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Background: The management of Non-Functioning Pituitary Adenoma (NFPA) invading the cavernous sinus (CS) is currently a

balancing act between the surgical decompression of neural structures, radiotherapy and a wait-and-see policy.

Methods: We undertook a retrospective review of 56 cases of NFPA with CS invasion treated through an endoscopic endonasal

approach (EEA) between 2000 and 2010. The Knosp classification was adopted to describe CS involvement using information

from preoperative MRI and intraoperative findings. Extent of resection and surgical outcomes were evaluated on the basis of

postoperative contrast-enhanced MRI. Endocrinological improvement and visual outcomes were assessed according to the most

recent consensus criteria.

Results: EEA was performed using direct para-septal, trans-ethmoidal-sphenoidal or trans-ethmoidal-pterygoidal-sphenoidal ap-

proach. Visual outcomes improved in 30 (81%) patients. Normalization or at least improvement of previous hypopituitarism was

obtained in 55% of cases. A gross total resection was achieved in 30.3% of cases. The recurrence-free survival was 87.5%, with a

mean follow-up of 61 months (range, 36-166 months). No major intraoperative or postoperative complications occurred.

Discussion: EEA is a minimally-invasive, safe and effective procedure for the management of NFPA invading the CS. The extent of

CS involvement was the main factor limiting the degree of tumor resection. The EEA was able to resolve the mass effect, preser-

ving or restoring visual function, and obtaining adequate long-term tumor control.
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Introduction

Non-functioning pituitary adenomas (NFPA) are pituitary
tumours without hormonal hyperproduction but which create
a mass effect leading to visual defects and which may progress
to hypopituitarism. Immunonegative, gonadotropic, and silent
adenomas are grouped under the name of NFPA since they have
no specific clinical symptoms of hormone hypersecretion -3,
Trans-sphenoidal surgery is considered the treatment of choice,
given the lack of efficacy of the standard medical treatment in
reducing the size of NFPA. These lesions are usually diagnosed
when they have grown to large sizes (macroadenoma, greater
than 1 cm), and they remain a challenge for skull base surgeons

given the frequent occurrence of residual tumor .

Most recently, surgical resection of pituitary macroadeno-

mas has been facilited by the use of an angled endoscope in
combination with extended endoscopic endonasal approaches
(EEA) ©®, However, once the tumor has significantly invaded the
cavernous sinus (CS), a gross total resection (GTR) is achieva-
ble only in a small percentage of cases because of the large
dimension of lesions and their proximity to critical neurovascu-
lar structures. The surgical purposes in these cases are to obtain
the maximal tumor resection, to improve visual function and
neurological symptoms whilst at the same time preserving the
hormonal function of the healthy pituitary gland. In the present



study we describe our experience of using an EEA for the
surgical management of NFPA invading the CS and we evaluate
the long-term results of a wait-and-see policy after surgery for
residual tumors.

Methods

After approval by the Institutional Review Board we conducted
a retrospective analysis of 205 endoscopic endonasal trans-sp-
henoidal procedures for NFPA performed at the University Hos-
pital of Pavia and at the University Hospital of Insubria-Varese
between 2000 and 2010. Among these, only patients who pre-
sented with CS invasion (CSI) both on preoperative imaging and
intraoperatively were included in this study. Preoperative evalu-
ation with 1.5-T contrast-enhanced MR imaging was performed
for all patients and the imaging findings were evaluated using
the grading system proposed by Knosp to predict the probabi-
lity of CSl (grade 3 and 4) ©. Exclusion criteria were as follows:
grade 1 and 2 according to Knosp; patients who had previously
been treated with radiotherapy in the pituitary region; patients
with follow-up shorter than 36 months. All patients enrolled
underwent neurological, ophthalmological and endocrinologi-
cal examinations before and after surgery. All the patients gave
their informed consent to participate in this survey.

Neuroradiological assessment

Paranasal sinus computed tomography (CT) scans were perfor-
med for all patients in order to evaluate anatomical variants in
the sellar floor, nasal cavity and paranasal sinus. All patients also
underwent tumor evaluation by magnetic resonance imaging
(MRI). Pre-surgical imaging protocol included systematic T1-
weighted sequence with and without contrast injection and T2
sequence. Tumor volume was estimated using a modified el-
lipsoid volume formula (length x height x width x [pi/6]), based
on MR imaging. Tumor lateral extension, particularly focusing
on CSI, was defined using coronal T2 and T1-weighted. At three,
six and twelve months after surgery and then once annually, all
patients underwent postoperative MR imaging control with the
same sequences as those performed preoperatively.

The first MR scan, performed on the 3rd postoperative month,
was used to assess the degree of tumor resection. Absence of
tumor was considered as GTR (Figure 2). If present, the volume
of residual adenomas was calculated with the same mathemati-
cal formula used for the initial tumor measurement. The residual
tumor volume was compared to the preoperative tumor volume
thus obtaining the percentage of tumor resection which was
classified as follows: subtotal removal (STR), with a residual
lesion less than 20% (Figure 3); partial removal (PARTIAL),

with residual lesion less than 50% (Figure 4). Preoperative and
postoperative radiological evaluations were performed by an
independent neuroradiologist in all cases.
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Endocrinological assessment

Before and after surgery, all patients underwent endocrinologi-
cal tests to evaluate the anterior pituitary function. Preoperative
pituitary endocrine function laboratory data were collected

for all patients and included follicle-stimulating hormone,
thyroid-stimulating hormone, T3, T4, cortisol, adrenocorticotro-
pic hormone, insulin-like growth factor-1 and prolactin levels.
Endocrine function was assessed with provocative or dynamic
test. The same endocrinological tests were repeated immedi-
ately post-operatively, at three, six and twelve months after
surgery and thereafter once a year. Post-operative findings were
classified as improved or worsened when a given component of
the pituitary function had been recovered or lost, and stable if
no change occurred.

Ophthalmological examination

A designated neuro-ophthalmologist interpreted the visual

field (VF) examination (Humphrey and/or Goldmann test) and
assessed visual acuity (VA), color acuity, ocular movements (lll, IV
and VI cranial nerve function) and fundoscopic examination pre-
operatively, immediately post-operatively and at three, six and
twelve months following surgery and afterwards once a year.
The visual outcomes were classified as follows: normal, when

all parameters were normalized; improved, when at least one of
the parameters had been improved; stable, when no change oc-
curred; worsened, when at least one of the parameters showed
deterioration.

Surgical approach

The endoscopic endonasal approach to the sellar region used by
our group has been previously published 9. All the procedures
were performed through the binostril approach. The endoscopic
endonasal approach to the sphenoid and sellar compartment
was tailored to the tumor extension according to three different
techniques: direct paraseptal approach (DP), trans-ethmoid-
sphenoid approach (TES) or trans-ethmoid-pterygoid-sphenoid
approach (TEPS). The indication for the DP approach relates to
lesions localized in the sellar region or extending to the medial
part of the CS. The indication for the TES approach is when
there is lateral and anterior extension of the pituitary tumor.
The TEPS approach is indicated when the tumor has spread to
the lateral part of the CS, middle cranial fossa and infratemporal
fossa. A wide bilateral sphenoidotomy with removal of 0.5-1 cm
of posterior nasal septum is always performed to allow a two
nostril four-hands technique. Importantly, before the sphenoi-
dotomy, we strongly advise detaching the mucosal layer of the
sphenoidal floor in order to identify and preserve the choanal
branch of the sphenopalatine artery (nasoseptal rescue flap).
The approach to the sellar region is similar in all the three
techniques and requires the identification of critical orientating
anatomical landmarks utilising intraoperative Doppler Ultra-
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Figure 1. Intraoperative view through a 0° endoscope. A) After opening the dura of the cavernous sinus, the internal carotid artery and the sixth

cranial nerve were exposed and the pituitary adenoma invading the cavernous sinus was removed. B) The ‘diving technique’allowed us to explore
the cavernous sinus and it was useful in identifying a small residual tumor (marked with a white asterisk) that had to be removed in order to obtain a
gross-total resection. C) Post-operative endoscopic endonasal control three months after surgery, showing the integration of the nasoseptal flap with

complete healing of the surgical cavity. Labelled structures: pg, pituitary gland; ICA, internal carotid artery; Vlcn, sixth cranial nerve; sf, sella floor; sept,

nasal septum; NSF, nasoseptal flap.

sound and neuronavigation systems. Lateral tumor extension in
the parasellar region requires removal of the bony wall covering
the cavernous part of the ICA and the postero-lateral wall of the
sphenoid extending up to the orbital apex. Once a window in
the bone of the sellar floor is opened, the procedure is carried
out with the incision of the sellar dural layer and subsequent
tumor debulking. The continuous flushing and the hydrodissec-
tion of the sellar cavity (“diving surgery”) is useful in identifying
small infiltrations of the CS and checking the integrity of the
pituitary stalk when the endoscope is introduced into the sellar

compartment (Figure 1) V. In most cases, when tumour removal

is completed reconstruction of the sellar floor is not required. In
cases presenting with a cerebrospinal fluid (CSF) leak, closure

is performed using the nasoseptal flap overlay combined with
autologous tissue graft placed inlay (14,

Results

Of the 205 patients treated for a NFPA, 56 (27.3%) were affected
by tumors with CSI (grade 3-4 according to Knosp). This group
comprised 20 males and 36 females. The patients were aged
between 37 and 79 with a mean age of 59 years. Clinical pre-
sentations necessitating surgery included visual disturbances
(37.5%), headache (19.6%) and symptoms related to hypopituit-

arism (17.8%). The preoperative ophthalmologic assessment and

the endocrinological data are reported in Table 1.

Neuroimaging

On examination of the radiological findings from MRI scans, 34
cases (60.7%) were classified as macroadenoma (> 1 cm), while
22 cases (39.3%) as giant adenoma (> 4 cm). The average pre-

operative tumor volume was 19.7 cm? ranging between 4.3 and
73.9 cm?®. The parasellar extension of the tumor was classified
using the Knosp grading system as follows: 28/56 (50%) cases
were classified with a grade 3 and 28/56 (50%) cases with a
grade 4. In all cases the CSl was confirmed by the intraoperative
findings as well (Table 1).

Figure 2. Preoperative contrast-enhanced T1-weighted MRI scan in axial

(A) and coronal (B) view, showing a non-functioning pituitary adenoma
invading the left cavernous sinus with encasement of the internal caro-
tid artery. The 1 year postoperative contrast-enhanced T1-weighted MRI
scan in axial (C) and coronal (D) view revealed a gross-total resection of

the lesion.
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Table 1. Summary of the clinical and pathological findings of the pa-

tients enrolled in this survey.

NFPA with Cavernous Sinus Invasion Number

Total of patients (%) e (ZZ;Z:/Z:J)NFPA
Sex
Female 20
Male 36
Age
Median 59
Range 37-79
Surgical indications
Incidental findings 8(14%)
Residual progression 8(14%)
Endocrinological disorders 10(17.8%)
Visual deficit 21(37.5%)
Headache 11(19.6%)
Clinical examination
Ophthalmology
Normal 19(33.9%)
Decrease in VA A(7.1%)
Abnormal VF 16(28.5%)
Abnormal VA & VF 15(26.7%)
Palsy of Il CN 1(1.7%)
Abnormal VA & VF & Il CN palsy 1(1.7%)
Endocrinology
Normal pituitary function 33(58.9%)
Partial or hypopituitarism 20(35.7%)
Complete loss of pituitary function 3(5.4%)
Tumor size (%)
Macro (>1cm) 34(60.7%)
Giant (>4cm) 22(39.3%)
Knosp classification (%)
Grade 3 28(50%)
Grade 4 28(50%)

Abbreviations. NFPA, non-functioning pituitary adenoma; VA, visual acu-

ity; VF, visual field; CN, cranial nerve.

Surgical treatment
The DP approach was used in 35/56 patients (62.5%), and inclu-
ded 32/34 macroadenomas (94.1%) and 13/22 giant adenomas
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Table 2. Visual outcomes overview comparing the pre-operative condi-

tion with the post-operative results.

Pre-op Post-op Number GTR STR PR
Normal vision 19 (33,9%)
Stable 100% 5 12 2
Worsened 0% 0 0 0
Visual impairment 37 (66.1%)
Worsened 1(2.7%) 0 1 0
Stable 6 (16.2%) 1 4 1
impr-lt-xearl'nent S0 ()
Improved 16 (43.2%) 4 10 2
Normalized 14 (37.8%) 7 7 0

Abbreviations. GTR, gross total resection; STR, subtotal resection; PR,

partial resection.

(59%) with Knosp grade 3 in 23/28 cases, (82.1%) and grade
41in 12/28 cases, (42.8%). The TES approach was performed in
17/56 patients (30.3%), including 2/34 macroadenomas (5.8%)
and 5/22 giant adenomas (22.7%), with Knosp grade 3 in 4/28
tumors, (14.2%) and grade 4 in 13/28 tumors, (46.4%). The TEPS
approach was used in 4/56 patients (7.2%) affected by giant
adenomas 4/22 cases (18.1%); one case (1/28, 3.5%) was clas-
sified as Knosp grade 3 and the remaining three (3/28, 10.7%)
as Knosp grade 4. GTR was achieved in 17/56 (30.3%) patients,
12/28 cases of Knosp grade 3 tumors, (42.8%) and 5/28 cases of
Knosp grade 4 tumors, (17.8%); STR in 34/56 patients (60.7%),
while a PARTIAL in 5/56 patients (8.9%). No recurrences were
observed after GTR. Of the 39 patients with residual tumor,
7/39 (17.9%) required further surgical treatment via endoscopic
transnasal approach for regrowth of the residual lesion.

Clinical follow-up

The mean follow-up period was 61 months with a range of 36-
166 months.

None of the 19 patients (33.9%) with normal eyesight prior

to surgery developed any deficit post-operatively. Of the 37
patients (66.1%) presenting with visual defects 81% improved
or normalized their visual function, 16.2% remained stable and
one patient (2.7%) experienced a worsening of his pre-existing
deficit (Table 2).

From an endocrinological viewpoint information was available
for only 44/56 patients as the remaining 12 had been referred to
us solely for their surgery and their endocrinological follow up
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Table 3. Endocrinological outcomes overview comparing the pre-

operative condition with the post-operative results (data available for 44

patients).

Pre-op Post-op Number GTR STR PR
Normal (%) 21(47,7%) 6 12 3
No changes 17 (80,9%) 6 9 2

Worsened 4(19,1%) 0 3 1

Hypopituitarism 20 (45,5%) 7 12 1
Worsened 2 (10%) 2 0 0

No changes 7 (35%) 2 4 1

Improved 6 (30%) 1 5 0

Normalized 5 (25%) 2 3 0

Panhypopituitarism 3 (6,8%) 1 1 1
No changes 2 (66,6%) 0 1 1

Improved 1(33,3%) 1 0 0

Normalized 0% 0 0 0

Abbreviations. GTR, gross total resection; STR, subtotal resection; PR,

partial resection.

was undertaken in other centers. Of the patients with normal
anterior pituitary function before surgery (21/44 patients,
47.7%), post-operative worsening occurred in only four cases
(19.1%) and for the remaining 17 (80.9%) no variation in en-
docrine function was registered. For those patients presenting
with partial pituitary deficiency, endoscopic surgery enabled

a total or partial recovery of pituitary function in 55% of cases.
Only one patient who had presented with total anterior pituitary
deficit improved after surgery (Table 3).

Overall the pituitary axes affected by a functional deficit during
the post-operative period were as follows: Growth Hormone
deficiency was observed in 19 (43.1%) patients; hypogonadism
in 13 (29.5%) cases; hypoprolactinemia in 6 (13.6%) patients; hy-
pocortisolism was detected in 9 (20.4%) patients on postopera-
tive day 2 increasing to 14 (31.8%) patients on postoperative day
6; hypothyroidism occurred in 15 (34.1%) cases. Patients with
abnormal serum cortisol levels were treated with glucocorticoid
replacement. Patients with postoperative hypothyroidism were
subsequently treated with a levothyroxine replacement.

Complications
No perioperative mortality occurred in this cohort. Out of the
six patients with intraoperative evidence of CSF-leak (10.6%),

Table 4. Analysis of complications occurring in our series of 56 NFPA
with CSl treated through an endoscopic transnasal trans-sphenoidal
approach.

Total

Complications GTR STR PR

Post-operative CSF leak 3(5.3%) 0 3 0

Post-operative epistaxis 0 0 0 0
Brain lesion/Hematoma 0 0 0 0
Il c.n. deficit 0 0 0 0

VI c.n. transient defict 1(1.7%) 0 1 0

Internal carotid artery lesion 0 0 0 0

Transient diabetes insipidus 1(1.7%) 1 0 0

Permanent diabetes insipidus 2 (3.5%) 0 1 1

Death 0 0 0 0

Meningitis 0 0 0 0

Abbreviations. GTR, gross total resection; STR, subtotal resection; PR,

partial resection, c.n., cranial nerve.

four cases (who were treated before 2008) underwent sellar
floor reconstruction using autologous tissue grafts (fascia lata,
fat tissue, cartilage). Of these a post-operative CSF-leak occur-
red in three out of the four cases and required a revision surgery
to obtain long-term closure. The remaining two patients with
intraoperative evidence of CSF-leak who were treated after 2008
underwent closure with autologous tissue graft placed inlay
covered by a nasoseptal flap placed overlay, obtaining effective
long-term closure in both cases. Significantly, no postoperative
CSF leak occurred in patients with no intraoperative evidence of
CSF-leak.

One patient (1.7%) had a transient paralysis of the sixth cranial
nerve. No other cranial neuropathies were observed in our
series. As regards endocrinological complications, permanent
diabetes insipidus occurred in two patients (3.5%). No postope-
rative meningitis occurred in our patient group and none of the
procedures was complicated by intraoperative injury of the ICA
(Table 4).

Discussion

The NFPA are benign lesions that may attain large dimensions
over time without being detected. This is why 10-40% " of cases
of NFPA are diagnosed late and when they are already large
enough to be classified as macroadenomas (greater than 1cm).
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Figure 3. Preoperative contrast-enhanced T1-weighted MRI scan in coronal (A) view, showing a non-functioning pituitary adenoma invading the

inferior compartment of the right cavernous sinus. The 1-year postoperative contrast-enhanced T1-weighted MRI scan in coronal (B) view revealed a

sub-total resection of the lesion.

When symptoms are present, visual disturbance or headaches
are the main complaints.

It is widely accepted that trans-sphenoidal or transacranial
surgery can improve visual defects for most patients with these
lesions (118, Meta-analysis studies have shown that surgery
provided a significant improvement in the symptoms of 78% of
patients presenting with VA defects . The efficacy and safety of
the surgical procedure is also demonstated in our series, where
a normalization or an improvement of VA and VF defects were
obtained in 81% of patients, with only one reporting a worse-
ning of VA deficit.

Several studies analyzing the results of endocrinological
hypersecretion syndrome in patients with pituitary adenomas
have been published. However there are only a few which have
focused on pituitary function after surgery for NFPA. The largest,
by Nomikos et al., described the endocrinological outcomes
from a series of 660 NFPA which were surgically removed using
a microscopic technique. Partial anterior hypopituitarism was
normalized or improved in 49.7% of cases, remained stable in
48.9% and worsened in 1.4% 2. In our series a normalization or
at least improvement of previous hypopituitarism was obtained
in 55% of cases. Notably, no significant differences in endo-
crinological outcomes were observed between GTR and STR,
suggesting that the extent of resection does not have a direct
impact on the resulting pituitary function. This aspect is related
to the lateral position of the residual tumor, distant from the
pituitary gland. Data regarding endocrinological outcomes after
endoscopic trans-sphenoidal surgery for NFPA are limited and
conflicting. Some authors have reported an improvement in the
hormonal profile after surgery ©%, while others found no signi-
ficant improvements " or even a decrease in pituitary function
@2_A recent study reported improvement or normalization of

pituitary function in 56% of patients who underwent endosco-
pic transnasal surgery in comparison with only 25% in the group
treated using the traditional microscopic technique ©®. These
results support the concrete possibility of pituitary function
recovery after surgery and indicate that tumor resection should
be performed through a conservative and selective technique,
in order to preserve as much healthy residual glandular tissue as
possible.

As regards the endocrine management of hypopituitarism,

the primary approach is hormone-replacement therapy. Each
patient’s endocrine abnormalities and associated pathologies
should be individually evaluated in order to determine the
optimum approach. In our series postoperative glucocorticoid
replacement was not mandatory but was administered indivi-
dually based on each patient’s postoperative day 2 and 6 serum
cortisol levels. In our experience adequate treatment with gluco-
corticoids is valuable not only during the perioperative course
but also in improving patients’ overall condition.

The rate of GTR varies with different case-series and even falls
to zero when dealing with NFPA with lateral extension and CSI
which are the main limitations on complete tumor resection.
Dehdashti et al. reported their surgical experience of 111 NFPAs
treated through an endoscopic transnasal approach which
achieved an overall GTR of 88%, ranging from 97% of GTR for
non-invasive macroadenomas to 0% in the case of tumors with
CSI1©, Chang et al. obtained subtotal resection in all their cases
of NFPA with CSI using the microscopic sub-labial transsphenoi-
dal approach @%. Recently, several studies have reported better
results in the treatment of NFPA with CSl using the EEA. Frank et
al. reported a series of 35 patients affected by NFPA where 20%
had intraoperative evidence of CSl and yet GTR was achieved in
60% of cases ®*). Cappabianca et al. described a CSlin 23.7% of
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Figure 4. Preoperative contrast-enhanced T1-weighted MRI scan in axial

(A) and coronal (B) view, showing a giant non-functioning pituitary

adenoma with bilateral invasion of the cavernous sinuses and with com-
plete encasement of both internal carotid arteries. The 3-month postop-
erative contrast-enhanced T1-weighted MRI scan in axial (C) and coronal

(D) view revealed a partial resection of the lesion.

the NFPA treated, obtaining a GTR in 36.8% of them ©. Paluzzi et
al. reported a CSlin 34.5% of the NFPA they treated, their group
including a Knosp grade 2 tumor, and achieved a GTR in 35.4%
of cases 9.

Most recently several experiences in the treatment of giant
pituitary adenomas reported variable rates of GTR ranging from
20.7% 7 to 24% ), but no data about CSl and pituitary function
were specified.

Data emerging from our series are consistent with these other
results: we reported a CSlin 27.3% (56/205) of the NFPA treated,
including in this group only the Knosp grade 3 and 4 tumors
with concordant radiological and intraoperative findings, and
obtained a GTR in 30.3% of cases and STR in 60.7%.

It is widely accepted that CSl is the main predictive factor for
recurrence after surgical resection of NFPAs 21242930 At the same
time, and without providing overconfidence as to future disease
control rates, the extent of the resection obtained could also

be an important factor in predicting recurrence. An illustration
of such predictive difficulty is that Park et al. described a high
rate of 19/26 recurrences after GTR while Chang et al. reported
19/307 recurrences after GTR, occurring in six patients trea-

ted with surgery and adjuvant radiotherapy and in 13 cases
treated with surgery alone. The average recurrence time was
respectively 5.3 and 6.9 years 7. Although it is clear that tumor
regrowth depends on the extent of the tumor and on the
resection obtained, the role of post-operative residual disease
in long-term tumor control for non-irradiated patients is still de-

bated: some studies have observed only limited rates of tumor
regrowth in the presence of residual disease after exclusively
surgical treatment ©2. Our experience of NFPA with CSI seems to
be consistent with this trend, showing long-term tumor control
without regrowth/recurrence of tumor in 87.5% (49/56) of cases
after a mean follow-up of 61 months. This is in line with previous
studies reporting a long-term control rate ranging from 79.9%
to 90% 2239, |n our series no recurrences were observed after
GTR and only 7/39 showed regrowth of residual tumor after
subtotal or partial resection. Nevertheless, extended follow-up
beyond five years is recommended because of the possibility

of recurrence or residual tumor regrowth up to ten years after
treatment 62,

In our series only one patient underwent adjuvant radiotherapy
23 months after surgery. In this case the lesion was considered
Knosp grade 4 and its consistency was so hard that the removal
of the residual disease involving the cavernous sinus appeared
much too risky to be attempted. However, this case was excep-
tional and overall our long-term data are unable to justify prop-
hylactic adjuvant radiotherapy for residual disease in the field
of NFPA. Given the slow growth and the benign behaviour of
these tumors, radiation therapy could be recommended only in
case of patients with long life expectancy (> 10 years), when the
postoperative residual tumor is clinically significant or when the
periodic imaging scans reveal a progression of disease which
would be impossible to optimally manage with surgical revision.

Complications analysis

The most frequent complication in pituitary surgery is CSF-
leak which is reported in between 1.2% and 6% of the largest
endoscopic case-series >33 The rates of this complication
increase significantly in the case of extended approaches
reaching 4.5%-11%, based on the greater exposure of the sellar
dura “73%39 In our series, post-operative CSF-leak requiring
sellar floor reconstruction occurred in 5.3% of cases. Signifi-
cantly, from 2008 a vascularized pedicled nasoseptal flap has
been used to overlay the skull base reconstruction which has
dramatically reduced the rates of CSF-leakage. Nowadays when
intraoperative CSF-leak is evident, our sellar floor reconstruction
technique routinely uses a pedicled nasoseptal flap placed in
overlay fashion, covering the inlay autologous tissue grafts. The
outcomes of this technique are encouraging, necessitating no
further surgical revision up to now.

Permanent diabetes insipidus was observed in 3.5% of cases,
similar to that described in previous endoscopic endonasal
experiences ©%2533, No nasal complications such as post-opera-
tive epistaxis, were reported in our study. No lesions of the ICA
occurred in our series, thanks to proper anatomical knowledge
and extensive surgical experience that also took advantage of
the intraoperative use of the Doppler Ultrasound and magnetic
neuronavigation system. No permanent cranial neuropathies
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were observed in our series, with only one case of sixth cranial
nerve transient palsy. These results are in accordance with our
conservative philosophy on the management of CSl, where pre-
servation of the cranial nerves is considered the key endpoint
with the extent of resection always subordinate to it.

Limitations

The study has several limitations, largely related to its retro-
spective design, that must be considered when interpreting the
results. Moreover, the immunophenotype of NFPA is a critical
point that needs further investigation. Future studies should
analyse histopathological and immunohistochemical markers in
order to classify the NFPA in subgroups with different biological

behaviours the better to tailor appropriate treatment strategies
40)

Conclusions

Surgical treatment of NFPA with CSI aims at removal of as great a
part of the tumor as possible in order to reduce the mass effect
and minimize clinical symptoms for the patient. The extent of
tumor removal depends directly on the extent of disease and is
strongly linked to the Knosp grading system. Above all, the risks
of surgical morbidity when treating benign lesions extending
into the CS must be taken into account. The EEA has proven to

Non-functioning pituitary adenomas with cavernous sinus invasion

be a safe and effective procedure without evidence of tumor
recurrence or regrowth in 87.5% (49/56) of patients in the
present series after a mean follow-up of five years. On the basis
of the data presented in this study we advocate a post-surgical
wait-and-see policy in cases of residual tumor. This is in order
to prevent any unnecessary potential sequelae of adjuvant
radiotherapy for the majority of patients. Further studies based
on larger patient cohorts and with assessment of tumor control
rates extending beyond five years are required to validate our
data.
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