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ABSTRACT

Objective: To compare clinical outcomes of large pituitary adenomas (>3 cm in maximum diameter), oper-
ated on by Endoscopic Transsphenoidal Surgery (ETS), versus Microscopic Transsphenoidal Surgery (MTS).
Methods: Medical records and MRI Scans of patients with a diagnosis of pituitary adenoma for whom
transphenoidal surgery was done were reviewed. Complete pre and post-operative data were available for
121 patients. Thirty five patients had large pituitary adenoma and were enrolled in this study. ETS was
done in 16 patients, and 19 underwent MTS. All patients were followed for at least six months. Clinical
and imaging characteristics were reported in details. Post-operative clinical outcomes were defined as clin-
ical outcomes persisted 6 months after surgery.

Results: The average tumor size was 36.3+4.4mm in ETS group, and 34.0+4.6mm in MTS group,
(p=.46). Six months after surgery, tumor size was 4.6+6.6mm in ETS and 17.7+122mm in MTS group,
(p=.002). Gross total resection (GTR) was observed in the 81.2% of the patient in the ETS group. In the
MTS group, GTR was observed in 15.8%.

Post-operative clinical outcomes including new onset hypopituitarism, visual impairment, and permanent
diabetes insipidus (DI) were comparable between the two groups.

Conclusion: ETS is superior to MTS in treatment of large pituitary adenomas with comparable post-
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operative complications.

Introduction

Treatment modalities for pituitary adenoma (PA) include surgery,
radiotherapy, and medical treatment.' Except for prolactinoma
where medical therapy is the treatment of choice, transsphenaid
surgery is the treatment of choice.”

Microscopic transsphenoidal surgery (MTS) has been consid-
ered as the standard.” However, endoscopic endonasal transsphe-
noidal surgery (ETS) has become an alternative in recent years.*

The efficacy of ETS for management of pituitary adenomas
has been reported.>>® However, reports on gross total resection
(GTR) and complications are inconsistent.

Large pituitary adenomas are those with maximum diameter
of 30mm or more. They may extend into cavernous sinus or
suprasellar regions.””® These features provide major neurosurgical
challenges.”'® GTR for smaller pituitary adenomas is reported to
be comparable for ETS and MTS."" However, the results for large
pituitary tumors are variable."" GTR for invasive/macro adenoma
is reported to be up to 78% and 31% for ETS, and MTS respect-
ively.'>'>"'* Furthermore, the reported incidence of postoperative
complications including new onset hypopituitarism and
perman3ent 6diabetes insipidus (DI) is diverse among different
studies.>">"!

The aim of this study was to compare the clinical outcomes of
ETS and MTS for large pituitary adenomas, emphasizing GTR
and postoperative complications.

Methods

We retrospectively reviewed medical files of patients operated on
for pituitary adenomas either by ETS or MTS from 2012 to 2014.
Endoscopic surgery was performed by a single neurosurgeon who
performed at least eight operations over the3 years. All micro-
scopic surgeries were done by two neurosurgeons who performed
at least ten operations per month over the 5 years up to 2014.

the microscopic approach was performed via the transseptal
route in the supine position with slight head and neck eleva-
tion and under direct fluoroscopic guidance, using C-arm
fluoroscopy. X-ray localization was used for all the patients.
Lumbar drains were fixed pre-operatively and after removal of
the tumor, 3 to 5ml of saline were injected to displace rem-
nant tumour into the operation field. Valsalva maneuvers were
applied simultaneously, waiting 10-15minutes for tumor rem-
nant to appear.
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the endoscopic approach was performed in the supine position
with neck hyperextension with the two nostril technique.
Submucosal resection was done and nasoseptal flaps raised for
possible closure of large defects. After sphenoidotomy, a posterior
septectomy was done. Using a high speed drill, a wide opening in
the rostrum was created for the endoscope. 30°, and 70° angled
endoscope was used for optimal visualization. This technique
eliminates the need for valsalva maneuver and lumbar drain
insertion. Neuronavigation system (parsis, Parsis Teb, Tehran,
Iran) was applied via right nostril. Bare endoscopes were used for
visualization only. Instruments were inserted parallel to the endo-
scopes rather than via separate working channels in the endo-
scope instrument.

Patients who were followed for at least six months after sur-
gery were included in this study. The preoperative MRI scans
were reviewed by a neuroradiologist. Pituitary adenomas were
confirmed post operatively by immunohistochemical (IHC) stain-
ing. Patients with other sellar or parasellar lesions were excluded.
Visual fields were evaluated before and 6 months after surgery
for all patients.

To determine tumor resection rate, post-operative MRI Scans
were reviewed six months after surgery. Post contrast TIWI scans
were used to calculate residual tumor size.

Recorded imaging characteristics included tumor size, shape
(round, dumbbell, multilobular), extension into the cavernous
sinus (CSI) only, CSI plus suprasellar, suprasellar only, and evi-
dence of apoplexy. Cavernous sinus invasion was evaluated
according to the Knosp criteria and was confirmed intra-
operatively.

Early post-operative complications were recorded 3 months
after surgery. New onset pituitary dysfunction was defined as bio-
chemical pituitary dysfunction or initiation of new hormone
replacement. Permanent post-operative clinical outcome was
defined as clinical outcome that persisted 6 months after surgical
intervention.

Gross total resection (GTR) was defined as optic apparatus
(nerves/chiasm/tract) decompression and less than 20% residual
tumor volume after surgery. In patients with acromegaly remis-
sion was defined as GH level <1 pg/dl after OGTT, and restor-
ation of IGF-I levels to normal for the age and sex.'” Remission
of prolactinoma was defined as normal serum prolactin without
medical treatment for at least 6 months after surgery."

Results

Of 121 patients who had complete pre-operative and post-opera-
tive data, 35(29%) with large pituitary adenoma were eligible to
enroll in this study.

The type of surgery was ETS in 16 (45.7%), and MTS in 19
(54.3%).

Nonfunctional pituitary adenomas were the most frequent, fol-
lowed by medication-resistant prolactinoma, and GH-secreting
pituitary adenoma. The median diameter of adenomas was
35mm (36.3+4.4mm) in ETS group and 32mm (34.00+4.6)
mm in MTS group. (p=.46). Clinical characteristics of the par-
ticipants are shown in Table 1.

Immunohistochemical staining was performed for all surgical
specimens. In NFPA, 37% had no immunoreaction to all 6 hor-
mones (null cell adenoma). On the other hand, in 63% of the
remaining clinically NFPAs, LH were the commonest subtype
comprised 59% of the subjects. One tumor was positive for
LH+FSH, and 1 for LH4+ACTH. No significant statistical

Table 1. Baseline characteristics of the study participants.

Endoscopic-TSS Microscopic-TSS
(n=16) (n=19) p value
Mean age (years) +£SD 39.43+15.21 43.06+11.29 45
Male, n (%) 9 (56%) 10 (53%) .83
Tumor size (mm) +SD 363+4.4 34.0+4.6 46
Hypopituitarism, n (%) 7 (43.7%) 4 (21.0%) 27
Visual field impairment, n (%) 10 (62.6%) 9 (47.4%) 37
Diabetes insipidus, n (%) 2 (12.5%) 0 2
Table 2. Imaging characteristics of the pituitary adenomas.
Endoscopic TSS Microscopic TSS
(n=16) (n=19) p value
Size
30-40 mm 13 15 .99
>40 mm 3 4
Shape
Rounded 4 7 49
Dumbbell 5 5 .75
Multilobular 7 7 .68
Extension
CSI Only 3 5 .70
CSI and suprasellar 5 8 51
Suprasellar Only 8 6 27
Contrast Enhancement
Homogeneous 6 5 A8
Heterogeneous 10 14
CSI: cavernous sinus invasion.
Table 3. Early post-operative complications™.
Endoscopic TSS  Microscopic TSS
(n=16) (n=19) p value
CSF leak, n (%) 3 (18.8%) 2 (10.5%) .66
Meningitis, n (%) 2 (12.5%) 1 (5.2%) .60
Death, n (%) 2 (12.5%) 2 (10.5%) 999
New onset hypopituitarism, n (%) 5 (31.25%) 7 (36.8%) .99

*Complications occurred up to three months after surgery.

difference between clinical presentations in immunoreactive and
non-immunoreactive NFPAs was observed.

In five patients with GH producing adenoma, 3 were positive
for GH and 2 for GH and LH.

In prolactinomas, 5 were positive for prolactin and 1 for GH
plus prolactin.

After applying monoclonal antibody MIB-1 to all surgical
specimens, Ki-67 antigen more than 3% were detected in 14.3%.
This subgroup had tumor extension to suprasellar region and
Cavernous sinus simultaneously.

Review of the MRI scans showed various tumor shapes, pat-
tern of extension, and contrast enhancement. Large pituitary
adenomas were rounded in 11 cases (31.42%), dumbbell shaped
in 10 (28.58%), and multilobular in 14 (40%).

Regarding tumor extension, 8 tumors (22.85%) occupied cav-
ernous sinus only, 14 (40%) extended only to the suprasellar
region, and 13 (37.14%) had cavernous sinus plus suprasellar
extension. Homogeneous enhancement after contrast administra-
tion was detected in 11 patients (31.42%), while 24 (68.58%)
showed heterogeneous enhancement (Table 2).

Early post-operative complications including CSF leak, menin-
gitis, and new onset hypopituitarism were similar in both groups
(Table 3).

Six months after surgery, the average tumor size was signifi-
cantly smaller in ETS group: 4.6+6.6 mm vs. 17.7+12.2
(p=.002).

The proportion of patients with lack of GTR was higher in
the MTS group compared to ETS group: 16 (84.2%) vs. 3



Table 4. Permanent post-operative clinical outcomes*.

Endoscopic TSS  Microscopic TSS

(n=16) (h=19) p value
Hypopituitarism, n (%) 12 (75%) 11 (57.8%) .28
Visual field impairment, n (%) 5 (31.2%) 5 (26.3%) 75
DI (permanent), n (%) 5 (31.2%) 4 (21%) 999
Average tumor size (mm = SD) 457 +6.58 17.69+12.25 .002
Lack of GTR, n (%)** 3 (18.7%) 16 (84.2%) .007
*Clinical outcomes persisted 6 months after surgery.
**More than 20% residual tumor after surgery.
Table 5. Gross total resection™ stratified by type of surgery.
Endoscopic TSS Microscopic TSS
(n=13) (n=3) p value
Size
>30Mm 13 3 <.001
Shape
Rounded 3 2 21
Dumbbell 3 1 .61
Multilobular 7 0 15
Extention
Csi Only 3 0 99
Csi and Suprasellar 2 0 .99
Suprasellar Only 8 3 51
Contrast enhancement
Homogeneous 6 1 99
Heterogeneous 7 2

*More than 80% resection rate.

(18.7%) p=.007. In the ETS group, two patients had residual
tumor in the cavernous sinus plus suprasellar regions, and one
patient had remnant in suprasellar area. On the other hand, in
the MTS group, residual tumor was detected in the suprasellar
plus cavernous sinus, and suprasellar only in 9 and 7 patients
respectively.

Permanent post-operative clinical outcomes including hypo-
pituitarism, visual field impairment and diabetes insipidus (DI)
were not different between the two groups (Table 4).

We also evaluated the frequency of GTR according to
the pre- operative characteristics in all patients. Among
various characteristics, only tumor extension showed statistically
significant effect on the outcome of surgery. Tumors with
suprasellar extension only showed the highest GTR (78.5%),
while GTR in patients with CSI plus suprasellar extension was
15.3%.

Tumors with cavernous sinus invasion or those with cavern-
ous sinus plus suprasellar extension were associated with lack of
GTR: 62.5%, and 84.6% respectively. Only 4 patients in ETS and
3 patients in MTS group had sphenoid sinus invasion as well.
This had no effect on GTR in final analysis. Those with suprasel-
lar extension only, had the best outcome: 78.5% showed GTR,
(p=.002).

When we compared GTR between the two types of surgery,
among all variables measured, tumor size showed statistically sig-
nificant effect on this outcome (Table 5).

Discussion

In this study, we found that ETS was associated with higher GTR
compared to MTS in patients with large pituitary adenomas:
81.3% vs. 15.8%.

Literature comparing endoscopic and microscopic TSS for
large pituitary adenomas is still limited. There is no clear distinc-
tion between pituitary macroadenomas and large pituitary adeno-
mas other than by size. The lower limit for classification of a
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large pituitary adenoma ranges from 30 to 40 mm in maximal
diameter.*”'* Many of these tumors invade the cavernous sinus
and complete resection is often a technical challenge.”'®"
Although transsphenoidal surgery is known as the optimum tech-
nique for resecting pituitary tumors within the sella turcica, the
surgical approach for adenomas with suprasellar extensions or
cavernous sinus invasion remains controversial.'”* Clinical pres-
entation, tumor anatomy and biology rather than tumor size
have been reported as the main determinates of the surgical
approach.” By obtaining maximal tumor resection, surgery could
help to relief mass effect on visual pathways and neurovascular
structures.*' >

The benefits and limitations of the various surgical approaches
including ETS, MTS and open surgery on giant pituitary adeno-
mas have been explored. One of the strengths of the microscopic
technique is stereoscopic depth perception in contrast with the
monoscopic and wide view of the endoscope.”* In addition, MTS
provides the opportunity for the implementation of more than
one instrument simultaneously. However, the width of the visible
field is limited and complete resection of the tumor may be
problematic.

The safety and efficacy EST has been repoerted.”° The tech-
nique could improve visualization of the surgical field and signifi-
cantly extends the field of view.” Other advantages of ETS
include preservation of sinonasal function, and reduced
complications.’

We used wide-angled 30° and 70° endoscopes to allow surgi-
cal views of lateral and superior structures to identify tumor parts
that could not be explored with the straight view of the micro-
scope. The main limitation of ETS is its failure when severe
bleeding occrued.** further limitations include less room for the
surgeon to manipulate surrounding structures, and longer dur-
ation of operation time.'>%

Higher rates of GTR (47.2%)>*” and improved visual out-
come (91.1%) are reported in patient operated with ETS in com-
parison to transcranial and MTS.'®***” In another study, low
rate of GTR was reported, regardless of type of surgical approach.
However, the rate of GTR was highest for the endoscopic endo-
nasal approach.'®” The difference could be explained by better
visualization provided by the endoscopic approach.'* Moreover,
improvement of surgical oucomes is correlated with the numbers
of patients operated on.

Tumor size, configuration, and extension should be considered
for evaluating the maximum tumor resection using endonasal
transphenoidal approach.

In our study, tumors with cavernous sinus invasion or those
with cavernous sinus plus suprasellar extension were associated
with significant residual tumor after surgery. Tumors with supra-
sellar extension only, had the best outcome: 78.5% showed no
residual tumor after surgery. The major limitation with the endo-
scopic approach is cavernous sinus invasion,”*?"*® while for the
microscopic transsphenoidal surgery, suprasellar extension is the
main barrier.”?

Other barriers to ETS include tumor size*’, multilobular con-
figuration and extension to the middle fossa.'™* In our study,
the maximum tumor diameter was 4lmm and there was no sig-
nificant difference between the two groups considering the shape
of adenomas.

Visual outcomes are a major advantage of the ETS approach
in comparison with other surgical techniques.’® Landeiro et al.
analysed their initial experience in the management of 35 patients
with giant nonfunctioning pituitary adenomas operated on by
endonasal endoscopic transphenoidal resection. They found
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improvement of visual acuity and visual field in (80%) and
(73.9%) of the patients respectively.”’ Chabot et al. hypothesized
that the endoscope approach protects the optic apparatus and its
blood supply and provides a better visual field.*

The rates of visual improvement for ETS are reported from
73% to 91.1%.°>*>** This figure is 45.7% for open transcrandial,
and 34.8% for microscopic transphenoidal approches.*

In our study, visual field improvement was comparable in
both groups: 50% of the patients showed improvement of the vis-
ual fields six months after surgery. Moreover, there were no dif-
ferences in permanent post-operative complications including
new onset hypopituitarism, and permanent diabetes insipidus
(DI) between the two groups. These findings are limited by
the number of the patients in each group and the duration of fol-
low-up.

Previous studies comparing clinical outcomes of large pituitary
tumors explored the issue in different populations and clinical
settings. This study examines the outcomes using data from a
single clinical care setting. However, we had some limitation: the
retrospective design of the study, surgical procedures were per-
formed by different neurosurgeons and limited sample size limits
subgroup analysis.

Conclusion

ETS is superior to MTS in the treatment of large pituitary adeno-
mas with comparable post-operative complications. However, the
success rate decreases for large adenomas with cavernous sinus
invasion.

Disclosure statement

The authors report no declarations of interest.
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