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Objective : The endoscopic endonasal transsphenoidal approach is a widely-used method for the surgical treatment of pituitary
adenomas. We aimed to evaluate the results of endoscopic surgery by comparing preoperative classification methods and
investigating their relationship with postoperative resection and remission rates and complications.

Methods : We retrospectively reviewed the medical records of 236 patients (118 males) who underwent surgery for pituitary
adenomas. Preoperative Knosp classification, tumor size (TS), suprasellar extension (SSE), postoperative resection and remission
rates, and complications were evaluated.

Results : The follow-up period was 3 months to 6 years. The patients’ ages ranged between 16 and 84 years. Endocrinologically,
114 patients (48.3%) had functional adenoma (FA), and 122 patients (51.7%) had non-functional adenoma (NFA). Among the FA
group, 92 (80.7%) showed remission. A statistically significant difference was found between patients with and without remission
in terms of the Knosp, TS, and SSE classifications (p<0.01). Knosp, TS, and SSE classification grades were found to be correlated
with the resection rates (p<0.01). Meningitis was seen in seven patients (3.0%), diabetes insipidus in 16 (6.9%; permanently in two
[0.9%]), and rhinorrhea in 19 (8.1%). Thirty-six patients (15.3%) developed pituitary insufficiency and received hormone replacement
therapy.

Conclusion : The resection categories and remission rates of FAs were directly proportional to the adenoma sizes and Knosp
grades, while the degree of suprasellar growth further complicated resection and remission rates. Adenoma sizes less than 2 cm
and SSEs less than 1 cm are associated with favorable remission and resection rates.
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INTRODUCTION

Treatments for pituitary adenomas aim to eliminate pres-
sure on the surrounding tissue and pressure-related effects,
and to achieve hormonal remission'*"*"”. In the 1990s, ad-
vances in endoscopic instruments enabled the use of the en-
doscopic transsphenoidal approach for pituitary adenoma
surgery%’m.

According to Knosp classifications of pituitary adenomas,
tumor size (TS) and their suprasellar extension (SSE) have
been used for preoperative planning, prediction of possible
outcomes, and the evaluation of surgical outcomes. Although
there is no clear evidence that these classifications are associ-
ated with tumor resection and remission rates, studies are
suggesting this is the case™'®"***%%,

In this study, we examined the associations between preop-
erative Knosp, TS, SSE classifications with postoperative re-
section and remission rates, complications, and results ob-
tained in 236 patients who underwent full endoscopic

endonasal transsphenoidal surgery (EETS).

MATERIALS AND METHODS

The study was conducted retrospectively after obtaining
permission from the Ethics Committee of Health Sciences
University (19 Apr 2018; 71211201-000-14131). All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional re-
search committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.

Patients were evaluated by endocrinology and ophthalmolo-
gy specialists. Pituitary hormone levels and visual field exami-
nations were performed. Patients with clinically functional ad-
enoma (FA) were re-evaluated and prepared for operation. FAs
were classified as acromegaly, Cushing’s disease, prolactinoma,
and thyroid-stimulating hormone-secreting pituitary adenoma
(TSHOMA).

Surgical procedure

All patients underwent full EETS, as described by Jho and
Carrau™. The first 15 patients were operated on under the su-
pervision of an otolaryngologist. We undertook a binostril

approach in order to provide a wider working area, and all op-
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erations were performed with the help of a rigid endoscope
with 0° and 30° angled lenses. After choana and sphenoid os-
tium were visualized as anatomic landmarks, posterior sep-
tectomy and anterior sphenoidotomy were carried out with a
high-speed drill. Following the identification of the optic and
carotid protuberances, a high-speed drill and Kerrison ron-
geurs were used to open the sellar floor. An intraoperative
Doppler ultrasonography device was used routinely in all op-
erations for the visualization and monitoring of carotid artery.
After medial portions of the carotid arteries were identified,
the dura mater is opened using microscissors, and the adeno-
ma was visualized. The tumor was removed using microsuc-
tion cannulas and pituitary curettes while endoscope was in-
serted into the newly opened space, allowing the direct
visualization of remaining adenoma and the normal pituitary
gland tissue. The removal of macroadenomas with parasellar
extension and fibrotic consistency requires a wider opening of
sella, and a thorough resection process of the remaining tu-
mor tissue after the removal of the main adenoma. For the tu-
mors with a cavernous invading tumor portion, we adopted
the transsphenoidal transsellar approach, and removed the re-
sidual tumor as much as possible through a window on the
medial wall of the cavernous sinus. We used the micro Dop-
pler probe, and great care was taken not to injure the medial

wall of cavernous sinus.

Radiological evaluation

All patients underwent, paranasal sinus tomography, and
magnetic resonance imaging (MRI) preoperatively. The pa-
tients were evaluated according to the following three classifi-
cations using MRI measurements : 1) classification according
to Knosp et al.”” over the medial and lateral line of the internal
carotid artery. 2) TS classification of the mass from the inferi-
or to the superior, as used in previous studies™*”. And 3) SSE
classification, defined as the extension of the adenoma superi-
or to planum sphenoidal".

Pituitary MRI performed 3 months postoperatively was
used to determine the adenoma resection rate. The following
rates were used : 100% indicated total, 90-100% near-total,
and 90-10% subtotal resection, while <10% was determined

6,22)

as biopsy

Pathological evaluation
Routine histopathological and immunohistochemical ex-
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aminations were performed at the same center.

Postoperative evaluation

Patients were routinely monitored via pituitary MRIs and
endocrinological follow-ups after 24 hours, 3 months, 1 year,
and annually thereafter. For Cushing’s disease, blood cortisol
levels below 2 pg/L were accepted as early postoperative remis-
sion. Patients with Cushing’s disease were considered to be in
late postoperative remission, if : 1) 24-hour urinary free corti-
sol levels were below or within the normal range; 2) night-time
salivary cortisol values were under 0.2 pg/dL or 3) serum cor-
tisol levels were below 1.8 mcg/dL during the 1 mg dexameth-
asone suppression test.

Patients were classified as being in remission criteria for ac-
romegaly if growth hormone (GH) level was <1 ng/mL after
oral glucose tolerance test, and insulin growth factor 1 was
within or lower than the normal limits according to age and
gender criteria'”. For prolactinoma patients, a post-surgery se-
rum prolactin level of 20 ng/mL indicated that the disease was
under control. TSHOMA patients were considered endocrino-
logically-cured if they had normal levels of T3 and free T4 and
thyroid-stimulating hormone post-surgery. We considered the
early and late remission periods for FA to be 3 months and
1 year, respectively.

In cases of postoperative rhinorrhea, three different treat-
ment methods were preferred : 1) 5-10 mL/h cerebrospinal
fluid drainage for 3—5 days with lumbar drain placement,
2) EETS to repair the sella anterior wall using the subcutane-
ous fat tissue taken from the abdomen and abdominal anteri-
or wall fascia grafts along with a tissue adhesive (Tissel”; Bax-
ter Healthcare Ltd Caxton Way, Thetford, England), and 3) a
combination of both methods.

Statistical analysis

Descriptive statistical methods were used to evaluate the
data. To compare qualitative data, we used the chi-squared
test and Fisher’s exact chi-square test when the expected fre-
quencies were met and not met, respectively. The Z-test was
used to determine the source of the difference. For two-group
comparisons, we used t-tests and the Kruskal-Wallis test when
parametric assumptions were met and not met, respectively.
The Dufner test with a Bonferonni correction was used to de-
termine the source of difference. When necessary, Bonferroni

corrections were used. Statistical analyses were performed us-
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ing SPSS version 24 for Windows (IBM Corp., Armonk, NY,
USA), and p-values <0.05 and <0.01 were considered statisti-

cally significant.

RESULTS

The study included 236 patients (118 males and 118 females)
who underwent EETS between 2014 and 2018. The patients’
age ranged from 16 to 84 years (mean, 47.56+15.14; median,
47). Among the enrolled patients, 207 (87.7%) were newly-di-
agnosed, and 29 (12.3%) had recurrent adenomas. Endocrino-
logically, 114 patients (48.3%) had FA, and 122 patients (51.7%)
had NFA before the operation (Table 1).

We then examined whether endocrinological remission was
achieved in patients with FA and evaluated the postoperative
resection rates. Among the 114 patients with FA, 92 (80.7%)
showed remission. No patients showed early remission and
then later developed relapse. Of the 16 patients with acromeg-
aly who did not achieve hormonal control, 14 underwent
medical treatment and two underwent adjuvant radiotherapy
and were subsequently not followed-up with. Of the four pa-
tients with Cushing’s disease who did not achieve hormonal
control, one patient had a second endoscopic procedure and
obtained disease control, one patient underwent an operation
and was followed-up within another center, and two patients
were not followed-up with. The two patients with prolactino-
mas who did not achieve hormonal control after endoscopic
resection were referred for medical treatment. In the subgroup
of patients with partial NFA resection, 13 underwent a second
endoscopic surgery, and no individuals presented with symp-
toms during the follow-up period. Four patients with NFA
had a mass smaller than 1 cm and underwent a biopsy as op-
posed to resection due to radiological findings outlining the
pathological differences from a pituitary adenoma.

There was a significant difference in remission rates between
Knosp classification groups (x’=19.851, p<0.01). Specifically,
compared to patients classified as Knosp grade 3 and 4, the pro-
portion of patients classified as Knosp grade 0, 1, and 2 was
higher among those with remission than those without (Table 2).

There was a significant difference in remission rates accord-
ing to the TS classifications (x*=9.96, p<0.05). Using a Z-test
with a Bonferroni correction, we found that remission rates

were significantly lower in patients classified as TS grade 3
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Table 1. Number and proportions of patients according to TS, SSE, and Knosp grades, in terms of endocrine diagnosis

Total (n=236)

TS
1 (n=50) 4(33) 20(32.3)
2 (n=75) 35(28.7) 23 (37)
3 (n=20) 13 (107) 69.7)
4 (n=58) 42 (34.4) 12.(194)
5(n=33) 28(23.0) 1(1.6)
SSE
A (n=158) 59 (48.4) 53(85.5)
B (n=46) 35(28.7) 8(129)
C(h=23) 21(17.2) 1(16.1)
D (n=9) 7(5.7) 0(0.0)
Knosp
0 (n=36) 2(1.6) 14 (22.6)
1(n=75) 35(28.7) 22 (35.5)
2 (n=55) 35(28.7) 15(24.2)
3 (n=40) 33(27.0) 3(4.8)
4 (n=30) 17 (13.9) 8(12.9)

25 (694) 0(0.0) 1(50.0)
10 (27.8) 7(50.0) 0(0.0)
1(2.8) 0(0.0) 0(0.0)
0(0.0) 4(28.6) 0(0.0)
0(0.0) 3(214) 1(50.0)
35(100) 9(64.3) 1(50.0)
0(0.0) 3(214) 0(0.0)
0(0.0) 1(70) 0(0.0)
0(0.0) 1(70) 1(50.0)
18 (50.0) 1(70) 1(50.0)
14(389) 4(28.6) 0(0.0)
2(5.6) 2(14.3) 0(0.0)
2(5.6) 2(14.3) 0(0.0)
0(0.0) 5(357) 1(50.0)

Values are presented as number (%). TS : tumor size, SSE : suprasellar extension, NFA : non-functional adenoma, TSHOMA : thyroid-stimulating

hormone-secreting pituitary adenoma

Table 2. Comparison of patients with FA according to Knosp grades 0/1/2 and 3/4 in terms of remission status

Remission (n=114)
No (n=22)
Yes (n=92)

1mTm7)
83(88.3)

19.851 <0.001*
11 (55.0)
9 (45.0)

Values are presented as number (%). Fisher exact chi square. *p<0.01. FA : functional adenoma

(2=1.99, p<0.05).

According to the SSE classification, the proportion of patients
with remission was higher among those classified as SSE grade
A compared to grade B (subgroups were compared using a Z-
test with a Bonferroni correction, z=2.88, p=0.003; Table 3).

Regarding TS, there was a significant difference between
groups in terms of the amount of resection (¥'=92.16, p<0.001).
Subgroups were compared using a Z-test with a Bonferroni
correction (p<0.01; Table 4). The proportion of patients with
total resection was significantly higher than that of patients
with near-total and subtotal resection among those with TS
grade 1 (total vs. near total : z=2.98, p<0.001; total vs. subtotal :

7=3.78, p<0.001) and grade 2 (total vs. near total : z=3.50,
p<0.001; total vs. subtotal : z=3.57, p<0.001). In contrast, the
proportion of patients with total resection was significantly
lower than that of patients with near-total and subtotal resec-
tion among those with TS grade 4 (total vs. near total : z=2.30,
Pp<0.05; total vs. subtotal : z=3.96, p<0.001) and grade 5 (total
vs. near total : z=6.40, p<0.001; total vs. subtotal : z=7.75, p<0.01).

Regarding the SSE variable, there was a significant differ-
ence in terms of the amount of resection (x’=59.68, p<0.001).
Subgroups were compared using a Z-test with a Bonferroni
correction (p<0.01). Among patients with SSE grade A, the

proportion of patients with total resection was significantly
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Table 3. Comparison of patients with FA according to TS, SSE, and Knosp grades, in terms of remission status

Remission (n=114)

TS 9964 0.027*
1 (n=46) 7(15.2) 39 (84.8)
2 (n=40) 4(10.0) 36 (90.0)
3 (n=7) 3429 4(57.)
4 (n=16) 6 (375) 10 (62.5)
5 (n=5) 2 (40.0) 3(60.0)
SSE 10.058 0.008"
A (n=99) 15(15.2) 84 (84.8)
B (n=11) 6 (54.5) 5 (45.5)
C(n=2) 1(50.0) 1(50.0)
D (n=2) 0(0.0) 2 (100)
Knosp 18.239 0.001"
0 (n=34) 5(14.7) 29 (85.3)
1 (n=40) 3(75) 37 (92.5)
2 (n=20) 3(15.0) 17 (85.0)
3(n=7) 3(429) 4(57.)
4 (n=13) 8(61.5) 5(38.5)

Values are presented as number (%). Fisher exact chi square. *p<0.05. /p<0.01. FA : functional adenoma, TS : tumor size, SSE : suprasellar extension

Table 4. Comparison of groups according to TS, SSE, Knosp grades in terms of resection degree

Resection (n=236)

TS 92.164 <0.001*
1 (n=50) 44 (88.0) 4(8.0) 0(0.0) 2(4.0)
2 (n=75) 63 (84.0) 7(9.3) 4(5.3) 1(1.3)
3 (n=20) 12 (60.0) 5(25.0) 2(10.0) 1(5.0)
4 (n=58) 24 (4.4 15(259) 17(29.3) 2(34)
5(n=33) 3090 16 (48.5) 13(394) 1(3.0)
SSE 59.680 <0.001*
A (n=158) 125 (79.7) 18 (11.4) 11 (7.0) 3(19)
B (n=46) 18 (39.1) 16 (34.8) 10 (21.7) 2(4.3)
C(nh=23) 2(87) 8(34.8) 12(52.2) 1(4.3)
D (n=9) 0(0.0) 5 (55.6) 3(33.3) 1(11.0)
Knosp 85.382 <0.001*
0 (n=36) 32(88.9) 2(5.6) 0(0.0) 2(5.6)
1 (n=75) 63 (84.0) 5(6.7) 7(9.3) 0(0.0)
2 (n=55) 33(60.0) 13(23.6) 7(12.7) 2(3.6)
3 (n=40) 16 (40.0) 12 (30.0) 10 (25.0) 2(5.6)
4 (n=30) 2(6.7) 15 (50.0) 12 (40.0) 1(3.3)

Values are presented as number (%). Fisher exact chi square. *p<0.01. TS : tumor size, SSE : suprasellar extension
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Table 5. Comparison of groups according to Knosp grades 0/1/2 and 3/4 in terms of resection degree

Knosp 0/1/2 Knosp 3/4 X p-value
Resection (n=236)
Total 128 (77.1) 18 (25.7) 56.032 <0.001
Near-total 20(12.0) 17 (38.6)
Subtotal 14 (8.4) 22 (314)
Biopsy 4(2.4) 3(43)
Values are presented as number (%). Fisher exact chi square
higher than that of patients with near-total resection (z=6.44, Table 6. Complications
p<0.001), subtotal resection (z=6.81, p<0.001), and biopsy TS
(z=2.99, p=0.002). Moreover, the rate of patients who under-
went total resection was significantly lower than that of those fora _ 2%
who underwent near-total and subtotal resection among those Insuficiency
with SSE grade B (near total : z=3.40, p<0.001; subtotal : e )
7=2.30, p=0.02), grade C (near total : z=4.21, p<0.001; subtotal : Ye? N SalCE)
7=6.44, p<0.001), and grade D (near total : z=3.99, p<0.001; Meningits
subtotal : z=3.51, p<0.001; biopsy : z=4.58, p<0.001; Table 4). No 229670)
Based on Knosp classification, there was a significant differ- Yes 730
ence regarding the amount of resection (x’=56.032, p<0.001). Diabetes insipidus
Subgroups were compared using a Z-test with a Bonferroni No 220032
correction (p<0.01). The proportion of total resection achieve- Temporary 14659
ment among patients with Knosp grades 0, 1, and 2 adenomas Permanent 2009)
was significantly higher than those with Knosp grades 3 and 4 Epistaxis
(z=7.42, p<0.001; Table 5) adenomas. No 227 (96.2)
In this study, a total of 252 operations were performed, and Temporary 938
the number of operations per patient ranged from 1-3 (mean, iihlpeines
1.07+0.27; median, 1). We also evaluated the intraoperative e 2710
and postoperative complications (Table 6). [ERCEE 2B
The presence of rhinorrhea or diabetes insipidus (DI) com- Rhinorrhea treatment method
plications between-groups did not differ according to the TS, No 217 G1.7)
SSE, or Knosp classifications (p>0.05; Tables 7 and 8). Follow-up with LD 2(09)
Follow-up with surgery 5(2.1)
Follow-up with LD+surgery 12(5.0)
DISCUSSION Mrtlty
No 235(99.7)
Yes 1(0.3)

Since the first report of endonasal endoscopic resection of
pituitary adenoma by Jankowski et al.” in 1992, remarkable
progress has been made in the treatment of sellar lesions**”.
Unlike microscopic surgery, endoscopic surgery has a longer
learning curve”. In this study, we compared the preoperative
MRI invasion parameters, as well as resection, remission, and

complication rates for 236 patients who underwent endoscop-

Values are presented as number (%). LD : lumbar drainage

ic surgery for pituitary adenomas.
Pituitary adenomas tend to follow the least resistant pathway
and grow primarily in structures such as the sphenoid sinus,

. . 28 . .
suprasellar region, and cavernous sinus ). Cavernous sinus in-
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Table 7. Comparison of groups TS, SSE, and Knosp grades in terms of rhinorrhea

Rhinorrhea (n=236)

TS 3921 0403
1 (n=50) 48 (96.0) 2(4.0)
2 (n=75) 67 (89.3) 8(107)
3 (n=20) 17 (85.0) 3(15.0)
4 (n=58) 55 (94.8) 3(5.2)
5(n=33) 30(90.9) 3090
SSE 1.614 0.605
A (n=158) 146 (92.9) 11(7.0)
B (n=46) 42(913) 4(8.7)
C(n=23) 20 (86.9) 3(13.0)
D (n=9) 9(100.0) 0(0.0)
Knosp 4121 0.375
0 (n=36) 31 (86.1) 5(139
1 (n=75) 72 (96.0) 3(4.0)
2 (n=55) 51(92.7) 4(73)
3 (n=40) 36 (90.0) 4(10.0)
4 (n=30) 27(90.0) 3(10.0)

Values are presented as number (%). Fisher exact chi square. TS : tumor size, SSE : suprasellar extension

Table 8. Comparison of groups according to TS, SSE, and Knosp grades in terms of diabetes insipidus

Diabetes insipidus (n=236)

TS 5.658 0.691
1 (n=50) 45 (90.0) 5(10.0) 0(0.0)
2 (n=75) 69 (92.0) 4(5.3) 2(27)
3 (n=20) 20 (100.0) 0(0.0) 0(0.0)
4 (n=58) 54 (93.1) 469 0(0.0)
5(n=33) 32(97.0) 1(3.0) 0(0.0)
SSE 1906 1.000
A (n=158) 146 (92.4) 10(6.3) 2(13)
B (n=46) 43 (93.5) 3(6.5) 0(0.0)
C(nh=23) 22 (95.6) 1(44) 0(0.0)
D (n=9) 9 (100.0) 0(0.0) 0(0.0)
Knosp 9.638 0.159
0 (n=36) 30(83.3) 5(139 1028
1 (n=75) 70(93.3) 5(6.7) 0(0.0)
2 (n=55) 54(98.) 1019 0(0.0)
3 (n=40) 37(92.5) 2(5.0) 1(2.5)
4 (n=30) 29(96.7) 13.3) 0(0.0)

Values are presented as number (%). Fisher exact chi square. TS : tumor size, SSE : suprasellar extension
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vasion is of particular importance because it is associated with
the degree of surgical resection, hormonal remission, and seri-
ous complications™**. Thus, histological examination and sur-
gical observation remain important for evaluating cavernous
sinus invasion, though it is difficult to achieve consensus and
concurrently apply these methods at all times*'"”. In this con-
text, Knosp et al.”> classifications of cavernous sinus invasion
are an important parameter used for radiological pre- and
postoperative follow-up™.

In a recent case series by Dhandapani et al.” where the only
endoscopy was performed, the percentages of patients who
underwent total resection were 90.6% among patients with
Knosp grade 0 and 1, 82.1% among those with Knosp grade 2,
and 67.9% among those with Knosp grade 3 adenomas. Dalla-
piazza et al.” reported a total resection rate of 89% among pa-
tients with Knosp grade 0, 1, and 2, and 28% among those
with Knosp grade 3 and 4. In our study, the total resection rate
was 85.5% for patients with Knosp grades 0 and 1, while for
patients with Knosp grades 0, 1, and 2, the total resection rate
was 77.1%, and the total/near-total resection rate was 89.1%.
In patients with Knosp grades 3 and 4, the total resection rate
was 25.7%, and the total/near-total resection rate was 64.2%.
The main reason for the differences between total and near-
total resection rates among patients with Knosp grades 3 and
4 adenomas is the residual tumor tissue remained in the cav-
ernous sinus. Based on Knosp classification, the resection
rates in our study are comparable with those in the literature.

Since Knosp classification alone is not sufficient to predict
the resectable of the tumor, SSE and TS classifications might
be separate indicators, and in some cases, they can give an
idea independently of Knosp classification®. In support of
this, Kim et al.”” reported a 2.29-fold increase in the likeli-
hood of residual growth for each grade increase in TS and a
3.12-fold increase for each Knosp grade.

In our study, the total resection rate was 82% among pa-
tients with TS grade 1, 2, and 3 tumors, and 29.6% among
those with TS grade 4 and 5 tumors. The near-total resection
rate was 63.7% among the latter. Dallapiazza et al.” reported a
gross-total resection rate of 78% for tumors smaller than
3 cm, and 54% for tumors larger than 3 cm (60—-108 months).

In the study conducted by Kim et al.*”, the classification
based on tumor length for NFA adenomas was examined in
terms of gross-total resection rates; 100% for TS grade 1,
92.9% for TS grade 2, 86% for TS grade 3, 65.5% for TS grade

Endoscopic Surgery in Pituitary Adenomas | Erkan B, et al.

4, and 55.6% for TS grade 5 tumors. In our study, the respec-
tive total resection rates were 88%, 84%, 60%, 41%, and 9%,
while the total/near-total resection rates were 96%, 93.3%,
85%, 67.2%, and 57.5% for grades 1 to 5, respectively. In the
study conducted by Gondim et al."”, the total resection rate
was 38%, and the total/near-total resection rate was 56% for
tumors larger than 4 cm. In the study conducted by Juraschka
et al.””, the total/near-total resection rate was 44% for tumors
larger than 3 cm. In our study, the tumor resection rates based
on the TS and SSE classifications were similar to those report-
ed in the literature. In addition, we found that the comparison
of the SSE and TS classifications yielded similar results in
terms of remission and resection rates.

Tumor volume is also associated with achieving remission
in hormone-secreting adenomas. In the study conducted by
Akin et al.”, the remission rate in patients with 0—1 cm prolac-
tin-secreting adenomas was 73.7% and 45.1% for those with
adenomas larger than 1 cm. In the study conducted by Anik et
al.”, the remission rates for patients with Knosp grade 3 and 4
GH-secreting adenomas were 40.7% and 24% for those with
Knosp grade 4 adenomas. The same study reported an 81.3%
remission rate for patients with GH-secreting adenomas
smaller than 1 cm and 63.3% for those larger than 1 cm.

In a review by Broersen et al.” on Cushing’s disease, an
83.9% remission rate was reported among patients with ade-
nomas of 0—1 cm in size and 76.3% among those with adeno-
mas greater than 1 cm. Further, a review by Dhandapani et
al.” reported that the remission rate in patients with pure en-
doscopic FA was 84% among those without cavernous sinus
invasion, and 42% among those with cavernous invasion. In
our study, the remission rates in patients with FA were 84.7%
among those with TS grade 1 and 80.3% among those with TS
grade 2—5. However, the remission rate decreased to 60.7%
among patients with FAs greater than 2 cm in length (TS
grades 3-5). In the literature, FAs are generally grouped as
macro and microadenomas with a cut-off of 1 cm. When we
evaluated the subgroups of adenomas according to their size,
statistically significantly lower remission rates were found for
adenomas greater than 2 cm (TS grades 3—5). While the re-
mission rate was found to be 84% in patients with SSE grade
A, it decreased to 46.1% in adenomas that were 1 cm larger ac-
cording to the SSE classification (SSE grades B, C, and D).
Moreover, the remission rate in patients with FA was 88.2%

among those with Knosp grades 0, 1, and 2, but 45% among
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those with Knosp grades 3 and 4. These findings indicate that
remission rates for patients with FA are closely related to TS
and Knosp classifications. Our results were similar to those in
the literature, whereas the remission rates were lower for ade-
nomas greater than TS grade 2 and SSE grade B in our study.

The complication rates in our study were similar to those
reported in previous studies. Specifically, the rate of pituitary
hormonal insufficiency in our study was 15.3%, similar to the
14.5% rate reported by de Divitiis et al.”. However, this was
inconsistent with the study by Dehdashti et al.”, who reported
a reported a rate of 3%. Higher rates were reported in the gi-
ant pituitary adenoma series study by Gondim et al.” (36%)
and Cusimano et al.” (31%). The rate of transient DI was 5.9%
in our study, while rates of 2.5-20% are reported in the litera-
ture”. The permanent DI rate was 0.9%, while de Divitiis et
al.” reported a rate of 3.1%, and Gondim et al.” reported a
0.7% rate.

Regarding epistaxis, the rate was 3.8% in our study, while in
other series by de Divitiis et al.” and Frank et al.", the epistaxis
rates were 1.7% and 0.7%, respectively. Endoscopic transsphe-
noidal surgery is reported to be superior to microscopic transs-
phenoidal surgery in terms of sino-nasal complications, con-
cerning the visual contribution of the endoscope at all stages of
the surgery, the reduction of blind instrument maneuvers, and
the absence of a speculum'™***”. Surgical experience and col-
laboration with otolaryngologist specialists were shown to re-
duce epistaxis rates™. Since we did not receive close support
from an otolaryngologist clinic, except in the first 15 cases in
our study, we believe that this resulted in higher rates of epi-
staxis in patients at the beginning of our surgical experience,
compared to the reported rates in the literature.

In the literature, the rate of cerebrospinal fluid leakage dur-
ing operation is reported to be between 16 and 26%"*”. How-
ever, the rates of postoperative rhinorrhea were 3.5%, 5%, and
1.2% in the studies by Dehdashti et al.”, Paluzzi et al.””, and
Frank et al."”, respectively, which included large samples of
patients. Our rhinorrhea rates were higher than those reported
in the literature, at 8.1%. Two patients (0.9%) with rhinorrhea
were treated with lumbar drainage; five (2.1%) underwent
surgical repair using a subcutaneous fat tissue and fascia graft;
12 patients (5.1%) underwent a combination of surgery and
lumbar drainage. The meningitis rate was 3% in our study,
also higher than the 1% rate reported by Dehdashti et al.” and
0.4% rate reported by de Divitiis et al.”. The higher rate of
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meningitis in our study may be explained by the higher rate of
rhinorrhea compared to those reported in the literature.

Although internal carotid artery injury is rare, it has serious
consequences for mortality and morbidity. In our study, one
patient (0.3%) with recurrent adenoma who underwent mi-
croscopic transsphenoidal pituitary surgery died due to men-
ingitis-related complications and post-operative intracerebral
hematoma and subsequent rhinorrhea. Mortality due to vari-
ous reasons after endoscopic pituitary surgery has been re-
ported to range between 0-0.7%"".

This study included 236 patients from a single-center. For
the first 100 cases especially, we acted selectively to avoid pos-
sible cases with complications, as well as insufficient and in-
complete surgery, which might have affected our results. One
of the limitations of our study is that the Knosp, TS, and SSE
grades were measured based on the two-dimensional tumor
length rather than tumor volume. Therefore, the absence of
volumetric measurements may have influenced the resection

rate.

CONCLUSION

Our study showed that the resection and remission rates of
FAs are directly proportional to the size of the adenoma and
Knosp grade, in line with what has previously been reported.
However, an interesting finding of our study is that an adeno-
ma size of 2 cm seems to be a better cut-off point to predict
remission and resection rates than an adenoma size of 1 cm.
Additionally, suprasellar tumor extension less than 1 cm was
also found to be a predictor of favorable remission and resec-
tion rates. These findings need to be verified by further stud-

ies with larger sample size with longer follow-up periods.
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