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Abstract

Objective: This study compared the incidence of cerebrospinal fluid (CSF) leakage and residual
tumors between functional and nonfunctional pituitary adenomas treated with the endoscopic
endonasal transsphenoidal approach (EETA).

Methods: All patients underwent endocrine examinations and brain magnetic resonance imaging
before and after surgery. The length of admission, incidence of central diabetes insipidus, inci-
dence of CSF leakage, symptom relief, and presence of residual tumors were compared between
patients with functional and nonfunctional pituitary adenomas.

Results: Thirty-eight patients were enrolled, among whom 12 and 26 had functional and non-
functional pituitary adenomas, respectively. The incidence of CSF leakage was significantly higher
in patients with nonfunctional adenomas; a hard or elastic tumor character accounted for the
difference. A large tumor size and cavernous sinus invasion were risk factors for residual tumors.
No significant differences were found in sex, length of admission, operative times, incidence of
diabetes insipidus, or number of residual tumors between the two groups. The hormone levels
were lower postoperatively than preoperatively in patients with nonfunctional adenomas.
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Conclusion: Nonfunctional pituitary macroadenomas resulted in more CSF leakage. Use of the
rescue nasoseptal flap reduced unnecessary nasal destruction. Cooperation between a neuro-
surgeon and otolaryngologist was safer and more effective when using the EETA.
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Introduction

Pituitary adenomas, which are tumors that
occur in the pituitary gland, represent
approximately 10% to 15% of all intracra-
nial tumors.' They arise from epithelial cells
in the adenohypophysis of the pituitary
gland and rarely metastasize.” > According
to their size, pituitary adenomas can be
classified as microadenomas (<lcm in
diameter) or macroadenomas (>1cm in
diameter). They can also be classified as
functional or nonfunctional adenomas.
Functional pituitary adenomas often cause
hormonal effects by oversecreting hor-
mones. Nonfunctional pituitary adenomas
(or null cell adenomas) do not secrete hor-
mones but often cause mass effects, such as
optic nerve compression.®

The two main surgical approaches for
the treatment of pituitary adenomas are
the transcranial approach, which includes
the frontal craniotomy method and the sub-
frontal method, and the transsphenoidal
approach, which includes the microscopic
method and the endoscopic method. The
endoscopic  endonasal transsphenoidal
approach (EETA) has increasingly been
employed for the removal of pituitary ade-
nomas. In this study, we compared the sur-
gical outcomes, incidence of cerebrospinal
fluid (CSF) leakage, and incidence of resid-
ual tumors between patients with functional
and nonfunctional pituitary adenomas
treated with the EETA.

Materials and methods

Ethics statement

This was a retrospective study. The data
were collected by reviews of charts and
images of patients with pituitary adenomas
undergoing endoscopic transsphenoidal
tumor excision via the bilateral nostrils.
The protocol was reviewed and approved
by the institutional review board (IRB) of
Mackay Memorial Hospital (IRB approval
number: 17MMHIS162¢). According to the
IRB, patient consent was not required for
this retrospective study because the
patients’ data were de-identified.

Surgical indications

The surgical indications were uncontrolled
hormonal abnormalities and a compressive
mass effect. For prolactinomas, our first
choice of treatment was dopamine agonist
therapy. Surgery was suggested only for
patients with acute neurological deteriora-
tion or those intolerant of medical treat-
ment. All patients underwent brain
magnetic resonance imaging (MRI) before
and after surgery. The preoperative and
l-year postoperative MRI findings were
collected to analyze the tumor size, cavern-
ous sinus invasion, and any residual
tumors. All surgical procedures were per-
formed by a neurosurgeon and otolaryngol-
ogist via the bilateral nostrils.
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Data collection and review

The data analyzed in this study were col-
lected from January 2010 to January 2017.
If a bed-rest order was recorded in the chart
because of watery rhinorrhea or the sensa-
tion of fluid in the pharynx combined with a
positive glucose oxidase strip test, the
patient was considered to have had CSF
leakage. Significant CSF leakage was
defined as rhinorrhea that did not resolve
after bed rest and that required a second
surgical intervention. The presence of a
residual tumor was determined by the radi-
ologist’s report and included suspected
residual tumors. Endocrine data were
reviewed before surgery, and at 1 day, 3
months, and 1 year after surgery. These
data included the concentrations of
growth hormone (GH), insulin-like growth
factor-1 (IGF-1), prolactin (PRL), thyroid-
stimulating hormone (TSH), free thyroxin,
adrenocorticotropic hormone (ACTH), free
cortisol, luteinizing hormone, follicle-
stimulating hormone, estradiol, and
testosterone. Except in patients with prolac-
tinoma, all cases of acromegaly and
Cushing disease were diagnosed by
endocrinologists. If the GH and ACTH
levels were controversial, a hormone
suppression test such as the glucose toler-
ance test or dexamethasone suppression test
was performed.

Surgical technique

The patients were placed in the supine posi-
tion with the head immobilized in a Mayfield
head holder. All patients underwent endo-
scopic endonasal surgery with a transsphe-
noidal approach with the assistance of a
navigation system. During surgery, the sphe-
noid ostium was located and the middle tur-
binate was avoided, especially the anterior
two-thirds, to preserve the patient’s sense of
smell as much as possible. Septectomy and
sphenoidotomy were then performed to the

sellar region. After opening the sellar region,
the tumor was removed piece by piece inside
the capsule if the tumor character was soft. If
the tumor character was hard, we performed
extracapsular dissection. After internal
decompression, we dissected the tumor
along the planes of the cavernous sinus and
its capsule. The arachnoid membrane was
usually torn when dissecting the suprasellar
portion, and high-flow CSF leakage was fre-
quently encountered after extracapsular
tumor removal. We used bipolar endoscopic
suction and commercial hemostats (Floseal;
Baxter, Deerfield, IL, USA) to stop intrao-
perative bleeding. We then used an artificial
dural graft (DuraGen; Integra LifeSciences,
Plainsboro, NJ, USA) and a fibrin sealant
(Tissucol; Baxter) for multilayer closure if
minor CSF leakage was suspected. If high-
flow CSF leakage was noted during surgery,
we immediately applied a nasoseptal flap to
reduce the rate of postoperative CSF leakage.

Case illustration

A 5l-year-old woman presented with a
4-month history of bitemporal hemianop-
sia. Preoperative brain MRI showed a pitu-
itary tumor with suprasellar extension. The
size of the tumor was 2.3 x2.7 x 3.5cm.
Because the tumor was quite hard, we
performed endoscopic endonasal transsphe-
noidal tumor removal by extracapsular
dissection. High-flow CSF leakage occurred
after removing the tumor. A nasoseptal
flap was used to seal the CSF leaks
immediately. No CSF leakage occurred
after surgery, and no residual tumors were
found on postoperative brain MRI
(Figure 1).

Statistical analysis

We compared the demographics and out-
comes between patients with and without
functional  pituitary adenomas  using
Student’s t test for continuous variables and
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Figure I. A patient with a nonfunctional pituitary macroadenoma underwent adenomectomy by extrac-
apsular dissection. (a) Preoperative brain MRI (the signal T1 is sagittal with contrast): The tumor was 4 cm in
diameter with suprasellar extension (yellow arrow). (b) Postoperative MRI: No residual tumor was present
at the |-year follow-up (yellow arrow). (c) After central debulking, the tumor was dissected between the
capsule (black arrow) and cavernous sinus (asterisk). (d) Because of high-flow cerebrospinal fluid leakage

after tumor removal, a nasoseptal flap (black arrow) was harvested to cover the arachnoid and dura defect.

Abbreviation: MRI, magnetic resonance imaging.

Fisher’s exact test for categorical variables.
The endocrine data are presented as
mean =+ standard deviation. The changes in
endocrine data throughout the follow-up
period were examined using a generalized
estimating equation with an exchangeable
working correlation matrix. A P value of
<0.05 was considered statistically significant.
Data analyses were conducted using
Statistical Product and Service Solutions
(SPSS) 22 (IBM Corp., Armonk, NY, USA).

Results

Demographics and surgical outcomes

In total, 38 patients were enrolled in the
study. The mean patient age was 54.3+
11.2 years with a range of 31 to 72 years.
Twenty-one patients were women (55%)
and 17 were men (45%). Of the 38 patients,
12 had functional pituitary adenomas and
26 had nonfunctional pituitary adenomas.
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Table |I. Demographics and surgical outcomes of patients.

Pituitary adenoma

Patient Total Functional Nonfunctional
Variable (n=38) (n=12) (n=26) P value
Demographics
Sex 0.161
Female 21 9 12
Male 17 3 14
Age (years) 543+ 11.2 484+97 57.1+10.9 0.025
Tumor size (cm) 22409 1.6£1.0 25+0.8 0.009
Tumor type <0.001
Microadenoma 6 6 0
Macroadenoma 32 6 26
Tumor character 0.027
Soft or fragile 24 Il 13
Hard or elastic 14 | 13
Surgical outcomes
Perioperative CSF leakage 0.012
No 23 I 12
Yes 15 | 14
Diabetes insipidus 0.481
No 15 6 9
Yes 23 6 17
Residual tumor 0.714
No 26 9 17
Yes 12 3 9
Length of admission (days) 11.9+7.7 123£11.2 11.8£5.7 0.836
Operation time (minutes) 165.6 +-61.8 169.8 +56.5 163.6 - 65.1 0.780

Data are presented as number of patients or mean = standard deviation.

CSF, cerebrospinal fluid.

Of the 12 functional adenomas, 7 secreted
GH, 2 secreted ACTH, 1 secreted TSH, and
2 secreted PRL.

Patients with functional adenomas were
significantly younger (P=0.025) and had
tumors with a softer character (P =0.027)
and smaller size (P=0.009) than patients
with nonfunctional adenomas. Six of
12 functional tumors and all 26 nonfunc-
tional tumors (total of 32 tumors) were
macroadenomas, with a significant differ-
ence between the two groups (P <0.001).
The surgical outcome assessment included
perioperative ~ CSF  leakage, diabetes

insipidus, residual tumors, length of admis-
sion, and operation time. With the excep-
tion of perioperative CSF leakage
(P=0.012), there were no significantly dif-
ferent outcomes between the two groups.
The perioperative CSF leaks were less prev-
alent in patients with functional than non-
functional adenomas. According to the
postoperative  MRI reports, there were
three residual tumors in the functional
group (one in a patient with acromegaly
and two in patients with prolactinomas)
and nine residual tumors in the nonfunc-
tional group (Table 1).



Lee et al.

5665

Table 2. Risk factors for residual tumors.

Residual tumor

Factor Yes (n=12) No (n=26) P value
Tumor size (cm) 3.0+09 1.8+0.7 <0.001
Adenoma type 0.714
Functional 3 9
Nonfunctional 9 17
Tumor character 0.296
Soft or fragile 6 18
Hard or elastic 6 8
Cavernous sinus invasion 0.0001
Yes 7 0
No 5 26

Data are presented as number of patients or mean =+ standard deviation.

Risk factors for residual tumors

Tumor size, adenoma type, tumor charac-
ter, and cavernous sinus invasion were con-
sidered risk factors for residual tumors.
According to the P value calculated in the
data analysis, the incidence of a residual
tumor was associated with tumor size
(P<0.001) and cavernous sinus invasion
(P=0.0001). The tumor character and ade-
noma type were not predictors of a residual
tumor in our series (Table 2).

Biological cure and image-based cure
of functional pituitary tumors

For functional tumors, biological cure is
more important than imaging evidence of
total excision. Among the patients with
functional pituitary tumors, two of seven
patients with acromegaly did not achieve
biological cure after the surgery. One 34-
year-old patient had a preoperative GH
level of 136 ng/mL. Her preoperative MRI
showed a 2.5-cm-diameter macroadenoma
with cavernous sinus invasion. Her GH
level was 19.6 ng/mL 1 day after the sur-
gery. She received treatment with octreotide
(Sandostatin  LAR; Novartis, Basel,
Switzerland) and had good hormone

control (GH level of 1.75 ng/mL) at the
last follow-up. Another 54-year-old patient
with a 1.5-cm macroadenoma had a
decrease in GH from 24.7 to 6.54 ng/mL
1 day after surgery. This patient also did
not achieve biological cure. However, with
an IGF-1 level of 567 ng/mL, her GH level
decreased to 3.26 ng/mL at the I1-year
follow-up. Her symptoms were largely
resolved. In addition, her two follow-up
MRI examinations showed no residual
tumor, and she was still undergoing
follow-up at the time of this writing. Two
patients with PRL-secreting macroadeno-
mas underwent surgery for sudden head-
ache and visual defects due to apoplexy.
Their vision improved after surgery. The
postoperative MRI reports showed a resid-
ual tumor within the cavernous sinus, and
the PRL level remained abnormal in both
patients. These patients were treated with
cabergoline until the 3- and 4-year follow-
up, respectively, and their PRL levels finally
decreased to the normal range. One patient
with a thyrotropinoma (TSHoma) and two
patients with Cushing disease showed
normal hormone levels after surgery. They
were considered to have achieved both bio-
logical cure and image-based cure.
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Table 3. Endocrine outcomes in patients with nonfunctional pituitary adenomas (n = 26).

Hormone levels

GH IGF-1 ACTH Cortisol PRL TSH

(ng/mL) (ng/mL) (pg/mL) (ng/dL) (ng/mL) (WU/mL)
Preoperative 034+043 124.1+748 304+206 134+£182 128+156 1.31+1.07
Postoperative day | 0.20+0.22 8854594 344+162 162+30.8° 308+27.8" 1.22+1.13
Last follow-up 0.05+0.03" 458+29.7 283+106 10.6+7.2 72478 .52+ 1.47

*Statistically significant (P < 0.05) in comparison of postoperative day | and last follow-up versus preoperative values.
Abbreviations: GH, growth hormone; IGF-1, insulin-like growth factor-1; PRL, prolactin; TSH, thyroid-stimulating hor-

mone; ACTH, adrenocorticotropic hormone.

Endocrine data of nonfunctional
pituitary adenomas

Both neurological symptom relief and hor-
mone function preservation are important
for patients undergoing pituitary adenoma
surgery. For all 26 patients with nonfunc-
tional pituitary adenomas, the endocrine
data were checked repeatedly during the
follow-up period. The levels of GH and
IGF-1 were decreased after surgery and
became significantly low at the last follow-
up (P<0.05). The levels of cortisol and
PRL were elevated transiently on postoper-
ative day 1 (P <0.05). The cortisol returned
to the preoperative level, but the PRL level
continued to decrease during the long-term
follow-up (P < 0.05) (Table 3).

Discussion

The pituitary gland is located in the sella
turcica of the sphenoid bone and is lateral
to the wall of the cavernous sinus.” Over the
years, surgery for pituitary tumors has
undergone multiple evolutions in technique
and technology.® Endoscopic endonasal
transsphenoidal surgery for pituitary
tumors is increasingly used and is consid-
ered safe and effective according to the cur-
rent literature.” Karki et al.'® reported that
resection of large and giant pituitary adeno-
mas by transsphenoidal surgery was safe

and efficient and had low morbidity and
mortality. Gaillard'' stated that the use of
an endoscope created a much larger work-
space and better visualization compared
with a microscope. Consistent with this,
the use of an endoscope in the present
study provided wide surgical visualization
through angled telescopes, allowing us to
easily identify the anatomy and tumor.
Therefore, we were able to perform tumor
resection under better vision than with a
microscope. According to the 1-year
follow-up MRI reports in our cases, the
incidence of residual tumors was 34% (13/
38). Moreover, the residual tumors were
either inside the cavernous sinus or within
the sella turcica without a mass effect.
Roelfsema et al.'? claimed that the highest
incidence of recurrence occurred between 1
and 5 years after surgery. Bodhinayake
et al.'® showed that a larger tumor size
(diameter of >10 mm) was associated with
a higher risk of recurrence. Tumor size and
cavernous sinus invasion were risk factors
for residual tumors. In our patients,
although 6 of the 12 functional adenomas
and all 26 nonfunctional tumors were mac-
roadenomas, there was no statistical signif-
icance in residual tumors between the two
groups. Most of the residual tumors in our
patients were stable. Our treatment strate-
gies for residual pituitary tumors are illus-
trated in Figure 2. Two patients in the
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Figure 2. Treatment strategies for residual pituitary tumors.

nonfunctional group had evidence of radio-
logic enlargement on MRI at the second
follow-up, and they underwent stereotactic
radiosurgery. Although patients with CSF
leakage had longer hospital stays, and
although the nonfunctional group had a
higher incidence of CSF leakage, the hospi-
tal stay was not significantly different
between the two groups. The reason might
be that one of the patients with Cushing
disease remained in the hospital for 46
days because of CSF leakage, diabetes
insipidus, and electrolyte imbalance. This
patient was the only patient with CSF leak-
age in the functional adenoma group. If she
had been excluded from the study, the func-
tional group would have had a shorter hos-
pital stay than the nonfunctional group.
Linsler et al.'* reported that the hormon-
al function of the pituitary gland could be
preserved in endoscopic endonasal trans-
sphenoidal surgery. For functional evalua-
tion, we compared the preoperative and
postoperative endocrine data in both the
functional and nonfunctional groups. In
the functional group, the postoperative
target hormone level was lower than the
preoperative level. One patient with acro-
megaly and two patients with prolactino-
mas received adjuvant medical treatment
(mentioned in the Results section). The

endocrine data were finally within the
normal range. With respect to the endocrine
outcome in the nonfunctional group, we
found that the GH and IGF-1 levels
decreased immediately after surgery and
became significantly low during the last
follow-up. The cortisol and PRL levels
increased immediately after surgery but
decreased at the last follow-up. All patients
routinely received hydrocortisone substitu-
tion postoperatively until adequate endoge-
nous steroid levels were established, which
explains why the cortisol level was higher
on postoperative day 1 than preoperatively
(Table 3). The early PRL increase might
have resulted from loss of inhibition and/
or pituitary stalk dysfunction. The long-
term decrease in the GH, ICF-1, and PRL
levels might have resulted from destruction
of the normal pituitary gland and/or its
blood supply during surgery. Some patients
developed symptoms of pan-
hypopituitarism secondary to cortisol and
thyroxin hormone therapy, and this affect-
ed our data. This could explain why the
cortisol and thyroxin levels did not decrease
in our series.

The most common complication of the
endoscopic transsphenoidal adenomectomy
is CSF leakage. The higher incidence of
CSF leakage in our series might have
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resulted from our wide inclusion criteria.
Any patient with episodes of watery rhinor-
rhea is required to be on bed rest, regardless
of the amount and frequency. Zhou et al.'®
reported that the tumor consistency and
size were independently associated with
intraoperative CSF leakage. Intraoperative
CSF leakage more readily occurs in patients
with fibrous or large tumors.'> In the pre-
sent study, the functional group had a sig-
nificantly higher number of patients with
perioperative CSF leakage than the non-
functional group. This might have occurred
because the functional tumors in this study
were softer or more fragile than the non-
functional tumors. Hard or elastic tumors
were more likely to sustain arachnoid injury
during dissection, and some of them
required extracapsular dissection. These
factors accounted for the higher incidence
of CSF leakage in the nonfunctional group
in our series. Current therapeutic strategies
for CSF leakage include bed rest, nasal
packing, autologous fat grafts, nasoseptal
flaps, or lumbar drainage. Most of our
CSF leaks were minor and resolved after 3
to 7 days of bed rest. Three patients had
persistent CSF leakage after conservative
treatment and underwent a second surgery
to stop the leakage. Among them, two
patients were treated with a nasoseptal
flap and one was treated with lumbar drain-
age. All of these patients were in the non-
functional group. The overall rate of
clinically significant postoperative CSF
leakage in our patients was 7% (3/38). In
recent studies, postoperative CSF leakage
reportedly occurred in 0.6% to 8.5% of
patients.'1*" Paluzzi et al.'® stated that
the rate of postoperative CSF leakage
decreased from 5.0% to 2.9% after intro-
duction of the nasoseptal flap. Horridge
et al.”® suggested that the use of the naso-
septal flap can minimize postoperative CSF
leakage. Rivera-Serrano et al.*!' introduced
a rescue nasoseptal flap technique without
disruption of the sphenopalatine artery.

They suggested removing the tumor first
and then applying a nasoseptal flap depend-
ing on the degree of CSF leakage.?' In our
cases, we did not routinely apply the naso-
septal flap at the beginning of the proce-
dure. We did not preserve the posterior
pedicle (the sphenopalatine artery) during
the operation and harvest the nasoseptal
flap until we encountered high-flow CSF
leaks. No patients in the present study
developed postoperative meningitis.
However, two patients developed postoper-
ative sinusitis and were admitted to the hos-
pital for antibiotic therapy. Some authors
have suggested that lumbar CSF drainage
during surgery can reduce the rate of intra-
operative CSF leakage.”” In our series,
lumbar CSF drainage was performed only
for treatment of postoperative CSF leak-
age, and we obtained good results for the
remission of CSF leakage.

Conclusion

After surgery, the target hormone levels
decreased in the functional group. During
the long-term follow-up, the GH, IGF-1,
and PRL levels also decreased in the non-
functional group. All patients in both
groups finally achieved symptom relief.
CSF leakage was more frequent in the non-
functional group because of the harder
tumor character. Residual tumors were
associated with the initial tumor size and
cavernous sinus invasion. A rescue nasosep-
tal flap was applied according to the degree
of CSF leakage. Endoscopic transsphenoi-
dal tumor excision was safer and more
effective when performed under coopera-
tion between a neurosurgeon and an
otolaryngologist.
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