calibre et valeur fonctionelle du tronc brachio-céfalique, de la carotide
ptimitive et de la sous-claviére. C R Ass Anat, Nancy, 40: 652-657.

Marshall J. 1972. A sutvey of occlusive disease of the vertebro basilar arterial system. In
Vinken JP and Bruyn GW: Handbook of clinical neurology, vol XII, North Holland.

Muratori G, Rossatti B. 1951. Modificazioni dimensionali e strutturali delle arterie ano-
nime, succlavia e carotide comune con I'etd. Boll Soc Ital Biol sper, Napoli, 27: 617-627.

Orlandini GE. 1970b. Sulle asimmetrie di ampiezza delle arterie carotidi interne e delle
arterie vertebrali nell'uomo. Studi sassaresi, 48: 1-7.

Pensa A, Favaro G. 1935. Trattato di Anatomia Umana Sistematica II. Utet, Torino, 44-51.

Pernkopf E. 1963. Atlante di Anatomia Sistematica e Topografica dell’'uomo, Piccin Edi-
tore, Padova.

Von Reutern GM, Budinge HJ. 1992. Sonografia doppler extra ed intracranica, Centro
scientifico ed, Torino.

Romiti G. 1890. Trattato di Anatomia dell’'Uomo, I. Vallardi, Milano, 803-928.

Schiele-Wiegandt V. 1880. Ueber Wanddi und Umfang der Arterien des menschlichen
Kotpers. Virchows Arch path Anat, Berlin, 82: 27-39.

Sobotta J, Becher H. 1974. Atlante di Anatomia dell’'Uomo, Uses, Firenze.

Spalteholz W, Spanner R. 1977. Atlante di Anatomia Umana, Vallardi ed. Milano.

Testut L, Latarjet A. 1959. Trattato di anatomia umana, II, UTET, Torino, 571-879.

Testut L, Jacob O. 1974. Trattato di Anatomia Topografica, UTET, Torino.

Versari R. 1932. Trattato di Anatomia umana, II, Vallardi, Milano, 393-398.

Vierordt H. 1906. Anatomische, physiologische und physikalische Daten und Tabellen.
Fischer, Jena, 172-177.

Address:

Prof. Craupio CaTiNI
Dipartimento di Anatomia
Umana Normale ed Istolgia
Policlinico di Careggi
50134 Firenze




158 Claudio Macchi - Claudio Catini

LEGENDS

Fig. 1. — Doppler velocimetry tracings; frame A: right and left vertebral arteries.

Fig. 2 — Ultrasound tomographic findings in the vertebral artery. The lack color enhancement
indicates the absence of flow.

Fig. 3. — Digital subtraction angiography. The large arrow indicates the left vertebral artery
(occluded at its origin) at the point at which the flow of blood is restored by means of the
cervical collateral arteries (indicated by the small arrow with the round tip) that arise from
the thyro-cervical and costo-cervical trunks.

Fig. 4. — Ultrasound tomographic findings in the right vertebral artety obstruction at the level of

the C6 vertebra. The interruption of blood flow is evidenced by the abrupt curtailment of
color enhancement above Cé.
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Fig. 5. — Digital subtraction angiography, right vertebral artery. The large arrow indicates the
vertebral artery at the level of C6, the point at which it is obstructed. The small, curved
arrows indicate the collateral cervical arteries that arise from the thyro-cervical trunk. The
small arrow with a square base indicates a branch of the occipital artery. All these arteries

contribute to the reperfusion of the vertebral artery at a point distal to the obstruction.
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g. 6/1, frames B, C, and D. — Doppler velocimetry tracings.

. 6/2. — Right vertebral artery. The clear arrows on the left indicate branches of the deep
ascending cervical artery. The small arrow with a square base indicates a branch of the
occipital artery. Together, they contribute to the reperfusion of the distal vertebral artery
(large, black arrow).
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Fig. 7. — Description of the cervical and occipital collateral circles.
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Fig. 3-4
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Fig. 5
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Fig. 6/1 - 6/2
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Fig. 7
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