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ABSTRACT

Purpose: The aim of this study is to determine and define differential magnetic resonance imaging (MRI) findings 
of pituitary adenomas and craniopharyngiomas.
Materials and methods: This retrospective analysis was performed on MR imaging findings of 45 pituitary 
adenomas and 41 craniopharyngiomas with solid and cystic mixed appearance. MRI findings including shape 
ovoid, snowman, lobulation, chiasma compression, cavernous sinus invasion, 3rd ventricle compression, 
calcification, predominant type – cystic vs solid, contrast enhancement patterns – homogenous, reticular and 
extension were assessed.
Results: Among MRI findings superiorly lobulated shape, third ventricle compression and reticular enhancement 
of solid parts were common in craniopharyngiomas while snowman shape, predominantly solid content, 
homogenous enhancement of solid parts were compatible with adenomas significantly at p <0.05 for all.
Conclusion: Tumor shape and contrast enhancement patterns of solid parts seem discriminative MRI features for 
pituitary adenoma and craniopharyngiomas.
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ÖZ

Amaç: Bu çalışmanın amacı hipofiz adenomları ve kraniyofarenjiyomların ayırıcı manyetik rezonans görüntüleme 
(MRG) bulgularını belirlemek ve tanımlamaktır.
Gereç ve yöntem: Bu retrospektif analiz, solid ve kistik mikst görünümde 45 hipofiz adenomu ve 41 
kraniyofarenjiyomun MR görüntüleme bulguları üzerinde yapıldı. Ovoid şekil, kardan adam şekli, lobülasyon, 
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INTRODUCTION

Pituitary adenomas are benign epithelial lesions 
and account for about 10–15% of all intracranial 
tumors representing the most common intrasellar 
pathology and the most common lesions 
involving both intrasellar and suprasellar regions 
(1). An uncomplicated pituitary adenoma is 
isointense to grey matter on T1 and T2 weighted 
magnetic resonance imaging (MRI), and shows 
homogeneous enhancement pattern after contrast 
administration (2-4). When a pituitary adenoma is 
complicated with necrosis, hemorrhage and cystic 
degeneration, it shows various signal intensity 
and enhancement pattern that can be similar with 
craniopharyngioma (2-4).

Craniopharyngiomas are neoplasms arising from 
squamous epithelial cell rests of Rathke’s pouch. 
Typical appearance of a craniopharyngioma is a 
mixed cystic and solid mass in suprasellar region. 
Cystic component usually shows high signal 
intensity on T1-weighted images. Intrasellar 
involvement by a large craniopharyngioma is 
found in about 20-25% (5).

When a lesion involves both intrasellar and 
suprasellar regions, the differential diagnosis is 
important because surgical planning depends 
on it. While pituitary adenomas are usually 
approached by the transsphenoidal route, 
craniopharyngiomas require craniotomy and 
radical surgery (6-8).

In this study, we aimed to investigate the 
differential MRI findings of mixed cystic-solid 
pituitary adenomas and craniopharyngiomas 
involving both intrasellar and suprasellar regions.

METHODS

Study population
This retrospective study was approved by 
Kocaeli University institutional review board. 
We retrospectively reviewed pituitary MR 
imaging and electronic medical records in our 
center between 2010 and 2018. 

The inclusion criteria were as follows: (a) both 
sellar end suprasellar involvement, (b) mixed 
cystic-solid character, (c) histopathologically 
proven adenoma or chraniopharingioma and the 
exclusion criteria were: (a) the mass involved 
only sellar or suprasellar region, (b) pure solid or 
pure cystic character, (c) any mass except from 
adenoma or chraniopharingioma.

86 patients with pituitary adenoma (n=45) and 
craniopharyngioma (n=41) were included in 
the study. Patients’ ages ranged between 28 
and 66 years (mean 44 years) for adenomas, 
and between 2 and 63 years (mean 30 years) 
for craniopharyngiomas. Forty-seven patients 
were men (22 adenoma, 25 craniopharyngioma) 
and 39 patients were women (23 adenoma, 
16 craniopharyngioma). Demographic data of 
patients are shown in Table 1.

kiazma kompresyonu, kavernöz sinüs invazyonu, 3. ventrikül kompresyonu, kalsifikasyon, baskın tip – kistik vs katı, kontrast tutma paternleri 
– homojen, retiküler ve ekstansiyon gibi MRG bulguları değerlendirildi.
Bulgular: MRG bulguları arasında lobüle şekil, üçüncü ventrikül kompresyonu ve solid kısımların retiküler kontrastlanması 
kraniyofarenjiomlarda yaygın iken, kardan adam şekli, ağırlıklı olarak solid içerik, solid kısımların homojen kontrastlanması adenomlada 
anlamlı bulgu olarak p<0.05’te uyumlu bulundu.
Sonuç: Tümör şekli ve solid kısımların kontrastlanma paternleri, hipofiz adenomu ve kraniyofarenjiomlar için anlamlı ayırt edici MRG 
özellikleri olarak görülmüştür.

Anahtar Kelimeler: Hipofiz adenomu, kraniyofarenjiyom, manyetik rezonans görüntüleme



96

Sinir Sistemi Cerrahisi Derg 2022;8(3):94-103

MRI protocols
MR images were obtained using 1.5 Tesla MRI 
(Gyroscan Intera, Philips Medical Systems, 
Eindhoven, The Netherlands) and 3 Tesla MRI 
(Achieva Interna: Philips Medical Systems, 
Eindhoven, The Netherlands) scanners in our 
center, using a 16-channel head coil.

Sagittal fat-saturated precontrast T1W images 
were acquired on both MRIs with TE 15 ms, TR 
570 ms; coronal T2W images were acquired with 
TE 120 ms, TR 3000 ms; precontrast coronal and 
sagital T1W images were acquired with TE 10 
ms, TR 500 ms. All sequences were performed 
with a slice thickness of 3 mm, a gap of 0.3 mm, 
and a FOV of 120 mm. Dynamic coronal T1W 
images were obtained on both MRIs with TE 10 
ms, TR 500 ms with a slice thickness of 2 mm, 
a gap of 0.2 mm, and a FOV of 120 mm three 
minutes following the injection of contrast agent.

MRI assesment
All MRI images were reviewed on a picture 
archiving and communication system (PACS) 
workstation. Two radiologists evaluated MRI 
findings by consensus.

Tumour shapes were classified as ovoid, 
snowmanlike, or superiorly lobulated. A snowman 
shape was defined as a figure of eight-like shape, 
and superiorly lobulated shape as having two or 
more lobes in the suprasellar compartment.

Superior extensions were graded as below the 
optic chiasm, compressing the optic chiasm, and 
compressing the third ventricle. Compression of 
the third ventricle was considered to occur if the 

third ventricle floor was indented. A lateral extent 
was classified as one within or beyond the lateral 
margin of the cavernous intracranial carotid 
artery (ICA).

Tumour characteristics were classified as 
predominantly solid or predominantly cystic. 
Signal intensities of the solid portion of tumours 
on T2-weighted MRI images were classified as 
hyperintense (higher than the signal intensity of 
grey matter) or not. Signal intensities of the cystic 
portion of tumours on T1-weighted MRI images 
were also classified as hyperintense (higher than 
the signal intensity of whiter matter), or not. 
Enhancement patterns of solid portions were 
classified as homogeneous or reticular (mesh-like 
enhancements with intervening non-enhancing 
tiny defects).

Statistical analysis
All statistical analyses were performed using the 
IBM SPSS 20.0 (SPSS Inc., Chicago, IL, USA). 
Numerical variables were expressed as mean 
+/- standard deviation and categorical variables 
were expressed as frequency (percentage). The 
normality of the data distribution was evaluated 
by the KolmogorovSmirnov test. Numerical 
variables were evaluated using Student’s t tests 
since the normal distribution was achieved. The 
relationship between categorical variables was 
evaluated by χ2-test. p<0.05 was considered 
statistically significant.

RESULTS

The MRI features of pituitary adenoma, and 
craniopharyngioma are summarized in the Table 
2. The most common shape of pituitary adenomas 
was snowman (Fig. 1 and 2) appearance (55.6%, 
25 of 45 patients), while the most common shape 
of craniopharyngiomas was superior lobulation 
(Fig. 3 and 4) (78%, 32 of 41 patients). There 
was statistically significant difference between 
groups (p<0.001).

Table 1. Demographic data of patients.
Pituitary 
adenoma 
(n=45)

Craniopharyngioma 
(n=41)

p 
value

Sex Female 23 16 0.616
Male 22 25 0.616

Age Mean (SD) 44 (9.7) 30(21) 0.001
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There was no statistically significant difference 
in the signal intensity of the solid portion on T2 
weighted images between pituitary adenoma 
and craniopharyngioma (p=0.949). Also, in 
terms of the signal intensity of the cystic portion 
on T1-weighted images, although the high 

signal intensity of the cystic portion was more 

frequently observed in craniopharyngioma (Fig. 

4 and 6) (61%, 25 of 41 patients) than in pituitary 

adenoma (Fig. 2 and 5), there was no statistically 

significant difference (p=0.102). 

Figure 1. Pituitary adenoma in a 45-year-old woman with a snowman-like shape, homogeneously enhancing solid 
portion (white arrow in d) and T1 hypointense cystic portion (green arrow in d). The superior portion compresses the 
optic chiasm (yellow arrow in c). Also it invades the right cavernous sinus (red arrow in c). 

Table 2. The MRI features of pituitary adenoma, and craniopharyngioma are summarized.
MRI features Pituitary adenoma (n=45) Craniopharyngioma (n=41) p value

Shape Ovoid 11 (24.4%) 5 (12.2%) 0.337
Snowman-like shape 25 (55.6%) 4 (9.8%) <0.001
Superior lobulation 9 (20%) 32 (78%) <0.001

Component 
characteristics

Predominantly solid 18 (40%) 11 (26.8%) 0.024

Predominantly cystic 27 (60%) 30 (73.2%) 0.287
Signal intensity T2 hyperintense solid component 9 (20%) 9 (22%) 0.949

T1 hyperintense cystic portion 17 (38%) 25 (61%) 0.102
Extension Compressing optic chiasm 36 (80%) 34 (82.9%) 1.000

Compressing third ventricle 14 (31.1%) 29 (70.7%) 0,003
Cavernous sinus invasion 10 (22.2%) 1 (2.4%) 0,011

Enhancement pattern 
of solid portion

Homogeneous 42 (93.3%) 5 (12.2%) <0.001

Reticular 3 (6.7%) 36 (87.8%) <0.001
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Figure 3. Craniopharingioma in a 32-year-old male patient with a superior lobulated shape, and heterogeneously 
enhancing solid portion (white arrow in d). The superior portion compresses the third ventricle floor (yellow arrow in 
b).

Figure 2. Pituitary adenoma in a 53-year-old male patient with a snowman-like shape, T1 hyperintense cystic portion 
(green arrow in b) and homogeneously enhancing solid portion (white arrow in c). The superior portion compresses the 
third ventricle floor (yellow arrows in a and d).
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Figure 4. Craniopharingioma in a 20-year-old male patient with a superior lobulated shape, T1 hyperintense (black star 
in b) and hypointense (white star in d) cystic portions and heterogeneously enhancing solid portion (white arrow in c). 
The superior portion compresses the third ventricle floor (yellow arrows in a and b).

Figure 5. Pituitary adenoma in a 34-year-old female patient with a superior lobulated shape (yellow arrows in a), T1 
hyperintense (black stars in b and c) and hypointense (white star in c) cystic portions and homogeneously enhancing 
solid portion (white arrow in d). 
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Figure 6. Craniopharingioma in a 14-year-old female patient with a snowman-like shape, T1 hyperintense cystic portion 
(black star in b) and heterogeneously enhancing solid portion (white arrows in c and d). The superior portion compresses 
the third ventricle floor (yellow arrow in a).

Figure 7. Pituitary adenoma in a 49-year-old female patient with a superior lobulated shape (yellow arrows in a and d), 
T1 hypointense (white star in b) cystic portion and homogeneously enhancing solid portion (black star in c).



101

E. Dervişoğlu et al., Discriminative MRI Findings of Pituitary Adenomas from Craniopharyngiomas

With respect to extention, compression of the 
third ventricle was more commonly observed in 
craniopharyngiomas (Fig. 3, 4 and 6) (70.7%, 29 
of 41 patients) than in pituitary adenomas (Fig. 
2, 5 and 7) (p=0.003). By contrast, cavernous 
sinus invasion was more commonly observed 
in adenomas (Fig. 1, 5 and 7) (22.2%, 10 of 45 
patients) than in craniopharyngiomas (Fig. 6) 
(p=0.011).

In terms of the enhancement patterns of solid 
portions, most of the pituitary adenomas 
(94.3%) showed homogenous pattern (Fig. 1, 

2, 5 and 7) (93.3%, 42 of 45 patients), while 
craniopharyngiomas showed reticular pattern 
(Fig. 3, 4, 6 and 8) (87.8%, 36 of 41 patients). 
There was statistically significant difference 
between groups (p<0.001).

The sensitivities and specificities of statistically 
significant MRI findings are summarized in Table 
3. The enhancement pattern of solid component 
was found to be the most sensitive and specific 
MRI finding in distinguishing mixed solid-cystic 
pituitary adenomas from craniopharyngiomas 
involving both sellar and suprasellar regions.

Table 3. The sensitivities and specificities of statistically significant MRI findings.
Tumor MRI findings Sensitvity (%) Spesifity (%)
Pituitary adenoma Snowman-like shape 86 65

Predominantly solid 62 53
Cavernous sinus invasion 91 53

Homogeneous enhancement 89 92
Craniopharyngioma Superior lobulation 78 80

Compressing third ventricle 67 72

Figure 8. Craniopharingioma in a 35-year-old male patient with a snowman-like shape and heterogeneously enhancing 
solid portion (white arrow in d). The superior portion compresses the optic chiasm (yellow arrows in a and c).
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DISCUSSION

Patients with pituitary adenoma or 
craniopharyngioma, involving both sellar and 
suprasellar regions, usually present with similar 
symptoms such as headache, visual disturbance, 
or hypopituitarism. Clinically, the differential 
diagnosis is not easy (2,9-11). On the other hand, 
the characteristic MRI findings of these tumours 
are well known, and their differential diagnosis 
is not problematic if they show typical imaging 
findings.

Pituitary adenomas with suprasellar extension 
typically have a “figure of eight” or “snowman” 
appearance with homogeneous enhancement 
(4). Craniopharyngiomas divide into two 
histological types, squamous-papillary and 
adamantinous, have been described in the 
literature, although in some cases they cannot be 
divided into distinct histological types (11,12). On 
MRI the typical features of squamous-papillary 
craniopharyngioma include a predominantly 
solid spherical tumour in the suprasellar region 
in adults (11). The solid part shows heterogeneous 
but intense enhancement with small necrotic 
areas (11). The cystic part contains a watery liquid 
that is hypointense on T1-weighted images and 
hyperintense on T2-weighted images (11). On the 
other hand, adamantinous craniopharyngioma 
is a cystic or predominantly cystic, lobulate 
tumour, which is often observed in the intrasellar 
or suprasellar regions in children or adults (11). On 
T1 weighted images, they have single or multiple 
hyperintense cysts with thin peripheral enhancing 
rims (11). On T2-weighted images these cysts are 
either hyperintense or hypointense. Despite these 
well-known imaging findings, it is challenging to 
arrive at differential diagnosis in some cases (13).

Most pituitary adenomas arise from the pituitary 
gland and extend through the diaphragm sella 
up to the optic chiasm, and laterally to the 

cavernous sinus; most craniopharyngiomas 
arise from the suprasellar region extending up 
to the third ventricle with lobulation and down 
to the intrasellar region (13). Concordant with this 
extension pattern, in our study, the cavernous 
sinus invasion was seen more commonly in 
adenomas, while the third ventricle compression 
was more common in craniopharyngiomas.

The cystic portions of the two tumours are 
believed to be composed of various entities: 
necrosis, haemorrhage, and cystic degeneration 
in pituitary adenoma (2,4); and a high protein 
concentration, cholesterol, or methaemoglobin 
in craniopharyngioma (13). In a previous study, 
Choi et al. (13) concluded that the signal intensity 
of the cystic fluid did not help in distinguishing 
adenomas from chraniopharingiomas. The results 
of the present study are concordant with this 
conclusion. T1-hyperintensecystic portion was 
more frequently observed in craniopharyngiomas 
but there was no statistically significant 
difference.

Homogeneous and reticular enhancement 
patterns were found to be key elements in the 
differential diagnosis of solid containing pituitary 
adenomas and craniopharyngiomas, respectively. 
Histopathological reviews of published studies 
suggest that the observed reticular enhancement 
pattern of solid containing craniopharyngiomas 
is caused by small regions of necrosis, keratin 
debris, or calcification (11,12). Although Choi et 
al.(13) reported a reticular enhancement pattern 
in all solid containing craniopharingiomas in 
their study, homogeneous enhancement pattern 
was observed in five craniopharyngiomas in 
our study. One of them was adamantinous 
and the others were not specified. Squamous-
papillary craniopharyngiomas presenting as 
homogeneously enhancing solid masses were 
reported by Sartoretti-Schefer et al.(11) previously. 
In our study there were two squamous-papillary 
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craniopharyngiomas which showed reticular 
enhancement. 

In conclusion, MRI features, including tumour 
shape, extent, characteristics and enhancement 
patterns of solid portions are useful in the 
differentiation of mixed cystic-solid pituitary 
adenoma and craniopharyngioma involving both 
sellar and suprasellar regions. The enhancement 
pattern of the solid component is the key finding.
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