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SUMMARY

Three cases of obstruction of a single common carotid artery were incidentally discovered by
Doppler ultrasonography. Interestingly, anterograde blood flow was demonstrable in the ipsilateral
internal carotid artery (ICA), even though it was distal to the obstruction Anterograde blood flow
was also observed in the intracranial portion of the internal carotid artery and in its branches that
were explored (the ophthalmic and middle cerebral arteries).

The blood flow was comparatively reduced and irregular with respect to that of the
corresponding contralateral artery, but nonetheless anterograde. Further studies by color Doppler
ultrasound revealed the presence of a collateral circle that passed through the superior thyroid
arteries. The prominent blood flow in the ICA ipsilateral to the occlusion originated from the
ipsilateral external carotid artery (ECA). In turn, the ECA was supplied by the contralateral ECA
through a collateral circle that made use of an anastomosis between the superior thyroid arteries.

In summary, the blood flow followed the following path: from the contralateral ECA and
supetior thyroid artery, through an anastomosis with the ipsilateral ECA. From this point, the
blood flow reached the ipsilateral ICA. Blood flowed from the thyroid artery to the ipsilateral
ECA, then flowed in a retrograde fashion toward the carotid bifurcation and toward the ICA,
since this vascular territory offered lower resistance to flow as compared to that encountered in the
distal ECA.

All three patients examined, a 58-year-old woman and 2 men of 52 and 64 years, had
presented with neurological deficits that subsequently almost completely regressed. The regression
of symptomatology indicates the clinical importance of the collateral circle and explains the
absence of serious neurological deficits in certain patiens affected by a pathologic process as serious
as the occlusion of a common carotid artery.
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INTRODUCTION

Our study was prompted by the observation of three patients who had been
referred by their primary physicians for Doppler ultrasonography of the carotid and
vertebral arteries. Occlusion of the common carotid artery was incidentally ob-
served at its origin. Contrary to expectations, blood flow was demonstrable in the
ipsilateral internal carotid artery (ICA) immediately distal to the bifurcation. This
flow, which is normally directed toward the brain, was also detectable in the
intracranial portion of the ipsilateral ICA and in its branches that we explored
(ophthalmic and middle cerebral arteries). All these arteries, which were explored
using Doppler and color Doppler techniques, were found to have anterograde blood
flow, albeit reduced and irregular with respect to that of the corresponding arteries
on the other side.

The aim of this study is to exactly define the anatomy of the carotid arteries of
the three patients; to correlate the presence of blood flow within the ICA ipsilateral
to the CCA occlusion to the presence of one or more collateral circles; to identify
the collateral circles; and to define their clinical significance.

MATERIALS AND METHODS

Our subjects were a 58-year-old woman and 2 men of 52 and 64 years. They
had been referred to us by their primary phisicians for Doppler ultrasound of the
carotid and vertebral arteries. The woman had first presented 20 years earlier with
left-sided hemiparesis from which she had complete neurological recovery. The 52-
year-old man had presented with transient right-sided amaurosis 7 days prior to out
examination. The 64-year-old man had presented with transient global amnesia 15
days before our evalutation.

In all three cases, the Doppler examination that was performed initially had
demonstrated the occlusion of one CCA at its origin. Subsequently, carotid,
vertebral, and transcranial color Doppler ultrasound examination were performed in
all three patients. These were followed by digital subtraction angiography of the
supraaortic vessels.

The following equipment was used: a bidirectional, continuous wave Meda
Sonics D9 Doppler ultrasound unit, an Acuson 128XP color Doppler system, and a
Philips VDI 2 digital subtraction system.

RESULTS

The three subjects initially underwent Doppler ultrasonography of the carotid
and vertebral arteries. The 58-year-old woman, who had presented with hemiparesis
20 years previously, had no elicitable residual neurological deficit at the time of our
examination; she had been referred to us as a diagnostic curiosity. We discovered an
occlusion of the right common carotid artery at its origin.

However, contrary to expectations, anterograde (though reduced and irregular
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in comparison with the contralateral ICA) blood flow was detected. There was also
a qualitatively and quantitatively normal flow of blood in the branches of the
- ophtalmic artery. In contrast, there was retrograde (that is, directed toward the
carotid bifurcation) blood flow in the ipsilateral ECA, which was detectable only in
the first half centimeter of the vessel (see Fig. 1, Frame 1).

These unexpected findings led us to perform further, diagnostic studies using
carotid, vertebral, and transcranial color Doppler techniques. Examination of the
carotid arteries with color Doppler ultrasound was performed on the same day as
the initial examination. This demonstrated thrombosis of the right CCA, which
extended from the point of origin of the vessel to 1 centimeter proximal to the
bifurcation. What is more, there was retrograde flow of blood in the ipsilateral ECA
originating from the supetior thyroid artery. This was clearly demonstrated by color
enhancement (see Fig. 2). :

Compression of the contralateral ECA at the level of the carotid bifurcation
was performed using the index finger of the examiner after it had been ascertained
that this vascular region was unaffected by atherosclerosis. The retrograde blood
flow in the ipsilateral ECA ceased during compression. This maneuver confirmed
that the blood flow observed in the right ECA originated in the contralateral ECA
by means of a collateral circle, which was later proved to make use of the superior
thyroid artery.

The subsequent exploration of cerebral blood flow by means of transcranial
color Doppler ultrasound demonstrated the presence of anterograde blood flow in
the middle cerebral artery ipsilateral to the occlusion. It was reduced and irregular
with respect to that of the cotresponding contralateral artery (see Fig. 1, Frame 2).
Digital subtraction angiography of the supra-aortic vessels was performed the next
day. This confirmed the Doppler ultrasound findings (see Fig. 3).

The second patient was a 52-year-old man. He had presented 7 days prior to
our examination with symptoms of transient right-sided amaurosis. The doppler,
color Doppler, and digital subtraction angiographic studies demonstrated a vascular
picture that was completely identical to that of the first patient. In this case, the
dynamic compression test also confirmed that the compensatory blood flow passed
through the superior thyroid arteries. The third patient, a 64-year-old man, had
presented 15 days prior to our examination with transient global amnesia. In this
case, we observed occlusion of the left common carotid artery. Consequently, the
collateral circle that connected the two ECAs through the anastomosis between the
two superior thyroid arteries flowed from right to left, rather than the reverse.

Figure 1 semi-schematically summarizes the Doppler velocimetry of the supra-
aortic and the direction of the blood flow in the collateral circle. Figure 4 schemati-
cally illustrates the anatomy of the collateral circles between the supetior thyroid
arteries through the «supra-isthmic», «infra-isthmic», and «retrolobar longitudinal»
anastomoses. In our study, the collateral circle was formed by the «supra-isthmics
anastomosis (labelled «A» in the figure), as confirmed by the angiographic investiga-
tion (see Fig. 3).
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DISCUSSION AND CONCLUSIONS

Our study has demonstrated how arteries that are apparently independent of
the cerebral circulation may constitute a functional collateral circle under special
conditions. As a consequence of occlusion of the common carotid artery, the
superior thyroid artery can assume a determinant significance in guaranteeing an
adequate supply of blood to the brain through the external carotids.

Several investigators have already described analogous cases of obstruction of
the common carotid artery in which a compensatory blood flow was established
through the thyroid arteries (Franceschi, 1980; Dauzat, 1986), while other have
demonstrated the wide variability of neurological deficits caused by the same type
of occlusion of the carotid bed (Fazio, 1969; Pastore, et al., 1972; Stebbens, 1972).
However, the latter failed to precisely define the anastomosis between the superior
thyroid arteries that we have described by a comparison between color Doppler
ultrasonographic (extra- and transcranial) and angiographic findings.

Furthermore, the anatomic importance of the thyroid arteries was already well-
known in the relationship between the vascular bed and thyroid parenchyma
(Rindone, 1926; Fazzari, 1926). However, it was difficult to demonstrate that these
arteries could function as a temporary collateral circle in the event of carotid
obstruction.

With the assistance of ultrasonographic instruments such as color Doppler, we
have demonstrated that this hypothesis is not improbable. The superior thyroid
arteries are small-caliber vessels; 1 centimeter from their point of origin, their
diameter is only 1.7 +0.3mm. Nevertheless, this calibet permits the transit of a
sufficient amount of blood to sustain cerebral perfusion in most cases (Hennerici,
1991; Franceschi, 1992).

For example, it is known that a stenosis of the internal carotid artery (whose
mean diameter varies from 3.7 to 4.5 mm) of less than 809 is not hemodynamically
significant (Planiol, et al., 1972; Muller, 1972; Labauge, 1974; Franceschi, 1980).

This suggests that no possibility can be excluded a priori. Every artery, even
the smallest and apparently insignificant, may constitute the only, critical temporary
pathway in the event of obstruction of an important vessel, such as the common
carotid artery.

Awareness of the collateral circles is of great help to the clinician, because their
recognition and the definition of their hemodynamic importance is indispensable,
not only for formulating a prognosis, but also and especially for selecting one
therapeutic plan rather than another.

Arrived 10/3/93. Accepted 22/3/93.
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FIGURE LEGEND

Fig. 1 — A semi-schematic representation of the Doppler velocimetry of the supra-aortic trunk of
the 58-year-old patient who had presented with occlusion of the right common carotid artery.
A: supra-isthmic anastomosis between the superior thyroid arteries; $S: subclavian arteries;
CC: common carotid arteries; TT: superior thyroid arteries; EE: external carotid arteries; II:
internal carotid arteries; QO: ophthalmic arteries; MM: middle cerebral arteries.

Frames 1 and 2: see references in text. DX: right; SN: left.

Fig. 2 — Carotid color Doppler of the 58-year-old patient (right view). Note the retrograde blood
flow (blue) in the external carotid artery (EC), the flow of blood in the superior thyroid
artery (arrow), and the anterograde blood flow (red) in the internal carotid artery (IC). There
was no detectable blood flow in the common carotid artery (CC), since it was obstructed at
its origin.

Fig. 3 — Digital subtraction angiography of the supra-aortic trunk of the 58-year-old patient. The
right common carotid artery is obstructed, and there is anterograde blood flow in the
ipsilateral internal carotid, which is supplied by the contralateral superior thyroid artery be
means of the supra-isthmic anastomosis (atrow).

Fig. 4 — Anastomoses between the thyroid arteries. A supra-isthmic anastomosis; CC: common
carotid arteries; II: internal carotid arteries; EE; external carotid arteries; TT: superior
thyroid arteries.
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Fig. 2-3
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Fig. 4




