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Abstract

Severe malaria is commonly misdiagnosed in Africa, leading to a failure to treat other life-threatening
illnesses. In malaria-endemic areas, parasitemia does not ensure a diagnosis of severe malaria because
parasitemia can be incidental to other concurrent disease. The detection of malarial retinopathy is a
candidate diagnostic test for cerebral malaria. Malarial retinopathy consists of a set of retinal
abnormalities that is unique to severe malaria and common in children with cerebral malaria. Its
presence and severity are related to risk of death and length of coma in survivors. A large, prospective
autopsy study of children dying with cerebral malaria in Malawi found that malarial retinopathy was
better than any other clinical or laboratory feature in distinguishing malarial from non-malarial coma.
However, visualization has to date relied on specialist examination techniques. Further studies are
planned to evaluate the usefulness of funduscopy by general clinicians in a variety of settings across
Africa. Studies of the retina and retinal blood vessels provide an unparalleled opportunity to visualize
an infected microvasculature and its effect on neural tissue in vivo. This report reviews current
knowledge of malarial retinopathy, including its use as a diagnostic test in the comatose child, and
its value as a tool for research into the pathophysiology of cerebral malaria.

INTRODUCTION

African children bear 90% of the burden of mortality from malaria, with estimates exceeding
a million deaths every year.l However, recent data from Africa suggest that malaria is
commonly misdiagnosed, leading to a failure to treat other causes of life-threatening disease.
2 Making a definite diagnosis of severe malaria in disease-endemic areas is complicated by
the fact that parasitemia may be incidental to other concurrent severe disease. In areas of high
transmission, the prevalence of asymptomatic parasitemia in the population may be as high as
40—70%,3’4 and the signs of severe malaria are non-specific.5v6 Therefore, parasitemia in a
critically ill patient is insufficient basis for the diagnosis of severe malaria in disease-endemic
areas. Unfortunately, it is in these under-resourced areas where the exclusion of other causes
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of illness is often difficult. Even in research settings where more precise diagnoses are possible,
other causes of coma cannot always be excluded in patients who satisfy the clinical definition
of cerebral malaria, and this can result in misdiagnoses.

Malarial retinopathy is a recently described set of retinal signs, which can be accompanied by
papilledema. Some of the retinal signs are unique to malaria and their detection is a candidate
diagnostic test for severe malaria.

The retina is embryologically part of the central nervous system with an analogous cellular
structure and blood-tissue barrier. Therefore, examination of the retina provides a unique
opportunity to study an infected microvasculature and its effects on neurologic tissue in vivo.
In this report, we review the features of malarial retinopathy, how it can be best identified, and
its use in the diagnosis of cerebral malaria. We also summarize research on the pathophysiology
of retinal signs and the insights gained into the pathogenesis of cerebral malaria.

We systematically searched PubMed to identify relevant studies by combining the term malaria
with retinopathy, retinal hemorrhage, papilledema, retina, and eye. These searches were
conducted most recently on January 26, 2006. Abstracts were reviewed for relevance, and
pertinent articles were reviewed in full. All studies that systematically recorded ocular signs
in severe malaria are included in this review. We searched article bibliographies to identify
further relevant work. Case reports and articles on drug-induced retinopathy were excluded.

FEATURES OF MALARIAL RETINOPATHY

Unusual retinal signs in children with cerebral malaria were first described by Lewallen and

others using direct and indirect ophthalmoscopy in Malawi in 1993.8 These signs have since
been further characterized, and also described in Kenyan and Gambian children, with fundus
photographs documenting their distinctive nature.9-12 The largest series now includes dilated
funduscopy in more than 1,000 children with cerebral malaria.13

Malarial retinopathy consists of four main components: retinal whitening, vessel changes,
retinal hemorrhages, and papilledema (Table 1). The first two of these abnormalities are
specific to malaria, and are not seen in other ocular or systemic conditions.

Retinal whitening

Retinal whitening affecting the macula (which approximates to the area within the temporal
vascular arcades) is termed macular whitening. When this feature occurs outside the macula,
it is termed peripheral whitening. In some early reports, retinal whitening was referred to as
retinal edema. Macular whitening is a patchy opacification of the retina centered on the fovea,
but it spares the central fovea, or foveola (Figures 1 and 2).11 It frequently extends temporally
between the vascular arcades (Figure 2).

Peripheral whitening is similar in appearance to macular whitening but outside the temporal
vascular arcades (Figure 2), or it can be in a more mosaic pattern in the peripheral fundus. The
appearance is distinct from cotton wool spots, which also occur, but less frequently. Patches
of peripheral whitening associated with severe malaria are less well demarcated, less brightly
white, and more widely distributed than cotton wool spots. Retinal whitening is similar in
appearance to patchy ischemic retinal whitening, an uncommon finding in central retinal vein
occlusion,14 but has a different retinal distribution.
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Vessel changes

Vessel changes are manifest as discoloration of retinal vessels to orange or white, mainly in
the peripheral fundus (Figure 3). Either discrete sections of vessels, or peripheral trees, can be
involved. White or orange tramlining within larger vessels can occur (continuous or
interrupted), delineating an apparently narrowed blood column (Figure 4). Capillary whitening
refers to whitening of retinal capillaries and post-capillary venules such that they become
prominent against the choroidal background. When viewed with a high magnification indirect
lens (x 5.5), capillary whitening appears to be more widely distributed in the fundus than has
been previously recognized.

Hemorrhages

Retinal hemorrhages are predominantly white-centered, intra-retinal, blot hemorrhages similar
to Roth spots (Figure 2). In severe cases, these can be extremely numerous (>120 in each eye)
and overlapping (Figure 5). Flame and large blot hemorrhages also occur frequently.
Occasionally, hemorrhages can extend into the pre-retinal space.

Papilledema

Papilledema is not specific to malaria and can occur in many other conditions that cause coma.
It accompanies retinal features of cerebral malaria in a proportion of cases and independently
increases the risk of fatal outcome.912 When papilledema is present without retinal whitening,
vessels changes, or white-centered hemorrhages, the examiner should consider other causes of
raised intracranial pressure.

Prognostic significance and outcome

A large prospective study of Malawian children with cerebral malaria has found that the
severity of retinal signs, includin% the number of retinal hemorrhages, is related to fatal outcome
and length of coma in survivors. 2 The relative risk of death conferred by the presence of each
fundus sign is shown in Table 2. This concurred with earlier studies that found that ocular
fundus signs were associated with an increased risk of death.8:9 In asmaller number of Kenyan
children with cerebral malaria, retinal hemorrhages were associated with deep coma and severe
anemia.0 In children in Mali with malaria, retinopathy was related to severity, but this study
is difficult to compare with other studies in African children because it does not state the method
of ophthalmoscopy used and uses a more inclusive definition of cerebral malaria.1®

Malarial retinopathy resolves some time after the resolution of coma in cerebral malaria and
with no persisting retinal abnormalities.12 A study on its effect on vision found no detectable
effect of retinopathy on visual acuity in the first month after discharge.16 However, this study
made use of relatively crude measures of visual acuity in a young age group in whom accurate
assessment of vision is notoriously difficult.

DETECTION OF MALARIAL RETINOPATHY

Malaria is common, and the ophthalmoscope was invented in 1851, so why has the entity of
malarial retinopathy escaped notice until relatively recently? The answer lies with different
methods of funduscopy. Papilledema and retinal hemorrhages had been previously described
by investigators using direct ophthalmoscopy,17‘19 but the components specific to severe
malaria are best seen by indirect ophthalmoscopy through dilated pupils (Figure 6). Pupil
dilation can be achieved with tropicamide 0.5% or 1% eye drops, with the addition of 2.5%
phenylephrine if required. The wider field of view afforded by the indirect ophthalmoscope
allows visualization of the peripheral retina where the unique vascular changes are mostly
situated, beyond the view of the direct ophthalmoscope. This perhaps explains how they had
evaded attention.
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At present, the specialist equipment and skill required for indirect ophthalmoscopy remain
barriers to wider use of this sign in clinical practice. Although retinal hemorrhages,
papilledema, and macular whitening are detectable with direct ophthalmoscopy, studies
recognizing a high incidence of malarial retinopathy have used indirect ophthalmoscopy.gv
10,12 comparison to indirect ophthalmoscopy, direct ophthalmoscopy showed retinopathy
with a sensitivity of 73% in the hands of an ophthalmologist in Gambia, but this decreased to
37% in those with no specific training and without consistent pupil dilation.20 When physicians
have been trained in indirect ophthalmoscopy, as they have been in Blantyre, Malawi, then the
sensitivity of detection improves to 95% compared with an ophthalmologist (T. E. Taylor,
unpublished data). The interobserver concordance between ophthalmologists for grading the
components of malarial retinopathy has proved satisfactory.

Pharmacologic dilatation of the pupils of patients with acute neurologic illness may be a
concern to physicians who are then temporarily unable to monitor pupil size and reaction. The
pupil reactions should be carefully examined and recorded prior to instilling dilating drops.
Clinicians should be made aware that drops have been given, and the time of administration
recorded. The effect of tropicamide wears off after approximately two hours. Since the severity
of malarial retinopathy is usually similar in both eyes, most information can be gained by
dilating one pupil.

Evidence for the utility of examining pupillary responses comes mostly from head injury and
intracranial hemorrhage.zz‘26 In contrast, cerebral malaria is a diffuse cerebral disease in
which the role of tentorial herniation is as yet unreported. Classic studies suggest that pupil
responses are less helpful in diffuse parenchymal lesions (which may cause central
transtentorial herniation) than in lateralized, rapidly expanding lesions such as hematomas,
which lead to uncal herniation.2” It should also be noted that pupil dilation in coma may be
due to mechanisms other than compression of the oculomotor nerve by herniation, such as
brain stem ischemia.22:28:29 |n medical comas, pupil dilation is a late event preceded or
accompanied by other signs of brainstem dysfunction, such as deepening of coma, abnormal
posturing, abnormal oculocephalic (Doll’s eye) responses, and disordered respiratory patterns.
These signs should alert the clinical team to a serious deterioration in a patient’s condition.

Studies using undilated funduscopg/ are likely to miss many abnormalities and all those
peripheral to the posterior pole.lgl Olna parasitemic, comatose child, the additional diagnostic
information obtained from dilated funduscopy is arguably of greater utility than maintaining
constant pupil monitoring.7 There is no additional intervention that is likely to be of benefit
in a patient diagnosed with cerebral malaria should they develop pupil abnormalities.
Therefore, we believe the diagnostic benefit gained by dilated funduscopy out-weighs the
disadvantage of temporarily interfering with pupil signs pharmacologically after the initial
pupil examination. More than 1,000 children with cerebral malaria in Malawi have had pupils
dilated for retinal examination, without identifiable detriment to clinical decision-making.

DIAGNOSTIC VALUE OF RETINOPATHY

Diagnostic difficulty in severe malaria

In children, severe malaria presents as three syndromes that commonly overlap: cerebral
malaria, severe malarial anemia, and respiratory distress or metabolic acidosis. The clinical
diagnosis of severe malaria based on World Health Organization (WHO) criteria requires
Plasmodium falciparum parasitemia and a measure of severe disease, such as impaired
consciousness or severe anemia, with the exclusion of other causes.! In malaria-endemic areas,
reliably establishing parasitemia and excluding other causes of severe disease can be difficult.
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A large study in 10 Tanzanian district hospitals showed that 54% of people treated for severe
malaria had no parasitemia.2 In this study, most children (55%) less than five years of age in
moderate and low transmission areas thought to have severe malaria were misdiagnosed
because blood films were inaccurate or ignored. The rate of malaria diagnosis without
parasitemia was lower in high transmission areas (31%), probably because a higher proportion
of children who came to the hospital were parasitemic.

Limitations of current diagnostic methods

Since severe malaria without peripheral parasitemia is rare, a correctly examined blood film
provides an important contribution to diagnosis. Given the required microscope, reagents, and
trained technicians, the limitation of correctly identifying a parasitemia is that it may be
incidental to another cause of the severe illness.

Rapid diagnostic tests based on the detection of Plasmodium-specific proteins are simple to
use, but less simple to interpret. These tests rely on detecting different parasite proteins, and
vary in sensitivity between malaria species. They do not give any information on the density
of infection, and have lower sensitivities at low parasite densities.31 Fundamentally, they
cannot distinguish a parasitemia causing a malarial illness from an incidental parasitemia.

In a malaria-endemic area, any child with signs of severe disease may have a parasitemia that
is not the cause of the critical illness. Recent autopsy data suggests that this situation may be
more common than is generally recognized.7 The parasitemia obviously requires treatment,
but a child will not recover unless the main pathology is first suspected, and then addressed.
Most of the clinical features of severe malaria in children, notably coma, convulsions, abnormal
posturing, respiratory distress, anemia, and jaundice, are not specific. There is considerable
overlap between the clinical signs of severe malaria and pneumonia for instance, and studies
in east African children have concluded that they cannot be reliably distinguished on clinical
grounds.5v6

Most children who die of malaria in Africa have cerebral malaria manifest as profound coma.
32 Evenin tertiary African hospitals facilities are often not available to reliably exclude other
causes of coma in a parasitemic child. In a prospective clinicopathologic study of Malawian
children diagnosed with cerebral malaria, 23% of the 31 examined postmortem had an
alternative cause of death, with no histopathologic findings typical of cerebral malaria.” Since
all these children satisfied the clinical case definition of cerebral malaria and would have been
classed as such had an autopsy not been performed, this number of other diagnoses was
unexpected. Of all the clinical and laboratory features documented, only malarial retinopathy
distinguished malarial from non-malarial coma.

Malarial retinopathy

In this Malawi autopsy study, 10 different ophthalmologists demonstrated a collective
sensitivity of 95% and specificity of 90% when using the detection of retinopathy as a
diagnostic test for cerebral malaria in subsequently fatal cases of coma.” This compares with
a specificity of 61% for the diagnosis of cerebral malaria using all other available clinical and
laboratory data applied to WHO diagnostic criteria for strictly defined cerebral malaria. The
reference standard used in this study was sequestered, parasitized erythrocytes in cerebral blood
vessels at post-mortem examination. Patients with parasitemia, but no malarial retinopathy,
were found at post mortem to have evidence of alternative causes of death and no significant
cerebral sequestration. One patient with a non-malarial coma was deemed to have a trace of
retinal whitening and no other retinal abnormalities. If one considers only parasitemic patients,
detection of any malarial retinopathy improved the specificity of the cerebral malaria diagnosis
from 61% to 100%. Overall, when using malarial retinopathy to diagnose cerebral malaria in
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any fatal coma, these data produce a positive predictive value (PPV) of 95% and a negative
predictive value of 90%, compared with a PPV of 77% for parasitemia with exclusion of other
causes.

The combination of retinal abnormalities associated with severe malaria is unique. To our
knowledge, retinal whitening and vessel changes are not seen in any other ocular or systemic
condition. None of these changes have been seen in Malian febrile controls, 15 critically anemic
Malawian children without malaria (hematocrit = 7-8%), or Malawian children with
meningitis. 12 The definite presence of malarial retinopathy of any severity confirms a
diagnosis of severe malaria, and is particularly useful in a parasitemic child in a coma (Figure
7).

Malarial retinopathy is also seen in other manifestations of severe malaria in children, without
profound coma, but the retinopathy is generally less severe, with fewer of the component
changes 12 Occasional retinal hemorrhages can be seen in children with non-severe
malarial® and on their own are non- specific.

Malarial retinopathy is absent in approximately one-third of children diagnosed with cerebral
malaria. From autopsy data of Taylor and others, in which other causes of death were
established,” it can be deduced that the cause of coma in some of these patients with normal
fundi may not be malaria. Alternatively, they may have a prolonged postictal state after a febrile
convulsion caused by otherwise uncomplicated malaria. Without a reliable reference standard
applicable during life, assessing the sensitivity of malarial retinopathy in non-fatal cases is
difficult. However, a normal fundus in children meeting the clinical definition of cerebral
malaria is associated with a shorter duration of coma, and a lower risk of death.12 The absence
of malarial retinopathy should alert the clinician to the possibility of other causes of coma,
particularly if the coma is prolonged.

Attempting to use malarial retinopathy to predict children who might deteriorate is difficult
because fundus examination in alert children is more demanding, and only a small minority
will develop cerebral complications on treatment. In a study in Gambia, retinopathy on
admission was associated with later convulsions, but this association was confounded by pre-
admission convulsions.20 We have found that a large increase in the number of retinal
hemorrhages can be related to clinical deterioration and even death..

RETINAL CHANGES IN ADULTS

The clinical features of severe malaria in adults are different from those in children, with multi-
system involvement including renal failure, hepatic dysfunction, pulmonary edema, and
disseminated intravascular coagulation being more common. Severe malaria is uncommon in
adults in disease-endemic areas of Africa because partial immunity develops from repeated
infection. Cerebral malaria is nevertheless commonly over-diagnosed in African adults, with
under-treatment of other causes of coma.33:34

Cerebral malaria in adults is common in southeast Asia and India, where studies of ocular
findings have been undertaken. Retinal hemorrhages have been found to be less frequent than
in children, and to be associated with severe disease, but not death, in Thai and Indian adults.
17,35,36 Retinal edema and exudates have been described as infrequent findings, but these
terms presume etiologies that are unproven, and it is not clear whether they refer to retinal
whitening seen in children. Macular retinal whitening has been observed in two Malawian
adults with cerebral malaria in a prospective study of patients admitted with fever. 37 However,
malarial retinopathy, as described in African children, does not appear to be a prominent feature
of severe malaria in adults. In particular, the unique vessel changes have not been documented.
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Systematic studies are required to establish the prevalence and significance of malarial
retinopathy in adults.

PATHOGENESIS OF RETINOPATHY

Histopathologic studies of malarial retinopathy have shown correlations with cerebral
pathology. The characteristic histopathologic feature of P. falciparum malaria is sequestration
of parasitized erythrocytes in microvessels by cytoadherence. Histologic examination of the
retina suggests that vessel abnormalities are caused by sequestered erythrocytes: eyes that had
vessel whitening in life had sequestration in retinal vessels at autopsy, with cytoadherent
erythrocytes containing late stages of P. falciparum and little hemoglobin.38 Itis only the
blood column of retinal vessels that is normally seen at ophthalmoscopy, and erythrocyte
hemoglobin is the pigment responsible for their red color. We believe that sequestered
erythrocytes whose hemoglobin has been consumed by parasites account for tramlining, and
for the orange and white appearance of vessels. However, sequestration with parasitized
erythrocytes has not yet been demonstrated in individual retinal vessels with these
abnormalities.

The number of retinal hemorrhages seen on funduscopic examination correlates with the
number of cerebral hemorrhages in fatal cerebral malaria.39 In common with cerebral
hemorrhages, fibrin thrombi are seen in the small vessel at the center of hemorrhages and
hemorrhaged red blood cells rarely contain parasites.

Functional studies have been conducted to investigate the pathophysiology of retinal signs.
10,16,40 These suggest that macular whitening is caused by oncotic swelling of second-order
neurones in the inner retina due to metabolic or hypoxic stress. A study using fundus fluorescein
angiography suggests that metabolic steal by intravascular parasites may play a role, rather
than capillary obstruction, which was not seen in association with macular whitening.10 Hero
and others performed fluorescein angiography on 12 Kenyan children with cerebral malaria
and also found that fluorescein did not breach the blood retina barrier or accumulate as
extracellular edema.10 The typical distribution of macular whitening, in sites of high metabolic
demand and in vascular watershed zones, supports causation by metabolic steal or hypoxia
over toxic malarial products, cytokines, or nitric oxide.

Further histopathologic studies of malaria retinopathy are underway or planned, including the
electron microscopic appearances of retinal whitening, and detailed comparison of retinal
photographs to flat-mounted, whole retinal specimens. These are in conjunction with cerebral
histologic examination. However, an important benefit of studying retinopathy in severe
malaria is that it can be done in vivo. Vessels with sequestration can be studied in children at
any time point, repeatedly, in those who survive as well as those who die. With this in mind,
a study using digital fluorescein angiography is underway to investigate retinal perfusion and
integrity of the blood retina barrier in Malawian children with cerebral malaria. In contrast to
Hero and others, this study benefits from the advantages of digital over film-based technology,
and the improved resolution of a modern fundus camera.

FUTURE DEVELOPMENTS

Further studies are planned at five centers across Africa that are part of the Severe Malaria in
African Children (SMAC) network. These aim to determine the effectiveness of trained
physicians in detecting malarial retinopathy using indirect as well as direct ophthalmoscopy.
If funduscopy does prove useful, it could help to improve the efficiency of pivotal studies of
malaria pathogenesis, treatment, and prevention. Accurate diagnosis is critical to ensure that
studies are correctly powered.
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We hope that funduscopy will become more widely used to improve the diagnosis of severe
malaria in Africa. An inexpensive, lens-free direct ophthalmoscope has recently been
developed and launched in the United Kingdom.# This may enable increased use of direct
ophthalmoscopy in resource-poor settings. It remains to be established how effective direct
ophthalmoscopy alone can be in detecting malarial retinopathy when pupils are consistently
dilated, and when observers undergo specific training. Detection of malarial retinopathy is
potentially a low-cost, bedside, diagnostic method, which could improve the precision of the
clinical diagnosis of severe malaria.

CONCLUSIONS

Since malarial retinopathy was first reported as an unusual cluster of retinal signs with
prognostic value in cerebral malaria, strong evidence of its diagnostic value has been published.
Although this is predominantly in cerebral malaria in children, malarial retinopathy is also
present in other forms of severe malaria. Two of the components of malarial retinopathy, retinal
whitening and vessel changes, are unique to severe malaria. Autopsy data suggest that the
recognition of malarial retinopathy improves on existing diagnostic criteria by reducing
reliance on the exclusion of other causes of severe disease and by making the diagnosis on a
positive basis. The sensitivity in non-fatal cases of cerebral malaria is not yet established, but
its presence is associated with the most severe cases, the group for whom early interventions
aimed at reducing mortality need to be developed.

Studies on malarial retinopathy have been conducted mainly in Malawi, Kenya, and Gambia,
all with involvement of ophthalmologists. There are not enough ophthalmologists in Africa to
perform these examinations. Further work is required to assess whether fatal coma with
parasitemia has a similar rate of alternative diagnoses at other settings and transmission
intensities, and whether detection of malarial retinopathy can improve diagnosis when fundus
examination is performed by non-ophthalmologists.

To a clinician detecting malarial retinopathy, its presence confirms a diagnosis of severe
malaria, and in cerebral malaria the likelihood of death is strongly related to its severity. If
retinopathy is absent in a child thought to have cerebral malaria, the clinician should bear in
mind the possibility of other causes of coma, particularly if the coma is prolonged. This
knowledge could improve care of critically ill patients with parasitemia in disease-endemic
areas, and also improve the power of studies to assess interventions aimed at reducing the
persistently high mortality of severe malaria.
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FIGURE 1.

Severe macular whitening (solid arrow) completely surrounding the foveola of a Malawian
child with cerebral malaria. Papilledema is present as well as a white-centered hemorrhage
temporal to the macula and cotton wool spots above superior temporal arcade. The open
arrow indicates glare (photographs provided by Nicholas A. V. Beare).

Am J Trop Med Hyg. Author manuscript; available in PMC 2008 May 6.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

BEARE et al.

Page 12

FIGURE 2.

Macular whitening around inferior fovea and temporal macula (solid black arrow). White-
centered hemorrhages are temporal to the disc and on the superior macula. Peripheral whitening
is outside the vascular arcades (solid white arrow). Open arrow indicates glare.
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FIGURE 3.
White retinal vessels in an area of confluent peripheral retinal whitening.
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FIGURE 4.
Vessel changes in same child as in Figure 1, including examples of tramlining (solid arrow)
and orange vessel (open arrow).
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FIGURE 5.
Large number of retinal hemorrhages in a child with cerebral malaria.

Am J Trop Med Hyg. Author manuscript; available in PMC 2008 May 6.

Page 15



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

BEARE et al.

ks Sy
Vila g 0
LI

& an F

= .

FIGURE 6.
Clinician performing indirect ophthalmoscopy. This figure appears in color at
www.ajtmh.org.
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TABLE 1
Components of malarial retinopathy
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Retinal whitening
Macular
Peripheral
Vessel changes
Whitening (including orange vessels and tramlining)
Capillary whitening
Retinal hemorrhages, predominantly white-centered
Papilledema
Cotton wool spots
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TABLE 2
Prevalence and relative risk of death associated with ocular fundus signs in children with cerebral malaria in

Malawil2*

Relative risk of death (95% confidence interval)

Fundal sign Prevalence in cerebral In presence of sign Moderate or severe manifestation
malaria (%)

Any retinopathy 61 3.7 (1.6-8.5) NA
Papilledema 15 4.5(2.7-7.6) NA
Hemorrhages 46 2.0 (1.1-3.6) 3.4 (2.0-5.8)
Vessel changes 32 2.4 (1.4-4.3) 3.0(1.7-5.1)
Macular whitening 46 1.5(0.9-2.7) 2.3(1.3-4.0)
Peripheral whitening 44 1.6 (0.9-2.8) 1.6 (0.9-2.9)

*
NA = not applicable.
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