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PURPOSE: To describe the gadolinium-enhanced MR findings of Rathke cleft cyst, correlate them 
with the surgical findings, and define those preoperative findings that differentiate this lesion from 

other sellar and juxtasellar tumors. METHODS: We studied 18 patients who were diagnosed as 
having Rathke cleft cyst pathologically. These patients were imaged with T1- and T2-weighted 

coronal and sagittal spin-echo sequences. Fifteen of these patients received gadopentetate 
dimeglumine. RESULTS: In eight patients, the cyst showed low intensity on T1-weighted images 
and high intensity on T2-weighted images. At surgery, the cyst fluid was cerebrospinal fluid-like 

or light brown in five patients, motor oil-like in one patient, and milky in two patients. In 10 
patients, cysts showed isointensity to high intensity on T1-weighted images and had various 

intensity on T2-weighted images. All 10 contained milky fluid. In three patients the intensity of 
fluid was heterogeneous. A waxy nodule was found in two patients. The position of the normal 

pituitary gland confirmed by surgery in all cases coincided with enhancement on MR imaging. 
The variable position of the normal pituitary gland was clearly identified in the sagittal images. 

The cyst walls showed no enhancement by gadopentetate dimeglumine. CONCLUSIONS: Because 
Rathke cleft cysts show variable intensities on MR, the diagnosis is often difficult when based on 
MR signal intensity values alone. MR imaging with gadopentetate dimeglumine does assist in the 

diagnosis of Rathke cleft cysts. Diagnostic clues include the lack of cyst wall enhancement and 
displacement of the normal pituitary gland. 

Index terms: Sella turcica, cysts; Sella turcica , magnetic resonance; Magnetic resonance, contrast 

enhancement 
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Rathke cleft cyst has long been regarded as a 
relatively infrequent sellar /juxtasellar tumor; 
nonetheless, its frequency in normal autopsies 
was reported to be as high as 13% to 22% (1, 2). 
In addition, an increasing number of cases have 
been reported, because of the use of computed 
tomography (CT) and magnetic resonance (MR) 
in diagnostic imaging. Because only cyst aspira
tion and partial removal of Rathke cleft cyst is 
regarded to be sufficient, and few recurrences 
have been reported, Rathke cleft cysts are ap
proached surgically in a different manner than 
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sellar and juxtasellar tumors such as pituitary 
adenoma and craniopharyngioma. Thus the pre
operative diagnosis and differentiation from other 
sellar and juxtasellar tumors can be surgically 
important (3-6). We report our observations ob
tained from the correlation of MR imaging to 
surgical findings in 18 patients with Rathke cleft 
cysts. MR criteria for preoperative diagnosis are 
discussed. 

Patients and Materials 

We did a retrospective study of 18 patients in the 
Department of Neurosurgery at Hiroshima University and 
related hospitals during a 6-year period from April 1986 to 
March 1992 (Table 1). All patients had preoperative MR 
studies and were subsequently diagnosed by surgical pa
thology as having Rathke cleft cysts. The patients included 
10 men and eight women , 17 to 74 years of age. Clinical 
symptoms were observed in 14 patients. These included 
visual disturbances or visual field defects in seven patients, 
endocrine symptoms such as diabetes insipidus in five, and 
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TABLE 1: Clinical findings in 18 Rathke cleft cysts 

Age/ Sex Symptoms 
Lesion 

Lesion Location 
Surgical 

Case 
Size (mm) Approach 

I 37/ M Headache 20 X 12 X 26 lntrasellar and suprasellar T ranssphenoidal 

2 35/ F Amenorrhea 14 X 14 X 22 lntrasellar and suprasellar Transsphenoidal 

3 63/ M Visual disturbance 16 X l7X20 lntrasellar and suprasellar T ranscranial 

4 40/ M Headache 9 X 12 X 9 Suprasellar Transcranial 

5 32/ F Visual disturbance 26 X 23 X 28 lntrasellar and suprasellar T ranssphenoidal 

6 70/ M Diabetes insipidus 20 X 16 X 23 lntrasellar and suprasellar Transcranial 

Hypopituitarism 
7 70/ F Bitemporal hemianopsia 16 X 15 X 22 lntrasellar and suprasellar T ranscranial 

8 71 / M Bitemporal hemianopsia 18 X 14 X 20 lntrasellar and suprasellar T ranscranial 

9 41 / M Bitemporal hemianopsia 14 X 16 X 26 lntrasellar and suprasellar T ranssphenoidal 

10 21 / F Amenorrhea 18 X 5 X 12 lntrasellar Transsphenoidal 
Galactorrhea 

11 63/ M Hypopituitarism 17 X 16 X 18 lntrasellar and suprasellar Transsphenoidal 

12 67/ F Bitemporal hemianopsia 15 X 14 X 16 lntrasellar and suprasellar T ranssphenoidal 

13 67/ F No (with growth 13 X 13 X 22 lntrasellar and suprasellar Transsphenoidal 
hormone macroade-

noma) 
14 58/ F Bitemporal hemianopsia 16 X 18 X 24 lntrasellar and suprasellar Transsphenoidal 

15 17/ M No 19 X 17 X 14 lntrasellar and suprasellar T ranssphenoidal 
16 74/ M No 20 X 16 X 18 lntrasellar and suprasellar Transsphenoidal 
17 48/ F No (with chronic hypo- 9 X 10 X 7 lntrasellar T ranssphenoidal 

physitis) 

18 22/ M Diabetes insipidus 6 X 10 X 4 lntrasellar Transsphenoidal 

headache in two. Of the remaining four patients, one (case 
13) was complicated by a growth hormone-producing mac
roadenoma, another (case 17) with chronic hypophysitis 
without symptoms. Two Rathke cleft cysts (cases 15 and 
16) were incidentally found by MR imaging. 

The MR scanners used were of low magnetic field 
strength (0.1 T) in four patients (cases 1 to 4), intermediate 
magnetic field strength (0.5 T) in four patients (cases 5 to 
8), and high magnetic field strength (1 T or 1.5 T) in 10 
patients (Table 2). In low magnetic field (0.1 T), T1-
weighted inversion recovery (repetition time 500, inversion 
time 300, 2 excitations) images and T2-weighted spin-echo 
(1500- 2000/ 80-120/ 1 [repetition time/ echo time/ excita
tions]) imaging were obtained with a 256 X 192 matrix, a 
field of view of 25 em, a 5- to 1 0-mm section thickness, 
and no gap. In intermediate magnetic field strength, T1-
weighted spin-echo (400-500/11-30/2) images and T2-
weighted spin-echo (1800-2000/80-1 00/2) images were 
obtained with a 256 X 192 matrix , a field of view of 25 
em, a 5- to 7-mm section thickness, and no gap. In high 
magnetic field strength, Tl-weighted spin-echo (400/11/ 
4) images and T2-weighted spin-echo (2000-2100/80-
100/2) images were obtained with a 256 X 128 matrix , a 
field of view of 14 em, a 3-mm section thickness, and a 1-
mm gap. Gadopentetate dimeglumine (Nihon Schering, 
Osaka, Japan) was injected in 15 patients. Coronal or 
sagittal T2-weighted imaging was performed, followed by 
coronal and sagittal T1 -weighted imaging. Immediately 
after intravenous injection of 0.1 mm/ kg of gadopentetate 
dimeglumine, coronal and sagittal T1-weighted imaging 
was done and, when necessary, axial imaging also. 

Cyst intensity before surgery was compared with the 
intraoperative appearance of the cyst fluid , and contrast 

enhancement on MR was noted. The positions of the 
normal pituitary gland with respect to the tumor were also 
observed. 

Results 

The maximum diameters of the Rathke cleft 
cysts were 12 to 28 mm. The location was intra
sellar in three patients, suprasellar in one, and 
intrasellar and suprasellar in the remaining 14 
patients. Details of the radiographic and surgical 
findings are summarized in Table 2. 

MR Findings 

Cyst Intensity (Table 3). Eight patients had 
cysts with low intensity relative to white matter 
on T1-weighted images and high intensity on T2-
weighted images (Figs 1 and 2). Ten patients had 
cysts with isointensity to high intensity on T1-
weighted images, and variable intensity (four low, 
one iso, and five high) on T2-weighted images 
(Figs 3 and 4). No cysts showed low intensity on 
both Tl- and T2-weighted images. 

Nodular Intensity. In three patients (cases 7, 
15, and 16), an intracystic nodule was identified 
based on different signal intensity from surround
ing cyst fluid. The nodules appeared high inten
sity on T1-weighted images and low intensity on 
T2-weighted images (Fig 2). 
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TABLE 2: Radiographic and surgical findings in 18 Rathke cleft cysts 

Magnetic MR Findings 

Case 
Field 

Cyst Intensity 
Strength Gadopentetate 

(T) T1-weighted T2-weighted Dimeglumine 

1 0.1 Low High Not done 
2 0.1 Low High Not done 

3 0.1 Low High Not done 

4 0.1 Low High No 

5 0.5 High Low Surrounding 

6 0.5 Low High Inferior 
7 0.5 High Low Anterior 

Low High 

8 0.5 Low High Inferior 

9 I so High Anterior 

10 I so Low Surrounding 

11 1.5 High High Superior 

12 1.5 High I so Inferior 

13 1.5 Low High Anterior 

14 1.5 High Low Surrounding 

15 1.5 High High Anterior 

High Low 

16 1.5 High High Anterior 

High Low 

17 1.5 I so Low Surrounding 

18 1.5 High High Anterior 

TABLE 3: Cyst intensity in 18 Rathke cleft cysts 

T2-weighted 

intensity Low I so High 

Low 0 0 8 

Tl -weighted I so 2 0 
High 2 4 

Enhancement. Enhancement with gadopente
tate dimeglumine was observed in the cyst cir
cumferences of 14 out of 15 patients. The sites 
of enhancement were variable: inferior in three 
patients (Fig 1 ), anterior in six (Fig 2), superior in 
one (Fig 3), and surrounding the tumor in four 
patients (Fig 4). These sites were clearly identified 
on sagittal images and correspondent to the nor
mal pituitary gland in all patients (see below). 

Surgical Findings 

Thirteen patients had transsphenoidal surgery, 
and the remaining five had transcranial surgery. 
In all cases with transcranial surgery, the preop
erative diagnosis was craniopharyngioma. Total 
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CT Findings Surgical Findings 

Cyst Position of Normal 
Enhancement Cyst Fluid 

Density Pituitary Gland 

Low No Light brown Posterior 
Low No Milky Anterior 
Low No Cerebrospinal Inferior 

fluid-like 

I so No Cerebrospinal No shift 
fluid-like 

I so Ring-like Thick milky Surrounding 
I so No Milky Inferior 
High No Inferior thick Anterior 

milky 

I so Superior light 
brown 

I so No Cerebrospinal Inferior 
fluid-like 

High No Milky Anterior 

High Ring-like Thick milky Surrounding 

High Ring-like Thick milky Superior 
High No Thick milky Inferior 

Low No Motor oil-like Anterior 
I so Ring-like Thick milky Surrounding 
High No Thick milky Anterior 

High Superior waxy 
nodule 

High No Thick milky Anterior 

High Center waxy 
nodule 

Low Ring-like Thick milky Surrounding 

I so No Thick milky Anterior 

surgical excision was performed in two patients 
(cases 4 and 1 0), and aspiration of cyst fluid with 
partial resection of the cyst wall was performed 
in the remaining 16 patients. The appearance of 
the cyst fluid and the position of the normal 
pituitary gland was identified during surgery in all 
patients. The normal pituitary gland was reddish 
tough tissue and was easily differentiated from 
the cyst wall. 

The fluid of the cyst with low-intensity T1-
weighted images and high-intensity T2-weighted 
images was cerebrospinal fluid-like or light brown 
in five patients, motor oil-like in one, and milky 
in two. The fluid of the cyst with isointensity to 
high-intensity T1-weighted images and variable 
T2-weighted images was milky in all 10 cases. 
No hemorrhagic fluid was observed. 

In two of three patients with different nodular 
intensity regions (cases 15 and 16), a yellow waxy 
solid mass was found at a site that showed high 
intensity on T1-weighted images and low inten
sity on T2-weighted images. In the other patient 
(case 7), thick milky fluid was found within light 
brown fluid. 
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A B c 
Fig. 1. Case 6, a 20 X 16 X 23-mm cyst that contained milky fluid. 
A, T1-weighted sagittal inversion-recovery image (repetition time 2000, inversion time 600) demonstrates a low-intensity cyst. 
8 , T2-weighted sagittal spin-echo image (2000/1 00) demonstrates a high-intensity cyst. 
C, Gadolinium-enhanced sagittal spin-echo image (400/26) demonstrates a nonenhanced cyst and the strongly enhanced normal 

pituitary gland (arrows) compressed inferior to the cyst. 

The position of the normal pituitary gland was 
identified during surgery and was consistent with 
the site where enhancement was observed. The 
position of the normal pituitary gland was variable 
in our 18 patients: inferior in four patients, ante
rior in seven patients, superior in one patient, 
surrounding the tumor in four patients, posterior 
in one patient, and not displaced in one patient. 
In a patient in whom enhancement was not seen, 
it was confirmed that the cyst was located in the 
suprasellar cistern, and that the normal pituitary 
gland was not displaced. The normal pituitary 
gland was identified in only eight of 15 patients 
when nonenhanced T1-weighted images were 
used alone (Figs 3 and 4). 

Pathologic Findings 

Histologic examinations of the tumor speci
mens were performed by a single neuropatholo
gist. Tumor fragments were fixed for classical 
histologic study and stained using the hematox
ylin and eosin method. A single layer of cuboidal 
or columnar epithelium was found in all patients. 
In 12 patients , cilia was found. In eight patients, 
goblet cells were found. Stratified squamous ep
ithelium was found in three patients (cases 5, 6, 
and 8). Inflammatory cells were found only in two 
patients , one of which had chronic hypophysitis 
(cases 6 and 18). 

Some biopsies of the normal pituitary glands 
were obtained in 1 0 patients (cases 5, 7, and 11 
to 18) and were confirmed pathologically. 

Discussion 

The most common theory on the ongm of 
Rathke cleft cysts is that they are derived from 

remnants of the embryologic Rathke pouch (7). 
The epithelium of Rathke cleft is a vestige of 
Rathke pouch, an embryonic upward growth of 
ectoderm from the stomodeum or primitive oral 
cavity. Rathke pouch is the precursor of the 
anterior lobe, intermediate lobe, and pars tuber
alis of the pituitary gland. Rathke pouch has 
anterior and posterior walls and a central embry
onic cleft. The anterior wall of the pouch prolif
erates to form the anterior lobe of the pituitary 
gland and the pars tuberalis; the posterior wall 
becomes the pars intermedia. The residual lumen 
of the pouch is reduced to a narrow Rathke cleft, 
which generally regresses. It is the persistence 
and enlargement of this cleft that is said to be 
the cause of the symptomatic Rathke cleft cyst. 
Other authors have different theories for the for
mation of Rathke cleft cysts and have suggested 
that the cells of origin may be derived from 
neuroepithelium (8), metaplastic anterior pituitary 
cells (9), or endoderm (10). 

Diagnosis of sellar and juxtasellar tumors can 
be made by simple skull radiographs, cerebral 
angiography, CT, or MR imaging. However, it has 
been difficult to diagnose Rathke cleft cyst before 
surgery, even by MR. Gadopentetate dimeglu
mine has become clinically available in recent 
years as a contrast medium for MR imaging, and 
the ability to diagnose tumors by MR has im
proved. We report a comparison of CT and ga
dopentetate dimeglumine-enhanced MR imaging 
of Rathke cleft cyst with surgical findings. 

In this study of 18 patients, eight patients had 
cysts with low intensity on T1-weighted images 
and high intensity on T2-weighted images. Ten 
patients had cysts with isointensity to high inten
sity on T1-weighted images and variable intensity 
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on T2-weighted images. Three patients had nod
ules within cysts , which showed high intensity on 
T1-weighted images and low intensity on T2-
weighted images. 

Thirty-two patients previously have been ana
lyzed with respect to cyst intensity (6, 11-22). 
When our 18 patients are added to those patients , 
the following observation regarding MR intensities 
of the cysts emerge: 37 of 50 patients have cysts 
with homogeneous intensity. Cysts display a va
riety of intensities: low intensity on T 1-weighted 
images and high intensity on T2-weighted images 
in 16 patients, isointensity or high intensity on 
T1-weighted images and isointensity or low inten
sity on T2-weighted images in 18 patients; isoin
tensity or high intensity on T 1-weighted images 
and high intensity on T2-weighted images in nine 
patients; low intensity on both T 1-weighted and 
T2-weighted images in two patients; and in the 
remaining five patients isointensity or high inten
sity only on T 1-weighted images. In 16 patients 
who displayed low intensity on T 1-weighted im
ages and high intensity on T2-weighted images, 
the cyst fluid was cerebrospinal fluid-like or light 
brown in 14 patients and milky in two. The cyst 
fluid in 32 patients with isointensity or high inten
sity on T 1-weighted images was milky in 29 
patients , hemorrhagic in two, and dark brown in 
one. Thirteen patients have a nodular intensity 
region within cysts on both T1-weighted and T2-
weighted images. These included regions with 
isointensity or high intensity on T1-weighted im
ages. The cyst fluid in 12 patients was milky, and 
five cysts included a "waxy nodule," referred to 
as such by Kucharczyk et al (12). On the basis of 
the above-mentioned observations, all cases were 
classified into three types as follows: 1) low inten
sity on T1-weighted images; and high intensity 
on T2-weighted images, cerebrospinal fluid-like 
or light brown cyst fluid ; 2) isointensity or high 
intensity on T1-weighted images and variable 
intensity on T2-weighted images, milky cyst fluid ; 
and 3) heterogeneous intensity on MR imaging, 
milky cyst fluid with a waxy nodule. Therefore , 
the diagnosis of Rathke cleft cysts is not possible 
by cyst intensity on MR imaging alone (23). 

The cause of the variable cyst intensities is not 
known, but the presence of cholesterol ( 12 , 16) 
and mucopolysaccharide (16) content has been 
suspected. Ahmadi et al reported that cholesterol 
had no effect and protein concentration had large 
effect on cyst intensity on T 1-weighted images 
in craniopharyngioma (24). Dillon et al have re
ported reduction in intensity of sinus secretion at 
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A 

B 

c 
Fig. 2. Case 7, a 16 X 15 X 22-mm cyst in which two entirely 

different cystic components were found. One (the superior portion 
of the cyst) contained light brown fluid; the other (the inferior 
portion of the cyst) contained m ilky fluid. 

A, T1 -weighted sagitta l spin-echo image (400/14) demon
strates a low-intensity suprasellar lesion and a high-intensity 
intrasellar lesion with the isointense normal pituitary gland com
pressed anterior to the cyst (arrows). 

B, T2-weighted sagitta l spin-echo image (2000/100) demon
strates a high-intensity suprasellar lesion and a low-intensity 
intrasellar lesion. 

C, Gadolinium-enhanced sagit tal spin-echo image (400/ 14) 
demonstrates a nonenhanced cyst and the enhanced normal 
pituitary gland (arrows) . 

a 25 % macromolecular concentration or above 
(25). However, because cyst intensity of Rathke 
cleft cysts was variable , it is impossible to explain 
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Fig. 3. Case 11 , a 17 X 16 X 18-mm 
cyst that contained thick milky fluid . 

A , T1-weighted coronal spin-echo image 
(400/ 11) demonstrates a slightly high-inten
sity cyst. 

8 , T2-weighted coronal spin-echo image 
(2000/80) demonstrates a high-intensity 
cyst. 

C, Gadolinium-enhanced sagittal spin
echo image (400/ 11) demonstrates the en
hanced normal pituitary gland (arrows) com
pressed superior to the cyst. 

AJNR: 15, March 1994 

D, Gadolinium-enhanced sagittal spin
echo image (400/ 11) demonstrates the en
hanced normal pituitary gland (arrows) com- A 
pressed superior to the cyst. 8 

c D 

Fig. 4. Case 14, a 16 X 18 X 24-mm lesion including thick milky fluid . 
A, T1-weighted coronal spin-echo image (400/ 11) demonstrates a high-intensity cyst. 
8 , T2-weighted coronal spin-echo image (2000/ 80) demonstrates a low-intensity 

cyst. 

C, Gadolinium-enhanced coronal spin-echo image (400/11) demonstrates a cyst 
surrounded by the normal pituitary gland (arrows). 

D, Gadolinium-enhanced sagittal spin-echo image (400/11) demonstrates a cyst 
surrounded by the enhanced normal pituitary gland (arrows) . 
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the etiology with one material. Moreover, because 
the components of the milky cyst fluid are im
possible to analyze and mucopolysaccharides 
cannot be quantified, this remains speculative. 

Ring-like enhancement has been reported on 
CT in about half of the patients with Rathke cleft 
cysts (6). Compressed surrounding normal pitui
tary gland (26) or stratified squamous epithelium 
or inflammation (27) have been postulated to be 
responsible. Because gadopentetate dimeglumine 
does not enhance normal arteries or dura on MR 
(28, 29) , and sagittal imaging is able to eliminate 
without interference by bone, accurate enhance
ment effects of the tumor can be evaluated. We 
showed that only the normal pituitary gland was 
enhanced by gadopentetate dimeglumine on MR 
imaging. In two of three patients with stratified 
squamous epithelium, enhancement was ob
served only in the site of the normal pituitary 
gland inferior to the cyst. Inflammatory cells were 
observed only in two patients , one of whom had 
chronic hypophysitis, the other of whom had no 
enhancement without the normal pituitary gland 
inferior to the cyst. These results were consistent 
with previous reports (26). 

The position of the normal pituitary gland was 
variable in our 18 patients. Various possible 
origins for Rathke cleft cysts have been proposed, 
such as residual Rathke pouch (7), neuroepithe
lium derivation (8), abnormal differentiation of 
cells of the anterior lobe of the hypophysis (9) , or 
abnormal appearance of endodermal tissue (10). 
However, because of the variety of positions with 
respect to the tumors noted here, we suggest that 
Rathke cleft cyst is derived from the anterior 
lobe, pars intermedia, posterior lobe, or infundib
ulum. 

Important tumors in the differential diagnosis 
of Rathke cleft cyst include cystic craniopharyn
giomas and cystic/hemorrhagic pituitary adeno
mas. Because only partial removal of a Rathke 
cleft cyst is regarded to be sufficient, with few 
recurrences reported (6) , preoperative differentia
tion between craniopharyngioma or pituitary ad
enoma and Rathke cleft cyst is important. Based 
on the current study, the following comparisons 
can be drawn: 1) most cystic craniopharyngiomas 
have high intensity on T2-weighted images (30, 
31 ); some Rathke cleft cysts do not show high 
intensity; 2) most cystic craniopharyngiomas 
have homogeneous intensity on MR imaging (30, 
31 ), whereas Rathke cleft cysts have variable low 
or high intensities and are homogeneous or het
erogeneous in appearance; 3) the normal pituitary 
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gland is usually identified inferior to the tumor in 
craniopharyngiomas but is variable in Rathke 
cleft cysts, and tumor wall enhancement is ob
served in craniopharyngiomas, but not in Rathke 
cleft cysts (the enhancement seen represents the 
normal pituitary gland); and 4) calcification is 
frequently found on CT in craniopharyngiomas 
(32) but infrequently in Rathke cleft cysts (6) . In 
pituitary adenomas, the position of the normal 
pituitary gland is usually superior to or surround
ing the tumor, whereas the position is highly 
variable in Rathke cleft cysts; cyst wall enhance
ment is observed in pituitary adenoma; and the 
cyst wall is thick and irregular in pituitary ade
nomas but thin in Rathke cleft cysts (33, 34). 

In conclusion, although Rathke cleft cyst oc
curs infrequently, preoperative distinction from 
other sellar and juxtasellar tumors is important, 
because prognosis and surgical management are 
different for this tumor. This task can be aided 
by noting the lack of tumor enhancement on MR 
with gadopentetate dimeglumine and the position 
of the normal pituitary gland with respect to this 
tumor. 
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