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ABSTRACT

Background: Endoscopic third ventriculostomy (ETV) is currently used as a treatment for different types of
hydrocephalus. However, the anatomical endoscopic variants of the third ventricle floor (3VF), as well as their
surgical implications, have been underrated. The anatomic variations of the 3VF can influence the technique and
the success rate of the ETV. The purpose of this article is to describe the anatomical variations of 3VF, assess their
incidence, and discuss the implications for ETV.

Methods: Intraoperative videos of 216 patients who underwent ETV between January 2012 and February 2020
at Hospital Infantil Universitario de San José, Bogota, Colombia were reviewed. One hundred and eighty patients
who met the criteria to demonstrate the type of 3VF were selected.

Results: 3VF types were classified as follows: (1) Thinned, (2) thickened, (3) partially erased, (4) globular or
herniated, and (5) narrowed.

Conclusion: Knowledge of anatomical variations of the 3VF is paramount for ETV and it influences the success
rate of the procedure.

Keywords: Cerebrospinal fluid shunt, Endoscopic third ventriculostomy, Hydrocephalus, Neuroendoscopy,
Ventriculostomy

INTRODUCTION

The third ventricle floor (3VF) is a complex anatomical region made up of multiple structures of
great importance for endocrinological and executive functions. From rostral to caudal, it involves
the supraoptic recess, optic chiasm, infundibulum, tuber cinereum, and mammillary bodies
[Figure 1].07)
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Figure 1: (A) Endoscopic view of the FT'V. In this image, the anatomical structures that make up the FTV are recognized, from anterior to
posterior we find. (a) Optic chiasm, (b) infundibulum, (c) dorsum sellae, (d) floor of the third ventricle (tuber cinereum), (e) basilar complex,
(f) mammillary bodies, and (g) hypothalamic wall. (B) Lateral view of the diencephalon. The structures that make up the floor of the third

ventricle can be appreciated. (OCa) Optic chiasm.

First described by Mixter et al. in 1923, the endoscopic third
ventriculostomy (ETV) is the technique routinely used for
the treatment of obstructive hydrocephalus.”>'*3 ETV was
aimed at creating an alternate pathway for the circulation of
cerebrospinal fluid (CSF) through a fenestration performed
on the 3VE in which the anatomic knowledge is imperative
to successfully perform the procedure. The tuber cinereum is
the structure directly related to fenestration, it is composed of
nerve fibers that travel from the hypothalamus to the pituitary
gland, it is limited anteriorly by the optic chiasm, later by the
mammillary bodies, laterally by the hypothalamus, and rests
on the basilar artery complex [Figure 1].1"1617]

Despite the identification of these anatomical structures, the
anatomy of the 3VF is variable. These variations were briefly
studied, especially in relation to complications rate and failures
of the surgical procedure. In 2016, Sughrue et al. published the
first study about the most common variations of the endoscopic
anatomy, during ETV, on a series of 50 operated patients.?!!
They tried to relate radiological variations dependent on the
associated pathology.”! Even today, we do not know the true
implications and other types of variations that may exist and
that may have a positive or negative influence on ETV.

On these assumptions, the present image report aims to
contribute to the knowledge of endoscopic anatomical
variations of the 3VF and its probable incidence and proposes
two de novo variants, founded on an extensive series of
illustrated cases. The surgical implications of these variations
in ETV were further discussed.

MATERIALS AND METHODS

Intraoperative videos of 216 patients undergone ETV between
January 2012 and February 2020 at the Hospital Infantil
Universitario de San José, Bogota, Colombia were reviewed.
One hundred and eighty patients who met the criteria were
chosen to demonstrate the type of 3VF taking into account the
quality of the recording. All procedures were performed with
Karl Storz ventricular endoscopes (Tuttlingen, Germany).
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The videos were reviewed together with the clinical history of
each patient, as well as the reports of the surgical procedure,
considering their age, sex, history, and whether they required
reoperation for the management of hydrocephalus. From
each neuroendoscopy video, the 3VF image was captured.
From each image obtained, the anatomical structures were
identified, labeled, and edited using CorelDRAW Graphics
Suite 2020 (Corel TM, Ottawa, Canada).

Beyond a detailed description of the 3VF anatomy [Figure 2],
several types of 3VF were detected and classified as
follows: (1) Thinned floor [Figure 3A], (2) thickened floor
[Figure 3B], (3) partially erased floor [Figure 3C], (4) globose or
herniated floor [Figure 3D], and (5) narrow floor [Figure 3E].
The incidence of anatomical variants, independently from the
type of 3VE, was also evaluated [Figure 4]. The existence of two
additional anatomical variants was proposed [Figure 5].

The statistical analysis was carried out using the Epi-Info
7.2.3.1 software.

RESULTS

Of the 180 operated patients, 57% were women, and
49% were in the context of acute hydrocephalus. It was
observed that 22% of the patients had thinned floors and
its association with chronic hydrocephalus was estimated at
37%. The thickened floor represented 53% of our series and
a relationship of 47% was estimated with patients previously
operated on. The globose floor was only present in 6% of the
patients, the partially erased floor in 7% of the patients, and
the configuration narrow floor was found in 12% of patients.
The reoperation rate was 13%. The number of patients with
ventricular bypass systems before 3VF was 56.49%.

DISCUSSION

Understanding the neurosurgical anatomy and its variations
are of great importance for neurosurgical practice.”*'*! The
detailed anatomy and different types of 3VF were previously
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Figure 2: (A) Anatomical superior view of the III ventricle floor.
(B) Posterior superior view of the III ventricle floor. (C) Anterior
superior view of the III ventricle floor. (a) Chiasmatic recess,
(b) anterior commissure, (¢) infundibular recess, (d) tuber cinereum,
(e) mammillary bodies, (f) medial wall of the hypothalamus,
(g) aqueduct, and (h) posterior commissure.

described.??! In the present image report, we presented the
main variations found in our case series.

Anatomic variations of 3VF
Thinned floor

Thinned 3VF is characterized by a thin and transparent
membrane and may occur in patients with chronic
hydrocephalus.'! It is believed that due to the constant vector
pressure toward the 3VF in obstructive hydrocephalus, the
floor decreases in thickness. This allows the visualization of
the underlying structures in fenestrations of the 3VE one
could consider a lower risk of vascular lesions or failures in
the correct communication of the third ventricle with the
cisterns. In our study, it was found that 37% of patients with
chronic hydrocephalus had a thinned floor [Figure 3A].

Thickened floor

A 3VF with a thick membrane associated with inflammatory
pathologies or long-standing hydrocephalus processes was
found." In the series presented, it was found in 18% of patients
with chronic hydrocephalus and up to 38% of patients with
a history of shunting, so it can be theorized that ependymal
inflammatory changes secondary to a foreign body in the
ventricle may lead to an increase in the thickness of the 3VF
floor. Furthermore, in some series, no relationship has been
found between the thickness of the 3VF and reoperations.!*!
In our study, 47% of reoperated patients were found to have a
thickened 3VF floor. Regarding surgical implications, the time
and difficulty of performing a fenestration may increase due to
the risk of vascular rupture or incomplete communication and
the surgeon must be experienced in the management of this
type of variation [Figure 3B].

Figure 3: In this figure, it is possible to identify the different
endoscopic anatomical variants of the FTV, in each image, a
complete view of the ventricle is shown, and next to it is the
representation of each of its structures. (A) Thinned floor,
(B) thickened floor, (C) cleared floor, (D) globus or herniated
floor, and (E) narrow floor. The anatomical structures are found
as follows: (a) optic chiasm (black), (b) infundibulum (yellow),
(c) dorsum sellae (purple), (d) floor of the third ventricle, (tuber
cinereum) (blue), (e) basilar complex (red), (f) mammillary bodies
(green), and (g) hypothalamic wall.
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Figure 4: Other anatomic variants independent of the type of
TVF can be identified. (A) Separate mammillary bodies, (B) the
prominent basilar artery, (C) elongated third ventricle, and
(D) interthalamic bands. The anatomical structures are found as
follows: (b) infundibulum (yellow), (d) floor of the third ventricle
(tuber cinereum) (blue), (e) basilar complex (red), (f) mammillary
bodies (green), and (g) hypothalamic wall.

Partially erased floor

There is only one description of this type of anatomical
variation in the literature.”!! The endoscopic characteristics
are particular and of great importance for the performance of
fenestration. In our series, 12 patients (6.4%) had this variation
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Figure 5: Two endoscopic anatomical variants are presented
that we consider are not reported in the medical literature and
that can constitute a surgical challenge for the surgeon in charge.
(A) Translucent floor, (B) Y-floor. Anatomical structures are found
as follows: (c) Dorsum sellae (purple), (d) floor of the third ventricle
(tuber cinereum) (blue), (e) basilar complex (red), (f) mammillary
bodies (green), (i) pituitary, and (j) brainstem.

and 10 (83%) had chronic hydrocephalus, so it can be said that
the pathophysiology of the presence of this variation is related
to the increased pressure on the 3VF that produces changes in
transparency and neural lining. No reoperations were recorded
in patients with this variation [Figure 3C].

Globose or herniated floor

This kind of variant of 3VF was the most infrequent in
our series and had little relation to the presence of chronic
hydrocephalus (7%) although it is described as a cause due
to pressure changes in the third ventricle. Some authors
show ballooning of the 3VF after perforation of the tuber
cinereum!"!! or excess Ringer’s lactate irrigation during the
procedure.?! Due to the anatomical layout, fenestration can
be difficult, and the surgeon’s expertise is needed to achieve
effective communication with the cisterns since relationships
are lost on the globose floor, and visualization of the great
vessels can be difficult [Figure 3D].

Narrow floor

The intraoperative image shows a variation in which the
fenestration space is reduced. The prepontine cistern is
the ventral limit of the 3VF and contains the basilar artery.
The prepontine interval has been described as an important
consideration at the time of surgery.?!! In the authors’
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experience, a meticulous preoperative evaluation of the images
is considered to relate to the anatomy of the basilar artery
and avoid accidents at the time of communication, as well as
performing the fenestration in the most rostral part of the tuber
cinereum and posterior to the dorsum sellae.?” The relationship
between this variant and hydrocephalus is not clear, and in our
series, the percentage of presentation is low [Figure 3E].

Variable features of the 3VF

In addition, other variable features of the 3VF were found.

Separate mammillary bodies

Separate mammillary bodies constitute a challenge for the
surgeon as they can be mistaken for the tuber cinereum. This
may lead to hypothalamic damage at the time of fenestration
[Figure 4A].

The prominent basilar artery

The prominent basilar artery occurs in the middle of the tuber
cinereum and its herniation, among some communicating
vessels, reduces space for fenestration [Figure 4B].[°)

Elongated third ventricle

In this type of variant, the anteroposterior diameter of
the ventricular cavity is elongated. This anomaly has been
described in patients with hydrocephalus.”! During the
surgical procedure, delicate handling of the endoscope
is recommended to avoid damage to the fornix or
thalamostriate veins, as well as special care in communication
to avoid hypothalamic compromise [Figure 4C].["*!

Interthalamic bands

Dystopic interthalamic communications have been found
that do not pose additional difficulty to the procedure.
During the review of intraoperative videos, two new variants
were found that have not been described in the literature to
date [Figure 4D].

Translucent floor: This variant was observed in one patient
[Figure 5A] and an almost invisible 3VF was found due to a thin
arachnoid layer that was fenestrated without complications.

Y-floor: In this variant, there is an increased intermamillary
distance and a small prepontine space, with abnormal
vasculature that can lead to vascular accidents if there is
insuflicient experience [Figure 5B].

CONCLUSION

Neurosurgeons should recognize the variations of 3VE. Many
have been described and this study shows the most common

and two new and rare ones. Further studies are needed
to determine the relationship between the variations and
the operative outcome of patients, as well as to predict the
effectiveness of endoscopic fenestration.
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