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Cystic Meningiomas: MR Characteristics and Surgical Correlations

John J. Wasenko, Leo Hochhauser, Edward G. Stopa, and Jeffrey A. Winfield

PURPOSE: To describe the MR appearance of cystic meningiomas, and to correlate the MR
appearance with the surgical and neuropathologic findings. METHODS: Eight patients with cysts
associated with meningiomas were studied on a 1.5-T MR system. Unenhanced sagittal T1- and
axial T2-weighted images were obtained in all patients. Axial and coronal gadopentetate
dimeglumine-enhanced T1-weighted spin-echo images were obtained in seven patients. Addi-
tional sagittal T1-weighted spin-echo contrast-enhanced images were obtained in four patients.
RESULTS: The cystic components were intratumoral and eccentric in two cases, intraparenchymal
in one case, and extraparenchymal (trapped cerebrospinal fluid) in five cases. Cyst wall enhance-
ment was present in two of seven cases performed with intravenous gadopentetate dimeglumine.
There was no correlation between cyst signal intensity and cyst content. A preoperative diagnosis
of cystic meningioma was possible in all eight cases. CONCLUSIONS: MR demonstrates the
extradural location of the tumor and its cystic component, correlates well with the surgical
presentation and the neuropathologic results, and allows the preoperative diagnosis of cystic
meningioma based on the MR findings. Division into three types of cysts aids the neurosurgeon,
who must decide whether total resection is feasible. To obtain total resection and reduce the risk
of recurrence with an intratumoral cyst, the surgeon must ensure that the plane of resection is in
fact between the thin enhancing membrane of the tumor cyst and the adjacent arachnoid. In cases
in which the cyst is trapped cerebrospinal fluid or intraparenchymal in location, the cyst wall

adjacent to or within the brain parenchyma is not included in the resection.
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Meningiomas are usually solid tumors. Cystic
meningiomas are uncommon variants, which
have been well documented with computed to-
mography (CT) (1-8). There have been a few
reports on the magnetic resonance (MR) ap-
pearance of these tumors (9, 10). We present
the MR appearance of eight meningiomas asso-
ciated with cysts and correlate the images with
the findings at surgery and the neuropathologic
results. Cystic meningiomas can be correctly
diagnosed preoperatively using MR with a
higher degree of accuracy than by other neuro-
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radiologic imaging techniques because of mul-
tiplanar imaging capability and the lack of
beam-hardening artifact. Determining the exact
location of the cystic component enables pre-
operative planning. It ensures the exact reia-
tionship between tumor and cyst, allowing for
complete microsurgical tumor resection. It is
our purpose to correlate the MR findings with
those observed at surgery and neuropathologic
examination.

Material and Methods

Eight patients with cystic meningiomas were studied:
six women and two men ranging in age from 58 to 85
years. Unenhanced and contrast-enhanced CT was per-
formed in four and MR on a 1.5-T system in eight patients.
Axial or sagittal T1-weighted (450-650/10-17/2 [repeti-
tion time/echo time/excitations]), axial proton-density
(2350-3000/15-30/1), and T2-weighted (2350-3000/
80-90/1) spin-echo images were obtained in five patients.
Coronal proton-density (2500/30/1) and T2-weighted
(2500/90/1) spin-echo images were obtained in one pa-
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tient. Axial fast spin-echo proton-density (2500/18/1) im-
ages with echo trains of 4 and T2-weighted (2500-3500/
90-108/1) images with echo trains of 8 were obtained
in two patients. In one patient, axial fast variable-echo
proton-density (3500/18/1) images and T2-weighted
(3500/90/1) images, both with echo trains of 8, were
obtained. Gadopentetate dimeglumine-enhanced TI1-
weighted (500-600/10-17/2) images were obtained in
the axial and coronal planes in seven patients. Sagittal
contrast-enhanced T1-weighted (500-600/10-17/2) im-
ages were obtained in four patients. In one case, no con-
trast material was administered. A selective right external
carotid artery embolization was performed in case 4. The
MR images were evaluated by two neuroradiologists to
determine the relationship of the cystic components with
respect to the tumors, subarachnoid spaces, and brain
parenchyma.

Tumor resection was performed in all eight patients.
From a neurosurgical perspective, it is practical to group
the cystic components as intratumoral, trapped cerebro-
spinal fluid (CSF), or intraparenchymal in location. Al-
though there are three types of intratumoral cysts, the
surgical approach and extent of resection are similar; that
is, the tumor, cystic component, and cyst wall are excised.
When the cyst is trapped CSF adjacent to the tumor, it is
essential to identify the interface between the tumor edge
and the extratumoral arachnoid component. In such a
case, the tumor is resected, whereas the cyst merely re-
quires drainage. When the cyst is intraparenchymal in
location, the guiding surgical principle is that the cyst
should not be resected. All surgical specimens were his-
tologically confirmed.

Results

The signal intensity of meningiomas was
compared with that of gray matter. Signal inten-
sity was isointense in five and hyperintense in
three cases on T1-weighted images. On T2-
weighted images, one lesion was hypointense,
five hyperintense, one isointense and hypoin-
tense, and one hypointense and hyperintense.
Cystic components appeared isointense in six
and hyperintense in two instances relative to
CSF on T2-weighted images. The tumor loca-
tions were over the temporal convexities in four
cases, over the frontoparietal convexities in two
cases, parasellar in one case (case 3), and aris-
ing from the cribriform plate in one case. The
cyst locations were intratumoral and eccentric
in two cases (Fig 1), intraparenchymal in one
(Fig 2), and extratumoral and extraparenchy-
mal (trapped CSF) in five cases (Fig 3). The
locations of the cysts were determined before
surgery in six of eight cases. In two cases it
could not be determined whether the cystic

AJNR: 15, November 1994

component was trapped CSF or within the brain
parenchyma. Tumor enhancement was intense
and homogeneous in five cases and intense and
heterogeneous in two cases. Enhancement of
the cyst walls was seen in two cases. Dural tail
signs were present in two cases, indicating the
extraaxial locations of the tumors. In two of four
cases in which CT was performed, the ex-
traaxial locations of the tumors were well iden-
tified. In the other two cases the tumors ap-
peared to be intraaxial in location.

After neuropathologic examination, meningi-
omas were classified according to their predom-
inant histologic patterns. Six meningiomas ex-
hibited a predominantly meningothelial growth
pattern, and two were predominantly transi-
tional. Four loculated CSF cysts, one intratu-
moral cyst, and the one intraparenchymal cyst
were isointense with CSF on T2-weighted im-
ages. One loculated CSF and one intratumoral
cyst were hyperintense relative to CSF on T2-
weighted images. In the five cases in which the
cystic components were extratumoral and ex-
traparenchymal (trapped CSF), clear CSF was
aspirated. In the two cases in which the cysts
were intratumoral, xanthochromic fluid contain-
ing hemosiderin-laden histiocytes was de-
tected. Liquefactive necrosis without hemosi-
derin was noted in one case (case 3) in which
the cystic component was within the brain pa-
renchyma. In this case, resection of the cyst was
necessary to afford greater surgical exposure to
the tumor with reduced retraction on the domi-
nant right frontal lobe. After cyst collapse, the
tumor was resectable. There was no correlation
of cyst signal intensity with cyst content in any
of the eight cases. Five of the six meningothelial
meningiomas were hyperintense in signal inten-
sity on T2-weighted images. The sixth was
isointense and hyperintense on T2-weighted
images. One of two transitional meningiomas
was hypointense; the other was hyperintense
and hypointense on T2-weighted images. The
results are summarized in the Table.

Discussion

The MR appearance of meningiomas has
been well described (9-18). In general, these
tumors are hypointense or isointense to gray
matter on T1-weighted images and hyperin-
tense or isointense on T2-weighted images. The
histologic type of meningioma may be pre-
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Fig 1. Case 1: recurrent cystic meningioma (type 1, eccentric intratumor cysts).

A, Contrast-enhanced CT reveals a homogeneously enhancing mass overlying the right temporal convexity.

B and C, The mass is isointense in signal intensity on T1-weighted (550/10) and hyperintense on T2-weighted (2390/90) images
relative to gray matter. The cystic components are isointense with CSF.

D and E, Contrast-enhanced axial and coronal T1-weighted images (550/10) demonstrate intense enhancement of the solid
component and peripheral enhancement around the eccentric cystic components within the tumor.

F, Photomicrograph of an 8-um histologic section of the meningothelial meningioma corresponding to the MR image (hematoxylin
and eosin stain, magnification X400). Note the sheetlike growth pattern and absence of cellular whorling. There is no evidence of mitotic

activity or nuclear pleomorphism.

dicted by MR in more than 80% of cases (10).
These predictions are based on the new World
Health Organization classification and include
the group of angiomatous meningiomas of
which the hemangiopericytoma is a subgroup
(19). We are aware, however, that the heman-
giopericytoma is felt by some to represent a
distinct, mesenchymal neoplasm unrelated to
meningiomas (20). On T2-weighted images, fi-
broblastic and transitional meningiomas are hy-
pointense, but angioblastic and meningothelial
(syncytial) meningiomas are hyperintense.
Meningiomas show intense homogeneous en-
hancement with intravenous administration of

gadopentetate dimeglumine (13-15). Enhanc-
ing dural tails thought to represent increased
vascularity and venous congestion within the
adjacent meninges have been observed in 60%
to 100% of tumors (16-18). This finding is not
specific for meningiomas and may be seen with
glioblastomas, as well as parenchymal and du-
ral metastases, and also in benign lesions such
as schwannomas (21, 22). Approximately 85%
of meningiomas demonstrate typical radiologic
features (9). Atypical features, including cyst
formation, lipomatous transformation, and ring
enhancement, may be exhibited in 15% of men-
ingiomas (5, 9).
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Fig 2. Case 3: cystic meningioma (type 3, intraparenchymal cyst).
A, T2-weighted image (3500/90) shows hyperintense intraparenchymal cysts in the

left frontal lobe (arrows).

B, Cribriform plate meningioma is hyperintense and hypointense on the T2-weighted

image (3500/90).

C, Contrast-enhanced axial T1-weighted image (500/17) demonstrates intense ho-

mogeneous enhancement.

D, Contrast-enhanced coronal T1-weighted image (500/17) reveals hypointense

intraparenchymal cystic components (arrowheads).

Cystic meningiomas constitute an uncom-
mon subgroup of intracranial meningiomas and
have been well described by CT criteria (1-8).
In a series of 131 meningiomas, 7% had cystic
components either intratumoral or subarach-
noid in location (5). There have been a few
reports of the MR appearance of these uncom-
mon tumors (9, 10). In one report, MR showed a
left convexity cystic meningioma with curvilin-
ear enhancement along the cyst wall suspicious
for neoplastic involvement (9). In another re-
port, 6 of 40 meningiomas demonstrated cyst
formation or necrosis (10).

Meningiomas associated with cysts were
described by Cushing and Eisenhardt, who
noted the cysts to be peritumoral in location
(23, 24). Rengachary et al further classified this
entity into two types: intratumoral and extratu-
moral (2). Subsequently, the lesions were clas-
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sified into four types by Nauta et al (3). Finally,
a fifth type was added by Worthington et al (8).
Currently, cystic meningiomas are classified
into five types based on cyst characteristics or
location with respect to the tumors (3, 8). The
cyst may be (a) central or (b) eccentric in lo-
cation; (c) its wall may contain nests of tumor
cells; (d) it may be located adjacent to the
tumor within the brain parenchyma; or (e) it
may consist of a CSF loculation trapped be-
tween tumor and brain. The fourth type is the
most frequently encountered of the five types
(3, 8).

There are several proposed mechanisms of
cyst formation. One is cystic degeneration
within the tumor; others are secretion of fluid
by tumor cells, gliotic proliferation in adjacent
brain with formation of fluid by glial cells, and
loculation of CSF (8). Cyst formation within
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Characteristics of cysts associated with meningiomas

Fig 3. Case 2: cystic meningioma (type 2, trapped CSF).

A and B, Axial T1-weighted (450/12) and T2-weighted (2500/
80) images show left temporal convexity meningioma with a large
posterior cystic component representing trapped CSF.

C, Intense enhancement is present on a contrast-enhanced
axial T1-weighted image (500/11). There is no enhancement of
the cystic component, indicating it is extratumoral in location.

D, Photomicrograph of an 8-um histologic section of the tran-
sitional meningioma, which corresponds to the MR image (hema-
toxylin and eosin stain, magnification X400). The tumor exhibits
extensive whorl formation and numerous psammoma bodies. As
in the meningothelial variant, the benign nature of the transitional
type is confirmed by the absence of mitotic activity, hypercellu-
larity, and nuclear pleomorphism.

Cyst Signal Relative

Case Gyt Wall Cyst Location to CSF on T2- istoleygie Cyst Content
Enhancement? . Pattern
weighted Images

1 Yes Intratumoral Isointense Meningothelial Xanthochromic fluid
Eccentric

2 No Trapped CSF Isointense Transitional CSF

3 No Intraparenchymal Isointense Transitional Liquefactive necrosis

4 No contrast Trapped CSF Hyperintense Meningothelial CSF

5 Yes Intratumoral Hyperintense Meningothelial Xanthochromic fluid
Eccentric

6 No Undetermined? Isointense Meningothelial CSF

7 No Undetermined® Isointense Meningothelial CSF

8 No Trapped CSF Isointense Meningothelial CSF

® Trapped CSF versus intraparenchymal cyst. Actual location was trapped CSF.

the tumor also may be seen as a result of
tissue necrosis in the malignant variants of
meningioma.

The mechanism of extratumoral cyst forma-
tion (trapped CSF) is not fully understood. The
cyst may form as the result of a ball valve
mechanism with the gradual accumulation of

CSF in several sulci between the enlarging tu-
mor and brain parenchyma. A cystic cavity is
thus formed in the subarachnoid space (Fig 4).

A cystic component or necrosis is more com-
monly seen in angioblastic and meningothelial
meningiomas (3, 25), possibly as a result of
their greater propensity for malignant transfor-
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Fig 4. Formation of a trapped CSF cyst. A trapped CSF col-
lection forms in the subarachnoid space between the enlarging
tumor and underlying brain, possibly as the result of a ball valve
mechanism.

mation and secretion, respectively. We also
have made this observation: six of eight menin-
giomas in this study were meningothelial in
origin. Correlation of signal intensity with the
histopathologic subtypes of meningioma was
similar to that reported by Elster et al (10). The
meningothelial subtype was hyperintense and
the transitional subtype hypointense on T2-
weighted images.

There was no correlation between cyst con-
tent and cyst signal intensity. The intratumoral
cysts consisted of xanthochromic fluid that con-
tained hemosiderin laden histiocytes. One intra-
tumoral cyst was isointense, and one was hy-
perintense relative to CSF on conventional spin-
echo T2-weighted images. The most likely
explanation for the observed signal intensity is
that the intratumoral cysts did not contain suf-
ficient hemosiderin to result in preferential T2
proton relaxation with resultant decreased sig-
nal intensity.

Neuropathologic studies may be complicated
by the difficulties frequently encountered in dif-
ferentiating cystic meningiomas, particularly
the meningothelial subtype from glioblastoma
multiforme (26). This subtype may simulate a
glioblastoma at both the gross and microscopic
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levels. The cystic meningioma has been fre-
guently misdiagnosed with CT, because the tu-
mor may simulate glioblastoma, metastasis, or
sarcoma (2-8). The location of the tumor can-
not be precisely determined because of beam-
hardening artifact inherent with CT. MR clearly
showed the extradural locations of the tumors,
enabling the preoperative diagnosis of cystic
meningioma with great confidence in all eight
cases. Furthermore, we were able to determine
the cyst locations in six of the eight cases. The
additional finding of dural tail signs on contrast-
enhanced studies in two cases further supported
the diagnosis of meningioma.

Division of the cystic component into three
groups is of practical value to the neurosurgeon.
The most important factor from the neurosur-
geon’s perspective is the location of the cyst
with respect to the tumor. Although there are
three types of intratumoral cysts, the surgical
approach is the same for these three types.
These therefore may be grouped clinically into a
single intratumoral category (type 1). The re-
maining two may then be referred to as trapped
CSF (type 2) and intraparenchymal cysts (type

3).

Acknowledgment

We thank Maria Pembrook for her support in manu-
script preparation.

References

1. Sigel RM, Messina AV. Computed tomography: the anatomic ba-
sis of the zone of diminished density surrounding meningiomas.
AJR Am J Roentgenol 1976;127:139-141

2. Rengachary S, Batnitzky S, Kepes JJ, Morantz RA, O’Boynick P,
Watanabe I. Cystic lesions associated with intracranial meningio-
mas. Neurosurgery 1979;4:107-114

3. Nauta HJW, Tucker WS, Horsey WJ, Bilbao JM, Gonsalves C.
Xanthochromic cysts associated with meningioma. J Neurol Neu-
rosurg Psychiatry 1979;42:529-535

4. Becker D, Norman D, Wilson CB. Computerized tomography and
pathological correlation in cystic meningiomas. J Neurosurg
1979;50:103-105

5. Russell EJ, George AE, Kricheff I, Budzilovich G. Atypical com-
puted tomographic features of intracranial meningioma. Radiol-
ogy 1980;135:673-682

6. Dell S, Ramaiah Ganti S, Steinberger A, McMurtry J Ill. Cystic
meningiomas: a clinicoradiological study. J Neurosurg 1982;57:
8-13

7. Zagzag D, Gomori JM, Rappaport ZH, Shalit MN. Cystic meningi-
oma presenting as a ring lesion. AUNR Am J Neuroradiol 1986;7:
911-912

8. Worthington C, Caron JL, Melanson D, Leblanc R. Meningioma
cysts. Neurology 1985;35:1720-1724



AJNR: 15, November 1994

9,

10.

11.

12:

13.

14.

15.

16.

147

18.

Buetow MP, Buetow PC, Smirniotopoulos JG. Typical, atypical,
and misleading features in meningioma. Radiographics 1991;11:
1087-1106

Elster AD, Challa VR, Gilbert TH, Richardson DN, Contento JC.
Meningiomas: MR and histopathologic features. Radiology 1989;
170:857-862

Zimmerman RD, Fleming CA, Saint-Louis LA, Lee BCP, Manning
JJ, Deck MDF. Magnetic resonance imaging of meningiomas.
AJNR Am J Neuroradiol 1985;6:149-157

Spagnoli MV, Goldberg HI, Grossman RI, et al. Intracranial men-
ingiomas: high-field MR imaging. Radiology 1986;161:369-375
Bydder GM, Kingsley DPE, Brown J, Niendorf HP, Young IR. MR
imaging of meningiomas including studies with and without ga-
dolinium-DTPA. J Comput Assist Tomogr 1985;9:690-697
Schorner W, Schubeus P, Henkes H, Rottacker C, Hamm B, Felix
R. Intracranial meningiomas: comparison of plain and contrast-
enhanced examinations in CT and MRI. Neuroradiology 1990;32:
12-18

Schubeus P, Schorner W, Rottacker C, Sander B. Intracranial
meningiomas: how frequent are indicative findings in CT and MRI?
Neuroradiology 1990;32:467-473

Tokumaru A, Ouchi T, Eguchi T, et al. Prominent meningeal
enhancement adjacent to meningioma on Gd-DTPA enhanced
MR images: histopathologic correlation. Radiology 1990;
175:431-433

Aoki S, Sasaki Y, Machida T, Tanioka H. Contrast-enhanced MR
images in patients with meningioma: importance of enhancement
of the dura adjacent to the tumor. AJNR Am J Neuroradiol 1990;
11:935-938

Goldsher D, Litt AW, Pinto RS, Bannon KR, Kricheff II. Dural “tail”
associated with meningiomas on Gd-DTPA enhanced MR images:
characteristics, differential diagnostic value, and possible impli-
cations for treatment. Radiology 1990;176:447-450

19;

20.

21.

22.

23:

24.

25.

26.

CYSTIC MENINGIOMAS 1965

Ziilch KJ. Tumors of meningeal and related tissues. In: Ziilch KJ,
ed. Brain Tumors. 3rd ed. New York: Springer-Verlag, 1986:357-
393

Burger PC, Scheithauer BW, Vogel FS. Intracranial meninges. In:
Burger PC, Scheithauer BW, Vogel FS, eds. Surgical Pathology of
the Nervous System and Its Coverings. 3rd ed. New York:
Churchill Livingstone, 1991:67-142

Wilms G, Lammens M, Marchal G, et al. Prominent dural enhance-
ment adjacent to nonmeningiomatous malignant lesions on
contrast-enhanced MR images. AUNR Am J Neuroradiol 1991;12:
761-764

Paz-Fumagalli R, Daniels DL, Millen SJ, Meyer GA, Thieu TM.
Dural “tail” associated with acoustic schwannoma in MR imaging
with gadopentetate dimeglumine. AUNR Am J Neuroradiol 1991;
12:1206

Cushing H, Eisenhardt L. Gross and microscopical pathology. In:
Cushing H, Eisenhardt L, eds. Meningiomas. Springfield, Ill:
Charles C Thomas, 1938:19-55

Cushing H, Eisenhardt L. Parasagittal meningiomas. In: Cushing
H, Eisenhardt L, eds. Meningiomas. Springfield, lll: Charles C
Thomas, 1938:404-462

Vassilouthis J, Ambrose J. Computerized tomography scanning
appearances of intracranial meningiomas: an attempt to predict
histologic features. J Neurosurg 1979;50:320-327

Henry JM, Schwartz FT, Sartawi MA, Fox JL. Cystic meningiomas
simulating astrocytomas. J Neurosurg 1974;40:647-650



