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THE third ventricle is among the most surgically inac-
cessible areas in the brain. In particular, its posterior 
part poses a challenge for neurosurgeons. The most 

common route to reach lesions in this area is from a pos-
terior supracerebellar infratentorial approach to the quad-
rigeminal cistern. The anatomy of the so-called “pineal 
region” has been widely described from this point of view.1 
However, with the technological development of neuroen-
doscopic tools, the approach from inside the third ventricle 

through a trans–Monro foramen route has become widely 
used. Despite numerous reports of endoscopic approaches 
to the posterior part of the third ventricle to perform bi-
opsies or partial or total removal of tumors involving the 
pineal region and the aqueduct, or to fenestrate quadri-
geminal cysts, there is a lack of information about the in 
vivo anatomy of the posterior wall of the third ventricle. 
The aim of this study was to review cases of endoscopic 
exploration of the posterior wall of the third ventricle of 
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OBJECTIVE Despite the technological advancements of neurosurgery, the posterior part of the third ventricle has al-
ways been the “dark side” of the ventricle. However, flexible endoscopy offers the opportunity for a direct, in vivo inspec-
tion and detailed description of the posterior third ventricle in physiological and pathological conditions. The purposes of 
this study were to describe the posterior wall of the third ventricle, detailing its normal anatomy and surgical landmarks, 
and to assess the effect of chronic hydrocephalus on the anatomy of this hidden region.
METHODS The authors reviewed the video recordings of 59 in vivo endoscopic explorations of the posterior third 
ventricle to describe every identifiable anatomical landmark. Patients were divided into 2 groups based on the absence 
or presence of a chronic dilation of the third ventricle. The first group provided the basis for the description of normal 
anatomy.
RESULTS The following anatomical structures were identified in all cases: adytum of the cerebral aqueduct, posterior 
commissure, pineal recess, habenular commissure, and suprapineal recess. Comparing the 2 groups of patients, the au-
thors were able to detect significant variations in the shape of the adytum of the cerebral aqueduct and in the thickness 
of the habenular and posterior commissures. Exploration with sodium fluorescein excluded the presence of any fluores-
cent area in the posterior third ventricle, other than the subependymal vascular network.
CONCLUSIONS The use of a flexible scope allows the complete inspection of the posterior third ventricle. The anatomi-
cal variations caused by chronic hydrocephalus might be clinically relevant, in light of the commissure functions.
https://thejns.org/doi/abs/10.3171/2020.4.JNS20493
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patients with and without triventricular or tetraventricular 
hydrocephalus, describe the normal endoscopic anatomy 
of the pineal region, and compare it with the anatomy in 
cases of ventricular chronic dilation.

Methods
From January 2015 to April 2019, 171 intraventricu-

lar neuroendoscopic procedures were performed at our 
institutions. All patients gave informed consent, which 
was approved by the institutional board. We reviewed all 
video recordings of the operations and selected the cases 
of patients affected by triventricular hydrocephalus due to 
aqueductal stenosis or neoplastic obstruction of the cau-
dal aqueduct, monoventricular and biventricular hydro-
cephalus due to a colloid cyst, tumors of the foramen of 
Monro, atresia of the foramina of Monro, tetraventricu-
lar hydrocephalus, or intraventricular hemorrhage (IVH). 
All cases of tumors growing in the posterior part of the 
third ventricle were excluded, as were those with missed 
or unclear intraoperative images. A total of 59 patients (21 
patients with IVH, 31 patients with triventricular and tet-
raventricular hydrocephalus, and 7 patients with mono- or 
biventricular hydrocephalus) were included in the study. 
We reviewed all selected cases, retrieving data from our 
neuroendoscopic clinical and video databases.

In all cases, a flexible endoscope was used (Karl Storz 
GmbH & Co.; external diameter 3.7 mm, operative chan-
nel diameter 1.5 mm), connected to an Image 1 H3-Z-FI 
Spies camera (Karl Storz GmbH & Co.). The scope was 
equipped with dual observation modalities for white light 
and fluorescence through a dedicated double filter (D-light 
AF system C, Karl Storz GmbH & Co.). The images were 
projected on a 26-inch monitor HD (Karl Storz GmbH & 
Co.).

The patients were classified into 2 groups based on the 
presence of a chronically dilated third ventricle. We as-
sumed patients with mono- and biventricular hydrocepha-
lus and patients with IVH to have a normal third ventricle 
anatomy, compared with patients with chronic dilation of 
the third ventricle.

The shape of the adytum of the cerebral aqueduct, the 
thickness of the posterior and habenular commissures, 
and the shape of the pineal recess were directly visu-
ally assessed and cataloged for both groups. In selected 
cases, 8–10 mg/kg sodium fluorescein was intravenously 
administered, and the anatomical structures were visual-
ized through a blue light filter to highlight subependymal 
vessels and any area lacking the blood-brain barrier, both 
physiological (some circumventricular organs) and patho-
logical (tumors and phlogosis).2

Statistical Analysis
For the continuous variable (age), mean and standard 

deviation were used to describe the parametric variables. 
Accordingly, the Student t-test was used for comparison 
between subgroups. Relationships between categorical 
variables were assessed by chi-square test. For all analy-
ses, a two-sided p < 0.05 was taken to indicate statistical 
significance.

Technical Endoscopic Aspects and Precautions During 
Navigation of the Posterior Third Ventricle

When inserting the flexible scope through the peel-
away introducer into the right lateral ventricle, usually the 
Monro foramen is immediately faced. The choroid plexus 
is shown at the bottom of the screen, the thalamostriate 
vein appears at the bottom right, the septum pellucidum 
stands at the left, and the column of the fornix outlines 
the anterior part of the Monro foramen. The scope is then 
advanced through the foramen of Monro to enter the third 
ventricle (Fig. 1). The mammillary bodies and the tuber 
cinereum are the first visible structures. At this stage, the 
tip of the scope must be bent backward as it is further ad-
vanced along the floor of the third ventricle. It is important 
for the tip of the scope to be quite close to the mammil-
lary bodies before tilting it to avoid hitting the posterior 
edge of the foramen of Monro where the choroid plexus 
and the internal cerebral vein start their course along the 
roof of the third ventricle. The floor of the third ventricle 
will therefore be visible at the top of the screen, while the 
adhaesio interthalamica appears at the bottom and is then 
passed after the scope is moved below it toward the pos-
terior third of the third ventricle. In this region, the fol-
lowing anatomical structures are visualized on the screen 
from top to bottom: the adytum of the cerebral aqueduct, 
the posterior commissure, the pineal recess, the habenular 
commissure, the suprapineal recess, the roof of the third 
ventricle covered by choroid plexus, and the internal cere-
bral veins (Fig. 2).

Although the scope is deeply advanced into the third 
ventricle, as long as the movements are careful and smooth, 
the ependyma cannot be damaged, even at the narrowest 
passage of the foramen of Monro, as the scope is flexible 
and nicely adapts to the irregular, complex shape of the 
ventricular system sliding through it.

Neuroanatomical Study on Postmortem Samples
The posterior third ventricle was also analyzed in 3 

postmortem brains, sampled from cadavers (2 females, 
30 and 67 years old; 1 male, 70 years old) from the Body 
Donation Program of the University of Padua.3 The brains 
were fixed in 10% formalin for 30 days. The brainstem and 
cerebellum were removed through the transverse section at 
the level of the superior colliculi. The third ventricle was 
sampled en bloc through 2 paramedian sagittal sections 
passing laterally to the epiphysis and through corpus cal-
losum, thalamus, and hypothalamus. The sample was then 
paraffin embedded and serially sectioned from one side to 
the other. Every tenth section was stained with H & E and 
analyzed with particular reference to the posterior third 
ventricle. The topographical distribution of the choroid 
plexus was also considered, both macro- and microscopi-
cally.

Results
The anatomical observations obtained in the 2 groups 

of patients are listed in Table 1. Table 2 shows the summa-
ry of the anatomical variations observed in the posterior 
third ventricle. There were no statistically significant dif-
ferences between the dilated ventricle and normal anatomy 
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groups for sex distribution (M/F 12/19 and 16/12, respec-
tively; p = 0.25) or age (51.6 ± 21.6 vs 60 ± 15.3 years, 
respectively; p = 0.09).

Comparing the groups of patients, we found that a 
rounded or stenotic shape of the adytum of the cerebral 
aqueduct was more often encountered in the dilated ven-
tricle group (p < 0.01). None of the patients presenting with 
IVH showed a stenotic adytum.

While the posterior and the habenular commissures 
usually appear thick in normal anatomy, they become thin 
in a significant number of patients with chronic hydro-
cephalus (p < 0.01 for posterior commissure, p < 0.01 for 
habenular commissure; Fig. 3 and Videos 1 and 2).

VIDEO 1. Patient 28. Anatomy of the posterior third ventricle in a 
case of chronic hydrocephalus. The adytum of the cerebral aque-
duct is rounded and oval-shaped, due to membranous obstruction 
of the caudal part of the aqueduct. Both the posterior and the 
habenular commissures appear thin, and the pineal recess is slit. 
Copyright Alberto Feletti. Published with permission. Click here to 
view.
VIDEO 2. Patient 46. Anatomy of the posterior third ventricle in a 
case of acute IVH. The adytum of the cerebral aqueduct is triangu-
lar, shaped by the posterior commissure posteriorly and the rubral 
nuclei anteriorly. Both the posterior and the habenular commissures 
are thick, and the pineal recess is open. Copyright Alberto Feletti. 
Published with permission. Click here to view.

No significant difference was detected in the shape of the 
pineal recess comparing the 2 groups (p = 0.14).

Interestingly, in the majority of cases with normal 
anatomical features, a yellowish choroid plexus partially 
covers the habenular commissure. Conversely, in cases of 

chronic hydrocephalus, this yellowish choroid plexus is 
frequently absent (p = 0.02; Fig. 4). Exploration with so-
dium fluorescein excluded the presence of any fluorescent 
area in the posterior third ventricle, except for the subep-
endymal vascular network and choroid plexus (Fig. 2).

Analysis of the third ventricle in macroscopic sag-
ittal sections showed that the main body of the choroid 
plexus was located along the ventricular roof, as usually 
described in anatomical atlases, but a small portion of the 
choroid plexus can extend inferiorly and posteriorly in 
front of the habenular commissure (Fig. 5).

The pineal gland was clearly visible on the posterior 
aspect of the third ventricle (Fig. 6). In all cases it showed 
numerous calcified concretions. The profile of the pineal 
recess was very thin and clearly recognizable only at the 
level of the pineal stalk, between the habenular and poste-
rior commissures, and not in the main body of the gland. 
The pineal gland did not show microvascular organization 
typical of other circumventricular organs such as the area 
postrema.4

The posterior commissure was characterized by an 

FIG. 2. Endoscopic anatomy of the posterior third ventricle. A: White 
light inspection revealing the adytum of the cerebral aqueduct, posterior 
commissure, pineal recess, habenular commissure, stria medullaris 
thalami, suprapineal recess, roof of the third ventricle covered by 
choroid plexus, and the internal cerebral veins. B: Closer vision after 
sodium fluorescein intravenous injection. Compared with panel A, the tip 
of the endoscope is a bit closer to the roof of the third ventricle in order 
to make fluorescence more evident on the black background. Only the 
choroid plexus is highlighted, both on the roof of the third ventricle and 
on the habenular commissure. The stria medullaris thalami, posterior 
commissure, and habenular commissure are not fluorescent, while the 
suprapineal recess and the pineal recess appear black. C and D: Art-
ist’s illustrations showing the posterior third ventricle with white light (C) 
and fluorescence mode (D). a = adytum of the cerebral aqueduct; chp = 
choroid plexus; hc = habenular commissure; icv = internal cerebral vein; 
pc = posterior commissure; pr = pineal recess; smt = stria medullaris 
thalami; spr = suprapineal recess. Copyright Alberto Feletti. Published 
with permission.

FIG. 1. Artist’s illustration showing the path of the endoscope (black 
curved line) through the foramen of Monro into the third ventricle. The 
tip of the scope is bent backward and advanced below the adhaesio in-
terthalamica to inspect the posterior part of the third ventricle. Copyright 
Alberto Feletti. Published with permission.
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TABLE 1. Patient demographics and anatomical features

Patient No.

Age 
(yrs), 
Sex Disease Procedure

Adytum of the 
Aqueduct PC HC

Choroidal 
Plexus on 

HC
Pineal 

Recess

Dilated 3rd ventricle
  1 65, F ACPF ETV, fenestration of ACPF Rounded Thin Thin Yes Slit
  2 37, M AS ETV Stenotic Thick Thin Yes Wide
  3 43, F CHB AQP + stent, fenestration of CHB, left Lushcka- 

 plasty
Rounded Thin Thin Yes Slit

  4 49, F FVOO ETV Triangular Thick Thick Yes Slit
  5 33, F AS ETV Rounded Thin Thick No Slit
  6 78, F AS ETV Rounded Thin Thin No Wide
  7 64, F AS ETV + AQP Stenotic Thick Thin No Wide
  8 77, M AS ETV Stenotic Thick Thick Yes Slit
  9 66, M AS ETV Rounded Thin Thin No Wide
 10 50, M AS ETV Rounded Thin Thin No Slit
 11 15, M AT ETV Stenotic Thick Thin No Wide
 12 67, M ACQC AQP Triangular Thin Thin Yes Wide
 13 19, F AS ETV Rounded Thick Thin No Slit
 14 51, M FVOO ETV Triangular Thick Thick Yes Slit
 15 73, M AS AQP Rounded Thin Thin Yes Wide
 16 47, F PFT ETV Triangular Thick Thick Yes Wide
 17 63, F AS ETV Stenotic Thin Thin No Slit
 18 9, F PFT ETV Triangular Thick Thin No Slit
 19 35, F AS ETV Rounded Thin Thin Yes Slit
 20 73, F Lymph Biopsy Rounded Thin Thin Yes Wide
 21 57, F ACPF ETV Rounded Thick Thick No Slit
 22 73, M HIT Biopsy Triangular Thick Thin Yes Slit
 23 65, M AS ETV Rounded Thin Thin Yes Slit
 24 66, F AT ETV Stenotic Thick Thick No Wide
 25 83, M PFT ETV Rounded Thin Thin Yes Slit
 26 25, F FVOO ETV Stenotic Thick Thin No Wide
 27 58, F NPH ETV Triangular Thick Thin Yes Wide
 28 26, F AS AQP Rounded Thin Thin Yes Slit
 29 47, F AS ETV Triangular Thick Thin No Slit
 30 70, F AS ETV Rounded Thick Thin No Wide
 31 65, M AS ETV, AQP Rounded Thin Thin Yes Wide
Normal anatomy
 32 3, M LVPP Inspection Triangular Thick Thin No Slit
 33 35, M IVH Aspiration Triangular Thick Thick No Wide
 34 79, M IVH Aspiration Rounded Thick Thin Yes Wide
 35 49, M IVH Aspiration Triangular Thick Thick Yes Wide
 36 55, F IVH Aspiration Triangular Thick Thick Yes Slit
 37 32, F IVH Aspiration Triangular Thick Thick No Wide
 38 43, M IVH Aspiration Triangular Thick Thick Yes Wide
 39 81, F IVH Aspiration Triangular Thin Thin Yes Wide
 40 61, M IVH Aspiration Rounded Thick Thick Yes Slit
 41 47, F IVH Aspiration Triangular Thick Thick Yes Wide
 42 78, M IVH Aspiration Rounded Thick Thick Yes Wide
 43 74, M IVH Aspiration Rounded Thick Thin Yes Wide
 44 52, F IVH Aspiration Rounded Thick Thick No Slit

CONTINUED ON PAGE 5 »
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external posterior/inferior component, made up of nerve 
fibers crossing the midline, and an internal anterior/su-
perior component, composed of scantily cellularized and 
vascularized tissue (Fig. 6C). The posterior commissure 
was lined by a simple ependymal layer, which did not show 
any specialization; the subcommissural organ (SCO) was 
not recognizable in any section. The habenular commis-
sure was also characterized by low cell and microvessel 
density. Some small calcareous concretions were also vis-
ible (Fig. 6D).

Discussion
The anatomy of the posterior third ventricle has been 

historically described from a posterior, microsurgical 
point of view. From this perspective, there are plenty of 
data deriving from both cadaveric and intraoperative stud-
ies.1,5–7 Conversely, the anterior, intraventricular face of the 
posterior wall of the third ventricle has been described 
mostly in postmortem specimens.5,8,9 Neurosurgeons who 
have approached this area in vivo using an endoscope have 
done so only to explore or biopsy or remove tumors involv-
ing the pineal region. Therefore, only pathological endo-
scopic anatomy is available for this area.10–23

The routine use of a flexible scope in cases of colloid 
cysts, atresia or neoplastic obstruction of the foramen of 
Monro, and IVH allows for exploration of the normal anat-
omy of this difficult-to-access region and its variations. 
On the other hand, neuroendoscopic procedures for non-
neoplastic obstructive hydrocephalus gave us the chance 

» CONTINUED FROM PAGE 4

TABLE 1. Patient demographics and anatomical features

Patient No.

Age 
(yrs), 
Sex Disease Procedure

Adytum of the 
Aqueduct PC HC

Choroidal 
Plexus on 

HC
Pineal 

Recess
Normal anatomy (continued)
 45 61, M IVH Aspiration Triangular Thick Thick Yes Slit
 46 54, M IVH Aspiration Triangular Thick Thick Yes Wide
 47 63, M IVH Aspiration Rounded Thick Thick No Wide
 48 76, M IVH Aspiration Rounded Thick Thick Yes Slit
 49 73, F IVH Aspiration Triangular Thick Thick No Wide
 50 71, F IVH Aspiration Triangular Thick Thick Yes Slit
 51 76, M IVH Aspiration Rounded Thick Thin Yes Slit
 52 76, M IVH Aspiration Triangular Thick Thick Yes Wide
 53 66, M IVH Aspiration Triangular Thick Thick Yes Wide
 54 45, M CC Removal Triangular Thick Thin Yes Slit
 55 37, F MA Monroplasty Triangular Thick Thick Yes Slit
 56 47, F MS Subtotal removal, Monroplasty Triangular Thick Thick Yes Wide
 57 44, F CC Removal Triangular Thick Thin Yes Wide
 58 67, F CC Removal Triangular Thick Thin Yes Slit
 59 78, F CP Fenestration of cyst Triangular Thick Thin Yes Wide

ACPF = arachnoid cyst in the posterior fossa; ACQC = arachnoid cyst of the quadrigeminal cistern; AQP = aqueductoplasty; AS = aqueductal stenosis; AT = aqueductal 
tumor; CC = colloid cyst; CHB = cystic hemangioblastoma of the obex; CP = craniopharyngioma; ETV = endoscopic third ventriculostomy; FVOO = fourth ventricular out-
let obstruction; HC = habenular commissure; HIT = hypothalamic-infundibular tumor; LVPP = plexus papilloma of the lateral ventricle; lymph = lymphoma; MA = atresia of 
the foramen of Monro; MS = subependymoma of the foramen of Monro; NPH = normal pressure hydrocephalus; PC = posterior commissure; PFT = posterior fossa tumor.

TABLE 2. Summary of anatomical variations in the posterior 
third ventricle

Anatomical Structure & 
Shape

No. of Patients (%)
Dilated Ventricle 

(n = 31)
Normal Anatomy 

(n = 28)

Adytum of the aqueduct
 Triangular 8 (25.8) 20 (71.4)
 Rounded 16 (51.6) 8 (28.6)
 Stenotic 7 (22.5) 0
PC
 Thick 16 (51.6) 27 (96.4)
 Thin 15 (48.4) 1 (3.6)
HC
 Thick 7 (22.6) 19 (67.9)
 Thin 24 (77.4) 9 (32.1)
HC choroid plexus
 Yes 17 (54.8) 22 (78.6)
 No 14 (45.2) 6 (21.4)
Pineal recess
 Wide 14 (45.2) 17 (60.7)
 Slit 17 (54.8) 11 (39.3)

Boldface type indicates anatomical features with statistical significance.
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to assess the effects of chronic ventricular dilation on the 
anatomical structures of the posterior third ventricle.

When approached anteriorly and within the third ven-
tricle, the posterior wall of the third ventricle comprises, 
from above to below, the suprapineal recess, the habenular 
commissure, the pineal recess, the posterior commissure, 
and the adytum of the cerebral aqueduct (Fig. 2).1

The suprapineal recess lies below the splenium of the 
corpus callosum and over the habenular commissure and 
can always be observed during endoscopic procedures. 
In nearly half of the cases, the suprapineal recess shows 
a posterior extension with a membranous structure. This 
area of the suprapineal recess is surgically relevant, as it 
has been proposed as an alternative site for third ventricu-
lostomy to divert CSF to the quadrigeminal cistern.24,25

The habenula is a paired structure connecting the fore-
brain to midbrain regions. Its name comes from the Latin 
habena, meaning “rein.” It has a key role in learning and 
motivation,26 in the process of error detection and the abil-
ity to adjust accordingly,27 and in the perception of pain.28 
Moreover, it appears to play a role in the pathophysiology 
of major depression.29 It includes 2 subdivisions, lateral 
and medial, the latter providing projections to the contra-
lateral habenula through the habenular commissure.1,30

Along with the pineal gland, posterior commissure, stria 
medullaris thalami, habenular nuclei, and trigonum haben-
ulae, the habenular commissure is part of the epithalamus. 

The habenular commissure connects the bilateral habenu-
lar nuclei and is often reported as calcified on plain skull 
radiographs and CT scans.31 Our microscopic studies con-
firmed that microcalcifications can be present in the con-
text of the habenular commissure. However, based on our 
findings from direct endoscopic vision, the choroid plexus 
can also be calcified. The significant similarity of calcifi-
cation trend by year of life between the habenular com-
missure and choroid plexus reported by Whitehead et al. 
supports this hypothesis.32 Neurosurgical approaches have 
shown that the choroid plexus often covers the habenular 
commissure (81.5% in normal anatomical cases; Fig. 4). 
The neuroanatomical study on postmortem samples also 
confirmed that a separated portion of the choroid plexus 
might extend inferiorly and posteriorly in front of the ha-
benular commissure. To the best of our knowledge, this is 
the first description of such choroid plexus covering the ha-
benular commissure. The origin and the eventual function 
of this choroid plexus are not clear. As the choroid plexus 
of the third ventricle and the habenular commissure begin 
their formation at almost the same gestational stage,33,34 it 
is likely that in most embryos some choroid plexus cells lie 
in the ependymal area that will later form the habenular 
commissure, giving origin to portions of choroid plexus, 
which is soon separated from the main choroid plexus of 
the roof of the third ventricle because of the growing of the 
habenular commissure. The decrease in vascular supply 
may therefore induce its atrophy, and this could explain 
the pale and yellowish appearance of the choroid plexus 

FIG. 4. A–C: Yellowish choroid plexus covering the habenular commis-
sure in most cases. D: When chronic hydrocephalus occurs, the yellow-
ish choroid plexus covering the habenular commissure is less frequently 
encountered. a = adytum of the cerebral aqueduct; chp = choroid plex-
us; hc = habenular commissure; hcy = habenular commissure covered 
by yellowish choroid plexus; icv = internal cerebral vein; pc = posterior 
commissure; spr = suprapineal recess. Copyright Alberto Feletti. Pub-
lished with permission. Figure is available in color online only.

FIG. 3. Comparison between the normal anatomy of the posterior third 
ventricle (A and B) and the alterations due to chronic hydrocephalus (C 
and D). A: The shape of the adytum of the cerebral aqueduct is trian-
gular, and the posterior and habenular commissures appear thicker. B: 
Artist’s illustration showing the normal anatomy. C: The adytum of the 
cerebral aqueduct is oval, the commissures are thinner, and the pineal 
recess is also thinner. D: Artist’s illustration showing the anatomy in a 
case of chronic hydrocephalus. a = adytum of the cerebral aqueduct; 
hc = habenular commissure; icv = internal cerebral vein; pc = posterior 
commissure; pr = pineal recess; smt = stria medullaris thalami; spr = su-
prapineal recess. Copyright Alberto Feletti. Published with permission.
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covering the habenular commissure. Interestingly, when 
chronic hydrocephalus occurs, the choroid plexus covers 
the habenular commissure in a significantly small number 
of patients (53.1% of cases).

In nonhydrocephalic patients, we found a thick ha-
benular commissure in about 70.4% of cases, while in the 
presence of hydrocephalus the habenular commissure ap-
peared thin in 78.1% of cases; this difference was statisti-
cally significant. Similarly, the posterior commissure was 
significantly thicker in nonhydrocephalic patients than in 
hydrocephalic patients (96.3% vs 53.1%). This can indi-
cate that in case of chronic ventricular dilation, the com-
missure could be progressively stretched and therefore 
becomes thinner. Considering the role of the habenular 
nuclei in learning, motivation, and major depression, it is 
possible to hypothesize an association between the com-
promised habenular structures and some symptoms of hy-
drocephalic patients.

Most of the fibers arriving in the habenular area arise in 
the nucleus ovalis of the diencephalon and run in the stria 
medullaris thalami,34 which could always be visualized 
during endoscopic inspections as a paired ridge anterior to 
the habenular commissure and just below the roof of the 
third ventricle (Fig. 2).

The pineal gland lies in the quadrigeminal cistern. The 

stalk of the pineal gland divides into a superior and an in-
ferior lamina. While the habenular commissure is located 
in the superior lamina, the posterior commissure is posi-
tioned in the inferior lamina. The pineal recess of the third 
ventricle, which we were always able to visualize during 
neuroendoscopic procedures, separates the laminae. In 
nonhydrocephalic patients, the pineal recess was found to 
be wide in 63% of cases, while 56.2% of hydrocephalic 
patients showed a thin recess, although this difference was 
not statistically significant. The pineal gland is considered 
one of the circumventricular organs,35,36 although not all 
researchers agree that the pineal gland has fenestrated cap-
illaries and lacks a blood-brain barrier.37 Consistently with 
this view, we were never able to detect any fluorescence 
at the level of the pineal recess after fluorescein sodium 
intravenous injection (Fig. 2B).

The posterior commissure interconnects the pretectal 
nuclei, mediating the consensual pupillary light reflex, and 
has a close relationship with the medial longitudinal fas-
ciculus.38 However, after closure of the neural tube, while 

FIG. 6. Photomicrographs. A: Representative sagittal section of the third 
ventricle, showing the pineal gland (*) and the habenular (arrow) and 
posterior (arrowhead) commissures on the posterior aspect, together 
with the extension of the choroid plexus on the ventricular roof. Note 
that the most posterior part of the choroid plexus is quite near to the ha-
benular commissure. B: Detail of the posterior third ventricle in another 
section. C and D: Higher magnifications of the posterior and habenular 
commissures, respectively. H & E, original magnification ×1.25 (B); ×10 
(C and D). Figure is available in color online only.

FIG. 5. A: General view of the third ventricle through a sagittal section. 
Note that the main body of the choroid plexus is located along the ventri-
cle roof (°), but a minor portion of the choroid plexus extends posteriorly 
in front of the habenular commissure (*). B: Sample of the above choroid 
plexus showing the clear separation of the portion of the choroid plexus 
that lies in front of the habenular commissure (*) with respect to the main 
body of the choroid plexus (°). Copyright Alberto Feletti. Published with 
permission. Figure is available in color online only.
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the ventral midline forebrain territories express the diffus-
ible morphogen sonic hedgehog, the dorsal midline fore-
brain territories express Wnt/BMP, similar to the cerebel-
lar territories.39 This developmental link indicates that the 
posterior commissure might also be associated with pos-
ture and the integration of body movements.6 Similar to 
the habenular commissure, the posterior commissure was 
significantly thicker in nonhydrocephalic patients than in 
hydrocephalic ones (96% vs 55%) (Fig. 3). This suggests 
that the disequilibrium and balance impairment experi-
enced by patients affected by hydrocephalus might at least 
partially be correlated with the stretching and mechanical 
injury of the posterior commissure.

The SCO is a specialized neuroepithelium located un-
derneath the posterior commissure, being the oldest brain 
gland and the first to differentiate in ontogeny.40 Unlike the 
other circumventricular organs, which have a tight barrier 
with the CSF and are open to blood, the SCO is closed 
to both blood and CSF.39,45 In humans, different from all 
other species, the SCO is secretory active only during 
the fetal period, while after birth it undergoes regressive 
changes.41,42 It is now known that the vascularization of 
the SCO is almost absent in humans. This can explain why 
during endoscopic explorations it is not possible to detect 
it after fluorescein sodium intravenous injection, which is 
different from what happens with the median eminence 
on the tuber cinereum and the area postrema on the cala-
mus scriptorius.2,4 We were never able to distinctly identify 
this organ during endoscopic procedures, even after fluo-
rescein sodium intravenous injection. Its identification is 
problematic in cadaver studies, and it was not identifiable 
in the postmortem adult samples analyzed in this study.6

As already described elsewhere, normally the shape of 
the adytum of the cerebral aqueduct is triangular.43,44 The 
base of the triangle is outlined by the posterior commis-
sure, and the other 2 sides are delineated by the 2 red nu-
clei of the midbrain (rubral eminences). In our series, the 
triangular shape was seen in about 70.4% of normal cases. 
Conversely, the shape was rounded or stenotic in chroni-
cally dilated third ventricles (71.9%).

Our study has some limitations. First, the images ob-
tained with a flexible scope have limited quality, as the 
instrument is based on fiber optics. Moreover, a precise, 
direct quantitative measure of anatomical structures is not 
possible during endoscopic procedures because the appar-
ent sizes change in relation to the distance of the tip of 
the scope from the structures themselves. Therefore, the 
features of the adytum of the cerebral aqueduct, the thick-
ness of the posterior and habenular commissures, and the 
width of the pineal recess were assessed in a qualitative 
manner, comparing the images taken at approximately the 
same distance from the tip of the scope.

Conclusions
Flexible endoscopy allows a thorough and detailed in-

spection of the least accessible posterior part of the third 
ventricle. The suprapineal recess, habenular and posterior 
commissures, pineal recess, stria medullaris thalami, and 
adytum of the cerebral aqueduct can always be seen. Con-
versely, the circumventricular organs of this region (pi-

neal gland and SCO) are not highlighted by intravenous 
fluorescein sodium injection. Chronic dilation of the third 
ventricle alters the anatomy of the commissures, which 
become thinner, and the shape of the pineal recess, which 
becomes narrower. These variations may be relevant from 
a clinical point of view, based on the claimed functions of 
these structures.
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