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Objective: Craniopharyngiomas (CPs) predominantly involving the third ventricle were
commonly termed “intraventricular” lesions. The aim of this study was to clarify the
anatomical relationship between the tumor and the third ventricle by both surgical and
histological investigation.

Methods: A retrospective review of primarily resected CPs by endoscopic endonasal
surgery was performed. CPs with predominantly ventricular involvement were selected for
study inclusion by preoperative imaging. The surgical procedure of each case was
reviewed. The wholly removed tumor specimens were histologically analyzed, in all
cases, to investigate the tumor–third ventricle relationship using hematoxylin and eosin,
immunochemical, and immunofluorescence staining.

Results: Twenty-six primary CPs predominantly involving the third ventricle were selected
from our series of 223 CPs treated by endoscopic endonasal surgery between January
2017 and March 2021. Gross-total resection was achieved in 24 (92.3%) of 26 patients,
with achievement of near-total resection in the remaining patients. A circumferential layer
of stretched third ventricle floor was identified surrounding the tumor capsule, which could
be peeled off easily from the ventricle floor remnants at most areas of the plane of tumor
attachment. Some portions of the tumor capsule tightly adhered to the third ventricle floor
were removed together with the floor. A breach of various size was observed at the third
ventricle floor after tumor removal in most cases, the floor remaining intact in only two
cases (7.7%). Histological examination on marked portions of tumor capsule showed that
the pia mater was frequently detected at most of the tumor–brain interface, except at the
antero-frontal border of tumor contacting with the third ventricle floor. At this point, a layer
of gliosis with various thickness was observed between the tumor and the neural tissue of
the third ventricle floor.
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Conclusion: CPs with predominantly ventricular involvement should be considered as
lesions with an extraventricular, epi-pia topography rather than “intraventricular” or
“subpial” topography. Accurate understanding of the relationship between the third
ventricle and such tumors would predict the circumferential cleavage plane of
dissection, and remind neurosurgeons of performing dissection along the safe surgical
plane to achieve total tumoral resection with minimizing hypothalamic damage.
Keywords: craniopharyngioma, endonasal, endoscopic, histology, intraventricular, pituitary surgery, third ventricle
INTRODUCTION

Craniopharyngiomas (CPs) are benign tumors believed to
originate from ectodermal remnants of the craniopharygeal
duct, accounting for 2% to 5% of all intracranial tumors (1).
These tumors may arise at any point along the hypothalamus–
pituitary axis, intrasellar or suprasellar (2, 3). CPs predominantly
involving the third ventricle remain among the most challenging
to form a surgical perspective due to their upward extension
against the third ventricle and their close relationship with the
hypothalamus. An accurate understanding of the topographical
relationships between the CPs and the third ventricle floor/
hypothalamus is essential for proper, safe surgical planning
or manipulation.

CPs predominantly involving the third ventricular
compartment were commonly described as “intraventricular”
or “third ventricle” lesions in most publications, and these
tumors were thereby classified into “intraventricular” subset by
many authors in their classification system (4–14). Since the term
“intraventricular” specifically denote lesions that arise from the
brain parenchyma and grow exophytically into the ventricular
system, “intraventricular” CPs were thought to originally develop
within the neural tissue of the third ventricle floor and
progressively grow into the third ventricle leaving an intact
third ventricle floor below (15, 16). However, the theory is in
conflict with the universally accepted hypothesis that CPs arise
from ectodermal remnants of the craniopharygeal duct. On the
other hand, previous classification systems including the
“intraventricular” subset of CPs were established based on
tumor–third ventricle relationships observed on autopsies, surgical
procedures, and/or neuroradiological studies (7, 11, 17, 18).
Accurate histological evidence of the CP boundaries contacting
the third ventricle floor and the third ventricle walls is lacking in
most reports on intraventricular CPs to unequivocally define the
strict “intraventricular” category.

Endoscopic endonasal surgery use a corridor along the
hypothalamic–pituitary axis and allows direct visualization of
retrochiasmatic compartment, especially for the ventral area of
the third ventricle (17, 19, 20). Accordingly, this approach
provides more precise information for illuminating the tumor–
third ventricle relationships than traditional microscopic
transcranial approach. In this series, we retrospectively
reviewed surgical procedures of CPs with predominantly
ventricular involvement by endoscopic endonasal approach,
and made comprehensive histological evaluation of tumor–
third ventricle interface on these tumors. The aim of this study
2

is to reveal the real relationships between the tumor and the third
ventricle with more convincing evidence, and to provide useful
information for neurosurgeons when managing such tumors
with appropriate surgical planning and minimizing the risk of
damage to the hypothalamus.
MATERIALS AND METHODS

Patient Selection and Perioperative
Assessment
All patients with CPs treated by endoscopic endonasal surgery at
our institution between January 2017 and March 2021 were
retrospectively reviewed. Patients with recurrent tumors and/or
who underwent radiotherapy were excluded to avoid incorrect
identification of the tumor–ventricular relationship.
Preoperative imaging was reviewed in each case to evaluate the
location and growth pattern of the tumor in determining the
potential for study inclusion. According to our QST classification
based on tumor origin as reported previously (21, 22), all tumors
were classified into three types: infrasellar/subdiaphragmatic CPs
(Q-CPs), subarachnoidal CPs (S-CPs), and pars tuberalis CPs
(T-CPs). Confirmation of a CP with predominantly ventricular
involvement was then performed by concordant assessment of
three senior neurosurgeons. According to the criteria described
in previous publications (2, 4, 8, 9, 14), the tumor was
characterized as a CP with predominantly ventricular
involvement if its main body occupy the compartment of the
third ventricle on preoperative imaging, above an identifiable,
almost or partially intact pituitary stalk, with or without the
lower pole of the tumor slightly extending into the suprasellar
area (Figures 1A, 2A, 3A, 4H).

All data were collected from a prospectively maintained
database. Each enrolled patient’s clinical chart was studied to
categorize age, gender, presenting symptoms, imaging data, and
surgical outcomes (Table 1). The tumor size was determined by the
maximum diameter on preoperative sagittal or coronal MRI.
Tumor consistency (solid, cystic, or mixed) was also identified on
preoperative MRI. Extent of resection was determined by
immediate MRI review within 48 h after surgery by an
independent neuroradiologist. Accordingly, gross total resection
(GTR) was defined as 100% macroscopic tumor resection, near-
total resection (NTR) was defined as ≥95% but <100% resection,
subtotal resection (STR) was defined as ≥80% but <95% resection,
and partial resection was defined as <80% resection.
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Surgical Procedure
The surgical procedure of each individual CP case was recorded
by HD video and carefully reviewed after dura opening, focusing
on the dissection of the tumor–brain interface. A standard
endoscopic endonasal transtuberculum approach was used for
tumor resection in all cases as described elsewhere. A thin
translucent membrane formed by the stretched par tuberalis
can be found overlying the tumor. Careful dissection and
preservation of the membrane is essential to maintain the
continuity of the hypothalamus–pituitary axis to maximize the
possibility of recovery of postoperative hormonal function.
Therefore, a longitudinal incision along the infundibulum was
made in the membrane, and gentle dissection was then
performed between the tumor and the membrane.

Tumors with cystic component were emptied before resection
to gain better exposure and sufficient manipulating space. For
large purely solid lesions, the decompressive intratumor
debulking was necessary while the intact tumor capsule should
be preserved. A combination of blunt and sharp extracapsular
dissection was then performed to dissect the tumor away from
the third ventricle floor/hypothalamus. During the dissection,
the interface between the tumor and the third ventricle was
carefully identified under the close-up endoscopic visualization,
in an effort to maximally preserve the integrity of the third
ventricular floor/hypothalamus and minimize the risk of leaving
unnoticed tumor remnants behind. Finally, the surgical cavity
was examined using angled endoscope after tumor removal to
Frontiers in Oncology | www.frontiersin.org 3
evaluate the integrity of the third ventricular floor/hypothalamus,
and further validate tumor–third ventricle relationships.

Histopathologic Assessment
The wholly removed tumor specimens of each case were sent for
histological evaluation to identify the pathological type and
investigate the tumor–third ventricle relationships. For the
tumor area with dense adhesions to the third ventricular floor
and unlikely to be separated from each other, the involved tissue
of the third ventricle floor was removed with the tumor to ensure
complete resection. As described in our previous studies, the
different portions of tumor capsule in contact with the third
ventricle were marked during surgery, and each marked
specimen was histologically examined separately to provide a
comprehensive synthesis of overall information regarding the
relationships between the tumor and third ventricle.

H&E, immunochemical, and immunofluorescence staining
were performed as described previously (22, 23). The antibodies
used were Neurofilament (NF) (1:400, Abcam, ab7794), Glial
Fibrillary Acidic Protein (GFAP) (1:200, Abcam, ab7260); pan
Cytokeratin (Pan-CK) (1:300, Abcam, ab215838), Laminin b1
(1:400, Sigma, MAB1921P), CK5/6 (1:400, Sigma, SAB5600242),
and Oxytocin (OXT) (1:400, Abcam, ab212193). NF was selected
to mark the axon of neuron; GFAP was used to mark the gliosis;
Pan-CK and CK 5/6 were used to mark the tumor; Laminin b1
was used to mark the pia mater; OXT was used to mark the
secretion and transport of oxytocin in the hypothalamus.
FIGURE 1 | Illustrative endonasal case 1 clarifying the tumor–ventricle relationship. In (A), preoperative MRI shows that the CP mainly occupies the third ventricle
chamber. In (B), intraoperative photograph indicates the intact pituitary stalk beneath the tumor. In (C), a clear plane of dissection (yellow arrowhead) was identified
at the tumor–infundibulum interface. In (D), the top portion of the tumor was easily stripped away from the third ventricle floor through a cleavage pial plane (white
arrowhead). In (E, F), the pia mater was absent at some areas of the tumor–ventricle interface (asterisk) while a safe plane of surgical dissection could still be
identified to perform the total tumoral resection without trespassing the third ventricle floor. In (G), the tumor was removed en bloc after circumferential dissection. In
(H), the third ventricle floor as well as the pituitary stalk remained intact without any defect after total tumoral removal, suggesting the extraventricular rather than the
“intraventricular” topography of such tumors. In (I), postoperative MRI confirms the total removal of the tumor and the integrity of the third ventricle floor (white
arrowhead) and the pituitary gland (yellow arrowhead). 3VF, the third ventricle floor; OC, optic chiasm; PG, pituitary gland; PS, pituitary stalk; T, tumor.
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RESULTS

Patient and Tumor Characteristics
During the period from January 2017 to March 2021, a total of
223 patients with CPs underwent resection by endoscopic
endonasal surgery. Of these, 78 patients with recurrent tumor
and/or radiotherapy were excluded from the analysis.
Accordingly, 145 patients with primary CPs were classified
into three subtypes according to QST classification: 46 patients
were identified with Q-CPs, 23 with S-CPs, and 76 with T-CPs.
Among the 76 patients with T-CPs, 26 (34.2%) identified to have
CPs with predominantly ventricular involvement were enrolled
in this study. A mostly intact pituitary stalk above the tumor
could be identified in 15 cases (57.7%) on preoperative sagittal or
coronal MRI. The average age of the patients was 46.3 ± 14.2
years (range 2–73 years), and 11 (42.3%) of the patients were
female. The maximal tumor diameter on preoperative MR
images averaged 37 mm (range 15–57 mm). In regard to
consistency, mixed (solid-cystic) tumors were noted in 17 cases
(65.4%), purely cystic in 6 cases (23.1%), and purely solid in 3
cases (11.5%), respectively.

Surgical Findings
GTR was achieved in 24 of 26 patients (92.3%), and NTR was
noted in the remaining 2 patients. During the dissection of the
tumor capsule, a circumferential, easily recognizable layer of
stretched third ventricle floor was always detected surrounding
Frontiers in Oncology | www.frontiersin.org 4
the tumor. In most areas of the tumor–brain interface, the tumor
capsule was usually easy to strip away from the third ventricle
floor/hypothalamus upon a clear plane of the pia mater or gliosis.
By contrast, in some areas (mostly at the central area) of the
tumor–brain interface, it is difficult to remove the tumor capsule
without trespassing the ventricle floor due to extremely thin floor
and/or dense adhesion. Therefore, the tightly adhered portions of
the tumor were removed together with adjacent third ventricle
floor, leaving an opening with various size at the floor in most
cases (Figures 1–3). Only two patients (7.7%) with moderate
tumor size had the intact third ventricle floor after tumor
removal. The infundibulum was mostly preserved with
pituitary–hypothalamus continuity in 12 patients (46.1%),
partially preserved in 8 patients (30.8%), and sacrificed in 6
patients (23.1%) due to extremely thin fiber remnants.

Histopathological Results
According to pathological reports, adamantinomatous CPs were
the predominant type, noting in 21 cases (80.8%). H&E and
immunofluorescence staining on marked portions of tumor
capsule involving third ventricle showed that the pia matter
was frequently detected at most of the tumor–brain interface,
except at the antero-basal border of tumor contacting with the
third ventricle floor, which is often near the presumed site of
tumor origin. In this situation, a layer of gliosis with various
thickness was instead observed between the tumor and the neural
tissue of the third ventricle floor (Figures 4–6).
FIGURE 2 | Illustrative endonasal case 2 clarifying the tumor–ventricle relationship. In (A), a CP with predominantly ventricular involvement was identified on
preoperative MRI. In (B), the thin layer of pars tuberalis was incised longitudinally and careful dissection was performed along the tumor–infundibulum interface
(yellow arrowhead) to preserve the continuity of the stretched pituitary stalk. In (C), a cleavage pial plane (white arrowhead) ensured the successful dissection of the
tumor and the integrity of adjacent third ventricle floor remained. In (D), the pia mater was absent at some areas of the tumor–ventricle interface, while a layer of
reactive gliosis (asterisk) could provide a safe cleavage plane for surgical dissection instead. In (E), a clear boundary between the tumor and the third ventricle floor
was observed at the lateral folder of the third ventricle, although partial remnants of the third ventricle floor was removed with the tumor due to the dense adhesion.
In (F), most portions of the tumor capsule were dissected with an opening left at the third ventricle floor (dashed line). In (G), the tumor was removed en bloc after
dissection. In (H), the stretched thin layer of the pituitary stalk was mostly preserved after tumor removal. In (I), postoperative MRI reveals the defect of anterior third
ventricle floor (white arrow) and the stretched thin pituitary stalk (yellow arrowhead). 3V, the third ventricle; 3VF, the third ventricle floor; MB, mamillary body; OS,
optic chiasm; PG, pituitary gland; PS, pituitary stalk; T, tumor.
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FIGURE 3 | Illustrative endonasal case 3 clarifying the tumor–ventricle relationship. In (A), preoperative MRI shows a tumor with predominantly ventricular
development above the pituitary stalk. In (B), intraoperative photograph indicates the mostly intact pituitary stalk beneath the tumor. In (C), the surgical dissection
was performed along a clear tumor–infundibulum interface (yellow arrowhead). In (D, E), a non-functional layer of reactive gliosis between the tumor and the third
ventricle floor without leptomeningeal tissue (white arrowhead) was used in this case as a safe plane of dissection, although it is difficult to remain the integrity of the
third ventricle floor at some areas associated with extremely stretched thin ventricular floor or tight attachment. In (F), the tumor was removed en bloc after
dissection. In (G, H), a moderate defect of the third ventricle floor (dashed line) and the remnants of the stretched pituitary stalk were preserved after tumor removal.
In (I), postoperative MRI demonstrates the total tumor removal, and the hyperintense T1 signal represents the fat used for skull base reconstruction. 3V, the third
ventricle; 3VF, the third ventricle floor; OS, optic chiasm; PG, pituitary gland; PS, pituitary stalk; T, tumor.
FIGURE 4 | Histological examination of a remodeling tumor with mainly ventricular involvement. In (A–G), multiple portions of the tumor sample were stained with
HE for histopathological examination. The result of HE staining shows that the whole tumor (black pentagram) was resected along either a dense band of gliosis or
some membranous structures (white pentagram). In (H), preoperative MRI indicates the tumor primarily involves the third ventricle. In (I), the photograph showed the
gross appearance of the remodeling tumor by packing with cotton after an en bloc tumor removal. In (J), postoperative MRI demonstrates the total tumoral
resection, and the hyperintense T1 signal represents the fat used for skull base reconstruction.
Frontiers in Oncology | www.frontiersin.org December 2021 | Volume 11 | Article 7404105
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Collectively, three morphological patterns between the
tumor and the third ventricle floor were noted in this series:
(1) the moat-like pattern, in which the pia matter was intact at
the tumor–brain interface and a gap was found between the
tumor and the pia mater; (2) the beach-like pattern, in which
there existed a continuous smooth plane between the tumor
and the ventricle floor without any gap, and the intact pia mater
was still detected at the tumor–ventricle interface; and (3) the
finger-like pattern, in which the tumor formed finger-like
structures that invaded the third ventricle floor, with the
absence of the pia mater and the development of reactive
gliosis between the tumor and the neural tissue of the third
ventricle floor (Figure 7).
DISCUSSION

Study Inclusion
CPs predominantly involving the third ventricle are not
common while posing the greatest surgical challenge of all
CPs due to their intimate anatomical and functional
relationships with the hypothalamus. In the late 1920s,
Cushing first realized that some CPs had an “intraventricular”
position (24). In 1985, Steno (25) demonstrated an
“ intraventricular” subset among suprasellar CPs by
Frontiers in Oncology | www.frontiersin.org 6
stereoscopic and microscopic investigation in 30 autopsies.
Since then, the term “intraventricular” was widely used by
many authors as a subset of CPs in their classification
schemes. Yasargil et al. (13) classified CPs into five subtypes in
their surgical series of 144 cases and type f was assigned to define
“purely intraventricular” CPs, which was described as “lying
within the third ventricle”. Kassam et al. (7) described tumors
isolated to the third ventricle as “intraventricular” (type IV) CPs
in their surgical series using an endoscopic endonasal approach.
Pascual et al. (26) analyzed 130 CPs previously described as
“intraventricular” in various publications, and further
recategorized four subtypes: (1) “strictly intraventricular”, (2)
“not strictly intraventricular”, (3) “secondarily intraventricular”,
and (4) “pseudointraventricular”. In categorizing the tumors in
this paper, tumors predominantly occupying the compartment
of the third ventricle that satisfied the Pascual criteria of “strictly
intraventricular” and “not strictly intraventricular”were selected
for study inclusion, which is consistent with Forbes et al.’s study
(6). According to our QST classification, the enrolled 26 cases
belonged to the subset of T-CPs, which were presumed to arise
in the top of the par tuberalis. The specific originating site
should be primarily responsible for the predominantly upper
extension of such tumors, and the purpose of this study is to
reveal the real relationship between the tumor and the third
ventricle floor.
TABLE 1 | Clinical chart of each enrolled patients.

Case
No.

Age
(years),
Sex

Preoperative Presentation Surgical Outcomes Postoperative Outcomes

Symptoms Hypothalamic
Disturbance

Tumor
Size* (mm)

Tumor
Consistency

Histological
Type

EOR Defect
of 3VF

Follow-up
(months)

Hypothalamic
Status

Recurrence

1 41, F HA, HP No 23 Mixed AD GTR Yes 27 Unchanged No
2 38, F VD No 37 Cystic AD GTR Yes 24 Worsened No
3 41, F HA, HP Yes 42 Mixed AD GTR Yes 17 Unchanged No
4 16, M HP No 25 Mixed AD GTR Yes 3 Unchanged No
5 63, F HA No 15 Mixed AD GTR Yes 15 Unchanged No
6 48, M VD No 38 Cystic PAP GTR No 54 Unchanged No
7 33, M HA, DI Yes 47 Mixed AD GTR Yes 9 Worsened No
8 2, F HA Yes 28 Mixed AD GTR Yes 36 Worsened No
9 53, M VD Yes 43 Mixed AD GTR Yes 47 Unchanged No
10 50, M HP No 28 Mixed AD GTR Yes 24 Unchanged No
11 55, M HA No 19 Cystic PAP GTR Yes 35 Unchanged No
12 61, F VD No 51 Mixed AD GTR Yes 7 Unchanged No
13 47, F HA, VD Yes 57 Mixed AD NTR Yes 11 Unchanged Yes
14 52, M HA, VD,

HP
No 46 Cystic AD GTR Yes 5 Worsened No

15 57, M HA Yes 48 Solid PCP GTR Yes 28 Improved No
16 48, F HA No 35 Mixed AD GTR Yes 45 Unchanged No
17 73, M HA No 36 Mixed AD GTR Yes 22 Worsened No
18 45, M VD Yes 42 Solid PAP GTR Yes 27 Improved No
19 45, F VD No 45 Mixed AD GTR Yes 32 Unchanged No
20 29, F HA No 33 Mixed AD GTR Yes 28 Worsened No
21 55, M HA Yes 37 Cystic AD GTR Yes 36 Improved No
22 54, M VD, HP No 39 Mixed AD NTR Yes 24 Worsened No
23 47, M HA No 28 Mixed AD GTR Yes 21 Unchanged No
24 44, F HA No 35 Solid PAP GTR No 33 Unchanged No
25 49, M VD Yes 48 Cystic AD GTR Yes 9 Worsened No
26 58, M VD, HP No 39 Mixed AD GTR Yes 10 Worsened No
December 2021
 | Volume 11 | A
3VF, the third ventricle floor; AD, adamantinomatous; DI, diabetes insipidus; EOR, extent of resection; GTR, gross total resection; HA, headache; HP, hypopituitarism; NTR, near-total
resection; PAP, papillary; VD, visual deterioration.
*The tumor size was determined by the maximum diameter on preoperative sagittal or coronal MRI.
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Endoscopic Endonasal Surgery for
Intraoperative Investigation
In the era of micro-neurosurgery, the basic knowledge regarding
the tumor–brain relationship of CPs was mainly established
based on microscopic findings. The investigation of the
delicate anatomy of the hypothalamic–pituitary axis was
Frontiers in Oncology | www.frontiersin.org 7
limited by poor visualization. During the last two decades, the
refinement of the endoscopic endonasal surgery has significantly
changed the management of CPs. This approach can provide
direct visualization of the retrochiasmatic space and is especially
suitable for the exposure of the third ventricle undersurface
(17, 19, 20). Additionally, close-up observation provided by
endoscope and great advance of visualization technologies
allows for gaining more anatomical and detailed information
of this intricate area. The CP classification proposed by Kassam
et al. (7) in 2008 was established based on the relevant
relationship between the tumor and the pituitary stalk
observed through the endoscopic transsphenoidal approach,
although the visual resolution of endoscopy seemed not
satisfactory according to current standard. Despite the controversy
regarding the approach selection of “intraventricular” CPs between
the transcranial and the endonasal approach, it is undoubted that
the latter may provide optimal visualization of the third ventricle
floor. Therefore, we intentionally reviewed the surgical procedure of
such CPs treated by endoscopic endonasal approach in this series, in an
attempt to present more anatomical evidence illuminating the tumor–
ventricle relationships compared with traditional microsurgery.

Surgical Findings at the Tumor–Ventricle
Interface
Although the tumors appeared to be “intraventricular” on
preoperative MRI, a circumferential, well-defined layer of
stretched third ventricle floor was always observed surrounding
the tumors involving the third ventricle during the surgical
dissection. Most portions of the tumor capsule could be easily
stripped away from the third ventricle floor along a cleavage
plane of the pia mater or the gliosis, except at some points with
tight adherence or extremely thin remnants of the stretched third
ventricle floor. These points were probably associated with the
origin of the tumor. The findings strongly suggest that the
FIGURE 6 | The histological architecture between the tumor and the third ventricular floor. In (A–F), immunofluorescent staining shows a layer of gliosis (GFAP
positive) with various thickness between the tumor and the neural tissue of the third ventricle floor. The neural tissue of the third ventricle floor/hypothalamus (NF and
OXT positive) can be observed on the outer border of the gliosis. The ependymal cells of the third ventricle (white pentagram) could be found in some samples,
which indicated the extraventricular topography of CP.
FIGURE 5 | Histological assessment of a CP with predominantly ventricular
involvement using HE and immunohistochemical staining. In (A, B),
preoperative coronal and sagittal MRI reveals that a cystic-solid mass mainly
develops into the compartment of the third ventricle. In (C), postoperative
MRI demonstrates complete tumor removal. In (D–I), the pathological image
of the tumor specimen indicates that the whole tumor (CK5/6 positive) was
resected along a dense band of gliosis (GFAP positive).
December 2021 | Volume 11 | Article 740410
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progressive upward growth of the tumor originally developing
outside the floor of the third ventricle would cause a
circumferential layer of the stretched floor surrounding the
tumor and finally occupy the compartment of the third
ventricle. Therefore, such tumors should be regarded as having
an extraventricular origin instead of a primary intraventricular
development. The proposal can be strengthened by the fact that
two patients in this series had the intact third ventricle floor after
tumor removal (Figure 1).

We found that a wide defect of the third ventricle floor after
tumor resection occurred more commonly in those cases with
large tumor, and an intact or small deficient third ventricle floor
was usually observed in the cases with papillary CPs, suggesting
that the extent of ventricular floor preservation may be related to
tumor size and pathological type. Adamantinomatous CPs
seemed more likely to cause tight adhesion between the tumor
and the third ventricle floor/hypothalamus. Some authors
observed that the defect left in the floor of the third ventricle
after tumor removal did not necessarily correlate to iatrogenic
hypothalamic injury (27). The possible explanation is that the
functional hypothalamic nucleus was displaced bilaterally with
the progressive growth of the tumor, leaving a nonfunctional
tissue layer of the third ventricle floor overlying the dome of
the tumor.

Histological Relationships Between the
Tumor and the Third Ventricle
Among the ill-defined category of “intraventricular” CPs, a
group of infundibulo-tuberal lesions were previously
characterized as those replacing the third ventricular floor,
Frontiers in Oncology | www.frontiersin.org 8
above an identifiable, almost intact pituitary stalk, and whole
mass is occupying partial or the entire third ventricle chamber
(11, 18). CPs with such a topography were thought to originate
within the neural tissue of the third ventricle floor and then
progressively grow into the ventricle cavity (15, 16). The above
conclusive demonstration on the topographical relationships of
tumors with the third ventricle were established on basis of
numerous previously reported necropsy or pathohistological
studies (11). In these studies, most of intraoperative tumor
specimens were obtained via piecemeal resection, and more
importantly, the accurate investigation regarding the
components of multiple layers of tissue in contact with tumors
was absent. Therefore, previous evidence was inadequate to
support the address of “intraventricular” or “subpial”
topography of such CPs. In this series, we used H&E and
immunochemical/immunofluorescent staining to precisely identify
different layers of tissue in contact with tumors in histological
samples taken from wholly removed lesions. We believed that it
may provide a more explicit and powerful evidence for investigating
the real tumor–ventricle relationships of CPs with predominantly
ventricular involvement.

Our histological results revealed that the pia mater was
detected overlying most of the tumor–brain interface in the
tumors predominantly involving the third ventricle, regardless
of tumor size or tomography. The pia mater may be absent at
some areas of the interface, while a layer of reactive gliosis with
various thickness was instead observed between the tumor and
the neural tissue of the third ventricle floor, which is consistent
with previous descriptions (18, 28–30). Moreover, a thin layer of
neural tissue and ependyma was also identified on the outer
FIGURE 7 | The main histological patterns found for the tumor–ventricle floor interface among tumors with a predominant ventricular involvement. In (A–C),
immunofluorescent staining shows a moat-like structure in which a gap (white asterisk) is detected between the tumor and third ventricle floor with the presence of
the intact pia mater. In (D–F), immunofluorescent staining indicates a beach-like structure (white arrow) characterized by a smooth boundary at the tumor–ventricle
interface without interposed gap, and the pia mater of the third ventricle floor is intact. In (G–I), immunofluorescent staining demonstrates a finger-like structure in
which the tumor forms a finger-like bulge in the third ventricle floor, with the absence of the pia mater at some areas (white arrowhead) and the development of
gliosis between the tumor and the neural tissue of the third ventricle floor. 3VF, third ventricle floor; T, tumor.
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border of the gliosis. Early in 1904, Erdheim also observed a thin
layer of stretched neural tissue corresponding to the remnant of
the third ventricle floor enveloping circumferentially the tumor
in his cadaveric study of a patient with CPs apparently strictly
confined within the third ventricle (31, 32). Our findings further
confirmed that several layers of tissue constituting the floor of
third ventricle covers the dorsal aspect of the CPs with
ventricular involvement, and such tumors should not be
defined as “intraventricular” lesions.

According to the literature (3, 31, 33), CPs involving third
ventricle are presumably originated from nests of epithelial cells
incorporated or derived from metaplastic transformation of
glandular cells of the pars tuberalis of the pituitary gland. The
reason for predominantly ventricular development of these
tumors remains unknown. Ciric and Cozzens (34) attributed it
to the tumor origin within the neural tissue of the third ventricle
floor before the formation of the leptomeningeal layer of
arachnoid–pia mater. However, the theory cannot explain the
fact observed in our histological investigation that the main body
of the tumors was located outside the pia mater of the third
ventricle floor. Interestingly, in our previous surgical cases of CP
involving the third ventricle, bundles of dense arachnoid
trabeculae were frequently observed surrounding the
infundibulo-tuberal area, which tends to form a firm barrier
preventing the tumor from extending ventrally. Aguado et al.
(35) also described in their study that the pars tuberalis is
perforated by subarachnoid channels. Therefore, we postulate
that the predominantly intraventricular development of such
tumor may be associated with its originating site at the
uppermost area of the pars tuberalis combining dense
trabecular barrier at the point of infundibulo-tuberal area.
Nevertheless, further evidence regarding the relationship
between the characteristics of arachnoid trabeculae and the
tumor genesis is required to validate the hypothesis.

Three morphological relationships of the tumor to the third
ventricular floor based on histological assessment were
summarized in this series: moat-like, beach-like, or finger-like.
The moat-like and beach-like patterns had intact pia mater and
could provide a clear cleavage plane of dissection, in which the
integrity of the third ventricle floor/hypothalamus was expected
to be achieved after tumor resection. For the finger-like pattern, a
band of reactive gliosis with various thickness instead of the pia
mater separated tumor from the neural layer of the third
ventricle floor. The tight tumoral adherence at some areas was
thought to be related to the lack of a leptomeningeal layer
separating the neural tissue from the tumor wall, and a
reactive gliosis layer will develop between the lesion and the
hypothalamic nuclei during the progressive tumor development
(10, 30).

The functionality of the layer overlying the dome of CPs with
predominantly ventricular involvement remains controversial.
Some authors warned about the risk of trespassing this still viable
layer through a transventricular or a translaminar terminalis
approach, while others affirmed the nonfunctional gliotic nature
of such tissue, which provides a safe cleavage plane for surgical
dissection of the lesion (11, 27). According to our histological
Frontiers in Oncology | www.frontiersin.org 9
assessment, the pia mater or gliosis layer separated the tumor
from neural tissue of the third ventricle floor and may provide a
safe dissection plane for most tumors. However, at some areas
with thin gliosis layer, it is difficult to remove the tumor without
trespassing the adjacent neural tissue due to the extreme thinness
of the third ventricle floor and the dense adhesion in between.

Multiple factors, including the heterogeneity of the reactive
gliosis, the thickness of the stretched ventricular floor, the
adhesiveness of tumor interface, and possible displaced
hypothalamic nuclei, were associated with the difficulty of
tumor dissection and high risk of damaging the adjacent
functional neural tissue. Landolt (36) found in his electron
microscopic study on the boundaries of CPs that the basal
membranes of epithelial and reactive glia were separated by a
few collagen fibers, providing a safe cleavage plan of dissection
for neurosurgeon. However, the gliosis boundary had a
heterogeneous, variable thickness even in the same tumor, and
the existence of a gliosis layer separating the tumor from
hypothalamus could not guarantee the safety of surgical
dissection. Taken together, three possibilities may occur during
surgical dissection, the presence of an easily dissectible plane
separated by the pia mater, an identifiable functionless interface
composed of thick reactive gliosis, or the lack of a safe
manipulable cleavage plane associated with the extremely thin
gliosis layer and dense adhesion.

Prevention of hypothalamic injury remains as the
neurosurgeon’s principal concern during removal of CPs with
predominantly ventricular involvement. Awareness of not real
“intraventricular” nature histologically for these lesions would
predict that the cleavage plane of dissection will be
circumferential surrounding the tumor, and remind
neurosurgeons of carefully identifying the plane and
performing delicate dissection along the safe surgical plane of
the tumor–ventricle interface, instead of the “blind” pulling of
the tightly adhered portions of the tumor. In other words, the
surgical and histological findings in this study regarding the
tumor–third ventricle floor relationship in CPs with
predominantly ventricular involvement could provide
theoretical evidence for the attempt of total tumor resection
while minimizing the risk of hypothalamic injury.
CONCLUSION

CPs with predominantly ventricular involvement were separated
from the third ventricle floor by the intact pia mater at most of the
tumor–brain interface. Histologically, these tumors should not be
considered as “intraventricular” or “subpial” lesions. The pia
mater could be absent at some areas where a layer of reactive
gliosis with various thickness developed instead between the
tumor and the neural tissue of the third ventricle floor. On the
basis of surgical and histological results, we postulated that these
tumors originate from the top of par tuberalis, then develop a
progressive growing dorsally, which would cause a circumferential
layer of the stretched third ventricle floor surrounding the tumor,
and finally occupy the third ventricle chamber. Awareness of not
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real “intraventricular” nature histologically for these lesions would
predict the circumferential cleavage plane of dissection
surrounding the tumor, and remind neurosurgeons of
performing delicate dissection along the safe surgical plane of
the tumor–ventricle interface to achieve total tumoral resection
with minimized risk of hypothalamic damage.
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