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Editorial Commentary

INTERVENTIONAL
NECRORADIOLOGY

Persistent trigeminal artery and its variants

Masaki Komiyama ®

The Editor-in-Chief would like to comment on the per-
sistent trigeminal artery and its variants in relation to
the interesting article: “Coil embolization of multiple
cerebral aneurysms with lateral type I persistent primi-
tive trigeminal artery: a case report and literature
review” by Dr. Wan et al.'

Association of the persistent trigeminal artery
and cerebral aneurysm

There have been many papers on the persistent carotid-
basilar (or carotid-vertebrobasilar) anastomoses, which
are occasionally seen in association with cerebral aneur-
ysms, arteriovenous shunts, intracranial tumors and
other pathologies. Most of the associations have been
believed to be incidental.” However, some papers sug-
gest that there is a more than causal association of
cerebral aneurysms with a variety of vascular variations
including carotid-basilar anastomoses.” > Some aneur-
ysms could be flow related due to altered flow dynamics
caused by vascular variations, while others have genetic
predispositions from conditions like polycystic kidney
and Marfan syndrome. Although the formation of
aneurysms located at the trigeminal artery has an asso-
ciation with either structural and/or hemodynamic fac-
tors, the high incidence of their simultaneous existence
in the same patients could still be attributable to selec-
tion bias. At present, it is still not clear whether these
associations are incidental or inevitable.

Otic artery

Embryonal carotid-basilar anastomoses are arranged
as proatlantal, hypoglossal, otic (acoustic) and trigem-
inal arteries in ascending order from the proximal to
distal locations.® The otic artery is defined as the artery
arising from the internal carotid artery within the car-
otid canal. It emerges from the internal acoustic
meatus, and then joins the basilar artery as described
by Lie.” However, the existence of the primitive otic
artery is viewed with skepticism by some,® despite
being reported in the literature. It is said that the
so-called “‘otic artery” is a misinterpretation of the tri-
geminal artery with a relatively proximal arborization
(a low-lying trigeminal artery). Embryologically, the
optic placode and otic placode are supplied by the
primitive ophthalmic artery and otic artery, respect-
ively. The primitive ophthalmic artery runs through
the optic canal with the optic nerve, and the otic
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artery exits the internal acoustic canal along with the
vestibular nerve. These arteries have the similar role in
supplying the placodes which are precursors of the sen-
sory organs (lens and inner ear). In this sense, the otic
artery may have no role to play in supplying the neural
tube contrary to the other carotid-basilar anastomoses.
The non-existence of the otic artery can be understood
embryologically by considering the role of this artery in
perfusing the otic placode (sensory organ). This is dif-
ferent from the remaining three primitive arteries,
whose roles are to segmentally supply the brainstem
(rhombomere and myelomere) and the high cervical
spinal cord, respectively.

Classification of the trigeminal artery

This trigeminal artery has several classifications by
various authors. As described in this paper,' Saltzman
classically classified the trigeminal artery into three
types in 1959.° Later, Salas et al.'” classified it into
two types: lateral (petrosal) and medial (sphenoidal)
types. It is possible to classify it into completely differ-
ent three types. The first type is the classic trigeminal
artery directly connecting the internal carotid artery to
the basilar artery. The second is a trigeminal artery
variant purely supplying the cerebellum: trigemino-
cerebellar arteries. These can be further classified into
three types by their vascular territories (the superior
cerebellar, anterior inferior cerebellar and posterior
inferior cerebellar arteries). The third type is the trigem-
inal artery incorporated with the other two embryonic
arteries, that is, the primitive stapedial artery and
primitive ophthalmic artery, resulting in various com-
plex arterial variants (opthalmo-steped-trigeminal,
stapedo-trigeminal and staped-trigemino-cerebellar
anastomosis). The opthalmo-steped-trigeminal anasto-
mosis is the ophthalmic artery arising from the basilar
artery.!! The stapedo-trigeminal anastomosis is the
middle meningeal artery arising from the basilar
artery.'? The stapedo-trigeminal-cerebellar anastomosis
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is the middle or accessory meningeal artery supplying
the cerebellum.'?

To these pre-existing descriptions, I would like to add
another rare variant, which solely supplies the brainstem
(pons) and does not directly connect to the basilar artery
or cerebellar artery. This variant can be incorporated

into the aforementioned second type, which purely sup-
plies the brainstem or cerebellum. To my knowledge, this
variant has not been reported in the literature. This vari-
ant implies that the trigeminal artery may potentially
supply the brainstem even if there is no clear demonstra-
tion of this vessel on angiography (Figure 1).

Figure 1. A small trigeminal artery variant exclusively supplying the brainstem in a 73-year-old man with an unruptured anterior

communicating aneurysm. (a) CT angiography fails to show left trigeminal artery variant as well as anterior inferior cerebellar arteries
bilaterally. Arrow indicates an unruptured anterior communicating aneurysm. (b) Left internal carotid angiogram (lateral view) showing a
small artery at the Cu4 portion. However, its vascular territory is not clear. (¢, d and e) The source images of the three-dimensional

rotational angiography of the left internal carotid injection clearly show the trigeminal artery variant supplies exclusively the brainstem.
Single arrows indicate the bifurcation of the trigeminal artery variant into the midline branch and circumferential branch (double arrows).
Blood supply to the mid-pons from the trigeminal artery variant in this patient could be related to the non-visualization (hypoplasia) of

bilateral anterior inferior cerebellar arteries.
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Diagnosis of carotid-basilar anastomoses

Diagnosis of carotid-basilar anastomoses can be made
with MR angiography, CT angiography and/or cath-
eter angiography. However, precise anatomy of these
vessels can only be demonstrated by the source images
of CT angiography and/or three-dimensional rotational
angiography. In particular, to adequately demonstrate
this small artery branching off from the trigeminal
artery requires the source images from three-
dimensional rotational angiography. Recently, we
encountered the small trigeminal artery variant exclu-
sively supplying the brainstem, without direct commu-
nication with the basilar artery. There exists the
potential for perforating arteries branching off from
the trigeminal artery proper, which cannot be demon-
strated by angiography.'® In fact, in situ thrombosis of
trigeminal artery is reported to cause perforating artery
occlusion resulting in brainstem infarction.'* It is neces-
sary to recognize that any treatment of the aneurysm
which affects the trigeminal artery and scars it may
potentially cause brainstem infarction.

“Fetal type’” and “Adult type’ arteries

In the daily neuroradiological or neurosurgical work,
we often use the terminology “‘fetal type” artery. The
terminology of “fetal type” in this article' is used to
describe the trigeminal artery, where blood supply to
the vertebrobasilar territory depends on the internal
carotid artery. This terminology is also commonly
used for the posterior communicating artery similarly
referred to as a fetal type of posterior communicating
artery. The fetus is the name of the fertilized egg usually
after two months (eight weeks) from conception in
man. Before this timeframe (<2 months), it is called
an embryo. Because all basic arteries at the base of
the skull, such as the arterial circle of Willis, are
formed in this embryonal period, they have the embry-
onal angioarchitecture at this stage. Such an arterial
structure should therefore be called “embryonal type”
instead of ““fetal type” for more precise description of
the embryology. When we mention a ““fetal type” vas-
culature, we mean it in contrast to an “adult type”
vasculature, which is not necessarily observed only in
adults. Needless to say, there are both embryonal type
vasculature and what is called an ‘“‘adult type” vascu-
lature seen in humans in adulthood. By the same rea-
soning, adult type vasculature could also be called
“regressed type” vasculature for more precise adher-
ence to the embryological principles.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The authors received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD
Masaki Komiyama () https://orcid.org/0000-0003-0998-6315

References

1. Wan Z, Meng H, Xu N, et al. Coil embolization of mul-
tiple cerebral aneurysms with lateral type I persistent
primitive trigeminal artery: a case report and literature
review. Interv Neuroradiol. Epub ahead of print 20 June
2019. DOI: 10.1177/1591019919863110.

2. Cloft HJ, Razack N and Kallmes DF. Prevalence of cere-
bral aneurysms in patients with persistent trigeminal
artery. J Neurosurg 1999; 90: 865-867.

3. Agnoli AL. Vascular anomalies and subarachnoid haem-
orrhage associated with persistent embryonic vessels.
Acta Neurochir (Wien) 1982; 60: 183-199.

4. Songsaeng D, Geibprasert S, Willinsky R, et al. Impact of
anatomical variations of the circle of Willis on the inci-
dence of aneurysms and their recurrence rate following
endovascular treatment. Clin Radiol 2010; 65: 895-901.

5. Orakdegen M, Emon ST, Somay H, et al. Vascular vari-
ations associated with intracranial aneurysms. Turk
Neurosurg 2017; 27: 853-862.

6. Padget DH. The development of the cranial arteries in the
human embryo. Contrib Embryol 1948; 32: 205-261.

7. Lie AA. Congenital anomalies of the carotid arteries.
Amsterdam: Exerpta Medica Foundation, 1968,
pp.70-75.

8. Bhattacharya JJ, Lamin S and Thammaroj J. Otic or
mythic? AJNR Am J Neuroradiol 2004; 25: 160—162.

9. Saltzman GF. Patent primitive trigeminal artery studied
by cerebral angiography. Acta Radiol 1959; 51: 329-336.

10. Salas E, Ziyal IM, Sekhar LN, et al. Persistent trigeminal
artery: an anatomic study. Neurosurgery 1998; 43:
557-561.

11. Schumacher M and Wakhloo AK. An orbital arterioven-
ous malformation in a patient with origin of the ophthal-
mic artery from the basilar artery. AJNR Am J
Neuroradiol 1994; 15: 550-553.

12. Seeger JF and Hemmer JF. Persistent basilar/middle
meningeal artery anastomosis. Radiology 1976; 118:
367-370.

13. Komiyama M, Kitano S, Sakamoto H, et al. An add-
itional variant of the persistent primitive trigeminal
artery: accessory meningeal artery — antero-superior cere-
bellar artery anastomosis associated with moyamoya dis-
ease. Acta Neurochir (Wien) 1998; 140: 1037-1042.

14. Gaughen JR, Starke RM, Durst CR, et al. Persistent
trigeminal artery: in situ thrombosis and associated per-
forating vessel infraction. J Neurosci 2014; 21: 1075-1077.


https://orcid.org/0000-0003-0998-6315

