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SUMMARY

Complete occlusion of the internal carotid artery is not necessarily associated with total
disruption of cerebral blood flow distal to the site of the arterial obstruction. In fact, the flow of
blood may be sufficient to maintain cerebral perfusion. This is accomplished by the shunting of
blood from the external to the internal carotid artery by means of collateral circuits. While several
major branch arteries of the external carotid artery may be recruited in this process, the
ophthalmic artery is often the final common pathway before the anastomosis with the internal
carotid artery.

With the aim of elucidating these collateral circles, digital subtraction angiography was used
to examine 100 patients with total occlusion of the internal carotid artery. These data were
compared with those obtained using Doppler ultrasound, duplex scanning, and transcranial
Doppler. Forty patients were excluded because there was no demonstrable collateral circulation,
because the collateral circulation used the communicating arteries, or because the ophthalmic
artery arose from the middle meningeal artery.

Dynamic data were obtained by compressing the branches of the two external and common
carotid arteries, and the blood vessels were identified by comparison with previous anatomic
studies. We have constructed a precise map of the intra- and extracranial circles that connect the
internal and external carotid arteries through the pathways that include the ophthalmic artery.
This map demonstrates why apparently identical vascular occlusions may have divergent sympto-
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matologies and clinical outcomes, which may range from the complete absence of symptoms to
cerebral infarction.

INTRODUCTION

It is commonly observed that the clinical manifestations of complete occlusion

of the internal carotid artery are extremely variable. On the one hand, it may cause
infarction of cerebral tissue in that arterial distribution; at the other extreme, there
may be no neurological manifestations whatsoever. Undoubtedly, this reflects
_differences among the various etiologies of arterial occlusion. However, the pre-
sence of a collateral circulation between the patent external and occluded internal
carotid arteries is critical to the maintenance of cerebral blood perfusion by the
latter.

In this respect, the ophthalmic artery is a particularly significant branch of the
internal carotid artery. Several other investigators have reported their observations
on the clinical significance of the collateral circulation between the internal and
external carotid arteries (ICA and ECA, respectively) through the ophthalmic
artery (Dauzat, et al., 1986; Hennerici, 1991; von Reutern, 1992; Franceschi,
1992). It has been reported that, in the even of ICA occlusion, these collateral
circles can preserve cerebral blood flow by shunting the flow of arterial blood from
the ECA to a point in the ICA distal to the occlusion (Vogeslang, 1962; Dauzat, et
al., 1986; Franceschi, 1992; von Reutern, 1992).

Nonetheless, there is a considerable degree of discordance among descriptions
of the anatomy of the ophthalmic artery and its branches, as well as its anastomoses
with the branches of the ECA (Chiarugi, 1912; Chiarugi and Bucciante, 1975;
Pernkopf, 1963; Testut and Latarjet, 1972; Testut and Jacob, 1974; Sobotta and
Becher, 1974; Spalteholz and Spanner, 1977; Gray, 1973 and 1989). What is more,
the nomenclature is confusing: the same artery is often assigned different names,
even in the same study.

We have studied 100 patients who had presented with occlusion of a single
carotid artery. They were examined by digital substraction angiography, Doppler
ultrasound, duplex scanning, and transcranial Doppler. By comparing our findings
with previous anatomic (Chiarugi, 1912; Chiarugi and Bucciante, 1975; von Lanz,
1955; Hayreh, 1962; Pernkopf, 1963; Gray, 1973 and 1989; Testut and Jacob,
1974; Testut and Latarjet, 1972; Sobotta and Becher, 1974; Spalteholz and Span-
ner, 1977), angiographic (Vogeslang, 1962; Zulch, 1969; Hass, 1968; Wiedner,
1976; Huber, 1979), and ultrasonographic (Aaslid, 1986; Dauzot, et al., 1986;
Hennerici, 1991; Franceschi, 1992; von Reutern, 1992) studies, we have mapped
the circulation of the intra- and extracranial circles between the ICA and ECA
through the ophthalmic artery. In particular, we have defined the anastomoses
among the branches of the ophthalmic artery and the branches of the ECA.
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SUBJECTS AND METHODS

Subjects

One hundred patients (46 men and 54 women; age range, 48 to 86) with an
extracranial occlusion of a single internal carotid artery (ICA) were identified by
Doppler and color Doppler ultrasonography. The vascular structures were further
studied by digital subtraction angiography and transcranial Doppler. Using manual
compression, dynamic tests were performed during Doppler ultrasound examination
of the following arteries: the common carotids (CCA), the contralateral internal
carotid, the facial, the mental, and branches of the superficial temporal artery. In
order to avoid the eventual complication of plague embolization, compression of the
CCAs was performed only after it had been confirmed that the compression points
were patent and free of atherosclerotic disease.

Of the 100 patients, 40 were excluded. Sixteen patients were excluded on the
basis of the presence of a compensatory circuit through the anterior or posterior
communicating artery; 20 were excluded because they had no demonstrable colla-
teral circulation; and 4 were excluded because the ipsilateral ophthalmic artery arose
from the middle meningeal artery, rather than the ICA. Since the ophthalmic artery
has been reported to arise from the middle meningeal artery in 4 to 5% of normal
subjects, it cannot be determined whether the collateral circulation is a result of the
ICA occlusion or congenital.

The remaining 60 patients were found to have collateral circles between the
ECA and ICA through the ophthalmic artery.

Materials

The carotid angiographies were performed by digital subtraction using a
Philips DVI 2 system. The Doppler ultrasound studies were performed using
continuous wave Doppler (Meda Sonic D9) and transcranial pulse wave Doppler
(EME, Tc2 64) ultrasound systems. Color Doppler studies were performed with a
color duplex machine by Acuson (models 128 and 128 XP).

RESULTS

Of the 60 patients who were studied, the ICA of 16 patients was found to be
supplied by the ECA through a collateral circle that comprised the facial, angular,
and ophthalmic arteries. In 13 patients, the ECA communicated with the ophthal-
mic artery by means of the superficial temporal artery, which anastomosed with
either the supraorbital or supratrochlear artery. The supraorbital anastomosis was
predominant. Two patients demonstrated a collateral circulation through the maxil-
lary and infraorbital arteries by means of the angular artery.

In one instance, the compensatory circulation was supplied by the contralateral
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ECA by means of anastomoses between the contralateral supratrochlear and dorsal
nasal arteries. In another case, the collateral circle comprised the maxillary, infraor-
bital, and medial and lateral branches of the palpebral arteries.

The collateral circulation of 27 patients was found to reflect a combination of
the preceding findings.

Of the 20 patients who were excluded because of the apparent absence of a
collateral circulation, 9 were completely asymptomatic. Although they wete not
angiographically demonstrable, the lack of symptomatology suggests that they
nonetheless had an unusual compensatory collateral circle, such as suggested in
Figure 2.

Figure 1 illustrates the extracranial ramifications of the main branches of the
ECA and their anastomoses with the ophthalmic artery and its branches. Most
significant among them are the superficial temporal, facial, and infraorbital arteries.
They anastomose with the ophthalmic artery by means of the supraorbital, supra-
trochlear, and angular arteries. The supratrochlear artery, which arises from the
ophthalmic artery at the level of its nasal branch, anastomoses not only with the
ipsilateral supraorbital artery, but the contralateral supratrochlear artery.

In addition to the collateral circles illustrated in Figure 1, Figure 2 schematically
illustrates the intracranial collateral circles through which the ECA and ICA
communicate.

Of note, there is a very rich anastomotic circle that allows communication
among the palpebral and lacrimal arteries, branches of the maxillary artery (includ-
ing the middle meningeal, infraorbital, and deep temporal arteries), and the trans-
verse facial artery. There is a similar rich anastomotic network between the
sphenopalatine and dorsal nasal arteries.

DISCUSSION AND CONCLUSIONS

The findings of this study confirm that small arteries of little apparent
significance play a significant role in the maintenance of the cerebral circulation in
the face of an occlusion of the internal carotid artery. Blood flow through the ICA
can be supplied distal to the occlusion by retrograde blood flow through the
ophthalmic artery, which receives blood from the ECA through a variety of
collateral circuits. Although the arteries are frequently small, the flow of blood can
be sufficient to sustain cerebral circulation.

In the presence of an occlusion of the ICA, the variability of neurological signs
and symptoms may be explained by the variability in the efficiency and extensive-
ness of the collateral circles, even in patients affected by the same vascular
pathology. Familiarity with these collateral circles may contribute to the prognostic
assessment and the determination of the appropriate therapeutic intervention.
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Fig. 1
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Fig. 2
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