Child's Nervous System (2019) 35:2133-2145
https://doi.org/10.1007/500381-019-04300-2

FOCUS SESSION

Pediatric craniopharyngioma

®

Check for
updates

Annie Drapeau ' - Patrick C. Walz** - Jacob G. Eide - Alex J. Rugino® - Ammar Shaikhouni'? - Ahmed Mohyeldin? -

Ricardo L. Carrau?? - Daniel M. Prevedello %3

Received: 27 June 2019 / Accepted: 7 July 2019/Published online: 5 August 2019

© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Background Craniopharyngioma has historically been recognized to be a formidable pathology primarily due to its proximity to
critical neurovascular structures and the challenging surgical corridors that surgeons have tried to reach this lesion.

Focus of review In this work, we review the medical and surgical management of these tumors with a focus on clinical
presentation, diagnostic identification, surgical approach, and associated adjuvant therapies. We will also discuss our current
treatment paradigm using endoscopic, open, and combined approaches to craniopharyngiomas.

Summary The management of craniopharyngiomas requires a multidisciplinary team of surgeons, endocrinologists, and
neuroanesthesiologists as well as neurocritical care specialists to deliver the most comprehensive and safest surgical

resection with minimal postoperative morbidity.

Keywords Skull base - Pediatric - Endonasal - Craniopharyngioma

Introduction

Craniopharyngiomas (CP) are one of the most challenging
childhood brain tumors. Their location in the sellar and
suprasellar region frequently causes compression of adjacent
critical neurovascular structures and makes them a defiant
clinical and surgical entity. Although it is considered histolog-
ically benign, it remains a potentially devastating diagnosis—
functionally and clinically—for the affected child.
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Epidemiology

Craniopharyngiomas (CP) have an overall annual incidence in
the USA of 0.13-0.18 per 100,000 persons and constitute
about 6-9% of pediatric brain tumors [1, 2]. CP manifests
either in children (33-35% of CPs), or older adults [1, 3].
Childhood CPs are more common in children aged 6—
10 years followed by 11-15 years [4]. Published series have
not demonstrated a clear gender association [2, 5].

Presentation

Clinical manifestations in children with craniopharyngiomas
generally correlate with a slow growth pattern, size, and loca-
tion of the lesion. The primary chief complaint of 60-75% of
patients is headache, suggestive of increased intracranial pres-
sure [4, 6]. Complaints of difficulty seeing the school board or
sitting closer to the television suggest the presence of visual
deficits, which occur in half of patients [6—8]. Otherwise, ev-
idence of growth failure, obesity, delayed puberty, and diabe-
tes insipidus related to compression and/or invasion of the
hypothalamo-pituitary axis are generally discovered in 20—
50% of patients as part of the general endocrinologic evalua-
tion [9]. In cases where obstructive hydrocephalus or com-
pression of the frontal lobes result from a larger lesion, subtle
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functional decline can be observed with psychomotor slowing
or decline in school performance. There can be a significant
delay in establishing diagnosis in some due to the slow growth
of these tumors [10]. Also, presentation varies in patients
based on their ages, with young children manifesting with
general symptoms of increased intracranial pressure and hy-
drocephalus, while adolescents and young adults are diag-
nosed due to visual deficits and hypopituitarism [10-13].

Diagnostic evaluation
Imaging

Modern imaging technology such as computed tomography
(CT) and magnetic resonance imaging (MRI) offer excellent
characterization of CPs. CT scans demonstrate calcifications
in up to 90% of pediatric CPs [14, 15]. In general, mixed solid
and cystic components of the tumor will usually appear
hypodense in comparison to the surrounding cerebral paren-
chyma. Figure 1 demonstrates a case of CP with mixed solid
and cystic components. Fluid within the tumoral cysts will
generally be of a slightly greater density than cerebrospinal
fluid due to the higher protein content. Also, CT scan can
illustrate secondary skull base changes such as enlargement
of the sella turcica or erosion of the dorsum sellae or reveal
important calcifications that assist in making a diagnosis [15,
16]. These potential alterations in the skull base anatomy are
important to note when planning a surgical approach.
Critical information about the tumor and its surrounding
neurovascular structures are best seen on MRI. Figure 2 demon-
strates a case example a CP with a largely solid component
compressing critical neurovascular structures superiorly.

Fig. 1 Sagittal T1-weighted MRI with contrast demonstrating an
extensive craniopharyngioma with sellar (A) and suprasellar (B)
extension and intraventricular cystic expansion (C)
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Detailed evaluation of the location of the optic nerves and chi-
asm, pituitary gland and stalk, hypothalamus, circle of Willis
vascular anatomy, brainstem, frontal and temporal lobes, as well
as ventricles is necessary to determine the safest surgical corridor.
Cystic components are generally homogeneously hyperintense
on T2-weighted images (WI), and generally hypointense but can
vary on T1-WI. Solid portions will have similar appearance as
other brain tumors with iso- or hypointense signal on T1-WI, and
variable signal on T2-WI [15, 17, 18]. The cyst wall and solid
portion typically enhance after intravenous contrast injection
[17]. Calcifications are not reliably seen on MRI and can be
mistaken for flow voids [19]. Magnetic resonance angiography
(MRA) can provide information on the relationship between the
tumor and critical vascular structures. Finally, magnetic reso-
nance spectroscopy (MRS) can identify characteristic elevated
peaks of lactate or lipids, with only small amounts of other
metabolites. This can help differentiate them from gliomas (pat-
tern of choline, n-acetylaspartate, and creatine peaks), and pitu-
itary adenomas (choline peaks, or no elevated metabolites) [20].

Ophthalmologic evaluation

As mentioned, abnormal ophthalmologic findings are present
in the majority of patients. Visual acuity and visual field def-
icits are diagnosed in up to 70-80% of patients during initial
assessments [8, 21]. The classically described bitemporal
hemianopia from compression of the optic chiasm is present
in about half of patients. However, this will vary based on the
position of the chiasm in relationship to the tumor (anterior vs.
posterior) as well as asymmetric extension of the tumor [22].
Papilledema, reflective of increased intracranial pressure, will
manifest in approximately 20% of patients [8].

Endocrinologic evaluation

The hypothalamo-pituitary function is generally compromised
in some capacity in the majority of patients. Deficiencies in
growth hormone and gonadotropins are reported in 75% and
60% of patients, respectively [10, 23]. A complete and thor-
ough endocrinologic evaluation is extremely important to rec-
ognize and correct adrenal dysfunction and/or thyroid dys-
function, which are present in close to a third of patients.
Diabetes insipidus, although less frequent, is seen in 10—
20% of patients [10, 23]. These deficiencies can result in se-
vere perioperative complications if not addressed properly.

Pathology

According to the World Health Organization classification,
CPs are grade I tumors [24]. Two different histopathological
subtypes of CPs have been described; adamantinomatous
(aCP) and papillary (pCP) [25, 26]. It has long been
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Fig.2 Coronal (a) and sagittal (b)
T1-weighted MRI in 13-year-old
M with large sellar and suprasellar
craniopharyngioma (asterisk)
with extension lateral to the
carotid (arrowhead). Extension
into the third ventricle is also
noted (arrow)

hypothesized that, although they share common histological
features, both entities have different pathogenesis. Recent ge-
netic analyses also support this by demonstrating genetic al-
terations specific to each subtype [27-34].

The aCP is thought to develop after neoplastic transforma-
tion of embryonic epithelial remnants of the Rathke’s pouch,
or craniopharyngeal duct [35, 36]. During normal develop-
ment, the anterior pituitary gland is formed by the ectodermal
epithelium that forms the roof of the stomadeum (also known
as Rathke’s diverticulum). In parallel, the neuroepithelium
from the floor of the third ventricle (infundibular region)
forms the posterior pituitary gland and infundibular stalk.
Both the ectodermal epithelium and neuroepithelium then
come in contact in the sella to form the pituitary gland.
Rathke’s pouch stretches and constricts as it forms the
craniopharyngeal duct during gestational week 5.
Afterwards, it disconnects from the oral epithelium and invo-
lutes between the sixth and eighth week. It is thought that
remnants of this duct may be the origin of aCPs [30, 37].

Genetic analysis has identified beta-catenin gene muta-
tions in 63—-100% of the aCP subtypes [38]. The beta-
catenin gene codes for CTNNBI, an adherens junction
protein involved in signaling of the Wnt pathway, known
to regulate cell proliferation and involved in embryology
and tissue development. Dysregulation of this pathway
leads to uncontrolled cell proliferation and has been asso-
ciated with many other types of neoplastic entities [39]. In
its normal state, CTNNBI1 is phosphorylated by glycogen
synthase kinase 3Beta (GSK3B), which leads to the degra-
dation of this protein, stopping it from entering the nucleus
to promote cell proliferation. The mutated CTNNB1 pro-
tein accumulates within the nucleus and upregulates the
signaling pathway, leading to uncontrolled cell prolifera-
tion [28, 40]. The identification of nuclear beta-catenin
protein in the pathological analysis of a sellar region tumor
allows to differentiate aCPs from other tumors [41].

The adamantinomatous subtype is the most common
subtype overall and can occur at any age. Childhood
craniopharyngiomas are almost exclusively the
adamantinomatous subtype [4, 7, 11]. On histopathological
evaluation, it generally has three layers: (1) inferior or basal
layer composed of small cells, (2) a middle layer formed of
loose stellate cells, and (3) top layer of larger, keratinized,
and flat cells along the cyst lumen. This last layer can lead
to the formation of keratin nodules (“wet” keratin) and
occasionally accumulate calcium salts [26]. The cyst fluid
also contains desquamated epithelial cells and cholesterol,
giving the fluid its characteristic “motor oil” appearance.
The solid component of the tumor can also have micro-
scopic “finger-like” invasion of the surrounding neural tis-
sue. The latter can demonstrate a gliotic reaction leading to
reactive astrocytes and Rosenthal fibers [26]. It has been
suggested that this gliotic tissue allows a surgical plane
between brain and tumor leading to increased extent of
resection [11]. However, invasion of critical neural struc-
tures such as the hypothalamus has also led to devastating
morbidity in aggressive surgical resections [42].

In contrast to aCP, the squamous papillary CP subtype is
almost exclusively seen in adults and frequently presents as a
solid tumor with little mineralization. On histopathological
analysis, epithelial cells in pseudopapillary architecture are
seen with a similar appearance to metaplastic respiratory epi-
thelium. “Wet” keratin nodules are typically absent [43]. In
contrast to the embryonic origin of the aCP, the pCP is thought
to form from metaplasia or somatic mutations of differentiated
cells [44]. In 57% to 100% of pCPs, a BRAF V600E (Val 600
Glu) mutation has been identified and appears to be exclusive
to this subtype. This BRAF mutation leads to uncontrolled
activation of the mitogen-activated protein kinase (MAPK)
pathway and cell proliferation. This mutation has been linked
to the development of many other tumors including malignant
melanoma and papillary thyroid carcinoma and has also led to
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the development of interesting new targeted therapies that
could potentially apply to pCPs [45, 46].

Management

CPs are benign and rarely undergo malignant transformation.
However, their proximity to vital neurovascular structures
make complete extirpation of the mass challenging and recur-
rence of craniopharyngiomas remains a significant problem.
Complete surgical resection of the tumor can be curative;
however, resection with irradiation of residual tumor is a com-
mon treatment algorithm when complete resection cannot be
attained with acceptably low risk to these critical structures.
Adjuvant therapies such as radiosurgery or intracystic/local
therapy may also have a role in select tumors and patients [47].

Surgical management

Prior authors have demonstrated that the most important factor
in long-term disease control is extent of resection [47].
However, there is no consensus on the ideal approach to CP
surgery. A number of prospective and retrospective studies
have demonstrated that the 10-year recurrence rate following
gross total resection (GTR) is 0-50% and 25-100% with sub-
total resection (STR) [42, 48]. Some advocate STR with post-
operative radiation, which will be discussed in detail.
Regardless of the goals of surgical resection (GTR versus
STR with radiation), balance must be obtained between
resecting as much tumor as possible while preserving nearby
neurovascular structures [49]. The approach to CP surgery in
which the surgical target is at the skull base should be deter-
mined on a case by case basis according to patient factors
(development of sinuses, ability to tolerate general anesthesia,
size, and anatomic location of the tumor), surgeon experience,
and goals of the procedure [47].

Open approaches

A number of open transcranial approaches exist to access the
skull base and multiple modifications for every technique
have been described. For the purpose of this review, we will
categorize open techniques into anterior, lateral, and intraven-
tricular techniques [47, 50]. These techniques can be com-
bined or utilized with endoscopic techniques to address spe-
cific anatomic subsites if necessary.

Anterior Anterior approaches can be further subcategorized
into anteromedial and anterolateral approaches.
Anteromedial visualization has been advocated for large
craniopharyngiomas residing posterior to the optic chiasm
and superior in the hypophyseal axis with extension into the
third ventricle [50, 51]. An anteromedial view can be obtained
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using a bifrontal transbasal or frontobasal interhemispheric
approach. These exposures generally require bicoronal inci-
sion, removal of bifrontal bone flap, and potentially oblitera-
tion of the frontal sinus with pericranial flap depending on
surgeon preference. Authors have noted that the anterolateral
view is limited in access to the lamina terminalis due to the
oblique view into the third ventricle, while the anteromedial
approach accesses the lamina terminalis in a more direct fash-
ion [51, 52].

Anterolateral approaches access the sellar region at an
oblique angle using a unilateral subfrontal or transsylvian
view. The ability to address lateral encroachment of the tumor
into the Sylvian space, short working distance between sur-
geon and tumor, and familiarity with the surgical steps for
many neurosurgeons are advantages of this approach [50,
53, 54]. Pterional, frontolateral, and orbitozygomatic ap-
proaches are included in this category [53, 55]. Smaller tu-
mors may also be approached using a modified eyebrow or
lateral supraorbital incision if less superoinferior angulation is
required.

Lateral The lateral approach has a more limited role in ad-
dressing sellar and parasellar lesions due to oblique angle of
approach and relative ease of midline access via endoscopic
endonasal or open craniotomy procedures noted above.
However, some authors have advocated for a posterior
petrosal/presigmoid transtentorial open resection for tumors
with significant retrochiasmatic involvement. Advantages in-
clude improved access to tumors posterior to the optic appa-
ratus with a caudal to cranial angle of visualization allowing
the surgeon to objectively inspect the relationship between
tumor and neurovascular structures and less pituitary gland
and stalk retraction during craniopharyngioma resection [56,
57]. The lateral approach does access the skull base via mas-
toidectomy, but the smaller pediatric mastoid cavity may add
complexity to this approach [58, 59]. Other disadvantages
include possible venous infarct due to vein of Labbe injury
or ligation of the superior petrosal sinus and prolonged tem-
poral lobe retraction [50]. Several reports describe using a
subtemporal approach to address craniopharyngiomas with
benefits including smaller incision, smaller craniotomy, and
potentially lower incidence of CSF leak due to avoidance of
the mastoid system. However, GTR is much more difficult
due to the significantly smaller operating corridor [60]. As a
result, the subtemporal approach alone has very limited utility
in most CP surgery.

Intraventricular Transcortical and transcallosal approaches fa-
cilitate access to craniopharyngiomas involving the ventricu-
lar system. The transcortical approach is more useful in cases
where the lateral ventricle has become dilated or the tumor
involves only one ventricle; however, visualization of the ip-
silateral hypothalamic wall is limited [50]. The transcallosal
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approach allows midline access to the ventricles and does not
require passing through the cortex and bilateral hypothalamic
wall visualization [50, 61]. Neither approach adequately visu-
alizes suprasellar masses and there are significant risks includ-
ing venous and arterial infarct, memory loss from injury to
fornix, and seizures (in the transcortical approach), leading
to the relegation of these approaches to purely intraventricular
craniopharyngiomas [50, 55].

Endoscopic approaches

There are multiple open approaches to the skull base, all of
which require some degree of brain or critical neurovascular
structure retraction for adequate exposure which contributes to
morbidity [49]. Subsequently, transnasal microsurgical tech-
niques were used to access the midline skull base, but these
approaches have gradually been supplanted by the endoscopic
endonasal approach (EEA) as familiarity with endoscopy, the
team approach to surgery involving both neurosurgical and
otolaryngologic personnel, and neuronavigation software
have progressed [62, 63]. Advantages of EEA include im-
proved visualization with panoramic endoscopic view, mid-
line exposure, and the ability to dissect the undersurface of the
optic chiasm and hypothalamic walls under direct visualiza-
tion. Lack of external excision and no need for bone transpo-
sition as in open craniofacial techniques are ancillary benefits
of EEA. Collaboration between otolaryngologists and neuro-
surgeons has been integral to the widespread adoption of this
approach, combining expertise in endoscopic sinonasal dis-
section and intimate familiarity with intracranial anatomy
and pathology as well as the microdissection techniques nec-
essary for skull base surgery [64, 65].

Adoption of endoscopic techniques in the pediatric popu-
lation has lagged behind the adult population due to concern
that endonasal surgery may interfere with craniofacial growth
centers and that the smaller nasal passages of children and
underdeveloped paranasal sinuses may prevent safe visualiza-
tion of the skull base and associated lesions. There have been
several studies demonstrating that pediatric EEA is safe and
efficacious [62, 66, 67]. There have been no reported aberra-
tions in skull development following endoscopic skull base
surgery; however, it should be noted that given the relatively
recent adoption of EEA in pediatric patients, long-term out-
comes will need to be analyzed before conclusions can be
made. Potential drawbacks to EEA include relative learning
curve for endoscopic visualization, and potentially less ability
to control significant bleeding compared to open approaches
[68, 69]. Figures 3 and 4 demonstrate a case of a 17-year-old
male who presented with a craniopharyngioma managed sur-
gically via an EEA; depicted are preoperative and postopera-
tive scans of the case and a surgical montage of the case as
seen through the endoscope.

Endoscopic versus open approaches

As mentioned previously, surgical approach should be deter-
mined on an individual basis according to surgeon preference,
experience, tumor extent, and involvement of adjacent structures
[50]. Relationship of the tumor to the optic apparatus, pituitary
stalk, and third ventricle are of particular importance and several
authors have designed classification systems to represent the
position and extent of the craniopharyngioma [50]. The role of
EEA has increased as instrumentation and surgeon familiarity
increase over time. The endoscopic approach can be used for
sellar, subdiaphragmatic, supradiaphragmatic, and
retrochiasmatic lesions including those that involve the third
ventricle [64, 70, 71]. With careful patient selection, EEA has
been shown to be feasible even in revision and recurrent cases of
craniopharyngioma regardless of the initial procedure’s ap-
proach [72, 73]. Lesions that deviate significantly from the mid-
line are less amenable to endoscopic approach from the
transsphenoidal corridor. Extension laterally into the Sylvian
fissure, superiorly into the interhemispheric fissure, or with en-
casement of neurovascular structures (due to limited ability to
perform microvascular repair in the event of an injury) are con-
traindications to the endoscopic technique [50, 74]. However,
some authors argue that EEA is the approach of choice for all
craniopharyngiomas, excluding purely intraventricular tumors,
providing comparable outcomes to traditional open approaches
[73]. Indications and contraindications to EEA are presented in
Table 1. The role of EEA continues to increase and limits of this
technique have yet to be fully defined. Figure 5 demonstrates the
utility of EEA in the management of a CP where residual tumor
remained primarily in the sella following an open approach. The
patient underwent reoperation via EEA to achieve a gross total
resection. This case underscores the versatility of EEA in
treating sellar and suprasellar disease.

Postoperative management

All pediatric patients are admitted following skull base surgery
and reconstruction for monitoring. Given the high likelihood for
postoperative diabetes insipidus and frequent monitoring and
medication adjustments this entails, patients are admitted to the
intensive care unit following open or endonasal approaches to
address craniopharyngioma. Prophylactic antibiotics are admin-
istered for a minimum of 7 days if absorbable packing is placed.
Antibiotics are continued until the packing is removed in clinic
or the operating room to reduce the risk of toxic shock syn-
drome. As the primary concerns driving the use of antibiotics
in the postoperative period is the risk of meningitis and toxic
shock syndrome (TSS), a fourth-generation cephalosporin is
typically selected as this provides antimicrobial penetration to
the cerebrospinal fluid and covers the staphylococcal and strep-
tococcal species that would precipitate TSS. In the presence of
true anaphylactic penicillin allergy, alternative regimens include
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Fig. 3 A case of a 17-year-old male who presented with a
craniopharyngioma that was managed surgically via an expanded
endoscopic endonasal approach. Images demonstrated here are
preoperative and postoperative CT and MRI scans. a Sagittal
preoperative CT scan demonstrating a sellar craniopharyngioma with
suprasellar extension and characteristic calcifications that are commonly

vancomycin and sulfamethoxazole with trimethoprim. It should
be noted that there is limited prospective data to support antibi-
otic use postoperatively following skull base surgery and future
studies are needed to determine appropriate antibiotic choice and
duration. One study has reported no intracranial infections fol-
lowing 24-48 h of antibiotic use following EEA for skull base
surgery, suggesting that this may be sufficient [75].

The use of lumbar drains is variable following
craniopharyngioma surgery in pediatric patients. This is typi-
cally not employed following open approaches, but cerebro-
spinal fluid diversion is heterogeneously utilized following
endonasal approaches in an effort to decrease the incidence
of postoperative CSF leak. While the adult literature supports
avoidance of lumbar drains in standard endonasal approaches,
there is no pediatric-specific data to guide the use of CSF
diversion. As the success of endonasal reconstruction relies
to a certain extent on compliance of the patient with nasal
precautions and avoidance of actions that increase intracranial
pressure, the younger pediatric population may represent a
special population at higher risk for reconstruction failure giv-
en their limited ability to comply with these restrictions [76].
As such, the decision to place a lumbar drain is personalized to
each patient; however, effort is made to avoid CSF drainage in
the majority of patients [76]. In general, we consider place-
ment of a lumbar drain in cases of failure. Nasal precautions
are instituted with the patient being instructed to sneeze with
mouth open and avoid nose blowing until the reconstruction is
determined to be well healed, typically 4-6 weeks following
surgery. Nasal tubes (nasogastric tubes, deep nasal suctioning,
nasopharyngeal airways, impedance monitors) are avoided to
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seen in this pathology. b Sagittal and ¢ coronal T1-weighted MRI images
with contrast of the same patient preoperatively. d Postoperative sagittal
CT and e postoperative sagittal and f postoperative coronal T1-weighted
MRI scans with contrast demonstrating gross total resection, preservation
of the pituitary stalk and good approximation of the nasoseptal flap to the
skull base opening

prevent inadvertent disruption of the repair and potential
catastrophy. Nasal cannula is avoided to prevent postoperative
nasal drying with humidified face mask utilized if supplemen-
tal oxygen is required. The head of bed is elevated 15-30°
immediately postoperatively [77].

Nasal saline spray is started on the day of surgery to facil-
itate clearance of mucous and crusting. After splints and non-
absorbable packing are removed, nasal saline irrigations are
then utilized when tolerated, most frequently in patients >
6 years of age and with appropriate education and positive
reinforcement. If irrigations are not tolerated, nasal saline
spray is continued. Debridement of excess mucous and visu-
alization of the repair is attempted approximately 5-7 days
after surgery. This may be accomplished at the bedside in
older children and teens, but patient maturity and tolerance
of instrumentation may require sedation for debridement and
splint removal.

Close collaboration with pediatric endocrinology to aggres-
sively manage pre- and postoperative hypopituitarism is es-
sential. Patients are monitored closely for diabetes insipidus in
the immediate postoperative setting and started on replace-
ment hormone therapy accordingly.

Adjuvant therapy
Radiation therapy
The earliest studies on pediatric craniopharyngioma advocat-

ed for aggressive radical resection for disease control, and
there are a number of studies that demonstrate that suggest
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Fig. 4 Surgical still photographs taken with an intraoperative endoscope
of the craniopharyngioma case presented in Fig. 3 via a transsphenoidal
approach. a Endoscopic view of the sellar region and its septations from a
transsphenoidal approach. b Drilling of the sella and tuberculum sellae
exposing the necessary dura for access to the tumor. ¢ Incision of the dura
to the pituitary compartment. d Expanded dural opening to expose the
suprasellar compartment with the presentation of the tumor behind a thin
veil of arachnoid. e Resection of the tumor using microinstruments and
suction. f Mobilization of the tumor under the superior hypophyseal
artery. g Identification of the tumor and its exophytic relationship to the

that long-term disease control is improved in GTR compared
with subtotal resection [42, 78, 79]. In more recent years,
focus has shifted to the corresponding morbidity of aggressive
GTR and associated endocrine and quality of life problems
that result from this approach. One study by Ali et al. demon-
strated that quality of life was inversely related to the extent of
resection [80]. There has accordingly been a shift in surgical
planning with some surgeons preferring to perform STR with

stalk, white asterisk denotes the pituitary stalk and the black asterisk
represents the tumor. h Resection of the attachment of the tumor to the
stalk, again noted are the pituitary stalk denoted by the white asterisk and
the tumor denoted by the black asterisk. i Resection of the last remnants of
tumor from the suprasellar space. j View of the suprasellar space
demonstrating gross total resection and preservation of the stalk. k
Reconstruction of the dural opening and skull base using a DuraGen
inlay placed in a gasket seal type arrangement. 1 Elevation of the
nasoseptal flap with good approximation to the skull base

planned radiation therapy in an attempt to preserve as much
pituitary and cranial nerve function as possible. It should be
noted that long-term quality of life data for endoscopic
endonasal surgery is somewhat lacking given the relatively
recent adoption of this technique. Overall, the decision to pur-
sue GTR versus STR with radiation is made on an individual
basis with maximal resection without compromise of nearby
structures (hypothalamus, optic nerves, etc.) being the

Table 1 Indications for and

contraindications to endoscopic Indications for EEA

Relative contraindications for EEA

Absolute contraindications

endonasal approach (EEA) in the

surgical management of Sellar tumors
craniopharyngioma Subdiaphragmatic tumors
Supradiaphragmatic tumors

Retrochiasmatic tumors

Extension lateral to carotid arteries
Extension into lateral ventricles

Sylvian fissure extension

Intraventricular tumors

Lack of surgeon familiarity with
EEA techniques

Encasement of Neurovascular
structures

Interhemispheric extension
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Fig. 5 Sagittal T1-weighted MRI
images after initial open resection
(a) and subsequent expanded
endonasal resection (b) of the
craniopharyngioma presented in
Fig. 2. In the post-transcranial
scan (a), note residual tumor in
the sella (asterisk). The post-
endonasal contrasted MRI (b)
demonstrates gross total resection
of disease and the nasoseptal flap
is well visualized (arrow)

preferred approach to optimize both quality of life and disease
control [47].

Clinical trials comparing STR to STR in addition to radia-
tion have shown a decrease in tumor recurrence from 55-85 to
0-20% after radiation therapy [47, 81-83]. Interestingly, sev-
eral studies have not shown a survival benefit to starting radi-
ation therapy in the immediate postoperative period versus at
the time of disease progression [84, 85]. There has been a
trend due to this data to delay radiation therapy until progres-
sion of disease is proven in order to delay and minimize cog-
nitive side effects in the pediatric patient. Radiation side ef-
fects can include memory loss, optic nerve damage, brain
necrosis, hypothalamic injury, and endocrine dysfunction,
making judicious use important in minimizing morbidity
[47]. Proton-based radiation, stereotactic radiosurgery, and
intensity-modulated radiation therapy have shown promise
in localizing delivered radiation and minimizing damage to
surrounding structures. Data from proton-based radiation
treatment algorithms has been encouraging due to lower
whole brain and overall body radiation than traditional radia-
tion protocols, but the impact on functional outcomes has yet
to be fully assessed [86, 87].

Outcomes
Disease control

Disease control is variable, with reports of disease control
without recurrence ranging from 44 to 93% [49, 73, 88, 89].
As mentioned above, gross total resection (GTR) of disease at
the first surgical effort has been demonstrated to be associated
with decreased likelihood for recurrence, as between 70 and
94% of patients with incomplete resection were noted to recur
[89-91]. Not surprisingly, increased experience in the man-
agement of craniopharyngioma increases the likelihood of
achieving gross total resection (when desired) [68].

The use of radiotherapy in the management of
craniopharyngioma both at primary surgery and with recurrent
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disease also impacts disease control. As mentioned above, in
the setting of subtotal resection, the addition of radiotherapy
with either proton therapy or more conventional delivery
methods has been employed with the evidence of improved
disease control similar to that of gross total resection with rates
from 77 to 100% at 10-year follow up [92, 93]. In a recent
meta-analysis designed to evaluate the efficacy of the combi-
nation of subtotal resection and radiotherapy vs. gross total
resection with respect to disease control, a pooled analysis of
nearly 750 patients revealed no significant difference in dis-
ease control between groups, further supporting the potential
for subtotal resection and postoperative radiation [94]. Of
note, in this analysis, there was insufficient data to assess the
impact of radiation on complications, an important factor con-
sidering the impact of complications on quality of life [95, 96].
In the KRANIOPHARYNGEOM 2007 prospective analysis
of patients with craniopharyngioma, the authors advocate for a
strategy focusing more on quality of life than disease eradica-
tion given the variable rates of long-term disease control and
significant consequences of morbidity related to optic and
hypothalamic dysfunction that may result from attempts at
resection of tumor invading or compromising these areas
[93]. However, the impact of radiotherapy on these structures
and attendant impact on quality of life is not included in the
discussion. Both neurosurgeons and neuroradiologists dem-
onstrate a high degree of accuracy assessing preoperative hy-
pothalamic tumor involvement, suggesting the ability to pre-
operatively identify patients at greatest risk for hypothalamic
injury from surgery or radiotherapy and tailor treatment plans
accordingly [97].

The impact of surgical approach on disease control also
bears mentioning, with more recent reports in adults utilizing
endonasal approaches reporting favorable resection rates as
compared to case-matched transcranial approaches [98, 99].
In pediatric series, historic rates of craniopharyngioma resec-
tion range from 20 to 75%, while in more recent endonasal
series, gross total resection rates range from 56 to 94%
supporting improved outcomes with the judicious use of
EEA [10, 12, 49, 64, 66, 68]. Another approach-specific
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concern in pediatric craniopharyngioma is whether sphenoid
pneumatization impacts resection. A recent retrospective anal-
ysis of 27 patients with varying degrees of pneumatization
demonstrated no differences in resection rates by
pneumatization pattern further supporting the notion that de-
gree of sphenoid pneumatization does not impact resectability
via EEA [100].

Vision

Vision preservation in the management of pediatric
craniopharyngioma is generally good and a transition toward
endonasal approaches allowing for improved visualization of
the optic chiasm during tumor microdissection has facilitated
safe dissection of disease from around the optic nerves and
chiasm without additional visual disturbance [68, 99]. The rate
of improvement in vision is also very high, with 75-100%
demonstrating at least some degree of visual improvement
postoperatively [68, 73, 95, 101]. Multiple authors report im-
proved visual outcomes utilizing endonasal approaches rather
than transcranial approaches, with both greater likelihood of
visual improvement and less tendency toward detrimental ef-
fects to the visual system following surgery [49, 73, 101].
These recent reports are in keeping with prior studies with
similarly improved visual outcomes with endonasal ap-
proaches [102—-104].

While rates of improvement in vision following surgery are
encouraging, the visual system is often compromised preop-
eratively and to a greater degree in the pediatric patient pre-
senting with craniopharyngioma than their adult counterparts
[105]. Attaining complete normalization of vision is more
challenging, with 25-67% experiencing normalization of vi-
sion postoperatively [68, 73, 105]. The incidence of persistent
visual disturbances following surgical management of pediat-
ric craniopharyngioma is high, with 48—75% of patients
followed long-term with some degree of reported visual dis-
turbance [10, 95, 105]. As deficits in visual function have been
associated with decreased quality of life in long-term follow
up [95], early diagnosis and definitive management to pre-
serve residual vision and avoid surgical morbidity to the visual
system are paramount.

Endocrine function

Endocrine function is notoriously poor following
craniopharyngioma treatment with both radiation and surgical
management resulting in high rates of both posterior and anterior
pituitary dysfunction. Hypopituitarism occurs frequently follow-
ing surgical management of craniopharyngioma with incidences
ranging from 57 to 98%, with both incidence and impact more
significant in the pediatric population [49, 66, 68, 73, 105].
Permanent diabetes insipidus also is seen in 64—80% of pediatric
patients post-intervention with the presence of transient diabetes

insipidus being the rule rather than the exception in the imme-
diate postoperative period [66, 73, 105, 106].

The impact of radiotherapy on long-term endocrine func-
tion is less well established in the craniopharyngioma litera-
ture. However, recent publications focusing on radiotherapy
involving the hypothalamic-pituitary axis (HPA) for other in-
dications cite long-term endocrine dysfunction in nearly half
of patients, with growth hormone secretion most likely affect-
ed while thyroxine is most radioresistant [107]. These authors
identified that a radiation dose of 27 Gray (Gy) to any volume
of the hypothalamus increased the likelihood of
endocrinopathy fourfold, supporting the notion that the hypo-
thalamus is more radiosensitive to the effects of radiation than
adjacent pituitary tissue [107, 108].

In addition to primary pituitary dysfunction, the incidence
of increased weight is elevated after craniopharyngioma man-
agement due to a host of factors from pituitary dysfunction to
steroid replacement to hypothalamic injury. Rates of obesity
range from 40 to 80% following craniopharyngioma surgery
[10, 42, 49, 88, 95, 105]. Obesity is also known to have a
significant impact on long-term quality of life, emphasizing
the importance of preoperative discussion regarding these
risks and plans for continued collaboration with ancillary ser-
vices such as bariatric surgery and psychiatry that may help
mitigate the impact on quality of life [96].

Complications

Other complications that bear mentioning include postoperative
cerebrospinal fluid (CSF) leak, meningitis, hydrocephalus, and
cranial neuropathies. In recent pediatric-specific series address-
ing endonasal craniopharyngioma management, the rate of CSF
leak ranges from 10 to 23%, with transition to utilization of the
nasoseptal flap reported to decrease CSF leak rates to ~ 11% [49,
66, 73]. In open transcranial approaches, the rate of CSF leak is
considerably lower. The incidence of meningitis is between 6
and 12% and hydrocephalus occurs postoperatively in approxi-
mately 15% [49, 66, 73]. Cranial neuropathy following surgery
can be seen in up to 20%, but this is typically transient [49, 66,
73]. Extensive tumor involvement, prior radiation, and revision
surgery have been associated with increased perioperative com-
plications [49, 73].

Quality of life

Optimal care of a patient with craniopharyngioma requires an
individualized approach identifying disease- and patient-
specific factors impacting resectability, long-term quality of
life, patient age, and surgical and radiation risks with some-
times competing goals of complete disease eradication and
avoidance of morbidity. In a recent pediatric sample with near-
ly two decades of follow up, quality of life was decreased as
compared to national averages but differences were not
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significant [95]. Within this cohort, visual deficits were asso-
ciated with lower quality of life while there was no clear as-
sociation between rate of endocrine dysfunction, extent of
surgery, and use of radiotherapy and quality of life.

Results related to weight and impact on quality of life are
mixed, with mean BMI demonstrating no impact on quality of
life while the incidence of obesity was significantly higher in
patients with lower quality of life [95]. However, long-term
quality of life in the KRANIOPHARYNGEOM 2007 pro-
spective multinational randomized study was noted to be sig-
nificantly decreased in the presence of obesity [96].
Recurrence of disease and presence and extent of complica-
tions also negatively impact quality of life [95]. Appropriate
endocrine follow-up and replacement can also positively im-
pact quality of life, especially in the case of growth hormone
insufficiency, one of the most frequently deficient hormones
following craniopharyngioma management [109]. The con-
sensus regarding optimization of quality of life revolves
around preserving optic function, preserving hypothalamic
function, optimizing endocrine function, and avoiding com-
plications [95, 96, 110].

Mortality

Perioperative mortality is very low in the management of
craniopharyngioma—Iess than 1% in Bakhsheshian et al.’s
2016 national database review, with recent publications with
similarly low figures while prior reports of mortality up to 9%
prior to the trend toward subtotal resection in the presence of
extensive involvement of critical structures [49, 54, 73, 102,
106]. Five to 10-year survival is also quite high with reports
ranging from 85 to 92% [93, 105]. After 20 years, overall
survival falls to approximately 80% and stabilizes at that level
over the following decade [105]. Recurrence of disease has
been associated with decreased 10-year survival, with a nearly
30% decrement in survival in those with recurrent
craniopharyngioma as compared to patients without recur-
rence of disease [73].

Conclusion

Pediatric patients presenting with craniopharyngioma repre-
sent a distinct cohort from their adult counterparts from both
a genetic and clinicopathologic standpoint. Surgical manage-
ment remains the mainstay of primary therapy for pediatric
craniopharyngioma with transition to endonasal approaches in
favorably located lesions providing improved visual outcomes
and comparable resection rates. The role of gross total resec-
tion vs. near total resection with the potential for postoperative
radiotherapy remains a point of contention as the quality of
life detriment related to surgical injury of the hypothalamic
and optic structures is well established while the impact of
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radiotherapy on these structures is less well defined, especially
in the pediatric patient in whom the cumulative effects of
radiotherapy have a greater time horizon in which to present.
Nevertheless, approaching the pediatric craniopharyngioma
patient with intent to optimize long-term quality of life and
survival by means of resection that spares the hypothalamic
and optic structure has become the current standard of care.
Further research regarding the long-term impact of near total
resection with radiation and gross total resection on hypotha-
lamic and visual outcomes as well as recurrence and survival
will be required to confirm this approach.
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