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ABSTRACT

MRI is the primary imaging modality for the pituitary gland. This chapter reviews and illustrates the normal anatomy and MRI appearances of the pituitary gland and hypothalamic region. The optimal MRI technique relies on thin section T1-weighted sequences in the sagittal and coronal planes before and after gadolinium contrast enhancement. T2-weighted sequences can add useful additional information in some cases but are not a substitute for T1-weighted sequences. Congenital abnormalities with characteristic imaging appearances including the ectopic posterior pituitary and hypothalamic hamartoma are illustrated, along with images of all the common primary pituitary pathologies: adenomas, Rathke’s cysts and hypophysitis (infundibular, lymphocytic, and immunotherapy drug-induced). Non-pituitary origin pathologies which may involve the pituitary or parasellar region are also illustrated, including meningioma, arachnoid cysts, germinoma, craniopharyngioma and chondrosarcoma; they all have distinct imaging appearances. Inflammatory processes such as sarcoid or Langerhans cell histiocytosis can also involve the pituitary stalk or hypothalamus and in these cases diabetes insipidus may be a clinical feature, correlating with stalk involvement on imaging. More recently, IgG4- and immune checkpoint inhibitor-associated hypophysitis have emerged as new diseases entities. Metastases or lymphoma can occasionally involve the pituitary gland and stalk. The granular cell tumor is a rare tumor arising in the pituitary stalk and has a typical appearance, distinct from other inflammatory or infiltrative stalk processes.

ANATOMY AND EMBRYOLOGY

The pituitary gland sits within the sella turcica which is a cup-shaped depression in the sphenoid bone. The sphenoid air sinus lies below and anterior to the sella turcica (Fig 1). Lying above the pituitary gland is a cerebrospinal fluid (CSF) space, the suprasellar system, which contains the optic chiasm (Figs 1 and 2). The lateral walls of the pituitary fossa are formed by the cavernous sinuses (Fig 1B) which contain the internal carotid arteries as well as a number of cranial nerves: the 3rd, 4th and 6th cranial nerves as well as the first and second divisions of the 5th cranial nerve. The pituitary gland is connected via the pituitary stalk to the hypothalamus, which is a thin plate of tissue making up the floor of the anterior part of the 3rd ventricle (Figs 1 and 3).
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Figure 1. Sagittal T1 weighted unenhanced image of the pituitary fossa demonstrate normal anatomy. The anterior pituitary tissue, A, is visible within the sella and the posterior pituitary bright spot, P, is evident behind it. The stalk (arrow) is well seen with a small cleft of CSF visible within it superiorly –the infundibular recess of the third ventricle. The optic chiasm, C, and mamillary bodies, M, are seen in the suprasellar region. B - brainstem, S - sphenoid air sinus, CL - clivus.
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Figure 2. Coronal T1 weighted unenhanced image of the pituitary fossa. The anterior pituitary gland, A, is within the fossa. The posterior pituitary bright spot is visible centrally, P. The stalk is seen extending up into the suprasellar region. The optic chiasm, C, is visible. The cavernous segments of the carotid arteries, I, are seen within the cavernous sinuses, which form the lateral boundaries of the pituitary fossa. 
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Figure 3. Sagittal T1 weighted enhanced image of the pituitary. The pituitary tissue has enhanced, as has the pituitary stalk.

The appearance and size of the pituitary gland changes during life. At birth, it is typically globular in shape and shows high signal on T1 weighted images (1). By approximately 6 weeks of age this high signal has diminished, and the anterior pituitary tissue has a similar signal to brain tissue. The posterior pituitary tissue, however, retains a bright signal on T1 weighted sequences. This so-called “posterior pituitary bright spot” is a normal appearance thought to be due to the high neurophysin content (which is not present in the anterior pituitary tissue) (Fig 1).

The size of the pituitary gland varies with age and sex. On average it is between 3 and 8mm in height but is generally larger in females than males. The height increases during adolescence due to normal physiological hypertrophy (2). There is also a slight increase in size seen during the sixth decade in females. The most striking physiological changes are seen during pregnancy when the gland progressively enlarges reaching a maximal height immediately after birth when it may reach 10mm in height (3).

Embryologically, the anterior and posterior pituitary lobes are distinct. The anterior lobe forms from an invagination of the oral ectoderm known as Rathke’s Pouch. The posterior pituitary forms from a protrusion of the neural ectoderm of the diencephalon. Between the anterior and posterior lobes lies an intermediate lobe which is vestigial and known as the pars intermedia. This is a potential site for small non-functional Rathke’s cysts (Fig 4).
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Figure 4. Sagittal enhanced T1 weighted image demonstrating a small Rathke’s cyst. This is seen to lie just below the insertion of the pituitary stalk and centrally within the gland. Although it is possible that a small cystic adenoma could have these appearances, this is a very typical location for a Rathke’s cyst arising in the pars intermedia. 

MR IMAGING

MR is the imaging of choice for the pituitary gland. In order to optimize the study, it is necessary to perform thin sections (2mm or 3mm) targeted to the pituitary fossa and performed in both the sagittal and coronal planes. T1 weighted sequences before and after intravenous contrast are the mainstay of pituitary imaging (Fig 1-3) (4). Coronal T2 weighted sequences can also give added information but are less sensitive in the detection of adenomas. Sequences before and after intravenous contrast are the main stay of pituitary imaging (Fig 1-3). Coronal T2 weighted sequences can also give added information but are less sensitive in the detection of adenomas. The higher field strength 3 Tesla MR scanners, which are now in more widespread clinical use, can provide higher resolution pituitary images, the T2 images being reliably improved at 3T. However, artefacts related to vascular flow and patient movement are more pronounced and may outweigh the benefits. CT does not provide such excellent soft tissue resolution as MR but can be a very useful investigation if MR is not possible, and also if it is important to identify the presence of calcification in or around the sella. A dedicated CT study should be performed with a 1mm slice thickness in the axial plane and then reconstructed in the sagittal and coronal planes.

There can be some benefit in performing the post-contrast MR sequences in a dynamic fashion (within the first 60 seconds) after contrast injection. This can maximize the conspicuity of adenomas within the pituitary gland, which typically enhance less than the normal pituitary tissue, and this differential enhancement is sometimes best appreciated within the first arterial phase of the contrast injection (Figs 4 and 5) (5). However, in the majority of cases the lesions are adequately demonstrated on a standard acquisition (non-dynamic) scan after the contrast administration (Fig 7) (5). 
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Figure 5. Coronal T1 weighted image of the pituitary gland before contrast. There is a microadenoma in the right side of the gland. On the unenhanced image there is evidence of depression of the floor of the sella on the right side but the microadenoma cannot be visualized within the gland. 
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Figure 6. Coronal T1 weighted image of the pituitary gland immediately after contrast. There is a microadenoma in the right side of the gland. After contrast a dynamic acquisition shows an area of lesser enhancement indicative of a microadenoma. 

[image: Fig 3 C]
Figure 7. Coronal T1 weighted image of the pituitary gland that demonstrates a left sided microadenoma (arrow) which was best seen on this nondynamic post-contrast sequence.

The pituitary gland, pituitary stalk and cavernous sinuses are all vascular structures which are seen to enhance after gadolinium injection. The optic chiasm and hypothalamus, however, do not show enhancement if the blood brain barrier is intact (Figs 1-3).

PITUITARY ADENOMAS

Pituitary adenomas are by far the most common mass lesion seen in the sella and parasellar region. They are slow-growing benign neoplasms arising from the anterior pituitary tissue; radiologically they are simply classified by size: lesions smaller than 10mm transversely are termed microadenomas and those greater than 10mm are macroadenomas. The clinical classification separates adenomas into those that are hormonally activity, e.g., prolactinomas, and those that do not have measurable evidence of hormonal activity referred to as non-functioning adenomas. The histology of the so-called non-functioning adenoma suggests that these arise from gonadotroph cells. The imaging appearances of pituitary adenomas is similar whether they are hormonally functioning or not. Obviously, non-functioning adenomas are more likely to present when they have attained a significant size and are producing effects on local structures around the sella. 

Pituitary Macroadenomas

Pituitary macroadenomas can extend superiorly into the suprasellar cistern (Figs 8-10) and impinge on the optic nerves and/or optic chiasm to produce visual field abnormalities (typically a bitemporal hemianopia). Pituitary macroadenomas with a large suprasellar component characteristically show the appearance of “waisting” (Figs 9 and 10) as they pass through the diaphragma sellae, the sheet of dura which normally lies above the pituitary gland. Lateral growth of a macroadenoma is initially seen to cause deformity of the cavernous sinus; however, adenomas can invade into the cavernous sinus. (Fig 11) This may be associated with symptoms or signs related to involvement of the cranial nerves that run in the cavernous sinus. The third, fourth and sixth cranial nerves run through the cavernous sinus, as do the first and second divisions of the fifth (trigeminal) nerve. If the MR imaging demonstrates adenoma tissue extending beyond the most lateral margin of the cavernous segment of the internal carotid artery, then it is very likely that there is tumor within the cavernous sinus (6). In many cases, however, tumor simply deforms the cavernous sinus flattening the medial wall but not extending more laterally, and in these cases the tumor is typically confined to the sella and has not invaded into the cavernous sinus at surgery. Adenomas can also extend inferiorly into the sphenoid producing remodeling of the bone. Occasionally, macroadenomas will show a very extensive involvement of the skull base (Fig 12) and, exceptionally, can extend out into the infratemporal fossa. 
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Figure 8. Sagittal T1 weighted unenhanced image of a macroadenoma. The sella is enlarged and the macroadenoma is seen to extend upwards into the suprasellar cistern with the optic chiasm stretched and deformed over the surface of the macroadenoma. 
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Figure 9. Coronal T1 weighted unenhanced image of a macroadenoma. The sella is enlarged and the macroadenoma is seen to extend upwards into the suprasellar cistern with the optic chiasm stretched and deformed over the surface of the macroadenoma. 
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Figure 10. A coronal T1 weighted enhanced image shows diffuse enhancement of the macroadenoma, no normal pituitary tissue can now be identified. The optic chiasm is easily identified, it does not enhance and is seen to be stretched over the superior aspect of the adenoma.
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Figure 11. A coronal enhanced T1 weighted image shows a right-sided pituitary adenoma that has invaded laterally into the right cavernous sinus. A significant component of the tumor lies lateral to the cavernous carotid artery and must therefore be within the cavernous sinus.
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Figure 12. A sagittal T1 weighted unenhanced image shows an invasive macroadenoma which has involved much of the central skull base. It has invaded the sphenoid air sinus which can no longer be identified and has also extended down the clivus. There is also a modest suprasellar extension with elevation of the optic chiasm.

When pituitary macroadenomas attain a certain size, it is no longer possible to identify any normal pituitary tissue within the sella. The posterior pituitary bright spot may also be difficult to identify but is often seen in the lower aspect of the pituitary stalk which itself may be markedly deformed by the adenoma. Despite these appearances it is very rare for patients with macroadenomas of the pituitary to have diabetes insipidus, which usually points to a different pathology within the pituitary gland or stalk. Macroadenomas may be homogeneous or heterogeneous in their MR signal characteristics. Areas of cystic change and focal areas of hemorrhage are not infrequently identified. It is not uncommon for areas of hemorrhage to be seen within macroadenomas without any correlating clinical event; however, significant hemorrhage with necrosis in an adenoma can produce the syndrome of pituitary apoplexy. The patient reports sudden onset of headache usually associated with visual disturbance. The MRI scan shows an enlarged sella containing a macroadenoma with areas of high T1 signal representing the hemorrhage (Figs 13 and 14). Often there is suprasellar extension and there may also be involvement of the cavernous sinus. Clinically, the patient may present with cranial nerve problems related to involvement of the cavernous sinus. Hemorrhage extending outside the tumor into the subarachnoid space is documented but is very rare.
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Figure 13. Sagittal T1 non-contrast image showing hemorrhage into an existing pituitary macroadenoma. The area of high signal represents the recent hemorrhage. There is a component of the tumor extending into the left cavernous sinus which does not show hemorrhage. The suprasellar extension is compressing the chiasm particularly on the right side. 
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Figure 14. Coronal non-contrast image showing hemorrhage into an existing pituitary macroadenoma. The area of high signal represents the recent hemorrhage. There is a component of the tumor extending into the left cavernous sinus which does not show hemorrhage. The suprasellar extension is compressing the chiasm particularly on the right side.

Pituitary Microadenomas 

Pituitary microadenomas are confined within the sella and are sometimes identified within the normal pituitary gland as an area of lower signal on T1 weighted sequences than the normal pituitary tissue (Fig 15). (7) Local remodeling of the floor of the sella (Fig 5) and remodeling of the dorsum are also useful features to identify the presence of a microadenoma. Although there may be displacement of the pituitary stalk by a lesion, this is not a very reliable indicator (8). Administration of intravenous gadolinium will improve the sensitivity of pituitary MR in identifying the presence of a microadenoma; typically, the microadenomas enhance less avidly than the normal anterior pituitary tissue (Figs 5-7) Acquiring sequences dynamically within the first minute after intravenous injection can slightly further improve the sensitivity of the study (5). This will demonstrate adenomas that appear less vascular on the initial arterial phase of contrast enhancement but then equilibrate to show similar vascularity to the normal gland in the next few minutes. The use of volumetric T1W sequences after contrast (as compared to standard T1W spin echo -SE) improves the detection rate for microadenomas (9), and so is of particular use in Cushing’s disease. A fluid attenuated Inversion recovery (FLAIR) sequence after contrast may further improve the detection of Cushing’s adenomas, if used with the volumetric sequence, which has the highest individual sensitivity (10). The signal characteristics of GH-secreting adenomas on T2 weighted sequences (whether they are of lower or higher signal than adjacent grey matter) can be an indicator of their histological composition: densely granulated GH secreting adenomas are typically hypointense whilst sparsely granulated GH secreting adenomas are hyperintense. The low T2 signal (densely granulated) adenomas seemingly respond better to somatostatin analogues (11) (Fig 16).
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Figure 15. A coronal unenhanced T1 weighted image shows a small left sided microadenoma (arrow) as an area of lower signal than the rest of the anterior pituitary tissue. 
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Figure 16. A coronal T2 weighted image shows a low T2 signal adenoma in the left side of the gland (arrow) which represented a densely granulated GH secreting adenoma.

After pituitary surgery it takes around 3 to 4 months for the postoperative changes within the sella to regress to allow for assessment of the true volume of residual pituitary tissue (12). 

RATHKE’S CLEFT CYSTS

These benign, non-functioning cysts arise from remnants of squamous epithelium from Rathke’s cleft. They typically arise close to the insertion of the stalk (Fig 17) They are a common incidental finding reported in up to 11% of pituitary glands at autopsy (13). On imaging they may appear proteinaceous rendering their signal higher to the point that they appear hyperintense on the T1 weighted sequence. It is not uncommon for these cysts to lie in the suprasellar region on the surface of the gland where they are usually found anterior to the pituitary stalk (Figs 18 and 19). If they are of significant size, then it may be hard to distinguish a Rathke’s cyst from a cystic craniopharyngioma. However, it is notable that the wall of a Rathke’s cyst shows no more than minimal enhancement. There are no solid enhancing areas and they do not calcify. Rathke’s cysts can be found in all age groups. 
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Figure 17. A coronal unenhanced T1 weighted image demonstrating a small Rathke’s cyst. This is seen to lie just below the insertion of the pituitary stalk and centrally within the gland. Although it is possible that a small cystic adenoma could have these appearances, this is a very typical location for a Rathke’s cyst. 
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Figure 18. Sagittal enhanced T1 weighted image of a large Rathke’s cyst. The cyst is seen to be sitting on the superior aspect of the pituitary tissue which appears flattened within the sella. The optic chiasm is stretched over the surface of the cyst. After contrast the cyst does not show enhancement. The cyst shows higher signal than the CSF indicating that it has a higher protein content.
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Figure 19. Coronal unenhanced T1 weighted image of a large Rathke’s cyst. The cyst is seen to be sitting on the superior aspect of the pituitary tissue which appears flattened within the sella. The optic chiasm is stretched over the surface of the cyst. After contrast the cyst does not show enhancement. The cyst shows higher signal than the CSF indicating that it has a higher protein content.

MENINGIOMAS

Meningiomas are slow-growing neoplasms that arise from the dura and can arise from any of the dural surfaces around the sella. Suprasellar meningiomas appear as soft tissue mass lesions apparently sitting on the superior surface of the pituitary and often compressing or involving the optic chiasm and nerves (Fig 20) (14) A typical feature is a dural “tail” of enhancement seen extending forward along the planum sphenoidale (Fig 21). Meningiomas have very similar signal to both the brain parenchyma and the pituitary gland, but show prominent homogeneous enhancement after contrast. The dural tail is a helpful distinguishing feature to separate meningiomas from other sella tumors. 
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Figure 20. Coronal enhanced T1 weighted image There is a suprasellar meningioma which appears to be arising from the planum sphenoidale and is seen extending along the floor of the anterior cranial fossa where a dural tail (arrow) is visible. The pituitary gland itself appears normal and a cleft of CSF is visible between the meningioma and the pituitary tissue. The meningioma is displacing and possibly involving the optic nerves anterior to the chiasm. 
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Figure 21. Sagittal (B) enhanced T1 weighted image. There is a suprasellar meningioma which appears to be arising from the planum sphenoidale and is seen extending along the floor of the anterior cranial fossa where a dural tail (arrow) is visible. The pituitary gland itself appears normal and a cleft of CSF is visible between the meningioma and the pituitary tissue. The meningioma is displacing and possibly involving the optic nerves anterior to the chiasm. 

Meningiomas can also arise from the cavernous sinus producing a soft tissue mass lying lateral to normal pituitary tissue. The meningioma may encase the cavernous carotid artery and can produce constriction of this vessel (Fig 22). This feature may be helpful in distinguishing between cavernous sinus extension of a pituitary tumor and a cavernous sinus meningioma. Pituitary tumors do not typically cause any vascular constriction. There may be hyperostosis (bony thickening) of any bony surface from which a meningioma has arisen, most typically the anterior clinoid process, though this may be more easily appreciated on CT than MR. 
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Figure 22. A Coronal T1 weighted enhanced image of a left cavernous sinus meningioma. There is expansion of the left cavernous sinus (arrows) and some concentric narrowing of the left cavernous carotid artery (compare to the right carotid). 

CRANIOPHARYNGIOMAS

Craniopharyngiomas are rare epithelial tumors arising in the sella/suprasellar region from the remnants of the craniopharyngeal duct. They are most commonly seen in children between 5 and 10 years of age; however, they can also occur in late adulthood in the sixth decade. They are the commonest lesion to involve the hypothalamic/pituitary region in children. In children it is the adamantinomatous histological subtype that is the most common (15). These shows both cystic and solid components as well as calcification, best appreciated on CT. The fluid within the cysts contains a high content of cholesterol as well as protein and desquamated cells, and this accounts for the cyst fluid often having high signal on T1 weighted unenhanced images (Fig 23) The solid enhancing tumor components are most easily seen after contrast injection (Fig 24). Craniopharyngiomas presenting in adulthood are more likely to be of the papillary subtype. These may be exclusively solid lesions (Fig 25 and 26) or show a mixed solid and cystic morphology (15). They do not typically calcify, and they are less locally infiltrative. The adamantinomatous subtype is particularly adherent to surrounding brain tissue and is therefore difficult to surgically resect; however, imaging cannot distinguish accurately between the histological subtypes. The imaging characteristics are those of a complex suprasellar mass containing both cystic and solid components, the solid components show enhancement after contrast (14). Large lesions may be associated with hydrocephalus (more commonly in children) while the cystic components may show variable signal characteristics from low signal to high signal on the T1 weighted sequences. (Fig 23).
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Figure 23. Sagittal T1 weighted unenhanced image showing a partially cystic craniopharyngioma. This is a large complex suprasellar mass which extends down into the pituitary fossa and up to deform the third ventricle. There are patchy areas of high signal before contrast which represent the cystic components with a high protein/ lipid content.
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Figure 24. Coronal enhanced image showing a partially cystic craniopharyngioma. This is a large complex suprasellar mass which extends down into the pituitary fossa and up to deform the third ventricle. It is of mixed signal intensity and the solid components enhance after contrast. 
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Figure 25. Sagittal T1 weighted unenhanced image. This shows a solid suprasellar enhancing mass, a solid craniopharyngioma. This is elevating and deforming the chiasm but is not involving the pituitary gland itself which can be seen within the sella. 
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Figure 26. Sagittal T1 weighted enhanced image. This shows a solid suprasellar enhancing mass, a solid craniopharyngioma. This is elevating and deforming the chiasm but is not involving the pituitary gland itself which can be seen within the sella. The mass enhances after contrast indicating that it is solid, and no cystic areas are evident. 

HYPOTHALAMIC/OPTIC CHIASM GLIOMAS

These tumors present as suprasellar mass lesions and are most commonly seen in children. It is very often hard to determine whether the tumor has arisen in the optic chiasm or the hypothalamus as typically both of these structures are involved. These tumors are often associated with neurofibromatosis type I, in which case there is often involvement of the optic nerves and very often a significant cystic component is evident (14). Otherwise, these tumors appear as well-defined suprasellar mass lesions which may show enhancement (Fig 27 and 28) and may also show reactive signal change in the brain along the optic radiation. Calcification is not seen in these lesions.
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Figure 27. Sagittal T1 weighted enhanced image show a partially cystic and partially solid hypothalamic glioma in the suprasellar region. The mass is centered on the region of the optic chiasm and is flattening the pituitary stalk and hypothalamus. The pituitary gland is normal.
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Figure 28. T1 weighted coronal enhanced image show a partially cystic and partially solid hypothalamic glioma in the suprasellar region. The mass is centered on the region of the optic chiasm and is flattening the pituitary stalk and hypothalamus. The pituitary gland is normal.

GERMINOMA

These are rare intracranial germ cell tumors which most typically arise in the suprasellar or pineal regions (16,14). They are usually seen in children or young adults. These patients commonly have diabetes insipidus as one of the presenting complaints, and this reflects the involvement of the hypothalamus and pituitary stalk. Characteristic imaging appearances are those of a homogeneous, solidly enhancing mass involving the hypothalamic region with involvement of the upper aspect of the pituitary stalk (Figs 29 and 30) If the lesions are large then the optic chiasm may be also involved. Involvement in both the suprasellar region and the pineal region at the time of presentation is well recognized (16) (Fig 29). Detection of tumor markers, either human chorionic gonadotrophin (HCG) or alpha fetoprotein (AFP) can be detected in the serum/CSF to confirm the diagnosis (16), and may obviate the need for biopsy. The absence of these markers does not exclude the diagnosis and biopsy may be necessary. Dramatic resolution of the imaging findings after treatment can be seen as these tumors are very sensitive to radiation. These tumors can disseminate through the CSF spaces producing enhancement around the ventricular margins. 
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Figure 29. Sagittal T1 weighted enhanced images of a germinoma. Figure demonstrates a large homogeneously enhancing soft tissue mass within the suprasellar region involving the upper aspect of the pituitary stalk and the hypothalamic region with a second separate mass visible in the region of the pineal gland - this is typical of a germinoma. 
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Figure 30. Sagittal T1 weighted enhanced images of a germinomas. Figure demonstrates a small lesion in the region of the upper aspect of the stalk and hypothalamus (arrow). 

GRANULAR CELL TUMORS

Granular cell tumors are rare, benign WHO grade 1 lesions most typically seen in the suprasellar region. They arise from the neurohypophysis and/or the pituitary stalk. They have also been known as choristomas (17) .Histologically, they appear to arise from the pituicyte which is the main posterior pituitary cell. These are seen as well-defined suprasellar masses related to the pituitary stalk with homogeneous enhancement (Fig 31) (17). Despite their intimate relationship to the pituitary stalk, diabetes insipidus is not usually present although other endocrine disturbance may be present and these lesions may even be asymptomatic. If they have reached significant size, they may be associated with visual disturbance or headache. They are benign and slow growing with a low recurrence rate after surgery. Similar in appearance to the granular cell tumor, and equally rare, are the so called pituicytoma and the spindle cell oncocytoma. It seems that histologically these 3 entities show morphological overlap and may arise from a common lineage: they cannot be distinguished on imaging appearances (18).
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Figure 31. Sagittal enhanced T1 weighted image shows a well-defined enhancing mass within the pituitary stalk. The pituitary gland is normal, as is the hypothalamus. This was a granular cell tumor.

LANGERHANS CELL HISTIOCYTOSIS

This is a rare disease of childhood due to a proliferative disorder of the Langerhans cell of the dendritic cell line; CNS involvement is common but it is rarely the only site involved, skeletal involvement being the most frequent (19). A common location for intracranial involvement is the hypothalamo-pituitary axis. The MRI appearances characteristically show thickening of the pituitary stalk with enhancement (Fig 32). The posterior pituitary bright spot is usually absent. These appearances correlate with the typical clinical presentation of diabetes insipidus. This is often an isolated intracranial abnormality but extra-axial/osseous intracranial mass lesions and degenerative changes in the cerebellum and basal ganglia are also recognized (19).
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Figure 32. Sagittal T1 enhanced image shows diffuse thickening of the pituitary stalk in a patient with Langerhans cell histiocytosis. 

HYPOPHYSITIS

Hypophysitis is an inflammatory disorder of the pituitary gland which can be primary or secondary to a known infection or systemic disease. Primary hypophysitis includes autoimmune hypophysitis and other inflammatory forms of unknown cause. Distinct histopathological types are recognized; lymphocytic hypophysitis, granulomatous hypophysitis and xanthomatous hypophysitis (20). Lymphocytic and granulomatous hypophysitis have similar indistinguishable MR imaging features: enlargement of the gland producing the appearance of a sellar mass lesion with suprasellar involvement of the stalk (Figs 33 and 34). The gland may appear heterogeneous after contrast and there may be distortion of the chiasm if the suprasellar component is sizeable, which is not uncommon. Lymphocytic hypophysitis is the most common form occurring more often in females and classically presenting at the end of pregnancy or in the post-partum period with endocrine dysfunction (20) There may be also be diabetes insipidus which may correlate with loss of the posterior pituitary bright spot. 

A variant of this condition is the so-called lymphocytic infundibulo-neurohypophysitis where the inflammatory process selectively involves the pituitary stalk and the posterior pituitary tissue, and imaging reflects that showing enlargement of the posterior gland and stalk (21). 
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Figure 33. Sagittal T1 weighted enhanced image of lymphocytic hypophysitis. There is slight enlargement and heterogeneity of the gland with thickening of the lower part of the stalk. The fossa is not enlarged. 
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Figure 34. Coronal T1 weighted enhanced image of lymphocytic hypophysitis. There is slight enlargement and heterogeneity of the gland with thickening of the lower part of the stalk. The fossa is not enlarged. 

Secondary hypophysitis can be a reaction to a local process (e.g., infection or cyst rupture) or due to systemic disease, neoplastic processes or drugs. IgG4 plasma cell hypophysitis (22) and hypophysitis caused by the immune checkpoint inhibitors (ICPi) used in oncology (23) are now well described.

 The cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) agents (e.g., ipilimumab) and the programmed death 1 (PD-1) agents (e.g., nivolumab) can both cause hypophysitis, but the CTLA-4 agents more frequently do so, and the combination of CTLA-4 and PD-1 carries the highest risk of hypophysitis (23). Ipilimumab-related hypophysitis has been reported in up to 11% of patients and is commoner in men (24). ICPi-related hypophysitis usually occurs within several weeks to months of starting therapy and manifests with headache, fatigue and anterior pituitary hormonal deficiency. Diabetes Insipidus is very rare (23).

MR typically shows a diffuse enlargement of the gland (more rarely the stalk or the gland plus stalk) which regresses after discontinuation of treatment. Enlargement that involves the chiasm is rare (21). Pituitary function may not recover despite the imaging normalization (Fig 35). As many as 23% of cases may have a normal MR despite clinical evidence of drug-induced hypophysitis (25).
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Figure 35. Coronal T1 weighted enhanced image of ipilimumab-induced hypophysitis show diffuse enlargement of the gland with slightly heterogenous enhancement.

IgG4 related hypophysitis is one manifestation of IgG4 related disease. In around 40% of cases it may be an isolated manifestation, but in the majority of cases there is multi-organ involvement, most commonly lung or retroperitoneum (26). Clinical symptoms can relate to the sella mass effects, central diabetic insipidus, or anterior hypopituitarism. In distinction to drug-related hypophysitis, there is a high incidence of diabetes insipidus. A recent case series of 76 cases (26) identified a pituitary mass in 22.4%, a thickened stalk in 26.3%, while 51.3% had both a pituitary mass and a thickened stalk. As it is a fibro-inflammatory process the involved pituitary/ stalk may show low T2W signal (Figs 36 and 37).

A paraneoplastic syndrome with Anti-Pit 1 antibodies is a recognized cause of hypophysitis (with no specific radiological feature from other causes of hypophysitis). Systemic disease such as Granulomatosis with polyangiitis can occasionally involve the pituitary gland, the low T2 signal seen in IgG4 disease (Fig 37) would also be a feature of this type of granulomatous involvement
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Figure 36. Sagittal enhanced T1 weighted image shows a diffusely enlarged gland and enlarged stalk, of low T2 signal -see Fig 37- due to IgG4 hypophysitis. 

[image: thumbnail_Fig 22B]
Figure 37. Coronal T2 weighted image shows a diffusely enlarged gland and enlarged stalk, of low T2 signal due to IgG4 hypophysitis. 

All forms of hypophysitis can ultimately result in hypopituitarism with a small volume pituitary gland on imaging (Figs 38 and 39).
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Figure 38. Sagittal enhanced T1 weighted images show a diffusely enlarged gland and enlarged stalk due to hypophysitis. 
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Figure 39. Sagittal enhanced T1 one year after hypophysitis has resulted in a small volume pituitary gland.

Granulomatous hypophysitis is less common and is found equally in males and females. MR appearances are the same as those described for lymphocytic hypophysitis (20).

Xanthomatous hypophysitis is the least common form and is characterized by a distinctly cystic appearance on imaging. An intrasellar cyst without suprasellar extension or involvement of the stalk is the most recognized appearance (20).

THE EMPTY SELLA

An empty sella contains only CSF without any visible pituitary tissue (anterior or posterior). The pituitary stalk will be visible and typically extends down to the floor of the sella (Figs 40 and 41). An empty sella may be the result of previously documented pituitary/hypothalamic pathology or treatment (e.g., surgery, radiotherapy, hypophysitis, Sheehan’s syndrome or pituitary apoplexy). However, it may also be discovered incidentally during MR scanning or in the course of investigating a new endocrine problem, then referred to as a “primary empty sella” (27). A partially empty sella implies that some residual pituitary tissue can still be seen along the floor of the fossa. In the case of a primary empty sella it is thought that a defect in the diaphragma sella (the sheet of dura over the surface of the sella through which the stalk passes) has allowed increased communication with the pulsatile CSF in the subarachnoid space. Primary empty sella is more common in women and has been associated with intracranial hypertension, obesity, visual disturbance, and spontaneous CSF leaks. Endocrine problems may be seen in up to 25% of cases with a primary empty sella (27), the majority within this group being specifically investigated for a suspected endocrine abnormality. However, a small proportion of patients found to have an empty sella unexpectedly may have endocrine abnormalities on detailed testing.
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Figure 40. Sagittal enhanced T1 weighted image shows an empty sella. No pituitary tissue is visible, and the stalk extends down to the floor of the sella. The optic chiasm has prolapsed inferiorly, a not uncommon appearance after a large mass has been removed.

[image: thumbnail_Fig 24B]
Figure 41. Coronal enhanced T1 weighted image shows an empty sella. No pituitary tissue is visible, and the stalk extends down to the floor of the sella. The optic chiasm has prolapsed inferiorly, a not uncommon appearance after a large mass has been removed.

ARACHNOID CYSTS

Arachnoid cysts are benign, congenital CSF-containing cysts that arise within the arachnoid membrane. They can be found in the suprasellar region where they may displace and distort the chiasm and stalk and/or flatten the pituitary tissue (Figs 42 and 43). They will always show the same signal as CSF on all MR imaging sequences, do not show any enhancement after contrast, and do not calcify.
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Figure 42. Sagittal unenhanced T1 weighted image shows an arachnoid cyst in the suprasellar region. This is markedly elevating the hypothalamus and stretching the pituitary stalk. 

[image: thumbnail_Fig 25 B]
Figure 43. Coronal unenhanced T1 weighted images show an arachnoid cyst in the suprasellar region with elevation of the right side of the chiasm by the cyst. No cyst wall is evident and the pituitary tissue itself is normal. 

CONGENITAL PITUITARY ABNORMALITIES

 Congenital hypopituitarism can manifest as isolated growth hormone deficiency (IGHD) or combined pituitary hormone deficiency (CPHD), which can be related to anatomical abnormalities of the hypothalamic/pituitary structures on MR imaging. Imaging features include an ectopic location to the posterior pituitary which is seen to be undescended and is visible as a high signal area in the region of the median eminence (Fig 44). There may be absence of the pituitary stalk and/or hypoplasia of the anterior pituitary tissue. Other congenital abnormalities of midline structures may be associated with these hypothalamic/pituitary features: optic nerve hypoplasia, absence of the septum pellucidum, and corpus callosum abnormalities (28). CPHD is more often associated with callosal and stalk abnormalities than the milder forms of hypopituitarism such as IGHD (28). There are many genetic associations with both IGHD and CPHD, covered in detail in other sections.
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Figure 44. Sagittal T1 weighted unenhanced image. This demonstrates a small pituitary fossa containing a reduced volume of anterior pituitary tissue. The stalk cannot be seen and the posterior pituitary bright spot (arrow) is lying in an ectopic location within the hypothalamus.

An incidental but uncommon imaging finding is that of a lipoma in the suprasellar cistern (Fig 45). This is identified as an entirely high T1 signal mass adjacent to normal hypothalamic and pituitary structures. The fatty nature of the mass can be confirmed with a fat-saturation sequence which will obliterate the signal from the mass. 
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Figure 45. Sagittal T1 weighted unenhanced image. There is a high signal mass lying just below the hypothalamus and behind the pituitary stalk in the suprasellar cistern. This is a lipoma. The pituitary tissue and stalk are normal.

HYPOTHALMIC HAMARTOMAS

These are benign developmental mass lesions that arise in the tuber cinereum of the hypothalamus and can be associated with central precocious puberty, gelastic (laughing) seizures, and sometimes developmental delay. The lesions are easily identified on MR imaging as they have a distinctive appearance as an almost pedunculated rounded mass hanging from the hypothalamus. They are of similar signal to the grey matter of the brain and do not show enhancement after contrast injection (Fig 46). Histologically, they are composed of well differentiated neurons and glial cells. They are sometimes approached surgically if the epilepsy is proving refractory to treatment. 
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Figure 46. Sagittal T1 weighted enhanced image of a hypothalamic hamartoma. There is a non-enhancing mass visible arising from the under surface of the hypothalamus and lying behind the pituitary stalk. 

SARCOID

CNS involvement is seen in about 25% of cases of sarcoid (29) but many of these are subclinical. Neurosarcoid has a wide spectrum of intracranial imaging appearances including high T2 lesions in the white matter, meningioma-like dural masses, optic nerve lesions, and leptomeningeal enhancement (30). Involvement of the pituitary stalk/hypothalamus is one manifestation and may be part of more widespread leptomeningeal enhancement or may be isolated (Figs 47 and 48). If there is widespread leptomeningeal enhancement then appearances may be indistinguishable from TB meningitis (30)
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Figure 47. Sagittal T1 weighted enhanced images show thickening of the pituitary stalk and nodular enhancement of the right side of the chiasm in a patient with neurosarcoid. 
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Figure 48. Coronal T1 weighted enhanced images show thickening of the pituitary stalk and nodular enhancement of the right side of the chiasm in a patient with neurosarcoid. 

SKULL BASE TUMORS

Tumors of the central skull base may involve the sella or parasellar region and are in the differential diagnosis of any large mass around the sella which has significant bony involvement. Primary tumors occurring in this region are the chordoma and the chondrosarcoma (14) Chordomas arise from remnants of the primitive notochord and are seen as well-defined, centrally-located, expansile masses arising from the clivus. They show distinctive high signal on T2 weighted images and bony destruction on CT (Fig 49). Chondrosarcomas (malignant mesenchymal tumors) have a similar appearance but tend to arise just lateral to the clivus at the site of the petroclival synchondrosis (Fig 50 and 51); however, it is often not possible to distinguish between these two tumor types radiologically (31). Any destructive bony malignancy such as metastatic disease or plasmacytoma may involve the central skull base. 
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Figure 49. Sagittal CT reconstruction shows a destructive bony lesion in the clivus – a chordoma, the sella itself is preserved. 
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Figure 50. Axial T2 image of a chondrosarcoma. This shows the typical bubbly high T2 signal and involves the right side of the pituitary fossa, the right cavernous sinus and extends into the right middle cranial fossa. 
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Figure 51. Axial-enhanced T1 weighted image of a chondrosarcoma. This shows the typical bubbly high T2 signal and involves the right side of the pituitary fossa, the right cavernous sinus and extends into the right middle cranial fossa. 

Ecchordosis Physaliphora

Ecchordosis physaliphora is a benign, congenital, hamartomatous notochord remnant usually found in the retroclival region. They are typically small, asymptomatic and can be found in up to 2 % of autopsies. 

They are histologically identical to chordomas, which are typically sizeable and present with brainstem or cranial nerve compression. 

On MR imaging they lie in the retroclival, prepontine region, are similar signal to CSF, notably high signal on T2 sequences (Fig 52) and show variable (usually none to little) enhancement. CT classically shows a well-defined, non-aggressive clival bony defect. A bony stalk may be seen, and this is considered pathognomonic (Fig 53). Although previously considered a distinct clinical entity they are now considered to lie at the benign end of a pathological spectrum that extends to chordomas (32).

[image: ]
Fig 52. Axial T2 volumetric scan shows a small nodule of T2 hyperintense tissue extending through a well-defined midline bony defect in the clivus(arrow).

[image: ]
Fig 53. Axial CT of the skull base shows a well-defined cortical defect (arrow) in the clivus with a small bony spur just to the Rt of the defect (not the same case as image 51).

METASTASES

Metastatic spread of systemic tumors to the pituitary gland/stalk is relatively uncommon and is usually seen in the context of diffuse malignancy. Breast and lung are the commonest primary tumors to do this although other primary tumors have been reported in the literature (33,14). A clinical presentation with diabetes insipidus reflects the involvement of the stalk in many cases. Diffuse enlargement of the gland with thickening of the stalk (Fig 54) in a patient with known malignancy might suggest this diagnosis. 
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Figure 54. Coronal enhanced T1 weighted image shows a diffusely enlarged pituitary gland with bilateral enlargement of both cavernous sinuses and some thickening of the stalk, this was metastatic disease in a patient with breast carcinoma.
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