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Introduction

Primitive vascular anastomoses exist early in embryonic de-
velopment between theprimitive internal carotid artery (ICA),
and dorsal aorta and future vertebrobasilar artery. At the 4-
mmembryonic stage, theprimitive trigeminal arterybranches
from the primitive ICA and anastomoseswith the longitudinal
neural artery.1Theprimitivevascular anastomosis regresses in
about 1 week with the development of the posterior commu-
nicating artery and vertebral artery, but remnants are occa-
sionally found in adults. The persistent primitive trigeminal

artery (PPTA) is the most common residual primitive vessel
anastomosis, occurring in 0.5 to 0.7%.2,3 It has been reported
that PPTA originates from the carvernous or precavernous
portion of ICA and anastomoses to the distal one-third of the
basilar artery (BA) between the superior cerebellar artery and
anterior inferior cerebellar artery.4–6

Cases with cerebral infarction due to ICA occlusion accom-
panied by PPTA are rare. It is important to recognize the exact
vascular anatomy including an anomalous vessel in a stroke
patient, not onlywhen endovascular treatment is planned, but
also for conservative medical treatment. In this report, we
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Abstract An 85-year-old woman with a history of diabetes mellitus became aware of motor
weakness of the left lower extremity. Magnetic resonance imaging showed multiple
small cerebral infarctions in the right corona radiata. Angiography revealed persistent
primitive trigeminal artery (PPTA) originating from the right internal carotid artery
(ICA) and connecting to basilar artery, and the right ICA occluded distal to PPTA.
Collateral blood circulation had developed, and sufficient collateral blood flow was
expected. From these findings, the right ICA was considered to show stenosis due to
atherosclerotic changes before occlusion. Conservative treatment was conducted with
the transoral administration of rivaroxaban. It is important to correctly diagnose the
anatomy and existence of an anomalous vessel in a stroke patient, not only when
endovascular treatment is planned, but also for conservative medical treatment. Rapid
and accurate radiological examinations facilitate safe and effective treatment.

DOI https://doi.org/
10.1055/s-0044-1787085.
ISSN 2248-9614.

© 2024. Asian Congress of Neurological Surgeons. All rights
reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

THIEME

Article Type

Article published online: 2024-06-05

https://orcid.org/0000-0003-1417-4434
mailto:nomura413jp@yahoo.co.jp
https://doi.org/10.1055/s-0044-1787085
https://doi.org/10.1055/s-0044-1787085


present a patient with PPTA who showed cerebral infarction
due to ICA occlusion distal to the PPTA origin, and discuss the
anatomy, etiology, and management of such cases.

Case Presentation

An 85-year-old woman with a history of diabetes mellitus
became aware of motor weakness of the left lower extremity.
Three days later, she became unable to walk. Six days after
onset, she developed left hemiparesis, and was transported to
ourhospital. TheNational Institutes ofHealth Stroke Scalewas
8/42. An electrocardiogram showed atrial fibrillation (AF).
Diffusion-weighted imaging of magnetic resonance imaging
(MRI) showed multiple small high-intensity spots in the right
corona radiata, suggesting cerebral infarctions due to hemo-
dynamic insufficiency (►Fig. 1A).Magnetic resonance angiog-
raphy (MRA) revealed right PPTA originating from ICA and
connecting to BA, and right ICA occlusion distal to PPTA
(►Fig. 1B). MRA also showed opacification of the right middle
cerebral artery (MCA). Emergency cerebral angiography
showed that the right ICA was occluded about 3mm distal
to the PPTAorifice. Therewas no stenotic change in PPTA itself
and ICA proximal to PPTA origin. Collateral blood flow via the

anterior communicating artery (AComA) to right MCA was
revealed (►Fig. 2). The occluded end of ICAwas not character-
istic of acute embolization, such as showing a meniscus sign.
Additionally, there was an anastomosis from the right maxil-
lary artery to ICA via the ophthalmic artery. Collateral blood
circulation was considered to have developed, and sufficient
collateral blood flow was expected. Blood flow of the right
cerebral hemisphere had not significantly decreased com-
pared with the contralateral side on single-photon emission
computed tomography (►Fig. 3). From these findings, right
ICA was considered to show stenosis due to atherosclerotic
changes, although therewas a possibility that an embolus had
formed due to AF, finally occluding the stenosed atheroscle-
rotic ICA. In our case, BA was thin and blood flow to the
vertebrobasilar system was supplied via PPTA. Conservative
treatment was conducted in the acute phase with transoral
administration of 10mgof rivaroxaban. Symptoms such as left
hemiparesis gradually improved. She was transferred to an-
other hospital for rehabilitation on the 27th day with a
modified Rankin Scale of 3. Blood flow and ICA occlusion
remained unchanged during the follow-up period. MRI
obtained 9 months after onset showed ICA occlusion, patency
of PPTA, and no new cerebral infarction (►Fig. 4).

Fig. 1 (A) Diffusion-weighted imaging of magnetic resonance imaging showing multiple cerebral infarctions in the right corona radiata.
(B) Magnetic resonance angiography showing persistent primitive trigeminal artery (PPTA; arrow) and internal carotid artery occlusion distal to
PPTA on the right side.

Fig. 2 Angiography revealing right internal carotid artery (ICA) occlusion distal to persistent primitive trigeminal artery and collateral blood
flow via anterior communicating artery. The distal end of the occluded ICA is round (arrow).
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Discussion

Persistent Primitive Trigeminal Artery
PPTA is the most common persistent artery connecting be-
tween ICA and BA.7 PPTAs are classified into two subtypes:
lateral and media.8 Suttner et al9 hypothesized that the
developmentalprimordiumdiffersbetween lateral andmedial
types. A recent study revealed that the lateral type is 11 times
more common than the medial one.2,3 In our case, PPTA
originated from the posterolateral wall of ICA, and penetrated
the duramater inside the trigeminal ganglion. Therefore, PPTA
in our case was considered to be of the lateral type. PPTA
generally contributes tonormal cerebral bloodflowandshows
no pathology. However, it occasionally accompanies some
anomalies, such as aneurysm, arteriovenous malformation,

and moyamoya disease.8 It is necessary to pay attention to
PPTA during transsphenoidal surgery or microvascular de-
compression for trigeminal neuralgia.10 In such cases, diagno-
sis and treatment are compromised. In our case, ICA distal to
PPTA was occluded probably due to atherosclerosis. Athero-
sclerotic change followed by occlusion of ICA distal to PPTA
coincidentally occurred in our case. Although emergency
endovascular treatment was not required in our case, recog-
nition of the exact anatomy was mandatory.

Etiology
There are some reports describing cerebral infarction in
cases of PPTA.11 In our case, the right ICA was considered
chronically stenosed or occluded due to atherosclerosis, not

Fig. 3 Single-photon emission computed tomography showing that cerebral blood flow in the right cerebrum has slightly decreased.

Fig. 4 Magnetic resonance imaging and magnetic resonance angiography obtained 9 months after onset showing persistent primitive
trigeminal artery (PPTA), internal carotid artery occlusion distal to PPTA, and no new infarctions.
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simple embolization, because of the gradual worsening of
neurological symptoms and relatively good neurological
status. In addition, radiological examinations also revealed
abundant collateral blood circulation and a small area of
cerebral infarction. These findings are typically observed in
cases of atherosclerotic cerebral infarction, although the
possibility that a thrombus formed due to AF, contributing
to occlusion of the atherosclerotic ICA at the final stage,
cannot be excluded. PPTA is occasionally associated with
stenosis, occlusion, dissection, and congenital absence of
ICA.12 Lyu et al reported a case of PPTA and ipsilateral
hypoplasia of ICA distal to PPTA.8 Their patient developed
cerebral infarction in the territory of ICA circulation. Cerebral
infarction in their case may have been induced by hemody-
namic insufficiency. Although their case was accompanied
by congenital hypoplasia of distal ICA, the vascular anatomy
was similar to that of our case with ICA occlusion. Foerch
et al7 reported a case of cerebral infarction in the brain stem.
In it, cervical ICA proximal to PPTAwas severely stenotic, and
PPTA contributed retrograde collateral blood supply to the
distal ICA. In their case, the stenosis was treated by carotid
artery stenting. Hiramatsu et al12 reported a case of occlusion
of ICA proximal to PPTA origin, which was treated by
thrombectomy. On the other hand, ICA distal to PPTA was
occluded in our case, and blood flow to the territory of the
right distal ICA was supplied via AComA. Thus, in cases of
cerebral infarctionwith PPTA, the pathology might be differ-
ent in each case according to the location of the affected
vessel. Therefore, close evaluation of anatomy and cerebral
blood flow is essential. Prompt recognition of the vascular
anatomy and selection of an appropriate treatment strategy
are necessary in an emergency situation.

Treatment
For our case, conservative treatment was performed. We
considered that ICAwas gradually stenosed due to atheroscle-
rosis, and sufficient collateral blood circulation had developed
at the time of ICA occlusion. For such cases of atherosclerosis,
an antiplatelet agent is commonly used as medical treatment.
However, our patient had AF, and this may contribute to the
final stage of occlusion of a stenotic ICA. Medical treatment
withbothanticoagulantandantiplatelet agentsmight increase
the bleeding tendency in elderly patients. Therefore, only an
anticoagulant drug was introduced. If cerebral blood flow is
decreased, extracranial–intracranial bypass may be an option
for cases of ICA occlusion with PPTA in the chronic stage. For
cases with large vessel occlusion due to atherosclerosis in an
acute stage, endovascular treatment may be necessary. Percu-
taneous transluminal angioplasty (PTA) or PTA with stenting
might be an option, regardless of with or without PPTA. For
these treatments, advancements of a guiding catheter to the
common carotid artery or proximal ICA and microcatheter to
ICA close to the PPTA orifice are necessary. In such situations,
recognition of the existence of an anomalous artery is
essential.

On the other hand, for cases of acute embolic stroke,
mechanical thrombectomy (MT) should be considered in
the sameway as in caseswithout PPTA.12,13Our case showed

collateral blood circulation; therefore, MT or acute endovas-
cular treatment was not necessary. There are reports of
patients with PPTA treated by MT in an acute stag.12,13 For
such cases, advancement of a guiding catheter, microguide-
wire, microcatheter, and stent is necessary. Regardless of
PPTA being affected or not, emergency treatment of the
vascular lesion is essential for cases with large-vessel occlu-
sion in an emergency situation.

During angiography, catheterization into PPTA was not
done, because PPTA itself was not affected in our case. There
are some reports of cases in which PPTA itself was affected
and manipulated.14–18 Among them, two cases underwent
thrombectomy through PPTA.14,15 The diameter of PPTA is
reported to be 1.7-9mm.19–21 The media of PPTA has been
reported to be congenitally vulnerable17; therefore, it is
necessary to pay close attention not to damage the vessel
wall of PPTA. It is important to recognize the vascular
anatomy correctly, not only in cases treated by the endovas-
cular technique, but also in conservatively treated cases.
Even in emergency situations, it is necessary to thoroughly
confirm the vascular anatomy and diameter of PPTA on
radiological examinations. By checking these anatomical
characteristics, safe and reliable treatment will be possible
without damage of PPTA, such as arterial perforation and
dissection.

Conclusion

Although cases with cerebral infarction due to ICA occlusion
accompanied with PPTA are rare, the frequency of encounter-
ing such cases might increase as the radiological modalities
develop and indication ofMT expands. Care should be taken to
correctly diagnose the anatomy, including the existence of an
anomalous vessel. Rapid and accurate radiological examina-
tion facilitates safe and effective treatment.
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