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Abstract.

To establish if assessment of malarial retinopathy in adult malaria using ophthalmoscopy by non-

ophthalmologists has clinical and prognostic significance,210 Bangladeshi adults were assessed by both direct and indirect
ophthalmoscopy; 20 of 20 healthy subjects and 20 of 20 patients with vivax malaria showed no retinal changes, whereas
in patients with falciparum malaria, indirect ophthalmoscopy revealed malarial retinopathy (predominantly retinal hem-
orrhages) in 18 of 21 (86%) fatal, 31 of 75 (41%) cerebral, 16 of 64 (25%) non-cerebral but severe, and 1 of 31 (3%)
uncomplicated cases. Direct ophthalmoscopy missed retinopathy in one of these cases and found fewer retinal hemor-
rhages (mean difference = 3.09; 95% confidence interval = 1.50-4.68; P < 0.0001). Severity of retinopathy increased with
severity of disease (P for trend < 0.0001), and renal failure, acidosis, and moderate/severe retinopathy were indepen-
dent predictors of mortality by both ophthalmoscopic techniques. Direct ophthalmoscopy by non-ophthalmologists is an
important clinical tool to aid diagnosis and prognosis in adults with severe malaria, and indirect ophthalmoscopy by non-
ophthalmologists, although more sensitive, provides minimal additional prognostic information.

INTRODUCTION

Every year, more than 1 million people die of severe and
cerebral malaria.! Microvascular sequestration of infected
erythrocytes is pivotal in the pathophysiology of the disease
but difficult to assess in the living patient. An exception is the
directly accessible retinal microvasculature, which is very simi-
lar to the cerebral microvasculature.”? Retinal changes observed
in patients with severe malaria can, thus, mirror changes in the
brain and be of pathophysiological, prognostic, and diagnostic
significance.? The occurrence of retinal hemorrhages in severe
malaria has been known for over 130 years,? but the unique
spectrum of retinal signs in African children with cerebral
malaria was first described in Malawi in 1993. This spectrum
consists of four components: retinal whitening (macular or
peripheral), vessel discoloration (white or orange), retinal hem-
orrhages (particularly with white centers), and papilloedema.’
Vessel discoloration and the pattern of retinal whitening are
unique to and retinal hemorrhages are relatively specific for
severe malaria, and they can be used for diagnostic purposes in
high transmission areas in sub-Saharan Africa, where it is dif-
ficult to distinguish severe malaria from other causes of severe
febrile illness presenting with incidental peripheral blood para-
sitaemia.’ Severity of malarial retinopathy in children also has
important prognostic significance for both prolonged coma
and death.® Studies of ocular findings in adults have been far
less extensive and hampered by the use of mostly direct oph-
thalmoscopy, which limits examination of the peripheral ret-
ina compared with indirect ophthalmoscopy. A recent study in
Bangladesh using a portable retinal camera found the preva-
lence of malarial retinopathy in adults with cerebral malaria
to be similar to that in children.” The current study was under-
taken to evaluate and compare direct and indirect ophthalmos-
copy as bedside tools to aid diagnosis in adult patients with
malaria admitted to a tertiary referral hospital in Chittagong,
Bangladesh and to evaluate their prognostic utility.
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MATERIALS AND METHODS

Study site and patients. This observational study was
conducted at Chittagong Medical College Hospital, a large,
1,000-bed teaching hospital in Chittagong, Bangladesh from
May 2007 to December 2007.

Consecutive adult patients (> 16 years) with peripheral
blood slide- or rapid diagnostic test (Paracheck, Orchid Bio-
medical Systems, Goa, India)-confirmed Plasmodium falci-
parum malaria were recruited if written informed consent was
obtained from them or an attending relative. These patients
were divided into the following groups: cerebral malaria
(Glasgow Coma Score < 11 and no other obvious cause for
coma, including hypoglycemia and post-ictal state), severe
non-cerebral malaria (criteria adapted from table 3 in Tran
and others®), uncomplicated P, falciparum malaria, and P, vivax
malaria. Healthy volunteers were also recruited from the local
population as a control group for comparison with the back-
ground prevalence of retinal changes in the healthy popula-
tion. Exclusion criteria were patients unable or unwilling to
cooperate with eye examination, contraindications to tropic-
amide and phenylephrine eye drops (angle closure glaucoma
or documented allergy), severe corneal scarring or cataracts
in both eyes precluding ophthalmoscopy, diabetes mellitus,
hypertension, intracranial space occupying lesion(s), epilepsy,
alcoholism, head injury, and chronic renal failure.

Study procedures. On admission, a full history and exam-
ination were carried out. Blood samples were obtained for
hemoglobin, hematocrit, parasitemia, platelet count, leuko-
cyte count, serum glucose, and full biochemistry. Eye exam-
ination included pupillary reaction to light and direct and
indirect ophthalmoscopy. Because indirect ophthalmoscopy
is more sensitive with a wider field of view and is much bet-
ter for examining the peripheral retina (where many of the
changes of malarial retinopathy are found), it was used as the
gold standard and was always performed after direct ophthal-
moscopy to minimize bias. Observations were made by two
independent observers who underwent 2 weeks of intensive
training to supplement their limited prior experience of direct
and indirect ophthalmoscopy. In case of non-matching find-
ings, the patient was reexamined, and findings were scored by
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consensus between the observers. Ophthalmoscopy was per-
formed on admission, and in those who had changes on day 1,
it was repeated 3 days after admission and at discharge. Two
drops of tropicamide 0.5% or 1% eye drops, with the addi-
tion of 2.5% phenylephrine, were used for mydriasis. Retinal
changes were graded as mild or moderate to severe by simpli-
fied criteria based on the classification of Beare and others’
and Harding and others!® (Table 1). A subgroup of unselected
patients underwent retinal photography with a Zeiss Visucam
Lite digital fundus camera (Carl Zeiss Ophthalmic Systems,
Jena, Germany) when sufficiently well to be transported to
the nearby Bangladesh National Society for the Blind Eye
Hospital.

Drug and supportive treatments. Antimalarial medications
and supportive treatments were in accordance with the 2006
World Health Organization (WHO) guidelines!! and local
hospital guidelines, but the availability of renal replacement
therapy and mechanical ventilation was limited.

Statistical analysis. Statistical analysis was carried out using
the SPSS version 16.0 and Stata version 10. Correlation of
malaria severity with retinopathy severity was by P value
for trend. Numbers of retinal hemorrhages were compared
using independent samples ¢ test and Kruskal-Wallis test
as appropriate. All the tests were two-sided, and P < 0.05
was considered to be statistically significant. Independent
predictors of mortality were identified using a stepwise logistic
regression procedure. Only variables with a P value of less
than 0.05 were retained in the final model.

RESULTS

A total of 210 subjects were studied, of whom 75 had cere-
bral malaria, 64 had severe malaria but no coma, 31 had
uncomplicated falciparum malaria, 20 had vivax malaria and
20 subjects served as healthy controls (Table 2).

The distribution of presenting severity features is shown in
Table 3.

Retinal findings. Features compatible with malarial retin-
opathy were found in 47 of 139 patients (34%) with severe
malaria, 18 of 21 patients (86%) with a fatal course, 31 of
75 patients (41%) with cerebral malaria, 16 of 64 patients
(25%) with non-cerebral severe malaria, 1 of 31 patients
(3%) with uncomplicated malaria, 0 of 20 patients (0%) with
P, vivax malaria, and 0 of 20 healthy volunteers (0%; P for

TABLE 1
Summary of simplified malarial retinopathy grading criteria

Grade of retinopathy

Feature Mild Moderate to severe
Whitening
Macular < 1/3 optic disc area > 1/3 optic disc area(s)

Peripheral*® Occasional spots More than occasional
spots or patches of
mosaic/confluence

Vessel changes*t
Size of affected area Small Large
Number of vessel
branches Few Many
Vessel length Short Long
Hemorrhages 1-5in>1eye >5in>1eye
Papilloedema Absent Present

*Sum of grades for each quadrant of the retina divided by number of quadrants seen.
+White or orange discoloration of capillaries and/or arterioles.

TABLE 2
Summary of patients recruited (N = 210)

Non-cerebral Uncomplicated

Variable Cerebral severe P, falciparum P.vivax Healthy
Number 75 64 31 20 20
Age
Mean (years) 31.9 30.1 323 38.1 39.1
95% CI 29.0-34.8 26.9-33.3 26.6-37.9 30.8-45.3 35.2-42.9
Male (%) 75 63 65 75 50

trend < 0.0001) (Figure 1). The prevalences of individual fea-
tures of retinopathy, as seen by indirect ophthalmoscopy,
are shown in Table 4. The number of retinal hemorrhages
seen on admission correlated with admission Glasgow Coma
Score (= 0.120; P < 0.0001).

Direct versus indirect ophthalmoscopy. A comparison of
findings by direct and indirect ophthalmoscopy is shown in
Table 5. There was no significant difference in the overall
prevalence of retinopathy as assessed by these two techniques,
but peripheral abnormalities were better detected by indirect
ophthalmoscopy. With indirect ophthalmoscopy as reference,
direct ophthalmoscopy had a high sensitivity to detect retinal
hemorrhages and papilloedema but was less sensitive to
detect retinal whitening (Table 4). More retinal hemorrhages
were found by indirect versus direct ophthalmoscopy (mean
difference = 3.09; 95% confidence interval [CI] = 1.50-4.68;
P <0.0001). In all but 10 patients, the overall severity of retin-
opathy was the same by direct and indirect ophthalmoscopy.
In seven patients (3%), retinopathy was scored as severe
by indirect ophthalmoscopy and mild by direct ophthalmos-
copy, and in one patient, retinopathy was scored as mild by
indirect ophthalmoscopy and absent by direct ophthalmos-
copy; this was because of differences in the numbers of reti-
nal hemorrhages seen. In three patients (1%), papilloedema
was seen by direct ophthalmoscopy but not by indirect
ophthalmoscopy.

Disease outcome. Indirect ophthalmoscopy findings in
patients with fatal and non-fatal severe malaria are shown in
Table 6. A logistic regression model using admission Glasgow
Coma Score, overall severity of retinopathy, clinical renal
failure (anuria or oliguria [<20 mL/hour urine output]), clinical
acidosis (Kussmal breathing), blood hemoglobin, hematocrit,
plasma lactate, plasma glucose, blood urea nitrogen, serum
creatinine, serum bilirubin, serum bicarbonate, and peripheral

TABLE 3

Distribution of presenting severity features in 139 patients with severe
malaria

Number of patients

Cerebral Non-cerebral
(n=175) (n=064)

75 (100%) 0 (0%)

Glasgow Coma Scale < 11

Severe anemia; hematocrit < 20%, or
Hb <5 mg/dL

Clinical jaundice

Renal failure; history of anuria or oliguria
(i.e. < 20 mL/hour urine output)

Shock; systolic blood pressure < 80 mmHg

12 (16%)
38 (51%)

11 (17%)
56 (88%)

19(23%)  5(8%)

with cool extremities 0(0%) 0(0%)
Peripheral asexual stage parasitemia>10% 4 (5%) 0(0%)
Venous lactate > 4 mmol/L 13 (17%) 5(8%)
Acidosis; venous bicarbonate < 15 mmol/L 7 (9%) 4(6%)

By definition, patients with uncomplicated malaria had none of these features.
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FIGUure 1. Severity of retinal changes consistent with malarial
retinopathy in patients with P. falciparum or P. vivax malaria and
healthy volunteers.

blood parasite count as independent variables (model 1 in
Table 7) identified renal failure, acidosis, and moderate/severe
retinopathy by either direct or indirect ophthalmoscopy as
independent predictors for death. When the number of retinal
hemorrhages and presence or absence of papilloedema were
used instead of overall severity of retinopathy (model 2 in
Table 7), renal failure, acidosis, and number of retinal hem-
orrhages were predictors of death for indirect ophthalmoscopy,
and renal failure, acidosis, and admission Glasgow Coma
Score were predictors of death for direct ophthalmoscopy. The
mean number of hemorrhages in fatal cases of severe malaria
was significantly higher than in non-fatal cases (mean =
9.0, 95% CI = 5.7-12.2 versus mean = 1.6, 95% CI = 1.0-2.2;
P < 0.0001 for indirect ophthalmoscopy; mean = 4.2, 95%
CI=3.0-5.4 versus mean = 1.3,95% CI =0.9-1.8; P < 0.0001 for
direct ophthalmoscopy). Of the patients with papilloedema,
8 of 9 (89%) also had other retinal findings (7 of 9 [78%] had
hemorrhages and 2 of 9 [22%] had whitening),7 of 9 (78%) of
which were moderate to severe.

Retinal photography. Sixteen unselected patients with
severe malaria underwent retinal photography when sufficiently
well, and two examples are shown in Figure 2. The mean time

after admission that this photography was performed was
4.8 days (95% CI = 3.6-5.9 days). In most patients, images
were centered on the optic disc and fovea with a field of
view of 45°, thus limiting capture of the peripheral retina.
The retinal photographs were examined by a second blinded
observer. Numbers of retinal hemorrhages on the photographs
were similar to those observed by indirect ophthalmoscopy
(mean difference = 1.1;95% CI = -0.9-3.1; P = 0.252). Retinal
whitening was found in 6 of 16 patients, and no vessel changes
were seen. In only two of these patients was the retinal
whitening found by indirect ophthalmoscopy, and in one of
these patients, it was found by direct ophthalmoscopy. Both of
these patients had marked changes in and around the macula.
Papilloedema was not observed on the photographs.

Follow-up. The mean duration of admission for patients
with malaria was 5.5 days (95% CI = 5.2-5.9 days); 42 patients
with malaria and retinal changes on admission (25% of the
total) were reexamined on day 3, and 30 of these were also
examined at discharge. By day 3, the grade of retinal changes
had improved in 1 of 42 patients (2%; this patient had retinal
hemorrhages) and worsened in 0 patients. By the time of
discharge, malarial retinopathy had fully cleared in 11 of
30 patients (37%), had improved in 2 of 30 patients (7%),
and was the same as on admission in 17 of 30 patients (57%)
who were assessed.

DISCUSSION

This study showed that over one-third of adult patients with
severe malaria have malarial retinopathy on admission when
assessed by non-expert direct and indirect ophthalmoscopy.
Retinal hemorrhages are the most easily visible manifestation
of malaria in the retina and as such, have the greatest potential
as a bedside diagnostic and prognostic sign. This has been pro-
posed for the diagnosis of pediatric cerebral malaria in high
transmission settings in sub-Saharan Africa.’ In these settings,
a positive peripheral blood slide for malaria does not neces-
sarily imply that a child has clinical malaria because of the
high background slide positivity rates. This was supported by
a large prospective autopsy study of children with fatal cere-
bral malaria in Malawi, where it was found that malarial retin-
opathy was better than any other clinical or laboratory feature
in distinguishing malarial from non-malarial coma.”? In low

TABLE 4

Prevalences of individual features of retinopathy in 170 patients with P. falciparum malaria as assessed by indirect ophthalmoscopy

Retinal findings in P, falciparum malaria (indirect ophthalmoscopy; n = 170)

Hemorrhages Whitening
Group Any retinopathy White-centered Any Papilloedema* Macular Peripheral Any

Cerebral (n =75)

Mild 16 (21%) 28 (37%) 20 (27%) 0(0%) 1(1%) 0(0%)

Moderate-severe 15 (20%) 1(1%) 9 (12%) 9(12%) 4 (5%) 1(1%) 4 (5%)

Total 31 (41%) 29 (39%) 29 (39%) 9 (12%) 4(5%) 2 (3%) 4(5%)
Non-cerebral (n = 64)

Mild 13 (20%) 16 (25%) 13 (20%) 0(0%) 0(0%) 0(0%)

Moderate-severe 3(5%) 0(0%) 3(5%) 0(0%) 0(0%) 0(0%) 0(0%)

Total 16 (25%) 16 (25%) 16 (25%) 0(0%) 0(0%) 0(0%) 0(0%)
Uncomplicated (n = 31)

Mild 0(0%) 1(3%) 0 (0%) 0(0%) 0(0%) 0(0%)

Moderate-severe 1(3%) 0(0%) 1(3%) 0(0%) 0(0%) 0(0%) 0(0%)

Total 1(3%) 1(3%) 1(3%) 0(0%) 0(0%) 0(0%) 0(0%)

*All papilloedema was graded as moderate to severe. Vessel changes are not shown, because none were seen in this study. There were no abnormal findings in patients with P. vivax malaria or

healthy volunteers therefore they are not shown.
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TABLE 5
Comparison of findings in 170 patients with P. falciparum malaria by direct and indirect ophthalmoscopy

Retinal findings in P, falciparum malaria (n = 170)

Hemorrhages Whitening
Any retinopathy White-centered Any Papilloedema Macular Peripheral Any
Indirect 48 (28%) 46 (27%) 46 (27%) 9(5%) 4 (2%) 2(1%) 4(2%)
Direct 47 (28%) 45 (26%) 45 (26%) 12 (7%) 3(2%) 0(0%) 3(2%)
Sensitivity 94 98 98 100 75 0 75
Specificity 100 100 100 98 100 100 100

Vessel discoloration is not shown, because none was seen. Sensitivities and specificities are for direct ophthalmoscopy, using indirect ophthalmoscopy as the reference test.

transmission settings like Bangladesh, the clinical diagnosis of
severe malaria is not confounded by asymptomatic peripheral
blood parasitemia, and the contribution of ophthalmoscopy to
diagnosis is more limited.

The current study compared bedside direct and indirect
ophthalmoscopy for the assessment of malaria retinopathy.
There was little advantage gained from indirect ophthalmos-
copy by a non-expert compared with direct ophthalmoscopy
regarding overall sensitivity to detect malarial retinopathy.
However, it is likely that, with increased training, indirect oph-
thalmoscopy would be more sensitive. In the current study,
both techniques had similar prognostic value for a fatal course
of the disease, suggesting that simpler direct ophthalmoscopy
is an adequate tool to assess disease severity, although this
was based predominantly on numbers of retinal hemorrhages
alone. Both methods found significantly higher numbers of
hemorrhages in fatal versus non-fatal infections. This was
despite the number of retinal hemorrhages seen by indirect
ophthalmoscopy being around double those seen by direct
ophthalmoscopy.

The present study used a simplified version of the classifica-
tion of malarial retinopathy used previously in children, which
allowed direct comparison of findings across age groups and
settings. The prevalences of retinopathy in the present study are
around one-half of those detected by objective expert assess-
ment using retinal photography in a smaller study in the same
patient population’ and indirect ophthalmoscopy by experi-
enced ophthalmologists in Malawian children.® The present
findings match prevalence rates found in previous studies in
adults with malaria using ophthalmoscopy as a bedside tool. In
a study by Kochar and others' using a combination of direct
and indirect ophthalmoscopy, retinopathy was present in 34 %
of patients with cerebral malaria, 24% of patients with severe
non-cerebral malaria, and 1% of patients with uncomplicated

falciparum malaria. Studies by Looareesuwan and others'
and Davis and others' using direct ophthalmoscopy reported
the prevalence of retinopathy in patients with cerebral malaria
as 14.6% and 28 %, respectively, predominantly as retinal hem-
orrhages. These discrepancies suggest that the sensitivity of
non-expert direct or indirect ophthalmoscopy for detecting
malarial retinopathy is likely to be around 50%.

The highly specific and common (around 50% of adults)’
retinal whitening and rarer vessel discoloration seen in previ-
ous studies®” were rarely (whitening) or never (discoloration)
seen in the present study. This is true of most previous stud-
ies in adults’®'® and early studies in children,'*” which pre-
dominantly described retinal hemorrhages.’ Retinal whitening
frequently occurs without hemorrhages and can be difficult
to see, particularly when it is in the peripheral retina,' and
in our experience, we have found that only the most severe
whitening is easily visible by direct ophthalmoscopy and only
after specific training of the physician. One-half of those with
whitening on retinal photography in the present study were
not detected by either ophthalmoscopy technique. Thus, it is
likely that the incidence and severity of retinopathy in these
patients were an underestimate. Further in-depth training and
extended practice in indirect ophthalmoscopy may help to
minimize this in future studies. Despite this shortcoming, the
present study confirms the utility of assessment by direct oph-
thalmoscope of malarial retinopathy, especially retinal hem-
orrhages, as a simple bedside indicator of prognosis in this
patient group. Because expert ophthalmological examination
of severe malaria in the field setting is unlikely, the results in
this study are a realistic reflection of what can be achieved in
a real world setting.

The prognostic significance of retinal hemorrhages was
independent of other well-established prognostic indicators,
such as metabolic acidosis and renal failure, and is in accor-

TABLE 6
Indirect ophthalmoscopy findings in fatal and non-fatal severe malaria

Retinal findings in severe malaria (indirect ophthalmoscopy; n = 139)

Hemorrhages Whitening

Severity of retinopathy Any retinopathy ‘White-centered Papilloedema* Macular Peripheral Any
Fatal (n =21)

Mild 6 (29%) 15 (71%) 8 (38%) 0 (0%) 0 (0%) 0 (0%)

Moderate to severe 12 (57%) 0(0%) 8 (38%) 9 (43%) 2 (10%) 1(5%) 2(10%)

Total 18 (86%) 15 (71%) 16 (76%) 9 (43%) 2 (10%) 1(5%) 2(10%)
Non-fatal (n = 118)

Mild 23 (19%) 29 (25%) 25 (21%) 0(0%) 1(1%) 0(0%)

Moderate to severe 6(5%) 0(0%) 4 (3%) 0(0%) 2(2%) 0(0%) 2 (2%)

Total 29 (25%) 29 (25%) 29 (25%) 0(0%) 2(2%) 1(1%) 2(2%)

*All papilloedema was graded as moderate to severe.



MALARIAL RETINOPATHY IN BANGLADESHI ADULTS 145

TABLE 7

Results of multiple logistic regression models for predicting death in patients with severe malaria

Odds ratio for death (95% CI)

Indirect Direct

Model 1

Renal failure

Acidosis

Moderate to severe retinopathy
Model 2

Renal failure

Acidosis

Number of retinal hemorrhages

Admission Glasgow Coma Score

32.1 (6.4-162.2), P < 0.0001
14.3 (2.0-101.7), P = 0.008
27.8 (4.4-177), P < 0.0001

31.2 (6.6-148.0), P < 0.0001
16.9 (2.8-102.2), P = 0.002
1.2 (1.1-1.4), P = 0.004

40.4 (8.0-204.3), P < 0.0001
6.4 (0.8-52.1), P = 0.081
41.9 (5.4-324.4), P < 0.0001

37.6 (8.2-172.3), P < 0.0001
13.4 (2.2-80.4), P = 0.07

0.8 (0.6-0.9), P = 0.004

dance with previous studies (Thailand'* and Malawi®). This
independence from other markers may be a reflection of the
peculiar similarity between the retinal and cerebral vascula-
tures and the consequent pathology resulting from selective
sequestration of parasites at these sites.? The studies in Malawi
have shown that the presence of malaria retinopathy, which
includes not only hemorrhages but also retinal whitening, ves-
sel changes, and papilloedema, is highly specific for a neuro-
pathological diagnosis of cerebral malaria and, as assessed
by an experienced ophthalmologist, is a much better predic-
tor than hemorrhages alone; thus, this is recommended for
the clinical diagnosis of pediatric cerebral malaria.® The num-
ber of retinal hemorrhages on admission in the present study
correlated with the depth of coma at the same time point. A
previous study in Vietnam found no association between the
presence of retinal hemorrhages and coma, but the study size
was small."” In studies in Kenyan and Malawian children, coma
andretinal hemorrhages did correlate.*° It has also been shown
in Malawian children with cerebral malaria that the presence
of retinal hemorrhages during life correlates strongly with the
presence of post-mortal cerebral hemorrhages at autopsy.”!
These associations could indicate a pathogenetic relationship
between hemorrhages and coma; alternatively, this could be
incidental, because both hemorrhages and coma are likely to
be the result of microcirculatory blockage.? An autopsy study

in Vietnamese adults has shown that the extent of sequestra-
tion of parasitized erythrocytes in the brain microvasculature
correlates with the presence of coma,?” but other factors are
also likely to contribute to the pathogenesis of coma.?

The frequency of papilloedema in this study was similar to
the findings in the African studies, reporting a prevalence of
15% in pediatric cerebral malaria compared with 4% in chil-
dren with severe malaria anemia.® Papilloedema is caused
by raised intracranial pressure, which, in patients with cere-
bral malaria, has been hypothesized to be mainly caused by
the increase of the intravascular blood volume caused by the
presence of the sequestered biomass.” Increased intracranial
pressure can also be caused by cerebral edema, and there is
still considerable debate as to what extent cerebral edema
contributes to coma in falciparum malaria. There is a mild
generalized increase in the systemic vascular permeability in
severe malaria, but the blood-brain barrier (BBB) in adults
with cerebral malaria is functionally grossly intact*; however,
in African children with cerebral malaria, there is a subtle
increase in BBB permeability with a disruption of endothe-
lial intercellular tight junctions on autopsy.”® Imaging studies
reveal that most adults with cerebral malaria have no evi-
dence of cerebral edema?® In African children, cerebral edema
is more frequent, although not a consistent finding. Similarly,
opening pressures on lumbar puncture are usually normal in

Ficure 2. Fundus photographs of a patient with severe malaria showing a large white-centered hemorrhage (big black arrow), scattered patches
of retinal whitening (white arrows), and hemorrhages (black arrows) in the right eye and multiple hemorrhages and patches of retinal whitening
in the left eye.
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adult patients but are elevated in over 80% of children with
cerebral malaria.”” Use of mannitol to lower intracranial pres-
sure in Ugandan children with cerebral malaria did not affect
clinical outcome.” In the present study, papilloedema was not
an independent predictor of mortality.

In children, macular and peripheral whitening are fre-
quent findings, being present in 44% and 46%, respectively,
of those with cerebral malaria in one Malawian study.® These
studies also revealed that areas of retinal whitening coincide
with non-perfused areas on fluorescein angiography” and
obstructed retinal capillaries on autopsy,?' strongly suggest-
ing an ischemic etiology for these lesions.>? This is thought
to mirror similar, usually reversible, patchy ischemia in the
brain.>*? A recent study in Bangladesh using a portable retinal
camera found that the severity of retinal whitening correlated
with severity of malaria and blood lactate levels, suggest-
ing ischemia.” The prevalence of peripheral whitening was
much lower in the present study than previously in the same
population using retinal photography,” likely because of the
much lower sensitivity of the techniques when used by a non-
ophthalmologist.

No patients in this study had visible vessel discoloration.
This includes those who underwent retinal photography. This
finding agrees with the previous study in Bangladesh that used
retinal photography.” However, vessel discoloration in children
is quite common® and is thought to be caused by dehemoglo-
binization of sequestered erythrocytes by malaria parasites.®

Just under two-thirds of adult patients with malarial retin-
opathy in this study still had retinopathy at the time of dis-
charge, and most retinal abnormalities did not improve during
the admission. In Malawian children, it was shown that malaria
retinopathy takes from 1 to 4 weeks to resolve. Additional stud-
ies in adults will be needed to carefully assess the dynamics of
retinal pathology over time. This is particularly important for
patients readmitted with a febrile illness after an episode with
severe malaria to determine whether findings could persist
from this previous episode.

Limitations of this study include its dependence on the skill
of the examining doctor, because ophthalmoscopy is operator-
dependent and thus, subjective. Study subjects were exam-
ined by non-ophthalmologists with relatively limited training
in ophthalmoscopy. However, this should provide a realistic
picture of what might be achieved by similarly skilled non-
specialists at the bedside. In the 16 patients who underwent ret-
inal photography, the findings closely matched those recorded
by indirect ophthalmoscopy, with the exception that much of
the retinal whitening seen on the photographs was missed
by indirect ophthalmoscopy and papilloedema was overdiag-
nosed by direct ophthalmoscopy. In addition, direct and indi-
rect ophthalmoscopy was performed by the same individuals
on each patient, thus potentially biasing the second exami-
nation to match the first. For this reason, less sensitive direct
ophthalmoscopy was always performed first.

In conclusion, non-expert direct ophthalmoscopy is an
important prognostic tool in adults with severe malaria in the
Bangladeshi setting. There is little additional information to
be gained from non-expert indirect ophthalmoscopy in this
setting.

Received April 9,2010. Accepted for publication September 17,2010.

Acknowledgments: The authors would like to thank the staff and
patients at Chittagong Medical College Hospital for all their assis-

tance with this study, Dr. Sue Lee for assistance with the statistical
analysis, and Mr. Shahid Faruki, who took the retinal photographs.
Ethical clearance for the study was obtained from the Chittagong
Medical College Ethical Committee.

Financial support: This study was funded by the Malaria Research
Group of Chittagong, Bangladesh. Mahidol-Oxford Tropical Medicine
Research Unit is funded by the Wellcome Trust of Great Britain.
R.J.M. s also funded by a British Council Fellowship.

Authors’ addresses: Abdullah Abu Sayeed, Mahtab Uddin Hasan,
Noor Mohammed, and M. Gofranul Hoque, Chittagong Medical
College Hospital, Chittagong, Bangladesh, E-mails: abdullahdr25@
yahoo.com, mahtabnipu@yahoo.com, mnoor99@ymail.com, and gof
ranul2006@yahoo.com. Richard J. Maude and Arjen M. Dondorp,
Mahidol-Oxford Tropical Medicine Research Unit, Faculty of
Tropical Medicine, Mahidol University, Bangkok, Thailand, E-mails:
richardmaude@gmail.com and arjen@tropmedres.ac. M. Abul Faiz,
Sir Salimullah Medical College, Mitford, Dhaka, Bangladesh, E-mail:
drmafaiz@gmail.com.

REFERENCES

1. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ, 2006.
Global and regional burden of disease and risk factors, 2001:
systematic analysis of population health data. Lancet 367:
1747-1757.

2. Maude RJ, Dondorp AM, Abu Sayeed A, Day NPJ, White NJ,
Beare NAV, 2009. The eye in cerebral malaria: what can it teach
us? Trans R Soc Trop Med Hyg 103: 661-664.

3. Poncet F, 1878. De la retino-choroidite palustre. Ann Ocul (Paris)
79:201-218.

4. Lewallen S, Taylor TE, Molyneux ME, Wills BA, Courtright P,
1993. Ocular fundus findings in Malawian children with cere-
bral malaria. Ophthalmology 100: 857-861.

5. Beare NA, Taylor TE, Harding SP, Lewallen S, Molyneux ME,
2006. Malarial retinopathy: a newly established diagnostic sign
in severe malaria. Am J Trop Med Hyg 75: 790-797.

6. Beare NA, Southern C, Chalira C, Taylor TE, Molyneux ME,
Harding SP, 2004. Prognostic significance and course of retin-
opathy in children with severe malaria. Arch Ophthalmol 122:
1141-1147.

7. Maude RJ, Beare NA, Abu Sayeed A, Chang CC, Charunwatthana
P, Faiz MA, Hossain A, Yunus EB, Hoque MG, Hasan MU,
White NJ, Day NP, Dondorp AM, 2009. The spectrum of retin-
opathy in adults with Plasmodium falciparum malaria. Trans R
Soc Trop Med Hyg 103: 665-671.

8. Tran TH, Day NP, Nguyen HP, Nguyen TH, Tran TH, Pham PL,
Dinh XS, Ly VC, Ha V, Waller D, Peto T, White NJ, 1996. A con-
trolled trial of artemether or quinine in Vietnamese adults with
severe falciparum malaria. N Engl J Med 335: 76-83.

9. Beare NA, Southern C, Lochhead J, Molyneux ME, Lewallen
S, Harding SP, 2002. Inter-observer concordance in grading
retinopathy in cerebral malaria. Ann Trop Med Parasitol 96:
105-108.

10. Harding SP, Lewallen S, Beare NA, Smith A, Taylor TE, Molyneux
ME, 2006. Classifying and grading retinal signs in severe
malaria. Trop Doct 36 (Suppl 1): 1-13.

11. World Health Organization, 2006. Guidelines for the Treatment
of Malaria. Available at: http://www.who.int/malaria/docs/
TreatmentGuidelines2006.pdf. Accessed January 23,2008.

12. Taylor TE, Fu WJ, Carr RA, Whitten RO, Mueller JS, Fosiko NG,
Lewallen S, Liomba NG, Molyneux ME, 2004. Differentiating
the pathologies of cerebral malaria by postmortem parasite
counts. Nat Med 10: 143-145.

13. Kochar DK, Shubhakaran, Kumawat BL, Thanvi I, Joshi A, Vyas
SP, 1998. Ophthalmoscopic abnormalities in adults with falci-
parum malaria. QJM 91: 845-852.

14. Looareesuwan S, Warrell DA, White NJ, Chanthavanich P, Warrell
MJ, Chantaratherakitti S, Changswek S, Chongmankongcheep
L,Kanchanaranya C, 1983. Retinal hemorrhage, a common sign
of prognostic significance in cerebral malaria. Am J Trop Med
Hyg 32:911-915.

15. Davis MW, Vaterlaws AL, Simes J, Torzillo P, 1982. Retinopathy in
malaria. P N G Med J 25: 19-22.



16.
17.
18.

19.

20.

21.

22.

23.

24.

MALARIAL RETINOPATHY IN BANGLADESHI ADULTS

Haslett P, 1991. Retinal haemorrhages in Zambian children with
cerebral malaria. J Trop Pediatr 37: 86-87.

Newton CR, Winstanley PA, Marsh K, 1991. Retinal haemor-
rhages in falciparum malaria. Arch Dis Child 66: 753.

Maude RJ, Hassan MU, Beare NA, 2009. Severe retinal whitening
in an adult with cerebral malaria. Am J Trop Med Hyg 80: 881.

Pongponratn E, Turner GD, Day NP, Phu NH, Simpson JA,
Stepniewska K, Mai NT, Viriyavejakul P, Looareesuwan S, Hien
TT, Ferguson DJ,White NJ,2003. An ultrastructural study of the
brain in fatal Plasmodium falciparum malaria. Am J Trop Med
Hyg 69: 345-359.

Hero M, Harding SP, Riva CE, Winstanley PA, Peshu N, Marsh K,
1997. Photographic and angiographic characterization of the
retina of Kenyan children with severe malaria. Arch Ophthalmol
115:997-1003.

White VA, Lewallen S, Beare N, Kayira K, Carr RA, Taylor TE,
2001. Correlation of retinal haemorrhages with brain haemor-
rhages in children dying of cerebral malaria in Malawi. Trans R
Soc Trop Med Hyg 95: 618-621.

Silamut K, Phu NH, Whitty C, Turner GDH, Louwrier K, Mai
NHT, Simpson JA, Hien TT, White NJ, 1999. A quantitative
analysis of the microvascular sequestration of malaria parasites
in the human brain. Am J Pathol 155: 395-410.

Newton CR, Kirkham FJ, Winstanley PA, Pasvol G, Peshu N,
Warrell DA, Marsh K, 1991. Intracranial pressure in African
children with cerebral malaria. Lancet 337: 573-576.

Warrell DA, Looareesuwan S, Phillips RE, White NJ, Warrell MJ,
Chapel HM, Areekul S, Tharavanij S, 1986. Function of the
blood-cerebrospinal fluid barrier in human cerebral malaria:

25.

26.

27.

28.

29.

30.

31.

32.

147

rejection of the permeability hypothesis. Am J Trop Med Hyg
35: 882-889.

Adams S, Brown H, Turner G, 2002. Breaking down the blood-
brain barrier: signaling a path to cerebral malaria? Trends
Parasitol 18: 360-366.

Looareesuwan S, Warrell DA, White NIJ, Sutharasamai P,
Chanthavanich P, Sundaravej K, Juel-Jensen BE, Bunnag D,
Harinasuta T, 1983. Do patients with cerebral malaria have cere-
bral oedema? A computed tomography study. Lancet 1: 434-437.

Newton CR, Kirkham FJ, Winstanley PA, Pasvol G, Peshu N,
Warrell DA, Marsh K, 1991. Intracranial pressure in African
children with cerebral malaria. Lancet 337: 573-576.

Namutangula B, Ndeezi G, Byarugaba JS, Tumwine JK, 2007.
Mannitol as adjunctive therapy for childhood cerebral malaria
in Uganda: a randomized clinical trial. Malar J 6: 138.

Beare NA, Harding SP, Taylor TE, Lewallen S, Molyneux ME,
2009. Perfusion abnormalities in children with cerebral malaria
and malarial retinopathy. J Infect Dis 199: 263-271.

Lewallen S, White VA, Whitten RO, Gardiner J, Hoar B,
Lindley J, Lochhead J, McCormick A, Wade K, Tembo
M, Mwenechanyana J, Molyneux ME, Taylor TE, 2000.
Clinical-histopathological correlation of the abnormal ret-
inal vessels in cerebral malaria. Arch Ophthalmol 118:
924-928.

White VA, Lewallen S, Beare NA, Molyneux ME, Taylor TE, 2009.
Retinal pathology of pediatric cerebral malaria in Malawi.
PLoS ONE 4: e4317.

Newton CR, Hien TT, White N, 2000. Cerebral malaria. J Neurol
Neurosurg Psychiatry 69: 433-441.





