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introduction

Pituitary adenomas (PAs) are nonmetastasizing neoplasm 
which consist adenohypophysial cells. Although they usually 
occur in the Sella‑Turcica, they may occasionally be ectopic.[1] 
These tumors display a broad range of  hormonal and 
proliferative behaviors.[2] They are relatively common benign 
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A B S T R A C T
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neoplasms with different clinical features.[3] According to 
the WHO classification in 2004, endocrine pituitary tumors 
are clinically classified as functioning (mainly secrete 
adrenocorticotropic hormone [ACTH] with Cushing’s 
disease; growth hormone [GH] with acromegaly and 
prolactin [PRL] with amenorrhea–galactorrhea) and 
nonfunctioning (mainly – luteinizing hormone [LH] 
and follicle‑stimulating hormone [FSH]) tumors.[4] 
Considering the small size of  many pituitary tumors and 
their tendency to exist without symptoms, estimation 
of  their accurate prevalence of  PAs is challenging in 
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the general population. Pituitary tumors present with a 
diversity of  clinical manifestations that include symptoms 
of  excessive hormone secretion by the tumor, signs of  
hormone shortage by the normal pituitary gland and 
those related to pressure effects due to development 
of  the tumor mass. Tumors that expand more quickly, 
even if  they are hormonally inactive, are more likely to 
cause signs of  an intracranial mass, including visual field 
disturbances.[5] The main purpose of  this study was to 
present retrospective information on the epidemiology, 
clinical, and demographic presentation in patients with PAs 
with the surgical indication. This is the first study which 
evaluates the epidemiology of  operated PA in Iran.

suBjEcts and mEthods

Study design
A retrospective survey of  PAs was organized in the 
Loghman Hakim Hospital, a main teaching and general 
hospital that is characterized as one of  the highly qualified 
centers for diagnosis and treatment of  pituitary tumors in 
Iran, affiliated to Shahid Beheshti University of  Medical 
Sciences. Data were collected between 2001 and 2013. The 
study was approved by the Research Ethics Committee 
of  Shahid Beheshti University of  Medical Sciences. Each 
medical record related to a patient with confirmed PA, who 
underwent surgery between 2001 and 2013 were included 
and reviewed. Loghman Hakim is a tertiary center and all 
the patients in this study were referred to this center for 
surgical procedures.

Main outcome measures
The main inclusion criterion was previously performed 
trans‑sphenoidal surgery. Patients’ characteristics including 
data on demographics, diagnosis, initial symptoms, 
hormonal profiles, radiological data and applied 
therapies were gathered from patients’ medical records, 
hospital case information, and other important clinical 
records. Diagnosed symptoms linked to pituitary mass 
(e.g., headache and visual disturbance) and hormone 
excess (gigantism or acromegalia, hyperprolactinemia 
and Cushing’s disease) were investigated and recorded. 
Basically, baseline assessment included the followings: 
Clinical review, serum levels of  GH, thyrotropin thyroid 
stimulating hormone (TSH), PRL, LH, FSH, cortisol, and 
perimetry to assess visual field defects. Definitive diagnosis 
was made after a histopathological study of  tissues obtained 
by surgery. The circulatory levels of  the pituitary hormone 
were assessed by means of  radioimmunoassay.

Statistical analysis
Descriptive analysis was used in which categorical variables 
are expressed by frequency (percentages), and continuous 

variables were expressed as mean ± standard deviation (SD). 
Data were analyzed by SPSS version 21 software (IBM 
Corp., New York, USA). Fischer exacts’ test was used 
to assess the relationship between categorical variables. 
Comparison of  means between subgroups was performed 
using independent t‑test and one‑way analysis of  variance. 
P < 0.05 was considered as statistically significant.

rEsults

In this study, 278 patients with confirmed PAs who 
underwent trans‑sphenoidal surgery with a mean age 
of  41 ± 14 years were included. One hundred and sixty 
patients (57.5%) were male, and 118 (42.4%) were female. 
There was no significant difference in mean age between 
men and women (42 ± 15 and 39 ± 13‑year‑old in men and 
women, respectively; P : 0.262). The majority of  the patients 
were aged between 40 and 50 years (30% in males and 
26.3% in females). The chief  complaint was pressure effect 
due to a pituitary tumor in 153 cases (55.2%) and hormonal 
disorders in 128 cases (44.8%). In comparison between 
genders, male patients tended to initially present with 
mass effect symptoms (66.9%) while hormonal symptoms 
were the most commonly observed complaints among 
women (61%). Main symptoms originated from pressure 
effects of  a pituitary tumor were: Headache (n = 37, 13.3%), 
visual field defects (n = 69, 24.8%) and coincidence of  
headache and visual field defects (n = 44, 15.8%) [Table 1]. 
Main symptoms caused by hormonal disorder included: 
Acromegaly (n = 72, 25.9%), symptoms of  both acromegaly 
and galactorrhea (n = 10, 3.6%), hypopituitarism resulted after 
pituitary apoplexy (n = 5, 1.8%), and Amenorrhea (n = 6, 
2.1%) [Table 2]. There was a significant relationship 
between patients’ age and the initial manifestations of  the 
disease. The mean age of  patients who presented with 
hormonal symptoms was 35 ± 10 years while patients 
with mass effect were significantly older (mean age of  

Table 1: Baseline characteristics and the most commonly 
detected mass effect symptoms in patients with pituitary 
adenoma with surgical indication
Variable Subgroup Frequency (%)
Gender Male 160 (57.5)

Female 118 (42.4)
Time interval between initial 
manifestations and diagnosis

1‑6 months 65 (22.6)
6‑12 months 51 (18.2)
12‑24 months 59 (20.8)
2‑10 years 82 (29.14)
More than 10 years 21 (7.2)

Commonly detected chief 
complaints among patients 
presented with mass effects 
symptoms (n: 153)

Visual field defects 69 (45.1)
Coincidental headache 
and visual field defects

44 (28.8)

Headache 36 (23.5)
Decreased level of 
consciousness

4 (2.6)
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45 ± 15 years old; P < 0.0001). The time interval from initial 
disease manifestations to diagnosis was 1–6 months in 
65 cases (22.6%), 6–12 months in 51 cases (18.2%), 1–2 years 
in 59 cases (20.8%), 2–10 years in 82 cases (29.14%) and 
more than 10 years in 21 cases (7.2%) [Table 1].

Pituitary tumors were categorized based on whether 
or not they generate hormones and the sorts of  
produced hormones (WHO categorization in 2004). The 
prevalence of  different types of  PA according to WHO 
classification, which was observed in this investigation 
were as follows: Prolactinomas (29.1%), GH‑producing 
tumors (25%), nonfunctioning PAs (NFPAs) (28.4%), 
ACTH‑producing tumors (2.1%), TSH‑producing 
tumors (0.7%), mixed GH/PRL adenomas (13.6%), 
mixed GH/ACTH adenomas (0.3%) and TSH/ACTH 
adenomas (0.3%) [Table 3]. While prolactinoma was 
the most prevalent type in females, NFPA was the 
most prevalent type of  PA in men [Table 3]. Adenoma 
type showed no significant difference between 
genders (P = 0.16). Pituitary apoplexy was found in 
11 patients. Ten of  which were male and only one was 
female. Four of  these patients had prolactinoma (36.4%), 
five had NFPA (45.5%), one had mixed GH/
prolactinadenoma (9.1%) and one case had mixed TSH/
ACTH adenoma (9.1%). Hormonal disorders found 
in radio‑immunoassays were hyperthyroidism (3.9%), 
hypothyroidism (8.6%), hyperprolactinemia (41%), high 
LH (2.5%), high FSH (2.8%), and high cortisol (6.8%).

Moreover, there was a significant difference in size 
of  tumors between genders and adenoma type. 
Macroadenomas were more prevalent in male patients 
compared to women (P = 0.001). Furthermore, GH 
producing tumors were mostly microadenomas, while 
prolactinomas and NFPA’s presented as macroadenomas 
more often (P < 0.001).

Considering recurrent adenomas, 57 patients had more 
than one surgery. Recurrent adenomas with surgical 
indication occurred mostly among men (n = 34, 59.6%). 
Common types of  adenomas which required surgical 
process included: Prolactinoma (21.1%), NFPA (36.8%), 
GH adenoma (26.3%), mixed GH/PRL adenoma (12.3%, 
ACTH adenoma and TSH adenoma (1.8%) [Table 4]. 
No significant differences were found between the type 
of  adenoma in patients with recurrent and nonrecurrent 
adenomas (P = 0.639). Twenty‑four (42.1%) patients 
with recurrent PA were diagnosed with microadenomas 
whereas 33 (57.9%) had macroadenomas, and the 
difference between these groups was not significant 
either (P = 0.881).

discussion

In this study, the most common types of  PAs with surgical 
indications in Iran have been identified by reviewing 
medical files of  patients during 12 years. Pituitary tumors 
are known to be the most frequent intracranial neoplasms, 
affecting 1/1000 of  the worldwide population.[6,7] In the 
present study, the medical records of  278 patients with 
PA who underwent surgery were reviewed. The registered 
data (i.e., the symptoms caused by the mass effect and 
similar presentations of  the disorder over time) were 
analyzed. The majority of  patients with PAs with surgical 

Table 2: Prevalence of different signs and diagnosis in 
patients with hormonal imbalance complaints
Diagnosis Frequency (%)
Acromegaly 73 (58.4)
Coincidental amenorrhea and galactorrhea 13 (10.4)
Impotency 10 (8.0)
Amenorrhea 6 (4.8)
Hypopituitarism resulted after pituitary apoplexy 5 (4)
Galactorrhea 1 (0.8)
Hypothyroidism 1 (0.8)
Hyperthyroidism 1 (0.8)
Headache and visual field defects 1 (0.8)
Coincidental acromegaly and abnormal uterine bleeding 1 (0.8)
Coincidental acromegaly and amenorrhea 1 (0.8)
Coincidental acromegaly and hypothyroidism 1 (0.8)
Coincidental galactorrhea and abnormal uterine bleeding 1 (0.8)
Coincidental acromegaly and galactorrhea 1 (0.8)
Total 125 (100)

Table 3: Type of adenoma in patients with PA
Adenoma type Gender Total 

frequency (%)Men Women
ACTH‑secreting adenoma 1 5 6 (2.1)
GH secreting adenoma 40 30 70 (25.2)
Mixed adenoma (GH + ACTH) 0 1 1 (0.4)
Mixed adenoma (GH + prolactin) 17 21 38 (13.7)
Mixed adenoma (TSH + ACTH) 1 0 1 (0.4)
Nonfunctional PA 52 27 79 (28.4)
Prolactinoma 47 34 81 (29.1)
TSH secreting adenoma 2 0 2 (0.7)
Total 160 118 278

ACTH: Adrenocorticotropic hormone, GH: Growth hormone, TSH: Thyroid stimulating 
hormone, PA: Pituitary adenoma

Table 4: Adenoma type in patients with recurrent PAs
Adenoma type Frequency (%)
Nonfunctional PA 20 (36.8)
GH secreting adenoma 15 (26.3)
Prolactinoma 12 (21.1)
Mixed adenoma (GH + prolactin) 7 (12.3)
ACTH‑secreting adenoma 1 (1.8)
TSH secreting adenoma 1 (1.8)
Total 57 (100)

ACTH: Adrenocorticotropic hormone, GH: Growth hormone, TSH: Thyroid stimulating 
hormone, PA: Pituitary adenoma
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indications are men with the most prevalent adenoma 
type of  prolactinoma. In a meta‑analysis, Ezzat et al.[8] 
reported that the whole estimated prevalence of  PAs was 
16.7% (22.5% in radiologic studies and 14.4% in autopsy 
studies). In Iran, a cross‑sectional descriptive study was 
carried out on a total of  485 cadavers to estimate the 
prevalence of  pituitary incidentaloma.[9] Pituitary glands 
were removed from cadavers and evaluated. Of  the 485 
investigated cadavers, 61 (12.6%) had concealed pituitary 
masses. Aghakhani et al.[9] did not find any statistically 
significant difference between the mean age, sex, and 
body mass index of  the cadavers with and without 
concealed tumors. They estimated the prevalence of  the 
concealed PAs was 12.6%.[9] In a cross‑sectional study 
performed in Iran on 250 patients by Asadi‑Lari et al.[10] 
the estimated prevalence of  different types of  PA was 
prolactinoma (4.48%). Our study showed that prolactinoma 
was the most prevalent PA with surgical indication among 
women and the second commonly observed PA among 
men which are in line with Asadi’s report. Furthermore, 
acromegaly was reported in about 7% of  patients by 
Asadi‑Lari et al. Here, since we recruited those patients 
with surgical indication, the prevalence of  acromegaly 
was much higher and reached 58%. Only 2.5% of  patients 
had Cushing’s disease in Asadi‑Lari et al. investigation.[10] 
Low prevalence of  ACTH‑secreting adenomas was also 
observed in our study. One reason for the low prevalence 
of  ACTH‑secreting PA in our study is that we only included 
those patients who required surgical intervention. In fact, 
the most common indication for surgical intervention is 
mass effect symptoms in which the most prevalent type 
of  PA is nonfunctioning adenomas. Given the small size 
of  many pituitary tumors and lack of  existence of  clinical 
symptoms in many cases of  PA, estimation of  the accurate 
prevalence of  PA is challenging. In this regard, another 
study in Iranian population showed that among 3437 cases 
who were hospitalized with brain tumors, PA was diagnosed 
in 488 cases (14.2%).[11] Here, the most prevalent type of  PA 
among those patients with confirmed PA who underwent 
trans‑sphenoidal surgery was assessed. The findings of  
this study does not illustrate the most prevalent types of  
PA among the whole population with pituitary tumors, 
but these outcomes demonstrate that among patient with 
clinical symptoms of  PA probable necessity for surgical 
intervention, which manifestations of  disease are more 
probable to be observed.

According to Terada et al. study, there is usually a female 
predominance in tumor occurrence, who typically 
present at a younger age and have a higher incidence of  
ACTH‑secreting tumors and PRL‑secreting adenomas, 
whereas men were likely to present in middle or older age 
with clinically nonfunctioning tumors.[12] In Sanno et al. 

study,[13] 506 patients with incidentally originated pituitary 
masses also were included, among which 204 were male, 
and 292 were female. In a study of  Annegers et al.[14] in 
Minnesota in 1978, the investigators reported the incidence 
of  PAs to be as high as 7.1 per 100,000/year in women of  
child‑bearing age, decreasing thereafter, in contrast to men 
whose PA incidence increased with age. Ferrante et al.[15] 
in a retrospective registration of  NFPA patients, reported 
from 295 patients, 161 were male, and 134 were female. 
Daly et al.[6] in a study that was conducted in several regions 
of  the province of  Liège, Belgium, identified 68 patients 
with clinically related PAs in a population of  71,972 
individuals, who were 67.6% female; the mean (±SD) 
prevalence was evaluated to be 94 ± 19.3 cases per 100,000 
population (95% confidence interval, 72.2–115.8). All these 
literature have shown the probability of  the existence of  a 
gender polymorphism when addressing the prevalence of  
PAs. Our study showed that there is a gender difference 
in the most prevalent type of  PA with surgical indications. 
In fact, male individuals are more probable to have NFPA, 
whereas prolactinoma is the most frequently observed 
PA among women. Moreover, recurrent adenomas were 
detected among men more often. Our results suggest 
that gender can be predictive of  a specific type of  PA or 
recurrent tumors.

According to present results, the highest incidence of  
PAs was in the 40–60‑year age group. The most common 
subtype of  PAs was the prolactinomas (29.1%) followed 
by GH‑secreting adenomas (25%) and NFPA (24.8%). 
Considering these findings, the current study is consistent 
with previous reports. In a population‑based study during 
1960–1966 in Israel, Leibowitz et al.[16] reported the 
highest incidence of  PAs in the 40–69‑year age group, 
which was declined in older ages. Gruppetta et al.[17] 
reported that the most common subtypes of  PAs were the 
prolactinomas (46.2%), NFPA (34.2%) and GH‑secreting 
adenomas (16.5%) with prevalence rates of  34.96, 25.86 
and 12.45/100,000, respectively. Prolactinomas have a 
much higher incidence in these studies, which is due 
to the fact that most prolactinoma cases are treated 
medically. Since, our study investigated only those cases 
with adenomas who underwent surgery, the prevalence 
of  prolactinomas was relatively lower. The same results 
were reported by Raappana et al.[18] and Fernandez 
et al.[7] in which the majority of  PAs were prolactinomas. 
Furthermore, Ezzat et al.[8] reported that PAs arisen in 
pooled autopsy and radiological series have a frequency 
of  14.4% (range: 1–35%) and 22.5% (range: 1–40%), 
respectively. Among autopsy specimens that undertook 
immunohistochemical analysis, 25–41% of  cells were 
PRL positive which is illustrative of  the high prevalence 
of  prolactinoma.
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The results of  this study indicated that the most common 
mass effect symptom among PAs with surgical indication 
is visual field defect which is followed by a headache. 
Consistent with our results, Hennessey and Jackson[19] 
demonstrated that visual defects and headache are the 
most common clinical symptoms due to intracranial mass 
effects of  PAs. In line with our study, Gruppetta et al.[17] 
reported that the most common presenting feature in 
PAs patients was a headache, presented in approximately 
40% of  cases, followed by menstrual irregularities and 
visual impairment. According to Ferrante et al.[15] study on 
patients with NFPAs, mass‑correlated symptoms, such as 
a headache (41.4%) and visual deficit (67.8%) were most 
frequently reported. Visual field changes were observed in 
the majority of  patients and impairment of  visual acuity 
in about one‑third. In line with these investigations, our 
study confirms that major clinical mass effect symptoms 
are defects of  visuals field and headache.

In a study by McComb et al.,[20] no adenohypophyseal 
hormones were identified in 50% of  the adenomas, whereas 
PRL was presented in 42%. In our study, main symptoms 
caused by the hormonal disorder was acromegaly which 
contradict with previous studies indicating prolactinoma as 
the most commonly observed hormonal disorders among 
patients with PAs.[20] One reason for this discrepancy can 
be due to differences in the study population. Since the 
majority of  prolactinoma cases are treated medically, the 
prevalence of  prolactinoma was lower in our study, in which 
only patients with surgical indication were included. In 
present study, pituitary apoplexy was found in 11 patients; 
in one case it was occurred during pregnancy, while all other 
10 patients were male, which shows a significant dominance 
of  pituitary apoplexy in male patients.

Pituitary apoplexy is an acute clinical syndrome 
characterized by an array of  presenting features 
including sudden onset of  a headache, nausea, vomiting 
and sometimes altered consciousness.[21,22] The clinical 
appearance of  pituitary apoplexy may be highly variable, 
and the diagnosis can often be delayed especially given 
that the majority of  apoplectic patients have no knowledge 
of  preexisting pituitary disease.[22,23] Pituitary apoplexy is 
rare in pregnancy, and only a few cases were published 
in the previous literature.[24] According to Raappana et al. 
study[18] classical pituitary apoplexy with dramatic general 
symptoms was a rare occurrence (n = 20 in NFi; 0.17 
episodes/100,000/year).

About recurrent adenomas, the present study showed, 
57 patients had more than one surgery, which were 
mostly male. These surgeries were due to incomplete 
resolution of  symptoms in 21 patients, and recurrence 

of  symptoms in 36 cases. (n = 34, 59.6%). The mean 
age of  these patients was 40 ± 12, which did not show 
any significant difference between patients who were 
undergone of  their first surgery (P = 0.159). No significant 
differences were found between the type of  adenoma 
in patients with recurrent and nonrecurrent adenomas. 
Twenty‑four patients had microadenomas, whereas 33 had 
macroadenomas. Laws and Jane showed long‑term results 
of  trans‑sphenoidal surgery in a series of  4020 patients 
with PAs treated over three decades.[25] Between their 
patients with nonfunctioning adenomas, the recurrence 
rate at 10 years was evaluated to be 16%. Our study 
showed a recurrence rate of  20% which is similar to the 
rate reported by Laws and Jane.[25] NFPAs were the most 
common cause of  recurrent PAs in our investigation. 
Our study shows that nonfunctioning adenomas are more 
likely to be resistant to medical treatment and therefore, 
they are more susceptible to become recurrent after 
trans‑sphenoidal surgery.

conclusion

In conclusion, the data collected in our study provided 
an overview of  the patients with PAs in the case of  
clinical data. By studying this well‑defined population, we 
confirmed recent findings on the epidemiology of  PAs 
in Iran. This information may help to decrease the time 
between symptom beginning and diagnosis. We suggest 
further studies in other centers (especially centers with 
active endocrinology ward) to confirm the results of  this 
research.

study limitations

This study illustrates the prevalence of  different types 
of  PAs among patients with the surgical indication. The 
prevalence of  all types of  PA (including those without 
surgical indication) needs to be determined in future 
investigations. Since this study was a retrospective 
investigation, the obtained data were limited to those 
indexed in medical files. Therefore, it is recommended 
to assess the short‑ and long‑term complications of  
trans‑sphenoidal surgery in the future studies. The data 
about immunohistochemistry of  most of  the patients were 
not available, and we recommend this matter be considered 
in future studies.

Financial support and sponsorship
The study was financially supported by Shahid Beheshti 
University of  Medical Sciences.

Conflicts of interest
There are no conflicts of  interest.



Zerehpoosh, et al.: Pituitary adenoma in Iran

Indian Journal of Endocrinology and Metabolism / Nov-Dec 2015 / Vol 19 | Issue 6796

rEFErEncEs

1. Coire CI, Horvath E, Kovacs K, Smyth HS, Ezzat S. Cushing’s 
syndrome from an ectopic pituitary adenoma with peliosis: 
A histological, immunohistochemical, and ultrastructural study and 
review of the literature. Endocr Pathol 1997;8:65‑74.

2. Asa SL, Ezzat S. The cytogenesis and pathogenesis of pituitary 
adenomas. Endocr Rev 1998;19:798‑827.

3. Sughrue ME, Chang EF, Gabriel RA, Aghi MK, Blevins LS. Excess 
mortality for patients with residual disease following resection of 
pituitary adenomas. Pituitary 2011;14:276‑83.

4. Lloyd RV, Kovacs K, Young WF Jr, Farrell WE, Asa SL, Troillas J, et al. 
Pituitary tumours’: introduction. In: DeLellis RA, Lloyd RV, Heinz PU, 
Eng C (eds). Wolrd Health Organization Classifcation of tumours. 
Pathology and genetics: Tumours of endocrine organs. IARC Press, 
Lyon. 2004. P. 24‑5.

5. Asa SL, Ezzat S. The pathogenesis of pituitary tumours. Nat Rev 
Cancer 2002;2:836‑49.

6. Daly AF, Rixhon M, Adam C, Dempegioti A, Tichomirowa MA, 
Beckers A. High prevalence of pituitary adenomas: A cross‑sectional 
study in the province of Liege, Belgium. J Clin Endocrinol Metab 
2006;91:4769‑75.

7. Fernandez A, Karavitaki N, Wass JA. Prevalence of pituitary adenomas: 
A community‑based, cross‑sectional study in Banbury (Oxfordshire, 
UK). Clin Endocrinol (Oxf) 2010;72:377‑82.

8. Ezzat S, Asa SL, Couldwell WT, Barr CE, Dodge WE, Vance ML, 
et al. The prevalence of pituitary adenomas: A systematic review. 
Cancer 2004;101:613‑9.

9. Aghakhani K, Kadivar M, Kazemi‑Esfeh S, Zamani N, Moradi M, 
Sanaei‑Zadeh H. Prevalence of pituitary incidentaloma in the Iranian 
cadavers. Indian J Pathol Microbiol 2011;54:692‑4.

10. Asadi‑Lari M, Sadeghipour AR, Mahouzi L, Solaimani Dodaran M, 
Fallah A. Assessment of the demographic characteristics and the 
quality of life in patients with pituitary adenoma in a referral pituitary 
center in Tehran in 2011. J Rafsanjan Univ Med Sci 2015;13:695‑704.

11. Mehrazin M, Rahmat H, Yavari P. Epidemiology of primary 
intracranial tumors in Iran, 1978‑2003. Asian Pac J Cancer Prev 
2006;7:283‑8.

12. Terada T, Kovacs K, Stefaneanu L, Horvath E. Incidence, pathology, 

and recurrence of pituitary adenomas: Study of 647 unselected 
surgical cases. Endocr Pathol 1995;6:301‑10.

13. Sanno N, Oyama K, Tahara S, Teramoto A, Kato Y. A survey of 
pituitary incidentaloma in Japan. Eur J Endocrinol 2003;149:123‑7.

14. Annegers JF, Coulam CB, Abboud CF, Laws ER Jr, Kurland LT. 
Pituitary adenoma in Olmsted County, Minnesota, 1935‑1977. 
A report of an increasing incidence of diagnosis in women of 
childbearing age. Mayo Clin Proc 1978;53:641‑3.

15. Ferrante E, Ferraroni M, Castrignanò T, Menicatti L, Anagni M, 
Reimondo G, et al. Non‑functioning pituitary adenoma database: 
A useful resource to improve the clinical management of pituitary 
tumors. Eur J Endocrinol 2006;155:823‑9.

16. Leibowitz U, Yablonski M, Alter M. Tumors of the nervous 
system. Incidence and population selectivity. J Chronic Dis 
1971;23:707‑21.

17. Gruppetta M, Mercieca C, Vassallo J. Prevalence and incidence of 
pituitary adenomas: A population based study in Malta. Pituitary 
2013;16:545‑53.

18. Raappana A, Koivukangas J, Ebeling T, Pirilä T. Incidence of pituitary 
adenomas in Northern Finland in 1992‑2007. J Clin Endocrinol 
Metab 2010;95:4268‑75.

19. Hennessey JV, Jackson IM. Clinical features and differential diagnosis 
of pituitary tumours with emphasis on acromegaly. Baillieres Clin 
Endocrinol Metab 1995;9:271‑314.

20. McComb DJ, Ryan N, Horvath E, Kovacs K. Subclinical adenomas 
of the human pituitary. New light on old problems. Arch Pathol Lab 
Med 1983;107:488‑91.

21. Randeva HS, Schoebel J, Byrne J, Esiri M, Adams CB, Wass JA. 
Classical pituitary apoplexy: Clinical features, management and 
outcome. Clin Endocrinol (Oxf) 1999;51:181‑8.

22. Verrees M, Arafah BM, Selman WR. Pituitary tumor apoplexy: 
Characteristics, treatment, and outcomes. Neurosurg Focus 
2004;16:E6.

23. Semple PL, Webb MK, de Villiers JC, Laws ER Jr. Pituitary apoplexy. 
Neurosurgery 2005;56:65‑72.

24. Kita D, Hayashi Y, Sano H, Takamura T, Hayashi Y, Tachibana O, 
et al. Postoperative diabetes insipidus associated with pituitary 
apoplexy during pregnancy. Neuro Endocrinol Lett 2012;33:107‑12.

25. Laws ER, Jane JA Jr. Neurosurgical approach to treating pituitary 
adenomas. Growth Horm IGF Res 2005;15 Suppl A: S36‑41.


