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Persistent Trigeminal Artery Variant
Detected by Conventional Angiography
and Magnetic Resonance Angiography
-Incidence and Clinical Significance-

Objective : Persistent trigeminal artery variant (PTAV) is an anastomosis between the internal carotid artery
(ICA) and the cerebellar artery without any interposing basilar artery segment. We discuss its probable
embryological origin and emphasize clinical implications.

Methods : Retrospectively 1250 conventional cerebral angiograms and 2947 cranial magnetic resonance
angiographies (MRAs) were evaluated for the patients with PTAV.

Results : Five patients (four men and one woman, 23 to 76 years of age, median age 65 years) had a PTAV.
Three patients who underwent MRA had a PTAV (3/2947=0.1%). Four of the patients who underwent cerebral
angiography had a PTAV (4/1250=0.32%). Two of 143 patients who underwent both conventional angiography
and cranial MRA showed PTAV. The PTAV was an incidental finding in all five patients. The PTAV originated
from the cavernous segment of the left ICA in four patients and from the cavernous segment of the right ICA
in one patient. The terminal branch of the PTAV was the anterior inferior cerebellar artery (AICA) and superior
cerebellar artery (SCA) in two patients and the AICA only in the other three patients.

Conclusion : Neurosurgeons should be aware of possible presence of PTAV. Manipulation of this vessel during
a surgical approach to the parasellar region and percutaneous gasserian ganglion procedure may result in
hemorrhage or ischemia.
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INTRODUCTION

Persistent trigeminal artery is the most cephalic and the most frequent anomaly of the internal
carotid-basilar artery anastomosis, with an angiographic incidence of approximately 0.2%'".
The Persistent trigeminal artery variant (P°TAV) is an anastomosis between the internal carotid
artery (ICA) and cerebellar artery without an interposing segment of basilar artery". Anatomically,
this PTAV, which originate from the cavernous ICA, runs along the trigeminal nerve, enters
the posterior fossa through Meckel’s cave or the isolated dural foramen, and directly supplies
the cerebellum. In this in vivo study, we used high resolution magnetic resonance imaging,
magnetic resonance angiography (MRA), and conventional angiography, to demonstrate the
incidence, origin, course and relationships of the PTAV. We discuss their probable embryological
origin and emphasize clinical implications.

MATERIALS AND METHODS

We retrospectively reviewed the 1250 conventional cerebral angiograms and 2947 cranial
MRA:s for searching patients with PTAV. Conventional cerebral angiography (Philips V-5000,
Philips Medical System, Eindhoven, Netherlands) was performed in 744 patients between July
1, 1997 and August 31, 20006, and cranial MRA (1.5T, Signa, General Electric, Milwaukee,
W1, USA) was performed in 880 patients between May 1, 2001 and June 30, 2004 in one
hospital. In addition, conventional cerebral angiography (Philips V-3000, Philips Medical
System, Eindhoven, Netherlands) was performed in 506 patients between April 1, 2000 and
September 30, 2006 and cranial MRA (1.57T, Intera Achieva, Philips Medical System,
Eindhoven, Netherlands) was performed in 2067 patients between August 1, 2003 and May
5, 2007 in another hospital. Both cerebral angiography and MRA were performed in 143 of
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the patients. The initial angiographic studies were undertaken
for a variety of clinical conditions including symptoms of
cerebral ischemia, cerebral infarction, hemorrhagic contusion,
intracerebral hemorrhage, headache and dizziness. The images
were obtained either from a routine diagnostic study or from
the initial diagnosis during an interventional procedure. We
subsequently evaluated all of the angiograms for PTAV. In
patients exhibiting PTAV, special attention was given to
define the origin and cerebellar territory of this vessel. We
recorded the presence of associated vascular lesions including
cerebral aneurysms, vascular stenosis, or occlusions and
other anomalies.

RESULTS

Five patients (four men and one woman, 23 to 76 years of
age, median age 65 years) had a PTAV,

Three patients among the 2947 patients who underwent
MRA had a PTAV (3/2947=0.1%) (Fig. 1). Four of the
patients who underwent cerebral angiography had a PTAV
(4/1250=0.32%) (Fig. 2). Two of 143 patients who under-
went both conventional angiography and cranial MRA
showed PTAV (Table 1). Five out of 4054 patients (2947+
1250-143=4054) had PTAV (5/4054=0.12%). PTAV was
an incidental finding in all five patients. The PTAV originated
from the cavernous segment of the left ICA in four patients
and from the cavernous segment of the right ICA in one. The
terminal branch of the PTAV was both AICAs and SCA in
two patients, and the AICA only in three patients (Table 1).

Associated vascular abnormalities were middle cerebral
artery stenosis, posterior communicating artery aneurysm,
left proximal anterior cerebral artery fenestration, and ICA
occlusion associated with stenosis of the anterior and the
middle cerebral artery.

DISCUSSION

Incidence and pathogenesis

Neither the primitive trigeminal artery nor the paired
longitudinal neural arteries normally persist in adults.
Persistence of the primitive trigeminal artery with normal
fusion of the longjtudinal neural arteries into the basilar artery
results in a carotid-basilar artery anastomosis. Persistence
of the primitive trigeminal artery with incomplete fusion of
the longjtudinal neural arteries may result in either a superior
or an inferior cerebellar vessel arising anomalously from
the cavernous ICA. Cerebellar arteries originating from the
ICA account for 0.18% of anomalous cerebellar arteries
arising directly from the ICA on 5500 vertebral angiograms'?.
PTAVs may show distributions corresponding to the SCA,
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Fig. 1. Patient 1. Left internal carotid angiograms, anteroposterior view
(A) and lateral view (B), showing the persistent trigeminal artery variant
(arrow) anastomosing the cavernous portion of the internal carotid artery
to the anterior inferior cerebellar artery. Axial three-dimensional time-of-
flight magnetic resonance source image (C) showing an abnormal vessel
originating from the cavernous portion of the left internal carotid artery.
Three-dimensional time-of-flight magnetic resonance angiography (D)
showing a persistent trigeminal artery variant originating from the cavermnous
portion of the left internal carotid artery.
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Fig. 2. Patient 3. Left internal carotid angiograms, anteroposterior view (A)
and lateral view (B), showing the persistent trigeminal artery variant
(arrow) anastomosing the cavernous portion of the internal carotid artery
to the superior cerebellar artery and anterior inferior cerebellar artery
(arrow head).

to the AICA, or to the posterior inferior cerebellar arterial
territories. The corresponding artery of vertebrobasilar origin
may be hypoplastic or absent, depending on the caliber of
the PTAV'. Park et al."”” reported that five PTAVs were
found, with an incidence of 0.14% (5/3552), on 3552
cerebral angiograms in Korea. In this study, four (0.32%) of
1250 patients who underwent cerebral angiography and
three (0.1%) among the 2947 patents who underwent MRA
had PTAVs. The origin of PTAV was cavernous portion
of the ICA in all five patients. The terminal branch of the
PTAV was AICA and SCA in two patients and AICA only
in the other three patients (Table 1).

Because PTAVs are usually small vessels, MRI may fail
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Table 1. Summary of five patients with persistent trigeminal artery variant detected by transfemoral cerebral angiography and magnetic

resonance angiography

Symptom Associated anomaly Study

Case Age/Sex Qrigin of PTAV Terminal branch of PTAV
1 M/23 Left ICA cavernous segment AICA
2 M/53 Right ICA cavernous segment AICA
3 M/76 Left ICA cavernous segment SCA, AICA
4 M/65 Left ICA cavernous segment SCA, AICA
5 F/75 Left ICA cavernous segment AICA

Right ICA occlusion,
Left ACA, MCA stenosis
Subarachnoid hemorrhage Left PCOM aneurysm A
Cerebral infarction Left MCA stenosis M, A
Cerebral hemorthage No A
Headache Left A1 fenestration M

Cerebral infarction

PTAV : persistent trigeminal artery variant, SCA : superior cerebellar artery, AICA : anterior inferior cerebellar artery, ICA : internal carotid artery, ACA : anterior cerebral artery,
MCA : middle cerebral artery, PCOM : posterior communicating artery, A1 : proximal anterior cerebral artery, M : magnetic resonance angiography, A : transfemoral

cerebral angiography

to reveal them. In this study, three MRAs showed the PTAV.
Although MRA images using a three-dimensional time-of-
flight technique is limited, the PTAVs are usually located
within the imaging slab. Despite the inferior anatomical
resolution relative to conventional cerebral angiography, MRA
facilitates a definite diagnosis and provides an excellent
demonstration of anomalous vessels such as PTAVs'.
However, other types of persistent carotid-basilar anastomosis
such as the otic, hypoglossal, and proatlantal arteries, may
be missed, because they are usually located caudal to the
imaging slab.

Clinical implications

Persistent trigeminal arteries rarely cause trigeminal neuralgia
as a result of their intracranial course. Because these vessels
run medially and join the basilar artery after entering the
posterior fossa, they are less likely to compress the root entry
zone and therefore do not often cause trigeminal neuralgia.
Those that do cause trigeminal neuralgia may be extremely
long and tortuous one. PTAVs do not join the basilar artery
as a persistent trigeminal artery does. After they enter the
posterior fossa through the Meckel’s cave or an isolated dural
foramen, they course dorsally and run near the root entry
zone of the trigeminal nerve'”. Thus, PTAV should be
considered as a possible cause of trigeminal neuralgia'’.
To the best of our knowledge, only four previous reports
of trigeminal neuralgia caused by a PTA have been
published®*'"'"?. During microvascular decompression,
most PTA and PTAV loops are observed to compress the
medial aspect of the root entry zone and branch into a few
perforating arteries that proceed to the brainstem around
the entire nerve root. Therefore, surgeons should take special
care to prevent kinking and avulsion of the perforating arteries
when these vessels are moved to different position with the
use of a prosthesis.

The presence of an embryonic vessel persisting into adult
life is indicative of disturbed cerebrovascular development.
Therefore, a PTAV is frequently associated with other vascular
abnormalities, particularly aneurysms®. PTAV may be

associated with intracranial aneurysmwith an incidence of
26%"”. The major sites of aneurysms associated with PTAV
are the circle of Willis">*7"

congenital whereas the origin of aneurysm is unclean with

). These anomalous vessels are

acquired and congenital factors being implicated”. It is
possible that maldevelopment causes structural insufficiency
of the arterial wall, especially of the media, including massive
arterial ectasias and subsequent saccular aneurysm”. Common
congenital factors may be important in the development
of arterial aneurysms.

Neurosurgeons should be aware of the presence of PTAVs
in at least three situations. The first situation is related to the
risk of hemorthage or ischemia by manipulation of this vessel
during a surgical approach to the parasellar region®. The
second concern is a potential risk of cerebellar ischemia by
therapeutic or spontaneous occlusion of the carotid artery.
The third is related to the risk of hemorrhagic complications
in the percutaneous gasserian ganglion procedure (gasserian
ganglion alcohol block, radiofrequency gangliolysis, or
retrogasserian glycerol injection) for the treatment of
trigeminal neuralgia, because this vessel runs close to the

Meckel’s cave®!.

CONCLUSION

We found that four (0.32%) of 1250 patients who under-
went cerebral angiography and three (0.1%) of 2947 patients
who underwent MRA showed PTAVs. Manipulation of this
vessel during surgical approaches to the parasellar region and
percutaneous gasserian ganglion procedure may carry the
risks of hemorrhage or ischemia.
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