
Vol.:(0123456789)1 3

Journal of Neuro-Oncology (2019) 141:363–371 
https://doi.org/10.1007/s11060-018-03041-7

CLINICAL STUDY

Trans-eyebrow supraorbital keyhole approach in suprasellar and third 
ventricular craniopharyngioma surgery: the experience of 27 cases 
and a literature review

Meiqin Cai1 · Zhuopeng Ye1 · Cong Ling1 · Baoyu Zhang1 · Bo Hou1 

Received: 9 August 2018 / Accepted: 31 October 2018 / Published online: 3 November 2018 
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Background  The trans-eyebrow supraorbital keyhole approach, a minimal transcranial approach, has been widely used in 
different types of surgery for sellar and parasellar lesions. In this study, we investigated the outcome of this approach in the 
surgical treatment of suprasellar and third ventricular craniopharyngioma.
Methods  Twenty-seven patients with suprasellar and third ventricular craniopharyngioma underwent surgery via a supraor-
bital approach between June 2007 and June 2018. The medical data and follow-up results were retrospectively analyzed.
Results  All tumors were located in the suprasellar region and the third ventricle. The mean tumor size was 29.1 mm. The 
mean follow-up period was 49.6 months. Gross total resection (GTR) was achieved in 23 patients (85.2%). Of 17 patients with 
preoperative visual impairment, 12 patients (70.6%) showed improvement. Following surgery, 11 patients exhibited new-onset 
anterior hypopituitarism, ten developed diabetes insipidus, and two became overweight. One residual tumor relapsed 1 year 
after surgery. No perioperative death, cerebrospinal fluid (CSF) rhinorrhea, or meningitis occurred. All patients exhibited 
satisfactory cosmetic results. At the last follow-up, the Extended Glasgow Outcome Scale Score was 8 in 25 patients (92.6%).
Conclusion  The supraorbital trans-eyebrow keyhole approach is characterized by minimal invasion and a satisfactory cos-
metic outcome. According to our experience, craniopharyngiomas located in the suprasellar region and the third ventricle 
can be safely resected via a trans-eyebrow supraorbital keyhole approach.
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Introduction

Craniopharyngiomas are histologically benign tumors and 
account for approximately 2–5% of primary intracranial 
tumors [1]. Resection is the mainstay of treatment for crani-
opharyngiomas [2–6]. However, due to their complicated 
location and proximity to vital neurovascular structures, 
resection of craniopharyngiomas still remains a substantial 
challenge for surgeons [7–10]. Multiple surgical approaches, 
such as the traditional transcranial approach [11–17] and 

the endoscopic endonasal approach (EEA) [18–20], are cur-
rently used in the surgical treatment of craniopharyngioma. 
Each type of approach has its own advantages and disad-
vantages, and controversies regarding the optimal surgical 
approach still exist.

The supraorbital keyhole approach is a minimally inva-
sive transcranial approach that can offer excellent exposure 
of the anatomical structures of the anterior skull base, mid-
dle cranial fossa, and sellar region [21, 22]. In recent years, a 
supraorbital trans-eyebrow keyhole approach has been used 
in the surgical treatment of craniopharyngiomas; however, 
these studies either only included a small group of patients 
or lacked detailed surgical and follow-up data [23–28]. Since 
June 2007, we have employed the trans-eyebrow supraorbi-
tal keyhole approach for surgical resection of craniopharyn-
gioma. The results achieved were retrospectively examined 
in this study.
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Materials and methods

This study was approved by the Ethics Committee of 
the Third Affiliated Hospital of Sun Yat-sen University 
(Guangzhou, China). A series of 27 patients with crani-
opharyngioma underwent surgical resection via a trans-
eyebrow supraorbital keyhole approach at our hospital 
between June 2007 and June 2018. The medical records 
and follow-up results were retrospectively analyzed.

Prior to surgery, all patients underwent head computed 
tomography (CT) and enhancing magnetic resonance 
imaging (MRI) examination. The size of the tumor was 
determined by the maximal tumor diameter based on MR 
images. Tumors were classified according to the scheme of 
Samii et al. [29]. The degree of tumor removal was evalu-
ated based on intraoperative observation and postoperative 
MRI images. Gross total resection (GTR) was considered 
when both the intraoperative impression and postoperative 
MRI indicated no residual tumor.

The ophthalmologic examination consisted of testing 
the visual acuity and visual field. The visual outcome was 
graded as improved, stable, or deteriorated.

The preoperative endocrine evaluation included meas-
urement of thyroid stimulating hormone (TSH), free trii-
odothyronine (FT3), free thyroxine (FT4), prolactin, fol-
licle stimulating hormone, luteinizing hormone, morning 
cortisol, adrenocorticotropic hormone, growth hormone, 
and insulin-like growth factor. A diagnosis of diabetes 
insipidus was determined according to urine volume 
(> 3 L/24 h) and urine osmolality (< 300 mOsm/kg). Body 
mass index (BMI) was measured. Weight categories were 

classified as normal (BMI < 25), overweight (BMI 25–30), 
and obesity (BMI > 30).

Follow-up evaluations were scheduled at 1, 3, and 
6 months after discharge and annually thereafter. During 
each visit, the neurological, ophthalmological, and endo-
crine statuses were assessed, and an imaging assessment was 
conducted. Prior to the writing of this article, all patients 
had participated in a telephone questionnaire for Extended 
Glasgow Outcome Scale evaluation.

Surgical technique

Tumors were approached from the nondominant side. In 
other cases, the approach was from the side of the most 
compromised visual function or tumor lateral extension 
below the sphenoid ridge. The patient was placed supine 
with the head secured in a 3-pin Mayfield head holder, raised 
15° and rotated 0°–15° to the contralateral side. Once the 
patient was positioned, the location of the frontal sinus was 
mapped. Ipsilateral ventriculostomy drainage was placed 
prior to the supraorbital craniotomy in cases of preopera-
tive hydrocephalus.

A 4–5 cm incision was made along the eyebrow, laterally 
to the supraorbital notch (Fig. 1a). The subcutaneous tissue 
was dissected to expose the corrugators, frontal muscles, 
and temporalis fascia. The scalp was superiorly retracted 
with silk threads. The pericranium was incised as superiorly 
as possible to create an inferior-based U-shaped pericranial 
flap that reflected inferiorly. Laterally, a small portion of the 
temporalis muscle was dissected and retracted backward to 
expose the keyhole region. During the dissection, care was 
taken to avoid injury to the supraorbital nerve.

Fig. 1   Supraorbital keyhole approach on the left side. a The location 
of the incision; b The bone window and dural incision; c Resection 
of tumor through the prechiasmatic window; d Resection of tumor 

through the opticocarotid window; e Resection of tumor through the 
carotid-oculomotor window; f Resection of tumor through the lamina 
terminalis
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Using a high-speed drill with a footplate attachment, a 
burr hole was drilled a few millimeters above the frontos-
phenoidal suture, and a semicircular craniotomy of approxi-
mately 3 × 2 cm was performed above the orbital rim and 
lateral to the frontal sinus (Fig. 1b). If the frontal sinus was 
entered, the mucosa was removed, and the sinus was packed 
with streptomycin bone wax. Under microscopic visualiza-
tion, a small dura and arachnoid incision was made to allow 
for cerebrospinal fluid (CSF) egress. The inner table of the 
craniotomy and the bony protuberance of the orbital roof 
were flattened. For some tumors exhibiting lateral growth 
below the sphenoid ridge, the lateral part of the sphenoid 
ridge was removed to increase the exposure of tumors later-
ally to the internal carotid artery.

The dura mater was opened in a “U-shaped” manner that 
reflected inferiorly over the orbital rim. The proximal sylvian 
fissure and opticocarotid and optic oculomotor cisterns were 
opened for further CSF egress. Following adequate brain 
relaxation, additional dissection of the arachnoid membrane 
at the base of the frontal lobe and within the proximal syl-
vian fissure was performed to further free the frontal lobe 
and allow it to fall away from the skull base. Then, both 
optic nerves, the optic chiasm, both internal carotid arter-
ies, and the tumor were identified. Surgical debulking of the 
tumor was then accomplished using a standard microsurgi-
cal technique with or without ultrasonic aspiration. Once 

adequate tumor debulking and neuro-vascular relaxation 
were achieved, the tumor was removed in pieces through 
the prechiasmatic, opticocarotid, and carotid-oculomotor 
windows (Fig. 1c–e). The lamina terminalis was opened 
to remove tumors in most patients with ventricular tumors 
(Fig. 1f). For patients who were suspected to have residual 
tumors in the pituitary fossa, posteroinferior area of the 
ipsilateral optic nerve and chiasm, and ipsilateral third ven-
tricular wall, endoscopy was used to confirm adequate tumor 
resection (Fig. 2b–d).

Once the lesion was satisfactorily resected, a watertight 
dural closure with a dural graft was performed. The bone 
flap was replaced with a titanium plating system. The mus-
cular and subcutaneous layers and the skin were meticu-
lously closed to ensure a satisfactory cosmetic result.

Results

Patient population

A total of 27 patients (14 males and 13 females) were 
included in this study. One patient with recurrent crani-
opharyngioma underwent placement of an Ommaya reser-
voir and radiosurgery. The mean age at the time of operation 

Fig. 2   Endoscopy-assisted supraorbital keyhole approach. a Micro-
surgical field after tumor resection, the suspected pituitary stalk was 
in prechiasmatic window; b Endoscopic exploration revealed the pitu-
itary stalk in the rear and residual tumor in the anterior; c Endoscopy-

assisted tumor resection; d Endoscopy revealed that the pituitary stalk 
was retained and no residual tumor was observed in the pituitary 
fossa and inferior side of the optic chiasm; e Satisfactory postopera-
tive cosmetic outcome
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was 40.0 years (range 3–66 years), and the mean follow-up 
period was 49.6 months (range 3–131 months).

The main preoperative complaints included visual acuity 
loss (14 patients, 51.9%), headache (seven patients, 25.9%), 
and polyuria (five patients, 18.5%). The mean tumor size 
was 29.1 mm (range 10–51 mm); 11 tumors (40.7%) were 
solid, eight tumors (29.6%) were cystic, and the remain-
ing eight tumors (29.6%) were mixed. Additionally, seven 
patients (25.9%) presented with preoperative hydrocephalus. 
A review of the pathologic findings revealed 19 adamantino-
matous (70.4%) and eight papillary (29.6%) tumors. Detailed 
preoperative data are summarized in Table 1.

Extent of tumor removal and recurrence

The tumors were resected with endoscopic assistance in 10 
patients (37.0%). GTR was achieved in 23 patients (85.2%) 
(Fig. 3), and small residual tumors were found in 4 patients 

(14.8%). Intraoperatively, all residual tumors exhibited inti-
mate adherence to the ventricular wall. At the 1-year follow-
up evaluation, one residual tumor had relapsed. The pituitary 
stalks were preserved in 6 patients (25.9%) and sacrificed in 
6 patients (22.2%). The results are summarized in Table 2.

Ophthalmological outcomes

Of the 17 patients (64.7%) with preoperative visual impair-
ment, 12 patients (70.6%) improved, 3 patients remained 
stable, and 2 patients deteriorated (Table 2).

Endocrinologic outcomes

Before the operation, 7 patients (25.9%) had normal pitui-
tary function, 16 (59.3%) exhibited partial hypopituitarism, 
2 (7.4%) showed panhypopituitarism, 5 (18.5%) had diabe-
tes insipidus, and one was overweight. After the operation, 

Table 1   Preoperative clinical and radiological data, and pathologic results

A adamatinomatous, F female, M male, VD Visual impairment, DI diabetes insipidus, P papillary
*Grade of tumors according to the classification scheme of Samii et al. [29]

Case Sex/age (years) Leading symptoms Tumor characteristics Pathology

Size (mm) Consistency Calcification Grade* Hydrocephalus

1 F/44 Amenorrhea, DI 14 Solid II P
2 F/40 Headache, VD 43 Mixed IV A
3 M/23 VD 35 Cystic III A
4 F/48 VD 25 Solid III A
5 M/12 VD 51 Cystic IV + A
6 F/61 Headache 22 Solid II P
7 F/43 VD 20 Cystic III A
8 F/35 Headache 16 Solid II P
9 M/39 VD 47 Mixed + IV A
10 M/38 VD, DI 23 Solid III + A
11 F/41 VD 33 Mixed + IV A
12 M/66 Anorexia, VD, DI 35 Solid IV A
13 F/63 Headache 31 Cystic IV P
14 F/51 Headache 10 Solid II P
15 M/60 VD 36 Cystic IV A
16 F/61 VD 17 Cystic II A
17 M/13 Headache 19 Solid II A
18 M/28 VD 40 Mixed + IV + A
19 F/55 Accidental discovery 14 Solid III P
20 M/53 Fatigue 29 Solid IV + P
21 F/58 VD, DI 30 Mixed + IV A
22 M/11 Growth retardation, VD 37 Mixed + IV A
23 M/58 VD, DI 25 Mixed III P
24 M/48 Dizziness, fatigue 31 Solid + IV + A
25 F/8 Headache 12 Cystic II A
26 M/3 VD 45 Cystic + IV + A
27 M/20 VD 46 Mixed + IV + A
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11 (40.1%) patients developed new-onset anterior pituitary 
hypofunction, 10 (45.5%) developed permanent diabetes 
insipidus, two (cases 10 and 26) became overweight, two 
(cases 12 and 19) developed transient lethargy, and one (case 
10) showed memory loss (Table 2).

Complete tumor resection was achieved in four patients 
who had completely normal postoperative endocrine func-
tion. Among them, three tumors were < 2 cm in size and 
were classified as grade 2 according to the classification 
scheme of Samii et al. [29]; the other tumor was larger than 
2 cm and was classified as grade 4.

Hydrocephalus and perioperative complications

Seven patients had preoperative hydrocephalus (Table 1), 
and all patients experienced remission after the operation.

No perioperative death, CSF rhinorrhea, or meningitis 
occurred in this series. Postoperative pseudomeningocele 
formation was observed in two patients. One patient was 
cured via lumbar drainage for 5 days, and the other was 
cured with local compression over the incision. Viola-
tion of the frontal sinus occurred in one patient and was 
immediately repaired. Transient forehead numbness was 
reported by one patient. One patient exhibited a mild fron-
tal lobe contusion with mental symptoms and was cured 
with conservative therapy. One patient had a postopera-
tive sellar hematoma that did not require evacuation. The 
patient later developed hydrocephalus with bilateral visual 
deterioration and received a ventriculoperitoneal shunt. 
The hydrocephalus was resolved; however, no improve-
ment of visual impairment was observed.

Fig. 3   Preoperative and their respective postoperative MR images 
confirm GTR of different grades of tumor. a, Case 1, a grade II tumor 
according to the classification system of Samii et al. [29]; b, Case 10, 

a grade III tumor, c, Case 22, a grade IV tumor; d, Case 9, a recurrent 
tumor of grade IV
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Late performance outcomes

All patients exhibited satisfactory postoperative cosmetic 
results (Fig. 2e). Three patients remained overweight; how-
ever, their weight stabilized 6 months after the operation. 
Fourteen patients required cortisol with or without thyroxine 
hormonal replacement therapy, and 15 patients required oral 
desmopressin. At the last follow-up, the Extended Glasgow 
Outcome Scale Score was 8 in 25 patients (92.6%) and 7 and 
6 in one patient each.

Discussion

For surgical management of craniopharyngiomas, the tra-
ditional transcranial approaches have the disadvantages 
of a large incision, unnecessary excessive brain exposure, 
and remarkable brain retraction [25], while an EEA has the 
drawbacks of a long working distance, poor vascular control, 
and the risk of CSF leakage or meningitis [30].

The supraorbital keyhole approach is an anterolateral min-
imally invasive transcranial approach. Anatomical studies 

Table 2   Summary of extent of resection, visual function, and endocrinological outcomes

DI diabetes insipidus, F female, GHD GH deficiency, HC hypercorticism, HG hypogonadism, HPN hyperprolactinemia, HTH hypothyroidism, 
M male, PHP panhypopituitarism, TDI transient diabetes insipidus

Case Mean 
follow-up 
(months)

Extent of 
resection/
residul site

Pituitary stalk dissec-
tion

Visual function Anterior pituitary function Posterior pitui-
tary function

Pre-op Post-op Pre-op Post-op new dysfunc-
tion

Pre-op Post-op

1 132 GTR​ Sacrificed Normal No change HC, HPN DI DI
2 98 GTR​ Partially preserved VD Improved HC, HTH TDI
3 95 GTR​ Preserved VD Improved HC
4 87 GTR​ Partially preserved VD No change HC, HTH DI
5 82 Hypothalamus Partially preserved VD No change HC TDI
6 80 GTR​ Partially preserved VD Improved HTH HC DI
7 64 GTR​ Partially preserved VD Improved HPN DI
8 61 GTR​ Preserved Normal No change Nomal HTH, HC, HG TDI
9 60 GTR​ Preserved VD No change HG
10 59 GTR​ Partially preserved VD Improved HPN, HG HC, HTH DI DI
11 58 GTR​ Sacrificed VD Improved HPN, HG HC DI
12 53 GTR​ Sacrificed VD worse PHP DI DI
13 51 GTR​ Partially preserved Normal No change HG HC, HTH DI
14 51 GTR​ Preserved Normal No change Nomal
15 50 Hypothalamus Partially preserved VD Improved Nomal HC, HTH, HG DI
16 47 GTR​ Preserved VD Improved Nomal TDI
17 45 GTR​ Partially preserved Normal No change Nomal TDI
18 37 Hypothalamus Partially preserved VD Left worse HPN, HG HTH TDI
19 35 Hypothalamus Sacrificed Normal No change HTH, HG DI
20 33 GTR​ Preserved Normal No change Nomal
21 22 GTR​ Sacrificed VD Improved HG HTH DI DI
22 16 GTR​ Partially preserved VD Improved HPN, HG, GHD HTH DI
23 14 GTR​ Partially preserved VD Improved PHP DI DI
24 14 GTR​ Partially preserved Normal No change HG HTH, HC TDI
25 9 GTR​ Preserved Normal No change Nomal TDI
26 5 GTR​ Partially preserved VD Improved HPN HTH, HC DI
27 4 GTR​ Sacrificed VD No change HC, HTH DI
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have shown that the supraorbital keyhole approach offers a 
surgical field similar to traditional transcranial approaches 
with minimal brain retraction and limited craniotomy [31, 
32]. The anatomical features (e.g., suprasellar craniophar-
yngiomas rarely have an arterial supply from the posterior 
circulation, and the expansile growth of tumors widens the 
neurovascular windows) facilitate resection of these tumors 
via an anterolateral transcranial approach. Reosch et al. [24] 
reported the largest group (39 patients) of craniopharyngio-
mas operated on via a supraorbital approach. The rates of 
GTR and visual improvement of their group were 74.3% and 
66.6%, respectively. In another group of 22 craniopharyngio-
mas, Gazzeri et al. [25] reported a 90.9% GTR rate. Tawk 
et al. [28] recently reported that GTR was achieved in four 
patients (66.6%), with a visual improvement rate of 100%.

The GTR of craniopharyngioma is generally believed 
to be associated with tumor characteristics, the surgeon’s 
experience, and the surgical strategy. According to several 
large cohort studies, the GTR rate of craniopharyngioma is 
approximately 45–90% [11, 13, 20, 33–35]. With the goal 
of total resection, 23 patients (85.2%) achieved GTR in our 
study. During resection of a craniopharyngioma via the 
supraorbital approach, blind spots in the surgical field may 
preclude the accomplishment of GTR. Significant superior 
or inferior extension of the tumor may be difficult to address 
with the flat trajectory along the anterior cranial base offered 
by the supraorbital approach. In our study, no tumor exhib-
ited apparent extension to an enlarged sella or lateral ventri-
cle; the tumors were relatively small, and all were grade 2–4 
according to Samii et al. classification scheme [29]. Tumors 
were resected through multiple neurovascular windows, such 
as the subchiasmatic, opticocarotid, lamina terminalis, and 
carotid-oculomotor windows, either in combination or alone. 
Intraoperative use of endoscopy allowed exposure of blind 
tumor spots for timely resection of residual tumors. Intra-
operatively, close tumor-hypothalamus adhesion or blurred 
boundaries were identified in four patients with residual 
tumors; tiny tumor tissues were left to avoid further hypo-
thalamus injury.

Craniopharyngioma is characterized by a propensity for 
postoperative recurrence, which is associated with the extent 
of resection and duration of follow-up. Using microsurgical 
transcranial approaches, Yasargil et al. [11] reported a 90% 
GTR rate and a 7% recurrence rate. Park et al. [20] reported 
a 46% GTR rate and a 15.5% overall tumor recurrence rate 
over a mean follow-up period of 35 months in their EEA 
group. In our study, during an average follow-up duration of 
49.6 months, one residual tumor relapsed, yielding a recur-
rence rate of 3.7%.

After transcranial surgery, the reported rate of visual 
decline is approximately 10% [13, 35, 38]. After transsphe-
noidal surgery, the rate of visual improvement is reported 
to be 76.4–97% [29, 30]. In our study, 12 patients (70.6%) 

exhibited postoperative visual improvement, and 2 (7.4%) 
showed further visual decline. Of the two patients who 
exhibited postoperative visual impairment, patient No. 12 
had bilateral decline, which was suspected to be associated 
with postoperative complications of hematomas in the sellar 
region and secondary hydrocephalus. The other patient pre-
sented with a decline in unilateral visual acuity, which might 
have resulted from intraoperative manipulation of the optic 
apparatus and its supplying perforators. During the opera-
tion, care must be taken to protect the optic apparatus and 
vascular structures. Particularly, it is important to fully relax 
the neurovascular structures by CSF release and sufficient 
tumor debulking before resection is performed through the 
neurovascular windows. Resection of large tumors in pieces 
through multiple neurovascular windows instead of a single 
window may minimize blind resection and manipulation of 
neurovascular structures.

Endocrinologic disturbances associated with radical 
resection of craniopharyngiomas are very common. The 
reported incidences of panhypopituitarism and diabetes 
insipidus are 24–66% and 43–79% [11, 13, 36, 37], respec-
tively. In this study, 11 patients (40.1%) exhibited new-onset 
anterior hypopituitarism, and 10 patients (45.4%) showed 
new-onset permanent diabetes insipidus. Eight patients who 
retained all or part of the pituitary stalk postoperatively 
exhibited transient diabetes insipidus. In contrast, the seven 
patients in whom the pituitary stalk was sacrificed all devel-
oped postoperative permanent diabetes insipidus. Our results 
suggest that a residual pituitary stalk may reduce the severity 
of postoperative diabetes insipidus.

Except for mild approach-related complications, no major 
complications, including perioperative death, CSF rhinor-
rhea, and meningitis, occurred in our case series. This result 
may have occurred because no giant tumors were included 
in our cohort, only limited brain retraction and exposure 
were needed in this approach, and the hypothalamus was 
preserved when the tumor involvement was closed.

Controversies regarding optimal surgical approach selec-
tion for sellar tumors still exist [38–41]. Most of the tumors 
included in our study could be safely addressed via the EEA 
or a traditional transcranial approach. Compared to the EEA, 
most neurosurgeons are more familiar with the microsurgery 
of the supraorbital approach, which yields superior surgi-
cal control and a low incidence of CSF leakage. However, 
this approach also has some drawbacks, including inevitable 
manipulation of the neurovascular structures and the pres-
ence of blind resection. The issue of blind surgical spots can 
be overcome by intraoperative endoscopy, but this technique 
might aggravate the problem of a crowded operative corri-
dor due to the keyhole approach. Compared to a traditional 
transcranial approach, the supraorbital keyhole approach 
has the advantages of reduced trauma and improved cos-
metic outcomes. Nevertheless, this approach also has the 
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following apparent limitations: (i) a narrow bone window 
that increases the difficulty of operation and (ii) high expe-
rience requirements for surgeons. Hence, before using the 
trans-eyebrow supraorbital keyhole approach, it is necessary 
to consider the tumor characteristics, the surgeon’s familiar-
ity with this approach, and thorough preoperative planning.

The present study bears all the disadvantages of a respec-
tive study design. A larger group of patients with longer 
duration of follow-up and a similar group of patients oper-
ated on via the EEA or traditional transcranial approach are 
required for further studies.

Conclusion

The supraorbital trans-eyebrow keyhole approach provides 
excellent exposure of the sellar and parasellar anatomical 
structures with minimal invasion and satisfactory cosmetic 
outcomes. Intraoperative application of endoscopy can fur-
ther augment the exposure of relevant anatomical structures 
and lesions. Favorable results were achieved in our series of 
suprasellar and third ventricular craniopharyngiomas. Based 
on the tumor characteristics and surgeon’s experience, this 
approach can be employed as an alternative minimally inva-
sive approach for radical resection of suprasellar and third 
ventricular craniopharyngiomas.

Funding  The funding was provide by The Science and Technol-
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