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Summary. A 43-year-old male with a left hemiparesis due
to brain-stem infarction associated with bilateral persis-
tent trigeminal arteries is reported. The clinicopathologi-
cal and radiographic significance of persistent carotid-ba-
silar arterial anastomoses in vertebrobasilar territory
ischaemic attacks is also discussed.
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Although the primitive trigeminal artery (PTA) is the
most common type of persistent carotid-basilar arterial
anastomosis, and is estimated to be present in 0.1-0.6 % of
individuals in large angiographic series [1-5], bilateral
PTAs are extremely rare. We could find only two cases of
angiographically demonstrated bilateral PTAs [6, 7). The
clinicopathological significance of persistent carotid-basi-
lar arterial anastomoses has not been clarified, because
most cases have been shown incidentally by angiographic
exploration of subarachnoid haemorrhage [3, 8-11], cra-
nial nerve problems [12], brain tumours [1, 13], head in-
jury [14] or cerebral ischaemia [15-22]. In these cases,
brain-stem circulation would be principally via a persis-
tent carotid-basilar anastomosis. Therefore, the clinicopa-
thological and radiographic features of these cases should
be investigated to clarify the pathogenesis of vertebroba-
silar insufficiency.

We describe a case of brain-stem infarction in a patient
with bilateral PTAs and discuss the clinicopathological
features in brain-stem ischaemia with carotid-basilar arte-
rial anastomoses.

Case report

A 43-year-old right-handed man complained of left-sided weakness
and impaired sensation involving the face. He was alert but hyper-
tensive (170/86 mmHg) on admission. Positive findings on neuro-

logical examination were left hemiparesis and numbness. Routine
laboratory examination revealed normal haemoglobin, haematocrit,
red blood cells, platelet count and blood sugar. An electrocardio-
gram did not reveal arrhythmia or atrial fibrillation.

Although CT on admission showed no evident lesion, 4 days
later a small low-density area could be seen on the right side of the
pons. Cerebral blood flow was investigated by the xenon 133 inhala-
tion method using single photon emission computed tomography,
which did not demonstrate an evident low-perfusion area. Cerebral
angiography was performed via the femoral route. Bilateral com-
mon carotid artery injections revealed mild stenosis (20-30%) of
both carotid bifurcations. A selective right internal carotid angio-
gram demonstrated a PTA, through which the contrast medium
flowed into the basilar artery, giving excellent visnalization of the
contralateral posterior cerebral (PCA) and both superior cerebellar
arteries (SCA) (Fig.1a,b). The vertebrobasilar arterial system
proximal to the PTA was poorly seen. The ipsilateral PCA was vi-
sualized via a well-developed posterior communicating artery. A left
internal carotid angiogram revealed another PTA, through which
only the ipsilateral SCA was filled (Fig. 1 ¢,d). The vertebral arteries
were investigated by intra-arterial digital subtraction angiography.
There was no visualization of either vertebral artery origin from the
subclavian arteries. The left vertebral V2-V4 segments filled via col-
laterals, along with the thyrocervical and occipital arteries (Fig.2).
Magnetic resonance imaging (MRI) at 1.5 T demonstrated brain-
stem infarction, seen on T2-weighted images as a heterogenous high-
intensity area on the right side of the upper part of the pons (Fig.3).

As neither occlusive atherosclerotic lesions nor sources of embo-
li could be definitely identified, the patient was treated conservative-
ly. During 3 months of rehabilitation his motor function recovered
gradually, enabling him to walk without support.

Discussion

The PTA arises where the internal carotid artery leaves
the carotid canal and enters the cavernous sinus. The
first angiographic description of this vessel was by Sut-
ton [23], and it has subsequently been found not to be
rare. To our knowledge, however, bilateral PTAs are ex-
tremely rare: even when other types of persistent ca-
rotid-basilar anastomoses are included, only six cases
(including ours) are to be found in the English literature
[6, 7, 24, 25]; their clinicopathological features are sum-
marized in Table 1.
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Saltzman [26] classified PTAs as follows: type I, the
PTA supplies the entire vertebrobasilar arterial system
distal to the anastomosis with poor filling of the posterior
communicating artery; type 11, the PTA mainly fills the
SCA on both sides, while the PCA receives its blood
through the posterior communicating artery; type III
combines the two. Other rare types have been reported,
such as those directly filling the ipsilateral SCA [27], ante-
rior [28] or posterior inferior cerebellar arteries [29]. In
our case, the right PTA supplies the craniad basilar artery,
contralateral PCA and both SCAs, and the left PTA fills
only the ipsilateral SCA.

With the advent of angiography persistent carotid-ba-
silar anatomoses have been discovered as coincidental an-

Fig.1. Cerebral angiograms demonstrate bilat-
eral primitive trigeminal arteries (arrows)

Fig.2. Intra-arterial digital subtraction arch aor-
togram does not define the origin of either verte-
bral artery from the subclavian artery. In the
upper cervical region, the left vertebral artery can
be seen filling through anastomoses (arrow)

Fig.3. MRI demonstrates heterogeneous high-in-
tensity in the right side of the upper pons (arrow)

giographic findings in patients with head trauma, tu-
mours, subarachnoid haemorrhage and vertebrobasilar
ischaemic attacks. Various researchers have attempted to
correlate these persistent embryological arteries with
other intracranial lesions. Eadie et al. [2] pointed out that
the only significant association is between an isolated ocu-
lomotor palsy and a persistent trigeminal artery. However,
there have been several reports of patients with a carotid-
basilar anastomosis presenting with vertebrobasilar terri-
toryischaemia. In general, brain-stem ischaemia has been
ascribed to vertebrobasilar arterial occlusion due to athe-
rosclerotic lesions [30, 31], embolism [20-22, 32] and ex-
ternal compression [33]. The circulation in the vertebro-
basilar arterial system is known to be very complicated in



Table 1. Clinical and angiographic features of bilateral persistent carotid-basilar arterial anastomoses

Authors (year) Age Sex Symptoms Anastomoses Vertebral arteries Diagnosis
(years)
Karasawa et al. 28 F Headache (SAH) LPOA L occluded Angiomatous
(1976) RPTA R occluded malformation
39 M Unconscious, headache, vertigo  Bil. PHA L absent SAH
(SAH) R thin
Binet and Young 60 F Gait disturbance, headache Bil. PTA L small Cerebellar
1977) R absent tumour
Taguchi et al. 45 F Double vision, exophthalmos Bil. PTA L hypoplastic Hyperthyroidism
(1978) R normal
Tanaka et al. 69 F Hemiparesis, dysphasia RPTA L hypoplastic Middle cerebral
(1983) L proatlantal artery R not defined artery occlusion
Present case 43 M Hemiparesis Bil. PTA Both absent from origin ~ Brain-stem
infarct

F, Female; M, male; SAH, Subarachnoid haemorrhage; L, left; R, right; Bil., bilateral; PTA, primitive trigeminal artery; POA, primitive otic

artery; PHA, primitive hypoglossal artery

occlusive diseases because of well-developed collateral
channels. For example, even with bilateral vertebral ar-
tery occlusion, the clinical features and outcome are very
variable [30, 31]. Caplan [30], reviewing 31 bilateral verte-
bral artery occlusions, suggested that the pathogenesis of
vertebrobasilar ischaemic attacks in this condition was
due principally to chronically reduced vertebrobasilar
perfusion pressure and that extracranial-intracranial by-
pass would be effective in some cases.

The vertebral arteries tend to be hypoplastic or under-
developed when the posterior circulation is mainly sup-
plied via persistent carotid-basilar arterial anastomosis. In
our case, neither V1 segment could be observed by arch
aortography; only the left V2-V4 segments were seen, fill-
ing via collateral vessels in the neck. The ischaemic lesion
was situated in the upper part of the pons, supplied by the
basilar artery through the right PTA-basilar artery system.
Accordingly, in patients with a persistent carotid-basilar
arterial anastomosis three might be two possible mechan-
isms of brain-stem ischaemia: low-perfusion pressure in
the vertebrobasilar system and embolization from the
stenotic carotid lesions and/or the heart.

Five cases of embolic stroke with a carotid-basilar an-
astomosis have been reported [20-22]. Angiographically,
they showed causative stenoses of the cervical internal ca-
rotid artery and were successfully treated by carotid
endarterectomy. The results of operation indicated the
pathogenesis in these cases would be microembolism orig-
inating from the cervical internal carotid artery, through a
persistent carotid-basilar anastomosis.

In their review of the literature, Stern et al. [21] sug-
gested that there might be a higher incidence of posterior
fossa ischaemic attacks associated with persistent ca-
rotid-basilar anastomoses than previously thought. As
Naritomi et al. [34] suggested, haemodynamic factors and
dysautoregulation could also play a part in the pathogen-
esis of vertebrobasilar territory ischaemic attacks. Thus,
the circulatory effects of a persistent carotid-basilar anas-
tomosis should be investigated in detail to assess its clini-
copathological significance in vertebrobasilar insuffi-
ciency.
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