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Abstract Introduction Endoscopic endonasal surgery has globally improved postoperative
results in pituitary adenomas.
Material and Methods We retrospectively analyzed 101 patients who underwent
endonasal endoscopic surgery for pituitary adenomas in the period from 2016 to 2021.
Data on epidemiological variables, preoperative radiological factors including tumor
volume, tumor appearance, cavernous sinus invasion (modified Knosp scale), degree of
extension according to the SIPAP (stands for the five directions in which a pituitary
adenoma can extend: suprasellar, infrasellar, parasellar, anterior, and posterior)
classification, and preoperative visualization of the healthy gland on magnetic reso-
nance imaging (MRI) were collected as well as intra- and postoperative cerebrospinal

Keywords fluid (CSF) leak. As variables of interest, data on the degree of tumoral resection and
= pituitary adenoma preservation of hormonal function were collected.
= endoscopic Results Among the preoperative factors related to greater tumoral resection, we found a

endonasal approach lesser tumoral extension according to the SIPAP scale, and the absence of a postoperative
= hormonal deficiency ~ CSF leak had a statistically significant relation with greater hormonal preservation.

= CSF leak Conclusion The SIPAP classification is a simple-to-measure preoperative radiological
= sellar barrier variable that could predict the extent of resection, and, conversely, the occurrence of a
> Knosp postoperative CSF leak has been associated with an inferior endocrinological outcome
= SIPAP in this type of surgery.
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Introduction

Pituitary adenomas are a diverse group of tumors originating
from the pituitary gland.” These are one of the most frequently
occurring central nervous system primary neoplasms in adult
patients, accounting for 10 to 15% of all intracranial tumors,
being the most frequent type of tumor in the sellar area.” The
prevalence ranges between 80 and 90 cases per 100,000
inhabitants, although some studies based on autopsies and
imaging studies show that the prevalence could be up to 16.7%.
The average age of presentation is 40 years and there is a slight
female predominance (55-65%).>*

The use of endoscopy through the endonasal route repre-
sentsone of thelatest advances in this type of surgery, allowing
a better exposure of the surgical field with a minimally
invasive approach. This technique allows a more complete
tumor resection and it also reduces the risk of complications
compared with other approaches, which is why, nowadays, it is
the route of choice in the vast majority of cases.>® The most
common complications of using this approach are cerebrospi-
nal fluid (CSF) leak and hormone dysfunction with good
presurgical function, with transient diabetes insipidus being
the most common one.” One of the most novel concepts in this
field is the sellar barrier, which is defined as the interface
between the pituitary tumor and the suprasellar cistern,
composed of three layers: arachnoid tissue, sellar diaphragm
dura mater, and the pituitary gland. The type of sellar barrier
can predict the degree of intraoperative CSF leak and therefore
point out those patients who may present this complication in
the postoperative period.8

One of the main goals in pituitary surgery is hormonal
preservation or restoration of hormonal function altered by
tumor effects. The endocrinological results in pituitary surgery
are heterogeneous and therefore difficult to compare.>'°

The preoperative evaluation of each case is extremely im-
portant to achieve an optimal postoperative result. This presur-
gical study is fundamentally based on imaging tests and more
specifically on brain magnetic resonance imaging (MRI). There
are numerous studies that describe the preoperative factors that
predict the extent of resection, among which we find the degree
of invasion of the cavernous sinus of l(nosp.1 =14 However, there
is little evidence about the preoperative variables that could
predict the endocrinological outcome.

Hypotheses and Objectives

Some anatomical and radiological aspects of pituitary ade-
nomas could predict the endocrinological outcome in pitui-
tary endoscopic endonasal surgery. Therefore, the primary
objective of this study is to analyze the preoperative ana-
tomical and radiological variables of pituitary adenomas,
among which we find tumor volume, cavernous sinus inva-
sion (modified Knosp scale), degree of extension according to
the SIPAP classification, preoperative visualization of the
healthy gland (adenohypophysis, neurohypophysis, and pi-
tuitary stalk), intraoperative and postoperative CSF leak, and
its relation to the degree of hormonal preservation as well as
to the degree of resection.

Material and Methods

Study Population

It is a retrospective analytical study. Data have been collected
from 101 patients diagnosed with pituitary adenoma who
underwent endoscopic endonasal pituitary surgery at the
General University Hospital of Alicante from January 2016 to
December 2021. We established as inclusion criteria the
following: clinical diagnosis of pituitary adenoma that involve
a hormonal dysfunction of any of the axis of the gland or visual
field disturbances due to tumoral growth and imaging confir-
mation of pituitary adenoma including both micro- and mac-
roadenomas as well as functioning and nonfunctioning
adenomas that underwent endoscopic endonasal surgery.
The exclusion criteria included pediatric cases and patients
who needed a transcranial or combined approach.

Data Collection

Demographic data such as age and sex, structural character-
istics of the tumor, differentiating between micro- and
macroadenomas, as well as functional characteristics of
each adenoma type were collected.

All the patients had an MRI according to the pituitary
protocol, in which a series of anatomical and radiological
variables were evaluated. The pituitary protocol, based on a
3.0-T scanner, consists of turbo spin echo T1 sequences, both
with and without gadolinium centered in the pituitary
region. Images were obtained in the three planes: axial,
coronal, and sagittal with a thickness of 1 mm. In addition,
T2, fluid-attenuated inversion recovery (FLAIR) sequences,
diffusion weighted imaging (DWI), and apparent diffusion
coefficient (ADC) map were obtained.

In the first place, the tumor volume measured through a
software incorporated in the neuronavigation system “Stealth
Station” Medtronic was determined (=Fig. 1). This tool ana-
lyzes the coronal slices of the brain MRI selecting in each two-
dimensional slice the surface that represents the adenoma.
Once the tumor surface in each section is selected, the software
integrates this information with the thickness of the MRI slices,
obtaining a three-dimensional model of the tumor with its
volume. This is a novel form of surgical planning since previ-
ously the tumor volume was calculated by the simplified
ellipsoid formula: height x width x depth divided by 2. The
current tool allows the tumor volume to be delimited more
precisely since not all pituitary adenomas have an ellipsoid
shape and can be very irregular and asymmetric. They can also
include other structures inside such as the internal carotid
artery in its intracavernous portion that can be excluded with
the Stealth as opposed to the estimation with the formula.'”

On the other hand, the invasion of the cavernous sinus has
been evaluated in the coronal section of the brain MRI
according to the modified Knosp scale, differentiating
in degrees 0, 1, 2, 3A, 3B, and 4."® The Knosp classification
is one of the widely known systems to describe the cavernous
sinus invasion by pituitary adenomas. Based on coronal MRI
section, three lines are drawn between the supraclinoid
carotid artery: lateral tangent, intercarotid line, and medial
tangent. Cavernous sinus invasion is determined by whether
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Fig. 1 Estimating tumor volume and creating a 3D model of the tumor with neuronavigation system.

the tumor remains medial or exceeds one of these lines. The
more lateral the tumor extension goes, the greater the
cavernous sinus invasion gets considering grade 4 when a
total enclosure of intracavernous internal carotid artery is
found. In addition, tumor extension data were collected and
classified according to the SIPAP scale.'” SIPAP is an acronym
for the five juxtasellar directions of pituitary adenoma
growth near or into adjacent structures of the sella turcica
region. This classification takes into account tumoral exten-
sion to the Suprasellar, Infrasellar, Parasellar (left and right),
Anterior, and Posterior directions.

Likewise, glandular visualization and tumor character-
istics on the preoperative MRI data were collected. In coronal
sections on T1 sequence enhanced with gadolinium, the
visualization of the gland and the aspect of the pituitary
stalk have been evaluated, defined as thickened if it exceeded
2 mm in width. In the sagittal plane of the T1 sequence, the
neurohypophysis data were collected, which are seen as

hyperintense in the posterior part of the gland (~Fig. 2).'8
On the other hand, tumor appearance information has been
collected, classifying it as solid (isointense in T1 and T2),
cystic (hypointense on T1 and hyperintense on T2), and
hemorrhagic (hyperintense on T1 and T2; =~Fig. 3).

In addition, we recorded all the cases that presented
intraoperative CSF leak regardless of whether or not it
persisted after surgery. The intraoperative CSF leak was
managed by the otorhinolaryngology team, usually by a
Hadad flap and hemostatic agents such as Surgicel, Spongo-
stan, or similar. We considered a postoperative CSF leak
when the patient presented symptoms of rhinolicuerrea
after the surgery regardless of the time interval between
the surgery and its occurrence. The postoperative CSF leak
was managed by an external lumbar drainage and antibiotic
prophylactic treatment to prevent meningitis.

All the patients present a postoperative study with con-
trast-enhanced brain MRI performed 3 months after surgery

Fig. 2 Visualization of pituitary gland in the preoperative MRI. (A) Coronal MRI section T1 with gadolinium. Anterior pituitary gland pushed to
the left enhanced. (B) Sagital MRI section T1 without gadolinium. Posterior pituitary gland can be seen hyperintense in the posterior part of the
hypofisis. (C) Sagital MRI section T1 with gadolinium. Pituitary stalk is pushed backwards by the tumor and enhanced with gadolinium.
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Fig. 3 Tumoral appearance at the preoperative MRI. (A) Solid (isointense in T1 and T2). (B) Cystic (hypointense on T1 and hyperintense on T2).
(C) Hemorrhagic (hyperintense on T1 and T2).

in which the degree of tumor resection was evaluated. “Gross
total resection” has been designated to refer to surgical
procedures in which the removal of the tumor was complete
or 100%, while “subtotal resection” has been used to describe
cases where the tumoral tissue removal was less than 100%.

Finally, the status of hormonal function before and after
surgery was recorded. In the preoperative period, hormonal
deficiency has been defined as an alteration of at least one
anterior pituitary hormonal axis as well as diabetes insip-
idus. After the intervention, postoperative hormonal defi-
ciency has been defined as an alteration of at least one
previously functioning anterior pituitary axis as well as
diabetes insipidus. Transient diabetes insipidus has not
been considered as an added hormonal deficiency.

Statistical Analysis

First, a descriptive study of all the variables (age, sex, tumor
volume, tumor appearance, etc.) was performed. For each of
the variables, the absolute and relative frequency was calcu-
lated in percentage. Next, to study the association between the
explanatory variables (age, sex, tumor volume, tumor appear-
ance, etc.) and the incomplete tumor resection and postoper-
ative hormone deficiency, the chi-squared test was used, and
to quantify the magnitude of association, the crude odds ratio
(OR) and the adjusted odds ratio (ORa) with their 95% confi-
dence intervals (95% CI) using a logistic regression model, in
which those variables with a p < 0.20 were introduced, were
calculated. The level of statistical significance was p < 0.05.The
analysis was performed using IBM SPSS Statistics v.25.0.

Ethical Approval

Due to the retrospective nature of the study, an official
waiver of ethical committee approval was obtained. This
was because the study did not involve any intervention or
interaction with the participants and only relied on the
analysis of existing data. The waiver of ethical committee
approval was obtained in accordance with the guidelines and
regulations established by the responsible authorities.

Results

The mean age of the study population was 54.41 years with a
standard deviation of 15.22 years. The female sex was

predominant representing 54.45%. Regarding the structural
classification, macroadenoma represented 89.9%. Nonfunc-
tioning adenoma was the most prevalent hormonal type
representing 75.24%, followed by growth hormone (GH)
secreting adenoma with 12.87%, followed by prolactinoma
with 6.93%, and finally adrenocorticotropic hormone (ACTH)
secreting adenoma with 4.95%. The indication of surgical
treatment of a prolactinoma was persistent hormone dys-
function and/or progressive visual field deficit despite dopa-
mine agonist therapy. No thyroid-stimulating hormone
(TSH), follicle-stimulating hormone (FSH), or luteinizing
hormone (LH) secreting adenomas have been recorded.

The mean tumor volume was 6.02 cm® with a standard
deviation of 6.06 cm? and a median of 3.25 cm®. A significant
occupation of the cavernous sinus (Knosp grade 3-4) was
seen in 45.45% of the cases (~Table 1).

Regarding the factors that demonstrated a statistically
significant correlation with gross total resection, our analysis
revealed that cases with a tumor volume below the median
value of 3.25cm? exhibited an OR of 6.0 (95% CI: 2.2-16.6;
p <0.001) for achieving gross total resection, compared with
cases with a tumor volume above 3.25 cm?>.

A lower extension according to the SIPAP scale also showed
a statistically significant association with gross total resection,
for those cases with SIPAP 0 to 4 (low grade of extension), the
OR for gross total resection was 19.1 (95% ClI: 5.1-72.5;
p<0.001), and for SIPAP 5 to 8 8.1 (95% CI: 2.3-28.8;
p=0.001) compared with SIPAP 9 or more. Our analysis
demonstrated a statistically significant correlation between
a lower Knosp cavernous sinus invasion grade and gross total
resection, with an OR of 4.0 (95% CI: 1.6-9.8; p=0.002),
compared with cases with a Knosp grade of 3 to 4.

Upon conducting a multivariable analysis, some of the
previously identified associations were found to be no longer
statistically significant. However, the correlation between a
lower SIPAP extension and gross total resection remained
significant, with an ORa of 6.6 (95% CI: 5.1-72.5; p=0.025)
for cases with an SIPAP score of O to 4, and an ORa of 7.1 (95%
CI: 1.9-26.0; p =0.003) for cases with a SIPAP score of 5 to 8,
as compared with those with an SIPAP score of 9 or more. No
statistically significant association was observed between
patients’ age or tumoral characteristics and gross total
resection (~Table 2).
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Table 1 Demographic data and tumoral characteristics of the sample (n=101)

Age Mean Standard deviation
54.51y 15.22y
Sex Male Female
46 (45.55%) 5 (54.45%)
Size Microadenoma Macroadenoma
1(10.89%) 0 (89.1%)
Tumor volume Mean Standard deviation
6.02 cm’ 6.06 cm?
Knosp grades 1-2 3-4
55 (54.45%) 46 (45.55%)
Functional status Nonfunctioning Prolactinoma GH ACTH
76 (75.24%) 7 (6.93%) 13 (12.87%) 5 (4.95%)

Abbreviations: ACTH, adrenocorticotropic hormone; GH, growth hormone.

Table 2 Aspects and their association with gross total resection (n=101)

Gross total resection OR (CI 95%) p ORa (Cl 95%) Pa
% (number)
Age (y) <60 74.6 (44/59) 1.5 (0.6-3.5) 0.387 - -
>60 66.7 (28/42) 1
Volume (cm?) <3.25 88.0 (44/50) 6.0 (2.2-16.6) <0.001 3.1 (0.8-12.8) 0.115
>3.25 54.9 (28/51) 1 1
SIPAP 0-4 87.2 (41/47) 19.1(5.1-72.5) | <0.001 | 6.6 (5.1-72.5) | 0.025
5-8 74.3 (26/35) 8.1 (2.3-28.8) 0.001 7.1 (1.9-26.0) 0.003
>9 26.3 (5/19) 1 1
Knosp grade 0-2 82.3 (51/62) 4.0 (1.6-9.8) 0.002 0.5 (0.2-1.6) 0.303
3-4 53.8 (21/39) 1 1
Tumoral aspect Solid 72.6 (61/84) 1.1 (0.2-5.8) 0.946 - -
Cystic 60.6 (6/10) 0.6 (0.8-4.7) 0.629
Hemorrhagic 71.4 (5/7) 1

Abbreviations: Cl 95%, 95% confidence interval; OR, odds ratio; Ora, adjusted odds ratio; p, level of statistical significance; Pa, adjusted level of

statistical significance.

Regarding the association between preoperative factors
and postoperative hormonal deficiency, our analysis revealed
no statistically significant correlation between any of the
tumoral characteristics measured (such as volume, SIPAP
score, Knosp grade, and gland visualization, among others)
and the occurrence of postoperative hormonal deficiency. The
only factor that exhibited a significant association with post-
operative hormonal deficiency was the presence of a CSF leak
after the surgery. Patients who experienced a postoperative
CSF leak exhibited an OR of 38.6 (95% CI: 3.8-384; p < 0.001)
for developing an additional hormonal deficiency, as com-
pared with those without a CSF leak (~Table 3).

Discussion

In this single-center retrospective study, we explored the
correlation between anatomical and radiological factors and

the extent of resection as well as postoperative hormonal
function in pituitary adenomas.

The tumoral volume at first had a correlation with the
extent of resection, but this correlation was lost when a
multivariate analysis was performed. The observed phenom-
enon could be elucidated by the progressive growth of the
adenoma, which renders the surgical resection more intri-
cate due to its spread beyond the sellar region. This frequent-
ly results in the infiltration of the cavernous sinus and
entanglement of the carotid arteries. Considering dimen-
sional data of the tumor, the volume is a more reliable
measure because it gives data of all three planes comparing
it, for example, with cross-sectional diameter. Another im-
portant aspect is that tumoral volume should be considered
when choosing the approach, endoscopic endonasal, or by
craniotomy. So, although the volume is an important factor
to consider in surgical planning, the SIPAP extension and
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Table 3 Aspects and their association with postoperative hormonal deficit (n=101)

Postoperative hormonal deficit OR (95% Cl) p
% (number)

Age (y) <60 83.1 (49/59) 0.377 (0.1-1.4) 0.147
>60 92.9 (39/42) 1

Volume (cm?3) <3.25 90.0 (45/50) 1.674 (0.5-5.5) 0.394
>3.25 84.3 (43/51) 1

SIPAP 0-4 89.4 (42/47) 6 (0.337-7.4) 0.564
5-8 85.7 (30/35) 1.1 (0.2-5.3) 0.882
>9 84.2 (16/19) 1

Knosp 0-2 91.9 (57/62) 2.9 (0.886-9.767) | 0.124
3-4 79.5 (31/39) 1

Anterior pituitary visualization Yes 87.7 (71/81) 1.253 (0.3-5) 0.718

pre-surgical No 85 (17/20) ]

Anterior pituitary visualization Yes 85.5 (71/83) 0.855 (0.8-0.9) 0.129

post-surgical No 100 (14/14) 1

Postpituitary visualization Yes 88.1(37/42) 1.161 (0.4-3.8) 0.807

pre-surgical No 86.4 (51/59) 1

Postpituitary visualization Yes 87.2 (34/39) 0.933 (0.3-3.2) 0.912

post-surgical No 87.9 (51/58) 1

Stalk aspect pre-surgical Normal 88.1(37/42) 4.44 (0,8-24) 0.087
Thickened 90.2 (46/51) 0.6 (1.1-30) 0.049
Not visible 62.5 (5/8) 1

Stalk aspect post-surgical Normal 90.2 (37/41) 4.62 (0.3-63) 0.087
Thickened 86.8 (46/53) 3.28 (0.2-41) 0.049
Not visible 66.7 (2/3) 1

Tumoral aspect Solid 88.1 (74/84) 0 0.999
Cystic 70 (7/10) 0 0.999
Hemorrhagic 100 (7/7) 1

CSF leak No 90.6 (87/96) 38.6 (3.8-384) <0.001
Yes 20.0 (1/5) 1

Extent of resection Complete 90.3 (65/72) 2.4 (0.737-8) 0.136
Incomplete 79.3 (23/29) 1

Abbreviations: 95% Cl, 95% confidence interval; CSF, cerebrospinal fluid; OR, odds ratio; p, level of statistical significance.

Knosp invasion grades could give more information about
the possible extent of resection, which is described by many
authors,12:13.15.16,19-22

Knosp grade of invasion of the cavernous sinus is widely
described as one of the most important factors to consider
before pituitary adenoma surgery, being unfavorable as the
grade goes higher. This invasion represents a negative prog-
nostic factor, reducing the probability of success in surgical
treatment, in terms of both complete tumor resection and
hormonal remission in functioning tumors.'?'3

Dallapiazza et al found that tumors with Knosp grades 0 to
2 and volumes up to 10 cm? had more chance to get a gross
total resection, with Knosp grade being the only independent
predictor in a multivariate analysis.?! In our study, Knosp

grade had a correlation with the extent of resection, but it did
not result as an independent predictor in the multivariate
analysis.

Knosp is studied not only as a predictor of the extent of
resection but also as a recurrence factor. Meij et al reported
that larger tumors present a higher rate of microscopic dural
invasion than smaller tumors, which causes a higher recur
rate.?3

As for the SIPAP extension grade, its correlation with
recurrence of a pituitary tumor after endoscopic endonasal
resection was described. Tumors with higher SIPAP values
had higher rates of recurrence. This classification can be used
to assess patients with pituitary adenoma in terms of pre-
dicting the recurrence rates and the probability of a further
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surgery.?* In our study, SIPAP grade was the only preopera-
tive factor as an independent predictor of the extent of
resection. This could be due to the fact that larger tumors
extend in the juxtasellar area, which is more difficult to reach
by the endoscopic endonasal approach. Another possible
reason is that as the extension goes further, more vital
structures can get involved, for example, carotid arteries or
optic nerves, making total resection unsafe.

The most described endocrinological complications is
transient diabetes insipidus. As for permanent diabetes
insipidus, the incidence after pituitary surgery is low, in
some series reaching 3%. The deficit of some of the axes of the
anterior pituitary gland is found in up to 9% of cases
permanently in some series.'??>"27 Biamonte et al found
that patients with Knosp grades 3 to 4 presented a higher risk
of developing a new hormone deficiency after endoscopic
endonasal pituitary surgery. Age did not play a significant
role in their study. The restoration of previous pituitary
deficiency was present in one-sixth of patients and had a
correlation with age.28

Nomikos et al reported that the rate of an added endo-
crinological deficit after endoscopic endonasal pituitary
adenoma surgery was 1.4%. The most frequent one was
persistent diabetes insipidus, which required replacement
with oral vasopressin.29

Standard endoscopic endonasal surgery is associated with a
0.5 to 10% risk of CSF leak. In case of the extended approaches,
it increases to 5 to 30%. When CSF leak occurs, the most
appropriate step is an early surgical revision (first 48 hours),
due to its significant impact on reducing the rate of postsurgi-
cal meningitis.'? In our study, we found a correlation between
CSF leak and a new hormonal deficit. We propose three
hypotheses regarding this phenomenon. The first is related
to the aggressiveness in the surgical act. Highly aggressive
surgeries could damage the pituitary gland and the arachnoid,
leading to CSF leak. One of the recent concepts in this field is
the sellar barrier. As mentioned earlier, it is defined as the
interface between a pituitary tumor and suprasellar CSF. It can
be classified as weak, mixed, and strong. Villalonga et al report
that weak sellar barrier is associated with higher rates of CSF
leak.? Therefore, it could also have a correlation with postop-
erative hormonal deficiency. Further investigations should be
performed to study this supposition.

The second factor to consider is that CSF leak is frequently
associated with meningitis, which can also damage the
pituitary gland, resulting in a postoperative hormonal defi-
ciency. Magro et al report that meningitis occurred in 3.3% of
patients in their series, and it was strongly associated with
intraoperative and postoperative CSF leak.>?

The third explanation is related to hormone requirements. A
substitutive hormonal treatment is needed in some cases after a
pituitary surgery, especially in those cases that had a hormonal
deficit prior to the surgery.>' CSFleak is a complication that adds
biological stress to the patient, especially when complicated
with meningitis, and this could lead to a depletion of the
hormonal reserve, resulting in a new hormonal deficit.

We consider that this article compiles a wide number of
preoperative variables and relates them not only to

the degree of tumor resection but also to the hormonal
prognosis. However, we are aware of the difficulty of drawing
strong conclusions with a limited number of patients, and we
are sure that further research is needed to improve the
evidence.

Conclusion

The tumoral volume, Knosp grade, and SIPAP grade are
measurable anatomical and radiological parameters that
show significant correlation with the extent of resection
during an endoscopic endonasal surgery of pituitary adeno-
mas. These findings provide valuable insights that should be
considered when formulating a surgical plan for individual
cases. Furthermore, a link was observed between postoper-
ative CSF leak and added hormonal deficits, although the
underlying mechanism remains unclear and warrants fur-
ther investigation.
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