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Role of MR imaging in the evaluation of pituitary lesions
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Pituitary gland plays a central role in body growth, metabolism, and reproductive
function. Pituitary lesions, albeit relatively infrequent, can significantly alter the
quality of life. The sellar and parasellar region is an anatomically complex
area where a number of neoplastic, infectious, inflammatory, developmental
and vascular pathologies can occur. Differentiation among various etiologies
may not always be easy, since many of these lesions may mimic the clinical,
endocrinologic and radiologic presentations of pituitary adenomas. The
diagnosis of sellar lesions involves a multidisciplinary effort, and detailed
endocrinologic, ophthalmologic and neurologic testing are essential. CT and,
mainly, MRI are the imaging modalities to study and characterise normal
anatomy and the majority of pathologic processes in this region. Recent
advances in neuroimaging helps the radiologists and endocrinologists to study
the pituitary region in greater detail. Magnetic resonance imaging (MRI) is
the imaging modality of choice for evaluating hypothalamic-pituitary-related
endocrine diseases. The radiographic size of sella is not a sensitive indicator of
pituitary gland abnormality, as the empty sella may itself lead to enlargement of
size. Thus, the plain radiographs have been replaced by crosssectional imaging
techniques such as CT scanning and MRI. MRI is the examination of choice
for sellar and parasellar pathologies due to its superior soft tissue contrast,
multiplanar capability and lack of ionizing radiation. In addition, MRI also
provides useful information about the relationship of the gland with adjacent
anatomical structures and helps to plan medical or surgical strategy. The aim
of MR imaging is to obtain a high-spatial-resolution image with a reasonable
signal to noise ratio. Conventional MRI findings were expressed as the ratio of
the Signal Intensity (SI) in the lesions to the S| of the normal white matter
and the degree of contrast enhancement. There have been substantial
advances in pituitary imaging in the last half-century. In particular, magnetic
resonance imaging is now established as the imaging modality of choice,
providing high quality images of the hypothalamic—pituitary axis and
adjacent structures. MRI is the investigation of choice for evaluating
hypothalamicpituitary-related endocrine diseases. MRI not only helps in the
diagnostic differentiation of these lesions but also provides useful information
about the relationship of the gland with adjacent anatomical structures and
helps to plan medical or surgical strategy.
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INTRODUCTION

Pituitary gland plays a central role in body growth, metabolism,
and reproductive function. Pituitary lesions, albeit relatively
infrequent, can significantly alter the quality of life [1]. The sellar
and parasellar region is an anatomically complex area where a
number of neoplastic, infectious, inflammatory, developmental
and vascular pathologies can occur. Differentiation among
various etiologies may not always be easy, since many of these
lesions may mimic the clinical, endocrinologic and radiologic
presentations of pituitary adenomas. Pituitary tumors account
for up to 15% of all intracranial masses [2], and pituitary
adenomas are reported to account for 90% of sellar and parsellar
lesions [3, 4]. Clinically active pituitary adenomas occur at a
prevalence of 1:1064 to 1:1288 to the general population [5, 6].
The most common indications for pituitary imaging, excluding
known mass follow-up, were for evaluation of hyperprolactinemia
or hypo-gonadism and Breast and lung cancer are the two most
common malignancies that metastasize to the pituitary [7, 8]. The
diagnosis of sellar lesions involves a multidisciplinary effort, and
detailed endocrinologic, ophthalmologic and neurologic testing
are essential. CT and, mainly, MRI are the imaging modalities
to study and characterise normal anatomy and the majority
of pathologic processes in this region. With advancements in
imaging occurring over the past decade as well as the availability
of refined endocrine testing techniques, pituitary masses are
diagnosed with increased frequency. Increased incidence of
pituitary adenomas observed over the second half of an 18-yr study
period was due to a 3-fold increased frequency of incidentally
discovered pituitary adenomas [9]. Precise imaging with high
contrast and topographic resolution is critical in visualizing
this small-volume area to determine both location and specific
characteristics of masses, which are important for diagnosis [10-
12]. Recent advances in neuroimaging helps the radiologists and
endocrinologists to study the pituitary region in greater detail.

Magnetic Resonance Imaging (MRI) is the imaging modality of

choice for evaluating hypothalamic-pituitary-related endocrine
discases. Magnetic Resonance Imaging (MRI) is the examination
of choice for evaluating hypothalamic pituitaryrelated endocrine
diseases. Pituitary masses are diagnosed with increased frequency
with Magnetic Resonance Imaging (MRI) advancements and
availability, but indications and diagnostic outcomes of MRI
screening for sellar lesions are not defined. Although pituitary
adenomas are the most frequently encountered sellar mass lesions,
other etiologies should be considered in the differential diagnosis
of a sellar mass.
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Epidemiology

Pituitary neoplasms represent an estimated 10%-15% of
all Central Nervous System (CNS) tumors and are the
cause of approximately 25% of all surgical resections for
CNS tumors [13-15]. Determination of the incidence and
prevalence of pituitary neoplasms is challenging, as a subset
of neoplasms are subclinical and discovered incidentally.
Autopsy suggest
approximately 1%-35% of the general population [16-18].

studies pituitary neoplasms occur in
Ezzat et al. performed a systematic review to evaluate the
prevalence of pituitary tumors using imaging studies and
determined the prevalence to be 22.5%, with a range between 1
and 40% in radiographic studies. In addition, the overall
estimated prevalence of pituitary adenomas as assessed by
imaging and autopsy studies was found to be 16.7% [19-23].
Incidence appears to increase with age as approximately
3.5%-8.5% of pituitary tumors are diagnosed prior to age 20,
while an estimated 30% of individuals between the ages of 50
and 60 harbor inciden talomas [24].

Normal anatomy

The sellar region is an anatomically complex area bounded by
sphenoid sinus anteroinferorly, the paired cavernous sinuses
laterally, the suprasellar cistern and its contents, diaphragma sellae
and hypothalamus superiorly, and the dorsum sella and brainstem
posteriorly [25]. The hypothalamus consists of multiple nuclei
regulating the temperature, water balance, drinking behavior,
and sexual activity. The hypothalamus and the pituitary gland
are functionally and physiologically interlinked contiguous
structures and often referred to as the hypothalamic-pituitary axis.
Oxytoxin and vasopressin are synthesized in the hypothalamus
and transported to the posterior pituitary [26]. The pituitary
gland is composed of two anatomically and functionally distinct
lobes: the anterior lobe (adenohypophysis) and the posterior
lobe (neurohypophysis) [27]. The anterior lobe comprises 75%
of volume of the gland and consists of pars tuberalis (part of
the infundibular stalk and median eminence of hypothalamus),
pars intermedia (a vestigial structure and common site for
developmental cyst) and pars distalis (forms most part of

imaging techniques such as CT scanning and MRI. MRI is the
examination of choice for sellar and para-sellar pathologies due
to its superior soft tissue contrast, multiplanar capability and
lack of ionizing radiation. In addition, MRI also provides useful
information about the relationship of the gland with adjacent
anatomical structures and helps to plan medical or surgical
strategy. MRI techniques in diagnosing pituitary lesions have
witnessed a rapid evolution, ranging from non-contrast MRI in
late 1980s to contrast-enhanced MRI in mid-1990s. Introduction
of dynamic contrast-enhanced MRI has further refined this
technique in diagnosing pituitary microadenomas [30].

Recently, a variety of advanced MR techniques have been evolved
which are particularly helpful in evaluating specific cases. These
include 3D volumetric analysis of pituitary volume [31], high-
resolution MR imaging at 3 Tesla (T) for evaluating pituitary stalk
[32] , diffusionweighted imaging [33], MR spectroscopy [34],
magnetization transfer ratio [35], and intraoperative MRI [36].
The aim of MR imaging s to obtain a high-spatial-resolution image
with a reasonable signal to noise ratio. Pituitary MRI identifies
sellar tumors and pituitary masses and offers high contrast and
multiplanar, thin pituitary cuts enabling evaluation of small soft
tissue changes [37]. MRI also allows accurate visualization of mass
effects on neighboring soft tissues. Although, most adenomas are
detected on nonenhanced MRI, microadenomas may become
visible only after contrast injection. Dynamic contrast MRI has
been proven to be the best imaging tool in the evaluation of
pituitary adenomas. Addition of dynamic sagittal plane to the
routine coronal study increases the overall detection rate of
pituitary microadenomas [35]. Dynamic contrast MRI is not
only useful in evaluating the pituitary microadenomas but also
has important the
macroadenomas, of sinus by the
macroadenomas, and differentiating residual/recurrent tumour
from postoperative tissues [33-35]. Some microadenomas

an  equally role  in

assessing

invasion cavernous

exhibit maximum lesion-to-gland contrast on unenhanced
scan; however, this image contrast begins to diminish the
moment the contrast-enhancing agent arrives in the pituitary

gland.

intrasellar adenohypophysis) [28]. Thed i mensions of p i tuitarfnany woman presenting with asellar masslesion during pregnancy

glands are highly variable, particularly its height. The gland
undergoes dramatic changes in size and shape throughout life. A
useful guide to the gland's height in relation to age is “Elster's
rule” of 6, 8, 10, 12: 6 mm for infants and children, 8 mm in
men and postmenopausal women, 10 mm in women of
childbearing age and 12 mm for women in late pregnancy or
postpartum women [25]. The pituitary stalk has a normal
thickness of 2 mm, and it should not exceed a maximum of 4
mm or the width of the basilar artery.

Imaging modalities

Pituitary imagingisimportant not only in confirming the diagnosis
of pituitary lesions but also in determining the differential
diagnosis of other sellar lesions. Plain skull radiographs are poor at
delineating soft tissues, and infrequently requested these days for
diagnosing sellar and parasellar pathologies. The radiographic size
of sella is not a sensitive indicator of pituitary gland abnormality,
as the empty sella may itself lead to enlargement of size [29].
Thus, the plain radiographs have been replaced by cross-sectional

or in the first postpartum year, LH should be suspected, though it
can be diagnosed with certainty only histologically. MR imaging
currently the best

differentiate Lympohocytic
non-secreting

diagnostic  tool

(LH)

no

noninvasive to
Hypo-physistis
macroadenomas,  although single
radiological feature characteristic of the disease. MR
features indicative of LH include symmetric enlargement of the
gland,  homogenecous  appearance,
enhancement, thickening and enhancement of the pituitary
stalk, of posterior pituitary  bright and

enhancement of dura adjacent to the pituitary mass and an

is
from

is

intense contrast

loss spot,
intact sellar floor.In contrast, pituitary macroadenomas are
frequently asymmetric, usually heterogeneous in appearance,
have lesser gadolinium uptake, rarely involves the stalk,
preservation of posterior pituitary bright spot and eroded
sellar floor. Although, a thickened pituitary stalk is typical for
LH and strongly favors LH over adenoma, an enlarged
pituitary stalk can be found in a variety of diseases, such as
germinoma, lymphoma, tuberculosis, sarcoidosis, or Langerhans
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cell histiocytosis, but its presence in the absence of
systemic infections suggests a diagnosis of hypo-physitis.
Hence, MR imaging increases the probability of diagnosing LH
and plays a very important role in the management of
patients with LH, who are benefited more from medical as
opposed to surgical treatment. Until a specific antibody for
this disease or a characteristic MR feature has been identified,
the diagnosis of this entity must rely only on the histologic
study [37]. 3-Tesla MRI with stronger magnetic field
strength offers an improved image quality and spatial
resolution under conditions with subtle differences between
normal and abnormal tissue.

Preoperative localization of pituitary microadenomas in Cushing’s
disease is relatively better with 3T MRI compared to 1.5T MRI,
although some of these lesions were missed even on 3T
MRI [38]. Wolfsberger et al. used 3T MRI to study the
invasion of cavernous sinus by the adenomas in 42 patients [39].
Moreover, the knowledge of normal pituitary gland volume and
of the pituitary stalk s
important for diagnosing different lesions of the gland
and infundibulum. Accurate assessment of the stalk and
subtle changes in gland volume is better with 3T MRI than
with 1.5 T MRI [40,41]. Although pituitary adenomas can be
well delineated on plain and contrast-enhanced MR sequences,
the

adenomas is not possible using classical MRI. In addition, the

normal imaging appearance

differentiation between secreting and non-secreting
role of MRI in evaluating residual tumor in postoperated
cases is also limited. The MT technique can also be used in
postoperative assessment and follow-up of patients with
pituitary adenomas, especially when classical MRI is negative for
residual tumor. Increased MTR values are highly suggestive
of persistent adenomatous tissue. Future prospect of MT
imaging includes other pituitary disorders such as pituitary
insufficiency and precocious puberty [42].

Currently, MRIis the examination of choice for sellar and parasellar
pathologies due to its superior soft tissue contrast, multiplanar
capability and lack of ionizing radiation. In addition, MRI also
provides useful information about the relationship of the gland
with adjacent anatomical structures and helps to plan medical
or surgical strategy. The role of Diffusion-Weighted Imaging
(DWT) in early detection of acute pituitary infarction has been
evaluated by some authors. Pituitary apoplexy which results
from either hemorrhage or infarction of the pituitary gland may
be associated with high mortality and morbidity. It has been
documented that DWT assists in the early diagnosis of acute
pituitary infarction with timely intervention and excellent

outcome. Diffusion-weighted imaging and Apparent
Diffusion Coefficient (ADC) maps can characterize tumor
components within microadenomas and provide information
about the consistency of macroadenomas.

Diffiusivity in creasing leads © increase in the amount of ADC
and, therefore, increasing in signal on ADC map that this behavior
in signal intensity is in the invert of diffusion images [43]. Tumors
demonstrate a low signal intensity on DWI and have a
relatively high ADC value of (1.363 + 0.259) x 1073
mm?/sec. DWI should become a part of routine assessment
of macroadenomas for planning the surgical approach.

Pituitary adenomas are among the most common central nervous
system tumors. Extension of pituitary adenomas can occur in a
suprasellar, retrosellar, or lateral fashion. Suprasellar extension of
macroadenomas is the most common direction of extension and
can result in penetration of the floor of the third ventricle and

hypothalamus [44-46].

Headache is a common clinical indication for imaging leading
to discovery of incidental pituitary masses [47]. Pituitary
tumor-related headaches may improve in up to 70% of patients
after adenoma resection [48,49]. Furthermore, the presence of
headaches does not necessarily correlate with the mass size. Several
mechanisms have been proposed for the cause of headaches in
patients harboring pituitary masses [50, 51], although these have
not been uniformly substantiated [48,52]. Regardless, the higher
rate of headache occurrence observed for non-adenomatous
lesions vs. both nonfunctioning and functioning adenomas
suggests that non-adenomatous lesions are more likely to cause

headache (P<0.001).

Headache (57%) was the most common presenting symptom in
patients with nonadenomatous masses identified by MRI.

Dedicated pituitary MRI is the preferred diagnostic imaging
modality for evaluation of sellar and parasellar tumors, including
adenomas. In particular, when functioning adenomas are
suspected, a dynamic pituitary MRI, which obtains images within
seconds after gadolinium contrast injection, may be more useful
because it has higher sensitivity than other imaging
modalities for Overall,
given the compelling list of possible diagnoses, when a
non-secreting pituitary mass is observed by MRI, a high
clinical suspicion and thorough

detecting small microadenomas.

endocrine and  possible
pathological assessment is required to exclude the presence

of a nonfunctioning pituitary adenoma.

— 280



REFERENCES

281 —

© Oncology and Radiotherapy 17 (8) 2023: 278-281

1

o

1

o

12.

13.

14.

15.

16.

17.

18.

19.

2

o

2

-

22.

2

w

24,

25.

26.

27.

2

oo

Elster AD. Imaging of the sella: Anatomy and pathology. Semin Ultrasound
CT MR.1993;14:182-194.

Terada T, Kovacs K, Stefaneanu L, Horvath E. Incidence, pathology, and
recurrence of pituitary adenomas: study of 647 unselected surgical cases.
Endocr. pathol.. 1995;6:301-310.

Freda PU, Wardlaw SL, Post KD. Unusual causes of sellar/parasellar
masses in a large transsphenoidal surgical series. J. Clin. Endocrinol.
Metab.. 1996;81:3455-3459.

Valassi E, Biller BM, Klibanski A, Swearingen B. Clinical features of
nonpituitary sellar lesions in a large surgical series. Clin. endocrinol.
2010;73:798-807.

Fernandez A, Karavitaki N, Wass JA. Prevalence of pituitary adenomas:
a community-based, cross-sectional study in Banbury (Oxfordshire, UK).
Clin. endocrinol. 2010;72:377-382.

Daly AF, Rixhon M, Adam C, Dempegioti A, Tichomirowa MA, et al. High
prevalence of pituitary adenomas: a cross-sectional study in the province
of Liege, Belgium. J Clin Endocrinol Metab 2006;91:4769-4775 [PubMed].

Teears RJ, Silverman EM. Clinicopathologic review of 88 cases of
carcinoma metastatic to the pituitary gland. Cancer. 1975;36:216-220.

Morita A, Meyer FB, Laws ER. Symptomatic pituitary metastases. J.
neurosurg.. 1998;89:69-73.

Raappana A, Koivukangas J, Ebeling T, Pirild T. Incidence of pituitary
adenomas in Northern Finland in 1992-2007. J. Clin. Endocrinol. Metab.
2010;95:4268-4275.

. Kaltsas GA, Evanson J, Chrisoulidou A, Grossman AB. The diagnosis and

management of parasellar tumours of the pituitary. Endocr.-relat. cancer.
2008;15:885-903.

. Smith JK. Parasellar tumors: suprasellar and cavernous sinuses. Top.

Magn. Reson. Imaging. 2005;16:307-315.

Rennert J, Doerfler A. Imaging of sellar and parasellar lesions. Clin Neurol
Neurosurg 2007;109:111-124 [PubMed].

Melmed S. Pathogenesis of pituitary tumors. Nat. Rev. Endocrinol.
2011;7:257-266.

GOLD EB. Epidemiology of pituitary adenomas.
1981;3:163-183.

Epidemiol. rev..

Asa SL, Ezzat S. The pathogenesis of pituitary tumors. Annu. Rev. Pathol.:
Mech. Dis.. 2009;4:97-126.

Jiang X, Zhang X. The molecular pathogenesis of pituitary adenomas: an
update. Endocrinology and metabolism. 2013;28:245-254.

Ezzat S, Asa SL, Couldwell WT, Barr CE, Dodge WE et al. The prevalence
of pituitary adenomas: a systematic review. Cancer: Interdiscip. Int. J. Am.
Cancer Soc.. 2004;101:613-619.

Asa SL. Practical pituitary pathology: what does the pathologist need to
know?. Archives of pathology & laboratory medicine. 2008;132:1231-1240.

Burrow GN, Wortzman G, Rewcastle NB, Holgate RC, Kovacs K.
Microadenomas of the pituitary and abnormal sellar tomograms in an
unselected autopsy series. Obstet. Gynecol. Surv.,1981;36:316-317.

. Costello RT. Subclinical adenoma of the pituitary gland. Am. J. Pathol.

1936;12:205.

. Chambers EF, Turski PA, LaMasters D, Newton TH. Regions of low density

in the contrast-enhanced pituitary gland: normal and pathologic processes.
Radiology. 1982;144:109-113.

Tomita T, Gates E. Pituitary adenomas and granular cell tumors: incidence,
cell type, and location of tumor in 100 pituitary glands at autopsy. Am. j. clin.
pathol.. 1999;111:817-825.

. Pierallini A, Caramia F, Falcone C, Tinelli E, Paonessa A,et al. Pituitary

macroadenomas: preoperative evaluation of consistency with diffusion-
weighted MR imaging—initial experience. Radiology. 2006;239:223-231.

Al-Brahim NY, Asa SL. My approach to pathology of the pituitary gland. J.
clin. pathol.. 2006;59:1245-1253.

Carpenter MC. 2nd ed. Baltimore, MD: Williams and Wilkins; 1978. Core
text neuroanat.; pp. 1978;23:216-235.

Asa SL, Ezzat S. The pathogenesis of pituitary tumours. Nat. Rev. Cancer.
2002;2:836-849.

Melmed S. Pathogenesis of pituitary tumors. Nat. Rev. Endocrinol..
2011;7:257-266.

. Chaudhary V, Bano S. Imaging of the pituitary: Recent advances. Indian j.

29.

30.

3

=

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

N

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

endocrinol. metab. 2011;3:216.

Scott W. Magnetic resonance imaging of the brain and spine. Lippincott
Williams and Wilkins, Philadelphia 2002. 2002:1240.

Sakamoto Y, Takahashi M, Korogi Y, Bussaka H, Ushio Y. Normal and
abnormal pituitary glands: gadopentetate dimeglumine-enhanced MR
imaging. Radiology. 1991;178:441-445

. Dwyer AJ, Frank JA, Doppman JL, Oldfield EH, Hickey AM, et al. Pituitary

adenomas in patients with Cushing disease: initial experience with Gd-
DTPA-enhanced MR imaging. Radiology. 1987;163:421-426.

Yuh WT, Fisher DJ, Nguyen HD, Tali ET, Gao F, et al. Sequential MR
enhancement pattern in normal pituitary gland and in pituitary adenoma.
Am. j. neuroradiol. 1994;15:101-108.

Bonneville JF, Cattin F, Gorczyca W, Hardy J. Pituitary microadenomas:
early enhancement with dynamic CT--implications of arterial blood supply
and potential importance. Radiology. 1993;187:857-861.

Gao R, Isoda H, Tanaka T, Inagawa S, Takeda H, el al. Dynamic gadolinium-
enhanced MR imaging of pituitary adenomas: usefulness of sequential
sagittal and coronal plane images. Eur. j. radiol. 2001;39:139-146.

Scotti G, Yu CY, Dillon WP, Norman D, Colombo N, et al. MR imaging of
cavernous sinus involvement by pituitary adenomas. Am. j. neuroradiol.
1988;9:657-664.

Gutenberg A, Larsen J, Lupi I, Rohde V, Caturegli P. A radiologic score to
distinguish autoimmune hypophysitis from nonsecreting pituitary adenoma
preoperatively. Am. j. neuroradiol. 2009;30:1766-1772.

Kim LJ, Lekovic GP, White WL, Karis J. Preliminary experience with 3-Tesla
MRI and Cushing's disease. Skull Base. 2007:273;273-277.

Wolfsberger S, Ba-Ssalamah A, Pinker K, Mlynarik V, Czech T, et al.
Application of three-tesla magnetic resonance imaging for diagnosis and
surgery of sellar lesions. J. neurosurg. 2004;100:278-286.

Satogami N, Miki Y, Koyama T, Kataoka M, Togashi K. Normal pituitary stalk:
high-resolution MR imaging at 3T. Am. j. neuroradiol. 2010;31:355-359.

Ikram MF, Sajjad Z, Shokh IS, Omair A. Pituitary Gland Volume on
Magneticresonance Imaging: Normative Observations. Pak. J. Neurol. Sci.
(PJINS), 2007;2:141-144.

. Argyropoulou MI, Kiortsis DN. Magnetization transfer imaging of the

pituitary gland, HORM.-ATHENS-. 2003;2:98-102.

Faeghi F, Sotoodeh Zy, Sargazi V, Nejadjahantigh A, Farsizaban M.
Diffusion-Weighted MRI Imaging and ADC Map of Patellar Chondromalacia,
J. Complement. Med. Res. 2021;12:123-127.

Zada G, Du R, Laws ER. Defining the “edge of the envelope”: patient
selection in treating complex sellar-based neoplasms via transsphenoidal
versus open craniotomy. J. neurosurg.. 2011;114:286-300.

Decker RE, Chalif DJ. Progressive coma after the transsphenoidal
decompression of a pituitary adenoma with marked suprasellar extension:
report of two cases. Neurosurgery. 1991;28:154-158.

Puget S, Garnett M, Wray A, Grill J, Habrand JL, el al. Pediatric
craniopharyngiomas: classification and treatment according to the degree
of hypothalamic involvement. J. Neurosurg.: Pediatr. 2007;106:3-12.

Bronstein MD, Salgado LR, de Castro Musolino NR. Medical management
of pituitary adenomas: the special case of management of the pregnant
woman. Pituitary. 2002:43;99-107.

Abe T, Matsumoto K, Kuwazawa J, Toyoda |, Sasaki K. Headache
associated with pituitary adenomas. Headache: J. Head Face Pain,
1998;38:782-786.

Levy MJ, Matharu MS, Meeran K, Powell M, Goadsby PJ. The clinical
characteristics of headache in patients with pituitary tumours. Brain.
2005;128:1921-1930.

Forsyth PA, Posner JB. Headaches in patients with brain tumors: a study of
111 patients. Neurology. 1993;43:1678-1682.

Arafah BM, Prunty D, Ybarra J, Hlavin ML, Selman WR. The dominant role
of increased intrasellar pressure in the pathogenesis of hypopituitarism,
hyperprolactinemia, and headaches in patients with pituitary adenomas. J.
Clin. Endocrinol. Metab.. 2000;85:1789-1793.

Levy MJ, Jager HR, Powell M, Matharu MS, Meeran K, et al. Pituitary volume
and headache: size is not everything, Arch. Neurol. 2004;61:721-725.

Tabarin A, Laurent F, Catargi B, Olivier-Puel F, Lescene R,et al. Comparative
evaluation of conventional and dynamic magnetic resonance imaging of
the pituitary gland for the diagnosis of Cushing's disease. Clin. endocrinol.
1998;49:293-300.



https://link.springer.com/article/10.1007/BF02738730
https://link.springer.com/article/10.1007/BF02738730
https://link.springer.com/article/10.1007/BF02738730
https://academic.oup.com/jcem/article/81/10/3455/2649797
https://academic.oup.com/jcem/article/81/10/3455/2649797
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2265.2010.03881.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2265.2010.03881.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2265.2009.03667.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2265.2009.03667.x
https://academic.oup.com/jcem/article/91/12/4769/2656264
https://academic.oup.com/jcem/article/91/12/4769/2656264
https://academic.oup.com/jcem/article/91/12/4769/2656264
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/1097-0142(197507)36:1%3C216::AID-CNCR2820360123%3E3.0.CO;2-E
https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.1002/1097-0142(197507)36:1%3C216::AID-CNCR2820360123%3E3.0.CO;2-E
https://academic.oup.com/jcem/article/95/9/4268/2835378
https://academic.oup.com/jcem/article/95/9/4268/2835378
https://erc.bioscientifica.com/view/journals/erc/15/4/885.xml
https://erc.bioscientifica.com/view/journals/erc/15/4/885.xml
https://journals.lww.com/topicsinmri/fulltext/2005/07000/Parasellar_Tumors__Suprasellar_and_Cavernous.7.aspx
https://www.nature.com/articles/nrendo.2011.40
https://academic.oup.com/epirev/article-abstract/3/1/163/424956
https://www.annualreviews.org/doi/abs/10.1146/annurev.pathol.4.110807.092259
https://synapse.koreamed.org/articles/1086027
https://synapse.koreamed.org/articles/1086027
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.20412
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.20412
https://meridian.allenpress.com/aplm/article/132/8/1231/460531/Practical-Pituitary-Pathology-What-Does-the
https://meridian.allenpress.com/aplm/article/132/8/1231/460531/Practical-Pituitary-Pathology-What-Does-the
https://journals.lww.com/obgynsurvey/citation/1981/06000/microadenomas_of_the_pituitary_and_abnormal_sellar.19.aspx
https://journals.lww.com/obgynsurvey/citation/1981/06000/microadenomas_of_the_pituitary_and_abnormal_sellar.19.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1911070/
https://pubs.rsna.org/doi/abs/10.1148/radiology.144.1.7089241?journalCode=radiology
https://pubs.rsna.org/doi/abs/10.1148/radiology.144.1.7089241?journalCode=radiology
https://academic.oup.com/ajcp/article/111/6/817/1758667
https://academic.oup.com/ajcp/article/111/6/817/1758667
https://pubs.rsna.org/doi/abs/10.1148/radiol.2383042204
https://pubs.rsna.org/doi/abs/10.1148/radiol.2383042204
https://pubs.rsna.org/doi/abs/10.1148/radiol.2383042204
https://jcp.bmj.com/content/59/12/1245.short
https://www.nature.com/articles/nrc926
https://www.nature.com/articles/nrendo.2011.40
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3183511/
https://pubs.rsna.org/doi/abs/10.1148/radiology.178.2.1987606
https://pubs.rsna.org/doi/abs/10.1148/radiology.178.2.1987606
https://pubs.rsna.org/doi/abs/10.1148/radiology.178.2.1987606
https://pubs.rsna.org/doi/abs/10.1148/radiology.163.2.3562821
https://pubs.rsna.org/doi/abs/10.1148/radiology.163.2.3562821
https://pubs.rsna.org/doi/abs/10.1148/radiology.163.2.3562821
https://www.ajnr.org/content/15/1/101.short
https://www.ajnr.org/content/15/1/101.short
https://pubs.rsna.org/doi/abs/10.1148/radiology.187.3.8497646
https://pubs.rsna.org/doi/abs/10.1148/radiology.187.3.8497646
https://pubs.rsna.org/doi/abs/10.1148/radiology.187.3.8497646
https://www.sciencedirect.com/science/article/abs/pii/S0720048X01003540
https://www.sciencedirect.com/science/article/abs/pii/S0720048X01003540
https://www.sciencedirect.com/science/article/abs/pii/S0720048X01003540
https://www.ajnr.org/content/9/4/657.short
https://www.ajnr.org/content/9/4/657.short
https://www.ajnr.org/content/30/9/1766.short
https://www.ajnr.org/content/30/9/1766.short
https://www.ajnr.org/content/30/9/1766.short
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2007-985196
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2007-985196
Skull Base
Skull Base
https://www.ajnr.org/content/31/2/355.short
https://www.ajnr.org/content/31/2/355.short
https://ecommons.aku.edu/cgi/viewcontent.cgi?article=1357&context=pjns
https://ecommons.aku.edu/cgi/viewcontent.cgi?article=1357&context=pjns
http://www.hormones.gr/pdf/Magnetization_transfer.pdf
http://www.hormones.gr/pdf/Magnetization_transfer.pdf
https://www.jocmr.com/?mno=85140
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=43.%09Zada+G%2C+Du+R%2C+Laws+ER.%2C+Jr+Defining+the+%E2%80%9Cedge+of+the+envelope%E2%80%9D%3A+patient+selection+in+treating+ging+sellar-based+neoplasms+via+transsphenoidal+versus+open+craniotomy.+J.+Neurosurg.+2011%3B114%282%29%3A286%E2%80%93300.+%5BPubMed%5D.++&btnG=#d=gs_cit&t=1689586647230&u=%2Fscholar%3Fq%3Dinfo%3ArHCBFGw9lsgJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=43.%09Zada+G%2C+Du+R%2C+Laws+ER.%2C+Jr+Defining+the+%E2%80%9Cedge+of+the+envelope%E2%80%9D%3A+patient+selection+in+treating+ging+sellar-based+neoplasms+via+transsphenoidal+versus+open+craniotomy.+J.+Neurosurg.+2011%3B114%282%29%3A286%E2%80%93300.+%5BPubMed%5D.++&btnG=#d=gs_cit&t=1689586647230&u=%2Fscholar%3Fq%3Dinfo%3ArHCBFGw9lsgJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=43.%09Zada+G%2C+Du+R%2C+Laws+ER.%2C+Jr+Defining+the+%E2%80%9Cedge+of+the+envelope%E2%80%9D%3A+patient+selection+in+treating+ging+sellar-based+neoplasms+via+transsphenoidal+versus+open+craniotomy.+J.+Neurosurg.+2011%3B114%282%29%3A286%E2%80%93300.+%5BPubMed%5D.++&btnG=#d=gs_cit&t=1689586647230&u=%2Fscholar%3Fq%3Dinfo%3ArHCBFGw9lsgJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://journals.lww.com/neurosurgery/Abstract/1991/01000/Progressive_coma_after_the_transsphenoidal.23.aspx
https://journals.lww.com/neurosurgery/Abstract/1991/01000/Progressive_coma_after_the_transsphenoidal.23.aspx
https://journals.lww.com/neurosurgery/Abstract/1991/01000/Progressive_coma_after_the_transsphenoidal.23.aspx
Puget S, Garnett M, Wray A, Grill J, Habrand JL, Bodaert N, Zerah M, Bezerra M, Renier D, Pierre-Kahn A, Sainte-Rose C. Pediatric craniopharyngiomas: classification and treatment according to the degree of hypothalamic involvement. Journal of Neurosurgery: Pediatrics. 2007 Jan 1;106(1):3-12.
Puget S, Garnett M, Wray A, Grill J, Habrand JL, Bodaert N, Zerah M, Bezerra M, Renier D, Pierre-Kahn A, Sainte-Rose C. Pediatric craniopharyngiomas: classification and treatment according to the degree of hypothalamic involvement. Journal of Neurosurgery: Pediatrics. 2007 Jan 1;106(1):3-12.
Puget S, Garnett M, Wray A, Grill J, Habrand JL, Bodaert N, Zerah M, Bezerra M, Renier D, Pierre-Kahn A, Sainte-Rose C. Pediatric craniopharyngiomas: classification and treatment according to the degree of hypothalamic involvement. Journal of Neurosurgery: Pediatrics. 2007 Jan 1;106(1):3-12.
https://link.springer.com/article/10.1023/A:1022364514971
https://link.springer.com/article/10.1023/A:1022364514971
https://link.springer.com/article/10.1023/A:1022364514971
https://headachejournal.onlinelibrary.wiley.com/doi/abs/10.1046/j.1526-4610.1998.3810782.x
https://headachejournal.onlinelibrary.wiley.com/doi/abs/10.1046/j.1526-4610.1998.3810782.x
https://academic.oup.com/brain/article/128/8/1921/481337
https://academic.oup.com/brain/article/128/8/1921/481337
https://n.neurology.org/content/43/9/1678.short
https://n.neurology.org/content/43/9/1678.short
https://academic.oup.com/jcem/article/85/5/1789/2660436
https://academic.oup.com/jcem/article/85/5/1789/2660436
https://academic.oup.com/jcem/article/85/5/1789/2660436
https://jamanetwork.com/journals/jamaneurology/article-abstract/785802
https://jamanetwork.com/journals/jamaneurology/article-abstract/785802
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2265.1998.00541.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2265.1998.00541.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2265.1998.00541.x



