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Abstract

Background Surgery for giant pituitary adenomas (GPAs) poses significant challenges, particularly when the tumor cannot
be fully addressed using either the endoscopic endonasal approach (EEA) or the microscopic transcranial approach (MTCA)
alone.

Method We utilized two combined approaches for complex GPAs: 1) expanded endoscopic endonasal approach (EEEA)
combined with microscopic pterional approach (MPA), and 2) EEEA combined with endoscopic transventricular approach
(ETVA).

Conclusion The combined approach is an effective surgical technique for complex GPAs. The EEEA-MPA approach is
suitable for GPAs with superior and lateral extension, while the EEEA-ETVA approach is beneficial for tumors with lateral

ventricular invasion.
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Relevant surgical anatomy

The endoscopic endonasal approach (EEA) has become
widely accepted for treating pituitary adenomas (PAs) [4,
5]. However, for lesions extending to the suprasellar region,
parasellar areas, retrosellar space, and clival regions, its
effectiveness is limited by poor visibility through a narrow
corridor. The expanded endoscopic endonasal approach
(EEEA) offers clear exposure to deep-seated supradia-
phragmatic, retrosellar, and clival lesions, which are chal-
lenging to reach via traditional transcranial approaches
(TCA) [6, 8], which typically use pterional and interhemi-
spheric approaches, remain crucial for managing PAs with
extensive extrasellar invasion but a nearly normal-sized
sella turcica. However, it may limit visualization of the
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intrasellar region and the anterior third ventricle, often
requiring excessive bone removal and brain retraction. For
complex giant PAs, an I-stage combined approach should
be considered to achieve safe gross total resection (GTR)
[1, 2, 10].

Description of the technique

The patient was placed in the supine position with the head
fixed using a Mayfield clamp. The fascia lata donor site (the
right thigh) was prepared for cranial base reconstruction.
Since the surgical wound in the MPA or ETVA is classified
as Class I, and that in the EEEA is classified as Class II,
each phase had separate surgical teams, tables, endoscopic
systems, and surgical instruments to avoid possible contami-
nation (Fig. 1A and B).

The procedure began with the endonasal stage, up until
the sellar dura was opened. The sellar dura area was then
packed with iodine-soaked pledgets. The transcranial team
subsequently performed the craniotomy, exposing the dura
in the corresponding area but keeping it intact. The endo-
nasal team then opened the sellar dura and resected the
tumor from below. Once the lower compartment was mostly
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Fig.1 A: Actual photograph of
the operating room setup during
an EEEA-ETVA combined
approach surgery; B: Schematic
diagram of the operating room
setup for the EEEA-ETVA com-
bined approach: The operating
room setup for the EEEA-
ETVA procedure includes two
operative fields, two neurosurgi-
cal teams, and two neuroendo-
scopic systems, each with its
own monitor set up around the
patient. The EEEA and ETVA
are performed simultaneously
within a shared surgical field
without interference between
the teams. The purple dashed
box represents the range of the
Class I surgical wound, while
the blue box indicates the range
of the Class II surgical wound.
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resected, the transcranial team opened the upper dura and
continued resection from above. Starting with the endonasal
stage cuts off most of the tumor’s blood supply, reducing
bleeding risk during the transcranial stage. Furthermore,
exposing the transcranial dura first allows for immediate
intervention in the event of unexpected bleeding.

EEEA

The middle turbinate was removed from one side, and the
nasoseptal flap was mobilized using blunt dissection. The
mucosal side of the vascularized septal flap was then pushed
further into the nasopharynx. After identifying the sphenoid
ostia, an extended sphenoidotomy was performed, remov-
ing substantial parts of the anterior wall and septum of the
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sphenoid sinus, which is crucial in EEEA to obtain suf-
ficient exposure. The bone covering the sella turcica was
removed and the opening was extended laterally to the
cavernous sinus and anteriorly to the sphenoidal planum.
Adequate exposure of the deep lateral side of the cavern-
ous sinus was achieved by exposing the bilateral pterygoid
processes, particularly the pterygopalatine fossa. After
removing the sellar floor and opening the bone covering
the anterior walls of the bilateral cavernous sinuses, the
tumor around the cavernous sinus segments of the bilat-
eral internal carotid arteries (ICA) was resected. Dissection
continued along the interface between the tumor and the
pituitary gland and the tumor tissue involving the upper
compartment was further resected through the roof wall of
the cavernous sinus lateral to the ICA.
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Combined MPA

Since the inferior part of the tumor had already been
removed in the EEEA phase, dissection between the tumor
and attached structures was easier because the superior
compartment of the tumor had descended. The roof of
the cavernous sinus was opened longitudinally, and the
surrounding brain parenchyma was dissected away from
the tumor. The resection continued in the cavernous sinus
until the hemostatic gelatin packing from the nasal cavity
was observed. The tumor was carefully dissected from the
arteries, including the middle cerebral artery (MCA) and
its branches (Fig. 2, Video 1).

MPA instrumentse. - .
. el el
EEEA instruments.

Fig.2 Preoperative axial (A), coronal (B), and sagittal (C) gadolin-
ium-enhanced T1-weighted MR images showed an irregular mass in
the middle cranial fossa measuring 7.3%X5.9%5.8 cm. Superiorly, it
protruded into the suprasellar cistern. Laterally, it invaded the bilat-
eral cavernous sinuses, encasing the C2-C7 segments of the bilateral
internal carotid arteries and the M1 segment of the right middle cer-
ebral artery. Anteriorly, it invaded the bilateral optic canals, supe-
rior orbital fissure, ethmoid sinus, sphenoid sinus, and nasopharynx.
Posteriorly, it protruded into the interpeduncular cistern and pontine

The role of the transcranial team was mainly support-
ive: they dissected the upper part of the tumor away from
blood vessels, manipulated the diaphragm and tumor cap-
sule inferiorly, and pushed the lesion down so that the
EEEA team could resect the tumor safely, directly, and
completely.

Combined ETVA

The side of the ETVA depended on the predominant side
of tumor extension. A circular bone flap approximately
3 cm in diameter in the frontal skin was made after expos-
ing the skull and dura. The middle frontal gyrus cortex

MPA instruments —»

cistern, compressing the right pons and right cerebral peduncle. D
Intraoperative image from the EEEA, showing the tumor debulking
delivered through the transcranial route. E Intraoperative image from
the MPA, showing the internal carotid artery (ICA), anterior cerebral
artery (ACA), and middle cerebral artery (MCA). Postoperative axial
(F), coronal (G), and sagittal (H) gadolinium-enhanced T1-weighted
MR images obtained 3 months after surgery showed gross total resec-
tion (GTR) of the tumor. P.S.: pituitary stalk, EEEA: expanded endo-
scopic endonasal approach, MPA: microscopic pterional approach
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was identified and excised. The Endoport was then gradu-
ally inserted into the lateral ventricle until the tumor tissue
was visible. After ensuring adequate CSF drainage, tumor
resection was performed endoscopically. The suprasellar
part of the tumor was dissected from adjacent critical
neurovascular structures by visual monitoring from the
EEEA side (Fig. 3, Video 2). Subsequently, intratumoral
decompression was performed, and the adhesions between
the tumor and ventricle wall were dissected.

Collaboration between surgical teams

During both stages, each team resected the tumor in
their assigned area while providing support to the other
as needed. In the EEEA-MPA approach, the transcranial
team carefully dissected tumor tissue from critical blood
vessels and gently pushed it downward, allowing for safer
resection by the EEEA team. After resection, the endona-
sal view was essential for assessing the integrity of ven-
tral structures which were not fully visible transcranially.

Fig.3 Preoperative axial
gadolinium-enhanced
T1-weighted (A), coronal (B),
and sagittal (C) MR images
revealed a giant mass measuring
7.0%5.4%x4.1 cm. The lesion
protruded upward into the
suprasellar region and extended
into the lateral ventricle. The
right frontal lobe was com-
pressed, and the lesion was
located close to the bilateral
cavernous sinuses. D Intraop-
erative image from the EEEA
side. E Intraoperative image
from the ETVA side. Postopera-
tive axial gadolinium-enhanced
T1-weighted (F), coronal (G),
and sagittal (H) MR images
obtained 3 months after surgery
showed gross total resection
(GTR) of the tumor
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Reconstruction

Tumor resection was confirmed by superior and inferior
views. Saline irrigation fluid was directed from the intracra-
nial side toward the nasal cavity to wash the surgical corridor.
Skull base reconstruction was performed using an artificial
dura mater and pedicled nasoseptal flap. In this stage, both
the transcranial and endonasal closures are performed simul-
taneously, reducing overall surgery time and infection risk.

Early postoperative management

Early anesthesia recovery allows prompt assessment of vision
and visual fields. Monitoring for intracranial infection is essen-
tial, including regular checks of temperature, meningeal signs,
and blood infection markers, with lumbar puncture promptly
performed if infection is suspected. A loading dose of hormone
replacement therapy is given immediately post-op, then gradu-
ally tapered to physiological levels. For patients with ventricu-
lar involvement, multiple follow-up CT scans are performed
early post-op to confirm the absence of hydrocephalus.
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Indications

1. The main part of the tumor is located above the tuber-
culum sellar;

2. Extends upward, compressing the third ventricle floor,
hypothalamus, or lateral ventricles; anteriorly to the
sphenoidal planum; posteriorly to the interpeduncular
cistern; laterally beyond cavernous sinus cranial nerves,
compressing the temporal lobe. Particular consideration
should be given to cases with lateral extension when
the tumor cannot be accessed by standard transnasal
approach.

3. The tumor has a multilobulated irregular shape, encasing
critical vessels and nerves.

Limitations

The combined approach surgery requires additional equip-
ment and surgical team, and its complexity also contributes
to longer operative times. Its widespread adoption has been
limited by skepticism about safety and effectiveness [3, 7,
9]. Moreover, differing wound classifications from the com-
bined approach increase the risk of infection, and complica-
tions from both EEEA and TCA may arise simultaneously.

How to avoid complications

An organized operating room layout enhances surgical effi-
ciency and safety. Separate instruments, scrub nurses, endo-
scopic systems, and surgical materials are essential to prevent
cross-contamination. Mastery of each individual approach
is crucial for surgical success, and proficiency in executing
each technique independently is vital for optimal outcomes.

Specific information for the patient

Patients should be informed that the combined approach may
result in longer surgery times, a higher risk of postopera-
tive infection, increased surgical costs, and the possibility of
requiring immediate postoperative care in the Neuro Inten-
sive Care Unit (NICU).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00701-024-06371-w.
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Key Points

1. The article explores the use of two combined approaches, EEEA-
MPA and EEEA-ETVA, for treating complex giant pituitary adenomas
(GPAs), providing insights into their effectiveness depending on tumor
extension and invasion.

2. The indications for combined approach surgery need to take into
account the tumor’s maximum size, the location of the main part

of the tumor, the tumor’s shape, its anterior, posterior, and lateral
extensions, as well as its encasement of surrounding blood vessels
and nerves.

3. To avoid cross-contamination, separate surgical instruments,

scrub nurses, and endoscopic systems must be used for each phase

of the combined approach, given the different classifications of
surgical wounds (Class I for MPA/ETVA and Class II for EEEA).

4. EEEA is particularly useful for accessing deep-seated

suprasellar, parasellar, retrosellar, and clival lesions.

@ Springer

5. In the combined EEEA-MPA approach, the transcranial team
assists by manipulating and dissecting tumor tissue away from
critical blood vessels and pushing the tumor down to allow for
safer resection by the EEEA team.

6. In cases where the tumor extends into the lateral ventricles,

the ETVA provides direct access, allowing endoscopic tumor
resection. Combined EEEA-ETVA is more useful in GPAs that
invade the lateral ventricle.

7. Continuous neuro-electrophysiological monitoring during
surgery aids in the identification and preservation of cranial
nerves, such as the oculomotor nerve, reducing the risk of
postoperative deficits.

8. The combined approach increases surgery complexity and risks,
such as longer surgical times, higher infection risks, and the need
for postoperative care in the NICU, informing both surgeons and
patients.

9. Although the combined approach has advantages, mastering
each individual approach is crucial for surgical success.
Proficiency in executing each technique independently is essential
for optimal outcomes.

10. Choosing the type of combined approach based on the tumor’s
extension is crucial. An appropriate simultaneous combined approach
can decrease the risk of and bleeding from the residual tumor.
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