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A prospective study of cystic fluid in
craniopharyngiomas in 10 patients

was performed to correlate signal in-

tensity on Ti-weighted magnetic res-
onance (MR) images and biochemical
analysis. Within 2 days before sur-
gery, each patient underwent MR
imaging before and after administra-

tion of gadopentetate dimeglumine.
Five patients had cystic fluid lower in

signal intensity than white mailer,
with protein levels less than 9,000
mg/dL (90.00 g/L) and no free methe-
mogbobin. One of the five patients
had the highest triglyceride concen-
tration (84 mg/dL [0.95 mmol/LJ) of
all iO patients; another of these five
had the highest cholesterol concen-
tration of all (270 mg/dL [6.98 mmol/
U). It is concluded that the increased
signal intensity of cystic fluid in cra-
niopharyngiomas on Ti-weighted
MR images can be caused by a pro-
tein concentration greater than or
equal to 9,000 mg/dL (90.00 gIL), the
presence of free methemogbobin, or

both. In the ranges of concentrations
measured in this study, cholesterol
and triglyceride did not increase sig-

nab intensity.
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T HE high signal intensity of the cys-
tic fluid of craniopharyngiomas

on Ti-weighted spin-echo (SE) mag-
netic resonance (MR) images has been
attributed to protein, hemorrhage,
and cholesterol, other fatty materials,
or a combination of these (1-6). In
most of the in vivo studies reported in

the literature, however, the relation-
ship between the various substances
within the cystic fluid and signal in-
tensity has not been substantiated by

a quantitative biochemical analysis of
the cystic contents. In addition, in
vitro studies in which experimental
models are used measure a single sub-
stance in solution and thus do not
adequately represent the more com-
plex nature of in vivo cystic fluid and
the effect on signal intensity (7-9).

In this article we present a prospec-
tive study that correlates the signal

intensity characteristics of the cystic

fluid from craniopharyngiomas with
quantitative biochemical analyses of
the cystic contents.

PATIENTS AND METHODS

Cystic craniopharyngiomas in 12 con-

secutive patients were evaluated prospec-

tiveby. Two patients were excluded from
the study because the cystic fluid was con-
taminated with blood or saline during sun-
gery. The 10 other patients were five male

and five female subjects aged 16-57 years.
The diagnosis of craniophanyngioma was
confirmed by means of histologic exami-
nation of the surgical specimens, which
revealed the presence of (ameboblastic)
squamous epithelial lining, typical for cra-
niophamyngioma. No evidence of colum-

nar epithelium (Rathke cleft cyst) or flat-
tened squamous epithelium with
laminated keratin (epidermoid) was
found.

The cysts were aspirated at surgery
prior to resection of the tumor, and the
cystic fluid was immediately sent for

quantitative analysis of protein, choles-

terol, triglyceride, and methemogbobin.
The volume of aspirated cystic fluid was
1.5-5.0 mL. Total protein and cholesterol

levels were quantitated with an auto-

mated analyzer (Cobas BlO; Roche Diag-
nostic Systems, Montclair, NJ). Hemoglo-

bin levels were measured with a blood
oximeter (OSM3 Hemoximeter; Radiome-
ter, Copenhagen). Total hemoglobin was
measured in whole fluid, and free methe-
mogbobin was measured in supemnatant
components, obtained by centnifugation at
3,000 rpm for 10 minutes.

Within 2 days before surgery, each pa-
tient underwent MR imaging before and
after administration of gadopentetate
dimegbumine. The MR examinations were
performed with a 1.5-T superconducting
magnet (515 HP; Philips Medical Systems
North America, Shelton, Conn) with a
head coil. Ti-weighted images were ob-
tamed with the following parameters: rep-
etition time (TR) msec/echo time (TE) =

550/18, two to four signal averages, and a

180 x 256 matrix. Multiecho images were
obtained with a TR of 2,000 msec, TEs of
18 and 80 msec, one signal average, and a
204 x 256 matrix.

RESULTS

The cystic portion of all 10 cranio-
pharyngiomas was complex, contain-

ing several substances (ie, protein,
cholesterol, and triglycerides), as well
as blood by-products in the hemor-

rhagic craniopharyngiomas. Signal
intensity on non-contrast material-

enhanced Ti-weighted images and
fluid composition are correlated in
the Table.

The cystic fluid from five of the
seven nonhemorrhagic craniopharyn-
giomas (Table, patients 1-5) had
lower signal intensity than white mat-
ter on Ti-weighted images (Fig 1).
Quantitative analysis of the cystic
fluid in these five patients revealed
the following ranges in content: pro-
tein, 4,100 mg/dL (41.00 g/L) to 6,500
mg/dL (65.00 gIL); cholesterol, 135
mg/dL (3.49 mmol/L) to 270 mg/dL
(6.98 mmob/L); and triglyceride, 42

Abbreviations: SE = spin echo, TE = echo
time, TR = repetition time.
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Total

Patient
No.

Cystic Fluid Composition (mg/dL) Hemoglobin
(g/dL)/Methemo-

gbobin (%)

Ti Signals
Relative to

White MatterProtein Cholesterol Triglyceride

1 4,100 (41.00) 135 (3.49) 42 (0.47) 0 Hypointense

2 4,300 (43.00) 228 (5.90) 84 (0.95) 0 Hypointense
3 4,900 (49.00) 185 (4.78) 62 (0.70) 0 Hypointense
4 5,400 (54.00) 149 (3.85) 50 (0.56) 0 Hypointense
5 6,500 (65.00) 270 (6.98) 63 (0.71) 0 Hypointense
6 9,000 (90.00) 90 (2.33) 22 (0.25) 0 Isointense
7 12,400 (124.00) 187 (4.84) 64 (0.72) 0 Hyperintense
8 8,300 (83.00) 176 (4.55) 66 (0.74) 3(30)115 Hyperintense
9 8,600 (86.00) 168 (4.34) 54 (0.61) 3(30)114 Hyperintense

10 10,400 (104.00) 144 (3.72) 8 (0.09) 4(40)118 Hyperintense

Note-Numbers in parentheses are SI units: column 2 (protein), grams per liter; columns 3 (cholesterol) and 4 (triglyceride), millimolar; column 5 (total he-
moglobin), grams per liter.

mg/dL (0.47 mmol/L) to 84 mg/dL
(0.95 mmol/L).

The cystic fluid was isointense to
white matter on Ti-weighted MR im-
ages in patient 6 (Table). This patient

had the lowest levels of cholesterol
and triglycerides in the nonhemom-
rhagic group but had a protein con-
centration of 9,000 mg/dL (90.00 gIL)
(Fig 2).

The cystic fluid in patients 7-iO (Ta-
ble) was hyperintense to white matter
on the Ti-weighted images. Biochem-
ical analysis of the cystic fluid from
patient 7 revealed a protein concen-
tration of i2,400 mg/dL (124.00 gIL), a

cholesterol concentration of 187
mgldL (4.84 mmolIL), and a triglycen-

ide concentration of 64 mgldL (0.72
mmollL) (Fig 3).

Biochemical analysis of the cystic
fluid in the three other patients (pa-

tients 8-10) revealed evidence of

hemorrhage in addition to protein,
cholesterol, and triglyceride (Table).
The free methemogbobin ranged from
14%-18% of the total hemoglobin
concentration of the cystic fluid (Fig
4). Protein concentration ranged from

8,300 mgldL (83.00 gIL) to 10,400
mgldL (i04.00 gIL); cholesterol, 144

mgldL (3.72 mmolIL) to 176 mgldL

(4.55 mmol/L); and triglycerides, 8

mgldL (0.09 mmoblL) to 66 mgldL

(0.74 mmolIL).

DISCUSSION

In our study, the cystic fluid in all
seven patients with nonhemorrhagic
craniopharyngiomas contained cho-
lesterol and triglyceride. It has been
suggested that cholesterol and tniglyc-
eride in a liquid suspension cause hy-
penintensity of cystic fluid on Ti-
weighted images (1-2,5), but in five of
the seven patients (Table, patients
i-5), the cystic fluid was hypointense

to white matter on Ti-weighted SE

MR images despite a wide range of

protein (4,iOO mgldL [4i.00 gIL]) to

6,500 mgldL) [65.00 g/L]), cholesterol

(135 mgldL [3.49 gIL] to 270 mgldL

[6.98 mmollLl), and triglyceride (42

mgldL [0.47 mmolIL] to 84 mgldL

[0.95 mmolIL]). Even in patient 2,

who had the next to highest level of

cholesterol and the highest level of

triglyceride, the cystic fluid was hy-
pointense relative to white matter.

This would indicate that neither a
cholesterol concentration bower than

on equal to 270 mg/dL (6.98 mmol/L)

nor a triglyceride concentration lower

than or equal to 84 mgldL (0.95

mmolIL) are responsible for the hy-

pemintensity of the cystic fluid on

Ti-weighted SE MR images. In 198i,
Lippen et ab described a cnaniophanyn-

gioma with a hyperdense CT appear-

ance (iO). Biochemical analysis of the

cystic fluid revealed the highest pro-
tein level (17,300 mg/dL [173 gIL])
and cholesterol concentrations (413

mgldL) [10.68 mmoblL] ever me-

corded; at that time MR images were

not available for clinical use.

Isointense signal was noted only in

patient 6, who had the lowest concen-
tration of cholesterol, the next to low-
est concentration of triglyceride, and
a protein level of 9,000 mgldL (90.00

gIL). Therefore, it would appear that
such an increase in the protein level

increases the signal intensity of cystic

fluid on Ti-weighted MR images. In
an experimental model, Hackney et al

(7) detected very small differences in
signal intensity in protein concentra-
tions that ranged from 0 mgldL (0

gIL) to 6,100 mgldL (61.00 gIL). Such
small changes are easily obscured by
noise and the wide windows nor-

malby used in clinical imaging (7,11).
In an in vitro imaging and spectro-
scopic study, Vock et al (12) showed

Figure 1. Patient 5. Sagittal SE 550/18 MR
image of craniopharyngioma. The cystic tu-

mor shows a lower signal intensity than

white matter on this Ti-weighted image. Bio-

chemical analysis revealed that the turbid

yellow cystic fluid contained 6,500 rng/dL

(65.00 g/L) of protein, 270 mg/dL (6.98

mmol/L) cholesterol, and 63 mg/dL (0.71
rnmol/L) triglyceride. Note that neither the

high cholesterol nor the high triglyceride
content increased signal intensity on the Ti-

weighted image.

no reliable Ti changes with an albu-
mm concentration of 8,000 mgldL
(80.00 gIL) on a i.5-T imagen. In our

study, only one of the nonhemor-

rhagic craniopharyngiomas (in pa-
tient 7) showed hypenintense cystic
fluid on Ti-weighted MR images. Of
the substances measured, only the
high protein level of 12,400 mgldL
(124.00 gIL) would account for this

hyperintensity. Therefore, it appears

that protein in high concentration
( > 9,000 mgldL) [90.00 gIL]) increases

the signal intensity of the cystic fluid
relative to white matter, but that, at
the concentrations we measured, cho-
lesterol and triglyceride do not. Som
et al (13) analyzed chronically ob-
structed sinonasal secretions and

found a similar increase in Ti signal
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1L..��be of nonhemorrhagic craniopharyngi-

oma. High signal intensity of the cystic fluid

is seen on this Ti-weighted image. Viscous

cystic fluid contained 12,400 mg/dL (124.00

gIL) of protein, 187 rng/dL (4.84 mmol/L)

cholesterol, 64 mg/dL (0.72 mmol/L) triglyc-

eride, and 0 mg of methemoglobin.

Figure 4. Patient 8. Sagittal SE 550/18 MR

image of hemorrhagic craniopharyngioma.
High signal intensity of the cystic fluid is

seen on this Ti-weighted SE MR image. The

cystic fluid contained 8,300 mg/dL (83.00

g/L) of protein, i76 mg/dL (4.55 mmol/L)

cholesterol, 66 mg/dL (0.74 mmol/L) triglyc-
eride, and 3 mg/dL (30 g/L) of hemoglobin.
Fifteen percent of the total hemoglobin was
in the form of methemoglobin (0.465 mg/dL).
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Figure 2. Patient 6. Coronal SE 550/18 MR

image of craniopharyngioma. The cystic por-

tion of the tumor is isointense relative to

white matter on this Ti-weighted image. Yel-

lowish fluid obtained from the cystic drain-

age catheter contained 9,000 mg/dL (90.00

g/L) of protein, 90 mg/dL (2.33 mmol/L) cho-

lesterol, and 22 mg/dL (0.25 mmol/L) triglyc-

eride. Artifact in the right side was caused by

the metallic susceptibility effect of a shunt
reservoir.

intensity with very high protein con-

centration. However, they also
showed that at ultrahigh protein con-

centration (equal to or higher than
28,000 mgldL [280.00 gIL]), signal

intensity on Ti-weighted MR images

can decrease. In their study, the

sinonasal fluid was also graded in

terms of viscosity as one of the possi-

ble factors influencing signal inten-
sity.

In the three patients with hemor-
rhagic craniopharyngiomas (patients

8-10), the cystic fluid was markedly

hyperintense on the Ti-weighted SE

MR images because of the presence of
free methemogbobin, an elevated pro-
tein bevel, on both. In two of the three
patients (patients 8 and 9) the protein
level was less than 9,000 mgldL [90.00
gIL]). In the third patient (patient iO),

the protein level was iO,400 mgldL

(104.00 gIL). In this patient, protein

could also have a great influence on
the hyperintense signal. Ebisu et al
(14) studied nonacute subdunal hema-

tomas and found that, among the

types of hemoglobins in whole fluid,
only methemogbobin was rebated to

the shortening effect during relax-
ation time (14).

In experimental models it is possi-
ble to measure the signal intensity of
a single substance in water (eg, pun-

fled protein in solution [7]), but in-

tracranial cystic masses contain a
complex mixture of substances.

Therefore, the experimental models
do not adequately represent the more

complex nature of in vivo cysts and
the effect that the contents of such
cysts have on signal intensity (7-9).
On the other hand, because of the
complexity of in vivo cystic fluid, the
relationship between signal intensity

and fluid content is harder to define,

but some conclusions may be drawn.
Our data show that a protein level
greater than or equal to 9,000 mgldL
[90.00 gIL]), the presence of free met-

hemoglobin, or both can increase the
signal intensity of the cystic fluid of

craniopharyngiomas on Ti-weighted
MR images. At the concentrations we
measured, however, cholesterol and
triglyceride do not increase the signal

intensity of the cystic fluid. U
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