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Summary

Agenesis of carotid or vertebrobasilar arteries
with rete formation is rare. The anterior spinal
artery or posterior spinal arteries supplying the
posterior circulation with steno-occlusion or
agenesis of bilateral vertebral arteries is also un-
common. Here, we describe a very rare case of
concomitant segmental agenesis of bilateral ca-
rotid and vertebral arteries with collateral com-
pensations from the prominent anterior spinal
artery and posterior spinal arteries, as well as
some transdural arterial networks which were
considered a rete mirabile. We discuss its embry-
ological and anatomic significance.

Introduction

A carotid rete mirabile (“wonderful net” in
Latin) is rare in humans and is defined as a
transdural arterial network occurring at the
cavernous portion of the internal carotid artery
(ICA) . Since it was not present during normal
development of the cranial circulation in hu-
mans, the carotid rete mirabile was considered
a collateral pathway developing as a conse-
quence of segmental agenesis of the ICA 23.
Agenesis of vertebrobasilar arteries with rete
formation is even rarer than that of ICA. As far
as we know, ten cases of concomitant segmen-
tal agenesis of bilateral carotid and vertebro-
basilar arteries with rete formation have been
reported in the literature to date.

Retrograde flow from the anterior spinal ar-

tery (ASA) or posterior spinal arteries (PSAs)
reconstructing the intracranial vertebral artery
(VA) and basilar artery (BA) is an uncommon
collateral channel in case of bilateral VAs ste-
nosis or occlusion. An enlarged ASA supplying
the posterior circulation with segmental agen-
esis of bilateral VAs is exceptional.

Here, we describe a new case of concomitant
segmental agenesis of bilateral carotid and ver-
tebral arteries with collateral compensations
from the prominent ASA, PSAs, and some
transdural arterial networks which were con-
sidered a rete mirabile.

Case Report

An 18-year-old female presented with inter-
mittent headache, the first period of which oc-
curred when she was five years old. The patient
was then asymptomatic until one year ago,
when she suffered from recurrent head pain in
the left temporal area. Her medical history was
otherwise normal and neurologic examination
was negative. Laboratory test results of com-
plete blood count, C-reactive protein, erythro-
cyte sedimentation rate, anti-streptolysin O, an-
tinuclear antibody and complements were also
unremarkable. MRI scan of the brain demon-
strated left frontal and periventricular lesions
hyperintense on T2-weighted imaging which
suggested previous ischemic infarction. TOF-
MRA disclosed some anomalous flow voids in
the region of the cavernous sinus and around
the pons and medulla. Some prominent tortu-
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Figure 1 TOF-MRA images (A-D) and Cranial base CT images (E.F). A network of thin vessels (thin arrow) was observed
in the region of the cavernous sinus and around the pons and medulla. Some prominent tortuous vessels (arrowhead) were
disclosed in the craniocervical junction. Both ICAs terminated at the level of cavernous sinus (curved arrow), and both
MCAs and PCAs were supplied via a prominent BA and bilateral PComAs. Bilateral anterior cerebral arteries (ACAs)
(asterisk) were hypoplastic. Bilateral narrowed carotid canals were also revealed (thick arrow).

ous vessels were found in the craniocervical
junction. Bilateral anterior cerebral arteries
(ACAs) were hypoplastic, and bilateral middle
cerebral arteries (MCAs) were opacified
through a prominent BA and bilateral posteri-
or communicating arteries (PComAs). Lack of
flow in the bilateral carotid siphon was demon-
strated. Cranial base CT revealed bilateral nar-
rowed carotid canals (Figure 1).

Cerebral angiogram demonstrated that both
ICAs were hypoplastic beginning from the ca-
rotid bifurcation and terminating at the cavern-
ous sinus without typical moyamoya-like vessel
formation. Right internal maxillary artery
(IMA) branches filled the right ophthalmic ar-
tery (OA) and distal segment of right ICA
through a transdural arterial network, which
was considered an atypical carotid rete mira-
bile. An anomalous occipital branch of the right
external carotid artery (ECA) filled the BA via
a collateral network at the level of C1 cervical
vertebra and the prominent tortuous vessels at
the craniocervical junction (Figure 2). The dis-
tal segment of the left ICA was mainly supplied
by the reverse flow from the left PComA. A hy-
poglossal branch of the left ECA also supplied
the BA with another intradural network forma-
tion (Figure 3). An autosynangiosis, recruiting a
frontal branch of the right MMA, an occipital
branch of the left MMA, as well as a right mar-
ginal tentorial artery, developed to supply the
right posterior frontal lobe, left medial tempo-
ral lobe and left occipital lobe respectively.

Bilateral VAs terminated before entering the
cranium. The ASA and right posterior spinal ar-
tery (PSA) were both prominent and meander-
ing, and they were supplied by several radicu-
lomedullary arteries which set off from the right
cervical VA at the level of the seventh, second
(ASA) and fifth (PSA) cervical vertebra. The
left PSA were supplied by several other radicu-
lomedullary arteries which set off from the left
VA at the level of the fourth and second cervi-
cal vertebra. The BA was supplied by the ASA
and bilateral PSAs, instead of bilateral VAs, via
some collateral vessels at the level of the C1
cervical vertebra and the prominent tortuous
vessels at the craniocervical junction (vertebral
rete mirabile). The prominent BA then consti-
tuted the major route of blood supply to bilat-
eral MCAs via bilateral PComAs (Figure 4).
Bilateral PCAs and the right anterior inferior
cerebellar artery (AICA) were opacified
through the BA flow, while bilateral superior
cerebellar arteries, posterior inferior cerebellar
arteries and left AICA were not observed. The
cerebellum was mostly supplied by the bilateral
posterior meningeal arteries, which set off from
both ascending pharyngeal arteries.

Discussion
Carotid agenesis is a rare developmental

anomaly. According to Lasjaunias et al.4, when
segmental agenesis of the ICA occurs between
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the primitive maxillary artery and the dorsal
ophthalmic artery of the dorsal aorta in the hu-
man embryo, the “carotid rete mirabile” can be
observed to reconstruct the distal flow of the
ICA. The carotid rete mirabile has several
unique angiographic features: 1) a rich arterial
network supplied mostly by the branches of the
ECA, especially those of the IMA; 2) hypopla-
sia of the ICA beginning from the carotid bi-
furcation; 3) the supraclinoid ICA is not hypo-
plastic and is fed by the arterial network and
dilated OA; 4) no other abnormal vessels such
as moyamoya are found in the intradural circu-
lation; 5) bilateral lesions 5. According to the
aforementioned criteria, the transdural collat-
eral in the right cavernous portion in our case
can be considered a carotid rete, although it
was unilateral and did not seem as remarkable
as those in other reports. We postulated that
this might be because the distal right ICA and
MCA were mainly supplied by the prominent
BA and right PComA, instead of that transdur-
al collateral.

Agenesis of vertebrobasilar arteries with
rete compensation is even rarer than that of the
ICA. Hyogo et al.? first reported a case of bilat-

eral VAs agenesis with an abnormal arterial
network of intracranial VAs, which they called
“vertebral rete mirabile”, supplying the distal
VAs and the BA. To the best of our knowledge,
only ten cases of vertebrobasilar rete have been
reported in the literature, and all of them were
also associated with carotid rete (Table 1) 36714,
Among those cases, bilateral segmental agene-
sis of ICAs was observed in all; six cases had
bilateral transdural VAs agenesis with transcra-
nial rete formation, one had rete formation at
the proximal segment of the right intracranial
VA and duplication of the left VA, and four
had segmental agenesis of the BA with various
types of intradural rete. Here, a new case of
concomitant segmental agenesis of bilateral
transdural ICAs and VAs with rete formation
in the skull base is reported.

According to Padget?, the carotid rete is not
present in normal human development. Ma-
hadevan et al.8 considered the absence of the
ICA occurred by regression after its develop-
ment, and the carotid rete formed in early de-
velopment as a secondary collateral pathway
per se, when the embryonic carotid-vertebro-
basilar anastomoses such as primary trigeminal

Table 1 Literature reports of concomitant agenesis of carotid and vertebrobasilar arteries with rete formation.

@lthor Age | Gender | ICA agenesis | Vertebrobasilar Blood supply \
arteries agenesis of vertebrobasilar rete
[toyama et al. 40 M Bilateral ICAs | Transdural segment (V3/V4) | V3 and V4 muscular
of bilateral VAs branches of bilateral VAs
Hyogo et al. 37 E Bilateral ICAs | Proximal V4 segment V4 segment of right VA
of right VA
Mahadevan et al.| 39 I8 Bilateral ICAs | Transdural segment (V3/V4) | ASA, lateral spinal artery,
of bilateral VAs PICA
Weon et al. 14 F Bilateral ICAs | V4 segment of bilateral VAs | Proximal BA
Kim et al. 38 M Bilateral ICAs | BA V3 and V4 meningeal
branches of bilateral VAs
Li et al. 57 F Bilateral ICAs | Transdural segment (V3/V4) | ASA
of bilateral VAs
Sahin et al. 32 M Bilateral ICAs | Proximal BA V4 segment of bilateral VAs
Castro et al. 34 I Bilateral ICAs | Distal BA Collaterals between PICAs
and SCAs
Hong et al. 45 F Bilateral ICAs | Transdural segment (V3/V4) | ASA, V3 muscular branches
of bilateral VAs of bilateral VAs
Lee and Cha 28 M Bilateral ICAs | Transdural segment (V3/V4) | ASA, V4 segment
of bilateral VAs of bilateral VAs
Present case 18 F Bilateral ICAs | Transdural segment (V3/V4) | ASA, PSAs, an occipital
of bilateral VAs branch of right ECA
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Figure 2 Right carotid artery angiogram (A,C: RCCA in lateral and AP view; B: RECA in lateral view) and MIP images of
TOF-MRA (D). The right ICA was hypoplastic beginning from the carotid bifurcation and terminating after sending off the
right meningohypophyseal trunk (thick arrow). The 5t and 6™ segments of the right ICA were not opacified. A transdural
arterial network (atypical carotid rete) was demonstrated between the right OA and right MMA, deep temporal artery, fo-
ramen rotundum artery, and other distal branches of right IMA (arrowhead). The 7* segment of the right ICA (thin arrow),
right MCA and ACA were faintly opacified by the arterial network and right OA. Note that an occipital branch of the right
ECA supplied the BA (open arrow) via an anomalous collateral network at the level of the C1 cervical vertebra (curve ar-
row) and the prominent tortuous vessels at the craniocervical junction (asterisk).

artery and hypoglossal artery had already re-
gressed. They believed the cause of agenesis
and rete formation was similar for the ICA and
VA, since they shared the same common ve-
nous environment for the transdural portions.
For the present case, we also suppose the verte-
bral rete might develop as a result of the re-
gression of the transdural segments of both

VAs in the fetal or perinatal period. These can
be compared with Burger’s cases of bilateral
vertebrobasilar junction agenesis, in which the
collateral compensation was provided by a
prominent persistent (not regressed) carotid-
basilar anastomosis 5. Burger et al.!s believed
that the cause of vertebrobasilar junction agen-
esis for their two patients, might be the congen-
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Figure 3 Left carotid artery angiogram (A,C: LCCA in lateral and AP view; B: LECA in lateral view) and MIP images of
TOF-MRA (D). The left ICA was also hypoplastic beginning from the carotid bifurcation, the 5" and 6* segments were ta-
pered, and the 7 segment was mainly supplied by the reverse flow from left PComA (thick arrow). Abundant thin arterial
collaterals from sphenopalatine, inferior orbital and angular branches of the left IMA were observed in the nasal cavity,
ethmoidal sinus and ethmoidal planum (thin arrow). The A2 segment of the left ACA was also opacified by those collaterals
through their anastomoses with a fronto-orbital branch of the left ACA. Note that the fronto-orbital artery made a peculiar
“hair-pin” turn (arrowhead) in its proximal segment. A hypoglossal branch of the left ECA also supplied the BA (open ar-

row) with another intradural network formation (asterisk).

ital absence of the anterior radicular artery of
C1, and might be related to a common, as yet
unknown, mechanism interfering with the de-
velopment of such vascular segments at a spe-
cific moment of fetal life. Woodcock et al. ¢ also
reported a case of persistent bilateral primitive
proatlantal arteries with absence of both verte-
bral arteries at their origin.

Moreover, we assume the transdural portions
of ICAs in our case regressed simultaneously
with the VAs for some unclear reason. Due to
the paucity of blood flow in the forward direc-
tion from bilateral extracranial VAs and that of
the reverse direction from PComAs and ICAs,
the ASA as well as PSAs reconstituted the BA
via an alternative vertebral rete mirabile. That
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Figure 4 Bilateral VAs and BA angiogram. (A,C: Right VA in AP view; B,D: Right VA in lateral view; E: Left VA in AP view;

F: Left VA in lateral view). Bilateral VAs occluded before entering the cranium. The ASA (arrow) and the right PSA (ar-
rowhead) were both prominent and meandering and were fed by several radiculomedullary arteries which set off from the
right cervical VA at the level of the 7%, 2nd (ASA) and 5% (PSA) cervical vertebra. The enlarged left PSAs (curved arrow)
were supplied by several other radiculomedullary arteries which set off from left VA at the level of the 4 and 2 cervical
vertebra. The BA was reconstituted by the prominent ASA and PSAs via some collateral networks (asterisk) at the level of
C1 cervical vertebra and the prominent tortuous vessels at the craniocervical junction (open arrow) (vertebral rete). Bilat-
eral MCAs and PCAs were opacified through the prominent BA.

might explain why the ASA and PSAs became
enlarged and meandering. Only five cases of bi-
lateral carotid and vertebrobasilar agenesis with
the ASA or PSAs supplying the BA by rete mi-
rabile have been reported in the literature in-
cluding the present one (Table 1).

Retrograde flow from the ASA and/or PSA
reconstructing the intracranial VA and BA is
an uncommon collateral channel in patients
with steno-occlusion or aplasia of bilateral VAs.
Acquired and congenital compensation should
be differentiated. For the acquired condition,
most reported cases were middle-aged or eld-
erly patients with symptoms of posterior circu-
lation ischemia. Cerebral angiogram showed
atherosclerotic occlusion of bilateral VAs and
the collateral supply from the PComAs was

lacking or incomplete. Other intracranial ves-
sels often demonstrated diffuse atherosclerotic
disease as well. The ASA and PSAs were usu-
ally thin and ran straight 1-1°. The patient in our
case was young and had no risk factor of
atherosclerosis. The level of segmental agenesis
of VAs was bilaterally symmetrical. The en-
larged ASA and PSAs were supplied by multi-
ple cervical branches of both VAs, and provid-
ed the majority of the blood flow into the BA
and even the anterior circulation. The promi-
nence and meandering of the ASA, PSAs and
the anomaly vessels at the craniocervical junc-
tion indicated that they might have been an im-
portant part of the cerebral circulation since
the embryonic stage. In other words, they imply
congenital aspects in the present case.
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