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Abstract

Introduction: Hearing loss in its different degrees is widely recognized as one of the most common disabilities of humanity,
it affects approximately 100 million people around the world, only in the United States there are more than 28 million1
Americans who suffer from it and it is expected These figures will increase significantly in the coming decades.

The first Auditory Brainstem Implant (ABI) was developed in 1979 at the House Ear Institute in the United States by Dr.
William House and Dr. William Hitselberger. The intricate anatomy of the IV ventricle is of great importance in ABI surgery.
The IV ventricle in an ependymal cavity of the rhombencephalon, limited anteriorly by the brainstem and posteriorly by
the cerebellum, in terms of its structure it can be divided into a roof, floor and two lateral recesses, it continues towards the
cephalad with the cerebral aqueduct and caudally with the central medullary canal.

Objective: To value the complex anatomy of the fourth ventricle

Materials And Methods: A descriptive observational study was carried out in the chair of Normal Anatomy and Imaging Dr.
Luis Dellepiane, from the Universidad del Salvador, CABA. During the months of August and September 2022. 6 cerebellums
with brain stem and 3 formolized heads were used.

Results: The fourth ventricle is a cavity that lies dorsal to the brainstem, ventral to the cerebellum, and medial to the cerebral
peduncles.

A floor and a roof are described as limits, in addition to two extensions called lateral recesses. The arrangement of these can
be seen when performing a sagittal cut where the fourth ventricle shows the shape of a tent, with the floor being the base with
a vental orientation, and the walls the roof with a dorsal orientation.

Conclusions: The anatomical knowledge of the complex structure of the fourth ventricle is of vital importance in ABI surgery,
it is necessary that the neurosurgeon and the otolaryngologist know the above for a better understanding of its intricate
anatomy.
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Abbreviations: ABI: Auditory Brainstem Implant; AICA:
Anterior Inferior Cerebellar Artery; PICA: Posteroinferior
Cerebellar Artery.

Introduction

Hearing loss in its different degrees is widely recognized
as one of the most common disabilities of humanity, affecting
approximately 100 million people around the world. In the
United States there are more than 28 million [1]. Americans
who suffer from it and it is expected that these numbers will
increase significantly over the next few decades.

Its treatment depends on the degree and type of hearing
loss. Cases of profound or severe sensorineural hearing loss
due to a cochlear defect with an intact auditory nerve could
be candidates for a cochlear implant, but those patients
with an absence of the cochlea or cochlear nerve, auditory
rehabilitation is possible with the insertion of an Auditory
Brainstem Implant (ABI) [2].

The first ABI was developed in 1979 at the House Ear
Institute in the United States by Dr. William House and Dr.
William Hitselberger. The design of the electrodes has been
changing since the first attempts to electrically stimulate the
cochlear nuclei and consequently the results have improved
and a greater stabilization of the device has been achieved.

The ABI is a device that provides sound perception
through electrodes surgically implanted in the cochlear
nuclei of the brainstem, directly stimulating the brainstem
neurons by bypassing the cochlea and cochlear nerve.

Structurally, the ABI is similar to a cochlear implant.
It has a series of internal devices that are placed during
surgery: receiver coil, decoder and electrodes, and external
devices: transmitter coil, speech processor and microphone.

The electrodes and their arrangement deserve special
mention since, unlike the cochlear implant, the ABI has
a silicone electrode holder (3 x 8.5 mm) with 21 platinum
electrodes arranged in 3 rows (electrode diameter 0.7 mm),
a Dacron device that stabilizes the electrodes by allowing the
growth of connective tissue from the brainstem around it [3].

The sound is received by the external microphonelocated
behind the auricle, this signal is transmitted to the language
processor which transforms it into a digital stimulus that is
transmitted to the internal processor and from it through the
electrodes to the cochlear nuclei.

In general terms the ABI is indicated in those patients
with absence or alterations in the cochlear nerve or cochlea.
Historically, the patients most frequently selected for this
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type of implant were those with neurofibromatosis type
2, but with the development of medical engineering, the
indications for ABI have been extended [4].

The IV ventricle in an ependymal cavity of the
rhombencephalon, limited anteriorly by the brainstem and
posteriorly by the cerebellum, in terms of its structure it
can be divided into a roof, floor and two lateral recesses, it
continues towards the cephalad with the cerebral aqueduct
and caudally with the central medullary canal. The objective
of this manuscript is to carry out an anatomical description
of the IV ventricle applied to the ABI.

Objective

Value the complex anatomy of the fourth ventricle.

Materials and Methods

An observational descriptive study was carried out in the
chair of Normal Anatomy and Imaging Dr. Luis Dellepiane,
from the Universidad del Salvador, Buenos Aires, Argentina,
during the months of August and September 2022.

6 cerebellums with brainstem and 3 formalized heads
were used. To obtain images, a Nikon Kit D5600 camera was
used.

Results

Regarding the human cadaveric material, the pertinent
dissections were performed in the 6 cerebellums with
brainstem and the 3 heads, all 10% formalized preparations.
The dissection was systematized in 1- recognition activity of
the anatomy of the region 2- description of the roof, floor,
lateral recesses and vascular relations of the 4th ventricle.

Anatomical Review

The fourth ventricle is a cavity that lies dorsal to the
brainstem, ventral to the cerebellum, and medial to the
cerebral peduncles. It is continuous with the rest of the
ventricular system through the cerebral aqueduct, located
rostrally and communicated with the third ventricle, and
opens caudally to the central medullary canal. In addition, it
communicates with the subarachnoid space, laterally through
Luschka’s foramina, continuous with the cerebellopontine
cisterns, and with the cisterna magna through Magendie’s
foramen.

A floor and a roof are described as limits, in addition to
two extensions called lateral recesses. The arrangement of
these can be seen when performing a sagittal cut where the
fourth ventricle shows the shape of a tent.
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Roof of the IV ventricle: It is formed by two portions, one
superior and one inferior, which meet at a common point,
the fastigium. The upper roof is formed, laterally, by the
ventricular surfaces of the superior and inferior cerebellar
peduncles,and towards the midline by the superior medullary
velum, a thin layer of white matter lying between the superior
cerebellar peduncles and the lingula of the vermis, also fixed
to the posterior face of the midbrain by the frenulum of the
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superior medullary velum. The inferior roof is formed by
the nodule of the vermis, the inferior medullary velum, and
the tela choroidea. The latter is a thin layer of connective
tissue and ependymal cells from which the choroid plexuses
originate and are fixed, both being arranged in the shape of
an inverted “L’ so that they are not only located on the lower
roof but also cover the lateral recesses (Figures 1-4).

Figure 1: Sagittal Section of the IV Ventricle. A: Cerebral Aqueduct; MA: Midbrain; VMS: Superior Medullary Velum; VMI:
Inferior Medullary Velum; TC: Tela Choroidea; P: Protuberance; MA: Bulb; PICA: Posteroinferior Cerebellar Artery Rhoton A,
Peris-Celda M, Martinez Soriano F. Rhoton - Atlas Of The Head, Neck And Brain.

Figure 2: Floor of the IV Ventricle. T: Posterior Longitudinal Groove; FS: Upper Fossa; VII: Facial Colliculus; SM: Stria Medullaris;
ABL: Vestibular Area; XII: Trigone of the XII Nerv; X: Trigone of the Vagus; FI: Lower Fossa; Or: Obex Rhoton A, Peris-Celda M,
Martinez Soriano F. Rhoton - Atlas of the Head, Neck and Brain.
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Figure 3: Lateral Recess. 1: Rhomboid Lip; 2: Choroid Plexus; 3: Tela Choroidea; 4: Anterior Inferior Cerebellar Artery Rhoton
A, Peris-Celda M, Martinez Soriano F. Rhoton - Atlas of the Head.

Floor of the IV Ventricle.

Figure 4: Sagittal Section of the Brainstem. 1: Superior Medullary Velum; 2: Inferior Medullary Velum; 3: Tela Choroidea; 4:

Floor of the IV ventricle: Corresponds to the posterior face
of the pons and bulb, due to its shape it is also known as
rhomboid fossa, with the upper end of the fossa continuous
with the cerebral aqueduct and the lower one corresponding
to the obex. Transversely, it is divided into three portions:
a pontine, triangular in shape, whose base is an imaginary
line that joins the lower margin of the cerebellar peduncles;
a medullary, inverted triangular in shape, whose base is
the taenia of the lower part of the lateral recess where the
tela choroidea is fixed; and an intermediate one, in the
form of a band, arranged between the first two. It is divided
longitudinally by two vertical grooves: the median groove,
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arranged in the midline, and the sulcus limitans, which
divide the two halves of the floor of the fourth ventricle
into the median eminence and the vestibular area. The first
one describes, from rostral to caudal, the facial colliculus, a
protrusion caused by the presence of the abducens nucleus
being surrounded by fibers of the facial nerve; and three
triangular areas: the hypoglossal trigone, the vagus trigone,
and the area postrema. In the vestibular area there are: the
stria medullaris and the auditory tubercle [5].

In addition, two depressions are described in the sulcus
limitans, the superior and inferior fovea (Figure 5 & 6).
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5: Hypoglossal Trigone; 6: Vagus Trigone.

Figure 5: Floor of the IV Ventricle 1: Posterior Longitudinal Groove; 2: Sulcus Limitans; 3: Facial Colliculus; 4: Vestibular Area;

5: Hypoglossal Trigone; 6: Vagus Trigone.

Figure 6: Floor of the IV Ventricle 1: Posterior Longitudinal Groove; 2: Sulcus Limitans 3: Facial Colliculus; 4: V+Estibular Area;

Lateral recesses: correspond to two extensions that continue
the fourth ventricle to its opening in the cerebellopontine
cisterns through the foramina of Luschka. Two portions
are described: a peduncular, rostrally oriented, formed by
the caudal margin of the inferior cerebellar peduncle, and a
cisternal, ventrally oriented, formed by the rhomboid lip, a
layer of white matter that is located at the level of Luschka’s
foramen. . The entire floor of the lateral recesses, oriented
caudally, is upholstered by tela choroidea.

Rhomboid lip: it is a sheet of white matter that forms the
ventral limit of the foramen of Luschka [6-8].
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The apparent origin of the pairs IX and X are located
towards the dorsal side of the latter and that of the pairs VII
and VIII towards the rostral side. The first segments of the
AICA are also related to this structure.

The choroid plexus is an important point of reference
since, being fixed to the tela choroidea that forms the floor
of the lateral recess, it reaches Luschka’'s foramen and in
most cases protrudes through it on the opposite side of the
rhomboid lip.

Vascular relationships: Each limit of the fourth ventricle
is in close relationship with each of the fissures described
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between the cerebellum and the brainstem. The superior
cerebellar artery courses in relation to the cerebello-
mesencephalic fissure and the superior roof of the fourth
ventricle. The anterior inferior cerebellar artery (AICA) is
related to the lateral recess and Luschka’s foramen, especially
in its lateral pontine and flocculo-peduncular segment on
its way through the cerebellopontine fissure. Finally, the
posteroinferior cerebellar artery (PICA) in its course through
the cerebellomedullary fissure is related to the inferior roof
of the fourth ventricle, especially the tonsillomedullary and
telovelotonsillar segments [9,10].

Discussion

Regarding the anatomy of the IV ventricle in the works
published by Matsushima, Mercier and Longatti, there is a
coincidence in the cadaveric anatomical description of the
same with that made by the authors of this work [11-13].
In a regulated manner, all systematically describe the fourth
ventricle as a dilation of the ependymal canal, conical in
shape, located posterior to the brain stem and anterior to the
cerebellum.

Its representation is organized into a superior or pontine
portion, an intermediate or bulbo-protuberant portion, and
a lower or bulbar portion. According to the study carried
out by Antar in 2019, the IV ventricle has a mean length of
54.3 £3.67 mm and a distance between Luschka’s foramina
of 22.51 +2.43 mm. Structurally, it is divided into a roof
for better understanding, made up of the upper and lower
medullary velum, cerebellar peduncles and tela choroidea. A
floor furrowed by 2 lines, posterior longitudinal sulcus and
sulcus limitans, separated by a distance of 5.51 + 0.88 mm
[14]. These grooves delimit 2 areas: vestibular to lateral and
median to medial eminence, the latter presenting as relevant
accidents from cephalic to caudal: locus coeruleus, facial
colliculus, hypoglossal trigone and vagus trigone. (eleven).

The cochlear nuclei, of great importance in ABI
implantation, are located lateral to the sulcus limitans and
are divided into two parts: the dorsal cochlear nucleus
and the ventral cochlear nucleus. As a whole, they have an
extension from the floor of the IV ventricle to the root of the
vestibulocochlear nerve of 1.28 cm [15]. Functionally, these
nuclei divide tonotopically, with the dorsal cochlear nucleus
receiving the highest frequencies and the ventral cochlear
nucleus receiving the lowest frequencies [16].

The dorsal cochlear nucleus is located in the floor
of the lateral recess, at the rostral margin of Luschka’s
foramen and is related to the posterior region of the inferior
cerebellar peduncle. It is located lateral to the vestibular and
caudolateral area of the facial colliculus [6]. Macroscopically,
this nucleus is represented by a prominence located on the
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floor of the fourth ventricle, the auditory tubercle [15]. This
structure is located approximately 67 mm from the posterior
longitudinal groove [17] and 49 mm from the sulcus limitans®.
It has a medial - lateral extension of 55mm to the right and
50mm to the left and a rostro - caudal extension of 21mm on
the right side and 22mm on the left side [17].

On the other hand, the ventral cochlear nucleus is located
directly at the junction between the vestibulocochlear
nerve and the brainstem, on the lateral margin of the dorsal
cochlear nucleus [6]. Topographically it is located at the
junction between the lateral recess and the cerebellopontine
angle and is related to the flocculus [18]. Unlike the dorsal
cochlear nucleus, it does not produce a bulge on the surface
of the brain stem, but lies deep within the pons, above the
medulla pontine sulcus®. According to the study carried out
by Terr and Edgerton [19], the ventral cochlear nucleus is
partially located within the Luschka foramen.

Medial to the sulcus limitans, in the already mentioned
median eminence is the facial colliculus. This structure,
located at the bulbo-pontine level, is the most prominent
on the surface of the fourth ventricle and is formed by the
nucleus of the abducens nerve and the ascending segment
of the facial nerve [6]. Motor fibers leave the facial nerve
nucleus located ventrolateral to the abducens nerve nucleus
and lie medially to it. The facial colliculus is located 0.6 mm
from the posterior median sulcus and has measurements
of 6.8 mm in the craniocaudal direction and 5.7 mm in the
mediolateral direction [20]. Cranial to the facial colliculus
at the median eminence is the loecus coeruleus. Located
in the dorsolateral region of the pons, it is part of the
ascending reticular activation system and exerts its function
predominantly through the release of norepinephrine [21].

The lateral recesses are tunnel-like structures that
extend lateral to the pontomedullary junction. Its length is
from 10.4 to 24.3 mm with an average of 8.5 mm, and a width
of 2.8 to 6.5 mm with an average of 4.mm [22]. The study of
the morphology of these structures dates back to the end of
the 19th century, where attempts were already being made
to clarify the limits and meaning of its components from
both morphological and embryological approaches [23].
With the advent of microsurgery, interest in this region has
increased [24-26] but even so there are controversies in its
anatomy. Most agree that the rostral wall is formed by the
caudal margin of the cerebellar peduncles, the peduncle of
the flocculus, and the flocculus, and that the ventral wall is
formed by the rhomboid lip and the lateral part of the floor
of the fourth ventricle containing the cochlear nuclei [22,27].
But, on the other hand, regarding the caudal wall, while some
maintain that it is formed by extension of tela choroidea [27],
others include the rhomboid lip, evidencing that this last
structure is not yet clearly defined in the literature [22].
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At the topographic level, the lateral recesses have an
intraventricular and an intracisternal portion, divided by
the origin of the rhomboid lip. This conception, introduced
in recent years, makes it easier to locate the cochlear nuclei
since the fixing edge of the lip extends over the ventral
cochlear nucleus9 22.

Considering the situation of the lip with respect to
Luschka’s foramen, the retraction of the choroid plexus
allows visualization together with the interior of the lateral
recess, immediately behind the lip is the intraventricular
portion of the ventral cochlear nucleus and then the ventral
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dorsal nucleus. (6 18 19) The latter is located in the upper
portion of the floor of the lateral recess and is visualized
thanks to the fact that it forms a prominence, the auditory
tubercle10 15 (Figure 7). Another important consideration
of the rhomboid lip was described by Y. Nakahara, who
reported the possibility of an enlarged presentation of this
that covers the exit of the cranial nerves adjacent to the
Luschka foramen with the possibility of confusing it with
arachnoids; this variation would coexist with a foramen
Luschka’s also enlarged. Likewise, he reported the possibility
of detecting this variation using conventional magnetic
resonance imaging [28].

Figure 7: Floor of the IV Ventricle.

Luschka’s foramen is located at the end of the lateral
recess and communicates the fourth ventricle with the
pontocerebellar cistern. Regarding its relationship with
the neighboring cranial nerves, it is located towards the
anteroinferior of the accessory and hypoglossal nerves,
posteroinferior of the facial and vestibulocochlear nerves,
and dorsal to the glossopharyngeal and vagus nerves [29],
with the latter the profusion of the choroid plexus of the
fourth ventricle, named historically as the Bockdalek flower
basket after the Czech anatomist who first described it [30].
The arterial relationships are more variable: the PICA runs
below the foramen, in relation to the glossopharyngeal and
vagus [29]; the AICA runs caudally and can send branches
through the foramen [31], being duplicated and tripled in
26% and 2% of cases respectively, as well as being variably
related through its branches with the vestibulocochlear
complex [32]. This last relationship is important to avoid
serious sequelae in this type of surgery [33]. Lastly, the
initial portion of the vein of the middle cerebellar peduncle
and that of the cerebellomedullary fissure are those with the
most relevant relationship with Luschka’s foramen [34].
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Conclusions

Anatomical knowledge of the complex structure of
the fourth ventricle is important in ABI surgery and it is
necessary for both neurosurgeon and otorhinolaryngologist.
In this manuscript a limited description of the IV ventricle
is made, pointing out relevant structures in ABI surgery so
that the general otolaryngologist has access to a simplified
representation of its intricate anatomy.
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