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Abstract: Introduction. Pituitary adenomas constitute the second most frequent neoplasm of the
central nervous system and despite the often-indolent behavior of these tumors, patients affected
by pituitary adenomas show higher morbidity and mortality rates. Surgery offers good results in
terms of symptoms and disease control: the aim of this study was to evaluate how the neurosurgical
treatment for the removal of a pituitary adenoma through a trans-sphenoidal approach can modify
the patient's hormonal panel and its influence on the overall clinical outcome. Materials and methods.
Between January 2018 and September 2021, 69 patients who underwent surgery for pituitary
adenoma operated via the trans-sphenoidal approach were enrolled in the study. Clinical and
laboratory data included pre- and post-operative hormonal status, assessed before surgery and
within the following 48 hours. Results. Remission of endocrinological values outside physiological
ranges and resolution of symptoms were considered as favorable outcome. Surgical treatment was
statistically significant as factor to normalize the following hormones: ACTH (p = 0.014), TSH (p <
0.0001), fT3 (p < 0.0001), fT4 (p < 0.0001), FSH (p < 0.0001), LH (p = 0.001), testosterone (p = 0.001),
prolactin (p <0.0001), confirming previous literature findings. Furthermore, the association between
surgery and resolution of pre-operative visual disturbances was statistically significant (p < 0.0001).
Overall, 59% of patients experienced complete or partial remission of the pre-operative
endocrinological abnormalities and in 76% their initial symptoms improved. Conclusions. This study
confirms, in our experience, the excellent risk-benefit ratio supporting the use of trans-sphenoidal
endoscopic surgery as an effective therapeutic approach for the removal of pituitary adenomas with
improvement in the post-operative hormonal and clinical status.
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1. Introduction

The pituitary gland has a transverse diameter of approximately 1 cm and an average weight of
0.6 g, it is divided into an anterior and posterior lobe, where the former comprises 80% of the total
mass, and it can undergo dimensional variations in women of childbearing age: despite being one of
the smallest organs, pituitary adenomas constitute the second most frequent neoplasm of the central
nervous system with 3.47 cases per 100,000 inhabitants each year, but their prevalence in unselected
autopsy series reaches up to 25% [1,2]. If not recognized, adenomas can grow to considerable size, or
continue to modify the patient's endocrine and metabolic profile for a long time; this, together with
the risk of visual pathway compression, makes it necessary to reach the diagnosis as early as possible.
In fact, despite the often and almost indolent behavior of these tumors, patients affected by pituitary
adenomas show higher morbidity and mortality rates than those of the general population [3]. The
prognosis of pituitary adenomas, which has improved in the last two decades, depends on its being
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functioning or non-functioning. The non-functioning adenomas and prolactinomas have an excellent
prognosis if treated promptly with surgery and/or medical therapy [4]. The treatment of pituitary
adenomas includes various options, from medical to surgical and radiotherapy: often the first line of
therapy, with the exception of prolactinomas, is represented by surgery, which offers good results in
terms of symptomatic and disease control; in particular, the trans-sphenoidal approach has made it
possible to intervene on the pituitary gland without affecting the brain structures and show
promising results on gross total tumor resection, postoperative pituitary function, visual field
changes, length of surgery and hospitalization [5]. Pituitary adenomas, although considered benign
tumors, are associated with reduced quality of life and increased mortality compared to the general
population [6]. Hypopituitarism resulting from pituitary adenomas is due to impaired blood flow or
compression to the normal tissue together with interference with the delivery of hypothalamic
hormones via the hypothalamus-hypophysial portal system; on the other hand, it is one of the most
frequent post operative sequelae, with central adrenal insufficiency being the deficit that requires a
timely diagnosis and treatment. Patients with pituitary adenoma should undergo hormonal, clinical,
and laboratory evaluation to rule out hyper or hypopituitarism and confounding conditions such as
pituitary hyperplasia from primary hypothyroidism [8].

The aim of this study was to evaluate how the neurosurgical removal of a pituitary adenoma via
the trans-sphenoidal approach can modify the patient's hormonal panel and how it influences his
overall clinical outcome.

2. Materials and Methods

Consecutive patients undergoing transsphenoidal surgery for functioning radiological
diagnosis of pituitary between January 2018 and September 2021 at our Institution were included in
this study; among a total of 84 patients, 15 were excluded due to insufficient data at the follow-up
resulting in a final series of 69 patients definitively analyzed. Clinical and laboratory data included
pre- and post-operative hormonal status, evaluated before surgery and within the following 2 days.
Demographics, radiological and histological data as well as post-operative complications, were
obtained from the medical records. All patients were operated by pituitary surgeons of the
department using neuronavigation-guided endoscopic endonasal technique. The septal mucosa was
incised at the level of the sphenoid rostrum, and the mucosa-covered septum was lateralized, thereby
sparing the nasoseptal artery. Symptoms were assessed at the beginning of hospitalization and in the
immediate post-operative period. Blood chemistry and hormonal assessment were evaluated on the
day of hospitalization and within 48 h post-surgery together with the outcome of examinations
including imaging and pathology reports; in all cases patients were discharged between 5 and 7 days
after surgery. The biochemical and endocrinological parameters were evaluated pre-surgery and
within 2 days after the operation. Normal ranges, according to literature, were taken as reference
both in the pre- and post-operative evaluation. In addition to glucose and standard electrolytes the
following pituitary hormone levels were analyzed: thyroid-stimulating hormone (TSH), luteinizing
hormone (LH), follicle-stimulating hormone (FSH), growth hormone (GH) prolactin (PRL), morning
cortisol, adrenocorticotropic hormone (ACTH), free thyroxin (T3-T4), testosterone,
dehydroepiandrosterone (DHEA) and estradiol. Statistical analysis and data collection were
performed using IBM software SPSS statistics version 26. Continuous variables were compared by
Student's T test and Chi-square test was conducted for categorical data. P value <0.05 was considered
statistically significant.

3. Results

After excluding the 15 patients whose documentation was not available, the analyzed sample of
69 patients is made up of 38 men (55%) and 31 women (45%), with an age at the time of surgery
between 15 and 86 years with an average of 55.5 years. 25 patients (36%) were under 50 years old at
the time of the operation. At onset, 21 patients (30%) complained of headache and 39 (56%) visual
symptoms: bitemporal hemianopia is the most frequently encountered visual deficit (20 patients,
29%), followed by hypovisus and diplopia (complained by 10 patients each, 14%); 6 patients had
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scotomas on visual field analysis (8%) and 5 had unilateral temporal hemianopia (7%). Cognitive
deficits included ideo-motor slowing and behavioral alterations (such as, for example, a case of
frontal syndrome). The autonomic disorders complained by 2 patients were erectile dysfunction and
incontinence. Sensory disturbances included facial paresthesia, hyposmia, and preauricular pain.
Regarding hormonal abnormalities, 2 patients out of 69 had panhypopituitarism at diagnosis, just as
2 patients showed hormonal values compatible with acromegaly; in 23 pts (33%) the onset was with
hyperprolactinemia, while only 5 (7%) with hypoprolactinemia. Secondary hypothyroidism was
detected in 20 patients (29%), central Addison's disease in 9 (13%), and Cushing's syndrome in 4 (6%).
Hypogonadotropic hypogonadism was the most common hormone deficiency, observed in 28
patients (40%) [Tab. 1]. The most frequent histotype is the gonadotroph adenoma, reported in 30
patients (44%), followed by the lactotroph with 16 cases (23%) and the densely granulated
somatotroph with 7 cases (10%). Furthermore, 9 corticotroph adenomas (13%) and 7 multihormonal
adenomas (10%) were diagnosed. Post-operative complications were documented in 14 patients
(20%) who experienced: CSF fistula and Diabetes insipidus 9 patients (13%), 4 patients (5%)
developed an infection and hematoma, hypopituitarism occurred in 6 patients (8%). The
improvement of hormonal parameters was documented in 31 patients (45%) while in 6 cases (8%) the
hormonal values worsened. Visual disturbances showed improvement or total regression in 32
patients (46%); In 5 cases (7%), however, remained stable in 2 patients; after surgery new alterations
were detected in 2 patients: the first showed exophoria, diplopia, and visual disturbances in the
right eye (all transient conditions), the second developed scotoma bilaterally. Pre-operative headache
was resolved in 17 cases out of 19 pts (27.5 %). Only one patient reported new onset of headache after
surgery, improved with medical therapy. The results of the statistical analysis describing
normalization of the pre-operative hormonal and laboratory parameters are summarized below [Tab.
2]. The correlation between the histotype of the neoplasm and the development of post-surgical
hormonal complications was almost significant (p=0.0843, significance p<0.05). Finally, the
relationship between patient's age, histological diagnosis and onset symptoms was analyzed [Tab 3.].
The age of the patient was significantly associated with the the histological variant of the tumor: an
increased prevalence of lactotroph adenomas in young patients was observed; presence of onset
headache and visual disorders were not age-related.

3.2. Tables

Table 1. Hormonal abnormalities

GALACTORRHEA J4
AMENORRHEA 1
AUTONOMIC DYSFUNCTION
SENSORY DISTURBANCES 3

SEIZURES i1

NAUSEA a
MEMORY DISORDERS W@

LOSS OF CONSCIOUSNESS

]

COGNITIVE IMPAIRMENT a
DEPRESSION 3
SCOTOMA 6
111, IV, VI CN DEFICIT a
HYPOVISUS 10
DIPLOPIA 10
MONOLATERAL HEMIANOPIA S
BILATERAL HEMIANOPIA 20
HEADACHE 21

Table 2. The results of the statistical analysis describing normalization of the pre-operative hormonal
and laboratory parameters are summarized below.
PARAMETER P
GLYCEMIA 0,001
CREATINEMIA 0,000
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4
SODIUM 0,000
POTASSIUM 0,000
ACTH 0,014
CORTISOL 0,150
DHEAS 0,489
TSH 0,000
fT3 0,000
fT4 0,000
GH 0,331
IGF-1 0,078
FSH 0,000
LH 0,001
ESTRADIOL 0,284
TESTOSTERONE 0,001
PRL 0,000

Table 3. The relationship between patient's age, histological diagnosis and onset symptoms.

AGE P

HYSTOTYPE 0,031
HEADACHE AT ONSET 0,111
VISUAL DISORDERS AT ONSET 0,440

4. Discussion

Endocrinological normalization after neurosurgical treatment with a trans-sphenoidal approach
is solid scientific evidence, well documented in literature: Gentili et al since 2008 demonstrated on a
large series of patients that a purely endoscopic approach for pituitary adenoma treatment is a safe
and effective alternative to the microscopic procedure, with excellent tumor-removal rates,
comparable remission rates in functioning tumors, and a very low rate of complications. Specifically,
an increasing number of authors have proven over time good clinical results with various hormones:
Dehdashti et al with prolactin, Berker et al with ACTH and Yi LS et al with thyroid hormones,
gonadotropins and testosterone [9-11]; our study confirm the favorable prognostic rule of the
surgical treatment of the pituitary adenoma related with the postoperative normalization of the
hormonal values. Finally, Bove et al in a multicenter European study identified, among a series of
tips and tricks at different phases of an endoscopic endonasal pituitary surgery, the postoperative
endocrinological strict monitoring as a crucial step to perform a successful procedure [12]. Recently,
in accordance with the new nomenclature proposed by the International Pituitary Pathology Club
(IPPC) which described adenomas as PitNETs (pituitary neuroendocrine tumors), Ferres et al
reiterated the effectiveness of the transsphenoidal approach in normalizing GH and IGF-1 values
identifying a prognostic-based approach to guide decision making in high risk patients: in this study,
the authors determined that younger age, higher preoperative GH and- or IGF-1 levels, group 2b of
the clinicopathological classification, Knosp’s grade IV, MRI T2-weighted tumor hyperintensity, and
sparsely granulated cytokeratin expression pattern are related to worse postoperative outcomes in
long-term follow-up [13]. Despite the aforementioned correlation has been verified by previous
authors [13-15], on the contrary, probably due to the small size of our analyzed sample, in our series
the surgical approach was not significant in normalizing the values of GH, IGF-1, estradiol and
cortisol. According to Thakur et al, our experience suggests that elderly patients carefully selected
for endoscopic adenoma removal can have excellent short-term outcomes including high resection
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rates, low complication rates and short length of hospital stay. Age, however, was significantly
associated with the histological variant of the tumor, confirmed by epidemiological studies; presence
of onset headache and visual disorders were not age-related as found in literature [16,17]. The
presence of headache in pituitary tumor is related to a combination of factors, including intrasellar
pressure, tumor extension, relationship with the sellar structures, patient predisposition, familial
history, and functional disturbance within the hypothalamo-pituitary axis: in our series 19 patients
(27.5 %) complained of pre-operative headache, it resolved in 17 cases; only one patient reported new
onset headache after surgery, improved with medical therapy [18]. Hashem et al reported how the
trans-sphenoidal approach can potentially produce electrolyte disturbances: in fact, the values of
natremia, kaliemia, creatininemia were altered by the surgical intervention, however we noticed a
statistically significant resolution during the post-operative period. Although complication rates are
low when performed at high-volume centers, disorders of salt and water balance are relatively
common postoperatively in large series reviewed [20]. We maintain that is appropriate, in agreement
with Asa et al, that PitNETs including traditionally defined pituitary adenomas should be managed
through a multidisciplinary care team in light of advances in the field of clinical and molecular
research: Medina et al highlighted the importance of improving knowledge of the molecular profile
of these tumors as a critical aspect for understanding their pathogenesis and identifying potential
targets for precision medical therapy [21]; not least, Robbins et al underlined, through the first study
examining technique for IOUS (intraoperative ultrasonography)-guided resection of pituitary
adenomas, that the development of new promising surgical techniques is equally critical in order to
maximize extent of resection and protect vital structures [22,23].

5. Conclusions

In this study, the trans-sphenoidal endoscopic approach was confirmed as an effective treatment
for pituitary adenomas with an excellent risk-benefit ratio: patients experienced a low rate of post-
operative complications, transient in most cases, and an improvement in the post-operative hormonal
and clinical outcome. It should be considered, in our opinion and according to recent literature, as
the first therapeutic option in the surgical treatment of pituitary adenomas except for prolactinomas.
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