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Abstract

Objective. To describe the technical nuances of multimodal transseptal-transsphenoid surgery for pituitary tumors using a
combination of microneurosurgery, neuroendoscopy, and electromagnetic neuronavigation. Materials and Methods. A trans-
nasal approach to the sella is performed endoscopically and widely exposed by an otolaryngologic surgeon. Surgery is next
performed by the neurosurgeon with microscope and neuronavigation for microsurgical resection of pituitary tumors. Neuro-
endoscope is also used at the end of surgery to confirm tumor resection and inspect operative site. During surgery, the patient’s
head, angle and height of the microscope, and position of the table are repositionable to allow for multiple angle views. Abdomi-
nal fat harvested prior to the procedure is used to ensure cerebrospinal fluid seal. Results. The senior author (KIA) has used the
combined approach with 84 consecutive patients. Radical resection was achieved in 66 patients, subtotal in 11, and partial in
7. There were no perioperative complications. Six patients experienced postoperative transient diabetes insipidus. The pituitary
gland and stalk were preserved in all cases. Visual symptoms were improved in 78% and endocrinological symptoms in 56%
of cases. Conclusion. This combined approach is safe and effective. It increases the efficacy and radicality of surgical resection,
helps to preserve the pituitary gland, and improves and resolves preoperatively altered patient hormonal function and impaired
vision. It also reduces complications, provides less postoperative pain and discomfort, reduces the surgery time, and enables a
shorter hospital-stay.

Key Words: Pituitary Tumor ® Combined Microsurgical and Endoscopic ® Transseptal ® Transsphenoid Approach = Electromag-
netic Neuronavigation.

Introduction portrayed as competitive approaches, we believe

they are complementary and that both should be

Transsphenoidal microsurgical resection has been
long established as the gold standard treatment for
pituitary tumors. Use of the endoscope has gained
increasing popularity in the past 20 years and has
been described by its advocates as being less invasive
and providing better visualization of the surgical field
than the microscope (especially “around the corner”),
except for sacrifice of the middle turbinate (1, 2).
Although endoscopic and microscopic tech-
niques for pituitary lesion resection are often

used to optimize the minimally invasive surgical
technique. The addition of electromagnetic neu-
ronavigation, which allows free head movement,
enhances the benefit of these techniques. Further-
more, a combined interdisciplinary transseptal-
transsphenoid surgery (TTA) to the sella, which
involves a neurosurgeon and an otolaryngologic
(ENT) surgeon, minimizes the complication rate.

All techniques described above have been used
previously and are well described in the literature
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with good results. Any 2 of the 3 techniques used
in combination have also been described previ-
ously in the literature. However, the use of all 3
techniques combined have shown good results in
our experience.

Herein, we describe our experiences and origi-
nal technical steps of combining these techniques
in the surgical workflow.

Materials and Methods

Appropriate Institutional Review Board (IRB) Ap-
proval was obtained prior to study. Preoperative
evaluation included detailed neurological, neuro-
radiological, ophthalmological, and endocrine as-
sessment. We included all patients presenting with
sellar or supra/parasellar tumors who were oper-
ated on using this technique. Magnetic resonance
imaging (MRI) of the head was obtained with 2 mm
thin cuts, using navigation system protocol to ac-
curately delineate the sellar region and surround-
ing structures (pituitary imaging protocol [PIP]).
The MRI-Pituitary protocol +/- contrast was done
prior to surgery, 6 weeks after the surgery, and ev-
ery year subsequently. In the event that the patient
cannot have an MRI, a computerized tomography
(CT) scan with contrast (PIP) can be used. A neu-
ro-radiologist evaluated MRI scans independently
and their reports were used for assessment. Full
endocrinological pituitary hormonal workup was
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done by a neuro-endocrinologist (MNQ) prior to
surgery, immediately postoperatively in the hospi-
tal, and then every 6 and 12 months, respectively,
or more frequently as needed. Full ophthalmologic
workup was done by a neuro-ophthalmologist (JL)
preoperatively, and then every 6-12 months post-
operatively, or as needed.

Operative Technique

The patient was placed supine on the operating
table with the head elevated approximately 15° on
a donut sponge headrest. The head was unattached
and free to move in all directions to improve vi-
sualization as rigid fixation limits intraoperative
manipulation of the patient’s head.

An AxiEM neuronavigation system (Medtron-
ic, Minneapolis, MN, USA) was used for electro-
magnetic navigation. A patient tracker (cranial
dynamic reference frame) was put on the ipsilat-
eral forehead. Once the patient was registered ac-
cording to the MRI or CT imaging loaded into the
system, a tracker was mounted on the endoscope
rod using the tip of the rod as a navigation tool.
Likewise, surgical instruments can be registered
and calibrated.

Neuronavigation enabled precise localization,
especially in complicated cases that transgress
compartments, for recurrent cases, or in patients
who underwent previous nasal surgeries in which

Figure 1. Operative setting for transsphenoidal combined microsurgical and endoscopic approach. (A) The patient tracker
is placed on the forehead. (B) The AXiEM magnetic field emitter (white arrow) was fixed on the side of the surgical table
directly and adjacent to the head of patient to obtain a stable magnetic field covering the head. The patient is registered
according to MRI images, which are loaded into the system.
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the anatomy was distorted due to scar tissue, there
was a narrow distance between the carotid arter-
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ies, and the sphenoid sinus was poorly pneuma-
tized (Figure 1).

A transnasal approach to the sella was per-
formed by the ENT surgeon (NSB). Before the sur-
gery, the nasal mucosa of the cartilaginous septum
was infiltrated unilaterally with a 1% lidocaine
solution containing 0.05% of adrenaline to reduce
bleeding and facilitate dissection of mucosa from
the septum. The patient’s lower face was prepped
and draped in sterile fashion. At the same time, the
right abdominal region was prepped and draped
for an abdominal fat graft harvest used to prevent
cerebrospinal fluid (CSF) leak when closing the
surgery site.

A hemitransfixion incision was made just pos-
terior to the columella (usually on the left), and
the septal mucosa was dissected from the adjacent
cartilage and bone. The contiguous floor of nose
mucosa can be elevated as well for better exposure.
The bony/cartilaginous junction was divided and
the mucoperiosteum was elevated on the contra-
lateral side. The perpendicular plate of the eth-
moid and the vomer bone were removed, exposing
the sphenoid rostrum. Visualization for this por-
tion of the procedure was facilitated with the use
of a nasal endoscope (Karl Storz, Tuttlingen, Ger-
many or Zomed/Medtronic, Minneapolis, MN,
USA). A pituitary speculum was then inserted in
the nose, separating the septal mucosa, facilitating
optimal exposure of the rostrum, and facilitating
bimanual instrumentation. The sphenoid sinus os-
tia were identified and used as a point of entry into
the sphenoid sinus. The entire rostrum was then
removed using Kerrison rongeurs and endoscopic
sinus instruments, thus maximizing exposure of
the operative field. Although the neuronavigation
system helps identify the trajectory to the sellar
floor, neuroanatomical knowledge of the region -
such as the carotid prominences - is essential for
establishment of safe working zone (Figure 2).

When the sellar floor was reached and bone
widely opened, surgery was next performed by a
neurosurgeon with microsurgical technique. At
this point, the microscope was brought in (Kinevo

Figure 2. Operative setting with simultaneous use of (A) en-
doscope and (B) microscope with electromagnetic-naviga-
tion guided resection of pituitary tumor.

900 or Pentero 900, Zeiss, Oberkochen, Germany).
The surface of the cavernous sinus was exposed bi-
laterally as needed. The dura was opened in an “X”
shape. Microsurgical resection of the pituitary tu-
mor was usually performed using curettes of vari-
ous angles and sizes, bipolar electrocautery, and
micro-forceps.

Resection begins with a ringed curette that
loosened the tissue. We prefer usage of 30° angled
curettes. It is advised to remove the laterally sit-
uated regions of the tumor first as well as lower
ones, followed by the more central segments in
order to avoid entrapment of the lateral portions
by prematurely descending the diaphragma sel-
lae. Superior dissection should be performed only
when the tumor is freed inferiorly. Controlled suc-
tion along with bipolar forceps, micro pituitary
rongeurs, micro-dissectors, and curettes were used
interchangeably using 2 hands technique. If the su-
prasellar part of the tumor does not prolapse into
view following resection of the intrasellar part,
Valsalva maneuver can be used to facilitate descent
of the residual tumor. The endoscope with a mul-
tiple angle lens can be used to locate any lateral
fragments.

Throughout the surgery, repositioning the pa-
tient’s head, angle and height of the microscope,
the position of the table with microscope mag-
nification, as well as the use of the endoscope
and electromagnetic navigation with a registered
pointer and instrument, allowed for a full and op-
timal view of the surgical field and exact localiza-




tion. This range of motion and visualization out-
reached the view provided by endoscope alone. If
and when residual tumor was identified by endo-
scope, microsurgical or endoscopic technique was
used to remove it as deemed appropriate intraop-
eratively.

If CSF leak was noted, the abdominal fat graft
harvested at the beginning of surgery was placed
on the sellar floor intradurally. The reconstruction
can be reinforced with fibrin glue. The speculum
was removed and the septum pushed into the
midline from the other nostril and mucosal flap
reflected over the septum and secured with ab-
sorbable suture. Endonasal trumpets, that allow
breathing through the nostrils but remain unseen
when looking at patient, were placed bilaterally
and secured with permanent sutures. They were
removed on the fourth day during an outpatient
visit following surgery. The patient usually leaves
the hospital on the first day following surgery af-
ter overnight monitoring for diabetes insipidus.
Operative Procedure YouTube Video Clip Link:
https://youtu.be/AvL03]n1DS4

Results

In this personal series of the senior author (KIA),
the combined approach was used on 84 consecu-
tive patients (January 2011-December 2017) in co-
operation with an ENT surgeon and a multidisci-
plinary team (endocrinology, ophthalmology). The
series was continued up to the present. The mean
age of the patients was 55 years (range, 16-70) with
51 male and 33 female patients. Mean follow-up
was 37 months. There were 76 pituitary adenomas,
4 Rathkes cleft cyst, 1 clival chordoma, 1 renal cell
carcinoma metastasis, and 2 cases of lymphocytic
hypophysitis. Radical resection was achieved in 66
patients, subtotal resection in 11 patients, and par-
tial resection/biopsy in 7 patients (based on neu-
roradiology reports). The mean length-of-stay was
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3 days. There were no perioperative complications.
Six patients experienced postoperative transient
diabetes insipidus. CSF leak possibility was elimi-
nated with the placement of fat graft. The pituitary
gland and stalk were preserved in all cases. Visual
symptoms were improved in 78% and endocri-
nological symptoms in 56% of the cases based on
neuro-ophthalmology and neuro-endocrinology
assessment. Six cases that had substantial supra/
parasellar tumor extension were subsequently op-
erated on via craniotomy as a second stage. We did
not have any postoperative CSF leaks. There were
no postoperative transient or permanent olfactory
deficits (Figures 3, 4, 5, and 6).
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Figure 3. A woman in her late 70s presented with severe
headache, VI nerve palsy, and visual decline. Combined
transsphenoidal resection for hormone-inactive macroad-
enoma was performed. Preoperative (A) T1 sagittal and (B)
T1 coronal post-contrast MRI of the head shows large intra,
para, and suprasellar tumor with compression of optic chi-
asm and infiltration of cavernous sinus. Postoperative (C)
sagittal and (D) coronal post-contrast T1 MRI of the head
shows complete resection of the tumor with intact pituitary
gland/stalk (note the fat graft in the sphenoid sinus-SS). The
patient recovered fully her vision and double vision.
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Figure 4. A man in the fifth decade of life experienced a sud-
den onset of severe headache and acute blindness. Com-
bined trans-sphenoidal approach for pituitary apoplexy
was performed. Preoperative (A) T1 sagittal and (B) coronal
post-contrast MRI of the head shows large intra, para, and
suprasellar hematoma with compression of optic chiasm
and infiltration of cavernous sinus. Postoperative T1 (C) sag-
ittal and (D) coronal post-contrast MRI of the head shows
complete resection of the lesion with intact pituitary gland/
stalk (note the small fat graft in the SS. Visual symptoms re-
covered following surgery (see also YouTube link).
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Figure 6. A man in his early 60s presented with acromeg-
aly. Combined transsphenoidal approach was performed.
Preoperative (A) sagittal (B) coronal post-contrast T1 MRI
of the head shows intra, and supra-sellar tumor with intra-
tumoral hemorrhage and compression of optic chiasm.
Postoperative (C) sagittal and (D) coronal post-contrast MRI
of the head shows complete resection of the tumor with in-
tact pituitary gland/stalk. Visual symptoms recovered with
remission of acromegaly.

Figure 5. A man in his late 20s experienced a sudden onset
of severe headache and blurred vision. Combined trans-
sphenoidal approach for giant prolactinoma with intra-
tumoral hemorrhage was performed. Preoperative (A) T1
sagittal and (B) T1 coronal post-contrast MRI of the head
shows large intra, para, and suprasellar tumor with intra-
tumoral hemorrhage with compression of optic chiasm
and infiltration of cavernous sinus. Postoperative (C) sagit-
tal and (D) coronal post-contrast T1 MRI of the head shows
complete resection of the tumor and intact pituitary gland/
stalk. Visual symptoms recovered and prolactin serum level
improved significantly (preoperative, 1000 nmol/L vs. post-
operative, 200 nmol/L) following surgery.
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Discussion

Microsurgery vs endoscopic surgery and our
experiences with combination

We utilized an original combination of a microsur-
gical and endoscopic approach combined with Ax-
iem neuro-navigation to remove pituitary tumors
in order to best employ the surgical and technical
advantages of all 3 techniques.

The transsphenoidal microsurgical approach
has been considered to be the gold standard for
operative treatment of pituitary tumors (3). The
technique introduced by Schoftler was modified
by Hardy and Guiot in the 1960s with the intro-
duction of microscopy and fluoroscopy and was
used for many years. Guiot was the first surgeon to
describe using endoscopes in pituitary surgery (4).
Over time, the endoscopic approach gained popu-




larity and may have been more frequently used.
It was believed to be less invasive and allowed for
seeing around different angles or “around the cor-
ner.” It has better visualization of the close-up sur-
gical field, an enlarged working angle, and an in-
creased panoramic view. Four disadvantages of the
endoscopic technique are noted: the possible need
to remove the normal middle turbinate, relatively
high frequency of temporary or permanent loss of
smell, 2D visual experience, and the definite need
of additional simultaneous participating surgeons.
Although there are newly developed 3-dimen-
sional (3D) models of the endoscope, they clearly
lack the 3D advantage of microsurgical technique.
Gross total resection of macroadenomas with
parasellar extension was reported to be signifi-
cantly enhanced by the endoscopic approach (5-
7). The endoscopic approach has also been report-
ed to show better results in invasive adenomas (8),
lowers the incidence of new hypopituitarism after
surgery (2, 6, 9), has better intraoperative identifi-
cation and preservation of pituitary gland (2), and
results in shorter hospital stay and less post-op
pain (10).

A significant difference in the complication
rates between endoscopic and microscopic tech-
nique, however, was not found in recent studies
(10-12). Also, these studies on patients who un-
derwent transsphenoidal resection for Cushing’s
disease (13) and acromegaly (14) found that re-
mission and recurrence rates were the same among
patients who underwent endoscopic surgery ver-
sus microscopic surgery. Both techniques have
been found to be comparable for infradiaphrag-
matic craniopharyngiomas, while the endoscopic
approach yields better results for supradiaphrag-
matic lesions (15). However, a large retrospective
review of 1054 patients with microsurgically re-
sected craniopharyngioma revealed good patient
outcomes without more limitations on each in-
dividual tumor with distinct features, despite the
impact of recent endoscopic techniques (16). On
the contrary, a recent literature review has shown
that vascular complications and CSF fistulas were
reduced with microsurgery compared with endos-
copy (17). As a matter of fact, these 2 approaches
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may have driven neurosurgeons into the 2 com-
peting camps that exclusively utilizes one proce-
dure or the other.

Although the combined use of a microscope
and endoscope for pituitary surgery was described
by Bush and Halves in 1978 (18), we have hypoth-
esized that using a combination of microscope
and endoscope along with neuronavigation can
capture the best advantages of all 3 techniques. An
inspiring report by Al-Mefty et al. described the
use of combined approach to yield benefits of both
techniques (4) as the 2 approaches became more
competitive among neurosurgeons over the years.

Combined approach to pituitary lesions has
been previously reported. The term “combined ap-
proach” described either a combined endoscopic
and microscopic transsphenoidal approach to
pituitary lesions, or a combined transcranial and
transsphenoidal approach. The additional sup-
port by neuronavigation for microsurgical or en-
doscopic approach has also been published (3, 4,
19). Combined endoscopic and microscopic man-
agement of pituitary region tumors has also been
described in a technical note for pediatric surgery
(20), in case reports (21, 22) and in few retrospec-
tive studies (4, 23, 24). In the pioneering work of
Helal et al. in which 37 patients were treated with
a combined approach, the additional use of an
endoscope was highly beneficial as hidden areas
could be visualized in 84% of the patients, and tu-
mor residues were detected in 40.5% (23).

The transition from microsurgical to endoscop-
ic approach has also been previously published
(25). Laws et al. recommended that the operating
microscope should always be balanced and readily
available since up to 14% of endoscopic surgeries
were converted from an endoscopic to microscop-
ic approach due to tissue hypertrophy, atypical
nasal airway, scar tissue, complex sphenoid sinus
anatomy, mucosal bleeding, need for binocular vi-
sion in extended approach, and technical problems
with the endoscope. Most of the studies, however,
described the results of either microscopic or en-
doscopic surgery and provided a comparison of
the 2 methods. According to 2 literature reviews,
the endoscopic approach may be associated with a
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higher rate of gross tumor movement and a lower
risk of postoperative complications for treating a
nonfunctioning pituitary adenoma when com-
pared with a microscopic approach, although the
rate of permanent diabetic insipidus and meningi-
tis remains the same (26, 27). An additional single
institution study of 137 patients found no differ-
ences between the 2 approaches (28). A national
database study of more than 30.000 patients noted
a significant increase in the endoscopic surgery
group over time, yet rates of gross total resection,
need for adjuvant therapy, and short-term mortal-
ity were similar (29). No differences in complica-
tion rates between endoscopic and microscopic
surgery were observed in a large single institution
retrospective study of 1153 patients (30).

As noted above, both endoscopic and micro-
scopic surgeries have yielded similarly good out-
comes in numerous reports. Our intention was to
combine all 3 techniques simultaneously to both
add and multiply the benefits of all in a single pro-
cedure. We believe that one of the clear advantages
of the microscopic technique compared to the en-
doscopic approach is preservation of all nasal and
paranasal anatomical structures. Furthermore, the
surgeon can freely use both hands while applying
microsurgical techniques when dissecting the tu-
mor. Also, a single surgeon controls the situation
the entire time as opposed to having 2 surgeons in-
volved in the endoscopic approach. A microscope
provides magnification, illumination, 3-D visual-
ization, communication with operating room per-
sonnel (via microscope monitor), and intraopera-
tive recording, which can be used for educational
purposes to teach trainees.

We utilized an endoscope at the end of surgery
(0°, 30°, 60°, 70°) to carefully inspect the resec-
tion cavity, find any unnoticed residual tumor,
and verify anatomy and lack of complications.
Furthermore, our combined approach provided
preservation of all anatomic structures, no evi-
dence of postoperative CSF leak and no evidence
of postoperative transient or permanent olfactory
loss thus minimizing postoperative discomfort.
Overall, our experiences indicate that both micro-
surgical and endoscopic techniques have merits

and should be used as complementary, rather than
competing, techniques (32).

Neuronavigation in Transsphenoidal Surgery

Axiem neuronavigation obviates the need for rig-
id head fixation. We consider the ability to freely
move the head to the desired position intraopera-
tively to be very important. This freedom of move-
ment enables the microscope view to be adjusted
in multiple directions, enhancing the visualization
capabilities of microscope itself. We found that
one of the benefits versus optoelectronic naviga-
tion is that there are no line-of-sight problems
when tracking instruments, and accuracy is com-
parable to standard navigation. This has been re-
ported by other authors, too (31). A drawback of
conventional neuronavigation, however, is the ne-
cessity of focusing on 2-dimensional images in 3
planes at the same time to determine one’s position
in the operating field. Several reports described
the use of neuronavigation in combination with
microsurgical or endoscopic approach alone, but
only a few reports have described the use of a com-
bined microscopic and endoscopic approach with
use of neuronavigation (3, 4, 19). Only Al-Metfty et
al. (4) described the use of a free-head navigation
technique in combination with microscope and
endoscope. Our additional observation is that the
use of neuro-navigation obviates the use of bulky
C-arm fluoroscopy and the subsequent health haz-
ards of intraoperative radiation to operative room
personnel and surgeons.

Conclusion

Our experiences utilizing the original combina-
tion of microsurgical and endoscopic endonasal
transsphenoidal approach and using neuronaviga-
tion indicate that it is a safe and effective practice
for the resection of pituitary tumors. Our results
indicate that it may increase the efficacy of re-
section in all relevant outcome parameters, such
as increasing the radicality of surgical resection,
helping to preserve the pituitary gland, and help-
ing to improve and resolve preoperatively altered




patient hormonal function and impaired vision.
Furthermore, the combined approach reduces
complications (CSF leak and postoperative olfac-
tory loss), provides less postoperative pain and
discomfort, reduces the surgery time, and enables
a shorter hospital-stay.

What Is Already Known on this Topic:

The utilization of microsurgical or endoscopic technique for the resec-
tion of pituitary tumors have both been proven to be effective. However,
these 2 techniques are presently used competitively and not simultane-
ously. This antagonism deprives surgeons to use the benefits of both
techniques simultaneously.

What this Study Adds:

Utilizing the original combination of microsurgical and endoscopic en-
donasal transsphenoidal approach and using neuronavigation proves
to be a safe and effective practice for the resection of pituitary tumors.
Our results on a relatively large series of patients indicate that it may
increase the efficacy of resection in all relevant outcome parameters:
increasing the radicality of surgical resection, helping to preserve the
pituitary gland, and helping to improve and resolve preoperatively al-
tered patient hormonal function and impaired vision. Furthermore, the
combined approach reduces complications, provides less postoperative
pain and discomfort, reduces the surgery time, and enables a shorter
hospital-stay. Finally, combination of these 3 techniques into one ac-
cumulates and enhance their singular benefits.
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