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supraorbital keyhole approach for parasellar lesions
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OBJECTIVE Parasellar tumors that extend far laterally beyond the internal carotid artery or that are fibrous and adhere
firmly to critical structures are difficult to remove totally via the endoscopic transsphenoidal approach alone. In such
cases, a combined transsphenoidal-transcranial approach is effective to achieve maximal resection in a single stage. In
this paper, a new minimally invasive surgical technique for complicated parasellar lesions, a fully endoscopic combined
transsphenoidal-supraorbital keyhole approach, is presented.

METHODS A retrospective review of patients who had been treated via a fully endoscopic combined transsphenoidal—
supraorbital keyhole approach for complicated parasellar lesions was performed. The data for resection rate, periopera-
tive mortality and morbidity, and postoperative outcomes were analyzed.

RESULTS A total of 12 fully endoscopic combined transsphenoidal-supraorbital keyhole approaches were performed
from March 2013 to February 2016; 10 were for pituitary adenomas and 2 were for craniopharyngiomas. Gross-total re-
section or near-total resection was achieved in 7 of 12 cases. Among the 11 patients who had presented with preopera-
tive visual disturbances, 7 had visual improvement. However, 1 patient showed deterioration in visual function. No patient
experienced postoperative hemorrhage, needed additional surgical treatment, or had postoperative CSF leakage.
CONCLUSIONS In the combined transsphenoidal and transcranial approach, safe and effective cooperative manipula-

tion with 2 surgical corridors can be performed for complicated parasellar lesions. The goal of this procedure is not to
achieve gross-total resection, but to achieve safe resection. Moreover, this new surgical approach offers neurosurgeons

a simpler operative field with less invasiveness than the conventional microscopic combined approach. The fully en-
doscopic combined endonasal-supraorbital keyhole approach is an efficacious procedure for complicated parasellar

lesions with acceptable results.
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parasellar lesions has become a standard neurosur-

gical procedure over the last decade. Many pitu-
itary adenomas and other tumors arising at the parasel-
lar region can be safely and completely resected via this
approach 2#+6-810.12.13.16.173137.39 However, some cases, which
are fibrous, tightly adherent to critical structures, or extend
far laterally beyond the internal carotid artery (ICA), are
difficult to remove totally via this approach alone, or even
through the transcranial approach (TCA) alone. A firm

THE endoscopic transsphenoidal approach (€TSA) for

and/or vascularized residual pituitary adenoma frequently
causes postoperative hemorrhage, resulting in severe sur-
gical morbidity and mortality.'>**° In addition, residual
craniopharyngiomas that adhere firmly to adjacent neuro-
vascular structures often regrow rapidly after the surgery.
However, aggressive resection of adherent tumor can cause
damage to surrounding critical structures, also resulting in
severe surgical complications. Various surgical procedures
have been reported for this situation,>?%232 and simultane-
ous combined TSA-TCA is an effective surgical option to
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itary adenoma; NTR = near-total resection; SKA = supraorbital keyhole approach; TCA = transcranial approach; TSA = transsphenoidal approach; TSH = thyroid-stimulating
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Anesthesiologist

Keyhole Team

FIG. 1. The schema of our operating room setup for the fully endoscopic TSA and SKA. Two operative fields, 2 neurosurgical
teams, and 2 neuroendoscopic systems with 2 monitors are set up around the patient (left). The eTSA and eSKA are performed
simultaneously under a simple surgical field without interfering with the other surgical team (right). Figure is available in color

online only.

optimize resection of these complicated tumors in a single
stage.!l>1L1518.1921232427 Ope of the greatest advantages of
a simultaneous combined TSA-TCA is the cooperation
from 2 surgical directions, leading to greater safety dur-
ing tumor resection. In fact, several types of combina-
tions have been reported: microscopic TSA—microscopic
TCA,5182123 TSA—microscopic TCA,>' microscopic
TSA—endoscopic transventricular approach,?* and €TSA—
endoscopic transventricular approach.!'?” The operative
field of the traditional combined approach, however, seems
complicated. Moreover, the traditional combined approach
is highly invasive for patients. In this paper, we present
a new combined approach involving a fully endoscopic
combined TSA and supraorbital keyhole approach (SKA;
atype of TCA), which is simpler and less invasive than the
conventional microscopic combined approach.

Methods

After receiving approval from the Japanese Red Cross
Nagoya Daini Hospital’s institutional review board, we
performed a retrospective review of records of patients
who had been treated by a fully endoscopic combined
TSA-SKA for complicated parasellar lesions.

Patient Selection

Fully endoscopic combined TSA-SKA was indicated
only for a select group of patients with complicated para-
sellar lesions that 1) extended laterally beyond the lateral
edge of ICA; and/or 2) were fibrous and adhered firmly
to adjunct critical neurovascular structures, including the
ICA and its branches, optic apparatus, cranial nerves, and
brain parenchyma. Parasellar lesions with this configura-
tion and consistency are difficult to manage by TSA alone,
even with the extended skull base technique. Moreover,
tumor consistency and strong adhesion to the surrounding
critical structures are not accurately predicted by preoper-
ative images alone. Therefore, most combined procedures
were performed for recurrent tumors that had resulted
from partial resection during previous surgery due to such
fibrous tumor consistency. The exclusion criteria for this
approach were parasellar lesions with excessive invagi-
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nation to the frontal lobe, those with bilateral extension
beyond the ICAs, and/or those with excessive progression
into the posterior fossa.

Preoperative Assessment

All patients underwent routine evaluation for tumor
size and configuration with preoperative MRI, and sur-
rounding vascular information was also assessed by pre-
operative 3D CT angiography. Basal hormonal status was
assessed in all patients, and dynamic hormonal status was
also assessed when clinically appropriate. Visual distur-
bance was evaluated by visual acuity examination and vi-
sual field examination.

Surgical Procedure

This approach involves the €T'SA and the endoscopic su-
praorbital keyhole approach (eSKA) and requires 2 opera-
tive fields, 2 neurosurgical teams, and 2 neuroendoscopic
systems with 2 monitors. The neuroendoscopic system is
smaller than the microscopic system, providing a much
more comfortable working space without interfering with
the other surgical team (Fig. 1). The 2 neurosurgical teams
included 2 operative surgeons (the €I'SA operator and the
eSKA operator), and their assistants. A third surgeon, how-
ever, is the key person for effective cooperative manipula-
tion in simultaneous combined €T'SA-eSKA. This surgeon
always watches the monitors for both approaches and un-
derstands the entire context of the surgery, providing the
operating surgeons with precise instructions depending on
the surgical situation. Usually, the most senior surgeon acts
as the third surgeon.

After induction of general anesthesia using endotra-
cheal intubation, the patient was positioned supine, with
the upper body raised 15°. The head was fixed in a Sugita
4-point head holder (Mizuho Medical Innovation) and ro-
tated 10°-20° to the contralateral side of the SKA. The
side of the SKA was determined according to the pre-
dominant direction of tumor extension. After all operative
fields, including forehead, eyebrow, nose, and abdomen,
were prepared with a povidone-iodine solution, €I'SA and
eSKA were performed simultaneously.



Fully endoscopic combined TSA-SKA

FIG. 2. Intraoperative images obtained during the eSKA. A: The skin incision is made along the superior edge of the eye-

brow. B: After dissection of the frontal and temporal muscles, the craniotomy, with a size of approximately 2.5 x 1.5 cm, can

be performed. C: After adequate CSF drainage, tumor resection is performed under visualization through the rigid endoscope.
Tumor extending far laterally beyond the ICA and the surrounding neurovascular structures is well exposed via this approach with
minimal retraction by the brain spatula. D: The final view after the tumor resection. A wide operative field from the anterior skull
base to the parasellar region is available in this approach. CN3 = oculomotor nerve; FL = frontal lobe; ON = optic nerve; TL =

temporal lobe; Tu = tumor. Figure is available in color online only.

Endoscopic Transsphenoidal Approach

Using a rigid endoscope with a pneumatic holder, a ver-
tical incision was made on the nasal septal mucosa. Sub-
mucosal dissection was performed, and septal bone was
removed. Through the submucosal corridor, the sphenoid
sinus could be reached with minimal injury to intranasal
structures. Wide sphenoidotomy is the key point of this
procedure to obtain appropriate operative exposure; thus,
a sufficient amount of the anterior wall and septum of the
sphenoid sinus must be removed. The sellar floor was then
opened widely to expose the dura mater rostrally to the
tuberculum sellae and the cavernous sinuses bilaterally.
Subsequently, the dura mater was opened depending on
the shape of the tumor. If needed, anterior extension of
the dural incision with removal of the tuberculum sellae
and planum sphenoidale was performed. After dissecting
the anterior part of the tumor capsule from the dura ma-
ter, the intrasellar part of the tumor was debulked. Then,
the border between the tumor and pituitary gland is iden-
tified, and dissection is continued along this plane. The
removal is continued in the suprasellar part of the tumor
with careful manipulation. With a large and multilobular
tumor, the view of the superior and posterior aspects of
the tumor, where adhesion between the tumor and the sur-
rounding critical neurovascular structures may exist, is
often obscured. An attempt to remove the tumor forcibly
via €I'SA may cause irreversible damage to the adjacent

neurovascular structures, leading to perioperative intra-
cranial hemorrhage or a permanent neurological deficit.
In this situation, cooperative manipulation with the eSKA
team is quite useful. The eSKA surgeon is able to identify
these critical points better than the €I'SA surgeon. After
the tumor was separated from all adjacent critical struc-
tures by the eSKA, the suprasellar part of the tumor was
finally removed by the €TSA.

After removal of the tumor, a direct communication
exists between the subarachnoid space and/or the third
ventricle and the sphenoid sinus. Watertight closure of the
dura mater, therefore, is quite important to prevent post-
operative CSF leakage. The method of dural closure was
described in a previous report.** The intrasellar space was
filled with free fat graft harvested from the abdomen, and
the dura mater is sutured in a watertight manner with 6-0
Prolene sutures. If high-flow CSF leakage were detected
intraoperatively, a fascia graft was additionally placed as
inlay and sutured to dura mater in a watertight manner.
Dural sealant was then sprayed to ensure prevention of
postoperative CSF leakage. A spinal drain was not placed.

Endoscopic Supraorbital Keyhole Approach

The skin incision was made along the superior edge of
the eyebrow, avoiding damage to the supraorbital nerve
(Fig. 2A). After subcutaneous dissection of the skin flap,
the frontal muscle was incised in a linear fashion. The
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TABLE 1. Clinical characteristics of all 12 patients

Case  Age (yrs),

Max Diameter

Preop Presentation

No. Sex Pathology (mm) Visual Disturbance HPD Previous Intervention
1 78, M Rec NFPA 62 Bilat hemianopia, It DVA, OMD None TSA
2 28, F Rec NFPA 24.8 Unilat hemianopia, rt DVA Partial Extended TSA
3 68, F Rec NFPA 53.3 Bilat hemianopia, It DVA PH TSA x4
4 79, M Rec NFPA 43.8 Bilat hemianopia Partial TSA x2
5 25, M Rec NFPA 27.8 Bilat hemianopia Partial TSA, combined TSA & TCA
6 41, M Rec NFPA 37 Rt HH None TSA
7 27, M Rec NFPA 43.3 Bilat hemianopia, rt DVA None TSA
8 46, M NFPA 44 Unilat quadrantanopia None None
9 32,F Rec craniopharyngioma 33.8 None PH, DI TCA, extended TSA, SRS
10 68, M NFPA 29.8 Lt DVA None None
11 63, M NFPA 38.9 Lt HH None None
12 38, M Craniopharyngioma 45.2 Unilat hemianopia, It DVA Partial None

DVA = decreased visual acuity; HH = homonymous hemianopia; HPD = hormonal pituitary dysfunction; OMD = ocular motility disorder; partial = partial hypopituitarism

(deficiencies in 2 or 3 axes); PH = panhypopituitarism (deficiencies in > 3 axes); Rec = recurrent; SRS = stereotactic radiosurgery.

temporal muscle was detached from the superior tempo-
ral line and retracted laterally to expose the keyhole area.
The craniotomy, with a size of approximately 2.5 x 1.5
cm, was performed with a bur hole at the keyhole area
(Fig. 2B). The dura mater was opened in a semiarc fash-
ion and reflected inferiorly. Subsequent manipulation was
performed under visualization of the rigid endoscope
with a pneumatic holder. We prefer a 4-mm outer diam-
eter endoscope because it provides much higher quality
images than smaller endoscopes. A pneumatic holder is
an essential surgical instrument for intracranial manipu-
lation under a rigid endoscope to prevent accidental in-
jury of the surrounding critical neurovascular structures.
Under visualization of the rigid endoscope, CSF was first
drained. Opening of the sylvian fissure can also facilitate
CSF drainage. Sufficient CSF drainage allows lifting of
the frontal lobe gravitationally with minimal retraction
force. As needed, a 5S-mm nontapering brain spatula was
used, which minimizes interference with the surgical
instruments. The wide operative field from the anterior
skull base to the parasellar region was exposed through
this technique. After identifying the tumor and the sur-
rounding critical structures, tumor resection was started
(Fig. 2C). This approach is suitable to remove the tumor
located far laterally beyond the ICA, where it is limited by
the €TSA. Subsequently, the suprasellar part of the tumor
was dissected from the adjacent critical neurovascular
structures, including the optic apparatus, the ICA, and its
branches, and the surrounding brain parenchyma, while
preserving the arachnoid planes to assist tumor removal
by the €I'SA. If tumor adhesion to the adjacent critical
structures is too difficult to dissect, the eSKA operator
may leave a small amount of tumor at the point of solid
adhesion to prevent surgical complications.

After tumor resection (Fig. 2D), the eSKA team closed
the dura mater in a watertight manner with 4-0 Prolene
suture, and dural sealant was also sprayed. The bone flap
was fixed with titanium plates. Bionic bone paste was used
to relieve postoperative deformation. After the skin was
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closed in each layer, the incision was covered with topical
skin adhesive.

Results

Between March 2013 and February 2016, 12 fully
endoscopic combined TSA-SKA procedures were per-
formed in patients with complicated parasellar lesions.
There were 9 men and 3 women with a mean age of 494
years (range 25-79 years). On histopathological examina-
tion of the tumors, there were 10 pituitary adenomas and
2 craniopharyngiomas, of which 7 pituitary adenomas
and 1 craniopharyngioma were recurrent tumors. All pi-
tuitary adenomas were clinically nonfunctional pituitary
adenomas (NFPAs). The average tumor size was 40.3 mm
(range 24.8—62 mm). Preoperative symptoms included vi-
sual disturbance in 11 patients (91.7%), ocular motility dis-
turbance in 1 patient (8.3%), anterior hormonal pituitary
dysfunction in 5 patients (41.7%), and diabetes insipidus
(DI) in 1 patient (8.3%). Patient demographics, tumor pa-
thologies, preoperative signs and symptoms, and previous
interventions are described in Table 1.

Postoperative Outcomes

Gross-total resection (GTR) and near-total resection
(NTR) (= 95%) were achieved in 7 of 12 cases (58.3%).
The extent of resection was not assessed based on intra-
operative findings alone but was also confirmed on MRI
1 week after the surgery. Any residual tumor capsule was
classified as an NTR. Of the 11 patients who had pre-
sented with preoperative visual disturbances, 7 (63.6%)
had visual improvement. However, 1 patient experienced
deterioration in visual function: the preoperative partial
unilateral hemianopia in her right eye deteriorated, with
additional upper altitudinal hemianopia postoperatively,
but there was no change in visual acuity.

With regard to postoperative morbidity, 3 patients de-
veloped anterior hormonal pituitary deterioration: in Case
3, deficiencies in 3 axes (growth hormone [GH], thyroid-



TABLE 2. Surgical outcomes of all 12 patients

Fully endoscopic combined TSA-SKA

Case Extent of Surgical Outcome Adjuvant  Follow-Up
No. Resection VD AHPD DI Other Therapy (mos)
1 PR Improved None None OMD (no change) SRT 4
2 STR Deteriorated No change None None SRS 34
3 STR Improved Deteriorated None None SRT 29
4 STR Improved Deteriorated None None None 22
5 NTR No change No change Transient None None 18
6 GTR Improved None None None None 17
7 STR Improved None None None None 17
8 GTR Improved None None None None 15
9 NTR None No change No change None None 14
10 GTR No change None None CSDH None 10
11 GTR Improved None None CSDH None 7
12 NTR No change Deteriorated Permanent None SRT 6

AHPD = anterior hormonal pituitary dysfunction; PR = partial resection; SRS = stereotactic radiosurgery; SRT = stereotactic radiotherapy; STR

= subtotal resection; VD = visual disturbance.

stimulating hormone [TSH], and luteinizing hormone/fol-
licle-stimulating hormone [LH/FSH]) to 4 axes (GH, TSH,
adrenocorticotropic hormone [ACTH], and LH/FSH);
in Case 4, deficiencies in 1 axis (GH) to 2 axes (GH and
ACTH); and in Case 12, deficiencies in 1 axis (GH) to 4
axes (GH, TSH, ACTH, and LH/FSH). With regard to DI,
one patient had permanent DI, and another had transient
DI. No patient experienced postoperative hemorrhage,
needed additional surgical treatment, or had postopera-
tive CSF leakage. There was no perioperative mortality in
this cohort. With respect to medium-term complications
directly related to the surgery, 2 patients presented with a
chronic subdural hematoma (CSDH) during follow-up and
required surgical evacuation.

Four patients with residual tumor (3 pituitary adeno-
mas and 1 craniopharyngioma) underwent postoperative
radiotherapy. The other 4 patients with residual tumor
were kept under clinical observation without adjuvant
therapy. During follow-up, all residual tumors were well
controlled without tumor recurrence that necessitated an
additional surgical procedure. The average follow-up pe-
riod was 19.2 months (range 6—41 months). The extent of
resection, surgical outcomes, type of adjuvant therapies,
and duration of follow-up are shown in Table 2.

Discussion

Advantages of Simultaneous Combined TSA and TCA for
Complicated Parasellar Lesions

Recently, with advances in neuroendoscopy, many pi-
tuitary adenomas have been safely and totally resected via
an €TSA 191631 Moreover, extended TSA has been devel-
oped and is an effective treatment for other pathological
lesions in the parasellar region, including craniopharyngi-
omas, tuberculum sellae meningiomas, and olfactory neu-
roblastomas 58131737 AJthough both €T'SA and extended
TSA can provide a direct corridor to parasellar lesions
with low morbidity, total resection of tumors that extend
far laterally beyond the ICA cannot be achieved with

these approaches. Known to have a histologically benign
nature, craniopharyngiomas have a tendency to adhere to
surrounding vital structures, including the optic appara-
tus, the ICA and its branches, the pituitary stalk, and the
hypothalamus. In addition, they often relapse rapidly after
incomplete tumor resection. Residual pituitary adenomas
can lead to postoperative hemorrhage, resulting in severe
surgical sequelae unless total resection is achieved. Re-
gardless of the tumor pathology, total tumor removal is
the primary goal in optimizing tumor control. However,
firm adherence to surrounding critical structures can be
the main factor that impedes total tumor removal. Ag-
gressive removal of this kind of tumor can result in post-
operative surgical complications. As a result, the surgical
strategy for parasellar tumors with fibrous consistency,
tight adherence to the surrounding critical structures, or
far-lateral extension beyond the ICA has been a matter of
debate. With such a background, the simultaneous com-
bined TSA-TCA was first reported in 1984 by Loyo et al.?!
Since then, several types of combined TSAs-TCAs have
been developed.l,S,l1,15,18,19,23,24,27

The simultaneous combined TSA-TCA was first intro-
duced to achieve maximal resection of pituitary adeno-
mas that could be resected via either TSA or TCA alone.
The addition of TCA to TSA improves visualization for
complicated parasellar lesions and the surrounding neuro-
vascular structures, contributing to better tumor resection.
However, we are convinced that the greatest advantage
of the simultaneous combined TSA-TCA is not only to
achieve radical tumor resection, but also to provide safe
tumor removal. As described above, complicated para-
sellar lesions interrupt the surgical view from the TSA,
where critical structures can adhere to the superior and/or
posterior aspects of the tumor. Since blind withdrawal of
such tumors can result in severe surgical complications, it
is necessary to identify the blind area of the TSA surgeon
from another direction to provide safe tumor removal. If
there is adhesion, it can be dissected via the TCA without
any damage to the adjacent critical structures. A case il-
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FIG. 3. Case 11. Pre- and postoperative imaging findings and intraop-
erative images. A and B: Preoperative coronal (A) and sagittal (B) Gd-
enhanced T1-weighted MR images showing that the pituitary tumor ex-
tends laterally beyond the right ICA and posteriorly beyond the dorsum
sellae. C: Intraoperative image from the right SKA. The tumor adheres
firmly to surrounding neurovascular structures, including the right optic
nerve, right ICA, and right A, segment. D: Intraoperative image from the
TSA. The adhesion between the lateral aspect of the tumor and the right
ICA cannot be detected by the TSA surgeon, so it is safely dissected

via the SKA. E and F: Coronal (E) and sagittal (F) Gd-enhanced T1-
weighted MR images obtained 7 months after surgery, showing GTR of
the pituitary tumor. MCA = middle cerebral artery. Figure is available in
color online only.

lustrating this situation is presented in Fig. 3. Furthermore,
it has often been reported that residual pituitary adenomas
can induce postoperative hemorrhage with tumor swell-
ing.?? Such intratumoral hemorrhage and tumor swelling,
however, can also occur during tumor resection, which has
never been previously reported. A case illustrating this
situation is shown in Fig. 4. This phenomenon, the “angry”
tumor (i.e., the tumor’s appearance bears resemblance to
the face of an angry person; Fig. 4D), can easily damage
the adjacent critical neurovascular structures, resulting in
postoperative morbidity, because neurosurgeons cannot be
aware of this phenomenon when using TSA alone. There-
fore, wide surgical exposure and cooperative manipulation
from 2 directions in a simultaneous combined approach
are important in preventing postoperative complications.
As other options, a surgical team can perform these 2 ap-
proaches in sequence or by moving from one to the other
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FIG. 4. Case 8. Pre- and postoperative imaging findings and intraop-
erative images. A and B: Preoperative coronal (A) and sagittal (B)
Gd-enhanced T1-weighted MR showing that the pituitary tumor extends
laterally beyond the right ICA, with invagination into the right frontal
lobe. C: Intraoperative image from the right SKA. The tumor is located
in the space between the right optic nerve and the right ICA. D: The
tumor becomes hyperemic and swollen (an “angry” tumor), with pro-
gression of tumor debulking from the transsphenoidal approach. The
compression of surrounding neurovascular structures is exacerbated by
tumor swelling. E and F: Postoperative coronal (E) and sagittal (F) Gd-
enhanced T1-weighted MR images showing gross-total resection of the
pituitary tumor. Figure is available in color online only.

alternately during a single general anesthesia session. Fur-
thermore, staged surgeries with multiple general anesthetic
agents are also another option. However, we are convinced
that simultaneous cooperative manipulation from 2 direc-
tions can achieve safer and more effective tumor resection.

Nontechnical Skills in Fully Endoscopic Combined TSA
and SKA

Cooperating from 2 corridors, team surgery is essen-
tial in fully endoscopic combined TSA-SKA. The €I'SA
and eSKA surgeons do not resect the tumor independently.
Each surgeon is devoted to each operative monitor, so we
consider that the presence of a third surgeon who observes



Fully endoscopic combined TSA-SKA

FIG. 5. Case 5. Pre- and postoperative imaging findings and intraoperative images. A and B: Preoperative coronal (A) and
sagittal (B) Gd-enhanced T1-weighted MR images showing recurrent pituitary adenoma extending laterally beyond the left ICA
and superiorly beyond the anterior communicating artery. C: Intraoperative image from the left SKA. The tumor adheres firmly to
the left optic nerve and the left A, segment. The adhesion is safely dissected via this approach. D: Intraoperative image from the
eTSA obtained at the same time as the image in panel C. The surgical instrument for the SKA (white arrow), but not the adhesion
between the superior part of the tumor and the A, segment, can be detected from the TSA. The tumor is resected via the TSA
after the tumor adhesion to the A, segment is dissected from the SKA. E and F: Postoperative coronal (E) and sagittal (F) Gd-
enhanced T1-weighted MR images showing NTR of the recurrent tumor. Figure is available in color online only.

both surgical fields is important for effective cooperative
manipulation from 2 directions. The third surgeon can
provide the other 2 surgeons with precise instructions de-
pending on the surgical situation, like a conductor of an
orchestra. In some situations, the conductor may direct
that the eSKA surgeon dissect the adhesion between the
tumor and the optic nerve, and subsequently the €I'SA
surgeon to withdraw the tumor. The conductor can con-
trol the steps in the surgical procedure and facilitate the
cooperative tumor removal from 2 directions. The strong
leadership of the conductor and communication among
the surgeons, which have been termed nontechnical skills
in past articles,’ are also key success factors even in fully
endoscopic combined TSA and SKA.

The Indication for Simultaneous Combined TSA-TCA

Eight patients who had previously undergone partial tu-
mor resection via TSA and/or TCA due to firm adhesion of
the tumor to surrounding critical neurovascular structures
were included, supporting our indication for a simultane-
ous combined approach to achieve safer tumor resection.
A strong adhesion is difficult to dissect via TSA alone, and
it will result in perioperative hemorrhage or permanent
sequelae if aggressive dissection is attempted. In reopera-
tion of such cases, stronger adhesion to adjunct neurovas-
cular structures should be anticipated, which makes GTR
more difficult and makes the occurrence of postoperative

complications more frequent. Therefore, we performed si-
multaneous combined TSA-TCA for such adherent tumors
to achieve more effective and safer tumor resection from
2 surgical corridors when the residual adherent tumors
had increased in size and had required additional surgical
treatment (Fig. 5).

Advantages of Fully Endoscopic Combined TSA-SKA

As mentioned above, the simultaneous combined TSA-
TCA approach has an excellent advantage for aggressive
and safe tumor removal for complicated parasellar lesions.
However, there are some disadvantages to this approach.
First, 2 different operative fields, that is, TSA and TCA,
are needed. If microscopes are used in both fields, the
working space will be limited. Second, the conventional
combined approach, TSA and a microscopic pterional,
interhemispheric, or subfrontal approach, is highly inva-
sive for patients, because this conventional TCA requires a
relatively large craniotomy. However, the fully endoscopic
combined TSA-SKA that we report here can overcome
these disadvantages. The neuroendoscopic system in our
combined approach is smaller than the microscopic sys-
tem in the conventional combined approach, allocating a
much more comfortable working space without interfer-
ing with the other surgical team. In addition, only a small
keyhole craniotomy is needed in our minimally invasive
technique, which is a much smaller burden to the patients.
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Moreover, there are also the potential advantages of the
endoscopic technique, which contributes to a close and
wide panoramic view of the surgical field with fine illu-
mination, even in deep sites. It leads to clearer identifica-
tion of critical structures and the arachnoid membrane,
resulting in better surgical outcomes.'®?>3 The limitation
of our combined approach, however, is the need for neu-
rosurgeons to be competent to manipulate under an endo-
scope, which is considerably different from microsurgical
technique. Furthermore, our combined approach requires
2 neuroendoscopic systems, which are not available at
most institutions.

The Features and Limitations of SKA

The SKA is a minimally invasive surgical technique,
appropriate to the parasellar region and anterior skull
base. Many intracranial lesions, including pituitary ad-
enomas, craniopharyngiomas, and meningiomas, are ef-
fectively resected via this approach.??>2%3 One of the
greatest advantages of this approach is the exposure of
the tumor portion extending far laterally beyond the ICA,
where it cannot be accessed by €TSA alone. Moreover, an
endoscope provides neurosurgeons with a close and wide
panoramic view of the surgical field and can be used in
the SKA. A much wider surgical view into the sella tur-
cica, middle fossa, and prepontine cistern is available with
an angled endoscope. With the combination of eSKA and
€TSA, a wide surgical field ranging from the intra- and su-
prasellar regions to the far-lateral portion beyond the ICA
and to the anterior/middle cranial fossa can be obtained.
However, there are 2 limitations of the SKA. First, lesions
with excessive invagination into the frontal lobe cannot be
accessed via this approach. In such cases, simultaneous
combined TSA and the transcortical cylinder approach
can be an effective procedure. Second, parasellar lesions
with bilateral extension beyond the ICAs cannot be totally
removed via this approach. Simultaneous combined TSA
and the conventional basal interhemispheric approach can
achieve more aggressive resection for lesions with such a
configuration in a single-stage procedure.

Multimodality Therapy for Complicated Parasellar Lesions

In past studies reporting on the simultaneous micro-
scopic combined approach,3#2* the rate of GTR ranged
from 24.1% to 44.4%, which is equivalent to our out-
comes. As is well known, one of the greatest risk factors
for incomplete tumor resection is the presence of cavern-
ous sinus invasion, especially circumferential encasement
of the ICA, not only for TSA, but also for TCA710:16:22.39
In our cohort, 5 of 10 cases of pituitary adenomas were
classified as Grade 4 of the Knosp-Steiner classification."
Patients in all of these cases had excellent tumor control
outcomes after resection followed by adjuvant radiother-
apy or radiosurgery, similar to what has previously been
reported.!%16:2022.39 Therefore, we are convinced that the
multimodal approach of maximal surgical removal fol-
lowed by adjuvant irradiation is the optimal treatment
strategy for pituitary adenomas with extensive cavernous
sinus invasion (Fig. 6). In addition, this strategy is effective
for patients with residual craniopharyngiomas. Cranio-
pharyngiomas often adhere firmly to the adjacent critical
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FIG. 6. Case 3. Pre- and postoperative imaging findings. A and B: Pre-
operative coronal (A) and sagittal (B) Gd-enhanced T1-weighted MR
images showing recurrent pituitary tumor extending laterally beyond the
left ICA. The tumor also infiltrates into the left cavernous sinus, and it
encases the left intracavernous carotid artery. The tumor is subtotally
resected via the fully endoscopic TSA-SKA, leaving the intracavernous
part of the tumor. C and D: Postoperative coronal (C) and sagittal (D)
Gd-enhanced T1-weighted MR images obtained 1 week after surgery,
showing residual tumor in the left cavernous sinus. The patient under-
went stereotactic radiotherapy for the left intracavernous residual tumor
postoperatively. E and F: Coronal (E) and sagittal (F) Gd-enhanced T1-
weighted MR images obtained 9 months after stereotactic radiotherapy,
showing the smaller size of the residual tumor.

neurovascular structures, so the point of strong adhesion
to critical structures must remain to prevent postoperative
complications. Previous studies have shown, however, that
the tumor control rate of subtotal resection followed by
adjuvant irradiation is equivalent to that of GTR in initial
surgery.'”?” Residual craniopharyngiomas treated with ad-
juvant radiotherapy also had excellent tumor control in the
present cohort.



Surgical Outcomes of Fully Endoscopic Combined
TSA-SKA

Postoperative visual improvement in the simultane-
ous microscopic combined approach ranged from 64%
to 100%, which is equivalent to the present outcome. The
surgical complications of the simultaneous microscopic
combined approach have also been reported, including
postoperative permanent anterior hormonal pituitary dys-
function (10%-72.7%), permanent DI (6.9%-20%), CSF
leakage (0%— 11.1%), and others (8.3%—20%),!-18-2* which
were also comparable to the present results. Therefore,
the outcomes of a fully endoscopic combined TSA-SKA
showed noninferiority compared with the conventional
microsurgical combined approach. However, there are
some limitations to this study: the number of cases was
small, and the individual patient follow-up was relatively
short; thus, long-term outcomes of our combined approach
cannot be assessed. Further accumulation of cases and
longer follow-up periods are required to evaluate the true
safety and efficacy of our combined approach.

Notably, 2 cases of postoperative CSDH were seen in
the present cohort, which has never been reported as a
postoperative complication of the simultaneous combined
approach in past articles. However, there have been 2 case
reports of CSDH after TSA.3** Both patients were older
than 70 years of age and had lumbar drainage placed for
CSF rhinorrhea after the TSA; thus, advanced age, CSF
rhinorrhea, and a lumbar drain were presumed to be the
risk factors for CSDH after TSA. However, neither of the
patients in our study who presented with postoperative
CSDH had any of these risk factors. Moreover, our most
recent study demonstrated that advanced age (> 65 years),
high Evans’ index, and preoperative hypopituitarism are
the risk factors for CSDH after TSA.3* Although one of
the 2 patients with postoperative CSDH was older than 65
years, no other risk factors were detected in the 2 patients.
Frank et al. reported that 2 of 10 patients who had un-
dergone extended TSA for craniopharyngioma developed
CSDH postoperatively,® which was a similar incidence to
that seen in the present study. In fact, a larger volume of
air retention is detected either after the extended TSA or
after the simultaneous combined TSA-SKA compared
with conventional TSA. Notable intraoperative CSF leak-
age, which results in postoperative pneumocephalus, may
be an independent risk factor for postoperative CSDH. The
small craniotomy in SKA may be related to this complica-
tion, compared with the larger craniotomy in conventional
microscopic TCA. Studies involving more patients are
needed to evaluate the actual risk factors for this compli-
cation.

Conclusions

A fully endoscopic combined TSA-SKA is an effica-
cious surgical procedure for a select group of patients with
complex parasellar lesions. It is a new minimally invasive
technique with excellent postoperative outcomes equiva-
lent to the conventional microscopic combined approach.
Safe and effective cooperative manipulation with 2 sur-
gical corridors is available, and nontechnical skills that
facilitate cooperation among the surgeons are also essen-

Fully endoscopic combined TSA-SKA

tial. The main purpose of this procedure is not to achieve
GTR, but to provide safe resection. Multimodality thera-
py. including postoperative adjuvant irradiation, is needed
for lesions that cannot be totally resected even via this
approach. Whatever the case, maximal surgical removal
with minimal surgical morbidity is the optimal initial
treatment. The appropriate surgical approach should be
planned, depending on the configuration and consistency
of each tumor.
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