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Abstract

Background: The indications of transcranial approaches for pituitary adenomas have declined in the last decades
with the widespread performance of endoscopic transsphenoidal approaches.
The aim of the study was to review the current indications of transcranial approaches for pituitary adenomas and to
evaluate the clinical and radiological outcome following these approaches.

Patients and methods: This study included 16 patients with fresh, residual, or recurrent pituitary adenomas
operated upon by transcranial approaches alone or in combination with transsphenoidal approaches. The
indication to perform a transcranial approach was reviewed for each patient. Postoperative clinical outcome and
the extent of tumor resection were assessed.

Results: The indications of transcranial approaches were significant parasellar and/or anterior fossa extensions in 6
patients, failed previous transsphenoidal surgery in 3 patients, giant adenoma extending into the third ventricle in 3
patients, dumbbell-shaped adenoma in 2 patients, and doubtful diagnosis in 2 patients. Two patients with invasive
giant adenomas were operated upon by a combined approach. There was a single mortality. Permanent
complications included visual loss in one patient, third nerve palsy in one patient, hypopituitarism in two patients,
and permanent diabetes insipidus in two patients. Gross total resection was achieved in one patient, subtotal
resection in seven patients, and partial resection in eight patients.

Conclusion: Transcranial approaches are still needed for some complex pituitary adenomas particularly giant
tumors with significant lateral, anterior, or superior extensions, tumors with fibrous consistency particularly after
failure of transsphenoidal approach, and dumbbell-shaped tumors with severe constriction at the diaphragm.
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Introduction
During the last decades, the transsphenoidal approaches
had become the standard and the first line option for
surgical management of pituitary adenomas. These ap-
proaches have been proven to be effective and safe, be-
ing minimally invasive approaches that avoid the need
for craniotomy with less hospitalization time and less
morbidity and mortality [1–3]. The advances in

endoscopic technology with better illumination and high
definition optics and the widespread use of the extended
transsphenoidal approaches had decreased the indica-
tions for transcranial approaches with only less than 5–
10% of pituitary adenomas being operated upon using
transcranial approaches [4–9].
The current indications for transcranial approaches in-

clude tumors with dumbbell-shaped configuration due
to hourglass constriction at the diaphragm, multi-
lobulated tumors, tumors with large intracranial exten-
sions and small sellar volume, tumors with asymmetric
extension into the anterior fossa, tumors with significant
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lateral extensions, and fibrous tumors [5, 9, 10]. Al-
though the endoscopic transsphenoidal approaches in-
cluding the extended approaches have managed to deal
with some of these tumors efficiently, the transcranial
approaches are still required for some tumors particu-
larly those with significant lateral tumor extensions be-
yond the cavernous sinus or the supraclinoid internal
carotid artery [8–11]. Transcranial approaches are also
indicated in cases with failed previous transsphenoidal
surgery particularly for fibrous tumors and as a part of
combined transcranial and transsphenoidal approaches
for some giant and invasive adenomas whether simultan-
eously or staged to increase the extent of resection [6,
12–14]. Other less common indications for transcranial
surgery include doubtful preoperative diagnosis, kissing
carotid arteries making the transsphenoidal approach
hazardous, and the coexistence of an aneurysm with the
adenoma [6, 10].
The aim of the study was to review the current indica-

tions for transcranial approaches for pituitary adenomas
and to evaluate the outcome following these approaches
both clinically and radiologically.

Patients and methods
This study was conducted on 16 patients with pituitary
adenomas operated upon by transcranial approaches
alone or combined transcranial and transsphenoidal ap-
proaches during the period between 2009 and 2017. This
study included pituitary adenomas operated upon for
the first time in addition to residual and recurrent
adenomas.
All patients have been subjected to thorough history

taking and detailed neurological examination with par-
ticular emphasis on assessment of visual acuity, visual
field by confrontation, fundus examination, and assess-
ment of ocular motility. Automated perimetry was per-
formed for all conscious patients with visual acuity
better than 1/60, and hormonal profile was requested for
all patients except in one patient in whom the lesion was
not suspected to be an adenoma preoperatively. Mag-
netic resonance imaging (MRI) with intravenous injec-
tion of gadolinium was performed for all patients.
Patients were operated upon by transcranial ap-

proaches including the subfrontal, the frontolateral, and
the pterional approaches. All patients were admitted to
the intensive care unit and initial clinical assessment was
performed in the immediate postoperative period. Any
conscious level deterioration or the occurrence of any
unexplained neurological deficit was immediately inves-
tigated by computed tomography (CT) of the brain;
otherwise, CT brain was performed on the second post-
operative day. Postoperative evaluation stressed on as-
sessment of the conscious level, visual acuity and field,
ocular motility, motor power, and manifestations of

hypopituitarism including diabetes insipidus (DI). MRI
with contrast was performed after 3 months for all
patients.
Data of these patients including age, sex, clinical pres-

entation, visual assessment, ocular motility, hormonal
profile, and MRI findings were reviewed. The indication
to perform a transcranial approach was reviewed for
each patient. Postoperative clinical outcome in the early
postoperative period and at the last follow-up and the
extent of tumor resection as verified by postoperative
MRI were assessed. Analysis of the indications to per-
form a transcranial approach or a combined transsphe-
noidal and transcranial approach was performed
retrospectively to determine the few indications for
transcranial approaches.

Results
The study included 12 male patients and 4 female pa-
tients with mean age of 35 years (range 10–57 years).
Visual affection was the main presenting symptom with
eight patients (50%) presenting with diminution of vi-
sion. Three patients (18.75%) presented with slight con-
scious level disturbance with all three patients having
visual affection. Two patients (12.5%) presented with vis-
ual field affection and two patients (12.5%) presented
mainly with headache and mild visual affection. One pa-
tient (6.25%) presented with acromegalic features in the
form of change in body features and size of extremities.
Examination revealed some degree of visual deterior-
ation or field defect in all patients with ten patients
(62.5%) having marked diminution of vision in one or
both eyes where marked visual affection was defined as
visual acuity less than 1/60. Endocrinological manifesta-
tions were present in five patients (31.25%); four of them
were males with impotence and diminished secondary
sexual characters, and the last patient was acromegalic.
The hormonal profile was normal apart from mild

hyper-prolactinemia due to stalk effect in 11 patients
(68.75%). Two patients (12.5%) had markedly elevated
prolactin levels (8000 and 8800 ng/ml), one patient
(6.25%) had elevated growth hormone (GH) levels, and
one patient (6.25%) had mild reduction in serum cortisol
levels. Hormonal profile was not obtained in one patient
(6.25%) with a lesion that was not preoperatively sus-
pected to be a pituitary adenoma on MRI but turned out
to be an adenoma intraoperatively with postoperative
diagnosis of prolactinoma. Seven patients (43.75%) had
macroadenomas (> 1 cm in maximum tumor diameter)
and nine patients (56.25%) had giant adenomas (> 4 cm
in maximum tumor diameter). Eight patients (50%) had
invasive pituitary adenomas with bilateral cavernous
sinus invasion present in three patients (18.75%). Six pa-
tients (37.5%) had significant parasellar extension and/or
anterior fossa extension and four patients (25%) had
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large suprasellar extension obliterating the third ven-
tricle. Three patients (18.75%) had hydrocephalus on
their preoperative images; two patients (12.5%) were
managed by initial cerebrospinal fluid (CSF) diversion by
ventriculoperitoneal (VP) shunt, while the third patient
(6.25%) was operated upon by direct tumor attack
followed by VP shunt few weeks later. There were three
patients (18.75%) who were previously operated upon;
one patient was operated upon by transsphenoidal ap-
proach that failed to reach the adenoma, one patient was
operated upon twice by the transsphenoidal approach,
and one patient has been operated upon twice using
transcranial approaches and once by a transsphenoidal
approach. The duration between the initial surgery and
the final surgery ranged between 1 week and 3 years.
The indications for surgery in these patients included

disturbed conscious level in 3 patients (18.75%), acro-
megaly in 1 patient (6.25%), and visual affection in 12pa-
tients (75%). The indications to perform transcranial
approaches were adenomas with significant parasellar
extensions and/or anterior fossa extensions in six pa-
tients (37.5%), giant adenoma with extension into the
third ventricle in three patients (18.75%), failed previous
transsphenoidal surgery in three patients (18.75%),
dumbbell-shaped adenoma with a waist at the dia-
phragm in two patients (12.5%), and doubtful diagnosis
in two patients (12.5%) (Fig. 1). Patients with failed pre-
vious transsphenoidal surgery included two patients with
failed surgery due to fibrous and tough tumor
consistency and one patient with the transsphenoidal
surgery misdirected into the anterior cranial fossa due to
a small poorly pneumatized sphenoid sinus. Two pa-
tients (12.5%) were operated upon by a combined
approach where a transsphenoidal approach was per-
formed followed by a transcranial approach. Both

patients had invasive giant adenomas with large supra-
sellar extension obliterating the third ventricle in one
patient (6.25%) and significant parasellar extension in
the other patient (6.25%). Both patients had tumor ex-
tension into the sphenoid sinus so a combined approach
was performed. The preoperative MRI of three cases
with doubtful diagnosis, significant lateral tumor exten-
sion, and significant suprasellar tumor extension obliter-
ating the third ventricle are shown in Figs. 2, 3, and 4,
respectively.
Seven patients (43.75%) were operated upon by the

pterional approach, six patients (37.5%) were operated
upon by the unilateral subfrontal approach, and three
patients (18.75%) were operated upon by the frontolat-
eral approach. Twelve patients (75%) were operated
upon from the right side and 4 patients (25%) were op-
erated upon from the left side. The left side was per-
formed in patients with tumors with anterior or lateral
extensions predominantly on the left side.
There was a single mortality (6.25%) in this series in a

patient with an invasive giant adenoma occupying the
third ventricle that was operated upon by VP shunt
followed by a combined approach. The patient devel-
oped severe hypernatremia and agitation postoperatively
which gradually resolved over few days but the patient
developed ventriculitis with disturbed conscious level.
The VP shunt was externalized; however, the patient de-
veloped sepsis and died from septic shock 2 weeks after
surgery. Four patients (25%) were sleepy in the early
postoperative period and they improved within few days
and were fully conscious on discharge from the hospital.
Postoperative clinical assessment revealed visual im-
provement in eight patients (50%), stationary vision in
seven patients (43.75%), and visual loss in one patient
(6.25%) with severe visual affection preoperatively. Visual

Fig. 1 A chart showing indications for transcranial surgery
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deterioration in this patient might be explained by ische-
mia to the optic nerve or by mechanical trauma during
dissection of the tumor from the already thinned out optic
nerve. Two patients (12.5%) developed postoperative third
nerve palsy which was temporary in one patient (6.25%)
and permanent in one patient (6.25%) in whom a trial of
tumor removal from the cavernous sinus was performed.
Two patients (12.5%) developed temporary hemiparesis
that recovered within few days in both patients. Four pa-
tients (25%) developed temporary DI and were given vaso-
pressin for periods ranging from few weeks to 6 months
and two patients (12.5%) developed permanent DI. Two
patients (12.5%) developed hypopituitarism and required
replacement therapy. One patient (6.25%) had postopera-
tive fits and was controlled by antiepileptics and one pa-
tient (6.25%) with transsphenoidal surgery performed few
days before the transcranial approach developed CSF leak
that stopped within few days. Table 1 shows the perman-
ent complications in our series.

Gross total resection was achieved in only one patient
(6.25%) who had a growth-hormone secreting macroade-
noma, subtotal resection (> 90%) leaving a small tumor
residue mainly in the cavernous sinus was achieved in
seven patients (43.75%) while debulking with partial resec-
tion was achieved in eight patients (50%). The main causes
for partial resection included firm tumor consistency in
two patients (12.5%) and tumor extensions beyond safe
surgical resection in six patients (37.5%). The residual
tumor was managed by medical treatment alone in two
patients (12.5%) and by medical treatment in addition to
radiosurgery in another patient (6.25%) with prolactinoma.
Regarding the 11 patients (75%) with residual nonfunc-
tioning adenomas, 8 patients (50%) were followed up both
clinically and radiologically, while three patients (18.75%)
were referred to radiosurgery. The follow-up period
ranged between 2 to 8 years with mean follow-up period
of 4 years. Figure 5 shows MRI of a patient with subtotal
resection with a small residual left in the cavernous sinus.

Fig. 2 MRI brain T1WI with contrast showing a case with doubtful diagnosis

Fig. 3 MRI brain T1WI with contrast showing a case with significant lateral tumor extension
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Discussion
After performing retrospective analysis of the different
indications for performing transcranial approaches, we
found that the most common indication in our series
was significant tumor extensions into the parasellar re-
gion and/or the anterior cranial fossa which constituted
37.5% of our cases. Although gross total resection was
not achieved in any of these patients, subtotal resection
leaving a small residual mainly in the cavernous sinus
was achieved in four of these six patients (67%). A com-
bined approach was performed in one of these patients
who had significant tumor extension in the sphenoid
sinus in addition to the significant intracranial tumor ex-
tension, a policy recommended also by Nishioka et al.
and Ojha et al. in selected giant adenomas [12, 13]. In
cases with parasellar extension, our goal was to decom-
press the optic apparatus and reduce the tumor burden.
The residual tumor was managed by either medical
treatment and/or radiosurgery or just followed up. Sev-
eral studies encourage safe excision of adenomas while
leaving the cavernous portion for radiosurgery [9, 10,
15] as long as an adequate margin exists between the re-
sidual tumor and the optic apparatus (> 5 mm) [16] or
for medical treatment which is very effective in patients
with prolactinomas. Koutourousiou et al. reported that
tumors extending into the lateral cavernous sinus and
the middle fossa could not be totally resected unless a
transcranial approach was performed; however, they

recommended managing these lesions with transsphe-
noidal approaches admitting that a residual might be left
in the middle fossa with minimal risk. They stated that
lesions with significant anterior fossa extension might
need a combined endonasal and transcranial approach
[8].
Another common indication was giant adenomas with

large suprasellar extension obliterating the third ven-
tricle which constituted 18.75% of our cases. In all of
these patients, gross total or subtotal resection was not
achieved and only debulking with partial resection was
performed leaving a residual tumor in the third ventricle.
One of these patients was operated upon by a combined
approach due to significant sphenoid sinus extension
which was adequately removed by the transsphenoidal
approach before dealing with the transcranial extension
few days later. Significant suprasellar extension into the
third ventricle was considered as an indication for trans-
cranial surgery by Pratheesh et al. and Buchfedler et al.
[5, 9]. Koutourousiou et al. did not consider this as an
indication for transcranial surgery and recommended ex-
panded endoscopic approach for such lesions especially
that it provides a direct access along the tumor axis [8].
Kassam et al., Ikeda et al., and Cappabinaca et al. re-
ported favorable outcomes following extended trans-
sphenoidal approaches for these lesions [4, 15, 17].
Failed previous transsphenoidal approach was the indi-

cation to perform transcranial surgery in 18.75% of the
cases, mainly due to fibrous tumor consistency. Al-
though this indication is not currently approved by some
authors who perform extracapsular tumor resection
using the same principles applied in transcranial surgery
[17–19], other authors still consider it as an indication
to operate transcranially [8, 9, 14]. Although dumbbell-
shaped tumors with large suprasellar extension was con-
sidered as the most common current indication by

Fig. 4 MRI brain T1WI with contrast showing a case with large suprasellar extension obliterating the third ventricle

Table 1 Permanent complications

Complication Number of patients (percentage)

Visual loss 1 (6.25%)

Third nerve palsy 1 (6.25%)

Diabetes insipidus 2 (12.5%)

Hypopituitarism 2 (12.5%)
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several authors [8–10], it was the indication in only
12.5% of our patients. Another option to manage dumb-
bell shaped tumors with significant constriction at the
diaphragm is through the transsphenoidal trans-
diaphragmatic approach which needs further bony dril-
ling and sectioning of the diaphragm with the resultant
higher incidence of cerebrospinal fluid leak [19]. Doubt-
ful diagnosis as an indication for transcranial approaches
markedly declined with the high-quality MRI images
that make the diagnosis of a pituitary adenoma almost
certain in most of the cases nowadays. However, several
authors still consider it as an indication for transcranial
approach [6, 20]. The two cases with doubtful diagnosis
were suspected to be meningiomas so a transcranial ap-
proach was decided. Although many surgeons operate
nowadays on meningiomas through the expanded endo-
nasal approaches with drilling of the planum sphenoidale
and tuberculum sella reporting favorable results [4, 17],
we did not feel comfortable to approach these cases
through a transsphenoidal approach particularly with
the unavailability of navigation in the operating room.
It is well known that the rate of complications and the

incidence of hormonal deficiency are much lower with
transsphenoidal approaches [2, 3, 21]. In our transcranial
series, the mortality rate was 6.25% which is comparable

to other series in the microscopic era where the reported
mortality rates following transcranial resection of pituit-
ary adenomas ranged between 0 and 8.7% [9, 22, 23].
Regarding the visual outcome, there was visual deterior-
ation in only 6.25% of cases which is comparable to the
results of Guo et al. and lower than the 13% reported by
Pratheesh et al. [9, 22]. Visual improvement occurred in
only 50% of cases which is much lower than the rates re-
ported in several transsphenoidal and transcranial series
[8, 9, 22, 23] and might be explained by the severe pre-
operative visual deterioration in the majority of our pa-
tients. Panhypopituitirism requiring replacement therapy
occurred in 12.5% of cases while DI developed in 37.5%
of the cases being permanent in only 12.5% of patients.
Guo et al. reported hypopituitarism in 13% of cases and
temporary diabetes insipidus in 80% of cases with no
cases with permanent diabetes insipidus [22]. Pratheesh
et al. also reported hypopituitarism in 30% of the cases
and DI in 26% of the cases being permanent in only
8.7% of cases [9].
Gross total resection or near total resection were

achieved in 56.25% of the cases which is similar to the
results reported by Pratheesh et al. who achieved resec-
tion > 90% in 56.5% of their patients but lower than the
incidence reported by Guo et al. who achieved gross

Fig. 5 A Preoperative MRI Brain showing lateral tumor extension into and lateral to the cavernous sinus. B Postoperative MRI Brain showing
subtotal tumor resection leaving a small residual in the left cavernous sinus
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total resection in 67% of cases [9, 22]. Komotar et al. in
their systematic review of approaches to giant adenomas
found that gross total resection was achieved in 9.6% of
the cases and near total resection (> 80–90%) was
achieved in 90.4% of the cases [24]. The majority of our
cases were complex cases with either giant and/or inva-
sive tumors. Near total resection was achieved in all
cases with dumbbell shaped adenoma and in most of the
cases with parasellar extension; however, in cases with fi-
brous adenomas and significant extension into the third
ventricle near total resection could not be achieved.

Conclusion
Transcranial approaches are still needed for the manage-
ment of some complex pituitary adenomas particularly
those giant tumors with significant lateral and anterior
extensions, those with fibrous consistency particularly
after failure of transsphenoidal approach, and dumbbell
shaped tumors with severe constriction at the dia-
phragm. Giant tumors with large suprasellar extension
obliterating the third ventricle might be approached
transcranially; however, similar results can be achieved
using the expanded endoscopic approaches by experi-
enced surgeons.
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