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Introduction 

• Despite optimal antimalarials, 

case fatality rate of severe 

malaria is 10-30% 

 

• Potential to further reduce this 

mortality: 

– Improved supportive care 

– Novel adjunctive therapies 

 

 



Problems 

Targetting supportive care: 

• Difficult to assess prognosis 

• Inadequate diagnostics & incidental 

parasitaemia common 

 

Developing adjunctive therapies: 

• None tried to date are effective 

• Pathogenesis is not well understood 

• Lack of good surrogate markers for treatment 

studies 



Introduction 

Malarial retinopathy: 

• Set of visible changes at the back 

of the eye unique to malaria1,2 

 

• Studied in Malawian children since 

19931 

 

• Similar changes in Bangladeshi 

adults2 

 

 

 

Retina 

1. Beare NAV et al. Arch Ophthalmol. 2004;122:1141-7. 

2. Maude RJ et al. Trans R Soc Trop Med Hyg. 2009;103:661-4. 

 



Malarial retinopathy: 4 components 

Nick Beare 

    

 

 

 

 

    1. Whitening            2.Haemorrhages 

 

 

 

 

   3. Vessel whitening  4. Papilloedema 



Pathogenesis 

 

 

1. Maude RJ et al. Trans R Soc Trop Med Hyg. 2009;103:661-4 

2. Silamut K et al. Am J Pathol. 1999;155:395-410. 

. 

• Thought to mirror pathological changes in the brain1 

 

• Reduced blood flow in small blood vessels thought to be 

important in: 

o brain causing cerebral malaria2 

o eye causing malarial retinopathy1 

 

• Eye is only place in the CNS these changes can be 

observed directly during life 

 



Introduction 

Fluorescein angiography in children with cerebral malaria has 

found blocked capillaries to be associated with fatal outcome 

 

Glover SJ, Maude RJ, Beare NAV. Lancet ID, 2010. 

Glover et al. Oral presentation at ASTMH 2009. 



1. Glover SJ, Maude RJ, Beare NAV. Lancet ID, 2010. 

  
3. Lewallen S, et al. Arch Ophthalmol. 2010;118:924-928. 

Fluorescein Angiography 

Fluorescein angiography in 34 

children with cerebral malaria 

found blocked capillaries in 76%2 

 2. Beare et al. JID 2009;199:263-71.  



Studies in Bangladesh 
Chittagong Medical College Hospital 

Chittagong, Bangladesh 

                           2008-present 

 



Aims 

1. Describe spectrum of retinal findings in adult malaria 

  Same as in children? 

  Useful diagnostically? 

 

2. Determine relationship between retinopathy and severity 

of disease and outcome in cerebral malaria 

 Useful prognostically? 

 

3.  Correlate causes and measures of abnormal 

microcirculatory blood flow and malarial retinopathy 

 What is its pathogenesis? What can it tell us about the 

pathogenesis of cerebral malaria? 

 

 



Ophthalmoscopy 

Abu Sayeed et al. AJTMH. 2010, in press. 

• 210 adults 

 

• Indirect and direct 

ophthalmoscopy by junior 

physicians 

 

• Independent predictors of 

death:  

1. Renal failure 

2. Acidosis 

3. Moderate-severe 

retinopathy 

PI: Dr Abdullah Abu Sayeed 



• 260 adults and children 

 

Daily:  

• Portable retinal photography  

• Visual function 

• Detailed clinical assessment 

 

 

 

 

 

Methods 

Maude et al. TRSTMH. 2009;103:665-71. 



Maude RJ et al. Trans R Soc Trop Med Hyg. 2009;103:665-71. 

Portable retinal photography 

 

 

 

 

 

Methods 



Methods 



Fluorescein angiography 

Fluorescein filter assembly 

Maude RJ et al.  British J Ophthalmol. In press. 



Methods 
 

Microcirculatory blood flow: 

• Blood lactate2 

• Rectal capillary blood flow 

(Microscan)3 

 

 

 

 

2. CCM. 2000;28:1833-40          3. JID. 2008;197:79-84          4.TRSTMH. 2002;96:282-6          5. PLoSMed. 2005;2:e204 

• Red cell deformability (LORCA)4 

• Sequestered parasite biomass 

(HRP2)5 

Brain MRI 

 



Results 
Enrolled:  

260  

MALARIA:  

165 

NON-MALARIA:  

95 

Cerebral: 

66 

Non-cerebral 

severe:  

29 

Uncomplicated:  

70 

Sepsis:  

31 

Non-malarial 

encephalopathy:  

32 

Healthy:  

32 

Declined consent: 2 

Maude RJ et al. Unpublished. 



Results 

A. 

Widespread 

retinal 

whitening 

Maude RJ et al. Severe retinal whitening in an adult with cerebral malaria. AJTMH. 2009;80:881.  



B. 
B. 

Results 

Retinal 

haemorrhages 

Retinal whitening 



Results 

C. 
White-centred 

retinal 

haemorrhages 



D. 

Widespread 

retinal 

whitening 

Haemorrhage 



D. Fluorescein angiogram 



E. 

Widespread 

retinal 

whitening 



E. Fluorescein angiogram 

Late 

hyperfluorescence 



0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

P
er

ce
n

ta
ge

 o
f 

p
at

ie
n

ts
 

Study group 

Mild

Moderate

Severe

Grade of 

Retinopathy 

Retinal Photography 
p<0.0001 

Maude RJ et al. Unpublished. 



Coma Recovery Time 

Maude RJ et al. Unpublished. 



Lactate, RCD & HRP2 

Blood lactate 

Maude RJ et al. Unpublished. 



Conclusions 

 Retinopathy in Bangladeshi adults:  

 

– Most common and severe in cerebral (85%) and fatal 

(90%) malaria. 

– Specific for cerebral malaria in comatose patients (94%). 

– Microvascular obstruction and focal leakage 

– Severity correlates with lactate, red cell stiffness, parasite 

biomass. 

 

 

 



Conclusions 

 

• Malarial retinopathy has potential as a bedside tool to aid 

diagnosis and prognosis in patients with severe malaria. 

 

• Supports microvascular obstruction hypothesis for 

malarial retinopathy and coma – potential for new 

adjunctive therapies for malaria – surrogate marker 

  

• All patients with suspected severe malaria should 

undergo ophthalmoscopic examination. 



 

 Pathogenesis studies: 

– Retinopathy 

– Fluorescein angiography 

– Orbital Ultrasound 

– Near Infra Red Spectroscopy 

– MRI & fMRI 

 

 

 

Ongoing and future studies 



Levamisole in severe malaria 
• Levamisole blocks binding of PfEMP1 to CD36 

– Parasites stick in small blood vessels and obstruct microcirculation 

– Levamisole should therefore improve circulation 

• Randomised trial: 

  Levamisole vs no levamisole at 0 hours 

  Serial parasites counts & staging, measures of 

 microcirculation 

• Recruitment finished (n=53): analysis underway 

   LEVAMISOLE 



L-Arginine in severe malaria 
• L-Arginine is nitric oxide donor 

– Vasodilates 

– Improves microcirculation 

• Randomised trial: 

  IV L-Arginine vs saline at 0 hours 

  Measures of microcirculation and clinical statues 

• Protocol submitted 

   



Enteral Feeding in Cerebral Malaria 
• Randomised trial: 

  Early vs late start of feeding in cerebral malaria 

  (admission vs 60 hrs adults, 36 hrs children) 

• Stopped early (n=56): 

  9/27 (33%) early vs 0/29 late had aspiration 

 pneumonia (p=0.001) 

  5/27 (19%) vs 0/29 of these died (p=0.021) 

  No benefits of early feeding 

PI: Dr Amir Hossain 



Conclusions 

• How to reduce malaria mortality: 

– Antimalarials 

– Adjunctive therapies (from improved 

understanding of pathogenesis) 

– Supportive management 

 

• Evidence for all of these is coming from 

studies in Bangladesh 
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