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Gadolinium Enhancement of the Leptomeninges Caused by 
Hydrocephalus: A Potential Mimic of Leptomeningeal Metastasis 

D. James Schumacher, Robert D. Tien, Henry Friedman 

Summary: A patient had severe hydrocephalus and diffuse 
leptomeningeal enhancement on MR which mimicked leptomen­
ingeal spread of a primary brain tumor. The leptomeningeal 

enhancement resolved completely after decompression of the 
hydrocephalus. Data suggest that the leptomeningeal enhance­
ment is caused by vascular stasis induced by the hydrocephalus. 

Index terms: Meninges, magnetic resonance; Hydrocephalus; 
Brain, magnetic resonance; Neoplasms, metastasis 

Magnetic resonance (MR) with gadopentetate 
dimeglumine has been shown to be effective in 
delineating leptomeningeal spread of primary 
brain tumors and disseminated malignancies ( 1-
3). Nevertheless, the finding of leptomeningeal 
enhancement is not specific for metastatic dis­
ease and can be found in other conditions, such 
as viral meningitis (2, 4), bacterial meningitis (2, 
4), granulomatous meningitis (ie, fungal, tuber­
cular, or sarcoid) (2, 4, 5), chemical meningitis 
(2), rheumatoid arthritis (6), eosinophilic granu­
loma (2), cerebral infarction (7-8), radiation ne­
crosis (2), Iymphoproliferative disorders (1, 3, 9, 
10), subarachnoid hemorrhage (11), and agga­
maglobulinemia (12), and as a normal sequela of 
intracranial surgery (13). Thus, the radiographic 
diagnosis of leptomeningeal spread of tumor can 
be difficult and should always be corroborated 
with cerebrospinal fluid cytology and clinical his­
tory. 

Case Report 

A 20-year-old man presented with headaches and pro­
gressively blurry vision in his left eye. He denied seizures, 
nausea, vomiting, and focal neurologic symptoms and was 
treated for migraines. Ten months later he applied for a job 
which required an eye exam and at that time was found to 
have papilledema. MR imaging on a 1.5-T system revealed 
a large enhancing suprasellar mass (not shown) causing 
pronounced obstructive hydrocephalus. T1-weighted im-

ages (Fig 1) (700/15/ 1 [repetition time/ echo time/ excita­
tions]) , performed without flow compensation and after the 
administration of gadopentetate dimeglumine (0.1 mmol/ 
kg), revealed subtle, diffuse leptomeningeal enhancement 
for which the patient had no known cause (ie , no history 
of surgery, shunt procedure, subarachnoid hemorrhage, or 
meningitis). Thus, the MR was interpreted as depicting a 
primary malignant brain neoplasm with leptomeningeal 
enhancement suggesting spread of tumor. Of note, how­
ever, is that the leptomeningeal enhancement pattern was 
linear and segmented. 

A ventricular shunt procedure was performed 5 days 
later. At that time the intracranial pressure was noted to 
be increased (although not measured), and a subsequent 
biopsy of the suprasellar mass yielded a diagnosis of 
juvenile pilocytic astrocytoma. In the absence of further 
tumor-specific treatment, such as chemotherapy or radia­
tion, two follow-up MR examinations performed 8 and 9 
weeks later revealed complete resolution of the leptomen­
ingeal enhancement (Fig 2). Cerebrospinal fluid cytologies 
were negative on two occasions, and after 8 months of 
follow-up there is still no evidence of leptomeningeal tumor. 

Discussion 

We believe the leptomeningeal enhancement 
in this case represents enhancement of meningeal 
blood vessels secondary to vascular stasis caused 
by the patient's hydrocephalus. Vascular stasis in 
the leptomeningeal microcirculation during hy­
drocephalus has been documented experimen­
tally. Using direct visualization of the pial vascu­
lature through calvarial windows, several investi­
gators have shown dilatation of pial vessels and 
slowing of venous blood flow during periods of 
intracranial hypertension caused by hydroceph­
alus (14-17). Radionuclide blood flow experi­
ments of intracranial hypertension have con­
firmed these results by showing a steady increase 
in cerebral blood volume with a constant net 
cerebral blood flow , thus indicating a stasis of 
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Fig. 1. A and B, Axial T1-weighted im­
ages (700/ 15/ 1), after the administration of 
gadopentetate dimeglumine (0.1 mmol/ kg), 
demonstrate hydrocephalus (dilated lateral 
ventricles) and diffuse linear enhancement 
of the leptomeninges within the cortical sulci 
(arrowheads) . (Precontrast T1-weighted im­
ages failed to reveal high signal intensity 
within the cortical sulci.) Flow compensation 
gradients, which can augment vascular sig­
nal, especially after contrast administration , 
were not used during image acquisition . 

Fig. 2. A and B, Two months after shunt­
ing of the patient 's hydrocephalus, and in 
the absence of tumor-specific therapy, re­
peat MR imaging (500/ 20/ 1) with the same 
dose of gadolinium as in Figure 1 reveals 
decompression of the lateral ventricles and 
resolution of leptomeningeal enhancement. 
Incidentally noted is the interval develop­
ment of bilateral (left greater than right) 
subdural hematomas containing high-signal 
intensity methemoglobin. 

A 

blood within the cranium (18). In humans, the 
angiographic cerebral circulation time can be pro­
longed in patients with hydrocephalus, also sug­
gesting vascular stasis ( 19). 

If hydrocephalus can cause vascular stasis, 
how does this phenomenon lead to leptomenin­
geal enhancement? On spin-echo MR images, 
cerebral blood vessels typically appear as signal 
voids because of two dominant effects: the wash­
out of saturated spins from the imaging section, 
and the dephasing of blood protons caused by 
turbulence (20). Elster and Moody (7) have pos­
tulated that, in the setting of slow flow, the T1-
shortening characteristics of gadolinium, which 
increase net signal, predominate over the flow­
related factors responsible for signal drop-out. As 
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an example, gadopentetate dimeglumine has 
been shown to enhance the arteries distal to 
occluded vessels during acute cerebral infarction 
(7 -8). This enhancement coincides temporally 
with slowing of arterial blood flow (arteriolar­
capillary block) and postinfarction vasodilatation. 
This same phenomenon of gadolinium enhance­
ment of arteries has also been observed in focal 
cerebral arterial ectasia, in which slow flow has 
been documented angiographically (21). 

Several arguments support our hypothesis that 
the leptomeningeal enhancement in the current 
case was caused by the patient's hydrocephalus. 
First, the enhancement resolved spontaneously 
after relief of hydrocephalus, in the absence of 
tumor-specific therapy. Second, two cerebrospi-
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nal fluid cytologies and 8 months of follow-up 
have failed to reveal any evidence of leptomen­
ingeal tumor. Third, the patient had no history to 
suggest one of the other known causes for non­
malignant leptomeningeal enhancement, such as 
prior intracranial surgery, subarachnoid hemor­
rhage, or meningitis. Finally, the enhancing lep­
tomeninges in this patient were not nodular, but 
rather appeared curvilinear as blood vessels do. 

It is unclear why the phenomenon of lepto­
meningeal enhancement induced by hydroceph­
alus is not seen more frequently . Perhaps the 
degree of leptomeningeal enhancement is influ­
enced by the duration, cause, or severity of the 
hydrocephalus. Certainly, one unusual feature of 
the case presented here is the long duration of 
the patient's symptoms, which suggested that 
the hydrocephalus was also long standing. Unfor­
tunately, in this case the cerebrospinal fluid pres­
sure was not measured, and the severity of the 
hydrocephalus is not known. It is also possible 
that certain patients with brain neoplasm, hydro­
cephalus, and leptomeningeal enhancement are 
presumed to have leptomeningeal tumor and are 
treated accordingly. If these patients are reimaged 
only after the ventriculostomy and tumor-specific 
therapy (ie, chemotherapy or radiation) have 
cured the leptomeningeal disease, then the credit 
for this might be falsely given to the tumor­
specific therapy. 

In patients undergoing MR examination for 
possible leptomeningeal spread of tumor, lepto­
meningeal enhancement does not always indicate 
tumor. In the presence of hydrocephalus , the 
finding of subtle, curvilinear, leptomeningeal en­
hancement without nodularity should be inter­
preted with extreme caution, because this finding 
may indicate vascular stasis. Therefore, it is pru­
dent to repeat scanning in these patients after 
decompression of the hydrocephalus. 
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