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ABSTRACT
Background: Keyhole neurosurgery is the notion of safely removing brain and skull base lesions through smaller and 
more precise openings that lessen collateral damage to the surrounding scalp, brain, blood vessels, and nerves. e 
traditional frontal and pterional approaches require large craniotomies and this predisposes patients to significant 
and avoidable morbidity. With the growing expectation for minimally invasive surgery, we present our experience 
with the supraorbital keyhole craniotomy for surgical lesions in the anterior cranial fossa and parasellar regions.

Methods: We retrospectively analyzed and evaluated all cases of neoplastic, vascular, trauma, and infective 
pathologies of the anterior fossa and parasellar regions treated using a keyhole approach, the supraorbital eyebrow 
(SOE) approach from January 2018 to June 2022. Treatment outcomes were evaluated based on pathology.

Results: A total of 50 patients underwent a SOE craniotomy during the study period (28 females and 22 males). 
eir average age ranged from 12 to 86 years, with a mean age of 47.4 years. All patients had anterior skull base 
and/or anterior frontal lobe pathologies: (23 tumors, 17 ruptured aneurysms, five traumatic frontal hematomas, 
three extradural empyema, one cerebral cavernous malformation, and one traumatic frontal skull base fracture 
with dural tear and CSF leak). Gross total tumor resection was achieved in 87% of cases (13 meningiomas of 
which six were giant, three gliomas, two craniopharyngiomas, and two cerebral metastases). Clip ligation 
occlusion rate for our aneurysm cases was 100% and intraoperative rerupture was observed in three cases. Mean 
ICU stay was 2.2 days for the entire series. e overall 30-day mortality rate for our series was 16% (eight deaths). 
is was highest in the ruptured aneurysm subgroup, with all 5 mortality cases in the aneurysmal subgroup 
presenting as World Federation of Neurological Surgeons (WFNS) grades ≥ III. 4 of the deaths were in WFNS IV 
and V patients. e most frequent perioperative complication was transient periorbital swelling which resolved 
within 7 days. It was observed in 18 of the 50 patients. e next common complications in descending frequency 
were eyebrow alopecia (three cases), supraorbital hypoesthesia (two cases), CSF leak (two cases), and surgical 
site infection (one case). ere was one approach-related intraoperative complication secondary to carotid injury 
in a giant meningioma redo case. Conversion to a larger craniotomy was never necessary. Clinical outcome for 
our cases was evaluated according to the Modified Rankin Scale (mRS) at 3-month postsurgery. A good clinical 
outcome (mRS ≤ 2) was achieved for 78% of our patients.

Conclusion: e SOE approach craniotomy is an effective minimally invasive approach for various pathologies of 
the anterior cranial base and parasellar regions. With experience, giant tumors and complex vascular pathology 
can be addressed with this keyhole approach.
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INTRODUCTION

Over the past half century, improvements in microsurgical 
techniques, refinement of microinstruments, and advanced 
preoperative diagnostic imaging together with accumulation 
of microsurgery experience have enabled the evolution of 
microneurosurgical techniques and a reduction of surgery-
related trauma. ese progressive developments have made it 
possible for neurosurgeons to treat more complicated lesions 
through smaller craniotomies.[8] ere was clear evolution 
in skull base approaches from Dandy’s frontotemporal 
“macrosurgical approach,” to Yasargil’s microsurgical 
pterional approach. e supraorbital keyhole approach 
through an eyebrow incision is a further evolutionary 
step that for certain anterior fossa and parasellar regions, 
pathologies provides a minimally invasive alternative.[14,17]

Keyhole neurosurgery is a relatively new and minimally 
invasive concept of microsurgery based on tailored, targeted, 
and direct techniques.[9] e keyhole method is designed 
precisely as an individualized approach to minimize the 
anatomical window and expose the lesions adequately, 
thus reduces unnecessary exploration of the surgical site 
and brain retraction. e keyhole concept involves not 
only smaller exposures but also endeavors fewer surgery-
related complications, the main and more important goal.[17] 
e objective of keyhole surgery is not to perform a small 
incision and craniotomy for the sake of a small opening. e 
aim of this approach is to allow adequate access to skull base 
lesions while minimizing trauma to surrounding structures 
such as the scalp, bone, dura, and, most importantly, the 
brain.[16]

e supraorbital eyebrow (SOE) approach is a minimally 
invasive keyhole technique that may be utilized to access 
surgical lesions located at the anterior skull base and within the 
parasellar region. It is a less invasive alternative to the traditional 
pterional, orbitozygomatic, or bifrontal approaches. Using a 
small eyebrow incision and a strategically placed craniotomy 
that is flush with the orbital roof, the supraorbital approach 
offers a direct subfrontal surgical trajectory to anteriorly located 
skull base tumors and anterior circulation vascular lesions. e 
approach adheres to the keyhole principle, whereby a small well-
placed craniotomy allows wide access to deeper surgical lesions 
without the need for fixed brain retraction.[21]

is paper evaluates the indications, techniques, advantages, 
and limitations of the supraorbital keyhole approach through 
an eyebrow skin incision as a minimally invasive approach 
through a retrospective analysis of our own experience as a 
neurosurgical unit in a resource-limited setting.

MATERIALS AND METHODS

We retrospectively reviewed all cases of neoplastic, vascular, 
infective, and trauma pathologies of the anterior fossa and 

parasellar region treated using the SOE approach from 
January 2018 to June 2022. All inpatient and outpatient 
records were reviewed and clinical/operative outcomes 
and complications were analyzed. For tumor patients, we 
evaluated tumor diagnosis based on histopathology reports 
and we evaluated extent of resection based on pre- and post-
operative magnetic resonance imaging (MRI). Resection rates 
for tumors were considered as follows: gross-total resection 
(GTR), when no residual tumor was visible on postoperative 
MRI; near-total resection (NTR), when >90% of the lesion 
was resected; and subtotal resection (STR), when <90% of 
tumor was removed. For patients with ruptured aneurysms, 
we evaluated clinical presentation and aneurysm site. 
Aneurysm occlusion rate was evaluated based on pre-  and 
post-operative computed tomography angiography (CTA) 
imaging.

Surgical technique

Patients were positioned in a three-pin head holder with 
the head positioned such that the malar eminence was the 
highest point in positioning the head. e head was then 
rotated about 10°–60° to the contralateral side, with the 
degree of rotation dependent on the precise location of the 
pathological lesion of interest. A 4–5 cm skin incision was 
made over the superior orbital rim at the upper limit of the 
eyebrow [Figure 1a]. e incision was taken down until the 
periosteum. ereafter, a subgaleal plane was developed 
superolaterally to expose the periosteum and its junction 
to the temporalis muscle overlying the keyhole. Temporalis 
was incised at its junction with the keyhole and reflected 
laterally. A  periosteal flap was incised over the frontal 
bone and reflected inferiorly. A  burr hole was created at 
the keyhole and this was followed by a mini supraorbital 
craniotomy [Figure  1b]. Orbital roof prominences were 
flattened and a curvilinear durotomy was performed 
[Figures  1c and d]. is was followed by introduction of 
the microscope and the use of standard microsurgical 
techniques to approach the relevant pathology through a 
sub-frontal approach [Figure  1e]. Endoscopy was utilized 
on a case-by-case basis. Closure involved watertight dural 
closure, bone flap fixation, suturing of the periosteal 
layer, and temporalis and meticulous closure of the skin 
[Figures  1f-i]. A  sole simple Telfa dressing was placed 
over the wound. Sutures were removed day 5 postsurgery 
[Figure 1].

Illustrative cases

Case 1

A 49-year-old female presented with psychosis preceded by 
many years of progressive headache and personality changes 
including abulia for which she did not seek medical attention.
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Neurologically, she was disoriented however without motor 
or ophthalmological deficits.

MRI of the brain revealed a large extra-axial homogenously 
enhancing anterior cranial fossa mass consistent with an 
olfactory groove meningioma [Figures 2a-c].

e patient underwent operative resection of her tumor 
through a right SOE craniotomy.

She had gross-total resection of a WHO Grade  I 
meningothelial meningioma with no neurological deficits 
postoperatively and complete resolution of her frontal lobe 
symptoms [Figures 2d-f].

Case 2

A 19-year-old male university student presented with a 
4-month history of headache, intermittent blurred vision, 
and deterioration of school performance due to inability to 
concentrate.

On clinical examination, there were no motor deficits. 
Fundoscopy revealed mild papilledema.

MRI of the brain demonstrated a solid cystic sellar-
suprasellar mass with mass effect on the third ventricle 
causing obstructive hydrocephalus. Imaging characteristics 
were consistent with a craniopharyngioma [Figures 3a-c].

Figure 1: Representative case illustrating the surgical technique of the supraorbital eyebrow approach. 
(a) Proper positioning including head extension and rotation, with the line marking the skin incision 
made over the superior orbital rim at the upper limit of the eyebrow. (b) Mini-supraorbital craniotomy. 
(c) Flattening of the orbital roof. (d) Curvilinear durotomy. (e) Dynamic frontal lobe retraction 
using suction tips, bipolar forceps, and cottonoids to reach and open CSF cisterns to facilitate brain 
relaxation. (f) Watertight dural closure. (g) Bone flap fixation using low profile titanium plates 
ensuring that the bone flap is flash with the superior frontal bone edge. (h) Subcuticular 4/0 Prolene 
suture without knots is used to approximate the skin edges. (i) Nonadherent Telfa dressing is used to 
cover the wound.
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Figure  2: Preoperative postgadolinium-enhanced T1 magnetic resonance imaging (MRI) images 
(a) sagittal, (b) coronal, and (c) axial views showing a giant olfactory groove meningioma spanning 
the entire anterior skull base from the posterior table of the frontal sinus to the suprasellar region with 
significant mass effect on the midbrain, lateral, and third ventricles. Postoperative T1 MRI images 
(d) sagittal, (e) coronal, and (f) axial views depicted gross-total resection of the meningioma with 
resolution of the mass effect on the brainstem and ventricles.
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Figure  3: Preoperative postgadolinium-enhanced T1 magnetic resonance imaging (MRI) images 
(a) sagittal, (b) coronal, and (c) axial views depicting a solid cystic sellar-suprasellar mass with mass 
effect on the third ventricle causing obstructive hydrocephalus, consistent with a craniopharyngioma. 
Postoperative postgadolinium-enhanced T1 MRI images (d) sagittal, (e) coronal, and (f) axial views 
showed gross-total removal of the lesion with resolution of the hydrocephalus.
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e patient underwent a right SOE craniotomy and gross-
total resection was achieved [Figures 3d-f]. Histopathology 
confirmed adamantinomatous craniopharyngioma.

Case 3

A 42-year-old male presented with a sudden occipital headache 
with associated neck stiffness, photophobia, and confusion.

On admission, he had a GCS of 14/15 with nuchal rigidity 
but no motor deficits.

Computed tomography (CT) scan of the brain showed 
thick subarachnoid hemorrhage (SAH) in the subfrontal 
region. Subsequent CTA confirmed a ruptured anterior 
communicating artery (AComA) aneurysm [Figure 4a].

e aneurysm was clip ligated successfully through right 
SOE craniotomy with no intraoperative complications 
[Figures  4b-f]. e patient was discharged home 7 days 
postoperatively, asymptomatic, and neurologically intact.

Case 4

A 16-year-old male presented with headache and vomiting 
following a fall from a bicycle.

On admission, he was fully conscious with no focal 
neurological deficits.

CT scan of the brain showed an acute right-sided 
frontal extradural hematoma with significant mass effect 
[Figures 5a and b].

He underwent a right-sided SOE craniotomy with successful 
clot evacuation and relief of mass effect.

Postoperatively, his symptoms resolved completely, with 
radiological evidence of total extradural hematoma 
evacuation [Figures 5c-e].

RESULTS

Series demographic and clinical characteristics

Our case series included 50  patients: 28  females and 
22  males. eir average age ranged from 12 to 86  years, 
with a mean age of 47.4 years. All patients had anterior skull 
base and/or anterior frontal lobe pathologies (23 tumors, 17 
ruptured aneurysms, five traumatic frontal hematomas, three 
extradural empyema, one cerebral cavernous malformation, 
and one traumatic anterior fossa dural tear and CSF leak) 
[Table 1].

Series neoplasms

Neoplasms comprised the bulk of the lesions in our 
series (23  cases), of which meningiomas were the most 

Figure  4: Preoperative sagittal computed tomography angiography (CTA) imaging showing an 
anterior communicating artery aneurysm (a). Intraoperative microscopic images confirming 
subarachnoid hemorrhage (c) and microsurgical exposure of the aneurysm and the surrounding 
vascular anatomy (d). Successful clip ligation of the aneurysm illustrated intraoperatively (e) and 
confirmed on CTA imaging on the 1st postoperative day (f). Postoperative 3D reconstruction of the 
skull depicting the size of the keyhole craniotomy (b).
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Table 1: Case series pathological entities treated through a 
supraorbital eyebrow approach.

Pathology No %

Tumors 23 46
Meningioma 14 28
Glioma 4 8
Craniopharyngioma 3 6
Metastatic disease 2 4
Vascular lesions 18 36
Aneurysm 17 34
Cavernous malformation 1 2

Traumatic 6 12
Frontal lobe extradural hematoma 4 8
Frontal lobe intra-axial hematoma 1 2
Frontal skull base fracture with CSF leak 1 2

Infective lesions 3 6
Extradural empyema 3 6

common tumors (14  cases), followed by gliomas (four 
cases), craniopharyngiomas (three cases), and cerebral 
metastases (two cases). Six of the 14 meningiomas were giant 
meningiomas – with a diameter ≥6 cm.

e presenting symptoms in patients with tumors in our case 
series were related to mass effect on structures around the 
anterior cranial fossa and/or the frontal lobe [Table 2].

Visual impairment was the most frequent presenting 
complaint (52.2%) followed by frontal lobe symptoms (39.1%) 
and seizures (34.8%). Other common presenting symptoms 
were headache, anosmia, and pituitary dysfunction. Only 
one patient presented with a focal motor deficit (hemiplegia) 
[Table 2].

e histopathological diagnoses for the presented tumor 
series are presented in Table 3.

Gross-total tumor resection was achieved in 20 of the 23 cases 
(13 meningiomas, three gliomas, two craniopharyngiomas, 
and two cerebral metastases). e remaining three cases were 
a NTR due to adherence to critical neurovascular structures 
[Table 4].

Table 2: Case series frequency of tumor-related symptoms.

Symptom No. %

Visual impairment 12 52.2
Confusion and/or other frontal 
lobe syndrome symptoms

9 39.1

Seizures 8 34.8
Headache 5 21.7
Pituitary dysfunction 4 17.4
Anosmia 2 8.7
Focal motor deficit 1 4.3

Table 3: Histopathological diagnosis of tumor case series subset.

Histology Female Male Total

Meningothelial meningioma 9 1 10
Fibrous meningioma 1 0 1
Transitional meningioma 1 0 1
Atypical meningioma 1 0 1
Anaplastic meningioma 1 0 1
Optic nerve sheath glioma 1 0 1
Anaplastic oligodendroglioma 0 1 1
Anaplastic astrocytoma 1 0 1
Glioblastoma 0 1 1
Adamantinomatous craniopharyngioma 1 2 3
Undifferentiated adenocarcinoma 1 0 1
Malignant melanoma 1 0 1

Series vascular lesions

Aneurysms were the next most common pathological 
entity operated on through a SOE approach (17  cases). 
All aneurysms in the current series were of the anterior 
circulation: AComA (14  cases) and the internal carotid 
artery bifurcation (three cases). All aneurysms treated had 
presented with acute SAH. e cohort comprised of eight 
males and nine females. e age of patients ranged from 35 
to 71 years with a mean age of 50.2 years.

According to the Modified Fisher’s grade of SAH on head 
CT before the operation, the cohort comprised two cases 

Figure 5: Axial (a) and coronal (b) computed tomography (CT) images showing a right frontal acute extradural hematoma with significant 
frontal lobe compression and contralateral midline shift which was successfully treated through the supraorbital eyebrow approach with 
complete clot evacuation and relief of the mass effect as shown on the postoperative axial (c), coronal (d), and 3D skull reconstruction (e) CT 
images. (b) Height of hematoma (yellow line), measuring 4.61cm (shown in blue).
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of Grade  1  (11.8%), three cases of Grade  2  (17.6%), seven 
cases of Grade 3 (41.2%), and five cases of Grade 4 (29.4%) 
[Table 5].

A total of seven patients were WFNS I (41.2%), four were 
WFNS II (23.5%), two were WFNS III (11.8%), three were 
WFNS IV (17.6%), and one was WFNS V (5.9%) [Table 5].

Intraoperative aneurysm rupture during surgical clipping 
was observed in 3 cases (17.6%). e clip ligation occlusion 
rate for our aneurysm cases determined by CTA on the 
1st  postoperative day was 100%. None of the patients 
undergoing aneurysm clip ligation through the SOE 
approach required conversion to a pterional microsurgical 
approach.

We had a single case of a frontal lobe cavernoma presenting 
with recurrent seizures. GTR of the lesion was achieved through 
the SOE approach with no perioperative complications.

Series infective lesions

ree cases of frontal epidural empyema secondary to 
complicated paranasal sinusitis were successfully drained 
through the SOE approach. Postoperative CT scans 
before discharge revealed complete evacuation and no 
reaccumulation of pus, and hence, none of the cases needed 
operative redrainage.

Series traumatic lesions

One patient with a traumatic anterior fossa fracture 
complicated by a dural tear and CSF leak was efficaciously 
treated using the SOE approach. Primary dural closure was 
achieved with addition of an onlay of dural substitute as 
reinforcement. e CSF fistula resolved.

Four cases of a traumatic frontal supraorbital epidural 
hematomas and one case of an intracerebral frontal lobe 
hematoma underwent keyhole evacuation of their bleeds 
through the SOE approach with complete clot drainage and 
relief of mass effect.

Series outcomes and complications

e mean ICU stay was 2.2 days for the entire series. Patients 
with infective pathologies did not warrant ICU admission 
in our resource-constrained setting. e mean ICU stay for 
the trauma patients was a single day. e aneurysm group 
had the highest mean total hospital stay due to the extensive 
in-hospital care needed for management acute aneurysmal 
subarachnoid hemorrhage. e patients with empyema also 
stayed relatively longer in hospital as their management 
warranted at least 7 days of intravenous antibiotics and repeat 
imaging a week postsurgical drainage [Table 6].

e mortality rate was higher in the ruptured aneurysm 
subgroup, five of 17 patients (29.4%) compared to that of the 
tumor subgroup, 13% (three of 23 patients). All five mortalities 
in the aneurysmal subgroup presented with WFNS grades of 
III–V. Four of the patients demised secondary to complications 
of delayed cerebral ischemia and the other patient demised 
secondary to neurogenic pulmonary edema. Within the tumor 
subgroup, there were three mortalities. All three patients had 
a giant meningioma (≥6 cm diameter). One of the mortalities 
was due to carotid artery injury. is patient was a redo case 
who had received radiation therapy before surgery. e other 
two patients had presented with poor preoperative statuses, 
both were immobile, blind, and were dependent with activities 
of daily living. ese two patients demised as a result of 
pulmonary embolism. None of the patients with infective 
or traumatic lesions died within 30  days. e overall 30-day 
mortality rate for our series was 16%.

Conversion to a larger craniotomy was not necessary in any 
of the cases in this series.

Table 4: Relationship between tumor type and degree of surgical 
resection in tumor case series subset.

Pathology No. GTR NTR STR

Olfactory groove meningioma 7 7 0 0
Tuberculum sellae meningioma 4 4 0 0
Sphenoid wing meningioma 2 1 1 0
Planum sphenoidale meningioma 1 1 0 0
Glioma 4 3 1 0
Craniopharyngioma 3 2 1 0
Metastases 2 2 0 0
GTR: Gross-total resection, NTR: Near-total resection, STR: Subtotal 
resection

Table 5: Aneurysm case series clinical and radiological grade of 
subarachnoid hemorrhage and anatomical location.

Case WFNS 
grade

Modified 
Fisher grade

Aneurysm 
location

1. I 3 AcomA
2. I 4 AcomA
3. I 3 AcomA
4. IV 4 AcomA
5. I 3 AcomA
6. V 4 AcomA
7. II 2 AcomA
8. III 4 AcomA
9. III 3 AcomA
10. I 3 AcomA
11. II 1 AcomA
12. I 2 AcomA
13. II 3 AcomA
14. I 1 ICA Bifurcation
15. IV 3 AcomA 
16. IV 4 ICA bifurcation
17. II 2 ICA bifurcation
AcomA: Anterior communicating artery, WFNS: World Federation of 
Neurological Surgeons, ICA: Internal Carotid Artery
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e most frequent perioperative complication was transient 
periorbital swelling which resolved within 7  days. It was 
observed in 18 of the 50  patients. e next common 
complications in descending frequency were eyebrow 
alopecia (three cases), supraorbital hypoesthesia (two 
cases), CSF leak (two cases), and surgical site infection (one 
case). e CSF leaks resolved within 5 days of lumbar drain 
insertion with neither of the cases developing meningitis. 
None of our patients developed a new neurological deficit 
or worsening of preoperative deficits. We did not encounter 
postoperative intracranial hematoma (ICH), frontal palsy, or 
forehead depression [Table 7].

Clinical outcome of our cases was evaluated according to 
the Modified Rankin Scale (mRS) at 3-month postsurgery. 
A good clinical outcome (mRS ≤ 2) was achieved for 78% of 
our patients [Figure 6].

DISCUSSION

Our series presents 50 keyhole supraorbital approach 
operations for a diverse range of anterior fossa and parasellar 
pathologies. e majority of supraorbital approaches 
were utilized for a range of different neoplastic cases, with 
meningioma being the most common tumor. Our series also 
presents a reasonable volume of cerebral aneurysms managed 
successfully through a supraorbital approach. Finally, we 
also demonstrated that the supraorbital approach can be 
successfully utilized for both trauma and infective cases.

Patient ages in our series spanned 12 to 86 years and there 
was a female preponderance of 28 females to 22 males.

Review of our series tumor subset revealed a gross-total 
resection rate of 87%. For the remainder of cases, NTR was 
achieved. e supraorbital approach was not limited by tumor 
size as six of the meningiomas that we resected were giant 
tumors – diameter ≥6 cm. Furthermore, gross-total resection 
could also be achieved for glioblastoma, craniopharyngioma, 

Table 6: Perioperative outcomes.

Neoplastic lesions Vascular lesions Traumatic lesions Infective lesions

Mean ICU stay (days) 2.8 2.5 1 0
Mean hospital stay (days) 5.5 9.1 5.3 9.0
30-day mortality rate (%) 13 27.8 0 0

Table 7: Perioperative complications.

Vascular Tumors Infective Traumatic Total

Complication
Mortality 5 3 0 0 8
New focal deficit 0 0 0 0 0
Worsening of preoperative deficit 0 0 0 0 0
Hematoma 0 0 0 0 0
CSF leak 0 2 0 0 2
Meningitis 0 0 0 0 0
Wound infection 0 1 0 0 1
Transient periorbital swelling 5 10 2 1 18
Frontal palsy 0 0 0 0 0
Supraorbital hypoesthesia 1 1 0 0 2
Forehead depression 0 0 0 0 0
Eyebrow alopecia 1 1 1 0 3

48%

16%

14%

4%

2%

0% 16%
Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Grade 6

Figure  6: Graphical representation of the series clinical 
outcomes according to the Modified Rankin Scale at 3-month 
postsurgery. Grade 0 - 48%, Grade 1 - 16%, Grade 2 - 14%, 
Grade 3 - 4%, Grade 4 - 2%, Grade 5 - 0%, Grade 6 - 16%.
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and metastatic disease. Our results are comparable to other 
series that have opted for keyhole-based tumor resection. 
Reich and Perneczky reported a gross-total resection rate 
of 89.2% for skull base meningiomas in the largest reported 
keyhole supraorbital approach series to date.[17] Seaman 
et al. reported a 91.8% rate of tumor resection for their case 
series involving 30 anterior skull base meningiomas operated 
through a supraorbital craniotomy.[18]

Within our cerebral aneurysm subgroup, 100% clip ligation 
occlusion was achieved without any acute perioperative 
complications. All deaths in the aneurysm subgroup were 
in patients who presented with WFNS subarachnoid 
haemorrhage grades of ≥ III and the mortalities were a result 
of complications of SAH. It is important to note that all 
aneurysms clipped in our series were acutely ruptured and 
intraoperative rerupture was encountered in only three of the 
17 cases. All rerupture cases were managed successfully and 
there was no need for conversion to a larger craniotomy in 
our series. Again, our results are comparable to other series 
that have employed a supraorbital approach for clipping of 
cerebral aneurysms. In a series of 129 aneurysms clipped 
through a supraorbital craniotomy by Czirják et al., only two 
cases could not be completely clipped. In the same series, 
premature rupture of the aneurysm before clipping occurred 
in two cases for which both were managed satisfactorily.[1] Van 
Lindert et al. had no approach-related complications in 139 
supraorbital keyhole craniotomies performed on aneurysms 
of the anterior circulation.[19] Both of these series, however, 
had a large number of unruptured aneurysms, which was 
different to our series subset, where all aneurysm cases were 
operated on following rupture.

e literature on the management of traumatic and infective 
lesions through the SOE approach is limited to a few case 
reports. To the best of our knowledge, no comparable 
literature was available for the management of traumatic 
frontal epidural hematoma through the SOE approach. Park 
et al. reported eight cases of traumatic ICHs successfully 
treated using this keyhole approach while Oh and Hwang 
endoscopically evacuated 13 traumatic ICHs through 
the SOE approach.[13,15] Both authors concluded that this 
minimally invasive approach had several advantages 
including shorter operative time and less intraoperative 
blood loss compared to the conventional unilateral frontal 
craniotomy. Similarly, we observed less tissue damage and 
shorter ICU and overall hospital stay for our frontal epidural 
hematoma cases evacuated through the SOE approach 
compared to the traditional trauma craniotomies.

Noggle et al. as well as Hallak et al. each reported three cases 
of frontal epidural empyema in pediatric patients who were 
evacuated through the SOE approach.[6,12] Our case series too 
included three cases of frontal epidural empyema secondary 
to complicated paranasal sinusitis which were adequately 

and safely debrided through the minimally invasive SOE 
approach.

e use of endoscopy is a valuable adjunct when conducting 
the SOE approach. Within our tumor subseries, it was 
invaluable for our meningioma cases. Following tumor 
resection, endoscopy allowed for inspection of the tumor 
bed to ensure residual tumor was resected. Furthermore, 
endoscopy, particularly with a 30° endoscope, was extremely 
valuable for our tuberculum sellae meningioma cases. 
Endoscopy allowed us to resect tumor below the tuberculum 
sella – a region not visualized microscopically due to the 
angle being below the line of sight that a microscope can 
achieve. Finally, for very large tumors, where nerves or 
vessels were being encased, endoscopy was used to appreciate 
these critical neurovascular relationships. For our vascular 
series, endoscopy with a 30° endoscope allowed visualization 
of potential perforating vessels that were present on the 
posterior aspect of visualized cerebral vessels. On occasion, 
this information altered the surgical clipping strategy that 
would have been employed with pure microscopic view.

e SOE approach offers several advantages compared to 
conventional craniotomies. ere is minimal brain exposure 
to the outside environment, potentially reduced accidental 
iatrogenic surgical trauma, and fixed brain retraction is limited 
or altogether absent. is significantly decreases approach-
related surgical morbidity and shortens hospitalization. Mean 
ICU stay in our series was 2.2 days. Several other authors have 
reported similar findings of relatively shorter ICU and overall 
hospital stay.[3,4,7,18] Seaman et al. found that the SOE approach 
was associated with decreased operative time (average of 1-h 
shorter) and length of hospital stay (4-day shorter) compared 
to the traditional bifrontal craniotomy for anterior skull base 
meningiomas.[18] Fonseca et al. in their comparative series of 
anterior aneurysms reported a shorter ICU stay of 1.65 days 
for patients treated through the supraorbital craniotomy 
compared to 4.54 days for those treated through a pterional 
craniotomy.[3] ese considerations are important as shortened 
procedure time and length of hospital stay translates to a 
decrease in resource consumption and maximizes efficiency.

Good clinical outcome in our case series according to the mRS 
at 3 months postsurgery was achieved for 78% of our patients. 
Patients not achieving a good outcome were largely the result 
of death in patients with high-grade WFNS SAH and patients 
presenting with poor preoperative status as a result of giant 
meningiomas. In our vascular series subgroup, four of the five 
patients that demised were WFNS Scores IV and V. is is in 
line with literature analyzing outcomes in poor SAH grade 
patients. Bogossian et al. analyzed outcomes in 353 Grade IV 
and V WFNS SAH patients and demonstrated a 57% mortality 
and 74% unfavorable outcome in this group of patients.[5] 
Within our tumor subgroup, all three of our mortalities arose 
in patients with giant meningiomas – two of the patients that 
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demised presented with a very poor preoperative status and 
demised as a result of pulmonary embolism several weeks 
following surgery. We had a single intraoperative approach-
related complication in a patient with a giant meningioma 
that had previous surgery and radiation. Unfortunately, the 
patient demised as a result of this injury. It is our opinion that 
this complication was not the result of keyhole utilization 
but rather the result of the previous surgery combined with 
radiation. In retrospect, aiming for STR could have been an 
alternative strategy for this case. Poorer outcomes related to 
preoperative status and giant meningioma size have been 
reflected in the literature. Meixensberger et al. demonstrated 
that poor preoperative condition was a risk factor for adverse 
outcomes in their series of 385 meningiomas.[10] Interestingly, 
they found that preoperative worsening of vision was a very 
high-risk factor for a poor postoperative outcome.[10] Both 
of our patients that demised with a poor preoperative status 
were blind. Da Silva and de Freitas reported a 5% of mortality 
rate for their series of large and giant meningiomas, which 
they defined as >3  cm. For their subgroup of anterior fossa 
meningiomas, they used a combination of supraorbital, cranio-
orbital, and bifrontal approaches.[2] Contrasting to Da Silva 
and de Freitas, in our series, we defined giant meningiomas as 
larger than 6 cm. Narayan et al. also reported 5% of mortality 
rate in their series of giant meningiomas, which they defined 
as larger than 5 cm. e preferred approach for their subgroup 
of anterior fossa meningiomas was pterional and bifrontal.[11]

e traditional subfrontal approaches are associated 
with frequent cosmetic issues including scaring, cranial 
depressions, temporalis muscle wasting, injury to the 
frontalis branch of the facial nerve, supraorbital hypoesthesia, 
and alopecia.[22] e SOE craniotomy as a keyhole approach 
involves less soft-tissue manipulation and destruction 
resulting in decreased pain, more rapid healing, and 
improved cosmesis. In our study, the most frequent cosmetic 
complication was transient supraorbital swelling which 
resolved within 7 days in all reported cases. In cases of severe 
periorbital swelling, an ice pack was employed with head of 
bed elevation. None of our patients developed frontal palsy or 
forehead indentation – this required precise reconstruction 
of normal osseous contour. ere were also low rates of 
supraorbital hypoesthesia (5%) and eyebrow alopecia (7.5%). 
In attempting to minimize supraorbital hypoesthesia, we 
planned our incision such that the most medial aspect of the 
supraorbital incision was sitting just lateral to the supraorbital 
notch. is served to protect the supraorbital nerve. Efforts 
to avoid eyebrow alopecia and achieve cosmetic success, 
centered on meticulous intraoperative soft-tissue handling, 
planning for scar camouflage, and being careful when cutting 
sutures such that no eyebrow hairs were cut with the sutures.

e goal of keyhole surgery is to achieve the greatest 
therapeutic effect while causing the least iatrogenic injury.[17] 

e SOE craniotomy is fundamentally a modification of the 
popular and traditional subfrontal approach with diminution 
of both the scalp incision and the craniotomy. With 
experience, the SOE approach is relatively time-sparing 
and minimizes exposure and dissection of normal anatomy 
translating to better clinical outcomes compared to the 
standard skull base approaches.[20]

For the SOE approach, the working angle for surgical tools 
is relatively restricted when compared to the conventional 
approaches. However, with adequate preoperative planning, 
extensive review of imaging, precise intraoperative 
patient positioning, frequent trajectory adjustment, 
neuronavigation, and brain relaxation with liberal use of 
lumbar drainage, most anterior skull base and parasellar 
lesions can be surgically managed successfully through this 
keyhole approach. Importantly, this can be done with very 
little brain retraction, with the use of a fixed retractor being 
employed in only a handful of acutely ruptured aneurysm 
cases. In our experience, the SOE approach is our first-line 
approach for the majority of pathologies in the anterior 
fossa and parasellar regions. Some of the circumstances that 
may lead us to opt for a mini-pterional as opposed to a SOE 
approach are presence of significant tumor below the anterior 
aspect of the sphenoid wing, which makes visualization and 
safe resection difficult. In our aneurysm series, we prefer to 
utilize a SOE approach for the majority of ACom aneurysms 
and ICA bifurcation aneurysms. We utilize a mini-pterional 
approach for other anterior circulation aneurysms. e 
ACom aneurysms cases where we did not use the SOE 
approach were in those patients with multiple aneurysms 
clipped through a single approach. We also had a single 
case with an inferiorly pointing ACom aneurysm which 
at that time was deemed high risk for premature rupture if 
approached via the SOE. is case was also early on in our 
SOE approach series.  

Limitations faced in our series to a large extent are the result 
of our practice being based in a middle-income setting. is 
leads to equipment limitations as well as human resource 
constraints. A large part of the SOE craniotomy cases in our 
series was conducted with the use of an outdated microscope 
until 2020. We also faced human resource challenges, in 
particular the unavailability of a dedicated neurosurgical 
theater nursing team. Furthermore, our patients are admitted 
to a general ICU with severe bed occupancy pressure. is 
potentially exacerbated the poor outcomes we achieved with 
our giant meningioma patients that had poor preoperative 
functional status and our ruptured aneurysm patients who 
presented with WFNS Grade ≥III.

CONCLUSION

e SOE craniotomy is an effective minimally invasive 
approach. It requires a limited skin incision, very little soft-
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tissue dissection, and a small craniotomy, therefore, carrying 
minimal approach-related morbidity and satisfactory 
cosmetic results. Our series of 50  cases demonstrates that 
the SOE keyhole approach can be a useful keyhole approach 
in tackling various pathologies of the anterior cranial base 
and parasellar regions. We demonstrate that adequate 
planning allows for the treatment of neoplastic, vascular, 
traumatic, and infective pathologies. We also demonstrate 
that complex pathology and large lesions do not necessitate 
larger craniotomies and can be adequately treated with a 
supraorbital approach. With experience, this approach can 
potentially lead to excellent patient outcomes with little 
morbidity.
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