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Objectives: This is a retrospective institutional review of clinical data and radiological
findings of cerebral malaria patients presenting to a tertiary centre in India, which is an

known to be endemic for malarial disease.

Methods: The present series describes MRI in four cases all of which revealed bithalamic
infarctions with or without haemorrhages in patients with cerebral malaria, and this
review examines a subset of patients with this condition. In addition, acute haemorrhagic
infarctions were also seen the in brain stem, cerebellum, cerebral white matter and

insular cortex in two of the four patients.

Results: In this series, the patient with cerebellum and brain stem involvement died.
The remaining three survived with antimalarial and supportive treatment. No

neurological symptoms were noted on clinical follow-up. MRI follow-up was obtained
in only one of the three patients (3 months post-treatment) and showed resolution of

thalamic infarctions.

Conclusion: These imaging features may help in the early diagnosis of cerebral
malaria so that early treatment can begin and improve the clinical outcome.

Cerebral malaria is a life-threatening complication
seen in 2% of malaria cases, particularly in Plasmodium
falciparum (P. falciparum) infection. There is an estimated
mortality rate of between 15% and 25% even with appro-
priate treatment and intensive care. However, patients
who survive often recover fully with no long-term con-
squences. Early diagnosis and treatment is therefore
crucial to obtain the best outcome [1-4]. With the avai-
lability of MR scanners in developing countries, where
malaria is still an endemic health issue, a few case
reports and series have already been published on the
role of MR imaging in cerebral malaria. There have been
occasional reports on diffusion-weighted imaging (DWI)
and gradient-echo imaging (GRE) with variable results.

Case series

The four cases included in this pictorial review
comprised 3 males and 1 female aged between 25 and
55 years (mean, 40 years). A summary of the demo-
graphic data, clinical presentation, treatment and out-
come of all the participants is given in Table 1.
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Discussion

Cerebral damage in malaria is due to vascular se-
questration of parasitised erythrocytes and the potential
cerebral toxicity by cytokines [3, 5]. Red blood cells
parasitised by P. falciparum adhere to capillary endothe-
lium at a certain phase of the intraerythrocytic phase of
the life-cycle of the parasite. It is thought that the
parasites derive some nutrition from the endothelium.
This phenomenon occurs mostly in the brain vessels,
particularly in cortical and perforating arteries, resulting
in perivascular ring-like haemorrhages and white matter
necrosis [6, 7]. Released cytokines could lead to vascular
engorgement and vasodilatation leading to cerebral
oedema and ischaemia [4, 8]. If effective treatment for
cerebral malaria is not introduced at this stage, these
changes may become severe enough to lead to irrever-
sible necrotic and haemorrhagic lesions of the perivas-
cular myelin similar to lesions caused by fat emboli [4, 6].

The neurological manifestations are non-specific
because of the diffuse involvement of the brain. Tran-
sient extrapyramidal and neuropsychiatric manifesta-
tions, as well as isolated cerebellar ataxia, may occur.
Patients can become drowsy and disorientated, altered
consciousness is the most common neurological mani-
festation followed by seizures. As the disease process
advances, the level of consciousness deteriorates and the
patient becomes comatose.
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Table 1. Summary of demographic data, clinical presentation, staging, treatment and outcome of the participants

Participant Age (years) Gender Presenting symptoms

Site of involvement

Treatment and clinical outcome

1 48 Male Comatose on admission with GCS 4/15.
History of fever, chills and rigors for 1
week accompanied by on/off generalised
tonic-clonic seizures for 5 days. He also
had frequent episodes of loss of
consciousness. His peripheral smear for
malarial parasite was positive.

2 32 Female  Fever with chills and rigors for the past
10 days. Her liver function and renal
function tests were deranged and the
peripheral smear was positive for malarial
parasites. She had a brief episode of loss of
consciousness and two episodes of focal
seizures, and responded to anticonvulsants.
She had mild weakness in the bilateral
extremity with power 4/5, her sensory
examination was unremarkable.

3 25 Male Fever, sudden blurring of vision followed
by dizziness for 5-6 days. Neurological
examination was unremarkable. Apart
from positive peripheral smear for malaria,
the remainder of biochemical and blood
examinations were normal.

4 55 Male Sudden onset slurring of speech, diplopia and
droop of left eyelid. He also had ataxia with
tendency to fall. There was an episode of fever
with chills 4 days back. He complained of loss of
power in the right upper limb for 4 days. CNS
examination revealed that he was conscious and
orientated. Power in the right upper limb was
4/5. His sensory and motor systems were normal.
The other systemic examinations were normal.

Peripheral smear for malarial parasite was positive

and the other biochemical and haematological
investigations were normal.

Bilateral thalami, brain stem
and cerebellar hemispheres
(Figure 1)

Right corona radiata, posterior
limb of bilateral internal
capsule/thalami and left temporal
lobe/hippocampus extending into
the left insular cortex
(Figure 2)

Bilateral thalami
(Figure 3)

Bilateral thalami and
periagueductal grey matter
(Figure 4)

Intravenous quinine dihydrochloride,
intravenous fluids, antipyretics,
and anti-inflammatory drugs, however
succumbed to death owing to
advanced disease at the time of
presentation

Gradually improvement with
antimalarial and supportive
treatment and was normal
clinically at the time of discharge

The patient gradually improved with
antimalarial treatment and was
normal clinically and radiologically
at his last follow-up

Antimalarial, antipyretics, and
anti-inflammatory drugs. He
improved clinically and was
discharged. The patient did
not have subsequent clinical
or imaging follow-up

CNS, central nervous system; GCS, Glasgow coma scale.
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Figure 1. 48-year-old male found comatose on admission with Glasgow coma scale (GCS) 4/15. Axial T, weighted images
showing multiple foci of hyperintensities in (a) bilateral thalami (black arrows); (b) brain stem (arrowhead); and (c) cerebellar
hemispheres (white arrows). (d) Axial T; weighted image showing corresponding hypointensities in the bilateral thalami (white
arrows). Axial gradient-echo images show blooming artefacts in (e) bilateral thalami (black arrows) and (f) brain stem
(arrowhead) compatible with petechial haemorrhages. Axial diffusion weighted images showing restricted diffusion in (g)
bilateral thalami (black arrows), (h) brain stem (arrowheads) and cerebellar hemispheres (white arrows).

Various reports of MRI in cerebral malaria have
revealed focal or diffuse signal changes in centrum
semiovale [3, 9, 10], corpus-callosum [3, 11], thalamus
and insular cortex [11, 12]. Central pontine myelinolysis
[13], myelinolysis in the upper medulla [14], cerebellar
syndrome with demyelination, and microinfarcts of the
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cerebellar hemispheres [13] have also been reported. In
these, hyperintensities on T, weighted or fluid-attenua-
tion inversion recovery (FLAIR) images were considered
to be due to oedema, ischaemia, toxic injury or gliosis
[3, 9, 12, 14, 15]. Looareesuwan et al [15] reported
increased brain volume and brain swelling in patients
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Figure 2. A 32-year-old female presented with a history of fever, chills and rigors for the past 10 days. Axial T, weighted images
show multiple foci of hyperintensities in the (a) right corona radiata (black arrow), (b) posterior limb of bilateral internal
capsule/thalami (arrowheads) and (c) left temporal lobe/hippocampus extending into the left insular cortex (white arrows). Axial
gradient-echo images showing old haemorrhages in (d) right corona radiata (black arrow) and (e) left temporal lobe/
hippocampus (white arrow). Axial diffusion-weighted images showing restricted diffusion in right corona radiata (arrows).
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Figure 3. A 25-year-old male presented with history of fever
and sudden blurring of vision followed by dizziness for 5-
6 days. Axial diffusion-weighted images showing restricted
diffusion in bilateral thalami (arrows).
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with cerebral malaria. This difference was attributed to
an increase in the volume of intracerebral blood caused
by sequestration of parasitised erythrocytes and com-
pensatory vasodilatation, rather than by oedema. A case
report by Millan et al [9] and a case series by Cordoliani
et al [3] both demonstrate haemorrhages and infarction
in single cases. The interpretation was based on T; and
T, weighted and FLAIR images. Haemorrhages based on
gradient-echo imaging in single cases were described by
Gupta et al [12] and Nickerson et al [16]. The lesions
were mainly in the frontoparietal lobe, corpus callosum
and internal capsule. However, no restricted diffusion
was demonstrated. A case report by Sakai et al [17]
described periventricular and subcortical white matter
restricted diffusion on the DWI, but did not reveal
haemorrhagic components. Yadav et al [11] described
MRI including DWI and GRE in three patients with
altered sensorium where all patients had focal white

(d)

Figure 4. A 55-year-old male presented with sudden onset slurring of speech, diplopia and droop of left eye-
lid. (a) Axial T, weighted images showing multiple foci of hyperintensities in bilateral thalami (black arrows) and (b)
periaqueductal grey matter (white arrows). (c) Axial gradient-echo image showing petechial haemorrhages in the left thalamus
(white arrow). (d) Axial diffusion weighted images showing restricted diffusion in the thalami (black arrows) and periaqueductal

grey matter extending into the brain stem (white arrow).

384

The British Journal of Radiology, April 2011



Pictorial review: MR Imaging in cerebral malaria

matter, corpus-callosam lesions and symmetrical thala-
mic abnormality. None showed restricted diffusion or
haemorrhage. Infarcts in the basal ganglia, thalamus,
pons and cerebellum on CT have previously been
described by Patankar et al [4], who attributed the
changes to cytotoxic oedema. Areas of petechial haemor-
rhage seen on autopsy are considered the hallmark of
cerebral malaria at pathological examination and were
not seen on their CT scans.

DWI and GRE imaging are known to be extremely
sensitive for the detection of cytotoxic oedema and blood
degradation products, respectively and have demon-
strated acute infarctions in bilateral thalami in all our
cases and thalamic haemorrhages in three of our cases. In
addition, acute haemorrhagic infarctions are also seen in
the brain stem, cerebellum, cerebrum and hippocampus.
To conclude, although reported MRI features of cerebral
malaria are variable, the diagnosis of cerebral malaria
should be strongly considered when acute haemorrhagic
infarctions, particularly in the thalami, are encountered
in patients with constitutional symptoms with or without
history of travel to an endemic area.
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