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Abstract

Objects Carotid—vertebrobasilar anastomoses—the trigeminal,
otic, hypoglossal, and proatlantal intersegmental arteries—
serve as transitory channels between primitive internal carotid
arteries and bilateral longitudinal neural arterial plexus, which
is the precursor of future basilar artery, when the human
embryo reaches about 4-mm length.

Material and methods Normal and/or abnormal morpho-
functional aspects of the prenatal and postnatal forms of the
trigeminal artery are described according to personal and
literature data. Many arteries of similar origin and course are
also noted in the differential diagnosis of the trigeminal artery.
Conclusions The persistent primitive trigeminal artery, as the
most commonly carotid—vertebrobasilar anastomosis, has a
reported incidence of 0.03-2.2% in the literature. There is
female sex predilection, and it may be discovered in patients
of any age, on either side, and in association with many
vascular variants. Although the significance of persistent
primitive trigeminal artery regarding the development of an
aneurysm or association with another pathological condition
may not be clear, its (ab)normal morphology is the inspiration
for anatomists, especially for neurosurgeons, before planning
diagnostic and therapeutic procedures.
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Introduction
Development

The internal carotid, basilar, and vertebral arteries are
formed during the first three embryonic vascular stages,
respectively, which belong to the Congdon branchial period
(approximately 4-12 mm). The primary, or branchial, stage
appears at about 22 days of gestation and involves the
appearance of a vascular apparatus destined to become the
precursor of the posterior arteries. In the second, or post-
branchial, stage, the vascular apparatus is replaced by the
adult arterial system during a period that lasts about 18 days
[90].

During embryonic development, six pairs of aortic
arches are formed, coursing around the five branchial
arches by the 32nd day. The internal carotid artery
(ICA) originates from the dorsal aorta and the third
aortic arch at the 4- to 5-mm embryonic stage. The ICA
receives contributions from the upper intersegmental and
presegmental arteries, connecting the longitudinal neural
artery (LNA) on the ventral side of the hindbrain and
forming carotid—vertebrobasilar (trigeminal, otic, hypo-
glossal, and proatlantal intersegmental) anastomoses.
The proatlantal intersegmental artery (PIA) supplies the
caudal part of the LNAs until this embryonic stage,
when the developing vertebral arteries (VAs) take over
this function. The basilar artery (BA) becomes evident
in the 7- to 12-mm stage through the union of the
LNAs. The caudal end of every LNA reaches the
cervical region and anastomoses with the primitive
VAs ascending from the longitudinal anastomotic ves-
sels of cervical intersegmental arteries which are
branches of the dorsal aorta (Fig. 1). At the 11.5-mm
stage (34 days), the BA and VA are completely formed. At
approximately 15- to 17-mm crown rump length of the
embryo, the superior cerebellar artery (SCA) and anterior
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Fig. 1 Modified drawing of carotid—vertebrobasilar anastomoses at
the 4- to 5-mm embryonic stage (http://www.ajnr.org/cgi/content/
full/25/9/1622/F5). DAo dorsal aorta, ECA external carotid artery,
ICA internal carotid artery, VAo ventral aorta, CI4s cervical
intersegmental arteries, P74 primitive trigeminal artery, POA primitive
otic artery, PHA primitive hypoglossal artery, P4 primitive proatlantal
intersegmental artery

inferior cerebellar artery (AICA) on each side become
prominent [107].

The establishment of a primitive trigeminal artery (PTA)
according to Streeter [109], as quoted by Schmid [102], is
thought to be related to the development of the trigeminal
ganglion. The PTA regression is usually complete at the 45-
mm stage because of the subsequent development of the
posterior cerebral artery (PCA) which takes over blood
supply to the BA, the increased distance between the ICA
and BA, and the increased angulation between ICA and
PTA. The PTA usually regresses at its transdural segment
[136]. The persistence of the PTA in adults mirrors the 11- to
14-mm embryonic stage (4143 days).

The carotid—vertebrobasilar anastomoses are patent for a
period of 7 to 10 days. Why one of the carotid—vertebrobasilar
anastomoses persists into later fetal and adult stage or why a
vessel cannot be resorbed once it reaches a critical size is not
completely clear. It is thought that no rigid genetic program-
ming exists in the development of the cerebral blood vessels
and that the momentary needs in the dynamic process of the
developing brain continually reshape the vessels by formation,
regression, and anastomosis [110].

Developmental mirrors

Chambers and Lukin [18] pointed out embryologic data
about trigeminal variants. They noted that the ICA may
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provide the entire supply to any of the three main cerebellar
arteries through a persistent primitive trigeminal artery
(PPTA) that may furnish the dominant supply to an
undifferentiated group of vascular patches along the paired
LNAs. The dorsal neural vascular patches differentiate to
form the SCA or AICA or PICA, and the PTA retains its
primitive connection. The remaining LNAs fuse in the
midline as a BA with little or no connection with the
cerebellar artery fed from the ICA.

A common origin of the embryonic vessels may lead to a
common origin of their remnants [136]. Their coexistence
could be related to some underlying embryologic dysgenesis
or some common insult resulting in vascular maldevelopment
during the first several weeks of gestation [60].

Persistent primitive trigeminal artery
First literature data

An anomalous carotid—basilar anastomosis which passes
alongside the trigeminal root was, according to Lie [58],
first described by Quain [93]. Sutton [111], according to Lie
[58], was the first who showed PPTA on the arteriogram.

Incidence

Since the first angiogram in 1950, more than 100 cases
until 1967 have been described [76]. The incidences in the
recent study of O'uchi and O'uchi [87], including 103 cases
of PTA and so-called primitive trigeminal artery variants
(PTAVs), are as follows: 0.29% of PPTAs, 0.34% of
PTAVs, and 0.03% of the unclassified type of PPTAs.
However, a case described by Samra et al. [100] was the
only instance of PPTA in a series of 1,500 angiograms
(0.06%), while De Bondt et al. [22] revealed PPTAs in
2.2% of cases.

The PPTA is by far the most common of the three types
of persistent carotid—basilar anastomosis; the reason for its
relatively high incidence is related to the fact that it is the
major anastomotic channel of the presegmental arteries and
also the last to disappear [107].

Gender

Many decades ago, Wise and Palubinskas [25] noted six
female out of seven PPTA cases. However, in the recent study
of O'uchi and O'uchi [87], the male/female ratio was 17:31.

Aging

Khodadad [51] described three cases of the PPTA in
fetuses. Generally, the PPTA was documented as well in a
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female newborn [123], in an 83-year-old female case [91],
in a 6-month-old male [84], as well as in an 83-year-old
male case [79].

Left-right side appearance

There were different findings in many papers. Wise and
Palubinskas [137] discovered six left PPTAs in series of
seven cases, while Piotin et al. [92] observed PPTA on the
right side in five cases and on the left in three. The citations
from older literature regarding this anomaly, performed by
Abe and Suzuki [1], presented that the PPTA originated from
the right ICA in 15 and from the left ICA in 15 cases. The
laterality of the origin of all PPTAs in a recent study was as
follows: PPTA consisted of 16 right- and 32 left-sided cases
[87]. Bilateral PPTA was also described [6, 13, 82].

Origin

The PPTA usually originates from the cavernous portion of
the ICA [1, 2, 16, 27, 30, 38, 104, 108, 121, 125, 137], near
the posterior genu [10, 20, 83, 91, 129], or from super-
omedial portion of the horizontal segment of cavernous ICA
[110]. The vessel might originate from the medial [92, 102,
110], posteromedial [27], lateral [49, 92], posterolateral [91,
139], or posterior [36] aspect of the cavernous ICA. It was
also documented that PPTA arose from the aneurysm sac of
the right cavernous ICA [141]. The PPTA is located superior
to the oculomotor, trochlear, and abducens nerves and medial
to the ophthalmic branch of the trigeminal nerve and
trigeminal ganglion. The abducens nerve was seen coursing
just superior and contacting with PPTA, taking a ~90° course
over the ICA-PPTA junction [125]. The trigeminal and
abducens nerves enveloped in a thick membrane were
attached to the PPTA [66].

Some authors described that the PPTA might arise from
precavernous ICA [58, 89, 105] or about 1.5 cm below the
carotid siphon [40] or from preselar portion of the ICA [59,
60]. Other authors [131, 137, 138] described the PPTA
originating from supraclinoid (cerebral) ICA (Fig. 2). A
portion of the BA between the SCA and AICA [4, 102,
136] or part near the top of BA [97] gives off a PPTA.

Differentiation

1. The marginal tentorial artery arises from the cavernous
portion of the ICA at the identical location as a PPTA [58].

2. The meningohypophyseal trunk rises normally from the
posterior aspect of the ICA, about half an inch distal to
the origin of the PPTA [89]. Ohshiro et al. [79] found
that at the origin of the PPTA, the meningohypophyseal
trunk and the artery of the inferior cavernous sinus
branched off in an 83-year-old man.

I §

Fig. 2 Origin of the persistent primitive trigeminal artery (PPTA)
from the cerebral part of internal carotid artery (/CA) at cadaveric
specimen [131]. ACoA anterior communicating artery, A/ pre-
communicating part of the anterior cerebral artery, PCoA posterior
communicating artery, P/ pre-communicating part of the posterior
cerebral artery, P2 post-communicating part of the posterior cerebral
artery, BA basilar artery, SCAs superior cerebellar arteries, 4/CA
anterior inferior cerebellar artery

3. The middle meningeal artery may also arise as a branch
of the intracavernous portion of the ICA, as reviewed in
an anatomical paper [63].

4. The persistent primitive maxillary artery can originate
from the medial surface of the C5 portion of the carotid
siphon and can supply the posterior pituitary anasto-
moses with the contralateral one [92].

5. Congenital transverse carotid anastomosis originating
from the lower portion of one carotid siphon coursed
transversely in front of the pituitary stalk and terminated in
the normally developed lower portion of the contralateral
siphon [41]. In theory, the collateral vessel is thought to
arise from a union between two PTAs that have lost their
communication with the BA [35].

6. “PTAV” is a direct communication between the ICA
and some of the cerebellar arteries without any
interposition of the BA. This artery variant can
originate from the posterior portion of the intracaver-
nous ICA [96, 112, 116, 136] or from precavernous
ICA [70, 118, 120]. Anomalous cerebellar arteries are
paired in two groups. While the anterior group vessels
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were blushing the AICA territory completely [24, 47,
112, 120], the posterior group vessels supplied the most
of the PICA territory [18, 77, 95, 120]. Teal et al. [119]
were the first to report a case where the ICA supplied
the ipsilateral SCA circulation through a PTAV.

Course

The course of the PPTA is usually tortuous or multi-
segmental compared with other persistent primitive
arteries [87].

Initially, the PPTA courses through cavernous sinus [2,
49, 104] and emanates from the posterior wall of the
cavernous sinus [125], following either a para- or an
intrasellar course [1, 51, 91, 92]. The PPTA reaches the
posterior cranial fossa in two ways: (1) In about half of the
cases, the PPTA penetrates the sella turcica, runs in its own
groove, and perforates the dura mater near the clivus; (2) in
the other half of the cases, it runs extradurally after leaving
the cavernous sinus, between the sensory trigeminal root
and the lateral side of the sella in a groove of the posterior
clinoid process [88, 102]. The roof of this groove is formed
by the petroclinoid ligament [25]. The PPTA is fixed where
it penetrates the dural foramen, as well as is relatively fixed
where it joins the BA [69].

Kida et al. [53], as quoted by Arakawa et al. [9],
classified the PPTA, based on the position of the abducens
nerve, into lateral and medial (sub)types. These (sub)types
could relate to the PPTA [16] or the so-called trigemino-
cerebellar variants [9]. Among all 48 PPTA cases in the
study of O'uchi and O'uchi [87], there were 44 lateral and
four medial (sub)types. When the PTA originates from the
posterolateral aspect of the posterior bend of the cavern-
ous ICA, it crosses underneath and distorts the abducens
nerve, continuing between the abducens and trigeminal
nerves [2, 16, 20]. When taking a medial course, the PPTA
arises from the posteromedial aspect of the posterior bend
of the cavernous ICA and pierces the clival dura at the
dorsum sellae [20, 27, 38, 126]. The PPTA also proceeds
in close medial juxtaposition to the trigeminal ganglion
and penetrates through the sella turcica [16, 92, 102] or
courses in close relationship with the sensory root of the
trigeminal nerve [107] or with the trunk of trigeminal
nerve [66, 88, 108].

Length

The lengths of the PPTA at the intracavernous and
subarachnoid segments were 0.9 and 1.1 cm, respectively,
in a 68-year-old male and 3 cm in a 73-year-old female
cadaver [125]. The PPTA could be tortuous [59, 92, 114] or
of a trident shape [20].
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Branches

Some authors claim that no case has been reported in which
adult PPTA branched [89], contrary to the fetal one [51] or
trigemino-cerebellar variants [9].

Khodadad [51] suggested that the PTAs might become of
functional and clinical significance if they persisted, or it is
quite possible that some or all of PPTA branches gradually
become occluded after birth. Ohshiro et al. [79] noted that a
PPTA in the posterior fossa branched into two branches on
the way to the BA; one branch sent a feeding artery to the
left trigeminal root and a perforating artery to the pons, while
the other branch perforated directly into the pons. Suttner et
al. [110] noted that the PPTA gave off two branches: the
inferior hypophyseal and dorsal meningeal arteries. Takase et
al. [115] showed a branch of the PPTA to the brainstem,
while Yamada et al. [139] discovered the AICA from the left
PPTA. Tubbs et al. [125] described the superior hypophyseal
artery originating from the ICA—PPTA junction.

Termination

Generally, a communication of the PPTA and BA can
be between the origin of the SCA and AICA [16, 88,
91, 110, 139]. It was either at basilar midpoint [1, 15, 30,
37, 117, 121] or near the junction of the BA middle and
upper thirds [25, 141], or at a point between its proximal
three fifths and distal two fifths [51] or at the upper third
of the BA below the level of SCA [3, 10, 16, 27, 64, 129,
131] and in prepontine cistern [20, 91, 108]. The distance
from the origin of SCA to the union of PTA with the BA was
about 1 cm inferior to the origins of the SCA [54]; it ranges
from a minimum of 0 mm to a maximum of 12 mm [87].

A “trigemino-cerebellar variant” [55] or a “trigeminal
artery variant” [16] represents a junction of the PPTA with
one of the cerebellar arteries originating from BA. This
variant can connect the ICA and SCA [20, 83] or AICA [4,
9, 61]. A fenestration of the AICA could be a remnant of the
junction of a PPTA with the ipsilateral vessel [130] (Fig. 3).

A “stapedo-trigemino-cerebellar variant” was a large
anastomosis between the SCA and an accessory men-
ingeal artery originating from the ICA. Two modifica-
tions in the development of this stapedo-trigemino-
cerebellar variant were presented. One modification was
that the artery takes over the territory of the intracranial
branch of the primitive stapedial artery (the “stapedo-
trigeminal” variant) and the other was that the artery
takes over the territory of the SCA [55].

Caliber

The PPTA arising from the BA communicated with
cavernous ICA [4, 97, 102, 136]. The PPTA caliber could
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Fig. 3 Fenestration of the left anterior inferior cerebellar artery
(4ICA) in fetal case [130]. BA basilar artery, V4 vertebral artery.
Arrow, remnant of the persistent primitive hypoglossal artery

be relatively small [28, 40, 137], narrow [114], large [52,
135], or almost equal to the ICA [102, 105, 125]. The
diameter of the PTA could be equal to the BA above their
anastomosis [110]. The diameter of the PPTA can differ
before, at, and after the dural foramen. Before the foramen,
it might be 4 mm, at the foramen 1 mm, and after the
foramen could be 2 mm [79].

The PPTA caliber ranged from 1.7 to 4 mm in eight
cases reported by Piotin et al. [92]. Its caliber “in vivo” was
5 mm in a 30-year-old woman [50] and in a 68-year-old
male [125]; its caliber was 9 mm in a 73-year-old female
cadaver [125].

The condition of the carotid system
Internal carotid artery

Aplasia of the cervical and petrosal portions of the left
ICA [48], or a segmental dilatation of the left ICA [104],
or a tortuous and medial course of both ICAs [108] or a
kinking of the ICA at two levels [90] was associated with
PPTA.

Anterior cerebral artery

Uchino et al. [126] and Varghese [129] revealed an
azygos anterior cerebral artery (ACA) and left PPTA.
Wismer [138] revealed a hypoplastic pre-communicating
part (Al) of both ACAs, while Takase et al. [115]
discovered a hypoplasia of the left Al in the presence of
the right PPTA. The absence of the right A1 part [103] and

two cases of fenestration of the post-communicating part
(A2) of ACA were also noted [87].

Middle cerebral artery

Two cases of double middle cerebral artery (MCAs) are
revealed in association with PPTA [87].

Posterior communicating artery

As a rule, if the PPTA joins the BA between the SCA and
AICA, the PCoA may be absent; if it joins only SCA in that
case, the PCoA is large and supplies the PCA [42]. There
were descriptions of the PCoA aplasia [20, 39, 121, 129],
ipsilateral [4, 45, 51, 62, 92, 125], contralateral [20, 40, 92],
or bilateral [75, 92]. In some cases, the PCoA had
significant [10, 32, 37, 52, 68, 101, 110, 135, 137] or
normal caliber [33, 37, 40, 131]. It was also hypoplastic,
ipsilateral [3, 14, 65, 138], or opposite [39, 76] with PPTA.
A hypoplasia of both PCoAs was evidenced by some
authors [8, 52, 60, 102, 141]. Varghese [129] showed
termination of the right PCoA at the junction of the BA
with the right PCA. Previous findings are presented in
Fig. 4.

The condition of the vertebrobasilar system
Vertebral artery

There were findings of ipsilateral hypoplasia [10, 48, 50,
88, 121, 129, 131] or contralateral [101] or aplasia [76] of
the VA with PPTA. Hypoplasia of both VAs is also
documented [30, 44-46, 58, 60, 62, 65, 73, 102, 110,
135, 137].

In cases of unilateral [8, 25, 39, 89, 105, 137] or bilateral
PPTA [75], there was a termination of one VA into
ipsilateral PICA. One case of bilateral PPTA was associated
with a hypoplasia of the left VA and an aplasia of the right
VA [13], whereas another case was associated with aplasia
of the left VA [6]. A hypoplastic right VA of subclavian
origin and a large caliber of the left VA of aortic origin in
the presence of the left PPTA [131], or termination of
hypoplastic right VA at the atlas level [50], were also
documented. There were also notice of bilaterally normal
[4, 40, 51, 68, 94] or tortuous VAs [90] or unilaterally
dilatated VA [31, 84] in the presence of the PPTA.

Basilar artery
The part of the BA caudal to the point of junction with
PPTA can be normal [4, 40, 79, 87, 131], aplastic [75],

hypoplastic [8, 15, 20, 27, 34, 44, 46, 49, 58, 61, 65, 87,
102, 110, 113, 128, 129], or very hypoplastic [45, 87]. The
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Fig. 4 Drawings (a—j) of the posterior communicating artery (PCoA)
status in the presence of the persistent primitive trigeminal artery
(PPTA4). Normal PCoAs (a); bilateral PCoA aplasia (b); unilateral
PCoA aplasia, ipsilaterally (¢) and contralaterally (d); bilateral PCoA
hypoplasia (e); unilateral PCoA hypoplasia (f); aplasia and hypoplasia
of the PCoA (g); significant caliber of the PCoA, bilaterally (h) and
unilaterally (i); termination of the PCoA at the origin of ipsilateral
posterior cerebral artery (j). P/ pre-communicating part, P2 post-
communicating part of the posterior cerebral artery (PCA), SCA
superior cerebellar artery, B4 basilar artery, VA vertebral artery, 4ICA
anterior inferior cerebellar artery

PPTA usually supplies blood to both PCAs and SCAs via
the distal BA, and when it persists, there is no flow-related
stimulus for the BA proximal to the anastomosis to develop
along with the embryo. This fact could explain the frequent
association of BA hypoplasia with PPTA [83]. The degree
of BA hypoplasia might be proportional to the functional
importance of the PTA in the blood supply of the posterior
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circulation. The existence of BA hypoplasia allows easier
detection of a PPTA and can be considered as an ancillary
sign of PPTA (Fig. 5). In addition, above the anastomosis,
the BA might be doubled [40]. There were data about BA
elongation and dilatation [31, 84] or its segmental agenesis
[48, 136]. The termination of the BA in two SCAs [138] or
fenestration [39, 87] or tortuousity [90] of the BA could
also be associated with PPTA.

Cerebellar arteries

Some authors revealed duplication of the left or right SCA
[110, 129] or common trunks of AICAs and PICAs [79]
simultaneously with the presence of the PPTA.

Posterior cerebral artery

A case reported by Wismer [138] presented both PCAs as
final branches of the PPTA, while Lin et al. [59] discovered
the left PCA in continuation of the ipsilateral PPTA.
Khodadad [51] described bilateral hypoplasia of the precom-
municating part (P1) of the PCA in an 8-month-old fetus,
while Khodadad [52] and Wismer [138] discovered bilateral
hypoplasia of the Pl in adults. Hinck and Gordy [40]
described unilateral aplasia of P1 part opposite to the PPTA
side, while Pascual-Castroviejo and Lopez-Gutierrez [90]
evidenced its unilateral hypoplasia. A rich leptomeningeal
anastomosis between the left PCA and the left MCA was also
revealed in the presence of ipsilateral PPTA [32].

Saltzman’s angiographic types of PPTA

Saltzman [99], as quoted in the literature [24, 58], classified
a PPTA into two types according to the configuration of
ipsilateral PCA, while Kida et al. [53], as quoted by
Arakawa et al. [9] as well Uchino et al. [126], classified
PPTA types into lateral and medial subtypes (Fig. 6).

In #ype I, the BA, PCAs, and SCAs are supplied by the
PPTA. the PPTA inserts into the BA distally to the AICA,
but proximal to SCA. In this most common type, so-called
fetal type (posterior circulation depends on PPTA), the
ipsilateral PCoA is absent and the distal basilar system is
supplied by the PPTA [8, 14, 16, 27, 40, 41, 61, 65, 105,
129, 137]. A good filling of both PCAs and SCAs from the
VA is described as an adult type (posterior circulation is
independent of PPTA) [3].

In type 11, there is filling of the BA, the SCAs, and PCA
on the contralateral side; the PPTA joins the BA above the
origin of the SCAs. The homolateral PCA is supplied by the
PCoA [5, 8, 12, 24, 36, 40, 41, 61, 64, 70, 80, 85, 89, 95].

Occasionally, the PPTA represents a combination of these
two types [36], as a #ype III, with the anastomosis supplying
the SCA bilaterally as well as the contralateral PCA. In this
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Fig. 5 Double BA caliber distally
from the PPTA junction. Combi-
nation of findings based on three
postmortem specimens: a [102]; b
[137]; ¢ Case is obtained during
the routine autopsies at the De-
partment of Forensic medicine in
Nis, in accordance with the rules
of the internal Ethical Committee
(No. 01-206-1). VA vertebral
artery, BA basilar artery, ICA
internal carotid artery, PPTA per-
sistent primitive trigeminal artery,
P1 posterior cerebral artery—pre-
communicating part, P2 posterior
cerebral artery—post-communi-
cating part, PCAc posterior cere-
bral artery of carotid origin, PCAb
posterior cerebral artery of basilar
origin, /CoA “intermediate
communicating artery,” PCoA
posterior communicating artery

A)

case, the ipsilateral PCA is supplied by the PCoA [40, 70,
95], or both PCAs are supplied by PCoAs [80].

Association of carotid—vertebrobasilar anastomoses

Oertel [78], according to Djindjian et al. [25], revealed the
simultaneous presence of the persistent primitive hypoglos-
sal and trigeminal arteries. The PPTA was associated with
the persistent primitive otic artery (PPOA) in a 54-year-old
woman [141] as well as with the PPOA variant in a 17-
year-old male [122]. Bilateral proatlantal type 1 artery and
PPTA on the left side was revealed by magnetic resonance
angiography [90].

Differentiation

The characteristics of other persistent carotid—vertebrobasilar
anastomoses are reviewed with following data:

The PPOA should rise from the ICA, in the lateral
portion of the petrous carotid canal, close to the medial
turn; it should run through the internal acoustic meatus
with the facial and vestibulocochlear nerves and then
connect with the BA at a caudal point [132].

PPHA arises from the ICA as a large extracranial
branch at the level from C1 to C3 vertebra; it enters the
skull through the hypoglossal canal. The basilar artery
is filled only beyond the point where this artery joins it,
and the PCoAs are absent or not visible on the
angiogram [133].

Orificium

The PPIA originates either from the CCA bifurcation or
from the ECA or ICA; the level of its origin ranged from
C2 to C4 levels. It joins the VA in the suboccipital region
and traverses the foramen magnum [134].

Association with unusual congenital anomalies

Khodadad [51] found a rudimentary right arm and absent
right thumb in an 8-month-old fetus, while Okanischi et al.
[84] revealed aplasia of the lower half of the cerebellar
vermis in a 6-month-old boy. Klippel-Feil syndrome
(congenital failure in segmentation of two or more cervical
vertebrae) was associated with the left PPTA [88].

Status of the skull base

Schmid [102] draws an attention to the atrophy of the
dorsum sellae, while Anderson and Sondheimer [7] and Lin
et al. [59] described that PPTA indented it. Piotin et al. [92]
identified the canal of the PPTA in the dorsum sellae on axial
CT image. Tubbs et al. [125] pointed out that the petrous
apex of the temporal bone was slightly eroded by the PPTA.

Physiology

As arule, blood in the PPTA flows from the ICA to the BA
[41]. Some authors have stated, as quoted by Ali et al. [5],
that the proximal portion of ICA may become occluded in
the fetus and that to maintain adequate blood supply to the
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Fig. 6 Drawings of two Saltzman-type persistent primitive trigeminal
artery (PPTA4) modified according to Uchino et al. [126] and Lie [58].
Lateral (a) and medial (b) subtypes of Saltzman type I. Lateral (¢) and
medial (d) subtypes of Saltzman type II. Broken line marks a course of
the PPTA. ICA internal carotid artery, BA basilar artery, PCoA
posterior communicating artery, P/ pre-communicating part of the
posterior cerebral arteries (PCAs), SCAs superior cerebellar arteries

forebrain, the PTA must persist and transport blood from
the BA to the ICA in a retrograde fashion. In addition,
angiographic studies of the VA have also disclosed a
reversed type of flow [81, 85, 105, 114], similar to the
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circulation in the PCoA [60]. A filling of the PPTA from
the cavernous ICA to the midpoint of the BA was also
visible after recanalization, indicating a reversal flow in the
PPTA [30]. In an early phase of the carotid angiogram, the
posterior circulation could be visualized via a well-working
ipsilateral PCoA and PPTA [15, 35, 37].

The PPTA may itself play a role in additional blood
supply to the oculomotor nerve [57]. The PPTA is a
possible cause of significant differences in retinal artery
pressures [17].

Radiologically, PPTA induces an abnormal flow void
coming off the posterior aspect of the cavernous ICA and
running a somewhat horizontal course posteriorly to the
BA; the combination of the vertical and horizontal seg-
ments of the ICA and the proximal portion of the PPTA
creates the outline of the Greek letter “t” or tau (T) sign
[19, 57].

Pathologic physiology and pathologic anatomy

Generally, carotid—vertebrobasilar anastomoses may cause a
diversion of blood from the cerebral hemisphere to the
infratentorial arteries in patients with a seizure disorder, leading
to ipsilateral cerebral ischemia [42]. An obstruction of the
PPTA perforating branch has also been implicated in the
development of ischemic damage to the brainstem [3, 115].

In patients with a persistent carotid-basilar arterial
anastomosis, there might be two possible mechanisms of
brainstem ischemia: low-perfusion pressure in the verte-
brobasilar system and embolization from the stenotic
carotid lesions and/or the heart [82]. As angiograms of
patients with a PPTA show flow direction of the anasto-
mosis from the ICA to the BA, this explains why patients
with carotid stenoses proximal to the PPTA may develop
embolic infarcts in the territory of the posterior circulation
[30]. Although the PPTA has been implicated as a conduit
of the thrombus from the ICA to PCA [34, 94, 135],
localized occlusive process may also occur [113].

Because the PPTA is fixed where it penetrates the dural
foramen and where it joins the BA, it may be subject to
strong shear forces and distortion, with the subsequent
occurrence of traumatic angiospasm [69].

Koch et al. [54] added PPTA to the list of intracranial
arteries that may help to compensate for subclavian steal.
Dicuonzo et al. [23] assumed that the PPTA was the cause
of the flow reduction in the left hemisphere, perhaps also
to replace the reduced blood flow in the thread-like
opposite VA.

Takase et al. [115] speculate that the specific hemody-
namics of the PPTA, which directly branches and receives
significant blood flow from the ICA, may induce the
formation of aneurysms. The pathogenesis of the aneurysm
is possibly the result of congenital defects of the medial
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layer of this primitive vessel added to a hemodynamic
stress due to the anatomic location of the PPTA [4, 58].

In some instances [100], spontaneous subarachnoid
hemorrhage has occurred, without any other source of
bleeding found. Uzava et al. [127] speculated that the BA
dysplasia due to the PPTA, and poorly controlled hyperten-
sion, resulted in an overload of the SCA vessels through the
PPTA, finally leading to a hemorrhage in the right vermis.

Because of proximity to the III, V, and VI cranial nerves,
the PPTA can be an unusual cause of trigeminal neuralgia
and oculomotor or abducens nerve palsy. The dilated trunk
of the PPTA could only be a causal factor responsible for
abducens nerve palsy [104] or more severe compression of
the trigeminal nerve [22]. The instance under report is
considered as a lateral variant where the PPTA compressed
and distorted the root entry zone of the trigeminal nerve,
precipitating the facial pain syndrome [20].

An association of the PPTA and arteriovenous malforma-
tion (AVM) is also described [37, 74, 80, 86, 122]. Tomsick
et al. [122] stressed that an AVM serves to remind us that
subarachnoid hemorrhage in a patient with PPTA may be
due to a vascular malformation. Harman et al. [38] assumed

Fig. 7 Some of the online
presentation of a PPTA
(arrow): three-dimensional
TOF MRA—http://www.med.
uc.edu/neurorad/webpage/coa.
html; MRI—http://www.
biomedsearch.com/nih/
Twenty-classic-signs-in-
neuroradiology/19881070.html;
Axial three-dimensional maximum
intensity—http://jkns.or.kr/fulltext/
htm/00420050201f3.htm; CTl—

that the reason for the hormonal disorder was related to the
compression of the pituitary gland by the PPTA.

Clinical significance

There is no sex predilection for persistent carotid—basilar
anastomoses, and they may be discovered in patients of any
age, on either side, and may be multiple. The PPTA among
these anastomoses is the most common case and accounts
for approximately 80-85% of persistent anastomoses [16].

A headache was mostly the initial symptom for the
PPTA evidence [2, 3, 6, 10, 13, 15, 17, 27, 45, 46, 52, 61,
62, 65, 68, 71, 72, 74-76, 80, 86, 100, 108, 121]. Other
presentations, such as acute subarachnoid hemorrhage [50,
115, 120], consciousness disturbance [23, 33, 59, 69, 73,
117], sixth cranial nerve palsy [11, 49, 64, 77, 104, 137],
different visual field defects [30, 94, 141], diplopia [4, 12,
19, 49, 56, 81], hemiparesis [4, 40, 82, 89, 103], and
symptoms suggestive of vertebrobasilar insufficiency [26,
43, 88, 129], were some of the reasons for the PPTA
evidence, too. Although no characteristic clinical syndrome
is associated with this anomaly, some cases suggest that

http://neuroradiologyonthenet.
blogspot.com/2009/11/pta.html

3D TOF MRA

Axial three-dimensional

maximum intensity
projection
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there is a higher incidence of this condition in patients with
retarded mental development dating from infancy [17].

The interest for PPTA was promoted by the use of new
radiological techniques in some institutes or clinics (Fig. 7).
Small trigeminal arteries cannot be identified in spin-echo
T1 and T2 sequences; it is only possible with MR
angiography [126].

Morrison et al. [71] felt that we should attempt to
preserve the continuity of the PPTA since we do not know
how significant this vessel was to the patient's cerebral
circulation. Knowing the presence of a PPTA is also
important when planning a neuroradiologic intervention or
performing procedures such as Wada's test or a test for
carotid artery occlusion [16]. Cranial nerve displacement or
distortion is less likely, but the identification of a PPTA
with a trans-sellar course is crucial if trans-sphenoidal
surgery is planned [49]. Failure to recognize an intrasellar
PPTA could result in massive hemorrhage during trans-
sphenoidal surgery for pituitary adenoma [92]. Recognition
of the PPTA can be important in surgical procedures in the
cavernous sinus or the posterior fossa and may prevent
injury or disruption of the PPTA [98].

Davis and associates, in 1956 [21], first described an
aneurysm of the PPTA. Aneurysms of a PPTA are very rare,
and only 29 cases have been reported until 2005 [3]. The
citations from the literature indicate that there may be
aneurysms in nearly 14% of all cases [4], as well only 2%
from PPTA itself [4, 8, 12, 71]. The aneurysms of PPTA
were at its origin [4, 19, 28, 29, 68, 72, 75, 77, 85, 124] and
distal to it [71], or at its mid-portion [3, 26, 115] or at its
junction with BA bifurcation [65]. Takase et al. [115]
discovered the simultaneous presence of three aneurysms
on the PPTA, ICA-AChA, and ACoA, respectively. Some
authors discovered aneurysms of other arteries—left MCA
[50, 79], left PCA [101], left PCoA [10], left ICA [137],
and at the A1-A2 junction [122] simultaneous with PPTA.
Alleyne et al. [6] revealed ACoA and left pericallosal artery
aneurysms simultaneously with bilateral PPTAs. Zhang et
al. [141] reported a case of a giant unruptured aneurysm of
the cavernous ICA associated with the PPTA and the PPOA
in the English literature for the first time.

If an aneurysm located at the junction of the PPTA-ICA
ruptures [28], or if spontaneous or traumatic rupture of the
PPTA occurred nears its anomalous origin, carotid—cavernous
fistula resulted [43, 81, 106]. Carotid—cavernous fistula was
the result of a spontaneous rupture such as the PPTA in many
cases [11, 12, 64, 106, 140].

Eight reported cases of Moyamoya or Moyamoya-like
disease associated with PPTA have been presented in the
literature until 1991. All patients were Japanese and there was
no sex predominance [117]. The HLA genotype of the patient
may influence the course of the disease, including PPTA, as
discussed by Suzuki et al. [112], reporting the first case of

@ Springer

identical twins suffering not only from Moyamoya disease
but also having a PPTA variant on the left side.

The PPTA occurs with a much higher frequency among
children with posterior fossa malformations—hemangiomas—
arterial anomalies—cardiac defects—eye abnormalities
(PHACE) syndrome (12-16%) than reports from other
large cerebral angiographic series (0.1-0.2%). The relative
frequency with which this otherwise rare anomaly is seen in
PHACE syndrome (association between infantile heman-
giomas and brain anomalies) may point to the gestational
timing of an error in vasculogenesis [67].

Concluding remarks

The author is aware of the morphofunctional and clinical
significance of the carotid—vertebrobasilar anastomoses, as
in the case of the otic [132], hypoglossal [133], proatlantal
[134], as well as in the trigeminal artery, which is presented
in this manuscript.

The PPTA usually originates from the cavernous portion
of the ICA. The PPTA might reach the posterior cranial
fossa in two ways: (1) in about half of the cases, it
penetrates the sella turcica, runs in its own groove, and
perforates the dura mater near the clivus; (2) in the other
half of the cases, it runs extradurally after leaving the
cavernous sinus, between the sensory trigeminal root and
lateral side of the sella. It communicates with BA between
the origin of the SCA and AICA.

The PPTA is by far the most common of the three types of
persistent carotid—basilar anastomosis. The interest for PPTA
was promoted by the use of new radiological techniques in
some institutes or clinics. The citations from the literature
indicate that there may be aneurysms in nearly 14% of all cases,
as well only 2% from PPTA itself. The PPTA occurs with a
much higher frequency among children with PHACE syn-
drome (12—16%). Although no characteristic clinical syndrome
is associated with this anomaly, the anatomy of PPTA is
significant for performing various treatment procedures.
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