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Abstract
Introduction Pineal, sellar and suprasellar tumours in children comprise a wide range of diseases with different biological 
behaviours and clinical management. Neuroimaging plays a critical role in the diagnosis, treatment planning and follow up 
of these patients, but imaging interpretation can prove challenging due to the significant overlap in radiological features.
Materials and method A review of the literature was performed by undertaking a search of the MEDLINE and EMBASE 
databases for appropriate MeSH terminology. Identified abstracts were screened for inclusion and articles meeting the objec-
tives of the review were included.
Results and Conclusion In this article, we review radiological appearances of common and uncommon pineal, sellar and 
suprasellar tumours occurring in the paediatric population. We discuss the importance of anatomical localization, clinical 
information and cerebrospinal fluid tumour markers, and propose a practical approach to differential diagnosis. Lastly, we 
discuss future directions and prospective new imaging strategies to support state-of-the-art patient care.
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Introduction

Tumours of the central nervous system (CNS) constitute 
the largest group of solid neoplasms in children and are the 
leading cause of cancer mortality in the 0–14 age group [1]. 
Pineal, sellar and suprasellar tumours in children comprise 
a wide range of diseases with different biological behaviour 
and clinical management. Neuroimaging plays a critical role 
in the diagnosis, treatment planning and follow-up of these 
tumours, but image interpretation can be challenging. In this 
article, we review the radiological appearances of common 

and uncommon pineal, sellar and suprasellar tumours occur-
ring in the paediatric population, and propose imaging pro-
tocols for clinical use (Tables 1 and 2).

Pineal region masses

Pineal region neoplasms constitute approximately 2.8–11% 
of brain tumours in children [2, 3], and are typically of 
primary pineal origin [4]. Primary pineal tumours may be 
divided into tumours of germ cell origin, tumours of pineal 
parenchymal origin and tumours of tissues adjacent to the 
pineal gland.

The clinical presentation is dependent on the location, 
size and aetiology of the lesion. Patients may present with 
obstructive hydrocephalus secondary to compression of 
the aqueduct and quadrigeminal plate, signs and symptoms 
related to brainstem compression, including vertical gaze 
disturbance, or endocrine and visual abnormalities second-
ary to synchronous tumour involvement of the pituitary 
gland, infundibulum or suprasellar region. When approach-
ing the image interpretation of a pineal region mass in the 
paediatric patient, the age, diffusion characteristics and pres-
ence and distribution of multifocal disease are of critical 
importance.
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Germ cell tumours

Germ cell tumours (GCTs) are the most common group of 
pineal region neoplasms [5, 6] and are typically midline in 
location. As detailed below, when symptomatic the clinical 
presentation is frequently related to mass effect on local struc-
tures in the pineal region, causing increased intracranial pres-
sure. In the suprasellar region, symptoms often relate to endo-
crine disorders such as diabetes insipidus. Germ cell tumours 
can be categorised as germinomas or non-germinomatous 
germ cell tumours (nGGCTs) [7].

Germinoma

Germinomas are the most common pineal germ cell 
tumour [7, 8], with a peak incidence in the 10–19-year age 

group [9], declining significantly thereafter. Pineal ger-
minomas demonstrate a strong male predominance [10], 
and the incidence is higher in the Japanese population 
[11]. As the target destination of germ cells is the primary 
reproductive organs, it is postulated that the intracranial 
location of GCTs may be secondary to aberrant migration 
of primordial germ cells [12]. Two types of intracranial 
germinoma are recognised: ‘pure’ germinoma and mixed 
germinomas containing components of other GCTs such 
as syncytiotrophoblastic giant cells; the latter being asso-
ciated with beta-human chorionic gonadotropin (βHCG) 
secretion and a higher intracranial recurrence rate. In addi-
tion to the pineal region, germinomas may occur in the 
suprasellar cistern or, rarely, with an off-midline distri-
bution including the basal ganglia, thalamus or cerebel-
lum [9, 13]. Even more infrequently, they may primarily 

Table 1  Suggested MRI protocol for pineal gland tumours

a Necessary for pineal tumours with a high incidence of drop metastasis. For embryonal tumours, DWI sequence of the spine should be considered
b This sequence can also be applied for detailed analysis of drop metastasis affecting the spinal roots
c For analysis of CSF flow in the setting of a third ventriculostomy

Essential sequences

Pre-contrast sequence Technique Parameters Plane
T1W 3D gradient echo (MPRAGE/

IR SPGR/Fast SPGR/3D 
TFE/3D FFE)

Isotropic resolution
Slice thickness ≤  1 mm

Sagittal with axial and coronal 
reformats

T2W TSE/FSE ≤ 4 mm Axial and coronal
T2 FLAIR TSE/FSE ≤ 4 mm Axial and coronal
DWI 2D EPI At least b = 0 and 1000. ADC 

maps reconstructed < 4 mm
Axial

SWI/SWAN/T2* GE ≤ 4 mm Axial
Spine—cervical, thoracic and lumbar
T2Wa

TSE/FSE ≤  4 mm Sagittal and axial

Post-contrast Sequence Technique Parameters Plane
T1W TSE/FSE ≤  4 mm Axial
T1W 3D gradient echo (MPRAGE/

IR SPGR/Fast SPGR/3D 
TFE/3D FFE)

Isotropic resolution
Slice thickness ≤ 1 mm

Sagittal with axial and coronal 
reformats

Spine—cervical, thoracic and lumbar
T1W post-contrasta

TSE/FSE ≤  4 mm Sagittal and axial

Complementary sequences and studies

Sequence Technique Parameters Plane
Heavily weighted  T2Wb 2D or 3D CISS/B FFE/FIESTA Slice thickness ≤  1 mm Sagittal on the midline with axial and 

coronal reformats
CSF flow  studyc Phase-contrast CSF flow Velocity encoding gradient of 5 Sagittal
1H- MRS Single vVoxel (preferred)

Multi voxel
Short TE: 20–30 ms 3D voxel placed  centred in the region 

of interest
ASL (2D or 3D) EPI

Pulsed
Continuous
Pseudocontinuous
Velocity-selective

8.0 mm Axial
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affect the spinal cord [14]. In 6–13% of cases, synchronous 
tumours are found in the pineal and suprasellar regions, 
termed a ‘bifocal germinoma’ [9]. Germinomas may 
invade local structures or disseminate throughout the cer-
ebrospinal fluid (CSF).

The typical CT appearances are that of a hyperdense, 
midline mass centred on the pineal gland. In children, cen-
tral physiological calcification of the gland is not usually 

observed until at least 4 years of age. Whilst not pathog-
nomonic, a pattern of central, ‘engulfed’ calcification may 
be present, in contradistinction to the peripheral ‘exploded’ 
calcification typically associated with pineal parenchymal 
tumours [15] (Fig. 1a). On MRI, pineal germinomas are 
typically isointense to grey matter on T1WI, hypointense 
on T2WI and exhibit reduced ADC values (in keeping with 
high cellularity) (Fig. 1b, c). ADC values have been utilised 

Table 2  Suggested MRI protocol for sellar and suprasellar tumours

a Sequences with small FOV targeting the sellar and suprasellar region. Additional sequences of the orbits (coronal T2W and post-contrast T1W 
with fat saturation) should be considered for adequate coverage of tumours extending through the optic nerves and chiasm
b This sequence can also be applied for a detailed analysis of drop metastases affecting the spinal roots
c Necessary for sellar/suprasellar tumors with a high incidence of drop metastasis. For embryonal tumours, the DWI sequence of the spine should 
be considered

Essential sequences—standard brain MRI with contrast plus additional sequencesa

Pre-contrast sequence Technique Parameters Plane
T1W SE ≤ 3 mm Sagittal and coronal
T2W TSE/FSE ≤ 3 mm Coronal
SWI/SWAN/T2* GE ≤ 4 mm Axial
Post-contrast sequence Technique Parameters Plane
T1W delayed 3D gradient echo (MPRAGE/IR 

SPGR/Fast SPGR/3D TFE/3D FFE)
Isotropic resolution
Slide thickness < 1 mm

Sagittal with axial and coronal 
reformats

Complementary sequences and studies

Sequence Technique Parameters Plane
Heavily weighted  T2Wb 2D or 3D CISS/B FFE/FIESTA Slice thickness < 1 mm Sagittal with axial and coronal 

reformats
T1W dynamic (for microadenomas 

only)
TSE/FSE
Multiple time points (at least 6  

recommended)

 ≤ 3 mm Coronal

1H-MRS Single voxel (preferred)
Multi voxel

Short TE: 20–30 ms 3D voxel placed centred in the region 
of interest

Spine—cervical, thoracic and lumbar
T1W post-contrastc

TSE/FSE ≤  4 mm Sagittal and axial

Spine—cervical, thoracic and lumbar
T2Wc

TSE/FSE ≤  4 mm Sagittal and axial

Fig. 1  Eight-year-old girl with a pineal germinoma: axial unenhanced 
CT (a) shows engulfed calcification in the posterior aspect of the 
pineal mass (arrow); axial T2 WI (b) and ADC (c) maps show inter-

mediate T2 signal and low ADC values indicative of low cellularity; 
axial post-contrast T1 WI (d) shows homogeneous tumoural enhance-
ment
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in differentiation between germinomas and pineoblasto-
mas; whilst the latter is associated with a lower ADC [16], 
a degree of overlap exists [17] and additional supportive 
imaging features should be sought to improve diagnostic 
confidence. Foci of calcification or haemorrhage may be 
seen on T2* GRE/SWI, and internal cystic structures may 
be present. Nevertheless, the internal architecture tends to 
be fairly homogeneous, and any marked heterogeneity (cor-
responding to haemorrhagic/cystic components or the pres-
ence of fat) is more suggestive of a nGGCT [18]. Moderate 
to strong enhancement following gadolinium administration 
is typical (Fig. 1d). An absent posterior pituitary bright spot 
on T1WI is frequently encountered and is associated with 
the presence of central diabetes insipidus [19].

Primary basal ganglia and thalamic involvement is rare 
and may have subtle or potentially absent imaging findings 
in the early stages of disease. In such cases, the lesion is 
classically periventricular or located within the posterior 
limb of the internal capsule. Little to no associated mass 
effect is often observed, although a large space occupy-
ing lesion may rarely occur [20, 21] (Fig. 2). Calcified foci 
on CT (Fig. 2c), hypointensity on T2* GRE/SWI [18] and 
ipsilateral atrophy of the cerebral hemisphere or cerebral 
peduncle may act as additional indicators of basal ganglia 
involvement, contributing to earlier diagnosis and treatment.

The suprasellar region should be evaluated for thickening 
of the infundibulum or the presence of an additional lesion 
of similar imaging features, which would be suggestive of a 
bifocal germinoma (Fig. 3). If additional sites of disease are 
found, the germinoma is classified as metastatic.

Hydrocephalus may be present, although this finding is 
most frequently associated with pineoblastoma. Germinomas 
are non-encapsulated tumours with a propensity for invasion 
and CSF dissemination. As such, if a pineal germinoma is 

suspected, the MR of the entire neuraxis should be imaged 
[22]. MRS may demonstrate elevated lipids and taurine, 
although these features are not specific and not always pre-
sent. Following radiotherapy, a reduction in volume and an 
increase in ADC values has been associated with a positive 
treatment response [23].

Midline nGGCTs

Non-germinomatous germ cell tumours (nGGCTs) are a rare 
group of midline, histologically variable neoplasms which 
occur infrequently in the CNS. This category is inclusive of 
teratomas, yolk sac tumours, choriocarcinoma, embryonal 
carcinoma and mixed germ cell tumours. The peak incidence 

Fig. 2  Axial T2 WI (a), axial post-contrast T1 WI (b) and coronal unenhanced CT (c) show a germinoma with basal ganglia involvement; note 
the internal calcifications, which are well demonstrated on unenhanced CT (arrows in c)

Fig. 3  Sagittal post contrast T1 WI shows a bifocal germinoma in the 
anterior aspect of the third ventricle (short arrow) and in the pineal 
region (dotted arrow)
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of nGGCTs occurs in adolescence, slightly earlier than the 
overall peak incidence for germinoma [9, 24]. nGGCTs con-
fer a poorer prognosis [9], except for mature teratoma.

Other than the mature teratoma discussed below, nGGCTs 
are associated with non-specific, often aggressive imaging 
findings which can limit reliable differentiation of nGGCTs 
from other tumours such as germinoma. nGCCTs are typi-
cally located in the pineal region and are frequently more 
heterogeneous than germinoma (Fig. 4). SWI has been pos-
tulated to add further value in this setting [18], as haem-
orrhage is atypical in midline germinomas, whereas it is 
frequent in nGGCT. Calcification may be present in both 
entities. Regions of hypointensity on SWI may predict areas 
of metastatic disease prior to the development of pathologi-
cal contrast enhancement [18], thus may have a future role 
in the follow-up of nGGCT.

In the setting of a suspected nGGCT, tumour markers 
play an important role in aiding the diagnostic process [7]: 
(1) elevated βHCG is associated with choriocarcinomas, 
syncytiotrophoblastic germinomas, and mixed GCT; (2) 
alpha-fetoprotein (AFP) is increased in yolk sac tumours, 

immature teratomas and mixed GCT; and (3) raised placen-
tal alkaline phosphatase (PLAP) is associated with embryo-
nal carcinomas, yolk sac tumours, choriocarcinomas, syncy-
tiotrophoblastic germinomas and mixed GCT.

Teratoma

Teratomas consist of tissue derived from all three germ 
cell layers, including sebaceous fat. Teratomas are the 
second most common nGGCT and may be classified as 
differentiated/ ‘mature’, poorly differentiated/ ‘imma-
ture’, or those with malignant transformation [25]. The 
typical imaging findings of a mature pineal teratoma 
are that of a lobulated, heterogeneous pineal gland mass 
comprising a mixture of variable tissue densities/signal 
intensities including fat (which is the most important 
element for the diagnosis, corresponding to hypodensity 
on CT, hyperintensity on T1WI and hypointensity on fat 
suppression sequences), calcification, cystic and solid 
components (Fig. 5).

Fig. 4  Sagittal and axial post-contrast T1 WI (a and c), axial T2 WI (b), coronal FLAIR (d) and axial unenhanced CT (e) in a patient with a 
nGCCT (arrows); note the internal heterogeneity of the mass (despite its small size), which is more suggestive of nGCCT over germinoma

Fig. 5  Pineal teratoma: axial unenhanced CT shows calcification 
(arrow in a) and fatty hypodense components (arrow in b). The fat is 
also hyperintense on T1 WI pre contrast (arrow in c), whilst the post-

contrast axial T1 WI shows homogeneous enhancement (arrow in d). 
Use of multiparametric imaging to identify different components of 
the mass is critical for the diagnosis
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The differential diagnosis for a midline, inhomogeneous 
fat containing lesion includes a dermoid cyst [26]. In contra-
distinction to teratomas, dermoid cysts do not arise from the 
pineal gland, are less complex, do not have solid enhancing 
components and are typically asymptomatic unless ruptured. 
The presence of aggressive features such as local invasion 
may suggest malignant transformation or an immature sub-
type. Immature teratomas are usually congenital [27] and 
confer a poor prognosis [27], with a propensity for early 
recurrence and metastasis [28]. Imaging features are less 
specific when compared to mature teratomas; the mass is 
typically larger, and there may be little to no appreciable fat 
component.

Pineal parenchymal tumours

Pineal parenchymal tumours are a group of primary pineal 
tumours that arise directly from pineocytes. They are rela-
tively uncommon, representing approximately 15% of pineal 
region tumours [15].

Pineoblastoma

Pineoblastoma, a WHO grade IV neoplasm, is the most 
aggressive entity amongst the pineal tumours with a poor 

prognosis [29]. Pineoblastomas are rare and occur mostly 
in infancy and childhood, with a median age at diagnosis 
of 4.9 years [30]. As a highly cellular embryonal tumour, 
they share imaging characteristics with other embryonal 
neoplasms (including medulloblastoma, atypical teratoid 
rhabdoid tumour, etc.) such as diffusion restriction, which 
is a key differentiator from low grade tumours. Conversely, 
contrast enhancement is variable and less useful for the dif-
ferential diagnosis. Whilst hydrocephalus may occur in any 
pineal region neoplasm, it is most frequently associated with 
pineoblastoma. There is a propensity for rapid growth, early 
invasion of adjacent brain structures and CSF dissemination. 
Rarely, pineoblastomas can occur in conjunction with retino-
blastoma, a configuration termed ‘trilateral retinoblastoma’. 
In such cases, the presence of a germline RB1 pathogenic 
variant should be investigated (Fig. 6).

On CT, pineoblastomas are large and hyperdense. Cal-
cification is frequent; whilst the distribution is classically 
described as peripheral or ‘exploded’ [15] (in contradistinc-
tion to the central, ‘engulfed’ calcification in germinoma), 
the pattern of calcification in both entities can be variable. 
Internal haemorrhagic and cystic components may also be 
seen. MRI features are frequently heterogeneous and vari-
able. A low intrinsic ADC value is a key characteristic fea-
ture and related to high cellularity. Reduced ADC values 

Fig. 6  Trilateral retinoblastoma. Bilateral retinoblastomas are well dem-
onstrated on axial T2 WI (arrows in a), axial T1 WI post-contrast (b) 
and DWI (c) with enhancement and diffusion restriction evident (arrows 

in b and c, respectively). An associated pineoblastoma shows marked 
enhancement (arrow in d), diffusion restriction on DWI and ADC maps 
(arrow in e and g) and internal calcification on SWI (arrow in f)

38 Child's Nervous System (2022) 38:33–50



1 3

are also a prominent finding in germinoma [16] or pineal 
parenchymal tumours of intermediate differentiation; whilst 
these entities may be challenging to differentiate by imaging 
criteria alone, the demographics of the patient is critical, as 
the age of peak incidence in pineoblastoma is significantly 
lower. Enhancement characteristics are extremely vari-
able. T2* GRE/SWI may demonstrate foci of hypointensity 
related to calcification and/or haemorrhage. A variable 
degree of perilesional vasogenic oedema in the surrounding 
parenchyma can be present, and invasion of adjacent struc-
tures may be evident on T2W/post-contrast imaging. CSF 
dissemination is frequent and the entire neuroaxis should 
be imaged, as for other tumours in this region. Synchronous 
suprasellar and pineal involvement favours a bifocal germi-
noma, whereas involvement of the globes should raise the 
possibility of a trilateral retinoblastoma. MRS may demon-
strate a non-specific increase in choline and decreased NAA. 
An increased lipid and taurine peak may also be noted, simi-
lar to germinoma [31]. An important association with the 
SMARCB1 mutation and synchronous rhabdoid tumours in 
the soft tissues has been described [16].

Pineal parenchymal tumours of intermediate 
differentiation

Pineal parenchymal tumours of intermediate differentiation 
(PPTID) are WHO grade II–III tumours which share over-
lapping imaging features with pineoblastomas and pineo-
cytomas [32]. Neuroimaging characteristics are variable 
but typically that of a moderately aggressive neoplasm of 
variable size and intermediary imaging features [32], includ-
ing reduced ADC values in some cases. Rarely, aggressive 
findings may be present. Whilst PPTID can occur at any age, 
they are often encountered in middle-aged adults [29], which 
is useful for the differential diagnosis.

Pineocytoma

Pineocytomas are a relatively indolent, slow growing WHO 
grade I tumour of the pineal gland, which may occur at any 
age but are most frequently observed in middle-aged adults 
[29]. Whilst often an incidental finding, symptomatic cases 
do occur and are typically related to mass effect on adjacent 
structures. The typical MR imaging features of a pineocytoma 
reflect the low grade: a homogeneous, well-circumscribed 
pineal mass without evidence of restricted diffusion, increased 
perfusion or local invasion. Homogeneous enhancement, 
peripheral calcification and cystic or haemorrhagic foci are 
not infrequent. Rarely, a pineocytoma may be predominantly 
cystic and mimic a pineal cyst, although a truly simple cyst 
morphology in this setting is unlikely [33]. CSF dissemination 
is rare, and recurrence after total resection is undocumented.

Pineal cyst

Pineal cysts are common, typically asymptomatic lesions which 
are most frequently discovered in young adulthood as an inci-
dental finding. The documented prevalence is up to 20–40% 
in autopsy series [34]. Rarely, they can be symptomatic due 
to mass effect on local structures. On imaging, a thin walled, 
fluid density cyst or multicystic structure is demonstrated [35] 
(Fig. 7). Aside from rare instances of intracystic haemorrhage, 
the fluid contents typically mirror CSF on T1/T2WI, but are 
often hyperintense on FLAIR. Whilst typically subcentimet-
ric, cyst diameters of up to 4 cm have been reported. Calci-
fication and smooth, linear enhancement of the cyst wall are 
common. When large, pineal cysts may prove a diagnostic 
dilemma owing to overlapping imaging findings with the rare 
cystic pineocytoma. Complex features, soft tissue nodularity 
or atypical enhancement characteristics should raise concern 
for an alternative diagnosis. Asymptomatic pineal cysts of less 

Fig. 7  Sagittal T1 WI pre- (a) and post-contrast (b) and sagittal CISS (c) of a simple pineal cyst (arrows)
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Fig. 8  Large craniopharyngioma showing calcification on unen-
hanced CT (arrow in a) and large internal cysts with a small solid 
component (arrow in b). The cyst exhibits intermediate to high signal 

on T1 WI pre-contrast (arrow in c) associated with craniopharyngio-
mas, and demonstrates peripheral enhancement (arrows in d)
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than 1 cm with classical imaging appearances do not require 
follow-up. The serial imaging follow-up of larger cysts remains 
controversial, given the low incidence of pineal neoplasm and 
studies documenting stability of such cysts over time [34, 36].

Sellar and suprasellar masses

A variety of solid and cystic lesions can occur in the sellar 
and suprasellar regions, with frequent overlapping imaging 
features. Accurate anatomical localization of the tumour is of 
critical importance, as is the pattern of involvement. A thought-
ful search for additional radiological clues, both intracranial 
and extracranial, can help to refine the differential diagnosis.

Sellar

Craniopharyngioma

Craniopharyngiomas (CPs) are WHO grade I neoplasms. 
The two major pathological subtypes of craniopharyn-
gioma vary in age of peak incidence, anatomical location, 
histopathological features and imaging characteristics. CPs 
classically present in a bimodal distribution, although can 
occur at any age. The first peak incidence falls between 5 

and 14 years of age [37] and corresponds almost entirely to 
the adamantinomatous subtype (aCP). The squamous papil-
lary subtype is rare in children. Whilst classically suprasellar 
in location, primary CPs may rarely occur elsewhere, such 
as the posterior fossa including the cerebellopontine angle 
[38]. Clinical presentation is variable and includes head-
ache, visual disturbance, hypopituitarism, obesity, diabetes 
insipidus and other manifestations of endocrine dysfunction. 
Although histologically benign, CPs are locally aggressive 
and recurrence and progression are frequent [39].

The typical imaging appearances of CP in children are that 
of a lobulated, mixed solid/cystic mass in the sellar/supra-
sellar region, with internal calcification and enhancement 
[40] (Fig. 8). A normal pituitary gland is frequently seen as a 
discrete structure. ‘The rule of 90’ in adamantinomatous CPs 
refers to the approximate incidence (90%) of calcification, 
enhancement of solid components and a mixed solid/cystic 
architecture, which may aid the diagnostic process. On MRI, 
aCPs can exhibit T1 hyperintense cystic components in 1/3rd 
of cases, related to proteinaceous contents or methemoglobin. 
A Rathke cleft cyst (RCC) may also display T1 hyperinten-
sity but is typically smaller, located between the anterior and 
posterior pituitary gland and lacks solid enhancing compo-
nents (Fig. 9). A haemorrhagic pituitary adenoma may also 

Fig. 9  Rathke cleft cyst on sagittal T1 WI pre-contrast (a), sagittal (b) and coronal (c) post-contrast images. Note the relative hypointensity of 
the cyst in comparison to the remaining enhancing glandular parenchyma (arrow in b)
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demonstrate T1 shortening, although is generally T2 hypoin-
tense secondary to deoxyhemoglobin. Lesion characteristics 
on T2WI are variable, depending on the proportion of cystic 
and solid components. DWI characteristics also vary and are 
partially attributable to the density of fluid constituents. Avid 
contrast enhancement of the solid components and cyst walls 
is typical. Hypointensity on T2* GRE/SWI corresponds to 
regions of haemorrhage and calcification. In contradistinc-
tion, calcification is rare in pituitary macroadenomas, repre-
senting another element useful for the differential diagnosis. 
MRS may demonstrate a broad lipid peak, corresponding to 
the cholesterol content within the tumoural cysts. The squa-
mous papillary subtype of CP is predominantly solid; cystic 
components are usually less prominent and similar in signal 
intensity to CSF. Presentation in childhood, T1 hyperintensity 
and calcification on CT favour aCP [40]. However, it should 
be noted that there is a degree of overlap in the radiologi-
cal features of CP subtypes. In the suprasellar compartment, 
hypothalamic and optic pathway gliomas should remain a 
consideration, although the anatomical origin is distinct, 
enhancement is typically less marked and a prominent cystic 
component or calcification would be unusual.

Pituitary adenoma

Pituitary adenomas comprise approximately 2.7% of supraten-
torial tumours in children [41] and rarely present before puberty 

[42]. Adenomas are classified as microadenomas or macroad-
enomas based on a maximum diameter of less than, or greater 
than 10 mm, respectively. In children, microadenomas predomi-
nate [43] and non-functioning pituitary adenomas are rare [44]. 
Clinical presentation is typically related to a hypersecretory 
syndrome, such as growth retardation or primary amenorrhoea, 
although large macroadenomas may occasionally present with 
symptoms of mass effect, including headache, visual symptoms 
or hydrocephalus. Rarely, a pituitary adenoma may exist in the 
context of a genetic syndrome, such as multiple endocrine neo-
plasia (I or IV), Carney complex, McCune Albright syndrome 
or familial isolated pituitary adenoma [44].

On standard MRI sequences, small microadenomas may be 
difficult to visualise or may be indistinguishable from a Rathke 
cleft/pars intermedia cyst. On thin section coronal dynamic 
contrast-enhanced imaging, microadenomas typically appear 
hypointense relative to the rapidly enhancing pituitary gland 
during early image acquisition, progressing to isointensity 
at later time points. Physiological pituitary hyperplasia is an 
important consideration in such cases, particularly during 
puberty. In the presence of a diffusely enlarged pituitary gland 
without a visible causative lesion on MRI, correlation with pitu-
itary function studies is important to avoid over/misdiagnosis.

Conversely, the typical imaging features of a macroad-
enoma are that of a sellar/suprasellar mass which fills/
expands the sella turcica and is inseparable from the pitui-
tary gland (Fig. 10). In the event of suprasellar extension, 

Fig. 10  Typical appearance of a pituitary macroadenoma on coronal pre contrast T1 WI (a) and coronal T2 WI (b). Note the ‘snowman’/ ‘8’ 
morphology and the invasion of the cavernous sinus (arrows)
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a ‘snowman’/ ‘8’ morphology is often noted due to imped-
ance from the diaphragm sellae. The pituitary bright spot is 
generally displaced superiorly or absent. An enhancing dural 
tail is infrequently present and may mimic a meningioma, 
although paediatric meningiomas are unusual in the absence 
of neurofibromatosis type 2 and should be identifiable as a 
distinct structure from the pituitary gland. Small cystic and 
haemorrhagic foci are relatively frequent, but calcification is 
rare, in contradistinction to craniopharyngioma. Fluid–fluid 
levels and major haemorrhagic transformation are possible, 
but are more typical in the context of pituitary apoplexy. 
Extension into the cavernous sinuses is common; the degree 
of encasement of the internal carotid arteries can predict 
sinus invasion and is important in pre-operative planning 
[45, 46]. Similarly, the relationship to, and any compres-
sion of the suprasellar and parasellar structures including the 
optic chiasm and midbrain should be assessed.

Infundibular

The normal pituitary stalk (infundibulum) tapers smoothly 
as it descends towards the pituitary gland, measuring 
approximately 3.25 ± 0.56 mm in diameter at the level of 

the optic chiasm, and 1.91 ± 0.40 mm at its insertion into 
the pituitary gland [47]. In addition to the neoplastic causes 
discussed in this article, infundibular pathology may also 
be infectious, inflammatory or developmental in aetiology, 
which should remain a consideration.

Langerhans cell histiocytosis

Langerhans cell histiocytosis (LCH) is a systemic disorder 
characterised by the proliferation and accumulation of Langer-
hans cells. CNS involvement is rare in isolation and typically 
occurs in conjunction with extracranial manifestations. The 
key features of CNS LCH are hypothalamic–pituitary axis 
(HPA) involvement, bony involvement and neurodegenera-
tion [48]. The most common endocrine manifestation of LCH 
is diabetes insipidus.

Skull X-ray,  CT with bone reconstructions or brain 
MRI may demonstrate solitary or multifocal, well-circum-
scribed lytic lesions within the skull (Fig. 11a). In the calva-
rium, the parietal bone is most frequently involved, whereas 
the temporal bone is the most commonly affected within 
the skull base [48]. The lesions frequently demonstrate a  
beveled edge, secondary to asymmetrical involvement of 

Fig. 11  Langerhans cell histiocytosis: axial T2 WI and skull radio-
graph (a) show a lytic lesion in the skull (arrows). Thickening of the 
stalk is evident on T1 WI pre- and post-contrast (arrows in b). Axial 

T2 WI of the brain shows typical signal changes within the cerebellar 
hemispheres (c)

43Child's Nervous System (2022) 38:33–50
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the inner and outer table. An associated soft tissue mass 
may be present, with homogeneous contrast enhancement 
on CT/MRI but without marked diffusion restriction on 
DWI (which is useful in the differential diagnosis with skull 
metastases from a neuroblastoma). The most characteristic 

imaging finding on MRI is thickening of the infundibulum 
(Fig. 11b) to a diameter greater than 3 mm and an absent 
posterior pituitary bright spot on T1WI (high-resolution 3D 
sequences such as CISS, FIESTA and DRIVE are useful 
for infundibular measurements). The HPA features in LCH 

Fig. 12  Coronal T1 WI post-contrast (a), axial T2 WI (b) show an optic pathway glioma involving the optic nerves (arrows in a) and the chiasm 
(arrow in b). Axial T2 WI at the level of the cerebellum (c) shows typical NF1 related foci of abnormal signal intensity (FASI) (arrows)

Fig. 13  Patient with X-linked deafness due to POU3F4 mutation. 
There is a hypothalamic malformation resembling a hamartoma, 
demonstrated on sagittal T1 WI (arrows in a). Axial T2 WI shows a 

bulky appearance of the hypothalamus (arrows in b). Note the typi-
cal incomplete partition type 3 malformation of the cochlea in these 
patients (c)
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1 3

are non-specific and overlap with lymphocytic hypophysitis, 
germinomas and neurosarcoidosis; correlation with associ-
ated imaging features can aid differentiation. Parenchymal 
findings on T2WI include enlarged perivascular spaces, 
bilateral symmetric lesions of variable signal intensity 
within the cerebellum (including the dentate nuclei) and 
basal ganglia, and cerebral atrophy (Fig. 11c). Rarely, focal 
masses arising from the meninges, choroid plexus or basal 
ganglia may occur.

Suprasellar

Hypothalamic and chiasmatic optic pathway glioma

Optic pathway gliomas (OPGs) are rare astrocytic tumours 
which account for 3–5% of intracranial paediatric tumours. 
In the paediatric population, they are often low grade and 
associated with neurofibromatosis type 1 (NF1). The major-
ity are WHO grade I pilocytic astrocytomas (PAs); the 
remainder are pilomyxoid astrocytomas (PMAs) which are 
associated with a younger age of onset and a higher rate of 
recurrence and CSF dissemination [49]. Whilst paediatric 
OPGs are rarely fatal and may be clinically indolent, they 
can also be associated with significant morbidity, such as 
visual impairment, raised intracranial pressure and hypo-
thalamic dysfunction.

Imaging appearances on CT include enlargement of the 
optic chiasm or hypothalamus (Fig. 12). MRI may demon-
strate fusiform enlargement and hyperintensity of the chi-
asm and/or hypothalamus on T2WI/FLAIR, with iso- to 
mild hypointensity on T1WI. Intratumoural haemorrhage 
with resultant T1 hyperintensity is associated with the more 
aggressive PMA subtype, and the adjacent parenchyma and 
subarachnoid spaces should be assessed for evidence of 
invasion or dissemination, respectively. Contrast enhance-
ment is typically present and heterogeneous, often with an 
‘out-of-focus’ pattern. The enhancement pattern may vary 
throughout the clinical course (disappearing with some 
chemotherapy), and an increase in enhancement without a 
concurrent increase in size should not be considered pro-
gression [50]. OPGs do not exhibit restricted diffusion on 
DWI, owing to their low cellularity. The Dodge classifica-
tion, or modifications thereof [51], are based on anatomi-
cal localization (presence of optic nerve involvement alone, 
chiasmal involvement with or without optic nerve involve-
ment and hypothalamic/parasellar involvement) and used to 
assist patient selection for surgery. In the setting of NF1, the 
brain should be interrogated for associated radiological fea-
tures, including ill-defined areas of T2/FLAIR hyperinten-
sity (FASI) (Fig. 12c), sphenoid wing hypoplasia, plexiform 
neurofibromas and NF1-related moya moya.

Hypothalamic hamartoma

Hypothalamic (tuber cinereum) hamartomas (HH) are a 
benign, non-neoplastic hamartoma arising from the tuber 
cinereum, a hypothalamic structure located between the 
mamillary bodies and optic chiasm. HHs are classically 
associated with precocious puberty, gelastic seizures, and 
developmental delay. Symptoms frequently begin in early 
infancy and result in progressive disability. Onset during 
adulthood is associated with non-gelastic seizures and a 
milder clinical course.

On CT or MRI, a sessile or pedunculated mass in the 
expected location of the tuber cinereum is seen. The lesion 
is typically similar to grey matter on all sequences (with T2 
hyperintensity in some cases), and does not enhance [52]. 
Reference should be made to the size of the lesion, plane of 
insertion on the hypothalamus and the presence of intraven-
tricular extension, which form the basis of the Delalande 
anatomical classification that can influence pre-operative 
planning [53].

The differential diagnosis of HH is limited due to its char-
acteristic imaging profile. Other local considerations include 
an interhypothalamic adhesion (IHA), a horizontal band of 
parenchyma connecting the hypothalami across the antero-
inferior third ventricle [54]. Of note, hypothalamic hamarto-
mas are associated with inner ear dysplasias in Pallister-Hall 
syndrome and X-linked deafness (Fig. 13). As such, the ears 
and temporal bone structures should be reviewed [55].

Table 3 summarises the main radiological findings of pin-
eal, sellar and suprasellar tumours.

Conclusion

Pineal, sellar and suprasellar tumours in children include an 
expansive range of entities with a range of overlapping imag-
ing findings. Neuroimaging plays a key role in the diagnosis 
and management and follow up of these patients. Familiarity 
with these appearances is vital in improving patient out-
comes. Correlation with clinical information including the 
age of the patient, diffusion status, SWI findings and tumour 
markers can provide useful additional information to help 
to refine the differential diagnosis and provide an optimum 
standard of care.
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