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Abstract
Objective: The optimal treatment of patients with craniopharyngioma remains controversial. In recent
years, we have removed tumors radically via an endoscopic endonasal approach (EEA) in all cases of
primary craniopharyngioma. We present here our surgical strategy and outcomes of primary
craniopharyngiomas via an EEA.

Methods: Between 2015 and 2021, we resected 37 consecutive cases of primary craniopharyngioma via
EEA. Aggressive resections had been originally planned in all cases. To help choose the adequate surgical
management, we created the �ve groups included the intrasellar, prechiasmatic, retrochiasmatic, intra-3rd-
ventricle and large lobulated type. Bony removal of the dorsum sellae, upper clivus and posterior clinoid
process was added in cases with retrochiasmatic or third ventricular lesions, and a combination of EEA
and transcranial approach was selected with large multi-lobulated tumors and lateral extension.

Results:

16 tumors were classi�ed as retrochiasmatic, 12 tumors as intra-3rd-ventricle, 4 tumors as prechiasmatic,
3 tumors as large lobulated, and 2 tumors as intrasellar type. Gross total resection (GTR) was achieved in
89.2%, near-total resection (NTR) in 8.1%, and subtotal resection (STR) in 2.7%. The pituitary stalk was
preserved intraoperatively in 27.0%. Visual improvement was noted in 76.7%. Neuropsychological
function status was improved or preserved in all cases. Tumor recurrence was detected 3.0% of GTR,
33.3% of 3 NTR and 100% of STR cases with the mean follow-up period of 32.7 months.

Conclusion: Adequate surgical management according to the anatomical location of the lesion via EEA
results in good visual and cognitive outcomes with increased extent of resection.

Introduction
Craniopharyngioma is a histologically benign tumor arising in the sellar and suprasellar region along the
path of the craniopharyngeal duct. Craniopharyngioma is diagnosed either in childhood or adulthood due
to local mass effects on visual pathways, the pituitary and the hypothalamus, or because of increased
intracranial pressure resulting from obstructive hydrocephalus. Despite the benign appearance, this
pathological entity has been associated with unfavorable prognosis, due to the proximity to and
relationships with vital structures [3, 8, 15].

The optimal treatment of patients with craniopharyngioma remains controversial, because protocols
effectively balancing aggressive therapy with minimal adverse symptoms remain lacking for both
children and adults [6, 9, 11, 16, 20, 22, 29, 35]. Complete tumor resection is associated with the best
outcomes in terms of overall and recurrence-free survival. Nevertheless, the location and frequent
involvement of critical neurovascular structures, tumor size, calci�cations, and age at presentation may
limit the extent of resection. Radical resection is associated with risks of signi�cant morbidity in terms of
visual, hypothalamic, and endocrinological disturbances, potentially deteriorating quality of life for
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patients [8, 31]. For these reasons, some neurosurgeons advocate a less aggressive surgical treatment
followed by radiation therapy.

In recent years, endoscopic endonasal surgery has become the main surgical approach for
craniopharyngiomas [17, 25, 27]. Radical tumor resection has been our treatment policy for
craniopharyngiomas and recent tumors have been removed by EEA as the initial treatment for all cases
of primary craniopharyngioma. This report describes our surgical strategy based on the anatomical sub-
classi�cation for resecting craniopharyngioma via the EEA, and provides our surgical outcomes for
primary craniopharyngioma.

Methods
Between 2015 and 2021, Osaka City University Hospital performed surgical resection via EEA as initial
treatment for 37 consecutive patients with primary craniopharyngioma. Patients who underwent surgery
or radiation therapy prior to this endoscopic endonasal surgery were not included in the present analysis.
All cases included in this study were retrospectively analyzed using electronic medical records. Patients
comprised 15 males and 22 females with a mean age of 46.8 years (range, 5–80 years). Mean tumor
diameter was 27.1 mm (range, 15–78 mm). Table 1 shows the characteristics and detailed clinical
information of patients.

All patients underwent preoperative imaging using CT and MRI to assess and identify tumor location,
tumor extent, ventricular size, and neurovascular location. Ophthalmological evaluations included visual
acuity and visual �elds. Endocrinological status was evaluated and anterior pituitary hormone
dysfunction was de�ned as the use of hormone supplementation or the presence of high levels of
prolactin without the use of dopamine agonists. Diabetes insipidus was diagnosed before and after
surgery based on the sodium level and presence of hypotonic polyuria. Cognitive function was assessed
pre- and postoperatively. A patient was considered to show cognitive impairment if any of the following
conditions were met: 1) Mini-Mental State Examination score <20 or 2) the patient felt unable to continue
previous profession due to the presence of the lesion. BMI (Body Mass Index) was measured in all
patients before and after surgery to evaluate obesity. For each patient, Karnofsky Performance Scale
(KPS) was retrospectively reviewed through the medical records.

Tumor volume was measured using 3-dimensional contrast-enhanced MRI at a workstation (Synapse-
Vincent, FUJIFILM Medical Co., Ltd.), and the extent of tumor resection achieved was calculated using
MRI data from preoperatively and 1 week postoperatively. Gross total resection (GTR) was de�ned as the
absence of residual lesions or residual calci�cation. Near-total resection (NTR) was de�ned as residual
lesion or calci�cation <0.5 cm3. Subtotal resection (STR) was de�ned as a residual lesion or calci�cation
≥0.5 cm3. Follow-up MRI was performed at regular intervals within 1 week and 3 months after surgery,
and again after 6–12 months. Tumor recurrence during follow-up was de�ned as the appearance of a
new lesion on MRI or the growth of residual tumor.
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In addition, we investigated historical changes in surgical procedures and outcomes for
craniopharyngioma at a single institute. Patients were divided into two groups for comparison based on
the timing of surgery: a previous treatment group (n = 28), with patients between 2009 and 2014 treated
mainly using several microscopic transcranial approaches, and a recent treatment group (n = 37), with
patients between 2015 and 2021 treated mainly via EEA.

Surgical strategies

Craniopharyngiomas were classi�ed based on location, origin, and preoperative growth pattern. The �ve
groups de�ned in our classi�cation scheme and used to select the appropriate surgical management
were intrasellar, prechiasmatic, retrochiasmatic, intra-third ventricle, and large lobulated types (Fig
1). Intrasellar-type craniopharyngioma originates from the intrasellar part of the pituitary stalk. With this
lesion type, the sellar �oor is usually enlarged in a manner similar to that seen in pituitary adenoma. The
prechiasmatic type originates from the anterior part of the stalk and grows in an upward direction.
Upward elevation of the optic chiasm and anterior communicating artery is also seen, with the tumor
extending laterally. Retrochiasmatic-type craniopharyngioma originates from the posterior part of the
pituitary stalk and grows up toward the posterior fossa. The optic chiasm and anterior communicating
artery remain in their normal positions. The intra-third ventricle type originates from the �oor of the third
ventricle. Finally, multi-lobular tumors over 4 cm in diameter are de�ned as the large lobulated type.

The basic surgical procedure via EEA is as follows. First, a nasoseptal mucosal �ap is harvested. The
sphenoid sinus and posterior ethmoid sinus are opened widely, then the tuberculum sellae and sella
turcica are drilled out. For prechiasmatic-type lesions, the planum sphenoidale and medial inferior wall of
the optic canal are also removed. For retrochiasmatic, intra-third ventricle, or large lobulated lesions,
additional removal of the dorsum sellae, upper clivus and posterior clinoid process is performed, and the
pituitary gland is detached from the medial wall of the cavernous sinus and transposed from one side to
the other for complete exposure of the lesion. Furthermore, for large blobulated-type lesions with lateral
extension beyond the internal carotid artery (ICA), oculomotor nerve, and posterior communicating (P-
com) artery, combined surgery with EEA and a transcranial approach is selected. The pituitary stalk is
preserved if allowed by its positional relationship with the tumor. If the tumor is found to be tightly
adherent to the optic pathway, hypothalamus, or arteries including small perforating arteries from the ICA
or P-com artery, tumor resection is stopped. Skull base reconstruction involves multi-layered
reconstruction to prevent leakage of cerebrospinal �uid (CSF). 

Figure 1 shows our surgical strategy for craniopharyngioma via EEA based on the anatomical sub-
classi�cation.

Illustrative Cases

Case 1: Intrasellar type
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 An intrasellar lesion was detected in an 15-year-old boy suffering from visual dysfunction. Preoperative
CT and MRI demonstrated characteristic �ndings of the intrasellar type of craniopharyngioma (Fig 2A-C).
The bone was removed from the sellar �oor to the tuberculum sellar (Fig 2F). The tumor was then
carefully dissected off any adjacent critical neurovascular structures (Fig 2G,H) and totally removed with
preserving pituitary gland and stalk (Fig 2D,E,I). Postoperatively, anterior pituitary function was
maintained.

Case 2: Prechiasmatic type 

 A 44-year-old female exhibiting a deterioration of her visual acuity on the right side was referred to our
hospital. Preoperative CT and MRI demonstrated there was elevation of the optic chiasm and anterior
communicating artery (Fig 3A-C). The bone was removed from the sellar �oor to planum sphenoidale and
medial inferior wall of the optic canal are also removed (Fig 3F). After displacing the normal pituitary
gland (Fig 3G,H), the tumor capsule was peeled from the stalk and optic chiasm (Fig 3I,J). The tumor was
totally removed with preserving the stalk (Fig 3E,F,K). Postoperatively, visual dysfunction improved and
anterior and posterior pituitary function were maintained.

Case 3: Retrochiasmatic type (Video 1)

Retrochiasmatic-type craniopharyngioma with hydrocephalus was identi�ed in a 5-year-old girl with
headache, vomiting and bitemporal hemianopsia (Fig 4A–D). After bone removal from the bottom of the
sella turcica to the tuberculum sellae, the upper clivus, dorsum sellae and bilateral posterior clinoid
processes were removed (Fig 4H). Tumor in the retrochiasmatic region was con�rmed after displacing the
normal pituitary gland (Fig 4I). After internal decompression of the tumor, the tumor was detached from
the optic chiasm, perforating arteries branching off the ICA and P-com artery (Fig 4J). The boundary of
the wall of third ventricular was con�rmed (Fig 4K). As a result, complete removal of the tumor was
achieved (Fig 4E–G,L,M). Improvement of neurological symptoms was observed postoperatively. She
started anterior and posterior pituitary hormone replacement therapy and is currently living a normal life
without any problems. 

Case 4: Intra-third ventricle type

An intra-third ventricle craniopharyngioma with hydrocephalus was identi�ed in a 20-year-old man (Fig
5A–C). After bone removal from the bottom of the sella turcica to the tuberculum sellae, additional bony
removal of the dorsum sellae, upper clivus and bilateral posterior clinoid processes was performed (Fig
5F). The tumor developed continuously to the infundibular recess. Therefore, preservation of the pituitary
stalk was judged likely to prove di�cult, so the stalk was cut (Fig 5G). An incision was made in the tumor
and internal decompression of the tumor was initiated (Fig 5H). The boundary of the wall of the third
ventricle was con�rmed (Fig 5I). After grasping and peeling only the tumor capsule from the wall of the
third ventricle, the tumor was completely removed (Fig 5E,F,J,K). 

Case 5: Large lobulated type with lateral extension (Video 2)
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A 5-year-old girl presented with a history of worsening visual dysfunction for a few months and recent
right oculomotor nerve palsy. Intracranial images showed a large, lobulated craniopharyngioma with
lateral extension (Fig 6A–D). Combined surgery with EEA and a microscopic transcranial approach was
applied to completely remove the tumor, including the tumor capsule, in a single stage. After bone
removal from the sella turcica to the tuberculum sellae, additional bony removal of the dorsum sellae,
upper clivus and bilateral posterior clinoid processes was performed via EEA (Fig 6H). After the pituitary
gland was displaced to the left, the lesion inside the circle of Willis was removed while detaching the
tumor and pituitary stalk (Fig 6I). At the same time, after frontotemporal craniotomy (Fig 6J), the tumor
capsule was detached from the deep Sylvian vein and brain surface, and gradually dropped toward the
sellar area via a transcranial approach (Fig 6K). After removal of the posterior component of the tumor,
the hypothalamus and brainstem were decompressed via EEA (Fig 6L). Finally, the tumor was completely
removed with preservation of the pituitary stalk (Fig 6E–G,M). Postoperatively, oculomotor nerve palsy
and visual dysfunction improved, and anterior pituitary function was maintained. 

Results
Tables 1 shows summary of the clinical data and surgical outcomes of 37 patients with primary
craniopharyngiomas resected via EEA based on an anatomical sub-classi�cation.

Characteristics of lesions

Lesion classi�cation was retrochiasmatic in 16 cases, intra-third ventricle in 12 cases, prechiasmatic in 4
cases, large lobulated in 3 cases, and intrasellar in 2 case. EEA was used in all cases, and combination
with the transcranial approach was applied for 2 cases of large lobulated type with lateral extension. With
combined surgery, one of the cases underwent EEA and a frontotemporal approach at the same time, and
in the other, the subfrontal approach was performed as a second-stage surgery following the initial EEA. 

Extent of resection

The degree of tumor resection was judged as GTR in 33 of 37 cases, NTR in 3 cases, and STR in 1
case. In a 80 year-old patient with retrochiasmatic lesion, near-total tumor resection was achieved to
preserve of normal pituitary stalk. In one middle age patient with retrochiasmatic lesion, small piece of
tumor remained due to the severe adhesion with left posterior cerebral artery. In one middle age patient
with a large lobulated lesion with lateral extension, tumor remained in the cavernous sinus, so NTR was
achieved and stereotactic irradiation was added 3 months after tumor resection. In a 74-year old patient
with large lobulated lesion without lateral extension, tumor remained around the hypothalamus and
foramen of Monro, resulting in STR. 

Surgical complications

No surgery-related deaths occurred. No permanent cranial nerve palsies were seen. Postoperative CSF
leakage was observed in 2 of 37 cases (5.4%), necessitating repair surgery. Postoperative hemorrhage
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was observed in 1 of 37 cases (2.7%), necessitating hematoma removal, but cognitive function was
preserved at the recent follow-up.

Visual and cognitive function

Visual function was seen to be affected in 30 cases (81.1%) before surgery, and improved after surgery in
23 cases with visual symptoms (76.7%), and was unchanged in the remaining cases, with no patients
experiencing deterioration. Cognitive dysfunction was observed in 9 cases (24.3%) before surgery, and
improved after surgery in 8 cases with cognitive impairment (88.9%), remained unchanged in the other
cases, and showed worsening in no cases. 

Pituitary function

Preoperative dysfunction of the anterior pituitary was observed in 32 cases (86.5%), and posterior
pituitary dysfunction was observed in 3 cases (8.1%). The pituitary stalk was able to be preserved
intraoperatively in 10 cases (27.0%), and postoperative function of the anterior pituitary was maintained
in 3 of these10 cases (30.0%), and posterior pituitary function was maintained in 4 of 10 these cases
(40.0%). Postoperatively, replacement therapy for anterior pituitary hormone was required in 34 patients
(91.2%), and diabetes insipidus was observed in 33 patients (89.2%). 

Obesity

Preoperative BMI ranged from 25 to 29 in 3 patients (8.1%) and 1 patient (2.7%) was 30 or higher.
Postoperative BMI ranged from 25 to 29 in 7 patients (18.9%) and no patient showed postoperative BMI
of 30 or higher at last follow-up.

Tumor recurrence and local control

Regarding local control of tumors, recurrence was observed in 3 of 37 patients (8.1%) with a mean follow-
up period of 32.7 months (range, 2–84 months). Recurrence was seen 1 of the 33 patients with GTR
(3.0%), as well as in the one patient of 3 with NTR (33.3%) and the patient with STR (100%). For recurrent
cases, EEA was performed again for 1 case with recurrence after GTR. One patient who achieved NTR
with SRS showed recurrence after 1.5 years and re-SRS was performed. In a 74-year old patient with
resulting in STR, MIB-1 labeling index of the tumor was 33.4%, and re-growth of residual tumor was
observed 2 weeks after surgery. KPS of this patient was 30, so we judged that neither re-excision nor
additional radiotherapy were indicated. Regular image follow-up is being performed every 3–6 months,
and local control of lesions has currently been obtained in 36 cases, excluding the 1 case showing STR.

Histological changes of the surgical procedures and outcomes at a single institute

Table 2 shows a comparison of surgical procedures and outcomes according to the treatment period. In
the previous treatment group (2009–2014), 28 cases of primary craniopharyngioma were resected, and
the surgical approach was interhemispheric in 14 cases, frontotemporal in 13 cases, transsphenoidal in 8
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cases, and transpetrosal in 4 cases. Multi-staged surgery was performed in 11 cases (39.3%), with GTR
achieved in 67.9% and NTR in 32.1%. In the recent treatment group (2015–2021), in which EEA was
performed in all cases, the transcranial approach was used in only 2 cases, and multi-staged surgery was
applied in 1 case (3.2%). GTR was achieved in 33 cases (89.2%). Comparing the previous and recent
treatment groups, the total number of operations required for radical resection was decreased and the
extent of tumor resection was increased in the recent treatment group. Furthermore, the improvement rate
of postoperative KPS and clinical outcomes were even better in the recent treatment group.

Discussion
Craniopharyngioma can be cured by total removal of the tumor, so surgical resection is the �rst choice of
treatment [8, 11, 15, 22]. However, complete removal of the tumor without aggravating clinical symptoms
is not easy. Some reports have described treatment policies that combine partial excision with radiation
therapy or stereotactic radiation surgery to reduce surgical complications [3, 6, 21, 32, 35]. On the other
hands, some patients show problems such as tumor regrowth after irradiation or worsening of visual �eld
impairments due to radiation [19, 30]. In many cases of recurrence, complete tumor removal is more
di�cult than in the �rst surgery. As a result, there are cases in which recurrence is repeated and local
control of the tumor proves di�cult. In the course of repeated treatment, not only hypopituitarism, but
also severe visual dysfunction and decreased memory ability are observed. We have thus traditionally
treated primary craniopharyngiomas using a policy of aggressive tumor resection without causing
memory disorders or visual impairment, even if pituitary function is sacri�ced [15, 22]. Since
craniopharyngioma is basically located inside the circle of Willis, the transcranial approach has been
problematic when tumor is dissected from perforating branches of the ICA or P-com artery from outside
of the circle of Willis. EEA allows entry to the circle of Willis from the sella turcica. Tumor removal with
safe peeling from the penetrating arteries represents an advantage. The third ventricular wall can also be
observed directly, so EEA has become the main surgical approach for craniopharyngioma in recent years
[17, 25, 27].

Role of anatomical sub-classi�cation of craniopharyngioma
for appropriate surgical management in EEA
Craniopharyngioma can occur from any site along the pituitary stalk, so the tumor can appear the same
as suprasellar tumor, but due to slight differences in the origin, positional relationships differ between the
tumor and structures such as the optic chiasm, hypothalamus, anterior cerebral artery and pituitary gland.
We therefore consider it useful to examine the extent of bone removal according to the tumor origin, and
so applied anatomical subclassi�cations of craniopharyngioma to guide the surgical strategy (Fig. 1).

The intrasellar type can be removed in the same manner as pituitary adenoma. The prechiasmatic type
shows a wide distance between the pituitary gland and optic chiasm, because the optic chiasm is raised
upward, and removed safely. On the other hand, the optic chiasm is not elevated upward in cases of
retrochiasmatic or intra-third ventricle type, and no working space exists between the optic chiasm and
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sella turcica. Further removal of the dorsum sellae and posterior clinoid processes allows wide exposure
of these lesions. In particular, for lesions that have progressed to the third ventricle, an advantage is
present in that the hypothalamus can be detached relatively safely because the �oor of the third ventricle
can be observed directly under the angled endoscope. EEA has recently basically represented the �rst
choice for any type of craniopharyngioma. For large lobular lesions that extend laterally beyond the circle
of Willis and each cranial nerve, we believe that a combination of EEA and transcranial approaches is
needed. Whether EEA and transcranial approaches are performed in one or two stages is determined by
the nature of the lesion. Compared to solid tumors, two-stage resection of a cystic tumor is more likely to
leave tumor behind by loss of tumor capsule during the second tumor resection. For this reason, we plan
a one-stage removal, especially for large, cystic, lobular lesions. Comparing the previous treatment group
(2009–2014) and the recent treatment group (2015–2021), the number of cases requiring multi-staged
removal decreased and better surgical results were obtained in the recent treatment group. In EEA, the
caudal surface of the optic chiasm, the bottom of the third ventricle and the hypothalamus can be
observed in close proximity, so meticulous resection of the tumor, including the tumor capsule, can be
safely performed.

Surgical outcomes for craniopharyngioma
Regarding the extent of tumor resection, a higher removal rate has been reported in recent years with EEA
compared to the transcranial approach [18, 34]. In our series, GTR was possible in 89.2%, and the extent
of tumor resection was improved compared to the previous treatment group, which mainly used
transcranial approaches. The incidence of postoperative CSF leakage as a complication of EEA with
intraoperative high-�ow CSF leakage has been reported as 4.8–10% [4, 24]. We encountered
postoperative CSF leakage requiring repair surgery in two cases (5.4%). Reconstruction is performed by
�lling the sella turcica with pieces of free fat, performing dural suturing, then covering the skull base
widely using a nasal septal mucosal �ap, and the incidence of postoperative CSF has been kept low.
Regarding pituitary function, panhypopituitarism was observed in 57–98% and diabetes insipidus in 64–
80% during the course of treatment [1, 2, 13, 14, 28, 33]. Endocrine function in long-term follow-up after
treatment for craniopharyngioma showed hypopituitarism in about 90% of those patients followed-up for
≥10 years regardless of whether treatment was performed with total excision, partial excision, partial
excision or radiation therapy [33]. One report found that 12% were able to maintain normal pituitary
function even when the pituitary stalk was morphologically preserved [26]. We preserved the pituitary
stalk morphologically in 10 of 37 cases (27.0%), maintained anterior pituitary function in 3 of these 10
cases (30.0%), and maintained posterior pituitary function in 4 of these 10 cases (40.0%) at last follow-
up. In our series, the retrochiasmatic, intra-third ventricle or large lobulated types, in which blood �ow in
the pituitary stalk is more di�cult to preserve, accounted for 31 of 37 cases (83.8%). We believe that the
positional relationship between tumorigenesis and the pituitary stalk is the most important for preserving
pituitary function. For this reason, particularly in young cases, we strive to preserve the stalk if possible
according to the positional relationship between the tumor and pituitary stalk. Priority is given to tumor
removal regardless of the preservation of pituitary function to avoid tumor recurrence and additional
radiation therapy. Hypothalamic disorders reportedly occur in 65–80% after surgery, and obesity occurs in
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40–80% after surgery [7, 10, 12, 28, 33, 36]. Preoperative visual impairment is reportedly improved in 75–
100% of cases after surgery [13, 14, 36]. Our series included no cases of severe obesity, and no worsening
of visual impairment or cognitive function. As a result, pituitary function is sacri�ced, but the lesion can
be resected aggressively without incurring cognitive disorders or visual dysfunction.

The rate of tumor recurrence depends on the extent of tumor resection, and the recurrence rate in GTR
cases is reported as 10–20% [5, 6, 12, 22, 23]. Our experience identi�ed extent of tumor resection and
MIB-1 labeling index as factors independently associated with local recurrence [22]. Regarding the
addition of radiation therapy, no difference in tumor control has been reported between cases of GTR and
cases of PR with added radiation [6, 35]. Recent results from radiation therapy have achieved tumor
control rates of 97–100% with fractionated irradiation, but follow-up periods have often been less than 5
years [3, 21]. Some papers reporting long-term results after radiation have described tumor control rates
of about 50% at 200 months [19, 30]. At present, therefore, irradiation is considered effective for short-
term tumor control. In our cases, recurrence was seen in 1 of the 33 cases (3.0%) with GTR, and re-
excision was performed. One patient who achieved NTR with SRS showed recurrence after 1.5 years and
re-SRS was performed. One patient who only achieved STR showed very high tumor growth potential and
local control of the tumor was not possible. As a result, local control of lesions was obtained in 36 cases
(97.3%) at latest follow-up, excluding the 1 case of STR.

Therefore, as a basic treatment policy for craniopharyngioma, we remove the lesion aggressively without
causing cognitive disorder or visual impairment by EEA. Radical resection of the tumor at the time of
initial treatment is important for long-term tumor control, particularly in young patients. If tumor remains
around arteries, optic pathway or hypothalamus, residual tumor is followed-up carefully. Since the follow-
up period of the present study was short, further follow-up is considered necessary to determine long-term
tumor control.

Conclusion
Radical resection of craniopharyngioma has traditionally been associated with signi�cant morbidity and
mortality. Advances in endoscopic surgery techniques and skull base approaches in combination have
signi�cantly improved surgical outcomes and facilitated radical resection. EEA for craniopharyngioma
offers the advantage that the tumor origin, hypothalamus, and lower surface of the optic chiasm are
easily observed. EEA is useful not only for intrasellar and prechiasmatic craniopharyngiomas, but also for
retrochiasmatic and intra-third ventricular craniopharyngiomas, and can safely and aggressively resect
lesions. On the other hand, in the case of large lobulated lesions in which the tumor extends laterally
beyond the circle of Willis, a combination of EEA and transcranial approach is useful for further
aggressive tumor resection.
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TABLE 1. Summary of the clinical data of 37 patients with primary craniopharyngiomas resected via EEA
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  All patients 

n=37

intrasellar type 

n=2 (5.4%)

Surgical procedure     EEA

EEA + transcranial approach

35 (94.6%)

2 (5.4%)

2 (100%)

0

Extent of resection, no. (%)      GTR     

NTR     

STR

33 (89.2%)

3 (8.1%)

1 (2.7%)

2 (100%)

0

0

Intraoperative morphological preservation of stalk,
no. (%)

10 (27.0%) 1 (50.0%)

Preoperative visual function, no. (%)

Normal : Impaired

Postoperative visual outcomes, no. (%) 

            Improved (Preop. Impaired cases)

         Same (Preop. Impaired cases: Preop. Normal
cases)

            Aggravated

 

7 (18.9%) : 30 (81.1%)

 

23/30 (76.7%)

7/30 (23.3%) : 7/7(100%)

0

 

0 : 2 (100%)

 

1/2 (50.0%)

1/2 (50.0%) : 0

0

Preoperative cognitive function, no. (%) 

Normal : Impaired

Postoperative cognitive outcomes, no. (%) 

            Improved (Preop. Impaired cases)

         Same (Preop. Impaired cases : Preop. Normal
cases)

            Aggravated

 

28 (75.7%) : 9 (24.3%)

 

8/9 (88.9%)

1/9 (11.1%) : 28/28
(100%) 

0

 

2 (100%) : 0

 

0

0 : 2/2 (100%)

0

Endocrinological status, no. (%)

Preop. Anterior / Posterior pituitary hormone
dysfunction

Postop. Anterior / Posterior pituitary hormone
dysfunction

 

32 (86.5%) / 3 (8.1%)

34 (91.9%) / 33 (89.2%)

 

2 (100%) / 0

1 (50.0%) / 1
(50.0%)

Preop. BMI, no. (%)   BMI<25, 25≦BMI<30, 30≦BMI

Postop. BMI, no. (%)   BMI<25, 25≦BMI<30,
30≦BMI

33 (89.2%), 3 (8.1%), 1
(2.7%)

30 (81.1%), 7 (18.9%), 0

2(100%), 0, 0

2(100%), 0, 0

Recurrence rate, no. (%)      Total 

GTR cases

3/37 (8.1%)

1/33 (3.0%)

 0/2 (0%)

 0/2 (0%)
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NTR or NTR + SRS cases

STR case

1/3 (33.3%)

1/1 (100%)

  0

  0

* EEA: endoscopic endonasal approach, BMI: Body Mass Index, GTR: Gloss total resection, NTR: Near-
total resection, STR: Subtotal resection, SRS: stereotactic radiosurgery

TABLE 1.(continuation)
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prechiasmatic type 

n=4 (10.8%)

Retrochiasmatic type 

n=16 (43.2%)

intra-3rd-ventricle type 

n=12 (32.4%)

large lobulated type 

n=3 (8.1%)

4 (100%)

0

16 (100%)

0

12 (100%)

0

1 (33.3%)

2 (66.7%)

4 (100%)

0

0

14 (87.5%)

2 (12.5%)

0

12 (100%)

0

0

1 (33.3%)

1 (33.3%)

1 (33.3%)

2 (50.0%) 4 (25.0%) 2 (16.7%) 1 (33.3%)

 

0 : 4 (100%)

 

4/4 (100%)

0 : 0

0

 

4 (25.0%) : 12 (75.0%)

 

9/12 (75.0%)

3/12 (25.0%) : 4/4
(100%)

0

 

3 (25.0%) : 9 (75.0%)

 

8/9 (88.9%)

1/9 (11.1%) : 3/3
(100%)

0

 

0 : 3 (100%)

 

1/3 (33.3%)

2/3 (66.7%) : 0

0

 

4 (100%) : 0

 

0

0: 4/4 (100%)

0

 

15 (93.8%) : 1 (6.3%)

 

1/1 (100%)

0/1 : 15/15 (100%)

 0

 

6 (50.0%) : 6 (50.0%)

 

6/6 (100%)

0/6 : 6/6 (100%)

 0

 

1 (33.3%) : 2 (66.7%)

 

1/2 (50.0%)

1/2 (50.0%) : 1/1
(100%)

0

 

  3 (75.0%) / 0

3 (75.0%) / 3
(75.0%)

 

14 (87.5%) / 1 (6.3%)

16 (100%) / 15 (93.8%)

 

10 (83.3%) / 1 (8.3%)

12 (100%) / 11 (91.7%)

 

3 (100%) / 1 (33.3%)

2 (66.7%) / 3 (100%)

3 (75.0%), 0, 1
(25.0%)

4 (100%), 0, 0

14 (87.5%), 2 (12.5%), 0

12 (75.0%), 4 (25.0%), 0

11 (91.7%), 1 (8.3%), 0

10 (83.3%), 2 (16.7%),
0

3 (100%), 0, 0

2 (66.7%), 1 (33.3%), 0

0/4 (0%)

0/4 (0%)

0

0/16 (0%)

0/14 (0%)

0/2 (0%)

1/12 (8.3%)

1/12 (8.3%)

0

2/3 (66.7%)

0/1 (0%)

1/1 (100%)
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0 0 0 1/1 (100%)

 

TABLE 2. Summary of detailed histological changes of the surgical procedures and outcomes of primary
craniopharyngiomas at a single institute

Outcome Data 2009-2014 (n=28) 2015-2021 (n=37)

Mean clinical follow-up, yrs 7.4 2.7

Surgical procedures

   

   

Interhemispheric approach 14

Frontotemporal approach 13

TSS 8 (mTSS 3, EEA 5)

Transpetrosal apparoch 4

EEA 37

Frontotemporal approach 1

Subfrontal approach 1

Multi-staged surgery, no. (%) 11 (39.3%) 1 (2.7%)

Extent of resection, no. (%)

GTR

NTR

STR

 

19 (67.9%)

9 (32.1%)

0

 

33 (89.2%)

3 (8.1%)

1 (2.7%)

Mean KPS score (range)

Preope

         Postope

 

83.0 (50-100)

85.3 (50-100)

 

84.9 (30-100)

93.2 (30-100)

Overall clinical outcomes, no. (%)

         Improved

         Same

         Aggravated

 

6 (21.4%)

22 (78.6%)

0

 

24 (64.9%)

13 (35.1%)

0

Recurrence rate, no. (%)

GTR

         NTR or NTR + SRS

STR

 

4/19 (21.1%)

3/9 (33.3%)

0

 

1/33 (3.0%)

1/3 (33.3%)

1/1 (100%)

* TSS: transsphenoidal surgery, mTSS: microscopic TSS, EEA: endoscopic endonasal approach GTR:
Gloss total resection, NTR: Near-total resection, STR: Subtotal resection, KPS: Karnofsky Performance
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Scale, SRS: stereotactic radiosurgery

 

Figures

Figure 1

Surgical strategy based on the anatomical sub-classi�cation of primary craniopharyngiomas via EEA

The intrasellar type originates from the intrasellar part of the pituitary stalk.

The prechiasmatic type originates from the anterior part of the stalk and grows upward. Upward elevation
of the optic chiasm and anterior communicating artery is seen.

The retrochiasmatic type originates from the posterior part of the stalk and grows up toward the posterior
fossa. The optic chiasm and anterior communicating artery remain in their normal positions.

The intra-third ventricle type originates from the �oor of the third ventricle.

Any multi-lobulated lesion exceeding 4 cm in diameter is de�ned as a large lobulated-type
craniopharyngioma.
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For intrasellar and prechiasmatic types, extended EEA is applied. For retrochiasmatic, intra-third ventricle,
and large lobulated types, additional removal of the dorsum sellae, upper clivus and posterior clinoid
process is performed. For the large lobulated type with lateral extension, combined surgery using the EEA
and transcranial approach is selected.

Red dots indicate the anterior communicating artery.

Yellow dots indicate the optic chiasm.

Purple dots indicate tumor origin.
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Figure 2

CT, MRI and intraoperative photographs for Case 1, de�ned as intrasellar type of craniopharyngioma

A-C: Preoperative sagittal-section CT and enhanced T1-weighted MR image in the sagittal and coronal
sections show typical �ndings for the intrasellar type of craniopharyngioma.
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D,E: Postoperative enhanced T1-weighted image in the sagittal and coronal sections. The tumor was
totally removed via an extended EEA.

F-I: For the intrasellar type of craniopharyngiomas, the anatomical relationship with the tumor and the
surrounding structure is similar to that seen for a pituitary adenoma. The sellar �oor is usually enlarged
(F). Internal decompression of calci�ed component of the tumor is performed (G). Since the supra-sellar
side of tumor is often covered by extended diaphragm, there is no adhesion with the tumor or the other
important blood vessels (H). The tumor totally removed with preserving pituitary gland and stalk (I). 
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Figure 3

CT, MRI and intraoperative photographs for Case 2, de�ned as prechiasmatic type of craniopharyngioma

A-C: Preoperative sagittal-section CT and enhanced T1-weighted MR image in the sagittal and coronal
sections showing elevation of the optic chiasm and the anterior communicating artery.
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D,E: Postoperative enhanced T1-weighted image in the sagittal and coronal sections. The tumor was
totally removed via an extended EEA.

F-K: Bone was removed from the sellar �oor to the planum sphenoidale (F). The normal pituitary gland
was identi�ed at the bottom of the sellar �oor (G). The pituitary gland is detached from the medial wall of
the right cavernous sinus and transposed to the left side (H). We carefully dissected the tumor off of any
adjacent critical neurovascular structures, including the stalk and optic chiasm (I). Since the tumor did
not invade all parts of the stalk, we were able to remove the tumor with preserving the stalk (K).



Page 25/30

Figure 4

CT, MRI and intraoperative photographs for Case 3, involving retrochiasmatic-type craniopharyngioma

A–D) Preoperative sagittal-section CT and enhanced T1-weighted images in the axial, coronal and
sagittal sections show �ndings of retrochiasmatic-type craniopharyngioma with calci�cation. The
anterior communicating artery and optic chiasm are not elevated.
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E–G) Postoperative contrast-enhanced T1-weighted images in the axial, coronal and sagittal sections.
The tumor is totally removed via EEA.

H–M) After slightly raising the normal pituitary gland, the upper clivus, dorsum sellae and bilateral
posterior clinoid processes are removed (H). Tumor is con�rmed after the normal pituitary gland appears
displaced (I). Internal decompression of the tumor is performed (J). Tumor capsule is removed from the
wall of the third ventricle (K). The tumor is completely removed (L). The pituitary stalk is preserved
morphologically (K).

PCP: posterior clinoid process.
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Figure 5

CT, MRI and intraoperative photographs for Case 4, de�ned as intra-third ventricle craniopharyngioma

A–C) Preoperative axial-section CT and enhanced T1-weighted imaging in the coronal and sagittal
sections show enlargement of the third ventricle, a typical �nding for the intra-third ventricle type.
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D, E) Postoperative enhanced T1-weighted imaging in the coronal and sagittal sections. The tumor has
been totally removed via EEA.

F–M) Bone removal has been performed from the bottom of the sellae turcica to the tuberculum sellae
(F). Additional bony removal of the dorsum sellae, upper clivus and bilateral posterior clinoid processes is
performed (G).The pituitary gland is detached from the medial wall of the right cavernous sinus and
transposed to the left side (H). Tumor is con�rmed around the infundibular recess, making the pituitary
stalk di�cult to preserve. Coagulation is performed and the stalk is cut (I). Internal decompression of the
tumor is started (J). The tumor capsule is peeled from the wall of the third ventricle (K). The tumor is
completely removed (L,M).

PCP: posterior clinoid process, BA: basilar artery
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Figure 6

CT, MRI and intraoperative photographs for Case 5, de�ned as large, lobulated type with lateral extension

A–D) Preoperative axial-section CT and enhanced T1-weighted images in the axial, coronal and sagittal
sections show large, lobulated-type craniopharyngioma with lateral extension.
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E–G) Postoperative enhanced T1-weighted images in the axial, coronal and sagittal sections. The tumor
has been totally removed via a combination of the EEA and frontotemporal approach.

H–M) Bony removal of the dorsum sellae, upper clivus and bilateral posterior clinoid processes is
performed via EEA (H). After the pituitary gland is displaced to the left, the center part of the lesion inside
the circle of Willis is removed (I). Right frontotemporal craniotomy is performed (J). After the Sylvian
�ssure is opened, the tumor capsule is detached from the deep Sylvian vein and brain surface via a
transcranial approach (K). The tumor is peeled from the oculomotor nerve, and the posterior cystic
component of the tumor is removed via EEA (L). Finally, the tumor is completely removed with
preservation of the pituitary stalk (M).
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