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Diffusion-Weighted Imaging and Apparent
Diffusion Coefficient Maps in a Case of

Intracerebral Abscess with Ventricular Extension
Shadab Rana, Sait Albayram, Doris D.M. Lin, and David M. Yousem

Summary: Previous findings have demonstrated the diag-
nostic usefulness of diffusion-weighted imaging in depict-
ing specific features of a brain abscess. We report a case of
a cerebral abscess, which ruptured into the ventricular
system, including its findings on both diffusion-weighted
images and apparent diffusion coefficient (ADC) maps.
Purulent material within the left lateral ventricle, similar
to that of the central abscess cavity, was strongly hyperin-
tense on diffusion-weighted images. However, variable sig-
nal intensity changes were observed on the ADC map; these
probably corresponded to regional variation of the concen-
tration of protein in the purulent material. In this case,
both diffusion-weighted images and ADC maps were im-
portant and complementary in the evaluation of ventricular
extension of an intracerebral abscess.

Brain abscesses are potentially fatal lesions that can
be successfully treated with timely and appropriate
medical or surgical intervention. In general, the clini-
cal signs and symptoms of patients with brain abscess
are nonspecific and may simulate those of other intra-
cranial mass lesions. Radiologic diagnosis, therefore,
plays a particularly important role. The advent of CT
and MR imaging has allowed timely diagnosis, markedly
decreasing the mortality rate with cerebral abscess.

However, differentiation between an abscess and a
cystic or necrotic brain tumor remains difficult on the
basis of CT and MR imaging findings. Ebisu and
colleagues (1) first demonstrated the distinguishing
features between a brain abscess and cystic or ne-
crotic tumors on diffusion-weighted images. They de-
scribed high signal intensity on diffusion-weighted
images and a low apparent diffusion coefficient
(ADC) value in brain abscesses, in contrast to low
signal intensity on diffusion-weighted images and a
high ADC value in most tumors or high signal inten-
sity for necrotic or cystic tumors due to T2 shine-
through. Herein, we report on the appearance of
diffusion-weighted images and ADC maps of a brain
abscess that ruptured into the ventricular system.

Case Report

A 79-year-old white woman presented with a 4-day history of
fever and decreased mental status. A CT scan showed a 3 �
2-cm rounded area of low attenuation in the left temporopari-
etal region. This lesion appeared to be contiguous with a
second 0.9-cm area of low attenuation that was slightly more
anterior and adjacent to the left splenium of the corpus callo-
sum. Marked vasogenic edema extended into the high left
parietal lobe, with mass effect on the left lateral ventricle. This
abnormal attenuation extended to the left lateral ventricle,
which was filled with soft-tissue attenuation consistent with
debris. Mild subfalcine herniation (1–2 mm) was evident.

T2-weighted MR images showed a 3 � 2 � 2-cm, multilocu-
lated, centrally hyperintense mass lesion with a peripheral rim
of hypointensity and surrounding edema in the left occipitopa-
rietotemporal region. Anteriorly, the lesion abutted the atrium
and occipital horn of the left lateral ventricle. A fluid-fluid level
(hyperintense relative to CSF) was evident, filling 90% of the
left lateral ventricle. Also noted was a dilute pus-CSF level in
the dependent portion of the atrium of the right lateral ventri-
cle (Fig 1A). On contrast material–enhanced T1-weighted im-
ages, the lesion exhibited peripheral ring enhancement. In
addition, linear enhancement was present in the left lateral
ventricular margins, but the material that filled the ventricle
was not enhancing (Fig 1B). Diffusion-weighted images showed
marked hyperintensity in the center of the lesion, ventricular
margins, bottom of the right lateral ventricle atrium (dilute
pus), and 90% of the left lateral ventricular volume (corre-
sponding to the pus that filled the ventricle) (Fig 2A and C).
Corresponding ADC maps revealed prominent hypointensity
in the center of the lesion. However, the hypointense signal
intensity varied along the ventricular margins, at the bottom of
the right lateral ventricle atrium (dilute pus), and in the puru-
lent material in the left ventricle (Fig 2B and D). The MR
imaging findings were consistent with a complicated intracere-
bral abscess that had ruptured into the ventricles.

The abscess was drained by placing a large-bore catheter.
Twenty milliliters of tenacious and foul-smelling pus was
drained. Cultures of pus grew Streptococcus angionosus (includ-
ing Streptococcus intermedius, Streptococcus constellatus, Strep-
tococcus milleri), gram-positive cocci, and Actinomyces organ-
isms in a background of acute inflammation and necrotic
cellular debris. Two days after the procedure, the patient had a
communicating hydrocephalus, for which a right intraventricu-
lar catheter was placed. Despite these interventions, the patient
died 2 days later.

Discussion

Brain abscesses represent organized foci of suppu-
ration within the parenchyma. Clinical diagnosis is
challenging, because the signs and symptoms often
are nonspecific and overlap those of other intracra-
nial mass lesions. Headache is the most frequent
initial symptom of intracranial abscess. Other pre-
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senting symptoms, roughly in order of descending
frequency, include drowsiness and confusion; focal
or generalized seizures; and focal motor, sensory,
or speech disorders. While fevers are characteristic
during the invasive phase of cerebral abscesses, the
temperature may normalize as the abscess becomes
encapsulated. Therefore, the diagnosis is best es-
tablished by using radiologic modalities (2). The

evolution of abscess is characterized by four stages:
early cerebritis, late cerebritis, early capsule forma-
tion, and late capsule formation. Most patients re-
ceive this diagnosis when the abscess is in the stage of
late cerebritis or mature formation. The period that is
required for the formation of a mature abscess varies,
ranging from 2 weeks to several months. Morbidity
due to a brain abscess generally results from brain

FIG 2. Axial diffusion-weighted MR im-
ages and ADC maps.

A, Isotropic diffusion-weighted image
(9983/115/1, b � 1 and 1000 s/mm2) ob-
tained at the level of the lateral ventricles
reveals strong hyperintensity within the
abscess cavity (asterisk), which is consis-
tent with restricted water diffusion. Intra-
ventricular pus (p) and ventricular walls
(arrows) also show high signal intensity
similar to that of the abscess cavity.

B, At the same level as the image in A,
this ADC map shows hypointensity, con-
sistent with restricted water diffusion,
within the abscess cavity (asterisk). Note
that the intraventricular pus (p) and ven-
tricular walls (arrowheads) are also hypoin-
tense, a finding compatible with restricted
diffusion, but they are not as dark as the
abscess cavity.

C, Obtained at the level of the atrium,
this diffusion-weighted image (9983/
115/1; b � 1 and 1000 s/mm2) shows a
fluid-pus level in the atrium of the right
lateral ventricle (arrow). Diluted pus is uni-
formly hyperintense and is as bright as the
abscess cavity (asterisk).

D, At the same level as the image in C,
this ADC map depicts hypointense diluted
intraventricular pus (arrow) that is interme-
diate in brightness compared with that of
the CSF (bright) and that of the abscess
cavity (dark) (asterisk).

FIG 1. Axial conventional MR images.
A, Fast spin-echo T2-weighted axial

image (4000/108/2 [TR/TE/excitations])
shows a 3 � 4 � 5-cm hyperintense
abscess collection (asterisk) with periph-
eral hypointensity and surrounding vaso-
genic edema. Pus-CSF level in the de-
pendent portion of the atrium of the right
lateral ventricle is shown (arrow).

B, Contrast-enhanced spin-echo T1-
weighted image (550/20/1) shows a
mutilocular, cystic, ring-enhancing ab-
scess cavity (asterisk). Rim enhance-
ment along the left lateral ventricular wall
(arrows) is consistent with ependymitis.
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herniation due to mass effect or, less commonly, rup-
ture of the abscess cavity into the ventricular system,
as in this case with acute hydrocephalus. Edema sur-
rounding a brain abscess may exceed the volume of
the abscess itself, producing marked mass effect. In
the event of abscess rupture and subsequent commu-
nication with the ventricular system, ependymitis de-
velops, and enhancement of the ventricular lining is
present, in addition to the characteristic ring en-
hancement around the abscess cavity. Such develop-
ment heralds a poor prognosis. The clinical picture,
along with laboratory findings, may be helpful in
narrowing the diagnosis, but radiologic examination
has become invaluable for confirmation. Usually,
drainage of the abscess is necessary by any means, so
that appropriate antibiotics can be administered to
treat the cultured organisms. Lumbar puncture in the
setting of cerebral abscess is potentially detrimental,
particularly when intracranial pressure is elevated, in
which case diagnosis based on CT or MR imaging
findings becomes crucial (2, 3).

Diffusion-weighted imaging has been shown to be
useful for the evaluation of a myriad of disease pro-
cesses, including cerebral infarction, tumors, demyeli-
nating disease, and vertebral compression fractures
(4). It provides unique information about the molec-
ular diffusion properties of water in healthy and dis-
eased brain parenchyma. Ebisu and colleagues (1)
reported on a case of cerebral abscess in which the
diffusion-weighted images demonstrated hyperinten-
sity in the abscess cavity (in vivo) as well as in the
aspirated abscess fluid (in vitro); both of these find-
ings corresponded to a low ADC value.

The ADC in the extracellular space is dictated by
a tortuosity factor that represents the length of the
path of a molecule traversing in a porous medium
that approximates the brain tissue (5). In the nor-
mal condition, water molecules easily traverse
through the extracellular space by means of ran-
dom brownian motion. In the setting of an orga-
nized abscess, the movement of water molecules is
influenced by the content of the abscess, which con-
sists of variable amounts of inflammatory cells, mi-
croorganisms, and proteins (1, 4, 6–8). All of these
components are large macromolecules. Martin and
colleagues (9) showed that the ADC value is inversely
proportional to the protein concentration. As a result,
the macromolecules retarded diffusion of water mol-
ecules within an abscess cavity. In addition, water
molecules in an abscess are bound to carboxyl, hy-
droxyl, and amino groups on the surfaces, further
limiting their translational movement (4). These fac-
tors most likely explain the imaging features of an
abscess cavity (high signal intensity on diffusion-
weighted images and low ADC values); they are sim-
ilar to other processes producing restricted water
diffusion.

Recently, Ramsay and colleagues (10) reported on
a cerebral abscess and subdural empyema on diffu-
sion-weighted images obtained without ADC maps.
Both empyema and brain abscess revealed the same
level of increased signal intensity. In our case in which

a cerebral abscess ruptured into the left lateral ven-
tricle, the abscess core had hyperintensity on diffu-
sion-weighted images with corresponding ADC hy-
pointensity; these results confirmed the findings
reported by other groups. Of note, although the in-
traventricular pus had the same degree of hyperinten-
sity on diffusion-weighted images as that of the ab-
scess core, it had variable signal intensity on the
corresponding ADC map (intermediate to hypoin-
tense signal with an appearance that was never as
dark as that in the abscess cavity). A layer of fluid in
the dependent portion of the atrium of the right
lateral ventricle had ADC values that ranged from
very high to intermediate and low. This finding was
most likely related to a gradient of concentrated mac-
romolecules (ie, proteinacious material), cells and
cellular debris, and microorganisms within pus that
were diluted by CSF to a greater extent and, thus,
were better depicted in the right ventricle. It indi-
cated that the ADC map, which depicted regional
variation in ADC values, was more sensitive than
diffusion-weighted imaging in showing subtle change
in the content or concentration of pus in the abscess.
Therefore, ADC maps are important for extracting
quantitative information that is lost on diffusion-
weighted images. The uniformly intense brightness of
both intracavitary and intraventricular pus on diffu-
sion-weighted images probably was related to the
combination of opposing effects of restricted water
diffusion and T2 shine-through.

Another interesting finding in this case was that
linear signal intensity changes (hyperintensity on dif-
fusion-weighted images and hypointensity on ADC
maps) were identified along the left lateral ventricular
wall and the left part of septum pellucidum, despite
the absence of a true abscess formation in these
regions. The cause for this finding is unclear, al-
though a possible explanation is restriction of water
movement along the ventricular wall as a result of
ependymitis. Analogous findings are depicted on dif-
fusion-weighted images of multiple sclerosis plaques;
a low ADC value is found in the very early lesion in
which marked inflammation is present without sub-
stantial demyelination (11). This finding is postulated
to be compatible with shifts of intracellular water
protons and charges that alter membrane permeabil-
ity. Furthermore, an influx of inflammatory cells and
macromolecules destroys water diffusion (11). En-
hancement in the ventricular lining and correspond-
ing low ADC values in the setting of ependymitis can
be explained with a similar mechanism. Given these
findings, one might predict that high signal intensity
on the diffusion-weighted image and a low ADC
value also are observed in early and late cerebritis,
even before pus is evident. Intraparenchymal edema,
however, may negate this effect.

Conclusion
Diffusion-weighted imaging is useful in distinguish-

ing a brain abscess from a necrotic or cystic tumor
because of the specific signal intensity profile of an
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abscess that shows restricted water movement. ADC
maps can further depict subtle variation in the nature
and content of pus within the abscess cavity, ventricle,
and extraaxial space; therefore, they may be useful in
the characterization of an abscess for therapeutic
planning and follow-up. Finally, ependymitis may be
hyperintense on diffusion-weighted images and may
have a low ADC value, for which the explanation is
restricted water movement as a result of an inflam-
matory reaction.
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