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Imaging of pediatric pituitary endocrinopathies
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Accurate investigation of the hypothalamic-pituitary area is required in pediatric patients for diagnosis of endocrine-related disorders.
These disorders include hypopituitarism, growth failure, diencephalic syndrome, delayed puberty, precocious puberty, diabetes insipidus,
syndrome of inappropriate antidiuretic hormone (SIADH) secretion, and hyperpituitarism. Magnetic resonance imaging (MRI) is the
modality of choice to visualize hypothalamic-pituitary axis and associated endocrinopathies. Neuroimaging can be normal or disclose
abnormalities related to pituitary-hypothalamic axis like (i) congenital and developmental malformations; (ii) tumors; (iii) cystic lesions;
and (iv) infectious and inflammatory conditions. Classical midline anomalies like septo-optic dysplasias or corpus callosum agenesis
are commonly associated with pituitary endocrinopathies and also need careful evaluation. In this radiological review, we will discuss

neuroendocrine disorders related to hypothalamic pituitary-axis.
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INTRODUCTION

Endocrine-related diseases in pediatric population include
hypopituitarism, growth failure, diencephalic syndrome,
delayed puberty, precocious puberty, diabetes insipidus,
syndrome of inappropriate antidiuretic hormone (SIADH)
secretion, and hyperpituitarism.™? Imaging of pituitary-
hypothalamic axis has become essential in diagnosis of
these disorders. High quality magnetic resonance imaging
(MRI) is the modality of choice in evaluation of pituitary-
hypothalamic morphology. Neuroimaging can be normal
or can demonstrate pituitary-hypothalamic abnormalities
like congenital and developmental malformations such as
pituitary hypoplasia or absence, ‘ectopic’ posterior pituitary
(translocation of pituitary bright spot to median eminence),
absence of pituitary bright-spot (may indicate disruption of
normal stalk transport mechanism), duplication of pituitary
gland/stalk and empty sella syndrome; tumors, mainly
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craiopharyngiomas, pituitary adenomas (among hormonally
active tumors, adrenocorticotropic hormone-releasing
adenomas are most common in the first 11 years of life, while
prolactinomas become more common into the teenage years),
chiasmatic or hypothalamic glioma, hypothalamic hamartoma,
germinoma, and leukemia/lymphoma; cystic lesions such as
Rathke’s cleft cysts that are commonly seen in the gland, even
in healthy children (they are nonfunctional, however, may
cause mass effect on the gland); and infectious/inflammatory
conditions such as Langerhans cell histiocytosis, lymphocytic
hypophysitis, tuberculosis, and sarcoidosis. One should also
pay careful attention to evaluate midline anomalies (like septo-
optic dysplasias or corpus callosum agenesis) commonly
associated with pituitary endoctinopathies.P

NormAL EMBRYOLOGY, DEVELOPMENT AND
PHysioLoGY oF Pituitary=-HYPOTHALAMIC
STRUCTURES

The pituitary gland forms around sixth to seventh
embryonic week. Embryologically, anterior and posterior
lobes of the gland develop separately and from different
origins. The anterior pituitary (adenohypophysis) develops
from Rathke’s pouch or cleft and constitutes ~78% of total
gland at term. The posterior pituitary (neurohypophysis)
develops from neuroectoderm of diencephalon. The
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posterior pituitary is connected to hypothalamus via
pituitary stalk and hypothalamo-hypophyseal tract. Between
anterior and posterior lobes, lies an intermediate lobe, the
pars intermedium, which is vestigial. This is a potential site
for small nonfunctional Rathke’s cysts.*! Pituitary stalk
(infundibulum) can be identified at 6 weeks.!”

The adenohypophysis contains six different cell types that
are characterized by their hormone secretion: corticotrophs
secrete adrenocorticotropic hormone or corticotropin
(ACTH), somatotrophs secrete growth hormone (GH),
thyrotrophs produce thyroid-stimulating hormone or
thyrotropin (TSH), gonadotrophs secrete luteinizing
hormone (LLH), follicle-stimulating hormone (FSH), and
lactotrophs produce prolactin (PRL). Posterior pituitary
hormones include antidiuretic hormone (ADH) or
vasopressin and oxytocin. These hormones are synthesized
by supraoptic and paraventricular hypothalamic nuclei,
transported through the axon and stored in the axon
terminals that lie in the postetior pituitary, from where they
are secreted to general circulation. The hypothalamus also
sectretes trophic factors and releasing hormones (RH) that
regulate the function of anterior pituitary.*”)

RabpioLoGicaAL ANATOMY OF PITUITARY
GLAND

The size and shape of pituitary gland varies with age. At
birth it is typically globular in shape, becomes flattened by
6 weeks of age, and again becomes prominent (maximum
height of 10-12 mm, globular shape with upward convex
margin) during puberty (particulatly in girls) and pregnancy.
This appearance should not be mistaken for tumor.l'"" In
pubertal boys, it may reach 8 mm in height. Pituitary stalk
is normally not more than 2 mm in diameter.!"

Pituitary gland lies within the sella turcica, a cup shaped
depression in sphenoid bone. The surrounding structutes
include the sphenoid sinus anteriorly and inferiorly, the
suprasellar cistern superiorly, the basilar artery and brain
stem posteriorly, and the cavernous sinuses bilaterally. The
sella turcica is covered by diaphragma sella, which has a
defect for passage of the infundibulum. Pituitary gland is
connected to hypothalamus via infundibulum.!"

ImAaGING OF PituitarRY=-HYPOTHALAMIC
Axis

High resolution MRI using thin sections (2 or 3 mm)
coronal and sagittal T1-weighted images through the
pituitary-hypothalamic axis before and after intravenous
administration of gadolinium are the main-stay of pituitary
imaging. Dynamic contrast MRI has been proven to be the
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best imaging tool in evaluation of pituitary adenomas. Fluid
attenuation inversion recovery (FLAIR) and T2-weighted
fast spin-echo (FSE) images are also important. MRI of
pituitary-hypothalamic morphology has important clinical
implication both in terms of diagnostic accuracy and long-
term prognosis. CT may be needed to confirm calcification
ot hemorrhage.!!

MR signal intensity of the pituitary gland varies with age. At
birth it typically shows high signal on T1-weighted images.
By approximately 6 weeks, high signal of anterior pituitary
tissue diminishes and becomes similar to that of brain
tissue. The posterior pituitary tissue, however, retains bright
signal on T1-weighted sequence [Figure 1]. This so-called
‘posterior pituitary bright spot’ is due to high neurophysin
content.!""' During pregnancy and postpartum period, the
antetior lobe may appear T1 hyperintense.!” The pituitary
gland, pituitary stalk and cavernous sinuses are vascular
structures which are seen to enhance after gadolinium
injection; the optic chiasm and hypothalamus, however, do
not show enhancement if blood—brain bartier is intact."”

CONGENITAL AND DEVELOPMENTAL
MALFORMATIONS OF THE PITUITARY=
HyrpotHALAMIC AXIS

Hypoplasia or absence of pituitary gland

Hypoplasia or absence of pituitary gland is extremely rare.
There may be absence or hypoplasia of the gland or stalk.
Associated congenital abnormalities of midline cranio-
facial structures may be present. On MRI, the pituitary
gland and sella turcica are absent or smaller in size. Midline
anomalies like septo-optic dysplasias or corpus callosum
agenesis needs careful evaluation. Clinically, the patient
presents with pituitary-hypothalamic dysfunction and
growth failure.l'*!"

Figure 1: Normal pituitary gland: Sagittal T1-weighted image shows normal
appearing pituitary gland with posterior pituitary bright spot (arrow)
os:
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Ectopic posterior pituitary

Ectopic location of undescended posterior pituitary is
visible as a high signal nodule in the region of median
eminence on MR imaging. These patients may have
associated absence or hypoplasia of pituitary gland or stalk
and midline cranio-facial anomalies. An ectopic posterior
pituitary may be differentiated from hypothalamic lipoma
by lack of fat suppression. Clinically, the patient presents
with pituitary dwarfism or idiopathic growth hormone
deficiency."®"!

Absence of pituitary bright-spot

Absence of posterior pituitary bright spot on MR
imaging indicates disruption of the normal stalk transport
mechanism (transection syndrome). It strongly correlates
with absent or hypoplastic pituitary gland. Multiple pituitary
hormone deficiency (MPHD), isolated GH deficiency
(IGHD), and diabetes insipidus (DI) are the abnormalities
associated with absent posterior pituitary bright spot.’?'l

Duplication of the pituitary gland/stalk

Duplication of pituitary including the stalk has been
reported. These cases are often associated with midline
facial abnormalities. Majority of these patients die in
infancy.!"

Empty sella syndrome

The empty sella syndrome results from deficiency of
diaphragma sella, which allows suprasellar cistern and its
contents to herniate into the sella. On MR imaging, the
sella is largely filled-up with cerebrospinal fluid (CSF)
and expanded (due to CSF pulsations), the pituitary gland
appears flattened along the floor of sella. In children, it
may be associated with pituitary-hypothalamic dysfunction
(MPHD), visual symptoms, and CSF rhinorrhoea.™

Associated syndromes and midline congenital anomalies
Pituitary-hypothalamic dysfunction may be associated
with some syndromes such as septo-optic dysplasias,
Kallmann’s syndrome, and midline congenital anomalies
like corpus callosum agenesis, holoprosencephaly, and
basal cephaloceles.

Septo-optic dysplasia (de Morsiet’s syndrome), a mild
form of holoprosencephaly, is characterized by absence
or hypoplasia of septum pellucidum associated with
hypoplasia of the optic nerves. Two-third of patients with de
Morsier’s syndrome have associated pituitary-hypothalamic
dysfunction that ranges from panhypopituitarism to GH
deficiency, TSH deficiency, ACTH or ADH deficiency**"
On MRI, there is absence or hypoplasia of septum
pellucidum resulting in a box-like appearance of the frontal
horns. Associated optic tract hypoplasia (involving optic

nerve, optic tract, or optic chiasma) may be seen in 50%
of patients."”

Kallmann’s Syndrome is characterized by agenesis of
olfactory lobes and bulbs, and isolated gonadotropin
deficiency. Clinically, patient presents with anosmia or
hyposmia, hypogonadotropic hypogonadism and delayed
puberty. On MRI, olfactory sulcus and olfactory apparatus
are absent ot hypoplastic.*)

TumoRrs ofF THE PITuITARY=-HYPOTHALAMIC
Axis

Craniopharyngiomas

Craniopharyngiomas are commonest tumors to involve the
hypothalamic/pituitary region in children aged between
5 and 10 years. In children, it is adamantinomatous
histological subtype that is the most common. On MRI
[Figure 2], these tumors are characterized by a complex
sellar/suprasellar mass containing both cystic and solid
components as well as calcification. The calcification is
best appreciated on computed tomography (CT) scan.
The solid component shows enhancement after contrast
injection, while cystic component may show variable signal
characteristics from low to high signal on T1-weighted
sequences. T1-weighted hyperintense signal within the
cyst is due to high content of cholesterol, protein, or
desquamated cells. Large lesions may be associated with
hydrocephalus. The most common neuroendocrine
presentation in craniopharyngioma is growth hormone
deficiency. Panhypopituitarism or diabetes insipidus is
rare. Clinically, patient presents with headache, visual field
defects, dioplopia, and short stature.**

Hypothalamic/optic chiasm gliomas

These tumors present as suprasellar mass lesions and are
most commonly seen in children. These tumors are often
associated with neurofibromatosis type-I (NF-1). On MRI
[Figure 3], these tumors appear as well defined suprasellar
mass lesions with homogenous postcontrast enhancement.
Heterogeneous enhancement may be seen when the
tumor is large. Often, it is difficult to differentiate whether
the tumor originates from chiasma or hypothalamus as
typically both of these structures are involved. In patients
with NF-1, there is often involvement of optic nerves,
although any portion of optic pathway may be involved.
Intratumoral calcification, hemorrhage and cyst are rare.
The most common neuroendocrine disorder associated with
hypothalamic or chiasmatic gliomas are hypopituitarism,
precocious puberty, and diencephalic syndrome (a rare cause
of failure to thrive in infancy). Hypothalamic or chiasmatic
astrocytomas associated with diencephalic syndrome are
often larger in size, are more aggressive and may seed
throughout the cerebrospinal fluid pathway.?**”)
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Figure 2: Invasive craniopharyngioma: A large complex solid and cystic sellar—suprasellar mass lesion compressing optic chiasma and hypothalamus, and
extending upward into the third ventricle. The mass is extending into bilateral cavernous sinuses causing encasement of carotids and invading the floor of
sella and sphenoid sinus. The cystic component (asterisk) is hyperintense on both T1 (a) and T2-weighted (b) images due to presence of cholesterol or
proteinaceous material. On contrast administration (c, d) the cystic component (arrow) shows peripheral enhancement, while the solid component of the
mass shows homogenous contrast enhancement. Postoperative biopsy proved invasive craniopharyngioma. [Reproduced with permission from Indian
Journal of Endocrinology and Metabolism]

Figure 3: Opticochiasmatic—hypothalamic pilocytic astrocytoma: Sagittal T1-weighted (a) and coronal FLAIR (b) MR images show a large heterogeneous
sellar/suprasellar mass lesion with resultant upstream obstructive hydrocephalus. Moderate but heterogeneous enhancement of mass is seen on sagittal
and coronal T1-weighted postcontrast images (c, d) Note, it is difficult to differentiate whether the tumor originates from the chiasma or the hypothalamus

as typically both of these structures are involved. Postsurgical biopsy proved astrocytoma

Hypothalamic hamartomas

These are benign developmental masses that arise in
tuber cinereum of the hypothalamus. On MRI |Figure 4],
these are identified as well-defined, noninvasive rounded
suprasellar mass lesions arising from hypothalamus. They
are of similar signal to the gray matter and do not show
contrast enhancement. Clinically, the presenting symptoms
include precocious puberty, gelastic (laughing) seizures and
developmental delay."”!

Pituitary adenomas

Pituitary adenomas are uncommon in children. Pituitary
adenomas may be functional (hormonally active) or
nonfunctional (with no measurable hormonal activity).
Among hormonally active tumors, ACTH releasing
adenomas are most common in the first 11 years of life,
while prolactinomas and GH releasing adenomas become
more common into the teenage years.'!

ACTH releasing adenomas or childhood corticotropinomas
associated with Cushing’s disease, although rare in familial

setting, are common in the context of multiple endocrine
neoplasia type 1 (MEN 1).P? Corticotroph adenomas are
significantly smaller (usually 3 mm or less) than other
types of pituitary tumors. Pituitary microadenomas
(< 1 cm size) are identified as an area of low signal
on T1l-weighted sequences than the normal pituitary
gland. Dynamic scanning with gadolinium [Figure 5]
improves the sensitivity of pituitary microadenomas,
particularly when conventional MR imaging is negative.
The microadenomas appear less vascular (hypointense)
on initial arterial phase of contrast enhancement but
then equilibrate to show similar vascularity to normal
gland in next few minutes.”” Remodeling of floor of
sella, stalk deviation away from the adenoma or upward
convexity of the gland are useful features to identify
the presence of microadenoma. Occasionally, patients
with Cushing’s syndrome may require petrosal venous
sampling for localization of the source of ACTH
secretion, particularly when MRI has been equivocal or
negative.” The most characteristic clinical presentation
of Cushing’s disease is significant weight gain and severe
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failure to gain height. Other common symptoms include
headache, hypertension, glucose intolerance, delayed
puberty, amenorrhea, virilization and hirsutism.”!

Prolactinomas are the most common pituitary adenomas in
older children and adolescents, with a female preponderance.
They may be seen associated with MEN 1 or may occur
as familial isolated pituitary adenomas. Prolactinomas can
present as a small intrasellar mass lesion measuring <1 cm
(microadenoma) or as a large sellar—suprasellar mass
measuring > 1 cm (macroadenoma) in size.P**! Pituitary

macroadenomas with a large sellar/suprasellar component
may impinge on optic nerves and/or optic chiasma to
produce visual field abnormalities or invade cavernous
sinus producing symptoms and signs related to involvement
of cranial nerves (3", 4" and 6™ cranial nerves, as well as
1** and 2™ divisions of the 5" cranial nerve) that run in

Figure 4: Hypothalamic hamartoma: Axial (a) and sagittal (b) postcontrast
CT scan images of brain demonstrate a tiny, well-defined, nonenhancing
rounded suprasellar mass arising from hypothalamus (arrow). Note, the
lesion is isodense to normal brain parenchyma

the cavernous sinus. Macroadenomas may also extend
inferiorly into the sphenoid producing remodeling of
bone or may be seen invading skull base and infratemporal
fossa structures.”™ On MRI [Figure 6], macroadenomas
may be homogenous or heterogeneous in signal intensity
with areas of hemorrhage, cyst formation or necrosis. A
significant hemorrhage with necrosis in an adenoma can
produce the syndrome of pituitary apoplexy [Figure 7].
Remodeling and enlargement of sella is usually seen
associated with large macroadenomas.”®*”! The symptoms
due to a prolactinoma are broadly divided into those that
are caused by increased prolactin levels and others that are
caused by mass effect. Those that are caused by increased
prolactin levels are amenorrhoea/galactorrhea in females,
hypogonadism, gynecomastia and erectile dysfunction in
males, and loss of axillary/pubic hair; while, those that
are caused by mass effect are bitemporal hemianopsia
(due to pressure on optic chiasma), vertigo, nausea, and
vomiting."”! Pituitary apoplexy is characterized by clinical
findings of sudden onset headache usually associated with
visual disturbance."!

Somatotropinomas or growth hormone producing
adenomas compromise approximately 5—15% of pituitary
tumors in children and adolescents. Somatotropinomas
are often macroadenomas. Rarely, excess GH production
may occur from somatotroph hyperplasia (associated
with McCune-Albright syndrome or Carney complex) or
due to dysregulation of GHRH signaling as a result of
mass effect from a local tumor, for example, with optic
glioma in NF-1."” Clinical presentation in children and
adolescents depends on whether the epiphyseal plate is

Figure 5: Pituitary microadenoma: Coronal FLAIR (fluid attenuated inversion recovery) (a) and routine T1-weighted postcontrast (b) images of brain show a
small nodular lesion (thin white arrow) involving right side of the pituitary gland producing mild bulge of superior margin of the gland and leftward deviation
of pituitary stalk (thick white arrow). The lesion appears isointense to the gland on FLAIR image and shows enhancement pattern almost identical to the
normal pituitary gland. High resolution dynamic contrast enhanced T1-weighted coronal image (c) of brain of another patient (at 60 seconds) shows a
small nonenhancing (dark) microadenoma (thin black arrow) lateralized to the right side of the pituitary gland. Note that the lesion is more conspicuous on
dynamic contrast scan as compared with routine contrast scan (seen in Figure 5b). The normal pituitary gland shows marked homogenous enhancement
and there is no deviation of pituitary stalk (thin white arrow) in this case. [Reproduced with permission from Indian Journal of Endocrinology and Metabolism]
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a

Figure 6: Pituitary macroadenoma: Axial T2W (a) and T1W (b) images show a large inhomogeneous, isointense pituitary mass (arrow), encroaching bilateral
cavernous sinus regions. On postcontrast coronal (c) and sagittal (d) images, the lesion exhibits moderate contrast enhancement. Left internal carotid artery
(cavernous part) appears to be displaced laterally by the mass, while the right internal carotid artery is seen traversing through the mass, thereby showing
invasion of ipsilateral cavernous sinus. However, both the arteries demonstrate normal contrast opacification with mild luminal compromise. Stereotactic

biopsy proved pituitary macroadenoma. [Reproduced with permission from Indian Journal of Endocrinology and Metabolism]

Figure 7: Pituitary apoplexy (pituitary macroadenoma with hemorrhage): Axial TIW (a), T2W (b) and GRE (c) images reveal a pituitary mass with intratumoral
hemorrhage (arrow). [Reproduced with permission from Indian Journal of Endocrinology and Metabolism]

open or fused. Prior to epiphyseal fusion, overproduction
of GH causes giganitism in children; while postepiphyseal
fusion, overproduction of GH causes acromegaly in adults.
Headache and visual disturbances are not infrequent with
somatotropinomas.[**!

Germinomas

Germinomas typically present as a suprasellar or pineal
region mass in children. Synchronous occurrence of
both the suprasellar and pineal region germinoma is
not uncommon. Suprasellar germinomas have DI as
one of the presenting complaint, reflecting involvement
of hypothalamus and pituitary stalk. Characteristic MR
imaging appearance of suprasellar germinoma [Figure 8]
includes solid, homogenous enhancing mass involving
hypothalamic region or isolated pituitary stalk thickening.
There is usually no associated cyst or calcification. On
CT, these lesions are slightly hyperdense. CSF seeding

causing enhancement around ventricular margin is not
uncommon. Tumor markers such as human chorionic
gonadotropin (HCG) or alpha fetoprotein in serum /CSF,
if present, can assist in making the diagnosis and obviate
the need for biopsy; however, absence of these markers
does not exclude the diagnosis."”! If biopsy cannot be
taken due to location, positron emission tomography
(PET) scan, which is positive in germ cell tumors, can
be used to assist in making the diagnosis. Germinomas
are highly radiosensitive, serial follow up MRI every 3—6
months is recommended for assessment of treatment
response.!*!

Leukemias and lymphomas

Pituitary stalk involvement and thickening has been
reported with leukemia (chronic myelogenous leukemia
and acute myelogenous leukemia) and lymphoma. Clinically
these patients have DL
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Figure 8: Rathke’s cleft cyst: Sagittal T1W (a), coronal T2W (b) and coronal T1W postcontrast (c) images show a subcentimeter size, non-enhancing
Rathke’s cleft cyst on right side, lying on surface of the gland close to the insertion of the stalk (arrow). Note, the Rathke’s cleft cyst is isointense to

cerebrospinal fluid.

Figure 9: Suprasellar germinoma: Coronal T2W FLAIR (a) and postcontrast T1W (b) images show a solid, heterogeneous, moderately enhancing suprasellar
mass in hypothalamic/infundibular region. Multiple nonenhancing, hypointense, intratumoral areas are present representing intratumoral hemorrhage or

calcification. Postsurgical biopsy proved suprasellar germinoma.

Rathke’s cleft cysts

These are benign, nonfunctional cysts arising from
remnants of squamous epithelium from Rathke’s cleft.
These cysts are commonly seen in the gland, even in healthy
children. They typically arise close to insertion of the
stalk, however, may lie on surface of the gland. They are
nonfunctional but may cause mass effect on the gland. On
MRI [Figure 9], these lesions may appear hyperintense on
T1-weighted sequence due to high proteinaceous content.
Itis often difficult to distinguish a large Rathke’s cyst from a
cystic craniopharyngioma. Minimal cyst wall enhancement,
absence of solid enhancing component, and lack of
calcification favors Rathke’s cyst over craniopharyngioma.
The most common neuroendocrine presentation in Rathke’s

[47]

cyst is hypopituitarism and delayed puberty.

INFLAMMATORY AND INFECTIOUS LESIONS

Langerhans cell histiocytosis

Patients with systemic LCH may have involvement of
the pituitary—hypothalamus axis. The MRI [Figure 10]
may demonstrate a granulomatous mass in region of
hypothalamus or thickening of pituitary stalk. There
is marked enhancement of the lesion after gadolinium
administration. In patients with LCH, posterior pituitary
bright spot is usually absent. These imaging features
correlate with the typical clinical presentation of DL

Lymphocytic hypophysitis

LH is an autoimmune condition often found in females
during pregnancy and postpartum period. This disorder
has also been reported in children and adolescents. There
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is lymphocytic infiltration of pituitary gland causing
diffuse enlargement of the gland (resembling a mass) and
thickening of the infundibulum. Involved gland shows
marked heterogeneous enhancement with gadolinium
[Figure 11]. There may be associated absence of posterior
pituitary bright spot.***" A variant of this condition is
the so-called lymphocytic infundibulo-neurohypophysitis
(LINH) where the inflammatory process selectively
involves the pituitary stalk and the posterior lobe. In LINH,
the inflammation is self limiting; shows regression on
follow-up imaging.®"l Anterior pituitary deficiency and DI
are the most common presentations in patients with LH;
where DI tends to be permanent due to neuronal damage.
Granulomatous hypophysitis is an important radiological
differential of lympohocytic hypophysitis; both have
similar indistinguishable MRI features. However, unlike
lympohocytic hypophysitis, granulomatous hypophysitis
is less common and has equal incidence in males and

females.P"!

Tuberculosis

Tuberculosis is a rare cause of neuroendocrine disorder.
Tubercular infection can affect the pituitary gland, stalk,
or hypothalamus via formation of a tuberculoma or
granuloma. Basal meningitis may lead to basal arteritis
and subsequent infarction of the gland. CT/MR imaging
[Figure 12] may show uniformly thickened pituitary stalk,
diffuse enhancement of basal cisterns/diaphragma sellae
and ring or nodular enhancing granuloma. Rarely, pituitary
abscesses may be seen. Patients may present with DI or
antetior pituitary deficiencies.!'**”

Sarcoidosis

A wide spectrum of intracranial imaging appearances
have been described with neurosarcoid. Pituitary stalk/
hypothalamus involvement may be seen in isolation or as a
part of more widespread disease showing leptomeningeal
enhancement and periventricular lesions. Measurement
of CSF angiotensin converting enzyme (ACE) may
help in diagnosis of neurosarcoid. These patients may
present with DI, aseptic meningitis, or anterior pituitary

deficiencies.[*6>3

CoNcLUSION

The pituitary gland /hypothalamic—pituitary axis presents
a big diagnostic imaging challenge, particularly in pediatric
population, because of its small size and versatile disease
processes. MRI (with its multiplanar capability) is the
modality of choice in evaluation of pituitary—hypothalamic
morphology and associated endocrinopathies. In addition
to the diagnostic differentiation of these lesions, MRI
also provides useful information about relationship of

2

Figure 10: Langerhans cell histiocytosis (LCH) in a young patient with
systemic LCH: Coronal FLAIR (a) image shows thickening of pituitary stalk
and optic chiasma (thin white arrow) and a granulomatous mass lesion
sitting on the top of optic chiasma (thin black arrow). None to minimal
enhancement of the lesion is seen on T1W postcontrast image (b) Note,
associated obstructive hydrocephalus.

A Y |v 4

Figure 11: Lymphocytic hypophysitis in a 16-year-old girl with diabetes
insipidus and growth hormone deficiency: Postcontrast T1W coronal (a) and
sagittal (b) images show slight enlargement of pituitary gland and thickening
of the infundibulum with minimal enhancement (arrow). The fossa is not
enlarged. Also note, absence of posterior bright spot.

a [

Figure 12: (a, b) Tubercular hypophysitis: Postcontrast T1-weighted coronal
images show enlarged pituitary gland with intraglandular ring enhancing
tuberculoma (thin black arrow), and thick enhancing pituitary stalk (thin white
arrow). Thickening and enhancement of diaphragma sellae (thick white
arrow) is also noted. [Reproduced with permission from Indian Journal of
Endocrinology and Metabolism]

pituitary gland/hypothalamic—pituitary axis with adjacent
anatomical structures and helps to plan medical or
surgical strategy.

Indian Journal of Endocrinology and Metabolism / Sep-Oct 2012 / Vol 16 | Issue 5



Chaudhary and Bano: Pediatric pituitary imaging

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Barnes P, Urion D, Share J. Clinical principles of pediatric
neuroradiology. In: Wolpert S, Barnes P, editors. MRI in Pediatric
Neuroradiology. St. Louis: Mosby- Year Book; 1992. p. 78-80.
Jacobson R, Abrams G. Disorders of the hypothalamus and pituitary
gland in adolescence and childhood. In: Swaiman K, editor. Pediatric
Neurology. St. Louis: Mosby; 1994. p. 749-86.

Delman BN, Fatterpekar GM, Law M, Naidich TP. Neuroimaging for
the pediatric endocrinologist. Pediatr Endocrinol Rev 2008;5:708-19.
Adamsbaum C, Chaussain JL. Diagnostic strategies in pediatric
imaging. Horm Res 1996;46:165-9.

Asa SL, Kovacs K. Functional morphology of the human fetal
pituitary. Pathol Annu 1984;19:275-315.

Trandafir T, Sipot C, Froicu P On a possible neural ridge origin of
the adenohypophysis. Endocrinologie 1990;28:67-72.

Simmons GE, Suchnicki JE, Rak KM, Damiano TR. MR imaging of
the pituitary stalk: Size, shape, and enhancement pattern. AJR Am
J Roentgenol 1992;159:375-7.

Zhu X, Gleiberman AS, Rosenfeld MG. Molecular physiology of
pituitary development: Signaling and transcriptional networks.
Physiol Rev 2007;87:933-63.

Loes Dd, Barloon Td, Yuh WT, DeLaPaz RL, Sato Y. MR anatomy
and pathology of the hypothalamus. AJR Am J Roentgenol
1991;156:579-85.

Cox TD, Elster AD. Normal pituitary gland: Changes in shape,
size and signal intensity during the 1st year of life at MR imaging.
Radiology 1991;179:721-4.

Elster AD, Chen MY, Williams DW 3rd, Key LL. Pituitary gland:
MR imaging of physiologic hypertrophy in adolescence. Radiology
1990;174:681-5.

Osborn A. Diagnostic neuroradiology. 1% ed. St. Louis: Mosby; 1994.
p. 465-7.

Chaudhary V, Bano S. Imaging of the pituitary: Recent advances.
Indian J Endocrinol Metab 2011;15:216-23.

Dietrich RB, Lis LE, Greensite FS, Pitt D. Normal MR appearance of
the pituitary gland in the first 2 years of life. AJNR Am J Neuroradiol
1995;16:1413-9.

Miki Y, Asato R, Okumura R, Togashi K, Kimura I, Kawakami S,
et al. Anterior pituitary gland in pregnancy: Hyperintensity at MR.
Radiology 1993;187:229-31.

Kucharczyk W, Montanera W, Becker L. The sella turcica and parasellar
region. In: Atlas S, editor. Magnetic Resonance Imaging of the Brain
and Spine. Philadelphia: Lippincott-Raven; 1996. p. 872-930.
Barkovich AJ. Pediatric neuroimaging. 2™ ed. New York: Raven
Press; 1995. p. 236-7.

Kelly WM, Kucharczyk W, Kucharczyk J, Kjos B, Peck WW, Norman D,
et al. Posterior pituitary ectopia: An MR feature of pituitary dwarfism.
AJNR Am J Neuroradiol 1988;9:453-60.

Kuroiwa T, Okabe Y, Hasuo K, Yasumori K, Mizushima A, Masuda K.
MR imaging of pituitary dwarfism. AJNR Am J Neuroradiol
1991;12:161-4.

Sorkin JA, Davis PC, Meacham LR, Parks JS, Drack AV, Lambert SR.
Optic nerve hypoplasia: Absence of posterior pituitary bright signal
on magnetic resonance imaging correlates with diabetes insipidus.
Am J Ophthalmol 1996;122:717-23.

Simon D, Hadjiathanasiou C, Garel C, Czernichow P, Leger J.
Phenotypic variability in children with growth hormone deficiency
associated with posterior pituitary ectopia. Clin Endocrinol (Oxf)
2006;64:416-22.

Cacciari E, Zucchini S, Ambrosetto P, Tani G, Carla G, Cicognani A,
et al. Empty sella in children and adolescents with possible
hypothalamic-pituitary disorders. J Clin Endocrinol Metab
1994;78:767-71.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

DeMorsier G. Etudes sur les dysraphics cranio-encephaliques
111. Agenese du septum lucidum avec malformation du tractus
optique. La dysplasie septo-optic. Schweiz Arch Neurol Psychiatr
1956;77:267-92.

Morishima A, Aranoff G. Syndrome of septooptic-pituitary dysplasia:
The clinical spectrum. Brain Dev 1986;8:233-9.

Yousem DM, Turner WJ, Li C, Snyder PJ, Doty RL. Kallmann
syndrome: MR evaluation of olfactory system. AJNR Am J
Neuroradiol 1993;14:839-43.

Russell D, Rubinstein L. Pathology of tumours of the nervous system.
5t ed. Baltimore: Williams & Wilkins; 1989.

Sartoretti-Schefer S, Wichmann W, Aguzzi A, Valavanis A.
MR differentiation of adamantinous and squamous-papillary
craniopharyngiomas. AJNR Am J Neuroradiol 1997;18:77-87.
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.

Poussaint TY, Barnes PD, Nichols K, Anthony DC, Cohen L,
Tarbell NJ, et al. Diencephalic syndrome: Clinical features and
imaging findings. AJNR Am J Neuroradiol 1997;18:1499-505.
Boyko OB, Curnes JT, Oakes WJ, Burger PC. Hamartomas of
the tuber cinereum: CT, MR, and pathologic findings. AJNR Am J
Neuroradiol 1991;12:309-14.

Keil MF, Stratakis CA. Pituitary tumors in childhood: An update
in their diagnosis, treatment and molecular genetics. Expert Rev
Neurother 2008;8:563-74.

Verges B, Boureille F, Goudet P, Murat A, Beckers A, Sassolas G,
et al. Pituitary disease in MEN type 1 (MEN1): Data from the
France-Belgium MEN1 multicenter study. J Clin Endocrinol Metab
2002;87:457-65.

Kucharczyk W, Bishop JE, Plewes DB, Keller MA, George S. Detection
of pituitary microadenomas: Comparison of dynamic keyhole fast
spin-echo, unenhanced, and conventional contrast-enhanced MR
imaging. AJR Am J Roentgenol 1994;163:671-9.

Doppman JL, Oldfield E, Krudy AG, Chrousos GP, Schulte HM,
Schaaf M, et al. Petrosal sinus sampling for Cushing syndrome:
Anatomical and technical considerations. Work in progress.
Radiology 1984;150:99-153.

Magiakou MA, Mastorakos G, Oldfield EH, Gomez MT,
Doppman JL, Cutler GB Jr, et al. Cushing’s syndrome in children
and adolescents. Presentation, diagnosis, and therapy. N Engl J
Med 1994;331:629-36.

Schlechte JA. Clinical practice. Prolactinoma. N Engl J Med
2003;349:2035-41.

Ciccarelli A, Daly AF, Beckers A. The epidemiology of prolactinomas.
Pituitary 2005;8:3-6.

Knosp E, Steiner E, Kitz K, Matula C. Pituitary adenomas with
invasion of the cavernous sinus space: A magnetic resonance
imaging classification compared with surgical findings. Neurosurgery
1993;33:610-7; discussion 617-8.

Poussaint TY, Barnes PD, Anthony DC, Spack N, Scott RM,
Tarbell NJ. Hemorrhagic pituitary adenomas of adolescence. AJNR
Am J Neuroradiol 1996;17:1907-12.

Klibanski A. Clinical practice. Prolactinomas. N Engl J Med
2010;362:1219-26.

Cardoso ER, Peterson EW. Pituitary apoplexy: A review. Neurosurgery
1984,14:363-73.

Drimmie FM, MacLennan AC, Nicoll JA, Simpson E, McNeill E,
Donaldson MD. Gigantism due to growth hormone excess in a boy
with optic glioma. Clin Endocrinol (Oxf) 2000;53:535-8.

Pandey P, Ojha BK, Mahapatra AK. Pediatric pituitary adenoma: A
series of 42 patients. J Clin Neurosci 2005;12:124-7.

Laws ER Jr, Scheithauer BW, Carpenter S, Randall RV, Abboud CE
The pathogenesis of acromegaly. Clinical and immunocytochemical
analysis in 75 patients. J Neurosurg 1985;63:35-8.

Indian Journal of Endocrinology and Metabolism / Sep-Oct 2012 / Vol 16 | Issue 5



45.

46.

47.

49.

50.

Chaudhary and Bano: Pediatric pituitary imaging

Packer RJ, Cohen BH, Cooney K. Intracranial germ cell tumors.
Oncologist 2000;5:312-20.

Rupp D, Molitch M. Pituitary stalk lesions. Curr Opin Endocrinol
Diabetes Obes 2008;15:339-45.

Teramoto A, Hirakawa K, Sanno N, Osamura Y. Incidental
pituitary lesions in 1,000 unselected autopsy specimens. Radiology
1994,193:161-4.

D’Ambrosio N, Soohoo S, Warshall C, Johnson A, Karimi S. Craniofacial
and intracranial manifestations of langerhans cell histiocytosis: Report
of findings in 100 patients. AJR Am J Roentgenol 2008;191:589-97.
Rivera JA. Lymphocytic hypophysitis: Disease spectrum and
approach to diagnosis and therapy. Pituitary 2006;9:35-45.
Gutenberg A, Hans V, Puchner MJ, Kreutzer J, Bruck W, Caturegli P,
et al. Primary hypophuysitis: Clinical-pathological correlations. Eur J

Announcement

Android App

51.

52.

53.

Endocrinol 2006;155:101-7.

Abe T. Lymphocytic infundibulo-neurohypophuysitis and infundibulo-
panhypophuysitis regarded as lymphocytic hypophuysitis variant. Brain
Tumor Pathol 2008;25:59-66.

Lam KS, Sham MM, Tam SC, Ng MM, Ma HT. Hypopituitarism after
tuberculous meningitis in childhood. Ann Intern Med 1993;118:701-6.
Bullmann C, Faust M, Hoffmann A, Heppner C, Jockenhével F,
Muiller-Wieland D, et al. Five cases with central diabetes insipidus
and hypogonadism as first presentation of neurosarcoidosis. Eur J
Endocrinol 2000;142:365-72.

Cite this article as: Chaudhary V, Bano S. Imaging of pediatric pituitary
endocrinopathies. Indian J Endocr Metab 2012;16:682-91.
Source of Support: Nil, Conflict of Interest: None declared.

A free application to browse and search the journal’s content is now available for Android based

/) Row(;loa.c(ljI
Nnaroil
?‘ application

mobiles and devices. The application provides “Table of Contents” of the latest issues, which
are stored on the device for future offline browsing. Internet connection is required to access the
back issues and search facility. The application is compatible with all the versions of Android. The
application can be downloaded from https://market.android.com/details?id=comm.app.medknow.

For suggestions and comments do write back to us.

I Indian Journal of Endocrinology and Metabolism / Sep-Oct 2012 / Vol 16 | Issue 5 I




