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Cerebral Malaria

World Health Organization Definition:

• Asexual forms of P falciparum parasites on peripheral blood 

smear

• Coma with inability to localize painful stimuli; BCS <2

• No other causes to explain coma















– 3 sites across the Democratic Republic of the Congo

– Inclusion criteria:

• Children age 3 mo to 16 years with cerebral malaria

– Exclusion criteria:

• Known or suspected sickle cell disease

– 153 children with CM; 155 “control” children with severe malaria 

without neurologic symptoms



• Demographics, clinical variables, laboratory results 

recorded 

• Daily TCD evaluations through death, discharge, hospital 

day 8
• Vs, Vd, Vm, PI of bilateral MCAs, BA, OA

• Central veins when able

• Autoregulation

• Neurologic outcomes 6 months from admission





















• “An investigative study into the pathophysiologic 

mechanisms of CM using TCD”  (U01AI126610)



• Using extensive infrastructure to evaluate relationships 

between typical pathophysiologic contributors to each 

TCD phenotype

– Blood gas analysis

– Cardiac ultrasound

– Electrolytes

– EEG

– MRI

– Optic nerve sheath diameter



• 128 CM patients to date

– Similar frequency of each TCD phenotype compared to the 

Congolese cohort



Day 1- Peak flows 240s (>5SD above age normal) 
Temp 37.6, HR 142, BP 99/55, MP +++, PCV 24,        
Gas 7.42/33/2, BCS 1
EEG without epileptiform discharges

Hyperemia- 5 yo female, 3 days of fever and 2 episodes of seizures

Day 2- Peak flows 180’s (>3SD above normal),  BCS 3

Day 3- Peak flows 140’s (normal)
BCS 5, Normal Neurologic Outcome

MRI day 1 with bilateral frontotemporal 
edema , brain volume score (BVS) 6



Microvascular Obstruction- 3yo male, 2 days of fever and 4 episodes of seizures  

Day 1- MCA systolic flows normal for age;
diastolic flows <3SD below normal; PI 1.52

Temp 37.5, HR 148, BP 93/42, MP +, PCV 21,
Lactate 5.1, Gas 7.3/36/-5, BCS 1
OP 14,  ONSD 0.49

Venous obstruction with Inferior 
Petrosal Sinus flow velocity 77 cm/sec 
(normal --20cm/sec)

MRI with scattered 
hyperintensities
on T2 with DWI changes sub-
cortical region, corpus callosum, 
hippocampi, brain volume score 6

Survived with severe sequelae



Microvascular Obstruction- Day 2 and Day 4

MCA systolic flows normal; diastolic flows improving to <2SD and PI  to 1.2;  IPS flow down to 
55cm/sec

MCA systolic flows normal; diastolic flows normal and PI 0.91; IPS flows down to 25 cm/sec



Vasospasm- 9 mo female, 4 days of fever and no seizures 

Day 1- Right MCA peak flows 180’s (>5SD from 
normal), normal carotid flow 
PI of 0.28

Temp 37.9, HR 138, BP 83/45, MP ++, PCV 19,
Lactate 5.4, Gas 7.36/38/-6, BCS 2

MRI with right sided edema and evidence of 
ischemic injury in the R MCA distribution, brain 
volume score 5

EEG: Right hemisphere suppression and spindle 
asymmetry with the absence of spindles on the 
right as well. These findings are indicative of 
diffuse focal neuronal dysfunction in the right 
hemisphere. 

Survived with left hemiparesis



IPH- 4yo 3 days 

fevers, 2 seizures
Normal bilateral MCA flows

BA flow >4SD 
above age 
normal



MCA peak flows in the 80’s (<5SD from age normal);
PI  0.35

HR 144, BP 114/75, MAP 88, PCV 22, BCS 1

Low Flow- Case 1, Day 1; 6yo 2 days 
of fevers

Brain volume score 4, OP on LP 20, ONSD 0.46



Ongoing insufficient perfusion within MCAs;
Flattening of diastolic flow suggests increasing ICP

Neurologic exam unchanged, BCS remains 1

Brain volume score 8, ONSD 0.52

Low Flow- Day 2
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Low Flow- Day 4

Reversal of flow

Catastrophic cerebral swelling with diffuse ischemia











Low Flow- 4yo female, 2 days of fever and 4 episodes of seizures  

Day 1- MCA peak flows in the low 90’s (<4SD)
from age normal

Temp 37.1, HR 158, BP 89/52, MP ++, PCV 24,
Lactate 4.7, Gas 7.35/46/-3, BCS 1
OP 18,  ONSD 0.51

MRI with brain volume score 5, watershed
infarcts on diffusion weighted images

Day 1- With adjunctive therapy of 30ml/kg NS, adrenaline 
infusion 0.05mcg/kg/min, MCA peak flows normalized and 
BCS improved to 4

Survived with no gross neurologic deficits



What’s next?

• Ongoing evaluation to rule out “known” pathophysiological 

contributors to TCD phenotypes

– Further evaluation of SVR between groups

– Reactive hyperemia/tonometry

• Plasma and CSF samples

– Evaluation of kynurenine pathway

– DAF-2 assay to evaluate for NO function 

– Evaluation of human mesenteric vessel response to plasma 

and CSF samples by phenotype



Transcranial Doppler Ultrasound Centers of

Excellence 



Thank you to NOVASIGNAL!






