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Postoperative Meningeal Enhancement on MRI In
Children with Brain Neoplasms?

Min-Hee Lee, M.D., Bokyung Kim Han, M.D., Hye-Kyung Yoon, M.D., Hyung-Jin Shin, M.D.?

The meninges composed of the dura, the arachnoid and the pia are significant sites
of blood-brain barrier. Physical disruption of the integrity of the meninges from a vari-
ety of causes including surgery results in various patterns of meningeal enhancement
on contrast enhanced MR images. It is important to distinguish normal reactive or be-
nign postoperative enhancement from more serious leptomeningeal metastasis or in-
fection, particularly in children with intracranial neoplasms. We present various pat-
terns of meningeal enhancement on MRI in children following surgery for brain neo-

plasms.
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MR imaging with contrast (Gd-DTPA) enhancement
has been widely used postoperatively in children with
brain neoplasms for the detection of recurrent tumor,
metastasis or other complications. It primarily demon-
strates the lesions that disrupt the blood-brain barrier
(BBB).

The meninges are composed of the dura, the arach-
noid and the pia mater. The dura lacks BBB; however
intense enhancement does not occur because of its rela-
tive avascularity. This explains the variable degree of
enhancement of normal dura. Both arachnoid and pia
normally do not enhance because of a tight functional
BBB despite of their relative vascularity (1, 2).

Physical disruption of the integrity of the meninges
from a variety of causes including surgery and shunt
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placement results in various patterns of reactive and be-
nign meningeal enhancement on contrast enhanced MR
images (3, 4, 5). It is important to distinguish normal re-
active or benign postoperative enhancement from more
serious leptomeningeal metastasis or infection. It is par-
ticularly important in children with intracranial neo-
plasms, because a number of common pediatric tumors
such as medulloblastoma, ependymoma, pineal region
tumor, or anaplastic astrocytoma have a tendency for
leptomeningeal metastasis via the cerebrospinal fluid
(CSF) (2).

We experienced 23 children with various meningeal
enhancement on MRI following surgery for brain neo-
plasms. Among them, seven showed normal” reactive
meningeal enhancement. Sixteen had dural enhance-
ment associated with subdural fluid collection or hem-
orrhage. Two of these 16 also had clinical evidence of in-
fection, and one had leptomeningeal metastasis.

We present various patterns of meningeal enhance-
ment on MRI in children following surgery for brain
neoplasms.
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Normal Meningeal Enhancement

Intravenous administration of Gd-DTPA causes en-
hancement of normal cranial dura. It is seen as a thin,
linear, short segmental pattern of enhancement and is
most prominent parasagittally (Fig. 1). Mild normal dur-
al enhancement is thought to be due to lack of BBB al-
though the dura is relatively avascular (1, 2, 6). Intra-
vascular enhancement of the meningeal vessels con-
tained in the dura, which supply the inner portion of the
calvavia, appears to be another reason for normal dural

enhancement (6). Long, thicker or more intense
meningeal enhancement suggests abnormality. A nor-
mal falx occasionally enhances in a thin uniform pat-
tern.

Postoperative Meningeal Enhancement

Normal Reactive Enhancement

A variety of patterns can be seen in postoperatively
well children from no enhancement to smooth thin dur-
al enhancement (Figs. 2, 3). It could be localized seg-

Fig. 1. Normal meningeal enhancement.

Enhanced T1-weighted coronal MR image shows thin, discontinuous pattern of linear dural enhancement (arrows) and enhance-
ment along the falx (arrowhead). Calvarial marrow fat (curved arrows).

Fig. 2. Postoperative normal reactive meningeal enhancement.

Enhanced T1-weighted axial MR image obtained 4 months after surgery demonstrates very thin, short segment of linear dural en-
hancement over frontal convexities bilaterally (arrows). Large postoperative surgical defect (S) is seen on the right.

Fig. 3. Postoperative normal reactive meningeal enhancement.

Enhanced T1-weighted axial MR image obtained 1 year following surgery shows diffuse, continuous and linear dural enhance-
ment over convexities and along the falx. No postoperative complications such as subdural fluid collection or hemorrhage are seen.

The child was clinically well.

Fig. 4. Postoperative benign meningeal
enhancement.

Enhanced T1-weighted axial image (A)
obtained 1 month after surgery show a
localized fluid collection (F) with adja-
cent dural enhancement (arrows) at
the site of operation. Normal postoper-
ative, thin, short segments of linear
dural enhancement (short arrows) is
seen over convexities bilaterally (B).
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mentally or diffuse over the convexities, and may per-
sist for many years following surgery. According to the
study by Hudgins et al. (1), the type of surgery or time s-
ince surgery did not appear to affect the pattern of
meningeal enhancement.

Meningeal enhancement following intracranial
surgery is likely due to physical interruption of the BBB,
and inflammatory process or chemical arachnoiditis
caused by subarachnoid hemorrhage occurring at the
time of surgery (1, 4, 6).

Subdural Fluid Collection/Hemorrhage
Subdural fluid collection or hemorrhage frequently oc-

curs immediately after surgery (7). The dura adjacent to
the fluid collection or hemorrhage is thickened and
moderately to markedly enhanced. It could be localized
at the operative site (Fig. 4) or diffuse over the convexi-
ties, depending on the extent of fluid collection or hem-
orrhage. The thickness and intensity of dural enhance-
ment appear to increase with time (Fig. 5). As the sub-
dural fluid collection or hemorrhage becomes chronic
and organized, numerous capillaries grow inward from
the outer aspect of the fluid collection or hematoma,
forming a membrane which is relatively vascular. This
causes varying degrees of enhancement in the periphery
of the fluid collection or hemorrhage (1, Fig. 5). Post-he-

Fig. 5. Postoperative benign meningeal enhancement.

Enhanced T1-weighted axial MR image (A) obtained 2 months following surgery reveals slightly thickened, wavy and generalized
dural enhancement along the margin of subdural fluid collections. Enhanced T1-weighted axial (B) and coronal images (C) obtained
1 year later show persistent bilateral subdural fluid collections with increasing dural thickening and enhancement. Irregular periph-
eral enhancement of the fluid collection is seen, suggesting organizing phase of the fluid collection. The child was clinically well.

Fig. 6. Infectious meningeal enhance-
ment.

Enhanced T1-weighted sagittal MR
image shows abnormal leptomening-
eal enhancement (arrows) in the
frontal and parietal lobes, extending
deep into the brain sulci. Overlying
subdural high signal intensity area
was proved to be pus mixed with hem-
orrhage at surgery.

Fig. 7. Infectious meningeal enhance-
ment.

Enhanced T1-weighted axial MR im-
age demonstrates ependymal en-
hancement of right frontal and occipi-
tal horns (arrows). Diffuse dural en-

hancement and thickening associated with bilateral subdural fluid collections are also seen. Cerebrospinal fluid (CSF) study re-
vealed presence of WBC, and increased protein level, indicating infectious condition. Postsurgical defect (* ).
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Fig. 8. Malignant meningeal enhancement.
Enhanced T1-weighted MR images (A, B, C) show abnormal ependymal enhancement of the both lateral ventricles and along the
floor of the 4th ventricle (arrows) and multiple ependymal nodules (arrowheads) along the ventricular wall, representing extensive
tumor dissemination via cerebrospinal fluid (CSF). Bilateral, diffuse dural enhancement over convexities on coronal image (B) is
thought to be benign in nature associated with subdural fluid collection (short arrows). On midsagittal image (C), tuber cinereum is
abnormally thickened and enhanced (crossed arrow) by tumor dissemination. Irregular enhancement is seen at the margin of oper-
ative site in posterior fossa (* ). Cerebrospinal fluid (CSF) was positive for malignant cells.

morrhagic inflammation of the meninges may lead to
meningeal fibrosis (5).

Infection/Leptomeningeal Metastasis

Pia-subarachnoid space enhancement follows the
brain surface, extending into the depths of the sulci (7).
Pia-subarachnoid space or ependymal enhancement
suggests infectious (Figs. 6, 7) or leptomeningeal metas-
tasis (Fig. 8); it may be focal or diffuse and have either a
smooth or nodular contour (8). Irregular or nodular dur-
al enhancement with thickening also indicates a signifi-
cant pathologic process. A diffuse appearance favors in-
fectious process, while a nodular pattern of enhance-
ment highly suggests leptomeningeal metastasis (7, 8).

Conclusion

A variety of meningeal enhancement is seen postoper-
atively in children with brain neoplasms on MRI. Mild
degree of meningeal enhancement can be seen normal-
ly, and mild to moderate enhancement and thickening
of the dura are commonly seen associated with postop-
erative subdural fluid collection or hemorrhage.

Postoperative meningeal enhancement does not nec-
essarily indicate leptomeningeal metastasis or infection.
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11TH ANNUAL MEETING AND POST GRADUATE
COURSE OF THE EUROPEAN SOCIETY OF
GASTROINTESTINAL AND ABDOMINAL RADIOLOGY
(ESGAR) (2000 6 21-24 )
venue: Palais des Congres, La Gradne Motte, France.
contact: Prof. J. M. Bruel, Chef de Serv., Imagerie Med.,
Hopital St. Eloi,
CHU de Montpellier, F-34295 Montpellier cedex 5,
France.
(tel: 33-467337119; fax: 33-467337549;
E-mail: jm-bruel@chu-montpellier.fr)

ANNUAL MEETING CLINICAL MAGNETIC RESONANCE
SOCIETY (2000 6 22-25 )
venue: Fairmont Hotel, San Francisco, CA, USA.
contact: Caren L. Theuring, Cl. Magn. Resoance Society,
Suite 104, 2825 Burnet Avenue, Cincinnati, OH
45219-2199, USA.
(tel: 1-513-2210070; fax: 1-513-2210825;
E-mail: cmrs@one.net)

INTERNATIONAL CONGRESS ON COMPUTED
MAXILLOFACIAL IMAGING (CMI) (2000 6 26-7 3 )
venue: Hyatt Regency, San Francisco, CA, USA.
contact: Dr. Allan Farman, Univ. of Louisville, KY 40292,
USA.
(tel: 1-502-8521241)

2ND INTERNATIONAL CONFERENCE OF THE BREAST
CANCER INTERNATIONAL RESEARCH GROUP
(BCIRG):APPLICATION OF NEW EVIDENCE TO PATIENT
TREATMENT (2000 6 26-28 )
venue: Cross Cancer Institute, Edmonton, Alberta, Canada.
contact: Buksa Associates, Inc., BCIRG Conf. Secretariat,
11659-72 Avenue, Edmonton, AB T6G OB9,
Canada.
(tel: 1-780-4360983; fax: 1-780-4375984; E-mail:
bcirg@buksa.com)

CARS 2000: COMPUTER ASSISTED RADIOLOGY &
SURGERY- 14TH INTERNATIONAL CONGRESS AND
EXHIBITION (2000 6 8 -7 3 )
venue: Hyatt Regency, San Francisco, CA, USA.
contact: Mrs. Franziska Schweikert, CARS Conference
Office, Im Gut 11, D-79790 Kussaberg, Germany.
(tel: 49-7742-91410; fax: 49-7742-4391,
E-mail: francis. cars@d-plus.net)

INTERNATIONAL PERINATAL DOPPLER SOCIETY - IPDS
2000 CONFERENCE (2000 6 29 -7 2 )
venue: Taipei Int. Conv. Center (TICC), Taipei, Taiwan,
R.O.C..
contact: c/o K&A International Co., Ltd,
P.O. Box 55-1143, Taipei, Taiwan, R.O.C..
(tel: 886-2-25923918; fax: 886-2-25919345;
E-mail: knaintl@vneus. ttn. com. tw)
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SUMMER ABDOMINAL IMAGING CONFERENCE

(2000 7 37 )

venue: Jackson Hole, Wyoming, Grand Teton Nat. Park,
USA.

contact: Janice Ford Benner, Univ. of PA Medical Center,
3400 Spruce Street, 1 Silverstein Bldg., Philadelphia,
PA 19104, USA.
(tel: 1-215-6626904; fax: 1-215-3495925)

MEETING ON RISK MANAGEMENT & ERROR
AVOIDANCE IN CLINICAL RADIOLOGY (2000 7 7 )
venue: British Institute of Radiology, London, United
Kingdom.
contact: Kitti Kottasz, BIR,
36 Portland Place, London WIN 4AT, United
Kingdom.
(tel: 44-171-3071429; fax: 44-171-3071414)

CONGRESS ON THE NEW ADVANCES IN DIAGNOSTIC
IMAGING (2000 7 8-11 )
venue: Rome, Italy.
contact: Prof. P. Pavone, Policlinico Umberto I, Viale Regina
Elena, 324, 1-00161 Rome, Italy.
Viale Regina Elena, 324, 1-00161 Rome, Italy.
(tel: 39-06-4463927/4468587; fax: 39-06-490243;
E-mail: Pavone@uniromal.it)

22ND ANNUAL DIAGNOSTIC IMAGING CONFERENCE
(2000 7 10-14 )
venue: Harbor View Hotel, Martha’s Vineyard, MA, USA.
contact: Janice Ford Benner, Univ. of PA Med. Center,
Radiology, 3400 Spruce Street, 1 Founders Bldg.,
Philadelphia, Pa 19104, USA
(tel: 1-215-6627825; fax: 1-215-3495925)

SIX-WEEK RADIOLOGIC PATHOLOGY COURSE

(2000 7 17-25 )

venue: Washington, DC, USA.

contact: Mr. Arnold Gittleson, Armed Forces Inst. of
Pathology, 14th St. and Alaska Ave. N.W.,
Washington, D.C. 20306, USA.
(tel: 1-202-7822272; fax:1-202-7828124;
E-mail: gittleson@afip.osd.mil)

WORLD CONGRESS ON MEDICAL PHYSICS &
BIOMEDICAL ENGINEERING/42ND ANNUAL MEETING
AMERICAN ASSOCIATION OF PHYSICISTS IN MEDICINE
(2000 7 25-30 )
venue: Navy Pier, Chicago, IL, USA.
contact: Lisa Rose Sullivan, Projects Manager AAPM, One
Physics Ellipse, College Park, MD 20740, USA.
(tel: 1-301-2093350; fax: 1-301-2090862;
E-mail: aapm@org)
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