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• The prevalence of pituitary incidentalomas in autopsy series ranges from 3-27%

• Non-functioning macroadenomas constitute the "lion's share", manifesting usually with extrasellar extension.

• The percentage of macroadenomas presenting with hypopituitarism ranges from 0-41%

What's new?

• Prolactinomas and acromegaly should always be excluded as they may be underdiagnosed • Hypopituitarism (partial or panhypopituitarism) is common in patients harbouring macroadenomas • Neurosurgery may improve visual field defects but hypopituitarism may be still present

Introduction

Pituitary incidentalomas (PIs) constitute a subgroup of pituitary adenomas detected incidentally during radiological evaluation for signs and symptoms unrelated to pituitary disease [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF][START_REF] Soule | The evaluation and management of subclinical pituitary disease[END_REF]. The estimated prevalence of PIs in autopsy series ranges from 3-27% [START_REF] Burrow | Microadenomas of the pituitary and abnormal sellar tomograms in an unselected autopsy series[END_REF][START_REF] Teramoto | Incidental pituitary lesions in 1,000 unselected autopsy specimens[END_REF][START_REF] Molitch | The pituitary "incidentaloma[END_REF][START_REF] Tomita | Pituitary adenomas and granular cell tumors. Incidence, cell type, and location of tumor in 100 pituitary glands at autopsy[END_REF]. Interestingly, a study of 100 normal volunteers who were examined by high-resolution magnetic resonance imaging (MRI) of the pituitary gland, revealed that 10% had lesions of decreased signal intensity after contrast administration, suggestive of microadenomas (3-6 mm) [START_REF] Hall | Pituitary magnetic resonance imaging in normal human volunteers: occult adenomas in the general population[END_REF]. Incidentally found macroadenomas are generally rare [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF][START_REF] Soule | The evaluation and management of subclinical pituitary disease[END_REF].

The majority of PIs are hormonally inactive adenomas in both sexes [START_REF] Soule | The evaluation and management of subclinical pituitary disease[END_REF][START_REF] Burrow | Microadenomas of the pituitary and abnormal sellar tomograms in an unselected autopsy series[END_REF].

Notably, non-functioning pituitary adenomas stain often positive for gonadotropins or their subunits (α-and β-subunit) or less frequently for adrenocorticotropic hormone (ACTH), growth hormone (GH), PRL or thyroid stimulating hormone (TSH), thus regarded respectively as silent corticotroph, somatotroph, lactotroph, thyrotroph or even mixed adenomas [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF]. The higher prevalence rate of PIs with increasing age might be associated with age-related decline in target gland hormones (especially sex hormones) levels and subsequent lack of feedback suppression leading to permanent stimulation which is the crucial step in the pituitary tumour development [START_REF] Kastelan | High prevalence rate of pituitary incidentaloma: is it associated with the age-related decline of the sex hormones levels?[END_REF].

When a PI is discovered, the clinician should decide whether he/she should proceed to surgical resection or not. This decision is based on 2 crucial issues. The first is whether compression of neighbouring structures exists leading to visual field defects and/or pituitary hormone deficiencies. The second is the potential of hormonal hypersecretion by the tumor [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF][START_REF] Soule | The evaluation and management of subclinical pituitary disease[END_REF]. In either case, except for prolactinomas which generally correspond well to dopamine agonists, neurosurgery is recommended. For the remainder, careful surveillance including regular endocrinological and The aim of the present study was to describe the clinical and functional characteristics as well as the natural course of PIs in a cohort of patients, who were followed-up in a single centre.

Patients and methods

This was a retrospective observational study conducted at the department of Endocrinology in Hippokration General Hospital (Thessaloniki, Greece), a secondary referral center for endocrinology and diabetes. Data from patients enrolled between 1982 and 2009 were extracted from the department's electronic database, reviewed and analyzed. Inclusion criteria were: 1) pituitary adenomas detected on occasion of MRI or CT of the brain performed for unrelated reasons and 2) at least one complete clinical and biochemical assessment. Patients complaining for symptoms associated with a sellar mass (such as visual field defects, symptoms of hypopituitarism or anterior pituitary hormone excess) at presentation were excluded.

All patients underwent clinical examination and visual field perimetry, baseline endocrinological assessment for PRL, GH, luteinizing hormone/follicle stimulating hormone (LH/FSH), ACTH and TSH, as well as target hormone assessment (estradiol, testosterone, serum cortisol, and free T4). GH deficiency was diagnosed when one of the following was present: levels of insulin growth factor-1 (IGF-1) were below the reference range for age and sex and/or an insufficient rise in GH levels after stimulation tests. detected in case of a morning serum cortisol level <3µg/dl or an insufficient increase (<18 µg/dl) in cortisol levels during a cosyntropin-stimulation test or a glucagonstimulation test, while TSH deficinecy was determined by low or 'inappropriately normal' TSH with thyroid hormone levels (free T4 and/or free T3) below the normal reference range. A threshold for stalk-effect hyperprolactinemia was set at >100 ng/ml. The patients were reevaluated at least yearly by clinical examination, routine biochemical and hormonal testing, both basic and dynamic, and by magnetic resonance imaging (MRI) or computerized tomography (CT) scan. CT was performed in cases when MRI was contraindicated or unavailable. Macroadenomas were defined when the maximum tumor diameter was >1 cm, while microadenomas when maximum diameter was ≤1 cm. Mass enlargement was defined as an increase of ≥0.5 cm in at least one dimension during follow-up. Earlier evaluation was performed in cases of significant alterations in clinical status. The duration of follow-up was estimated from the dates of first and last imaging.

Statistical analysis

Data for continuous variables are presented as mean ± standard error of the mean (SE). Data for categorical variables are presented as numbers and/or percentages. Kolmogorov-Smirnov test was used to check the normality of distribution of continuous variables. Chi-square test or Fischer's exact test were used to compare categorical variables. Independent-sample T-test or Mann-Whitney test was used to identify differences between two independent groups of continuous variables. A p value less than 0.05 was considered statistically significant in all the above tests. Statistical analysis was performed with SPSS 13.0 for Windows (SPSS Inc., Chicago, Illinois, USA). 

Results

Three hundred and ninety-three patients with a pituitary adenoma were retrieved from our electronic database. Sixty-one [38 males (62%), 23 females (38%)] met the study criteria. Men were harbouring a macroadenoma more frequently than women (90% vs. 65%, p=0.043). The mean age at diagnosis was 53±2 years (range 16-90).

The mean size of adenomas was 20±2 mm (range 4-44). Twelve PIs (20%) were microadenomas, 48 (78%) macroadenomas and 1 lesion (2%) was described as a Rathke's cyst. The patients' characteristics at initial assessment are presented in table 1. The indications for imaging were: chronic and persistent headache, dizziness, stroke, syncope and other neurological disorders, loss of visual acuity, head trauma and encephalitis (table 2).

Based on endocrinological and histological evaluation (where available), 47 PIs (77%) were non-functioning adenomas, 11 (18%) prolactinomas, 2 (3%) GHsecreting adenomas, and 1 (2%) Rathke's cyst. Extrasellar extension was observed in 37 patients (77% of the macroadenomas, 61% of the whole). In particular, 20 (33%) had suprasellar, 4 (7%) parasellar and 13 (21%) supra-and parasellar extension (table 1). Follow-up data were available for 40 patients (66% of the whole) with a mean duration time of 48±8 months (range 0-222).

At presentation, visual field defects were detected in 22/49 (45%) of the cases with available data (all with macroadenomas), while chronic headache was present in 31/54 (57%), 4 of which were harbouring microadenomas. PRL levels at presentation were 76±16 ng/ml. Deficiency of ≥1 pituitary axes was identified in 61%. More specifically, LH/FSH deficiency was detected in 30%, ACTH in 18% and TSH in 16%, whereas panhypopituitarism in 12%. GH Surgical approach was selected for 24 patients (48% of those with available data).

Of these, 6 (25%) were operated twice and 3 (13%) thrice, due to tumor recurrence and deterioration of visual acuity and visual fields. At presentation, the patients not subjected to surgery had significantly lower rates of extrasellar extension (38% vs. 82% respectively, p=0.041) and number of pituitary axes affected (0.5±0.3 vs. 1.8±0.3, p=0.004). Postoperative tumor remnants were evident in 20 (87%), while in 3 (13%) the adenomas were totally resected. Mass recurrence developed in 11 cases during follow-up (48% of the surgically treated), 9 of which showed gradual enlargement. In 1 case the increase in size was due to intra-adenoma haemorrhage.

Histological examination was available for 8 PIs, 7 of which were immunohistochemically negative non-functioning ("null" cell) adenomas and 1 hypophysiocytoma.

Twelve patients with visual field disturbances underwent neurosurgery, 6 of which (50%) presented significant improvement [2 (17%) restored to normal during follow-up]. In 5/12 (42%) visual fields remained unchanged and worsened in 1 (8%).

Surgery was not performed in 10 patients with visual field defects due to the following reasons: 4 were prolactinomas and received therapy with dopamine agonists, 2 patients were of advanced age and 4 patients were lost to follow-up, after surgical management recommendation. Ten of 12 patients with chronic headache at However, diabetes insipidus developed in 2/23 (9%) of the patients postoperatively.

Hormonal deficiencies were significantly higher postoperatively compared to those at initial presentation: GH deficiency in 67% (p<0.001), LH/FSH in 70% (p<0.001), ACTH in 70% (p=0.001) and TSH in 70% (p=0.004), while panhypopituitarism in 57% (p=0.004) (figure 1). Of note, 2 patients developed improvement in pituitary function after surgery.

Five patients (8% of the whole, 21% of the surgically treated) underwent conventional radiotherapy, and 1 stereotactic (γ-knife) radiosurgery. Radiotherapy lead to a significant decrease in tumor size in 1 patient whereas the adenoma remained stable in 2 (duration of follow-up 3 and 7 years) and enlarged in 1 (10 years of follow-up). All these PIs were non-functioning adenomas. Dopamine agonists (DA) were administered in 3 patients with non-functioning PIs postoperatively without improvement in tumor volume. Of 8 patients with prolactinomas and followup data, DA resulted in mass decrease in 2 PIs (both macroadenomas), while 6 remained stable (1 microadenoma).

Of 9 patients with hormonally inactive PIs who were managed conservatively, tumor growth was observed in 1 (11%) macroadenoma. Of these patients, 6 were microadenomas (5 remained stable and 1 decreased in size), and 3 were macroadenomas, 2 of which did not show any alterations in size during surveillance.

Discussion

By definition of PIs, all patients included in our study presented with signs or symptoms which eventually resulted in a head MRI scan rather than a pituitary scan.

We concluded that non-functioning macroadenomas constitute the "lion's share", other studies [START_REF] Reincke | The 'incidentaloma' of the pituitary gland. Is neurosurgery required?[END_REF][START_REF] Feldkamp | Incidentally discovered pituitary lesions: high frequency of macroadenomas and hormone-secreting adenomas -results of a prospective study[END_REF][START_REF] Sanno | A survey of pituitary incidentaloma in Japan[END_REF][START_REF] Day | Retrospective multicentric study of pituitary incidentalomas[END_REF], although in 1 study the majority were microadenomas [START_REF] Feldkamp | Incidentally discovered pituitary lesions: high frequency of macroadenomas and hormone-secreting adenomas -results of a prospective study[END_REF].

Before the year 1995 most imaging examinations of the brain were performed by CT.

Interestingly, some studies [START_REF] Donovan | The natural history of the pituitary incidentaloma[END_REF][START_REF] Reincke | The 'incidentaloma' of the pituitary gland. Is neurosurgery required?[END_REF] have reported data about PIs with CT scan alone.

MRI was available after this year. We acknowledge that the number of microadenomas might be higher in the present as well as in other series [START_REF] Donovan | The natural history of the pituitary incidentaloma[END_REF][START_REF] Reincke | The 'incidentaloma' of the pituitary gland. Is neurosurgery required?[END_REF].

However, the number of these patients in our study was small (10 cases, 9 macroadenomas and 1 microadenoma, most of them with follow-up times of 8-20 years) and, thus, we do not consider this factor to have changed dramatically our results. In our series, PIs appeared more frequently in men, although this was not confirmed by others [START_REF] Feldkamp | Incidentally discovered pituitary lesions: high frequency of macroadenomas and hormone-secreting adenomas -results of a prospective study[END_REF][START_REF] Sanno | A survey of pituitary incidentaloma in Japan[END_REF][START_REF] Day | Retrospective multicentric study of pituitary incidentalomas[END_REF]. In addition, men were more likely to harbour a macrothan a microadenoma in comparison with women, in accordance with previous reports [START_REF] Feldkamp | Incidentally discovered pituitary lesions: high frequency of macroadenomas and hormone-secreting adenomas -results of a prospective study[END_REF][START_REF] Day | Retrospective multicentric study of pituitary incidentalomas[END_REF].

It is of note that it may be difficult to distinguish between overt PRL production and hyperprolactinemia due to stalk effect from a macroadenoma. Although it is quite arbitrary, macroprolactinomas usually present with PRL levels >200 ng/ml (4,000 mU/l) [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF]. A study correlated the serum PRL levels with the histological diagnosis in a series of 128 pituitary adenomas. The authors concluded that PRL levels >8,000 mU/l were compatible with a true prolactinoma, while hypeprolactinemia <3,000 mU/l should be regarded as a result of a non-fucntional tumor. For intermediate values both conditions can be considered [START_REF] Bevan | Misinterpretation of prolactin levels leading to management errors in patients with sellar enlargement[END_REF]. In a large series of 226 histologically confirmed cases with non-functioning pituitary macroadenomas, 98.7% had serum PRL <2000 mU/l, providing a quite safe threshold above which a prolactinoma should be suspected [START_REF] Karavitaki | Do the limits of serum prolactin in disconnection hyperprolactinaemia need re-definition? A study of 226 patients with histologically verified non-functioning pituitary macroadenoma[END_REF]. Furthermore, the 2 cases of acromegaly detected in our study indicate the importance of screening for pituitary hormone overproduction in patients with PIs. In both cases acromegaly was not suspected initially and these patients underwent radiological evaluation of the brain on occasion of stroke and head injury. The possibility of acromegaly in patients with PIs was also indicated by others [START_REF] Reincke | The 'incidentaloma' of the pituitary gland. Is neurosurgery required?[END_REF].

Hormonal deficiencies at initial presentation were not negligible, with GH and gonadotropin deficiencies being the most frequent. Partial or panhypopituitarism has also been reported in various series [START_REF] Reincke | The 'incidentaloma' of the pituitary gland. Is neurosurgery required?[END_REF][START_REF] Feldkamp | Incidentally discovered pituitary lesions: high frequency of macroadenomas and hormone-secreting adenomas -results of a prospective study[END_REF][START_REF] Day | Retrospective multicentric study of pituitary incidentalomas[END_REF]. It is clear that routine hormonal screening is necessary to reveal hypopituitarism. Assessment of both baseline anterior pituitary hormones and their target hormones is strongly recommended, along with stimulation tests when necessary [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF][START_REF] Soule | The evaluation and management of subclinical pituitary disease[END_REF][START_REF] Reincke | The 'incidentaloma' of the pituitary gland. Is neurosurgery required?[END_REF][START_REF] Feldkamp | Incidentally discovered pituitary lesions: high frequency of macroadenomas and hormone-secreting adenomas -results of a prospective study[END_REF][START_REF] Sanno | A survey of pituitary incidentaloma in Japan[END_REF][START_REF] Day | Retrospective multicentric study of pituitary incidentalomas[END_REF]. All patients in our study presenting with hypopituitarism were carrying macroadenomas. The percentage of macroadenomas presenting with hypopituitarism ranges from 0-41% [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF]. However, microadenomas may not be completely harmless. In a recent study of patients with non-secreting pituitary microadenomas, half of them demonstrated abnormal response to GH-releasing hormone (GHRH)-arginine stimulation test despite normal IGF-1 levels, as well as partial deficiencies of ≥1 of the other anterior pituitary hormones [START_REF] Yuen | Prevalence of GH and other anterior pituitary hormone deficiencies in adults with nonsecreting pituitary microadenomas and normal serum IGF-1 levels[END_REF]. About half of our patients underwent neurosurgery, based on the criteria presented above. Surgical approach appeared to be beneficial in terms of visual field impairment and resulted in amelioration of headaches in the majority of them, but further anterior pituitary hormone deterioration was observed, as well as diabetes insipidus. Surgery has been reported to improve visual function in about 80% of the cases with macroadenomas, but, as in our study, hypopituitarism will still be present in a considerable proportion [START_REF] Dekkers | Treatment and follow-up of clinically nonfunctioning pituitary macroadenomas[END_REF]. The low success rates by surgical approach in the present series are mainly attributable to the surgeon's experience and the fact that our patients were operated by different surgeons in various centers. It must be stated that without a public policy of regionalization of care for pituitary adenomas, the choice of neurosurgeon and hospital center is mainly driven by patients' socioeconomic status.

In addition, total resection of the adenomas was not achieved in most cases of our series and about half of them relapsed in size during follow-up. In studies of patients without postoperative radiotherapy, regrowth rates ranged between 6 and 46%. Even after prophylactic postoperative radiotherapy, regrowth was observed in 0-36% [START_REF] Dekkers | Treatment and follow-up of clinically nonfunctioning pituitary macroadenomas[END_REF].

In our study, radiotherapy as well as dopamine agonist administration, did not exert favourable outcomes with respect to tumor volume, although the duration of followup for the former was short and the number of patients inadequate for safe conclusions.

Regarding the natural course of non-operated patients, no syndrome of hormone excess was observed during follow-up. With respect to size, 11% of the patients conservatively managed demonstrated mass enlargement during follow-up. A similar proportion of PIs decreased in size and the vast majority remained stable during follow-up, although the number of patients was relatively small. Nonetheless, these findings are in accordance with various series, although some did not involve PIs in general, but non-functioning pituitary adenomas. In these studies, about 83% of microadenomas and 63% of macroadenomas remained stable during surveillance, 11% and 24% respectively increased in size, whereas 6% and 13% decreased respectively [START_REF] Donovan | The natural history of the pituitary incidentaloma[END_REF][START_REF] Reincke | The 'incidentaloma' of the pituitary gland. Is neurosurgery required?[END_REF][START_REF] Feldkamp | Incidentally discovered pituitary lesions: high frequency of macroadenomas and hormone-secreting adenomas -results of a prospective study[END_REF][START_REF] Sanno | A survey of pituitary incidentaloma in Japan[END_REF][START_REF] Day | Retrospective multicentric study of pituitary incidentalomas[END_REF][START_REF] Nishizawa | Therapeutic strategy for incidentally found pituitary tumors ("pituitary incidentalomas[END_REF][START_REF] Igarashi | Long-term magnetic resonance imaging followup of asymptomatic sellar tumors. --their natural history and surgical indications[END_REF][START_REF] Arita | Natural course of incidentally found nonfunctioning pituitary adenoma, with special reference to pituitary apoplexy during follow-up examination[END_REF][START_REF] Dekkers | The natural course of nonfunctioning pituitary macroadenomas[END_REF][START_REF] Karavitaki | What is the natural history of nonoperated nonfunctioning pituitary adenomas?[END_REF]. Growth rate of these lesions has been estimated at 0.6 mm per year (210 and longer follow-up times may reveal greater proportions of tumor enlargement. It has been suggested that with longer follow-up about 50% of macroadenomas may increase in size [START_REF] Dekkers | Treatment and follow-up of clinically nonfunctioning pituitary macroadenomas[END_REF]. Despite meticulous data recording in the database of our department throughout the years, we acknowledge the following limitations to our study: 1) it constitutes a retrospective study 2) complete biochemical and imaging assessment was not available for each year in all patients; 3) the GH axis was not adequately explored in some patients of the series, due to non performance of insulin hypoglycaemia test.

However, long-term follow-up enabled us to make some relative secure assumptions.

In conclusion, patients with PIs usually follow a benign course, since the majority constitutes non-functioning adenomas which remain stable in size. Surgery is recommended in cases of masses attached to the optic chiasm especially in young patients, for tumors that increase in size and when hypopituitarism is present. This approach may be beneficial in terms of visual dysfunction, but hypopituitarism may worsen postoperatively. For non-operated patients, conservative management is a 

  to be quite safe, since the potential of tumor enlargement is low[START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF][START_REF] Soule | The evaluation and management of subclinical pituitary disease[END_REF][START_REF] Donovan | The natural history of the pituitary incidentaloma[END_REF][START_REF] Reincke | The 'incidentaloma' of the pituitary gland. Is neurosurgery required?[END_REF][START_REF] Feldkamp | Incidentally discovered pituitary lesions: high frequency of macroadenomas and hormone-secreting adenomas -results of a prospective study[END_REF][START_REF] Sanno | A survey of pituitary incidentaloma in Japan[END_REF].

  after surgery (p=0.041, compared to initial assessment).

  extrasellar extension. These findings are in accordance with

  reasonable and safe. PIs, although benign in nature, need individualized evaluation for pituitary hormonal over-or undersecretion and a treatment decision based on the clinical, morphological and functional characteristics of the tumor as well as patient preference and local neurosurgical expertise. In any case, long term follow-up is recommended. , PA and FA; Data analysis/interpretation, SAP and ZE; Critical revision of article, PA; Approval of article, MK.
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 1 Figure 1. Hormonal deficiencies during follow-up.
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 1 deficiency was present in 47% at initial diagnosis. No patient had evidence of diabetes insipidus at initial assessment . Patients with microadenoma had significantly lower PRL levels at presentation compared with those with macroadenoma (29.6±16.4 vs. 88.9±19.7 ng/ml, p=0.026). Similarly, the age of diagnosis (42±4 vs. 56±2 years, p=0.008) and
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Table 1 . Patients' characteristics at initial presentation

 1 

	Male/Female
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Table 2 . Reasons leading to pituitary imaging

 2 

	Headaches	26 (43%)
	Dizziness	11 (18%)
	Stroke	10 (16%)
	Syncope	4 (7%)
	Epilepsy-seizures	3 (5%)
	Other neurological disorders (Parkinson's	7 (11%)
	disease, multiple sclerosis, astasia)	
	Visual acuity (without visual field) disorders	2 (3%)
	Head trauma	3 (5%)
	Encephalitis	1 (2%)
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