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C entral nervous system (CNS) infections are severe, life-threaten-
ing inflammatory diseases of the brain that can occur at any age 
and are caused by a variety of agents. Magnetic resonance imag-

ing (MRI) has been widely accepted as a sensitive imaging technique 
for detecting early changes in intracranial infections (1–3). Diffusion-
weighted imaging (DWI) is being increasingly used in various diseases 
involving the brain and spine, especially to diagnose very early cer-
ebral ischemia; its role in other conditions, including infection, is be-
ing explored (4, 5).

Meningitis, a serious CNS infection, is a frequently fatal disease. It may 
also lead to severe neurological impairment. Conventional imaging, in-
cluding fluid-attenuated inversion recovery (FLAIR) and enhanced MR 
sequences, has been the procedure of choice in the evaluation of all 
intracranial infections, including meningitis (6). Distention of the sub-
arachnoid space on computed tomography (CT) or MRI is the earliest 
finding in meningitis. Several days after the onset of infection, the pia 
covering the brain and the arachnoid lining the dura mater develop vas-
cular congestion; contrast injection may demonstrate enhancement of 
these meninges (7, 8). 

Complications of meningitis are cerebritis, infarction, brain abscess, 
subdural effusion, empyema, sinus thrombosis, ventriculitis, hydroceph-
alus, and encephalitis (2). The appearance of meningitis on DWI may re-
flect pathologic changes that vary with severity and phase of infection. 
Extra-axial fluid collections generally occur during acute infections. Sub-
dural and epidural empyemas show high signal on DWI and low signal 
on apparent diffusion coefficient (ADC) map (2, 7). Arachnoiditis occurs 
in the acute phase of severe meningitis and is followed by vasculitis, with 
a reduction in the diameter of vascular lumen. Consequently, the vessel 
walls may become necrotic and undergo thrombosis, which can result 
in disturbance of vascular supply (9). This likely explains the profound 
early vascular complications seen in meningitis, with restricted diffusion 
and hyperintense signal on DWI (Fig. 1). The vasculopathy of subacute 
and chronic phases of severe meningitis is proliferative, leading to par-
tial or total destruction of the internal elastic lamina, with reduction in 
the lumen of larger vessels. In the subacute phase, reduced ADC values 
usually start to increase within a week and continue to increase during 
the early chronic phase, leading to vasogenic edema (9) (Fig. 2). 

Inflammation is usually restricted to the subarachnoid area in the 
mild form of meningitis and is not accompanied by severe vasculitis. 
There is no obstructive change in leptomeningeal vessels and no appar-
ent ischemia on conventional MRI or DW-MRI. Therefore conventional 
sequences and DWI are usually normal in these patients (7, 9).

 Transient corpus callosum splenium (CCS) lesions have been report-
ed, though rarely, in meningitis (10, 11). Transient CCS lesions with 
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Neuroimaging constitudes an important component in the 
diagnosis of the underlying infectious agents in central nerv-
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logic phases of the infections.
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the mild form of Haemophilus influen-
zae meningitis usually lack contrast 
enhancement and represent reversal of 
restricted diffusion. Although the CCS 
derives its arterial supply from the ca-
rotid system, the absence of ischemic 
change in the same vascular territory 
eliminates a vascular etiology (12). This 
condition may be explained by limited 
direct invasion of neurons in CCS le-
sions or by insufficient immunologic 
response formation without a resultant 
rapid breakdown of the blood-brain 
barrier (10) (Fig. 3). 

Encephalitis may be encountered 
as an isolated lesion or may be a part 
of meningoencephalitis. MR appear-
ance of encephalitis on DWI is related 
to pathologic changes that occur fol-
lowing infectious involvement. In the 
acute phase, there are areas of con-
gestion, perivascular infiltration, and 
thrombus formation pathologically 
(13). These changes likely cause cyto-
toxic edema, which leads to restricted 

Figure 1. a–c. MRI of acute phase meningitis. T2-weighted fast spin-echo axial MR image (a) shows hyperintensities in the bilateral basal 
ganglia, thalamus, anterior callosal and superior vermian regions. Contrast-enhanced T1-weighted fast spin-echo axial MR image (b) 
shows intensive meningeal enhancement. DW (b = 1,000 s/mm²) image (c) shows focal hyperintensities due to restricted diffusion in the 
corresponding sites, probably representing ischemic areas due to the early meningitic vascular complication.
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Figure 2. a–d. MRI of early subacute phase meningitis. 
T2-weighted fast spin-echo axial MR image (a) 
shows faint hyperintensities in bilateral thalami. 
Contrast-enhanced T1-weighted fast spin-echo axial 
MR image (b) demonstrates widespread meningeal 
enhancement. DW (b = 1,000 s/mm²) image (c) 
shows hyperintensities in the left frontal and anterior 
callosal areas and hypointensities in the bilateral basal 
ganglia and deep white matter. ADC map (d) shows 
hypointense and hyperintense areas corresponding to 
the restricted and unrestricted diffusion lesion sites. 
Note the subdural effusion in the posterior falx. 
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diffusion and low ADC in acute phase 
of the illness (1, 8). DWI shows the 
encephalitic lesions more clearly and 
broadly than conventional images in 
this phase (Fig. 4). In the late acute and 
early subacute phase, the components 
of vasculitis and perivascular infiltra-
tion diminish, and ADC starts rising 
(14). This phase is also accompanied 
by vasogenic and interstitial edema, 
which is responsible for the lesion be-
coming visible on T2-weighted MR im-
ages. The encephalitic lesion areas are 
relatively equal on conventional and 
DW-MR images (Fig. 5). In the late sub-
acute and chronic phases, necrosis and 
demyelination start to develop, which 
may be responsible for hyperintensity 
on T2-weighted images with higher 
ADC values. Encephalitic lesions in 
this phase show hyperintense signal 
changes on ADC map; high ADC val-
ues may represent the substitution of 
cytotoxic edema by vasogenic edema 
(8, 14) (Fig. 6).  

Cerebritis is the earliest manifesta-
tion of a pyogenic cerebral infection 
and is characterized by edema and 
perivascular exudates; it usually occurs 
2–3 days following inoculation by the 
causative pathogen (15). In this phase, 
ill-defined infected tissue is hyperin-
tense on FLAIR and T2-weighted MR 
images, whereas contrast enhancement 
is absent or minimal on T1-weight-
ed images (16). In cerebritis, DWI of 
pyogenic infections reveals restricted 
diffusion and low ADC values, which 

Figure 3. a–d. MRI of Haemophilus influenza meningitis. Axial FLAIR image (a) shows faint 
hyperintensities in the CCS. DW (b = 1,000 s/mm²) image (b) shows focal hyperintensities 
in the CCS. ADC map (c) shows hypointensity corresponding to cytotoxic edema. DW (b = 
1,000 s/mm²) image after treatment (d) shows decreased hyperintensity in this area.
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Figure 4. a–c. MRI of an acute phase viral encephalitis. T2-weighted  fast spin-echo axial image (a) shows hyperintensities in the bilateral insular 
and left temporo-occipital cortex, cingulate gyri and left thalamus. DW (b = 1,000 s/mm²) image (b) shows the borders of involved areas more 
clearly and extensively. ADC map (c) shows hypointensities in these areas due to restricted diffusion corresponding to cytotoxic edema.
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have been attributed to hypercellular-
ity, brain ischemia, or cytotoxic edema 
without purulent fluid (17). However, 
it is unusual for patients to present at 
this phase of cerebral infection, and 
imaging of early cerebritis has not been 
widely reported.

Cerebritic lesions progress to cap-
sule formation in the late phase of py-
ogenic infections. An ill-defined area 
of coagulative necrosis with a necrotic 
center transforms to characteristic 
capsular phase of abscess formation 
(18). There is a surrounding area of 
edematous parenchyma and blood 
vessels with perivascular exudates. The 
typical findings of capsular phase ab-

scess on conventional MR images are 
a mass lesion with a thin, smooth rim 
of contrast enhancement, and a vari-
able degree of surrounding vasogenic 
edema (4). In this phase, pyogenic 
brain abscesses usually demonstrate 
hyperintense signal intensities on 
DW-MR images because of prolonged 
T2 relaxation time and markedly re-
stricted water diffusion of suppurative 
fluid (19) (Fig. 7). 

However, Krabbe et al. (20) reported 
that the signal intensity of pyogenic 
brain abscesses is not always high 
on DWI, and the ADC value may be 
higher than that of the normal brain 
parenchyma. Reddy et al. (21) report-

ed that restricted diffusion shown by 
ADC mapping is not pathognomonic 
for brain abscesses; in their report, 4% 
of abscesses showed higher ADC val-
ues than brain parenchyma. Gaviani 
et al. (3) reported that fungal cerebral 
abscesses are not pyogenic and that 
they may have histologic features of 
inflammation and necrosis rather 
than suppuration. Consequently, the 
features of DWI independent from 
the phase of the abscesses in certain 
cases and the different DWI findings 
in brain abscesses may be related to a 
difference in the viscosity of abscess 
fluid, which is determined by factors 
including variable concentrations of 

Figure 5. a–c. MRI of a subacute phase viral encephalitis. Axial FLAIR image (a) shows hyperintensities throughout the right cerebral hemisphere 
cortex and right thalamus. DW (b = 1,000 s/mm²) image (b) shows hyperintensities and ADC map image (c) shows hypointensities due to 
restricted diffusion corresponding to cytotoxic edema in the same areas.
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Figure 6. a–c. MRI of early chronic phase viral encephalitis. Axial FLAIR image (a) demonstrates hyperintensities in the right temporal lobe. 
DW (b = 1,000 s/mm²) image (b) shows hypointensities and ADC map (c) shows hyperintensities due to increased diffusion corresponding to 
vasogenic edema in this area. 
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necrotic or viable inflammatory cells, 
causative organisms, and host im-
mune response (5) (Fig. 8).

In conclusion, DWI is a simple form 
of examination to detect central nerv-
ous system infections and their com-
plications. It is particularly effective 
in early identification of affected areas 
and may also contribute to the deter-
mination of disease phase. 
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