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Abstract

The choroid plexus (ChP) is pivotal in cerebrospinal fluid (CSF) production,
intracranial pressure regulation, and brain homeostasis, intricately linked to
headache pathophysiology. This study integrates macroscopic, microsurgical, and
microstructural analyses to explore the anatomy and function of the ChP, highlighting
its structural and functional significance.

Methods

Macroscopic and microsurgical dissections were performed on cadaveric specimens,
with arteries and veins injected with colored silicone to enhance visualization.
Microstructural analysis was conducted using scanning electron microscopy to reveal
detailed surface morphology.

Results

The ChP in the lateral ventricles exhibits a characteristic C-shaped configuration,
attached to the taenia along the choroidal fissure, a critical surgical landmark.
Microsurgical views emphasize the ChP at the interventricular foramen, a key region
frequently encountered during neurosurgical procedures. The ChP’s luminal surface
displays intricate architecture, including villi, microvilli, cilia, and interdigitations,
reflecting its active role in CSF dynamics.

Conclusions

These findings underscore the ChP’s specialized surface features and cellular
organization, which are fundamental for maintaining CSF homeostasis and
regulating intracranial pressure. Disruptions in ChP morphology or function could
contribute to headache development, particularly in conditions associated with
CSF flow and pressure dysregulation. By bridging macroscopic neuroanatomy,
microsurgical techniques, and ultrastructural insights, this study lays the groundwork
for future research into the ChP’s involvement in headache pathophysiology and
its potential as a therapeutic target. Exploring this vital yet underexplored structure
in neuroscience offers promising avenues for advancing our understanding of
neurological disorders.
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Introduction

he choroid plexus (ChP) is critical in cerebrospinal fluid

(CSF) production and intracranial pressure regulation,
processes closely linked to headache pathophysiology. The
name "choroid plexus" originates from Greek and Latin
roots: (1) "Choroid", derived from the Greek word chorion
(xopiov), which means "membrane” or "skin. "It was histori-
cally used to describe vascular membranes, reflecting the
richly vascularized nature of this structure.; and (2) "Plexus",
from the Latin word plexus, meaning "interwoven" or "ne-
twork," referring to the intricate network of blood vessels
and epithelial cells that form the choroid plexus. Together,
"choroid plexus" describes a vascular, membranous network
involved in producing cerebrospinal fluid (CSF) and playing
a role in the brain's homeostasis.

This study explores the ChP's macroscopic, microsurgical,
and microstructural anatomy, offering insights into
its structural and functional significance (1-17). By
integrating anatomical and microscopic perspectives,
this study bridges gaps across disciplines, establishing a
foundation for future research into the ChP's involvement
in headache pathophysiology and its potential as a
therapeutic target.

These findings provide novel insights into the structural and
functional roles of this vital yet underexplored structure in
neuroscience. This study presents detailed macroscopic
and microsurgical anatomy, as well as microstructural
observations, aiming to enhance our understanding of
the ChP and its significance in the context of headache
research.

Methods

Cadaveric  specimens were utilized to explore the
macroscopic, microsurgical, and microstructural anatomy
of the choroid plexus (ChP). For macroscopic and
microsurgical dissections, arteries and veins were injected
with colored silicone to enhance visualization of the
vascular network and structural organization. To examine
microstructural details, ChP samples were obtained
from cadaveric donors, processed for scanning electron
microscopy, and qualitatively assessed for morphological
differences.

)

Results and Discussion

The anatomy of the ChP in the human lateral ventricle is
presented through microsurgical dissections of cadaveric
specimens, whose arteries and veins, after fixation, have
been injected with colored silicone. Injection, dissection
and picturing were accomplished by the second author
(CM), following the Rhotonian tenets, perfected at the
George Schrader-Colter  International  Microsurgical
Neuroanatomical Lab (Gainesville (1), US). The ChP in the
lateral ventricles exhibits a C-shape, attached to the taenia
on the thalamic and forniceal sides, it conforms to the
choroidal fissure (Figure 1). Microsurgical views highlight
the ChP at critical locations, such as the area of the
interventricular foramen, a point from which it is frequently
encountered during surgical procedures.

The choroid plexus (ChP) has gained attention in
neuroanatomy  (both  macroscopic  and  microsurgical
neuroanatomy) and neuroscience due to its critical role in
cerebrospinal fluid (CSF) production and its influence on
intracranial pressure regulation. These processes are intricately
linked to the pathophysiology of headaches, particularly those
associated with CSF flow alterations. Studies investigating the
morphology of the ChP offer valuable insights into its role in
these mechanisms, providing a foundation for understanding
how structural and functional characteristics of this unique
structure contribute to neurological conditions.

The findings emphasize the ChP's specialized architecture
and cellular organization, which are essential for
maintaining CSF homeostasis and intracranial pressure
regulation. Morphological or functional disruptions in
this complex structure could contribute to headache
development or exacerbation.

Microstructural  examination using scanning  electron
microscopy (SEM) reveals the intricate surface morphology
of the ChP. The microstructural aspects of the ChP in this
area are presented using standardized SEM protocols,
which disclose its characteristic structures. SEM imaging
uncovers Villi, microvilli, invaginations, and vesicles (or
interdigitations) that define its luminal surface. The epithelial
layer, prominently covered by microvilli, displayed distinct
apical portions and the presence of cilia, indicative of its
active role in CSF dynamics (Figure 2). These detailed
observations provide a comprehensive depiction of the ChP's
ultrastructure, underscoring its significance in CSF dynamics.
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Figure 1. A and B. The macroscopic anatomy of the choroid plexus at the human lateral ventricles is presented following a series of
planned cuts that completely expose the choroidal fissure. This planned exposure starts with an axial cut at the level of body of the corpus
callosum (insert). The choroidal fissure is an embryonic cleft which acquires a C-shape by the folding of the developing neural tube. At
the transition between the frontal horn and the body of the lateral ventricle, the choroidal fissure starts at the level of the interventricular
foramen. It extends all the way to the temporal horn, ending at the level of the inferior choroidal point. The choroidal fissure is bounded
on one side by the different parts of the fornix and, on the other side by the thalamus. C and D. Microsurgical view of the choroid plexus
at the level of the interventricular foramen - which is considered its embryonic enlargement. This microsurgical view - corresponding to
the area highlighted by the yellow rectangle in B - was obtained with the magnification of the surgical microscope (which should not
be mistaken by the microscopic magnification designed to understand the ultrastructure of tissues). The choroidal plexus is commonly
seen and dealt surgically in this area, either by ventricular catheterization/endoscopic procedures, or microsurgically, whenever the
choroidal fissure needs to be opened to access other ventricular/cisternal compartments. D. The choroidal fissure is opened by carefully
detachment of it from the forniceal taenia. In this fashion, the choroid plexus remains attached to the fissure by its adhesion to the taenia
on thalamic side. Note the choroidal arteries and veins crossing the fissure to and from the space of the velum interpositum at the roof
of the third ventricle (yellow star). Ant.: Anterior, Chor.: Choroid, For.: Foramen, Inf.: Inferior, Lat.: Lateral, N.: Nucleus, Sup.: Superior,
Thalamostr.: Thalamostriate, V.: Vein.
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"Figure 2. Scanning electron microscopy of human adult choroid plexus. (A) villi, highlighted by the circle; (B) microvilli, highlighted by the
arrow; (C) display interdigitations and cilia, highlighted by the triangle; and (D) schematic representation of the morphological features
of the villi, microvilli, and cilia, with scales corresponding to the dimensions observed in the SEM image."

These findings highlight the ChP specialized surface
architecture and intricate cellular organization which are
fundamental to its role in maintaining CSF homeostasis
and regulating intracranial pressure. Disruptions in the
morphology or function of this complex structure can have
profound implications, potentially contributing to the onset
or exacerbation of headaches.

By providing detailed macroscopic, microsurgical anatomical
and ultrastructural insights on the ChP, this study establishes
a bridge between the fundamental aspects of the ChP seen
by different fields of knowledge. It also provides the basis for
future research aiming at clarifying the ChP involvement in
headache and its pathophysiology, as well as to explore its
potential as a therapeutic target, shedding light on this vital,
yet underexplored structure.

Conclusion

The ChP is a highly specialized structure with critical
roles in cerebrospinal fluid (CSF) production, intracranial
pressure regulation, and brain homeostasis. This study
integrates macroscopic, microsurgical, and microstructural
analyses, comprehensively understanding its anatomical
and functional attributes. The macroscopic dissections
highlighted the ChP's C-shaped configuration in the
lateral ventricles and its attachment along the choroidal
fissure while scanning electron microscopy revealed its
intricate ultrastructure, including villi, microvilli, and cilia,
which underline its active involvement in CSF dynamics.

These findings highlight the ChP's potential contribution
to headache pathophysiology, particularly in conditions
associated with CSF flow and pressure dysregulation.
By bridging neuroanatomy and neuroscience, this work

provides a foundation for future investigations into the
ChP's role in neurological disorders and its potential as
a therapeutic target. A deeper exploration of this vital yet
underexplored structure could lead to novel strategies
for diagnosing and managing headache disorders and
related conditions.
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