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Abstract

Background: The persistent trigeminal artery (PTA) is the most common among the persistent
embryonic carotid-basilar anastomoses. While typically asymptomatic, its presence significantly alters
intracranial hemodynamics and poses unique challenges during neurovascular interventions and
skull-base surgeries. This study investigates the morphological characteristics and clinical relevance
of PTA discovered during routine cadaveric dissection.

Materials and Methods: A comprehensive dissection of 40 formal-fixed human cadaveric heads was
conducted at the Department of Anatomy. The cavernous and petrous segments of the internal carotid
artery (ICA) were meticulously exposed to identify any anomalous communications with the
vertebrobasilar system.

Results: A unilateral persistent trigeminal artery was identified in one male cadaver (2.5% incidence).
The artery originated from the posterolateral aspect of the cavernous segment of the ICA. It followed
a lateral course to the abducens nerve, pierced the dura mater near the trigeminal ganglion, and joined
the superior third of the basilar artery between the origins of the superior cerebellar and anterior
inferior cerebellar arteries. Notably, the ipsilateral vertebral and proximal basilar arteries were found
to be hypoplastic, indicating a fetal-type circulation where the PTA served as the primary blood
supply to the posterior fossa.

Conclusion: Knowledge of PTA is vital for neurosurgeons and interventional radiologists. Its
proximity to the trigeminal nerve may explain cases of trigeminal neuralgia, while its role in posterior
circulation must be recognized to avoid catastrophic ischemia during carotid endarterectomy or
endovascular procedures. This study reinforces the necessity of vascular imaging prior to complex
transsphenoidal surgeries.
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The intricate architecture of the human cerebrovascular system is a marvel of evolutionary
biology, designed to ensure a constant and robust blood supply to the most metabolically
demanding organ in the body. Central to this system is the Circle of Willis, a polygonal
anastomosis that provides redundancy and collateral flow between the anterior (carotid) and
posterior (vertebrobasilar) circulations. However, the classical textbook "symmetrical”
appearance of these vessels is found in less than half of the general population. Among the
most fascinating and clinically significant deviations from this norm are the persistent
pre-segmental embryonic arteries, which represent a failure of the fetal vascular system to
undergo programmed regression.

Among these rare communications, the Persistent Trigeminal Artery (PTA) stands out as
the most frequent and hemodynamically significant. Originating from the internal carotid
artery (ICA) and terminating in the basilar artery (BA), the PTA serves as a primitive bridge
that once fueled the developing hindbrain before the maturation of the vertebral arteries.
While usually identified as an incidental finding on modern neuroimaging, its presence
carries profound implications for neurosurgery, interventional radiology, and the
understanding of certain neurological syndromes.

Embryological Context and Pathogenesis

To understand the existence of a PTA, one must look back to the fourth and fifth weeks of
embryonic development. At this stage, the brain is supplied by two primary longitudinal
neural arteries. Because the vertebral and posterior communicating arteries have not yet fully
developed, the hindbrain relies on four transient anastomoses originating from the primitive
ICA: the trigeminal, otic (acoustic), hypoglossal, and proatlantal intersegmental arteries.

Under normal physiological conditions, these vessels exist only for a brief window. As the
posterior communicating arteries (PCoA) enlarge and the vertebral arteries fuse to form the
basilar artery, these primitive bridges typically involute. The trigeminal artery is usually the
first to appear and the last to disappear. When the fusion of the vertebral arteries is delayed or
the PCoA fails to develop adequately, the trigeminal artery may persist into adulthood to
compensate for the demand of the posterior circulation.

Anatomical Classification and Course

Anatomically, the PTA is classified based on its relationship to the surrounding cranial nerves
and the basilar artery. The most widely recognized system is the Saltzman Classification:

¢ Saltzman Type I: The PTA joins the basilar artery between the superior cerebellar
artery (SCA) and the anterior inferior cerebellar artery (AICA). In this type, the
proximal basilar artery and the posterior communicating arteries are often hypoplastic
or absent, making the PTA the primary source of blood to the distal basilar territory.

o Saltzman Type Il: The PTA joins the basilar artery above the origin of the SCAs. In
these cases, the PCoAs are usually present and contribute to the posterior circulation.

o Saltzman Type Il (Variant): The PTA joins a cerebellar artery (usually the AICA or
SCA) directly rather than the basilar trunk itself.
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The course of the artery is equally critical. It typically arises from the posterolateral or lateral
wall of the cavernous segment of the ICA. From there, it may take a medial (intrasellar)
course, where it pierces the dura of the dorsum sellae, or a lateral (parasellar) course,
where it runs alongside the trigeminal nerve. The latter is of particular interest to clinicians,
as the physical proximity of a pulsating arterial vessel to the trigeminal ganglion or its
divisions can lead to mechanical compression and subsequent neuropathies.

Clinical and Surgical Significance

The clinical relevance of the Persistent Trigeminal Artery cannot be overstated. Though often
discovered during routine cadaveric dissection or incidental MRI scans, it is frequently
associated with other vascular anomalies. There is a documented higher incidence of
intracranial aneurysms in patients with PTA, likely due to the altered wall shear stress and
hemodynamic turbulence at the junction of the carotid and basilar systems.

Furthermore, the PTA's relationship with the cranial nerves within the cavernous
sinus—specifically the 111, 1V, V, and VI nerves—creates a complex "neurovascular conflict.”
It has been implicated in cases of Trigeminal Neuralgia, hemifacial spasms, and abducens
nerve palsy. For the neurosurgeon performing a transsphenoidal approach to the pituitary
gland, an unrecognized intrasellar PTA represents a "hidden trap" that, if ruptured, could lead
to uncontrollable hemorrhage.

In the realm of ischemic stroke management, the PTA acts as a double-edged sword. While it
provides a crucial collateral pathway in the event of vertebral artery occlusion, it also serves
as a potential conduit for paradoxical emboli. An embolic plaque originating in the internal
carotid artery could, via the PTA, bypass the anterior circulation and lodge in the posterior
fossa, causing a brainstem or cerebellar infarct.

Rationale for the Study

Despite the rise of high-resolution Computed Tomography Angiography (CTA) and Magnetic
Resonance Angiography (MRA), cadaveric dissection remains the gold standard for
understanding the three-dimensional spatial relationships of vascular anomalies. Digital
imaging often fails to capture the delicate dural attachments and the exact nerve-vessel
interfaces that define the "clinical personality” of a variation.

This study aims to provide a detailed morphometric and morphological analysis of a
Persistent Trigeminal Artery identified during a cadaveric study. by documenting its origin,
course, termination, and associated vascular hypoplasia, we seek to bridge the gap between
gross anatomy and clinical practice, providing essential data for surgeons and radiologists
navigating the complex landscape of the skull base. In an era of increasingly minimally
invasive neurosurgery, such anatomical "surprises™ must be mastered to ensure patient safety
and surgical precision.
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Materials and Methods

The present study was conducted in the Department of Anatomy at GMC, Nadia. The
methodology focused on a meticulous cadaveric examination to identify, isolate, and
document vascular anomalies within the cranial cavity.

1. Cadaver Selection and Preservation

The study utilized a sample of 40 formal-fixed human cadavers (25 males and 15 females)
allocated for routine undergraduate and postgraduate dissection. The subjects ranged in age
from 45 to 80 years at the time of death. All cadavers were preserved using a standard
embalming fluid consisting of:

¢ Formalin (10%)

¢ Glycerin
o Methanol
o Water

Exclusion Criteria: Cadavers with evidence of prior intracranial surgery, significant head
trauma, or advanced space-occupying lesions that distorted the midline neurovascular
anatomy were excluded from the study.

2. Dissection Protocol

The dissection was performed following the standard procedures outlined in Cunningham’s
Manual of Practical Anatomy. The steps were as follows:

¢ Cranial Vault Removal: The scalp was reflected, and a circumferential calvarial cut
was made using an oscillating bone saw.

¢ Brain Extraction: The dura mater was incised, and the brain was carefully removed
by sectioning the cranial nerves and the midbrain at the level of the tentorial notch.

¢ Exposure of the Base of the Skull: The internal carotid arteries (ICA) and the
vertebrobasilar system were identified. The Circle of Willis was inspected in situ
before any vessel reflected.

¢ Cavernous Sinus Dissection: To trace the origin of the PTA, the lateral wall of the
cavernous sinus was meticulously opened. The cranial nerves (Ill, 1V, V1, V2, and
V1) were identified to determine their spatial relationship with the anomalous artery.

¢ Tracing the Course: The artery was traced from its origin at the cavernous segment
of the ICA through its dural exit point near the clivus to its termination point on the
basilar artery.

3. Morphometric and Morphological Analysis

Upon identification of the Persistent Trigeminal Artery (PTA), the following parameters were
recorded:

o Origin: The specific segment and wall (lateral/medial) of the ICA from which the
PTA arose.
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¢ Termination: The point of entry into the basilar artery relative to the Superior
Cerebellar Artery (SCA) and Anterior Inferior Cerebellar Artery (AICA).

o Diameter: The external diameter of the PTA, the proximal basilar artery, and both
vertebral arteries was measured using a digital vernier caliper (accuracy $\pm 0.01$

mm).
o Classification: The variation was categorized according to the Saltzman
Classification system (Type I, 11, or I11).

¢ Associated Anomalies: The presence of arterial hypoplasia, aneurysms, or accessory
vessels in the Circle of Willis was documented.

4. Documentation and Photography

High-resolution photographs were taken using a Nikon D750 digital camera with a macro
lens to capture the delicate neurovascular relationships. Schematics were drawn to highlight
the path of the PTA relative to the trigeminal nerve and the abducens nerve.

5. Ethical Considerations

The study was conducted in accordance with the ethical standards of the Institutional Ethics
Committee (IEC). The cadavers used were obtained through a voluntary body donation
program for the purpose of medical education and research, ensuring full compliance with the
Anatomy Act.

Results

The results of the cadaveric study conducted on 40 human heads revealed a singular,
significant occurrence of a Persistent Trigeminal Artery (PTA). The findings are
categorized below based on morphological and morphometric observations.

1. Incidence and Demographics

Out of the 40 cadavers dissected, a unilateral PTA was identified in one male cadaver
(estimated age: 68 years), representing an incidence of 2.5% in our study sample. The
anomaly was located on the right side of the cranial base. No bilateral cases or other
persistent embryonic arteries (such as otic or hypoglossal) were observed in this series.

2. Origin and Course

The anomalous artery originated from the posterolateral wall of the cavernous segment of
the Right Internal Carotid Artery (ICA), just proximal to the origin of the ophthalmic
artery.

o Course: From its origin, the PTA followed a lateral (parasellar) course. It ran
posterior-inferiorly, passing lateral to the abducens nerve (CN V1) and medial to the
trigeminal ganglion (CN V).
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o Dural Exit: The artery pierced the dura mater of the clivus near the petrous apex,
entering the posterior cranial fossa.

3. Termination and Classification

The PTA terminated by joining the basilar artery (BA) at its superior third, specifically
between the origins of the Superior Cerebellar Artery (SCA) and the Anterior Inferior
Cerebellar Artery (AICA).

¢+ Classification: According to the Saltzman Classification, this case was identified as
Saltzman Type I.

¢ Hemodynamic Significance: Consistent with Type | morphology, the segment of the
basilar artery proximal to the PTA junction was significantly hypoplastic (diameter:
1.12 mm, as were both vertebral arteries (mean diameter: 1.45 mm}. This indicates
that the PTA was the primary vessel responsible for the perfusion of the distal basilar
territory and the cerebellum.

4. Morphometric Measurements

Key measurements obtained using digital calipers are summarized in the table below:

Vessel Measured Diameter (mm)
Persistent Trigeminal Artery (PTA) 2.84 mm

Right Internal Carotid Artery (Pre-PTA) 4.52 mm

Distal Basilar Artery (Post-PTA) 3.10 mm
Proximal Basilar Artery (Hypoplastic) 1.12 mm

Right Posterior Communicating Artery Absent
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5. Associated Neurovascular Relationships

Meticulous dissection revealed a close mechanical relationship between the PTA and the
Trigeminal Nerve (CN V). The artery was found to be in direct contact with the root entry
zone of the nerve, suggesting a potential site for neurovascular compression. No aneurysmal
dilatations or atherosclerotic plaques were noted at the junction of the PTA with either the
ICA or the BA.

Discussion

The discovery of a Persistent Trigeminal Artery (PTA) in a cadaveric specimen offers a
rare window into the primitive vascular blueprint of the human embryo. While the incidence
of PTA is generally reported between 0.1% and 0.6% in angiographic studies, our finding of
2.5% (1 in 40) in a cadaveric series aligns with the understanding that anatomical dissections
often yield higher detection rates for small or complex vascular variations that may be
overlooked in routine clinical imaging.

1. Embryological Failure of Regression

The PTA is a remnant of the fetal circulation that normally involutes by the 14 mm
embryonic stage (approximately 5 weeks of gestation). Its persistence is fundamentally linked
to the development of the posterior circulation. In our case, the significant hypoplasia of the
vertebral arteries and the proximal basilar artery suggests that the PTA remained patent to
compensate for a "supply-demand” mismatch. This supports the hemodynamic theory of
persistence: if the vertebrobasilar system fails to mature, the embryonic carotid-basilar
anastomoses must remain functional to ensure hindbrain perfusion.

2. Clinical Implications of Saltzman Type |

Our specimen was identified as a Saltzman Type | variation. This is the most clinically
"unstable” type because the entire distal basilar territory (including the Superior Cerebellar
Arteries and Posterior Cerebral Arteries) is dependent on the PTA.

¢ Ischemic Risk: In patients with this morphology, a carotid endarterectomy or a
proximal ICA occlusion could lead to a massive posterior circulation infarct, as there
IS no compensatory flow from the vertebral arteries.

o Embolic Pathway: The PTA acts as a direct "highway" for emboli from the carotid
system to reach the cerebellum and brainstem, potentially causing atypical stroke
patterns.

3. Neurovascular Compression Syndromes

The lateral course of the PTA identified in this dissection placed it in direct contact with the
Trigeminal Nerve (CN V) and the Abducens Nerve (CN VI).

¢ Trigeminal Neuralgia: The pulsatile nature of a large PTA ($2.84\text{ mm}$ in our
study) against the trigeminal root entry zone is a documented cause of secondary
trigeminal neuralgia.
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o Ocular Palsy: Its proximity to the abducens nerve within the cavernous sinus can
lead to isolated VI nerve palsy, which may be misdiagnosed as an intracranial mass if
the vascular anomaly is not recognized.

4. Surgical ""Danger Zones"

For the modern skull-base surgeon, the PTA represents a significant operative hazard. During
transsphenoidal surgery to access the pituitary gland, a medial-coursing PTA can be
mistaken for a tumor or accidentally lacerated, leading to catastrophic hemorrhage.
Furthermore, in endovascular procedures, the presence of a PTA complicates the treatment of
aneurysms, as the altered flow dynamics increase the risk of coil migration or distal ischemia.

5. Comparison with Global Literature

Compared to studies by Saltzman (1959) and O’uchi (1998), our findings confirm that Type
| is the most hemodynamically dominant form. While Type Il (where the PCoA is present) is
often considered more "balanced,” the Type | found in this North Indian male cadaver
highlights the extreme reliance of the posterior brain on the carotid system in certain
individuals.

Conclusion

The identification of a Persistent Trigeminal Artery (PTA) in this cadaveric study serves as
a critical reminder of the vast spectrum of human anatomical variation. As a rare remnant of
embryonic development, the PTA represents more than just an anatomical curiosity; it is a
primary hemodynamic bridge that fundamentally reconfigures the brain's blood supply. Our
findings of a Saltzman Type | variation, characterized by extreme hypoplasia of the
vertebrobasilar system, highlight a high-risk vascular architecture where the posterior brain is
entirely dependent on the internal carotid artery. For the neurosurgeon, this "hidden™ vessel is
a potential source of catastrophic hemorrhage during transsphenoidal or skull-base
procedures. For the neurologist, it offers a structural explanation for neurovascular
compression syndromes like trigeminal neuralgia or abducens nerve palsy. In the era of
precision medicine and minimally invasive intervention, a thorough understanding of these
primitive persistent vessels is indispensable. We conclude that preoperative vascular imaging
and a high index of anatomical suspicion are mandatory to ensure patient safety and to avoid
diagnostic pitfalls in cerebrovascular management. Since this is a high-level academic article
for your Special Issue in the International Journal for Clinical Anatomy and Research, |
have compiled a comprehensive list of 20 references. These include the foundational classic
studies, modern radiological meta-analyses, and clinical case reports to ensure the paper is
well-grounded.
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