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Gd-DTPA-Enhanced MR Imaging 
of Leptomeningeal Spread of 
Primary Intracranial CNS Tumor in 
Children 

Three children with known primary brain neoplasms and leptomeningeal disease were 
evaluated with MR imaging. Two of the patients had medulloblastoma and one had 
pineoblastoma. The presence of leptomeningeal tumor spread was established by 
positive CSF cytopathology in conjunction with compatible contrast-enhanced CT find
ings. Contrast-enhanced CT, nonenhanced MR, and Gd-DTPA-enhanced MR studies 
were then compared. In two cases, leptomeningeal lesions were seen better with Gd
DTPA-enhanced MR than with contrast-enhanced CT. In all three cases, Gd-DTPA MR 
imaging revealed lesions that were not identified on noncontrast MR. 

Gd-DTPA-enhanced MR imaging is useful when searching for intracranial leptomen
ingeal tumor deposits in pediatric patients at risk for this condition. 

AJNR 11:329-332, March/April1990 

Leptomeningeal metastasis consists of diffuse seeding of the leptomeninges by 
metastatic tumor. Commonly, the disorder results from carcinoma that has origi
nated in the breast or lung or from other systemic neoplasms such as lymphoma 
[1 ). Spread of primary brain neoplasms also represents a significant cause of tumor 
infiltration of the meninges. Primary CNS lesions associated with this condition 
include medulloblastoma, pineoblastoma, retinoblastoma, ependymoma, lym
phoma, and others [2, 3). 

Clinically, patients with meningeal tumor may present with protean signs and 
symptoms [ 4). Definitive diagnosis of this condition relies heavily on the demon
stration of malignant cells in the CSF. Unfortunately, patients with leptomeningeal 
metastasis may have negative CSF cytologic examinations [4). In order to minimize 
false negative results, repeated CSF sampling is required . Additionally , false 
positives can result if inflammatory cells are mistaken for tumor cells [4) . 

Radiologic methods for the detection of spinal and intracranial subarachnoid 
tumor deposits have traditionally included myelography and CT [4-7) . Recently , 
the efficacy of MR imaging has been evaluated in patients with meningeal tumor 
spread. However, leptomeningeal metastatic disease may not be apparent on 
routine T1- and T2-weighted spin-echo sequences [7). In this article we demon
strate the efficacy of Gd-DTPA-enhanced MR imaging in evaluating three patients 
with leptomeningeal disease from primary intracranial lesions. 

Subjects and Methods 

From August 1988 to January 1989, three children with pathologically proved primary CNS 
neoplasms were evaluated with contrast-enhanced CT and with MR with and without IV Gd
DTPA. Two patients (a 6-year-old girl , case 1; and a 6-year-old boy, case 3) had medulloblas
toma and one patient (a 4-year-old girl , case 2) had pineoblastoma. The presence of 
leptomeningeal neoplasm was established by positive CSF cytopathology. MR imaging was 
performed to better define known lesions or to identify additional lesions. 

In all patients, axial CT scans were obtained with a GE 9800 scanner and a slice thickness 
of 5 mm. Contrast enhancement was obtained by using a split bolus-drip IV injection of 
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lsovue-300 (Squibb) at a dosage of 2 mljkg (150 ml maximum). To 
better compare CT and MR studies, examinations performed closest 
in time were selected. 

All MR imaging was performed with a superconducting magnet 
(GE Signa) operating at 1.5 T. For each patient, axial spin-echo T1 -
weighted images, 500/20/1 (TR/TEjexcitations), and multiecho car
diac-gated T2-weighted images, 2400-2667 f30 ,80f0.75 , were ac
quired. Additional images in the coronal or sagittal planes were 
obtained as needed. Slice thickness ranged from 5 to 7 mm. For Gd
enhanced imaging, an IV dosage of 0.1 mmoljkg (0.2 mlj kg) gado
pentetate dimeglumine (Berlex) was used. T1-weighted images were 
acquired immediately after the IV Gd-DTPA dose. When patients 
required sedation for MR , IV Nembutal (4-6 mgjkg) was used. 

A retrospective comparison between nonenhanced MR, Gd-MR , 
and contrast-enhanced CT was performed . In particular, the appear
ance of the subarachnoid spaces including sulci and basilar cisterns 
was noted. 

Results 

Contrast-enhanced CT, MR, and Gd-MR were obtained in 
all patients. CT and Gd-MR examinations correlated well in 
patients 2 and 3. Patient 2 had evidence of cisternal disease 
on both contrast-enhanced CT (Fig . 1 A) and Gd-DTPA-en
hanced MR (Fig. 1 B). Widespread cisternal and sulcal lepto
meningeal involvement was documented in patient 3 on both 
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D 

studies (Fig. 2). Posterior fossa enhancement was more ap
parent with Gd-MR owing to the lack of beam-hardening 
artifact seen on CT. Specifically, leptomeningeal involvement 
within the internal auditory canal bilaterally was apparent on 
Gd-MR but not appreciated with contrast-enhanced CT (Figs. 
2A and 2B). 

There were disparate results between contrast-enhanced 
CT and Gd-MR examinations in patient 1. In this case, equiv
ocal cisternal involvement on contrast CT was confirmed by 
definite abnormal enhancement on the Gd-MR examination 
(Figs. 3A and 3B). Coronal images were especially useful. In 
addition , cerebellar hemispheric sulcal enhancement present 
on Gd-MR was not seen on contrast-enhanced CT (Fig. 3C). 

In no case did noncontrast MR reveal evidence of subarach
noid disease. CSF spaces involved with tumor were indistin
guishable from uninvolved areas on all spin-echo sequences. 
All patients had previously placed ventriculoperitoneal shunts, 
and ventriculomegaly was not a prominent feature in our 
patients. 

Discussion 

Leptomeningeal tumor spread has been reported with a 
variety of primary intracranial lesions. The most common are 
medulloblastoma, pinealoma, retinoblastoma, lymphoma, and 

Fig. 1.-Case 2: 4-year-old girl with pineo
blastoma. 

A, Axial contrast-enhanced CT scan shows 
abnormal density anterior to pons (arrows) con
sistent with leptomeningeal disease. Proximity 
to bone partly obscures region of interest. 

B, Axial Gd-DTPA-enhanced T1-weighted 
(500/20) MR image demonstrates abnormally en
hancing tissue (arrows) anterior to pons, extend
ing to left cerebellopontine angle. Lesion is more 
apparent here than on contrast-enhanced CT. 

C, Axial T2-weighted (2000/80) MR image 
shows leptomeningeal metastasis anterior to 
pons, blending imperceptibly with adjacent CSF 
(arrowheads) . 

D, Axial nonenhanced T1-weighted (500/20) 
MR image shows that leptomeningeal metas
tases (arrowheads) are not appreciated on 
nonenhanced MR image. 
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Fig. 2.-Case 3: 6-year-old boy with medulloblastoma. 
A, Axial contrast-enhanced CT scan shows abnormal enhancement within fourth ventricle and over pontine surface (arrows). 
B, Axial Gd-DTPA-enhanced MR image reveals corresponding enhancement within fourth ventricle (open arrows). Involvement of internal auditory 

canals is apparent (solid arrows). 
C, Coronal Gd-DTPA-enhanced T1-weighted (500/20) MR image shows abnormal sulcal and cisternal enhancement (arrows). Note extension of 

leptomeningeal disease into spinal canal (arrowheads). 

8 

Fig. 3.-Case 1: 6-year-old girl with medulloblastoma. 
A, Axial contrast-enhanced CT scan shows indistinct quadrigeminal plate cistern (arrows). No definite abnormal enhancement was seen. Shunt catheter 

is near foramen of Monro. 
B, Coronal Gd-DTPA-enhanced T1-weighted (500/20) MR image shows abnormally enhancing tissue along surface of brainstem (arrowheads). 
C, Axial Gd-DTPA-enhanced T1-weighted (500/20) MR image shows abnormal enhancement of cerebellar folia (arrows) representing leptomeningeal 

spread of tumor. No enhancement of cerebellar folia was detected on CT. 

ependymoma [2, 3]. Primary gliomas of the optic chiasm, 
corpus callosum, and brainstem, as well as oligodendroglio
mas, can also produce metastatic leptomeningeal involvement 
[3]. Tumor spread may occur as a result of CSF seeding from 
a primary intraventricular neoplasm or from direct extension 
of parenchymal tumor through the pia or ependyma. Interest
ingly, the gross appearance of brains involved with diffuse 
leptomeningeal disease can be normal because there may be 

only a very thin layer of neoplastic cells lining the subarachnoid 
space [3, 8] . 

The diagnosis of meningeal spread of tumor is made by 
positive CSF cytopathology. Unfortunately, only 15 to 60 
percent of patients with leptomeningeal metastases have 
positive cytologic findings [3, 9] . Failure to find malignant cells 
in the CSF does not exclude the diagnosis of leptomeningeal 
disease when this is suspected on clinical grounds [4]. Other 
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CSF abnormalities, including elevated protein, mononuclear 
pleocytosis, and hypoglycorrhacia, are nonspecific [4]. 

Previously, the radiologic demonstration of intracranial 
leptomeningeal tumor has relied heavily upon CT [2, 3, 5, 9, 
1 0]. Characteristic CT findings include sulcal and basilar 
cistern obliteration with enhancement, ependymal-subepen
dymal enhancement, gyral enhancement without subcortical 
edema, and ventricular dilatation [2, 3, 5). A single CT scan 
is, however, relatively insensitive in detecting meningeal 
spread [5 , 6). Some reports suggest improved results with 
high-resolution CT (5-mm-thick cuts) through the posterior 
fossa [9), or with serial CT scanning [1 0]. It should be noted 
that sulcal or cisternal enhancement is nonspecific. These 
findings may be seen in cases with prior subarachnoid hem
orrhage or in granulomatous meningeal disease [2, 9]. 

MR has been able to identify spinal subarachnoid tumor 
deposition although noncontrast MR is rather insensitive in 
detecting this process [7, 11). Relaxation characteristics of 
leptomeningeal tumor are near those of surrounding CSF. 
Recently, the value of Gd-DTPA-enhanced MR imaging in 
detecting spinal leptomeningeal seeding has been described 
[8, 12). Additionally, it has been suggested that Gd-MR may 
have a role in the detection of intracranial leptomeningeal 
tumor spread from primary CNS neoplasms [13). 

Our limited study further substantiates the value of Gd-MR 
in the detection of intracranial meningeal tumor spread. Find
ings correlated well with those on contrast-enhanced CT. In 
two cases (patients 1 and 3) Gd-MR imaging resulted in 
improved visualization of subarachnoid disease. This was 
particularly so within the posterior fossa-a favored site of 
intracranial involvement. In all three cases, Gd-MR revealed 
lesions that were not identified on noncontrast MR. Although 
further evaluation is necessary, we support the use of Gd
MR when searching for intracranial leptomeningeal deposits 
in pediatric patients at risk for this condition. 
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