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Craniopharyngiomas are rare epithelial tumors
arising along the path of the craniopharyngeal
duct, and as a consequence, they can be found
from rhinopharynx to hypothalamus [6, 30, 31].
They develop in a deep-seated area of the brain,
involving in many cases several vital structures,
such as the hypothalamus, that are of paramount
importance for vegetative, endocrine, and emo-
tional functions as well as for maintaining body
homeostasis. As a matter of fact, the functional
impairment and anatomical distortion of the
hypothalamus that may be caused by such kind of
tumor have to be considered as critical factors
influencing patient outcome.

However, apart from hypothalamic dysfunc-
tion, craniopharyngiomas may lead to the emer-
gence of a large spectrum of symptoms and signs;
usual clinical presentations include visual altera-
tion, signs of chiasmatic and/or retrochiasmatic
compression, and pituitary dysfunction, often
presenting as panhypopituitarism [31].

Craniopharyngiomas account for only 2-5 %
of the total amount of intracranial tumors.
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Generally, they tend to show a double-peak dis-
tribution model, i.e., during childhood (5-14
years) and in late adulthood, from 50 to 74 years
[4]. A rather balanced distribution between sexes
has been observed, with 55.6 % of lesions diag-
nosed in males and 44.1 % in females [46].
Historically, Friedrich Albert von Zenker
firstly described a cystic suprasellar mass holding
inside pieces of cholesterol crystals which was
probably a craniopharyngioma [61]. Later, in
1904, Jakob Erdheim depicted the main histo-
pathological aspects of such a kind of neoplasms
[16], and, in agreement with the already obtained
results presented by Mott and Barret [44], he
endorsed that craniopharyngiomas develop from
epithelial cells arising from a partially involuted
hypophyseal-pharyngeal duct. On the other hand,
from the clinical point of view, Rupert Boyce and
Cecil Beadles were the pioneers to describe the
case of a 35 year-old patient who became coma-
tose and rapidly died because of a huge, ossified,
and cystic lesion leading to brainstem, optic chi-
asm, and optic tract dysfunction; that mass was
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suspected to be a craniopharyngioma [3].
Hereinafter, Babinski [1] and Frohlich [21]
reported analogue clinical features in patients
with cystic pituitary masses but without any
symptoms and/or signs of acromegaly, question-
able to not be a pituitary adenoma but a cystic
intrasellar craniopharyngioma.

Regarding the neuropathological outward,
two subtypes of craniopharyngiomas have been
described: adamantinomatous and papillary. The
adamantinomatous form affects children (5-10
years) and adults (50-60 years), the papillary
type almost only adults; in general, the adamanti-
nomatous form is much more common than the
papillary one (ratio: 9/1) [47, 60]. Regarding the
main macroscopic characteristic, the adamanti-
nomatous subtype shows adhesions to the nearby
neurovascular structures as well as irregular
interface, and its cystic components are usually
filled with dark fluid, i.e., the so-called motor oil,
containing cholesterol crystals; calcifications are
present and described in the large majority of
cases. Instead, the papillary form generally shows
no adherence to the neighboring structures; cys-
tic contents are often clear and no calcifications
are found [11]. The two craniopharyngiomas his-
totypes have different immunohistochemical fea-
tures leading to peculiar biological behavior. In
particular, the adamantinomatous form shows
positivity for CK7, CK8, and CK14 [35, 56, 59]
and may contain mutations in CTNNB1 [37],
encoding beta-catenin, a component of the
adherents junction and mediator of Wnt signal-
ing [27, 28, 53]. A mutated, degradation-resis-
tant form of beta-catenin is implicated as the
primary driver of oncogenesis in adamantinoma-
tous craniopharyngioma and is usually present in
the cellular nucleus [29]. Specifically, clusters of
cells with nuclear beta-catenin form are princi-
pally represented in invasive tumors. This pat-
tern is evocative of an implication of the
beta-catenin signaling in the migratory behavior
of these tumors; the cellular clusters with nuclear
beta-catenin may coordinate the growth and
infiltration of the tumor into the nearby vital tis-
sues, thus explaining the increased aggressive-
ness of this adamantinomatous subtype versus
the papillary one [6, 36].

Craniopharyngiomas originate from the mid-
line skull base and, subsequently, they begin to
insinuate into the nearby low-resistant structures,
such as the arachnoid cisterns, the third ventricle,
and the parasellar areas. However, as already
said, differently from pituitary tumors, they often
adhere to the neurovascular structures of the
suprasellar space, such as perforating vessels
coming from the anterior and posterior cerebral
arteries and/or internal carotid arteries, the optic
chiasm and optic pathways, and the hypothala-
mus. Despite of their histological classification
as benign tumors, an aggressive and infiltrative
behavior is often observed.

The peculiar location and significant size that
such tumors may reach, together with the fre-
quent implication of critical neurovascular struc-
tures as well as the presence of calcific
components, can limit the degree of resection in
many cases.

Moreover, craniopharyngiomas have a ten-
dency to recur even after apparent total removal.
Surgical removal of recurrent craniopharyngioma
may be more difficult, principally due to scar tis-
sue formation and new adhesions [8, 42]. The
recurrent craniopharyngioma usually adheres
intensively to the surrounding hypothalamic-
hypophyseal areas, thus making the second sur-
gery at a higher risk of fatal neural and vascular
injury. According to major literature studies [8,
17, 57], the rate of recurrence ranges from O to
53 % in cases of total removal and from 30 to
100 % in cases of subtotal or partial removal.

Along many years, several authors defined
classifications for craniopharyngiomas as related
to the growth path and the surgical route used, all
sharing the principle of subdividing craniopha-
ryngiomas along the length of extension in the
primary vertical axis, considering the optic chi-
asm, diaphragma sellae, third ventricle, and more
recently to infundibulum.

Hoffman classified craniopharyngiomas with
respect to the sella turcica, the optic chiasm, and
the floor of the third ventricle into prechiasmatic,
retrochiasmatic, subchiasmatic, and intraventric-
ular craniopharyngiomas [26]. Yasargil divided
them as follows: (a) purely intrasellar—infradia-
phragmatic; (b) intra- and suprasellar, infra- and
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supradiaphragmatic; (c) supradiaphragmatic
parachiasmatic and extraventricular; (d) intra
and extraventricular; (e) paraventricular; and (f)
purely intraventricular [60]. On the other hand,
Samii et al. classified craniopharyngiomas into
grades based on their vertical projections: grade [
(intrasellar or infradiaphragmatic), grade II (cis-
ternal with or without an intrasellar component),
grade III (lower half of the third ventricle), grade
1V (upper half of the third ventricle), and grade V
(reaching the septum pellucidum or lateral ven-
tricles) [51]. On another perspective, according
to the relationships between the tumor, the arach-
noid and the pia mater, Ciric and Cozzens classi-
fied craniopharyngiomas into different types, i.e.,
intra-pial intraventricular, intra-pial intra-
arachnoidal, extra-pial intra-arachnoidal (inva-

sive variant), extra-pial extra-arachnoidal
intrasellar, intra-arachnoidal suprasellar
(Dumbbell variant), and intrasellar extra-

arachnoidal [9]. More recently, Kassam et al.
proposed a further classification, principally
linked with the use of the endoscopic and/or
microscopic endonasal pathway, which is based
on the relation of the craniopharyngioma with the
infundibulum, accordingly, the authors described:
type 1, preinfundibular; type 2, transinfundibu-
lar; type 3, post- or retro-infundibular (further
subdivision is based on rostral or caudal exten-
sion, whether it is to the anterior third ventricular
(infundibular recess, hypothalamic) and interpe-
duncular fossa); and type 4, isolated third ven-
tricular [32]. When dealing with pediatric cases,
classification criteria may be different, and,
accordingly, Muller and coworkers proposed to
classify craniopharyngiomas according to the
degree of hypothalamic invasion, using the
involvement of the mammillary bodies as a land-
mark of distinction between anterior and poste-
rior hypothalamic implications [45].
Historically, regarding surgical resection of a
craniopharyngioma, it has to be remained that the
first surgical attempt was performed by A. E.
Halstead [25], and, subsequently, Lewis [39],
Cushing [12], and Schloffer [52] removed cranio-
pharyngiomas using either transcranial or trans-
nasal approach. However, craniopharyngiomas
remain one of the most challenging intracranial

tumors because of the everlasting controversy
about the most appropriate surgical approach for
each case. A major reason for this controversy is
the enormous variability in the topographical
location of the tumor, which can affect one to
several compartments, from the sella turcica to
the third ventricle, as well as its unpredictable
degree of adherence [46]. As a consequence,
many different possible transcranial approaches
have been advocated for the management of such
tumors (i.e., frontotemporal, subfrontal, supraor-
bital, transventricular). These pathways have
been adopted and evolved through decades in the
attempt of achieving better outcome with lower
morbidity and mortality rates [9, 40, 50, 60].
Accordingly, variable modifications and combi-
nations of these approaches have been used for
resection of giant or extensive craniopharyngio-
mas, with the presumption that sufficient expo-
sure of all parts of the tumor is essential for its
safe and complete removal [23].

Surgical resection by means of the widely
used frontotemporal approach provides the
shortest path to the suprasellar space. This route
has been accepted throughout the years as the
standard technique for the surgical management
of craniopharyngiomas, and its effectiveness
has rendered it worldwide approved in the rou-
tinely neurosurgical practice [50, 60]. This safe
and simple approach can be successfully used in
craniopharyngiomas with a wide spectrum of
extensions; it provides adequate access to the
tumor and enables its complete removal with a
reasonable morbidity and approach-related
complication rate [23]. Many variations of this
traditional approach have been used for lesions
with hypothalamic extension. On the other
hand, in the last decades, the evolution of surgi-
cal techniques has led to a progressive reduction
of the invasiveness of any neurosurgical
approaches, and, according to the keyhole con-
cept, the supraorbital eyebrow route has been
validated as an alternative to the conventional
transcranial pathways. It allows bilateral and
wide surgical exposition, offering the same pos-
sibilities with low approach-related morbidity,
imputable to the minimal brain retraction
obtained with this approach [19, 48].
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On another perspective, besides transcranial
approaches, transsphenoidal route has also been
initiallyrecommendedforthecraniopharyngiomas
that are located within an enlarged sella without
calcification and adhesion to parasellar struc-
tures. As a matter of fact, this route was intro-
duced according to the indications defined by
Guiot and Derome in the early 1960s [24], being
proposed only for infradiaphragmatic lesions,
with enlarged sella, that preferably already devel-
oped panhypopituitarism. Hereinafter, extended
transsphenoidal approaches have been introduced
for craniopharyngioma even with a significant
suprasellar component. Weiss in 1987 [58]
termed and originally described the extended
transsphenoidal approach, intending a transsphe-
noidal approach with removal of additional bone
along the tuberculum sellae and the posterior pla-
num sphenoidale, between the optic canals, with
subsequent opening of the dura mater above the
diaphragma sellae. This novel pathway allows
midline access and visibility to the suprasellar
space from below, obviating brain retraction, and
makes possible to manage transsphenoidally
midline located suprasellar lesions, traditionally
approached transcranially, namely, anterior cra-
nial fossa meningiomas and craniopharyngio-
mas. First of all such procedures were done with
the aid of the microscope [18, 33, 58].
Subsequently, endoscopy has contributed to the
more contemporary knowledge and development
of the possibilities of the transsphenoidal
approach [5, 7, 13, 20, 22, 32, 34]. The wider and
panoramic visualization given by the endoscope,
and the rapid growth of neuroradiological diag-
nostic techniques together with the intraoperative
neuronavigation systems, augmented the possi-
bility of the transsphenoidal approach, thus
allowing its extension toward different areas of
the midline skull base. Accordingly, as cranio-
pharyngiomas are often located at the midline,
the endonasal pathway offers the advantage of
accessing the tumor upon dural opening, without
brain or optic nerve retraction and with a direct
view through a straight surgical route, even if in a
reverse modality as that obtained with the tradi-
tional transcranial approaches. Specifically, in
recent years, the endoscopic endonasal approach

has enabled to overcome many disadvantages of
the microsurgical transsphenoidal route to the
sella, permitting the management of different
purely supra- and retrosellar cystic/solid cranio-
pharyngiomas, regardless to the sellar size or the
pituitary function.

Generally, craniopharyngiomas amenable to
treat via an endonasal approach should possess
key features, such as median midline location,
absence of any solid parasellar component,
and/or encasement of the main vascular struc-
tures. The transsphenoidal approach can avoid
transcranial surgery with its inherent risks.
However, especially when performing extended
approaches, the possible risk of postoperative
CSF leak and meningitis has to be highlighted.
The validity of the endoscopic endonasal tech-
nique for the treatment of such featured cranio-
pharyngiomas has been confirmed throughout
recent surgical series, appeared in the pertinent
literature [7, 13, 20, 34, 38].

At any rate, despite of the advancements in
neurosurgical procedures, techniques, materials,
and instrumentations, irregular margins, and ten-
dency to adhere to the nearby vital neurovascular
compartment, craniopharyngiomas resection
continues to be a surgical challenge [43].
Relationships between the tumor and the sur-
rounding nervous structures, in particular the
third ventricle, optic pathways, the pituitary stalk,
and major arteries and veins, may be predictive
of a difficult surgical removal. Nowadays, the
advantage of neuroimaging has led to a better
knowledge of intricate relationship between cra-
niopharyngiomas, hypothalamus, pituitary stalk,
and optic apparatus, hence ensuring proper selec-
tion of surgical approaches.

As a matter of fact, historically, although
patients with large craniopharyngiomas involv-
ing the third ventricle usually showed symptoms
of hypothalamic derangement, such as increased
weight gain, impaired sexual function, abnormal
somnolence, unexplained high body temperature,
inappropriate emotional responses, and/or defec-
tive memory, these disturbances were largely
ignored or not linked to the anatomical involve-
ment of the hypothalamus by the lesion [46].
Therefore, in the past years, initial surgical
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approaches for such kind of neoplasm were
designed with the primary aim of radical tumor
removal and relief of chiasm compression caused
by the tumor [46], being unaware of preoperative
and eventually postoperative hypothalamic-
related symptoms.

As a consequence, proper treatment of every
craniopharyngioma remains to be found, and
even if total surgical resection has to be thought
as the gold standard, several other options and
techniques can be taken into account for the opti-
mal general management of craniopharyngio-
mas. Cystdrainage [54,55], wide marsupialization
of the cysts into CSF spaces (cysto-ventriculo-
cisternostomy) with neuroendoscopic technique
[14], stereotactic aspiration with the instillation
of bleomycin or interferon-alpha [2, 41], and
endocavitary irradiation [15] have been proposed
for the treatment of cystic components of
craniopharyngiomas.

When approaching pediatric patients, given
that total tumor excision at the first attempt,
whenever possible, is the preferred strategy for
these difficult neoplasms, it may be suggested to
accept the risk of a subtotal surgical resection—
above all when hypothalamus is involved—in
order to allow adequate neuropsychic and motor
development and reduce the risk of hypothalamic
injuries [10, 49].

Owing these data, the management of cranio-
pharyngioma patients requires interdisciplinary
cooperation of different expertise of the cogent
disciplines and should be reserved to specialized
centers.

The attempt of total removal is the most suit-
able aim of the surgical treatment, with lower
morbidity and mortality: nowadays, preservation
of the quality of life and neurocognitive function-
ing as long-term survival maintenance are impor-
tant aspects to be considered. In particular, apart
from the pre- or postoperative neurological disor-
ders, hypothalamic obesity can lead to a signifi-
cant decline in the quality of life and should be
taken into consideration in the follow-up of
patients with craniopharyngiomas. These aspects
concerning the general management of cranio-
pharyngiomas can be thought as “modern treat-
ment targets.”

In conclusion, craniopharyngiomas remain
one of the most challenging intracranial tumors
requiring patience, flexibility, surgical insight,
and diligent postoperative management [6]. In
every case, treatment should be patient-tailored
according to age, presenting symptoms, tumor
characteristics, prior treatment, treatment toler-
ance, and comorbidities.
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