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Plain and Gd-DTPA-enhanced MR images of the brain were obtained in 18 consecutive 
patients with meningitis (eight with tuberculous, five with bacterial, three with viral, and 
two with fungal infections); the MR images were compared with CT scans. MR images 
were obtained on a 2.0-T superconducting unit with both T1- and T2-weighted pulse 
sequences before injection and with a T1-weighted sequence after injection of Gd-DTPA 
(0.1 mmoljkg) in all patients. In tuberculous meningitis, MR imaging depicted ischemia/ 
infarct, hemorrhagic infarct of basal ganglia, meningeal enhancement at either basal 
cistern or convexity surface of brain, and associated small granulomas in a few more 
patients than CT did. In bacterial meningitis, primary foci of extracranial inflammation 
(i.e., mastoid, paranasal sinuses) and adjacent intracranial lesions including localized 
dural inflammation, subdural fluid collection, andjor brain parenchymal lesions were 
demonstrated much better on MR than on CT. Otherwise, MR images generally matched 
the CT scan. Although the plain MR images, both T1- and T2-weighted, were the most 
sensitive in delineating ischemia/infarct, hemorrhage, and edema, they were not as 
specific as Gd-DTPA-enhanced T1-weighted images and postcontrast CT scans in 
defining the active inflammatory process of the meninges and focal lesions precisely. 

We conclude that if Gd-DTPA is used, MR imaging appears to be superior to CT in 
the evaluation of patients with suspected meningitis. Precontrast MR is needed to 
delineate ischemia/infarct, edema, and subacute hemorrhage. 

AJNR 11:69-76, January/February 1990; AJR 154: April1990 

CT has been used effectively to evaluate the presence or absence of associated 
inflammatory mass, infarct, and hydrocephalus and the status of an abnormal 
blood-brain barrier (BBB) in leptomeningeal inflammation [1-4 ). In little more than 
a decade after the introduction of CT, MR imaging has become a valuable clinical 
tool that has proved to be superior to CT in evaluating many intracranial diseases 
[5-1 0). However, the specific role of MR imaging has not yet been defined in 
leptomeningitis, even though the MR appearance of intracranial infectious diseases 
has been described in the literature [8 , 1 0-17] . The purposes of this study were 
to evaluate the role of MR imaging, to assess the value of Gd-DTPA enhancement, 
and to discover the special advantages, if any, of MR over CT in the evaluation of 
meningitis. 

Materials and Methods 

Eighteen consecutive patients with meningitis (eight tuberculous, five bacterial , two fungal, 
and three viral) were examined with MR before and after IV injection of Gd-DTPA (Shering 
AG, Berlin, W. Germany). The 11 male and seven female patients were 12-65 years old . Fully 
informed consent was obtained in each case. Microbiological confirmation of the diagnosis 
was available in six patients (three tuberculous, one bacterial , and two cryptococcal menin­
gitis). In the microbiologically unproved cases the diagnosis was established on the basis of 
other criteria: In five cases of tuberculous meningitis it was based on the CSF profile, 
coexisting tuberculous infection in another organ , family history of tuberculosis , and the 
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response to antituberculous regimens during the illness. In four 
patients with meningitis of bacterial origin , the diagnosis was based 
on the CSF profile, the response to the antibiotics, and the course of 
the illness. In the three cases of viral meningitis the diagnosis was 
based on the CSF profile and the short course of the illness without 
any specific treatment. 

MR imaging was performed with a superconducting unit (Spectro-
20000, Goldstar, Seoul , Korea) operating at 2.0 T. With a head coil 
(diameter, 30 em), all images were produced by using multislice, 
multiecho spin-echo (SE) pulse sequences and a two-dimensional 
Fourier transform image reconstruction technique. All patients had 
precontrast T1-weighted images, 500-600f30f2-4 (TRfTEfexcita­
tions); intermediate-weighted images, 3000/30/1 ; and T2-weighted 
images, 3000/80/ 1. After IV injection of Gd-DTPA (0.1 mmoljkg body 
weight), all patients were studied with T1-weighted images only; 
however, in an earlier period of the study five patients had interme­
diate- and T2-weighted images also. The section thickness/gap was 
8 mm/2 mm in T1-weighted imaging and 5 mm/1 mm in T2-weighted 
imaging. As a rule , we chose an axial imaging plane corresponding 
to that of the CT examination. The images were acquired on a 256 
x 256 matrix with spatial resolution of 1 x 1 mm. 

Pre- and postcontrast CT scans were obtained 1-13 days before 
the MR study in all patients. Either a GE CTfT 8800 or 9800 or 
equivalent third-generation unit was used. 

A B 

c D 

A retrospective comparison was done between MR and CT find­
ings with attention to identification of abnormal meningeal enhance­
ment; parenchymal signal abnormalities including ischemia/infarct , 
hemorrhage, granuloma, and abscess; hydrocephalus; periventricular 
edema; and other associated findings. When parenchymal lesions of 
high signal intensity on T2-weighted images and of iso- or hypoin­
tensity on T1-weighted images were observed in the basal ganglia , 
thalamus, brainstem, or a major vascular territory , they were desig­
nated as ischemia/infarct. 

Results 

Of eight patients with tuberculous meningitis, cisternal ob­
literation and abnormal enhancement were identified in six 
patients on MR (Figs. 1-3) and in five on CT. In one patient 
in whom a disparity was seen between CT and MR, CT could 
not differentiate between normal and abnormal cisternal en­
hancement. The most common site of enhancement was the 
suprasellar cistern; next were the ambient cistern and sylvian 
fissure. Curvilinear meningeal enhancement along the con­
vexity surface of the brain was noticed in one patient on MR 
only (Fig. 2). Associated granulomas ranging from 2 to 10 mm 

Fig. 1.-Case 1: Tuberculous men­
ingitis. 

A and B, Precontrast SE 500/30 im­
ages show obliteration of basal cis­
terns, hydrocephalus, and ischemia/in­
farct (arrows) with hemorrhagic foci 
(arrowheads) in basal ganglia bilater­
ally. 

C, Precontrast SE 3000/80 image 
shows multiple areas of high signal in­
tensity mainly representing edema and 
ischemia/infarct (arrows) with hemor­
rhagic foci (arrowheads) in basal gan­
glia, external capsules, and periventric­
ular white matter bilaterally. Lesions 
appear to be much more extensive on 
3000/80 image than on 500/30 images. 
Bilateral low signal intensities at globus 
pallidus seen on B and C represent 
calcifications, which were verified on 
CT (not shown). 

D, GD-DTPA-enhanced SE 500/30 
image reveals extensive contrast en­
hancement in suprasellar and perimes­
encephalic cisterns and left ventricular 
wall. 
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Fig. 2.-Case 7: Tuberculous men­
ingitis. 

A, GD-DTPA-enhanced SE 600/30 
image shows multiple ring-enhancing 
granulomas in suprasellar and sylvian 
cisterns and curvilinear meningeal en­
hancement along convexity surface of 
brain (arrows). 

B, Meningeal enhancement at con­
vexity surface is hardly detectable on 
postcontrast CT scan obtained 13 days 
before MR. Lentiform subdural fluid col­
lection in right frontal convexity was 
caused by ventriculoperitoneal shunt 
procedure. 

Fig. 3.-Case 3: Tuberculous men­
ingitis. 

A, Gd-DTPA-enhanced SE 500/30 
image shows round, enhancing nodule 
(tuberculoma, arrow) in left side of 
pons and cisternal enhancement in pre­
pontine and left cerebellopontine angle 
cisterns (arrowheads) , as well as in 
suprasellar cistern. 

B, Gd-DTPA-enhanced SE 3000/80 
image shows more extensive area of 
high signal intensity in pons and left 
side of cerebellum representing 
edema. Tuberculoma is not separated 
from surrounding edema. Lesion ap­
pears to be same as that seen on pre­
contrast SE 3000/80 image (not 
shown). 

A 

A 

were readily identified in four patients on MR (Figs. 2 and 3), 
but in only three on CT. The granulomas usually were multiple, 
nodular or ring-shaped, and located at the basal cisterns and 
cortical areas of the brain . Some tiny nodules were seen only 
on MR. These enhancing lesions were demonstrated only on 
postcontrast T1-weighted images, and not on precontrast T1-
and T2-weighted images. On postcontrast T2-weighted im­
ages, obtained in five selected patients, the enhancing gran­
ulomas were indistinguishable from surrounding edema (Fig . 
3). Focal parenchymal signal abnormalities suggesting ische­
mia/infarct were identified in five patients on MR (Fig. 1) and 
in four on CT. These abnormalities were seen most often at 
the basal ganglia, and, less often , at the thalamus , midbrain , 
and deep periventricular white matter also. The precontrast 
T2-weighted image was the most sensitive in detecting these 
lesions. The hemorrhagic foci of high signal intensity on both 
precontrast T1- and T2-weighted images were demonstrated 
at the basal ganglia in two patients on MR (Fig. 1 B), but in 
none on CT. 

8 

8 

The five patients with bacterial meningitis included three 
with otogenous meningitis. In all three, MR showed abnormal 
signal intensity in the mastoid areas and localized contrast 
enhancement at the thickened tentorium along the ipsilateral 
petrous bone (Fig . 4). In one case of rhinogenous meningitis 
MR clearly demonstrated inflammation of the paranasal si­
nuses and adjacent thickened dural enhancement in associ­
ation with subdural fluid collections . In addition, there were 
multiple areas of abnormal signal intensity suggesting is­
chemic infarction in the gyrus rectus bilaterally and in the right 
middle cerebral artery territory with gyral swelling (Fig . 5) . 
These findings were demonstrated weakly or less clearly on 
CT. Abscesses observed in two patients (one in the cerebel­
lum and the other in the deep parietal lobe) appeared as 
smooth, thick-walled rings of slightly high signal intensity with 
strong ring enhancement on the T1-weighted images, just like 
the CT appearance. 

In the three patients with viral meningitis MR and CT 
findings were normal except for hydrocephalus in one patient. 
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c D 

Two patients had cryptococcal meningitis. Abnormal MR 
and CT findings in the basal ganglia in one suggested ischemic 
infarct. In the other patient normal MR and CT findings were 
seen during the convalescent period . 

Hydrocephalus of varying degrees was identified equally 
well in 12 patients (six with tuberculous, four with bacterial , 
one with viral, one with cryptococcal meningitis) on both MR 
and CT. Periventricular edema was demonstrated clearly in 
seven of the 12 patients on T2-weighted images but in only 
five on both T1-weighted images and CT scans. 

Associated findings included a subdural fluid collection 
complicated by a ventriculoperitoneal shunt procedure and 
interstitial edema around focal lesions. These were demon­
strated equally well on MR and CT. 

The MR and CT features of all patients are summarized in 
Table 1. 

Discussion 

A gross pathologic characteristic of tuberculous meningitis 
is a diffuse gra)' opacity in the leptomeninges owing to thick, 
gelatinous infiltrates around the base of the brain. Blood 

Fig. 4.-Case 10: Otogenous bacte­
rial meningitis. 

A and 8, Precontrast SE 500/30 im­
ages. Variable degree of high signal 
intensity in left mastoid area represents 
mastoiditis (arrowheads). 

C and D, Gd-DTPA-enhanced SE 
500/30 images show linear enhance­
ment along tentorium adjacent to pet­
rous bone (black arrowheads) and nod­
ular enhancement just above petrous 
bone suggesting inflammatory mass 
(arrow), in addition to enhancement in 
area of mastoiditis (white arrowheads). 

vessels running through the involved CSF spaces may be 
affected by the inflammatory exudate with resulting throm­
bosis and brain infarct. Interference with reabsorption of CSF 
produces communicating hydrocephalus [8, 18). On CT, tu­
berculous meningitis is seen as varying degrees of contrast 
enhancement in the basal cisterns, communicating hydro­
cephalus, ischemia/infarct in the basal ganglia, and coexisting 
tuberculomas [1, 3, 4, 19]. In our series, ischemia/infarct in 
the basal ganglia was identified slightly more often on MR 
than on CT; hemorrhage was detected on MR only. The 
higher detection rate of MR might be due to the intrinsic 
higher sensitivity of MR andjor to lesions that developed 
during the interval between CT and MR (7 days each in cases 
1 and 6; 9 days in case 2). Forty-three percent of ischemic 
infarcts may be complicated by a secondary hemorrhage at 
sometime during their course [20]. Inflammatory vasculitis, 
which may occur in any type of meningitis, is especially likely 
to produce such hemorrhagic infarcts [9]. 

Gd-DTPA-enhanced T1-weighted images unambiguously 
characterize the pathologic lesions, showing the abnormal 
bloodjbrain barrier andjor vascularity ; in general , this pattern 
is mimicked on postcontrast CT, but the MR contrast en-
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Fig. 5.-Case 9: Rhinogenous bac­
terial meningitis. 

A and 0 , Precontrast SE 500/30 (A 
and B) and 3000/80 (C and 0) images 
show inflammation of paranasal si­
nuses (solid arrows) and subdural fluid 
collections (arrowheads) in anterior 
temporal area bilaterally and in anterior 
interhemispheric fissure on left, asso­
ciated with adjacent dural thickening. 
Localized high intensity in right par­
amidline frontal area (open arrow) on A 
presumably is due to artifacts from field 
inhomogeneity. Precontrast SE 3000/ 
80 image (0) also shows edematous 
swelling of right frontoparietal gyri cor­
responding to middle cerebral artery 
territory, probably caused by ischemia / 
infarct secondary to vascular compro­
mise. Focal areas in left centrum se­
miovale also appear involved. 

E and F, Gd-DTPA-enhanced SE 
500/30 images. Thickened mucosae of 
paranasal sinuses (arrows) and thick- A B 
ened dura in area of subdural fluid col­
lections (arrowheads) are densely en­
hanced. These abnormalities were not 
conspicuous on CT scans obtained 3 
days before MR. 

c 

E 

hancement is more intense and MR is more sensitive [21 -
26]. In our series, MR imaging easily differentiated basal 
cisternal enhancement from signal-void vessels at the circle 
of Willis in a patient with CT findings of equivocal enhance-

D 

F 

ment (case 2) and convexity meningeal enhancement from 
the inner table of the skull in another (case 7). Greater 
numbers of tuberculomas were seen on MR also. Better 
detection of these enhancing lesions by MR imaging might 
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have been related to the progression of the disease process 
during the interval between CT and MR (9 days in case 2 and 
13 days in case 7), but it seems more likely to have resulted 
from the intrinsic higher sensitivity of MR and Gd-DTPA. 

Recently , Mathews et al. [27] reported an experimental 
study on Gd-DTPA-enhanced MR imaging in bacterial men­
ingitis. They found that while precontrast MR was not helpful 
in identifying meningitis, Gd-DTPA-enhanced MR images 
were superior to postcontrast CT scans, not only in the 
detection of meningeal involvement but also in the identifica­
tion of complications. MR is also superior in its ability to detect 
extracerebral fluid collections since it is free of bony artifacts 
adjacent to the inner table of the skull. Even small amounts 
of subdural fluid are visible as crescentic fluid collections 
along the surface of the brain [11 ]. While CT is often equivo­
cal, MR may be able to differentiate between benign subdural 
effusions and infected subdural empyemas by virtue of the 
shortened T1 relaxation times of purulent fluid in comparison 
with CSF [28] . Subdural effusions are low-protein collections 
that , therefore, are isointense relative to CSF, while empye­
mas are more proteinaceous and have intensities different 
from that of CSF [14-16]. On T1-weighted images, empye­
mas are hyperintense relative to CSF, while subdural effusions 
are isointense relative to CSF [14]. We speculate that the 
subdural fluid collections seen in case 9 (Fig. 5) were empye­
mas rather than simple effusions because they were hyper­
intense relative to CSF and surrounded by a densely enhanc­
ing wall on T1-weighted images. However, this was not 
surgically verified. Localized enhancement of thickened dura 
adjacent to the inflamed paranasal sinuses or petrous bone 
on MR was considered to be characteristic of bacterial men­
ingitis secondary to rhinogenous or otogenous infection. Gd­
DTPA enhancement was not visible routinely in the dura, 
including the falx cerebri and tentorium. Kilgore et al. [29] 
reported that the falx cerebri and tentorium cerebelli are 
normally enhanced after Gd-DTPA administration in approxi­
mately half the patients. In six patients in our series, dural 
enhancement was normal: the dura was not thickened; it was 
enhanced in a short, linear fashion; there were no adjacent 
abnormal findings; and it was easily differentiated from path­
ologic dural enhancement. 

In summary, our results indicate that although precontrast 
T2-weighted images were the most sensitive in delineating 
ischemia/infarct and edema, they were not as specific as Gd­
DTPA-enhanced T1-weighted images and postcontrast CT 
scans in defining the diffuse active inflammatory process of 
the meninges and focal lesions precisely. The precontrast T1-
weighted image proved even more difficult to interpret. It not 
only failed to demonstrate the active inflammatory process of 
the meninges and the focal lesions but it also showed the 
ischemia/infarct and edema as a subtle low-intensity signal. 
However, precontrast T1-weighted imaging is necessary be­
cause it helps in the detection of subacute hemorrhage. 
Therefore, both precontrast T1- and T2-weighted imaging 
and Gd-DTPA-enhanced T1-weighted imaging are consid­
ered necessary in the evaluation of the patient with suspected 
meningitis. All the possible abnormalities-including pericran­
ial lesions (paranasal sinusitis and otitis media), meningeal 
inflammation , hydrocephalus, ischemia/infarct, hemorrhage, 

granuloma, abscess, and surrounding edema-can be iden­
tified more clearly on MR with the above sequences than on 
CT. The major role for Gd-DTPA in meningitis likely will be 
the identification of active blood/brain barrier disruption and 
increased vascularity , possibly facilitating the detection of the 
disease process at an early stage when it may not be detected 
on CT. Thus, if Gd-DTPA is used, MR appears to be superior 
to CT in the evaluation of leptomeningitis. 
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