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C erebral malaria is one of the fatal complications of Plasmodium falciparum infection.
Pathogenesis involves cerebral microangiopathy related to microvascular plugging by infected
red blood cells. Conventional imaging with MRI and CT do not reveal anything specific in case of
cerebral malaria. Susceptibility weighted imaging, a recent advance in the MRI, is very sensitive
to microbleeds related to microangiopathy. Histopathological studies in cerebral malaria have
revealed microbleeds in brain parenchyma secondary to microangiopathy. Susceptibility weighted
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imaging, being exquisitely sensitive to microbleeds may provide additional information and
improve the diagnostic accuracy of MRI in cerebral malaria.
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1. Introduction
Malaria is a worldwide health problem with 500 million

cases per year and an annual mortality of more than 1
million. Plasmodium falciparum (P. falciparum) causes
more severe diseases than the other Plasmodium species.
One of the fatal complications of falciparum malaria is
central nervous system involvement (malignant cerebral
malaria). Pathogenesis of cerebral malaria involves cerebral
microangiopathy related to microvascular plugging by
the infected red blood cells (RBCs). CT and conventional
MRI sequences do not reveal anything specific in cases of
cerebral malaria, apart from some nonspecific white matter
signal abnormalities. Susceptibility weighted imaging (SWI)
is a recent advance in the field of MRI, which is sensitive to
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microbleeds related to cerebral microangiopathy. Here we
present a case of cerebral malaria which revealed multiple
punctuate microhemorrhages on SWI.
2. Case report
A 20 years old female patient presented with a history

of fever and multiple episodes of seizure. The patient was
unconscious at the time of admission. Signs of meningitis
were negative. F undoscopy revealed no papilledema.
Cerebrospinal fluid was normal but revealed few RBCs.
Serology was positive for falciparum and vivax malaria,
and it was negative for Leptospira. CT scan at the time of
admission was normal. Patient was treated with parentral
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antimalarial therapy. S ubsequently, patient’s clinical
condition improved. The neurological examination still
revealed quadriparesis (2/5) with right lateral rectus palsy.
H ence, a MRI of brain was performed, which showed
foci of T2 and FLAIR hyperintensity involving genu and
splenium of corpus callosum, subthalamic region and
frontal lobe (cingulate gyrus). SWI revealed microbleeds in
corresponding regions including internal capsule, globus
pallidi and grey white matter junction of bilateral cerebral
hemispheres (Figure 1).
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Figure 1. MRI and SWI of the brain of the patient.
a: T1 W images were unremarkable; b and c: Axial FLAIR and Sagittal T2
Weighted MR images show subtle hyperintense foci in the genu and splenium
of corpus callosum and cingulate gyrus; d and e: Axial SWI images show
punctuate microbleeds having more diffuse distribution; especially in corpus
callosum, internal capsules and grey white junction in bilateral cerebral
hemispheres.

3. Discussion
Cerebral malaria occurs in approximately 2% of patients

infected by P. falciparum, especially in children. T he
neurologic manifestations are nonspecific due to the
diffuse involvement. T ransient extrapyramidal and
neuropsychiatric manifestations as well as isolated
cerebellar ataxia may occur, but localizing signs are rare[1].
It may lead to coma and approximately one third of patients
die.
P. falciparum causes more severe disease than other
Plasmodium species. G reater pathogenicity of P.
falciparum is a result of its ability to make the infected
red cells to clump together in form of rosettes and to stick
to endothelial cells, which leads to microvasculature
blockage [2] . I schemia caused by hypoperfusion is
responsible for the manifestations of cerebral malaria.
Autopsy studies on patients died of cerebral malaria are
highly variable and have demonstrated diffuse cerebral

edema with multiple petechial hemorrhages diffusely
scattered in the brain[3,4]. Histopathologic findings have
revealed ring hemorrhages around the smaller blood
vessels, parasitized RBCs in the intracranial vessels and
Durck granulomas. Durck granulomas are aggregates of
parasitized RBCs, inflammatory cells, and necrotic tissue
that seen in the perivascular region[3,4].
SWI is based on the fact that signals from substances with
different magnetic susceptibilities dephase at long echo
times. SWI uses this phase information that originates from
magnetic susceptibility differences to generate a unique
contrast. SWI provides excellent contrast between gray and
white matter, iron-laden tissues, venous blood vessels
and other tissues with susceptibilities different from the
background. SWI is the most sensitive sequence to detect
microbleed[5,6].
T here are few studies on neuroimaging findings in
cerebral malaria. Potchen et al. described neuroimaging
findings in children with retinopathy confirmed cerebral
malaria [7] . I n their study, they have reported diffuse
cerebral and isolated deep grey matter nuclei edema and
cerebral infraction in multiple large vessel territory on
CT. Millan et al. reported hemorrhage and infarction in
a patient with cerebral malaria by using conventional
imaging on MRI[8]. O ne recently published large series
by P otchen et al. described basal ganglia as the most
common site of involvement in children with cerebral
malaria [9]. Cordoliani et al. reported findings like brain
swelling, infarcts and white matter lesions on conventional
sequences [10] . N ickerson et al. also reported diffuse
petechial hemorrhages throughout the gray-white matter
junction, corpus callosum, and internal capsules on SWI
as well as edema in the posterior limbs of the bilateral
internal capsules[11]. T hese findings are similar to the
findings in our patient. Focal T2 hyperintensities involving
the corpus callosum, could represent the oedema due to
ischemia following microvascular plugging by clumped
infected RBCs. The cerebral microhemorrhages seen on
SWI could represent the histopathological finding of ring
microhemorrhages.
In conclusion, the patients with cerebral malaria show
cerebral microbleeds on histopathological analysis but
lack findings on CT and conventional MRI , apart from
diffuse brain swelling and focal T2 hyperintensities in some
patients. SWI, being exquisitely sensitive to microbleeds,
may provide additional information and improve the
diagnostic accuracy of MRI in cerebral malaria as well.
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Comments
Background
C erebral malaria is a rare but potentially fatal
complication of infection with P. falciparum. It can be
seen in approximately 1%-2% of patients with acute P.
falciparum infection. MRI and CT do not reveal anything
specific in case of cerebral malaria. SWI, a recent advance
in the MRI, is very sensitive to microbleeds related to
microangiopathy. SWI also provide additional information
and improve the diagnostic accuracy of MRI in cerebral
malaria.
Research frontiers
Conventional imaging with MRI and CT do not reveal
anything specific in case of cerebral malaria. SWI (MRI) is
very sensitive to microbleeds related to microangiopathy.
H istological studies in case of cerebral malaria have
revealed microbleeds in brain parenchyma. Therefore,
the use of SWI might drastically improve the diagnostic
accuracy of MRI in cerebral malaria.
Related reports
In the study of Nickerson et al. (2009), SWI has been
shown to be helpful in the detection of small hemorrhages
in various conditions (diffuse axonal injury, coagulopathy,
neoplasms, and neurodegenerative disorders ) . H e
concluded that, in the future, SWI may play a significant
role in the detection of small hemorrhagic lesions that are
not detectable by conventional MRI or CT scan.
Innovations & breakthroughs
This study aimed to present a case of cerebral malaria
which revealed multiple punctuate microhemorrhages on
SWI. The report showed that because of the sensitive to
microbleeds of SWI, it may provide additional information
and improve the diagnostic accuracy of MRI in cerebral
malaria as well.
Applications
SWI may play a significant role in the detection of small
hemorrhagic lesions and improve the diagnostic accuracy

of MRI in cerebral malaria.
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Peer review
This is a well written article with an interesting subject
that SWI, a recent advance in the MRI, is very sensitive to
microbleeds related to microangiopathy and it may provide
additional information and improve the diagnostic accuracy
of MRI in cerebral malaria.
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