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teratomas due to fat content; thrombosed aneurysms due to 
blood products; and calcification in meningiomas, aneurysms, 
teratomas)24,29). 

The purpose of this report is to evaluate the calcification on 
CT scans, T1 bright signal intensity, and cystic change on T2 
weighted images for differentiating adamantinomatous type 
from papillary type craniopharyngiomas. We also wished to ver-
ify the differential prognosis between two types of craniopha-
ryngiomas.

MATERIALS AND METHODS

This retrospective study was reviewed and approved by our 
Institutional Review Board. Due to the retrospective nature of 
the study, informed patient consent was not required for the re-

INTRODUCTION

Craniopharyngiomas are common suprasellar and/or intra-
sellar tumors, account for 3% of all intracranial tumors, and are 
divided into adamantinomatous and papillary types16). It is use-
ful to radiologically differentiate adamantinomatous type from 
papillary type because prognoses differ. Age, calcification, cyst 
formation or MR signal intensity may be helpful for the differ-
ential diagnosis of the two types20).

Although a previous study reported that calcification on CT 
and intratumoral T1 bright signal intensity were more frequent 
in adamantinomatous type than papillary type20), there are only 
a few articles attempting to differentiate them8,20).

The imaging features may also play a role in the differential di-
agnosis of suprasellar tumors (T1 bright in dermoids, lipomas, 
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view of medical records and radiographic exams. The study was 
HIPAA compliant.

We retrospectively reviewed the imaging findings and medical 
records of 38 consecutive patients with pathologically proven 
craniopharyngiomas (26 men, 12 women; age range, 3 months– 
74 years, mean age, 37.6±24.4 years) between January 2004 and 
February 2014.

We evaluated the presence of calcification on CT scans, pres-
ence of T1 bright signal intensity and presence of cystic change 
on T2 weighted images.

Two neuro-radiologists (8 years of experiences, 3 years of ex-
periences) independently assessed the MRI and CT studies. If 
there was a discrepancy between two observers, adjudication be-
tween the two reviewers was performed by a third neuro-radiol-
ogist (25 years of experiences).

The MRI studies consisted of a standard protocol of sagittal 
and coronal T1 weighted, axial T2 weighted, FLAIR images and 
axial, sagittal and coronal T1 weighted images after contrast ad-
ministration. All sections were 5 mm or thinner.

The CT scans consisted of axial pre-contrast CT and post-
contrast CT images. All sections were 5 mm or thinner.

In 6 of 38 patients with recurrent tumors, pre-operative MRI 
or CT studies were not available. However, follow up brain MRI 
and CT studies before subsequent reoperation were available in 
these 6 patients.

Pre-contrast CT scans were not available in 6 patients. In 
these patients, we used the post-contrast CT scans with bone al-
gorithm and bone windows to evaluate for calcification.

When there was any high signal intensity within the mass on 
T1 weighted image, regardless of extent or location, we classi-
fied the mass as positive for T1 bright signal intensity. When 
there was non-enhancing high signal intensity on T2 weighted 
image, regardless of extent or location, we classified the mass as 
positive for cystic change on T2 weighted image. 

We compared the incidence of calcification on CT scans, T1 

bright signal intensity, and cystic change on T2 weighted images 
between two groupings (adamantinomatous type and papillary 
type, pediatric patients and adult patients). We also evaluated 
the extent of operation, incidence of recurrence, and mortality 
in all patients.

Pediatric patients were defined as less than or equal to 18 
years of age and adult patients was defined as more than 18 
years of age.

We used two sided Fisher’s exact test using R by hypothesiz-
ing the independence between two groups. We rejected the hy-
pothesis at the significance level of 0.05 by having a p-value<0.05. 
We also measured the sensitivity, specificity, positive predictive 
value, negative predictive value, and accuracy.

RESULTS

The 38 patients presented with various complaints including 
visual problems, headaches, memory problems, hormonal defi-
ciencies, macrocephaly, or neck pain. Among them, visual prob-
lems or headaches were most common (30/38 patients, 79%).

Of the 38 craniopharyngiomas, 30 were adamantinomatous 
type and 8 were papillary type. The ages for the adamantinoma-
tous and papillary type showed means and standard deviations 
of 31.9±23.9 years and 58.8±12.3 years, respectively (significantly 
different, p<0.05). All pediatric patients had an adamantinoma-
tous type of craniopharyngioma (13/13, 100%) while adult pa-
tients showed a mixture of adamantinomatous type (17/25, 68%) 
and papillary type (8/25, 32%). 

On CT scans, calcification was noted in 25 tumors (25/38, 
65.8%), 25/30 (83.3%) with adamantinomatous type and 0/8 
with papillary type (significantly different, p<0.05). Calcification 
was more common in pediatric patients (13/13, 100%) than adult 
patients (12/25, 48%) (significantly different, p<0.05) (Table 1, 2, 
3, Fig. 1, 2, 3).

On brain MRI, there was T1 bright signal intensity in 24 tu-

Table 1. The relationship between calcification on CT and the two types of craniopharyngiomas

Adamantinomatous type Papillary type
Calcification (+) 25 0 Positive predictive value (25/25, 100%)
Calcification (-) 05 8 Negative predictive value (8/13, 61.5%)

Sensitivity (25/30, 83.3%) Specificity (8/8, 100%) Accuracy (33/38, 86.8%)

Table 2. The incidence of calcification on CT, T1 bright signal intensity, and cystic change on T2 weighted images according to age

Pediatric patients (less than or equal to 18 years) Adult patients (more than 18 years) Fisher’s exact test
Calcification (+) 13/13 (100%) 12/25 (48%) p<0.05
T1 bright signal intensity (+) 12/13 (92.3%) 12/25 (48%) p<0.05
Cystic change (+) 13/13 (100%) 24/25 (96%) p>0.05

Table 3. The incidence of calcification on CT, T1 bright signal intensity, and cystic change on T2 weighted images according to two types

Adamantinomatous type Papillary type Fisher’s exact test
Calcification (+) 25/30 (83.3%) 0/8 (0%) p<0.05
T1 bright signal intensity (+) 22/30 (73.3%) 2/8 (25%) p<0.05
Cystic change (+) 30/30 (100%) 7/8 (87.5%) p>0.05
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mors (24/38, 63.2%); these included 22/30 (73.3%) adamantino-
matous type and 2/8 (25%) papillary type (significantly differ-
ent, p<0.05). Twenty two of 24 tumors (91.7%) that were bright 
on T1-weighted images were adamantinomatous type. T1 bright 

signal intensity was more common in pediatric patients (12/13, 
92.3%) than adult patients (12/25, 48%) (significantly different, 
p<0.05) (Table 2, 3, 4, Fig. 1, 2, 3).

Of 30 adamantinomatous tumors, pediatric patients showed 
uniform imaging features of calcification on CT (13/13, 100%) 
and T1 bright signal intensity (12/13, 92.3%) while adult patients 
showed more variable features of calcification on CT (12/17, 
70.6%) and T1 bright signal intensity (10/17, 58.8%) even when 
just looking at adamantinomatous varieties.

Cystic change on T2 weighted images was noted in 37 of 38 tu-
mors (97.4%) with only 1 tumor, a papillary type, that did not 
show any cystic change. There was no significant difference in 
cystic change on T2 weighted images between pediatric patients 
(13/13, 100%) and adult patients (24/25, 96%) (Table 2, 3).

Tumor recurrence was noted in 18 patients (18/30, 60%) with 
adamantinomatous type and 4 patients (4/8, 50%) with papil-
lary type (not significantly different, p>0.05). Of 22/38 patients 
with recurrence, there were 18/21 patients with limited resec-
tion (adamantinomatous type : 15/18 patients, papillary type : 
3/3 patients) and 4/17 patients with gross total resection (ada-
mantinomatous type : 3/12 patients, papillary type : 1/5 patient). 
However, we were not able to obtain the information about the 
degree of initial resection in 2 patients with adamantinomatous 
type, who underwent initial operation at an outside hospital 
and then gross total resection at our hospital. 

Gross total resection was performed in 17 patients and addi-
tional radiotherapy was performed in 2/17 patients while limited 
resection including cyst aspiration was performed in 21 patients 
and additional radiotherapy was performed in 11/21 patients.

No perioperative deaths within 1 month after surgery, nor deaths 
within the follow-up period of 3 months–9 years 10 months 
were detected. However, 3 patients were lost to follow up.

DISCUSSION

Craniopharyngiomas are intracranial epithelial neoplasms 
arising from remnants of the craniopharyngeal duct or Rathke’s 
pouch19). These tumors occur in children as well as adults, with 
bimodal age distribution with peak incidences at 5 to 14, and 50 
to 74 years3).

Craniopharyngiomas are histologically benign, World Health 
Organization grade I neoplasms, but these tumors are consid-
ered clinically aggressive due to their tendency to recur. It is dif-
ficult to resect these lesions completely because of their adher-
ence to adjacent vital structures including the vessels, optic 
pathway, hypothalamus, and pituitary stalk14,26,28). Additional-
ly, inflammation associated with the tumors may cause a diffi-

A B

Fig. 1. 2-year old boy with craniopharyngioma (adamantinomatous 
type). A : Sagittal T1 weighted image shows diffuse bright signal intensi-
ty (arrow) in the sellar and suprasellar mass. B : Non-contrast axial CT 
scan shows curvilinear high density (arrowheads) in the peripheral por-
tion of mass, indicating calcification.

A B

Fig. 2. 10-year old boy with craniopharyngioma (adamantinomatous 
type). A : Sagittal T1 weighted image shows bright signal intensity (ar-
row) in the lower portion of sellar and suprasellar mass. B : Non-contrast 
axial CT scan shows curvilinear high density (arrowheads) in the periph-
eral portion of mass, indicating calcification.

A B

Fig. 3. 54-year old woman with craniopharyngioma (papillary type). A : 
Sagittal T1 weighted image shows no bright signal intensity (arrow) in 
the sellar and suprasellar mass. B : Non-contrast axial CT scan shows 
no high density in the mass, indicating calcification.

Table 4. The relationship between T1 bright signal intensity and the two types of craniopharyngiomas

Adamantinomatous type Papillary type
T1 bright signal intensity (+) 22 2 Positive predictive value (22/24, 91.7%)
T1 bright signal intensity (-) 08 6 Negative predictive value (6/14, 42.9%)

Sensitivity (22/30, 73.3%) Specificity (6/8, 75%) Accuracy (28/38, 73.7%)
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cult gross total resection due to tumor adhesion and infiltration 
to adjacent to brain18). Tumor invasion to adjacent brain tissue is 
more frequently demonstrated in the adamantinomatous type11).

Previous studies reported that age, tumor size, location of the 
tumor, composition of the tumor, presence of calcification, initial 
symptoms of intracranial hypertension, grade of hydrocepha-
lus, extent and type of surgery, and histological type can affect 
the recurrence or morbidity rate1,6,9-11,13,21). However, the validity 
of these findings is still being debated in the literature12,13,17). Some 
studies have reported that the papillary type had a more favorable 
prognosis than adamantinomatous type1,22,23) while others report-
ed that there was no significant difference between them4,7,15,25).

Given the potential differential prognosis, it is important to 
differentiate adamantinomatous type from papillary type in 
preoperative diagnosis. There are some radiological clues that 
may distinguish between the two types such as calcification and 
T1 bright signal intensity. We specifically evaluated the calcifica-
tion on CT scans, T1 bright signal intensity, and cystic change on 
T2 weighted images. 

Calcification is a common finding in craniopharyngiomas with 
incidences from 65.3% to 74.8%16,28). Calcification is more com-
mon in children (90%) than in adult (70%) and in the adaman-
tinomatous type than papillary type5,20,27). Our study revealed 
that calcification was much more common in pediatric patients 
(100%) than adult patients (48%) and adamantinomatous type 
(83.3%) than papillary type (0%). However, we also point out, 
which was not previously described, that there is a difference in 
the calcification rate in adamantinomatous type between chil-
dren (13/13, 100%) and adult patients (12/17, 70.6%).

The T1 bright signal intensity of craniopharyngiomas could 
be secondary to high protein content, cholesterol, mild calcifi-
cation or hemorrhage2,5). In our study, the papillary type showed 
T1 bright signal intensity in only 25% (2/8) while most of ada-
mantinomatous type (73.3%, 22/30) showed T1 bright signal 
intensity regardless of amount and location. Once again we found 
an age difference. The pediatric adamantinomatous varieties 
were bright on T1 weighted images in 12/13 (92.3%) but in only 
10/17 (58.8%) adult adamantinomatous varieties. Even though 
our prevalence of T1 bright signal intensity and calcification on 
CT scans in the various types of craniopharyngiomas was simi-
lar to those reported in previous studies13,16,20), this age differen-
tial is a new facet of the description.

Cystic change on T2 weighed images was a common finding 
in both adamantinomatous type (100%) and papillary type 
(87.5%) as well as both pediatric patients (100%) and adult pa-
tients (96%). In contrast to T1 bright signal intensity and calci-
fication on CT scans, cystic change on T2 weighted images was 
not helpful for the differential diagnosis between two types.

In our study, there were no significant differences in recur-
rence rate and mortality rate between adamantinomatous type 
and papillary type. Therefore, we cannot verify the differential 
prognosis between two types.

There are several limitations in this study. First, although there 

were significant differences between two types, the sample size 
of this study was small. Second, all patients had MRI and CT 
studies, but 6 of them did not have initial pre-operative MRI or 
CT studies (but did have follow-up studies before surgery) and 
6 of them did not have pre-contrast CT scans relying on bone al-
gorithm and bone windows to detect calcification. This made 
evaluation of fine calcification versus contrast enhancement 
more difficult.

CONCLUSION

T1 bright signal intensity and calcification on CT scans and 
pediatric age range favor the adamantinomatous type over pap-
illary type of craniopharyngiomas. In adults, the signal intensity 
and presence of calcification are more variable because the his-
tological type is less uniformly adamantinomatous. Additionally 
while pediatric adamantinomatous tumors are uniformly calci-
fied (100%) and bright on T1 weighted images (92.3%), the adult 
adamantinomatous tumors calcify in 70.6% and are T1 bright 
in 58.8%.

Although we did not find the differences in prognosis between 
two types, tumors with adamantinomatous features have been 
shown in previous literature to be associated with higher recur-
rence rates, morbidity, and mortality. Preoperative prediction of 
diagnosis based on imaging features may help to facilitate thera-
peutic decision making.
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