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Background/aim
Pituitary adenomas (PA) are the most common tumours of the pituitary gland.
Clinicopathological characteristics of these tumours may vary from population to
population. The present study aimed to understand the detailed clinical and
pathological characteristics of surgically resected PA in the region of Northeast
India.
Patients and methods
Thirty-two consecutive cases of PA diagnosed and operated at Gauhati Medical
College were studied for clinical, pathological, and treatment characteristics in this
study between January 2014 and December 2015. The patient group included 20
female and 12 male patients with a median age of 37 years (range: 22–58 years).
Results
A total of 13/32 (40.63%) cases were nonfunctioning adenomas. Among the
hormonally active PA, prolactin-producing adenomas were most common
(25%), followed by growth hormone-producing adenomas (18.8%) and
adrenocorticotrophic hormone-producing adenomas (15.6%). The most common
symptom was headache, followed by visual disturbances, galactorrhoea,
acromegaloid and cushingoid features. Menstrual disturbances were present in
50% of the female patients. 23.1% of the cases of nonfunctioning PA were negative
for all anterior pituitary hormones on immunohistochemistry.
Conclusion
PA can have varied presentations. Detailed clinical, hormonal and pathological
evaluation is essential for better understanding the nature of the tumour growth and
its progression. This study is the first of its kind in the region of Northeast India,
showing the relationship of the functioning and nonfunctioning PA with their
hormonal profile and immunohistochemical analysis.
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Introduction
Pituitary adenomas (PA) are the most common
tumours of the pituitary gland. From a neurosurgical
perspective, it is the third most common intracranial
primary tumour after gliomas and meningiomas [1].
PA is a familiar neoplasm of the sella turcica [2] and
reports also suggest increasing incidence of PA in
different populations [3]. However, there is scarcity
of data on PA from India and especially from the
North-Eastern region.

Each subtype of PAs has its own clinical presentation,
hormone secretion profile, including different histo-
pathological characteristics, tendency towards invas-
iveness, patient prognosis, and alternate treatment
protocols [4]. The estimated prevalence of PA varies
from 14.4% in autopsy studies to 22.5% in radiologic
studies [2].

Primarily, PA is classified on the basis of the following:
(a) histological criteria; (b) immunohistochemical
h | Published by Wolters Klu
criteria, which is the gold standard for diagnosis and
for analysing the main pituitary hormones [prolactin
(PRL), growth hormone (GH), adrenocorticotrophic
hormone (ACTH), follicle-stimulating hormone
(FSH), luteinizing hormone (LH), and thyroid-
stimulating hormone (TSH)]; (c) ultrastructural
criteria, through electron microscopy [5]; (d) clinical
and biochemical criteria, such as clinical presentation
and function of pituitary to confirm whether or not
the tumour is functioning; (e) imaging criteria to
determine tumour size and sellar/extrasellar exten-
sion; and (f) surgical findings.

On the basis of size, PAs are divided traditionally
into microadenomas (dimension<1 cm) and macro-
adenomas (dimension ≥1 cm). Currently, this
wer - Medknow DOI: 10.4103/1687-4293.199299
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classification has been improved by classifying on the
basis of immunohistochemistry (IHC) and electron
microscopic findings. PA are classified on the
basis of size as determined by means of MRI as
macroadenoma and microadenoma, on the basis
of cytoplasmic staining affinity as acidophilic,
chromophobic, or basophilic, or on the basis of
measurement of hormone production of GH, PRL,
TSH, FSH, ACTH, and LH, and ultrastructural
characteristics [6]. There is a remarkable variation in
the biological behaviour of PA, which has formed the
basis for their classification as follows: clinically
functioning and nonfunctioning adenomas.

According to Hardy [7], PA are classified into four
grades on the basis of the size and degree of local
invasion as follows:

Grade I: Microadenomas (<10mm in diameter), cause
focal bulging of the sellar floor.
Grade II: Macroadenomas (>10mm in diameter),
have suprasellar expansion or enlargement of sella.
Grade III: Locally invasive adenomas with partial
destruction of the sella.
Grade IV: Strongly invasive adenomas invade adjacent
bony structures. Moreover, they show suprasellar
outgrowth that includes the cavernous sinus,
hypothalamus and bone.

Patients present with a variety of signs and symptoms
related to either excess or impaired pituitary
function and/or mass effects. Tumours that produce
hormones such as PRL, GH and ACTH are the most
common PAs. Moreover, no clinical or biochemical
evidence of hormone excess can be found in about
one-third of PA. The majority of clinically
nonfunctioning pituitary tumours are gonadotroph
cell adenomas.

In this study, we analysed surgically resected
and immunohistochemically evaluated pituitary
macroadenomas in our institute over 2 years to
determine the clinicopathological characteristics and
proportion of hormonal subtypes of PA in the
Northeast Indian population.
Patients and methods
Ethics statement
Ethical clearance was obtained from the Ethics
Committee of Gauhati Medical College and
Hospital. Study methodology was approved by
institutional ethics committee of Gauhati Medical
College and Hospital, Assam (No.233/2014/229).
Study population
All consecutive, nonduplicate 32 cases of PA between
January 2014 and December 2015 diagnosed at
Gauhati Medical College, India, were included in
the study. Patients were admitted both in the
Department of Endocrinology and Neurosurgery. They
were operated in the Department of Neurosurgery,
Gauhati Medical College, Guwahati. According to the
Hardy classification [7], they were classified by their
degree of local invasion, endocrine symptoms (clinically
functioning and clinically nonfunctioning PA) and by
their hormonal secretion, computed by means of IHC.
Disease evolution time, tumour regrowth, bromocriptine
treatment, and time to outcome of the patients were
evaluated at the time of diagnosis to analyse the
biological behaviour of PA.

Clinical data

Adenomas were classified into functional and
nonfunctional on the basis of preoperative clinical
evaluation. Information documented included age,
sex, clinical features, and duration of symptoms,
ophthalmologic evaluation, hormonal evaluation, and
preoperative size of the PA. Hormone measurements
were performed using commercially available im-
munoassays. Central hypothyroidism was diagnosed
based on the finding of a low T4 in the presence of a
low or inappropriately normal TSH. A morning serum
cortisol less than 5μg/dl was used as a cutoff to define
hypocortisolism. A diagnosis of hypogonadotropic
hypogonadism can be made when there is a normal or
low level ofLHandFSHwith less than20 pg/mlof serum
estradiol or less than 300ng/dl of testosterone level.
Magnetic resonance imaging study and tumour size

MRI studies were carried out before and after surgery
using a 1.5 or 3.0-T scannerwith injection of gadolinium.
The maximum diameter of each tumour was measured,
and the tumours were grouped as microadenomas
(maximum diameter <10mm) or macroadenomas
(maximum diameter ≥10mm). Tumour volume was
calculated according to the Di Chiro and Nelson
formula: volume=height×length×width×0.5233 [8].
Lateral tumour growth was assessed using the Knosp
classification [9]. A thyroid ultrasound study was also
carried out in some patients to assess the condition of the
thyroid gland.

We used the following approaches for tumour excision.
(1)
 Trans-sphenoidal microsurgery.

(2)
 Endoscopic endonasal approach to the sella using

the paraseptal, middle meatal, or middle
turbinectomy approach.
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Immunohistochemistry
The samples were applied on each slide [10], and
deparaffinized, rehydrated, and rinsed in PBS. Later,
endogenous peroxidase was blocked with 0.25%H2O2/
distilled water for 15min and blocked with 3% BSA in
PBS. After 1 h of incubation, the slides were treated
with monoclonal antibodies of pituitary hormones:
PRL, GH, LH, FSH, TSH and ACTH. Positive
control consisted of normal postmortem pituitaries
for pituitary hormones. After washing, the sections
were incubated for 30min and treated with the
secondary antibody, biotinylated anti-Ig. After
washing in PBS, the sections were allowed to
incubate for 30min along with the peroxidase-
conjugated streptavidin complex. The sections were
counterstained with hematoxylin. The immuno-
reactivity of the tumour cells to different hormones
were observed as positive or negative.
Results
The number of PAs studied was 32, which were
organized according to their characteristics. Tumours
mainly affected young adult population with a mean
age of 38.12 years. Twelve (37.3%) were male, with a
mean age of 40.17 years and SD of 9.8 (range: 23–58
years), and 20 (62.5%) were female patients, with a
mean age of 36.8 years and SD of 8.92 (range: 22–55
years). However, the mean age in the nonfunctional
group was higher than that in the other groups
consisting of Cushing, prolactinoma, and acromegaly
(P=0.035). Although statistically nonsignificant
(P=0.577), there were more female than male
patients in the study cohort (female-to-male ratio
was 1.67 : 1).

Nonfunctioning adenomas constituted 40.6% of PA.
Among the hormonally active PA, PRL −producing
adenomas were most common (25%), followed by
GH-producing adenomas (18.8%) and ACTH-
producing adenomas (15.6%).

Headache was the most common symptom, present in
24 (75%) cases, whereas visual symptoms were reported
by 16 (50%) patients. Visual field defects were noted
in 56.2% of the cases on evaluation. Menstrual
disturbances (amenorrhoea and oligomenorrhoea)
were present in 10 (50%) female patients and
galactorrhoea was reported by seven (35%) female
patients, and an additional four (20%) patients were
diagnosed as having galactorrhoea on clinical
examination. All of the patients with Cushing’s
disease and acromegaly had symptoms suggestive of
respective disease.
Patients with nonfunctioning PA presented with
symptoms of headache (84.6%), visual disturbances
(61.5%), amenorrhoea (30.8%) and hypogonadism
(30.8%). Almost half (46.2%) of the patients had
visual field deficits (hemianopia and quadrantanopia)
on clinical evaluation.

Three (9.4%) cases were incidentally detected as
adenomas, whereas the rest presented with symptoms
as mentioned above. The mean duration of symptoms
was 7 years and 8 months in patients with acromegaly,
whereas it was only 1 year and 5 months in cases of
Cushing’s disease.

Operative results
All operations were performed with the patient
positioned supine, the torso raised about 15–20°,
and the head placed with the forehead–chin line set
horizontally. The head was rotated towards the
surgeon at 10–20°.

The tumour was approached through either of the two
techniques:
(1)
 Trans-sphenoidal microsurgery.

(2)
 Endoscopic endonasal approach to the sella using

the paraseptal, middle meatal, or middle turbi-
nectomy approach.
Sublabial approach was used for patients with large
tumours with small nostril. An incision is made
horizontally in the gingival mucosa by retracting the
upper lips. Thereafter, the maxilla and nasal cavity floor
are accessed. A vertical incision is made to separate the
nasal mucosa from the septum, and the anterior septum
is subluxed and deviated. A speculum is inserted. The
microscope or endoscope is brought into the field at this
point. An osteotome and Kerrison rongeur are used to
open the sphenoid sinus and enlarge it until the surgeon
can visualize the lateral portion of the sella. To confirm
the position of the sella we use the fluroscopy. The sellar
floor is opened with an osteotome and enlarged with an
up-biting Kerrison rongeur, revealing the dura. A
midline vertical or cruciate incision is made in the
dura with a number 11 blade, and is enlarged using
upangled scissors. Tumour is exposed and intracapsular
decompression and piecemeal excision is performed
using pituitary rongours, curettes, gentle suction and
irrigation. Most of the tumours we encountered were
soft and suckable. In three of the cases, the cavernous
sinus was encroached by the tumour, and during its
resection there was bleeding from the cavernous sinus.
We achieved haemostasis using gelfoam and surgicel
(oxidized cellulose polymer).
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We prefer not to use any packing material. While
dissecting we try not to breach the arachnoid, and in
case the arachnoid gets ruptured we pack the sella
using the fascia lata supported by fat and muscle.
We usually repair the floor with pieces of bone
harvested from the septum. We also use fibrin glue in
most of our cases.

Tumours were predominantly sellar and 60–100%
excision could be achieved in all cases. Postoperative
transient diabetes insipidus was observed in two (6.25%)
cases, which were managed with fluid replacement only
(without vasopressin supplementation). Postoperative
cerebrospinal fluid rhinorrhoea occurred in three
(9.3%) cases, which resolved with conservative
treatment. MRI images of few cases in our study
population are shown in Fig. 1a–d.
Figure 1

MRI of selected cases from the study: (a) Noncontrast T1WI sagittal MR
suprasellar extension paralleling grey matter signal intensity. Pituitary i
Precontrast T2WI Axial MR: Large lobulated pituitary macroadenoma inv
defined border between it and adjacent brain. There is encasement of t
Coronal MR showing a large ‘figure of 8’ appearing. Pituitary macroaden
arterial lumen, and (d) postcontrast T1WI sagittal MR revealing inhomoge
compressing the floor of the third ventricle.
In follow-up MRI, significant tumour recurrence
was seen in two (6.25%) cases, both of which were
cases of acromegaly with tumour size more than 2 cm
(preoperative) and with tumour extension to the
cavernous sinus and with carotid encasement.
Reoperation was performed in both cases to reduce
the tumour bulk and subsequently sent for radiotherapy.
Immunohistochemistry
Overall, PRLwas themost frequently detectedhormone
by means of IHC (13 cases, 40.63%), followed by
FSH (9/32, 28.13%), ACTH (7/32, 21.88%) and GH
(7/32, 21.88%), as shown inFig. 2.However, among the
nonfunctional adenomas, PRL was present in 2/13 as
compared with 11/19 in the others. FSHwas present in
8/13 among nonfunctional adenomas as compared with
1/19 in others. ACTH was present in 1/12
: Large, relatively well-defined mass filling the entire sella with some
s not seen separately − large noncomplicated Macroadenoma; (b)
ading the skull base and the cavernous sinus on right showing an ill-
he right ICA, which is otherwise not narrowed. (c) Precontrast T2WI
oma due to suprasellar extension encasing bilateral ICA with normal
neously enhancing mass with intrasellar and suprasellar component
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nonfunctional cases asopposed to6/19 in theothers.GH
was not present in the nonfunctional group. Figure 3 a–f
shows photomicrographs of PA in our study population
showing immunopositivity for various anterior pituitary
hormones.

IHC correlated well in Cushing’s disease cases, with the
tumour positive for ACTH in all cases. In patients with
acromegaly, tumour cells were positive forGH in all cases
and half of the cases were additionally positive for PRL.
IHC was positive for PRL in all cases of prolactinoma,
with one case showing positivity for all hormones. More
than half (53.8%) of the cases of nonfunctioning PAwere
positive for FSH only, and one (7.7%) case each was
Figure 3

A photomicrograph of pituitary adenoma showing immunopositivity for (
stimulating hormone (×10), (d) adrenocorticotrophic hormone (×10×), (e

Figure 2

Frequency of pituitary adenomas based on immunohistochemical
positivity of different hormones. Note that adenomas showing
immunohistochemistry positivity for prolactin and follicle-stimulating
hormone are the most frequent ones.
positive forACTH(weaklypositive)only,FSHandPRL,
and PRL only. Approximately one-fourth (23.1%) cases
of nonfunctioning PA were negative for all anterior
pituitary hormones on IHC.

In relation to raised serum hormone levels, 85.7% of
cases with adenoma that were positive for GH on IHC
had nonsuppressible serum GH levels, 71.4% of cases
with ACTH positivity had raised serum cortisol levels
and 92.3% of the PRL positive cases had raised serum
PRL levels. None of the cases with IHC positive for
FSH, LH or TSH had raised corresponding hormones.
Discussion
Pituitary adenomas are tumours with heterogeneous
nature, which constitute 10–25% of intracranial
neoplasms and are the most common lesions in the
sellar region [11]. In this study, we are presenting the
reports of 32 cases of PA, which occurred between 22
and 58 years of age. There was a slightly higher
incidence in women compared with men.

In a large series by Mindermann and Wilson [12] it
was observed that pituitary adenomas are usually
not seen in people younger than 20 years of age
and are mostly prolactinomas (39%), followed
by endocrine-inactive adenomas, GH-releasing
adenomas, and ACTH-releasing adenomas. In the
same study, they also observed that PA were more
common in female than in male population (1.7 : 1).
In the present study, we also found a similar female
a) prolactin (×20), (b) follicle-stimulating hormone (×10), (c) thyroid-
) luteinizing hormone (×10), and (f) growth hormone (×10).
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preponderance (female-to-male ratio 1.67 : 1), and
also none of the participants in our study were
younger than 20 years of age. Similarly, we also
found clinically nonfunctioning adenomas and
prolactinomas to be the most common type of
adenoma in our study. In line with our study
results, Gruppetta et al. [13] had reported that
the most common subtypes of PA were the
prolactinomas and nonfunctioning adenomas.
Prolactinomas have a much higher incidence in
this study, which is attributed to the fact that most
cases of prolactinomas are managed medically. As our
study investigated only those cases of adenomas that
underwent surgery, the prevalence of prolactinomas
was relatively lower.The results of our study indicate
that the most common mass effect symptoms among
patients with PA undergoing surgical resection were
headache and visual field defects. Consistent with
our study results, Gruppetta et al. [13] reported that
the most common presenting features in patients
with PA were headache, followed by menstrual
irregularities and visual impairment. Similar to our
results, Hennessey and Jackson [14] demonstrated
that the most common clinical symptoms due to
intracranial mass effects of PA are visual defects
and headache.

Nonfunctioning pituitary adenomas are a heterogeneous
group with different types of cells [15,16]. They are
usually diagnosed as macroadenomas due to the absence
of clinical manifestations and cause tumour growth for
long time. Between 15 and 45% of pituitary adenomas
are nonfunctioning [17,18]. Report shows that
95–100% of nonfunctioning pituitary adenomas are
macroadenomas, and in different studies it has been
found that the frequency of recurrence varies between
19 and 34.8% [19,20] and up to 79% have hormone
expression, as evaluated by means of IHC [16], being
gonadotroph hormones [21,22].
Conclusion
In our study, 13 (40.63%) PA were nonfunctioning, of
which five (38.46%)were seenmen.Most of the tumours
affect young adult population. IHC correlated well in
case of clinically functioning PA. Although clinically
nonfunctioning, IHC showed positivity for various
hormones in most of the nonfunctioning PA. More
advances in molecular techniques as well as proteomic
technique that contribute to investigate the proteins
involved in the disease process are necessary.
Although a small cohort, this study enlightens upon
the clinical, hormonal and immunohistochemical profile
of patients with PAs in the region of Northeast India. A
more detailed study with more number of cases will be
useful in understanding the disease in a better way.
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