
Prognostic Significance and Course of Retinopathy
in Children With Severe Malaria
Nicholas A. Beare, FRCOphth; Caroline Southern, FRCOphth; Chipo Chalira, MBBS; Terrie E. Taylor, DO;
Malcolm E. Molyneux, FRCP; Simon P. Harding, FRCOphth

Objectives: To relate retinal findings in children treated
for severe malaria to disease outcome and to determine
the course of changes in the fundus.

Methods: A prospective study of children with cere-
bral malaria (CM) and severe malarial anemia admitted
to the Malaria Research Project, Blantyre, Malawi, dur-
ing 2 malaria seasons. Indirect and direct ophthalmos-
copy were performed on admission and daily, subject to
the patient’s cooperation.

Results:Threehundredtwenty-sixpatients(91%)withcom-
plicatedmalariawererecruited.Twohundredseventy-eight
patients had CM and of these 170 (61%) had some degree
of retinopathy; 25 (53%) of 47 with severe malarial anemia
hadretinopathy.InCM,retinopathywasassociatedwithsub-
sequent death (relative risk, 3.7; 95% confidence interval,
1.6-8.5) and papilledema conferred the highest risk (rela-

tive risk, 4.5; 95% confidence interval, 2.7-7.6). Increasing
severityof retinal signswas related to increasing riskof a fa-
tal outcome (P�.05), independent of papilledema. In sur-
vivors, retinal signswereassociatedwithprolonged time to
recover consciousness (P�.001). Patients with severe ma-
larial anemia had better outcomes and less severe retinopa-
thythanthosewithCM.In116patientswithCM,fundiwere
followed up longitudinally during admission and in 27 pa-
tientsafterhospitaldischarge.Alargeincreaseinretinalhem-
orrhages was associated with death (P=.02). Retinal signs
resolved over 1 to 4 weeks without retinal sequelae.

Conclusions: In childhood CM, severity of retinopa-
thy is related to prolonged coma and death. Our results
support the hypothesis that retinal signs in CM are re-
lated to cerebral pathophysiology.
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S EVERE FORMS OF MALARIA DUE

to Plasmodium falciparum in-
fection still have high mor-
tality and morbidity in sub-
Saharan Africa. Plasmodium

falciparum malaria causes 1.5 to 2.7 mil-
lion deaths every year,1 preponderantly in
African children who have cerebral ma-
laria (CM) or severe malarial anemia
(SMA). In children, CM is characterized
by acute coma, associated with metabolic
acidosis and anemia; while in SMA ane-
mia and acidosis predominate. Complica-
tions seen in adults, such as renal failure,
pulmonary edema, and disseminated in-
travascular coagulation are uncommon.
Even with optimum hospital care, child-
hood CM has a mortality rate of 15%, and
about 10% suffer neurological sequelae,
such as epilepsy, ataxia, hemiplegia, and
cortical blindness.2,3

Severe malaria is associated with a
unique cluster of retinal signs that have been
described in children in Malawi, Kenya, and
Gambia.4-6 These signs are best seen by in-
direct ophthalmoscopy and have been

found in 77% of patients with CM.4 The
characteristic features include whitening of
the macula with sparing of the foveola;
whitening of the peripheral retina; retinal
vessel discoloration to pale orange or white,
including whitening of the capillary net-
work (Figure); multiple retinal hemor-
rhages, which are preponderantly white
centered; and papilledema.6 The vessel
whitening can be in the form of delinea-
tion of the central blood column.

Vessel whitening may be due to the
presence of cytoadhered, or sequestered,
erythrocytes in which hemoglobin has
been metabolized by intracellular para-
sites. Sequestration of dehemoglo-
binized, parasitized erythrocytes has been
shown on histopathologic examination to
occur in retinal vessels of eyes with ves-
sel whitening.7 The number of retinal hem-
orrhages has been shown to correlate with
cerebral hemorrhages at postmortem ex-
amination.8 The pathophysiology of reti-
nal whitening remains unclear, although
intracellular swelling in response to hy-
poxia is suspected.9
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The relationship between retinal lesions and out-
come in CM has not been fully explored. Lewallen et al10

found papilledema and the presence of retinal edema
(whitening) to be associated with death in Malawian chil-
dren. Other studies have focused on retinal hemor-
rhages and papilledema observed by direct ophthalmos-
copy.11-14 Retinal hemorrhages, edema, and papilledema
have been recorded in adults with CM.13,15 To our knowl-
edge, the course of retinal signs in CM has not been for-
mally investigated.

We conducted a prospective study of all children ad-
mitted to an African central hospital and treated for CM
or SMA during 2 consecutive malaria seasons. We aimed
to relate the presence and severity of retinal signs to clini-
cal outcome and to determine the course of the retinal signs.

METHODS

The study cohort was all children with CM or SMA admitted
to the Malaria Research Project ward at the Queen Elizabeth
Central Hospital, Blantyre, Malawi. They were studied pro-
spectively during 2 malaria seasons, from January to June 1999
and 2000. Cerebral malaria was defined as an acute onset coma
maintained for at least 4 hours after admission, scoring 2 or
less on the Blantyre Coma Scale,3 with P falciparum parasit-
emia. Other explanations for altered consciousness, such as hy-
poglycemia, postictal state, or meningitis were excluded. Se-
vere malarial anemia was defined in patients with parasitemia,
a hematocrit reading of 15% or less, and a Blantyre Coma Scale
score of 3 or higher. The CM group included all patients with
SMA who were unconscious (Blantyre Coma Scale score �3).

All children were treated according to a protocol with in-
travenous quinine and fluids by weight and also glucose, an-
ticonvulsants, and antipyretics according to need. Intrave-
nous antibiotics were given for concurrent infections, or if a
lumbar puncture to exclude meningitis was not done. Screened
blood transfusions were given for life-threatening anemia. All
children followed the same treatment protocol with no differ-
entiation between those with and without retinal signs.

Clinical observations, including the Blantyre Coma Scale
score, were made every 2 hours until coma resolved. Coma reso-
lution time (the time taken to recover to a Blantyre Coma Scale
score of 5) was noted. Outcome on discharge was recorded as
full recovery, recovery with neurological sequelae, or death. The
Malawi College of Medicine Research and Ethics Committee
gave ethical approval. Patients were recruited after their par-
ents or guardians had given permission in their own language.

Recruited children underwent indirect and direct oph-
thalmoscopy by an ophthalmologist (N.A.B. and C.S. in 1999
and N.A.B in 2000) following pupil dilatation with a combi-
nation of 1.0% tropicamide hydrochloride and 2.5% phenyl-
ephrine hydrochloride. Findings were recorded on standard-
ized charts with acceptable interobserver concordance.16

Hemorrhages were graded using an ordinal frequency scale;
macular whitening (MW) and foveal whitening (FW) by esti-
mated area of involvement, peripheral whitening (PW) by an
ordinal severity scale (range, 0, 1+, 2+, and 3+) for each quad-
rant and averaged to give a composite score, and vessel changes
(VC) by number of quadrants involved.

Children underwent ophthalmoscopy on admission, or af-
ter their clinical condition had stabilized. During 1999, exami-
nations were repeated daily subject to the patient’s coopera-
tion, or until the results of 2 consecutive examinations were
normal. Ophthalmoscopy was attempted in children attend-
ing a follow-up appointment with particular attention paid to
those with retinal signs during admission.

Data were analyzed using Stata (release 6, Stata Corp, Col-
lege Station, Tex). Groups with and without retinopathy were
compared to establish whether they were comparable for demo-
graphic features and treatment received. Associations were in-
vestigated between clinical variables on admission and the pres-
ence of retinopathy, using the Mann-Whitney and �2 tests. The
relationship between severity of retinal signs and hematocrit
reading was examined by Cuzick’s nonparametric test for trend.17

The relationship between severity of retinal signs and death was
examined by �2 for trend and univariate logistic regression.

Multivariate logistic regression analysis was performed, with
death as the dependent variable, and including all predictor vari-
ables that were related to death with a P�.10 in univariate analy-
sis. This was done to establish whether retinal signs were in-
dependent of each other and other clinical features in predicting
death. The other outcome measure was coma resolution time
that was used as the dependent variable in a multivariate lin-
ear regression with retinal signs as predictor variables.

Changes in retinal signs over time were investigated for
relationships with outcome. Change was defined according to
the following preset criteria for identifying change in retinopa-
thy over time: (1) a change in the severity grade of hemor-
rhages; (2) the development or resolution of papilledema; (3)
a change in MW or FW by 2 severity grades based on size of
area affected; (4) a change in PW by 1 grade in 2 or more quad-
rants, or by 2 or more grades in any quadrant; or (5) the ap-
pearance or resolution of VC in 2 or more quadrants. The eye
with the most consistent view was used, or the right eye was
used if both had a similar view.

RESULTS

The clinical course and outcome of CM and SMA were
different; therefore, the results are given separately.

RETINAL FINDINGS IN CM

During the study period 304 patients were admitted with
CM and 278 patients (91%) were recruited. Three chil-
dren with prior neurological deficits were excluded from
the study, and 23 were not recruited because of their death
before ophthalmoscopy (9 patients), denial of consent
(1 patient), or unavailability of observers (13 patients).

The median age of recruited patients was 2.8 years
(age range, 4 months to 14 years) and 48.2% were males.
The median time of ophthalmoscopy was 1 hour after ad-
mission (range, 0-48 hours); 73% were within 4 hours
and 96% within 24 hours.

White-centered hemorrhage and vascular changes in the form of vessel
whitening in a child with cerebral malaria.
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Forty-one patients (14.8%) died; 17 (6.1%) were dis-
charged with neurological sequelae. All patients who were
ultimately discharged with neurological sequelae were
recruited. Neurological sequelae included ataxia, dys-
phasia, cortical blindness, deafness, hemiparesis, gaze
palsy, and persistent coma.

The frequency of retinal changes in CM are given in
Table 1. When patients with retinopathy were com-
pared with those with normal fundi, there was no differ-
ence in age, sex, nutritional status, and medications given
(Table 2). Patients with retinopathy were more likely to
have respiratory distress (P=.02), had a higher average para-
site density (P=.02), and were less likely to have re-
peated or prolonged convulsions (�5 recorded episodes
during admission) than those without retinopathy (P=.01).

In addition, patients with retinal changes were more
anemic (median hematocrit reading, 20%) than those with-
out retinopathy (median hematocrit reading, 28%; P�.001)
and were more likely to receive a blood transfusion. The
severity of each individual retinal sign was negatively re-
lated to hematocrit reading (P�.005), except for papill-
edema (P=.96). There was no association between ane-
mia and fatal outcome, patients who died were no more
anemic than survivors (median hematocrit reading, 21%
vs24%;Mann-Whitney test,P=.45).Thedifferencesofother
clinical parameters were not statistically significant.

RETINAL FINDINGS AND OUTCOME IN CM

The difference between the frequency of retinopathy in
children who developed neurological sequelae (7/17; 41%)
and those who fully recovered (128/220; 58%) was not
statistically significant (P= .17). Survivors were ana-
lyzed as a group.

The presence and severity of retinal findings were ana-
lyzed in relation to fatal outcome (Table 3). Retinopa-
thy was present in a significantly higher proportion of those
who died compared with survivors (P=.001). The rela-
tive risk of death conferred by the presence of any abnor-
malities of the fundus was 3.7 (95% confidence interval,
1.6-8.5) and was also increased in the presence of papill-
edema, retinal hemorrhages, or vessel abnormalities.

The severity of retinal hemorrhages, VC, FW, and
MW all showed significant, positive association with death
by �2 for trend analysis (Table 3). The presence of mod-
erate to severe grades of hemorrhages, VC, FW, and MW
conferred a significantly increased relative risk of death.

Univariate logistic regression on the clinical and labo-
ratory variables in Table 2 identified factors related to
death with P�.10. These were retained for inclusion in
a multivariate logistic regression of fatal outcome. The
results of univariate logistic regression on the signs of
the fundus are presented in Table 4 and these were also
included in the model. The clinical and laboratory vari-
ables consistently related to death in studies of CM in
children are deep coma and hypoglycemia.3,10,18-20 Res-
piratory distress or acidosis was also predictive of death
in several studies of severe malaria.21-23 Unfortunately,
blood gas evaluation was unavailable because of equip-
ment failure. However, respiratory distress, along with
Blantyre Coma Scale score and blood glucose level on ad-
mission were included in the model. The full model is

listed in Table 5. Papilledema and hemorrhages were
independent predictors of death (P�.01) with greater odds
ratios than any of the other factors. The other retinal signs
were correlated with hemorrhages (r�0.5, P�.001).

In survivors coma resolution time was signifi-
cantly longer in patients with retinopathy (median, 42
hours) than those with none (median, 29 hours; P�.001).
Each sign was significantly related to the coma resolu-
tion time by univariate linear regression (Table 6)
(P�.005). A minimal-effects regression analysis of fun-
dus signs showed that hemorrhages, PW, and papill-
edema were independent in predicting prolonged coma
(Table 7)(P�.05).

All patients had blood cultures taken on admission,
and in 9 patients (3%) with CM pathogens were cultured,
mostly Salmonella species. Three patients with septicemia
died; 1 had normal fundi and 2 had papilledema only.

Table 1. Frequency of Retinal Signs in Cerebral Malaria (CM)
and Severe Malarial Anemia (SMA)

Retinal Sign

No. (%) of Patients

With CM With SMA

Normal fundi 108 (39) 22 (47)
Any retinopathy 170 (61) 25 (53)
Hemorrhages 129 (46) 14 (30)
Peripheral whitening 123 (44) 21 (45)
Macular whitening 127 (46) 11 (23)
Vessel changes 90 (32) 10 (21)
Papilledema 41 (15)* 2 (4)

*Nine patients (3%) had papilledema alone.

Table 2. Characteristics of 278 Patients
With Cerebral Malaria, Comparing Patients
With Normal Fundi With Those With Retinal Changes*

Characteristics
Normal
Fundi

Retinal
Changes

P
Value

Age, median, y 2.8 2.8 .89
Males 49 48 .82
Middle arm circumference, median, cm 15 15 .29
Weight, median, kg 10.8 11.0 .81
Anticonvulsants given 45 59 .21
Antipyretic given 73 68 .47
Antibiotic given 25 24 .88
Blood transfusion received 14 48 �.001
Blantyre Coma Scale score, mean 1 (1.3) 2 (1.4) .066
Respiratory distress 23 37 .02
Temperature, median, °C 38.4 38.7 .079
Systolic blood pressure, median, mm Hg 110 104 .45
Admission blood glucose level,

median, mg/dL
104 99 .31

Hypoglycemia during admission, median 18 15 .42
Hematocrit reading, % 28 20 �.001
Logarithm parasite density 4.6 5.0 .02
White blood cell count, median, � 103/µL 9.7 9.6 .89
Repeated or prolonged convulsions 16 6 .007

SI units: To convert glucose values to millimoles per liter, multiply values
by 0.05555.

*Medians are compared using the Mann-Whitney rank sum test and
proportions using the �2

1 test. Data are given as percentages unless
otherwise indicated. Statistically significant results are boldfaced.
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RETINAL FINDINGS IN SMA

Forty-seven patients with SMA were recruited, 82% of
admissions for SMA. Their median age was 2 years (age
range, 5 months to 12 years). Their median hematocrit

reading was 10%, and median hemoglobin concentra-
tion was 3.1 g/dL. There were 2 deaths (4%), in 1 of which
the patient had had concurrent pneumonia.

Retinopathy was less common in SMA (53%) than
in CM (61%) and tended to be less severe with fewer of
the component changes (Table 1). In SMA all MW was
in the mildest category, and only 1 patient had more than
5 hemorrhages. However PW and VC were almost as com-
mon as in CM. There were 5 patients admitted with criti-
cally severe anemia (hematocrit reading, 7%-8%) with-
out malaria detectable by parasitemia; none had any retinal
changes.

CHANGES IN RETINOPATHY
DURING ADMISSION IN CM

The fundi of 116 children with CM were examined daily
during a mean of 2.7 days. A single observer (N.A.B. or
C.S.) performed all examinations on 103 (89%) of 116 chil-
dren. Results of the initial examination showed no abnor-

Table 3. Presence and Severity of Retinopathy and Individual Retinal Signs Related to Outcome
in 278 Children With Cerebral Malaria

Retinal Sign n
No. (%) of Patients

Who Died
P Value

(�2 or �2 for Trend)*

Relative Risk of Death
(95% Confidence Limits)

In Presence
of Sign

Moderate to Severe
Manifestation†

All patients 278 41 (15) NA NA NA
Any retinopathy

None 108 6 (6)
.001

3.7 (1.6, 8.5) NA
Present 170 35 (21)

Papilledema
None 237 23 (10)

�.001
4.5 (2.7, 7.6) NA

Present 41 18 (44)
Hemorrhages

None 149 15 (10)

�.001

2.0 (1.1, 3.6) 3.4 (2.0, 5.8)
1-5 85 10 (12)
6-20 28 6 (21)
21-50 12 7 (58)
�51 4 3 (75)

Vessel changes
None 188 19 (10)

�.001
2.4 (1.4, 4.3) 3.0 (1.7, 5.1)

�1-2 Quadrants‡ 40 6 (15)
�1-2 Quadrants‡ 50 16 (32)

Foveal whitening
None 183 20 (11)

�.01

2.0 (1.2, 3.5) 2.6 (1.4, 4.7)
�1⁄3 FA 64 11 (17)
1⁄3 - 2⁄3 FA 22 8 (35)
�2⁄3 FA 9 2 (22)

Macular whitening
None 151 18 (12)

�.02

1.5 (0.9, 2.7) 2.3 (1.3, 4.0)
�1⁄3 DA 62 6 (10)
1⁄3 - 1 DA 43 11 (26)
�1 DA 22 6 (27)

Peripheral whitening
None 155 18 (12)

�.17

1.6 (0.9, 2.8) 1.6 (0.9, 2.9)
0-0.90 44 7 (16)
1-1.90 56 11 (20)
2.00-3.00 23 5 (22)

Abbreviations: DA, disc area; FA, foveal area; NA, not applicable.
*Statistically significant results are boldfaced.
†Moderate to severe disease (worse than the mildest positive category), that is, hemorrhages more than 5; macular whitening, one third or more of the DA;

foveal whitening, one third or more of the FA; peripheral whitening, a composite score of 1.0 or more; vessel changes, 1 or more quadrants involved.
‡Quadrants indicate proportions of visualized quadrants involved.

Table 4. Results of Univariate Logistic Regression Analysis
of Death by Papilledema and Individual Retinal Signs
in Cerebral Malaria

Retinal Sign
Odds
Ratio SE P Value*

95% Confidence
Interval

Papilledema 7.28 2.79 �.001 3.4-15.4
Hemorrhages 2.09 0.35 �.001 1.5-2.9
Vessel changes 2.03 0.40 �.001 1.4-3.0
Foveal whitening 1.68 0.31 .006 1.2-2.4
Macular whitening 1.48 0.23 .02 1.1-2.0
Peripheral whitening 1.49 0.31 .06 1.0-2.3

*Statistically significant results are boldfaced.
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mality in 44 children (38%), all of whom survived and only
2 (5%) of whom developed 1 to 5 hemorrhages.

Seventy-two children (62%) had retinal changes ini-
tially. The difference between the mortality in those whose
retinopathy worsened (7/39 [18%]) and those whose reti-
nopathy did not (2/33 [6%]) was not statistically signifi-
cant (P=.17) (Table 8).

Patients with a large increase in the number of reti-
nal hemorrhages (defined as progression by �2 grades,
or to the most severe grade) were at an increased risk of
death (P=.02) (Table 8). The relative risk of death in this
group was 5.1 (95% confidence interval, 1.5-17.1). The
intervals between these observations and subsequent death
were three-quarter hour and, 2, 5, and 7 hours. There
was no association between death and either the pro-
gression of other retinal signs or an increase in hemor-
rhages by 1 grade only.

RETINAL FINDINGS AFTER DISCHARGE

During the 1999 malaria season, 102 patients (60%) who
had had CM attended for follow-up within 4 weeks of
discharge. Twenty-seven children (26%) were suffi-
ciently cooperative for fundus examination. Retinal signs
had been present in 22 of these patients during admis-
sion; all were observed to be improving without any sec-
ondary retinal sequelae.

The progress of retinal signs after discharge is given
in Table 9. Vessel changes persisted for up to 3 weeks.
Macular whitening and FW resolved over 2 weeks. Pe-
ripheral whitening was not seen in any patient for longer
than 7 days after discharge. This is longer than the acute
clinical episode that generally resolves with therapy dur-
ing 24 to 48 hours in those who recover fully.

COMMENT

This study has shown that retinal changes in CM are sig-
nificantly associated with poor outcome. The time to re-

gain consciousness is longer in patients with retinopa-
thy, and the risk of death is increased 3.5-fold (95%
confidence interval, 1.5-8.0). Coma recovery time and
risk of death increase with increasing severity of retinal
signs.

The pathophysiology of CM is poorly understood, but
these results, by relating severity of retinal signs to length
of coma and to fatal outcome, support the hypothesis that
retinal signs relate to cerebral pathophysiology. Papill-
edema and retinal hemorrhages were independent pre-
dictors of death. This suggests that papilledema and reti-
nal changes are indicative of different pathophysiological
processes that can occur together in CM but are indepen-
dently related to poor outcome.

Our results support the findings of Lewallen et
al10who studied 141 Malawian children with CM and
found a relative risk of death with papilledema of 6.7,
and with vascular abnormalities of 3.2, compared with
our findings of 4.5 and 2.4, respectively. They found no
association between death and the presence of retinal hem-
orrhages but had not evaluated the severity of retinal signs.
Data from Lewallen et al were from patients enrolled in a
therapeutic drug trial and more specific entry criteria may
account for some variation in results. Other studies of reti-
nal changes in CM are not directly comparable as they did
not use indirect ophthalmoscopy12,14 or were in adults.11,13,15

In patients with SMA, retinopathy was milder and
disease outcomes were better. The number of deaths in
this group were too small to analyze in relation to reti-
nopathy.

We have found an important relationship between
retinopathy and anemia in CM. There was a highly sig-
nificant association between a low hematocrit reading and
the severity of each retinal sign (P�.005), except pap-

Table 5. Multivariate Logistic Regression Model
With Death as the Dependent Variable*

Variable
Odds
Ratio SE

P
Value†

95%
Confidence

Interval

Papilledema‡ 5.98 3.29 .001 2.0-17.6
Hemorrhages‡ 2.11 0.60 .008 1.2-3.7
Blantype Coma Scale score 0.48 0.15 .02 0.3-0.9
White blood cell count 1.00 0.00 .05 1.0-1.0
Peripheral whitening‡ 0.41 0.19 .06 0.2-1.0
Systolic blood pressure 0.98 0.01 .08 1.0-1.0
Vessel changes‡ 1.42 0.48 .29 0.7-2.7
Respiratory distress 1.66 0.83 .31 0.6-4.4
Blood glucose level 0.95 0.07 .48 0.8-1.1
Foveal whitening‡ 1.50 0.79 .45 0.5-4.2
Temperature 0.87 0.18 .50 0.6-1.3
Antipyretic given 1.30 0.69 .51 0.5-3.7
Antibiotic given 1.17 0.62 .78 0.4-3.3
Macular whitening‡ 0.97 0.48 .95 0.4-2.6

*Variables included were related to death with P�.10 on univariate
analysis.

†Statistically significant results are boldfaced.
‡Ocular fundus abnormalities.

Table 6. Results of Univariate Linear Regression
of Coma Resolution Time by Papilledema
and Individual Retinal Signs in Cerebral Malaria

Retinal Sign
Regression
Coefficient SE P Value*

95% Confidence
Interval

Peripheral whitening 14.00 2.77 �.001 8.5-19.5
Foveal whitening 11.09 2.73 �.001 5.7-16.5
Hemorrhages 11.00 2.43 �.001 6.2-15.8
Macular whitening 9.42 2.06 �.001 5.4-13.5
Vessel changes 9.38 2.65 �.001 4.2-14.6
Papilledema 18.90 6.54 .004 6.0-31.8

*Statistically significant results are boldfaced.

Table 7. Results of Multivariate Linear Regression
of Coma Resolution Time by Papilledema
and Individual Retinal Signs in Cerebral Malaria
Using Forward Stepwise Progression

Retinal Sign
Regression
Coefficient SE P Value

95% Confidence
Interval

Peripheral whitening 9.56 3.17 .003 3.3-15.8
Hemorrhages 6.14 2.75 .03 0.7-11.6
Papilledema 13.99 6.27 .03 1.6-26.3

*Statistically significant results are boldfaced.
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illedema. The relationship with anemia was indepen-
dent of death, and anemia alone without parasitemia is
insufficient to cause these retinal changes. None of 13
children with meningitis and severe anemia (hemato-
crit reading, �20%) examined during the study period
had these specific retinal signs.

An association between retinal hemorrhages and ane-
mia in complicated malaria has been previously noted,4

but our findings show anemia to be related to the other
retinal signs. The pathogenesis of acute anemia is com-
plex, but its severity is related to the maximum parasi-
taemia.24 Severe anemia is likely to be associated with high
concentrations of sequestered, parasitized erythrocytes
within the microvasculature, thought to cause retinal VC.8

Similarly, high densities of rapidly metabolizing para-
sites in the retinal vasculature may produce relative hy-
poxia leading to intracellular edema. This has been pro-
posed as a mechanism causing retinal whitening.4

To our knowledge, retinal changes in CM have not
previously been followed up systematically over time. We
found that a large increase in the number of retinal hem-
orrhages after admission was associated with death. This
finding is based on only 4 deaths in each group and so
this needs to be treated with caution. However, its clini-
cal significance can be illustrated by the fact that the in-
terval between the observation of a substantial increase
in hemorrhages and subsequent death was short (three
quarters of an hour and 2, 5, and 7 hours). This premor-
bid development of many retinal hemorrhages is a new
observation and may indicate the development of coag-
ulopathy with fibrin deposition as part of the terminal
process in these children. Fibrin deposition in cerebral

capillaries has been noted in autopsy studies,25-27 in-
cluding studies in this research programme (Richard
Carr, MRCPath, written communication, March 12,
2001).

The remaining analysis of our longitudinal data failed
to show statistically significant associations between de-
terioration in retinal signs, either individually or collec-
tively, and fatal outcome of the disease. The changes in
retinal signs were limited after admission, and our analy-
sis was restricted by the few deaths in this group. Deaths
tend to occur soon after admission to the hospital, pre-
cluding serial examinations of the fundus.

Retinal changes in CM took longer to resolve than
the clinical episode. Vascular changes were persistent for
up to 3 weeks. This has an important bearing on theo-
ries regarding the mechanism of coma and death in CM.28

Retinal vascular changes are associated with parasitized
erythrocytes sequestered in retinal vessels.8 Retinal vas-
cular changes and sequestered erythrocytes (which may
contain dead parasites) are still present long after the child
has regained consciousness. Assuming retinal vascular
changes occur in parallel with cerebral sequestration, this
finding of prolonged retinal vessel whitening suggests that
the physical presence of parasitized erythrocytes alone
is insufficient to maintain coma.

There were no secondary retinal changes or ische-
mic sequelae in the 4 weeks after discharge. This sup-
ports the findings of Hero et al4 that showed no evi-
dence of microvascular occlusion or leakage on fluorescein
angiography.

Parasitemia is common in the population served by
the Queen Elizabeth Central Hospital, and so incidental
parasitemia can occur in any comatose patient. Three chil-
dren having a clinical diagnosis of CM died with a sep-
ticemia, while none had retinal changes other than pap-
illedema. In the context of this study, this weakens the
power of retinal signs to predict death. In the wider con-
text, patients with apparently fatal CM and no malarial
retinopathy may, in fact, have other factors contribut-
ing to coma and death. We emphasize the need to look
for these factors in patients without retinopathy who do
not have rapid recovery from coma. Conversely, retinal
changes, by nature of their specificity, are valuable in con-
firming a diagnosis of CM in a comatose child with para-
sitemia. Cerebral malaria is a clinical diagnosis compli-
cated by the presence of incidental parasitemia in this
population, and ophthalmoscopy provides valuable di-
agnostic information.

Table 8. Progress of Retinopathy, and Specifically Hemorrhages, in 116 Patients With Cerebral Malaria Examined
on 2 or More Occasions During Hospitalization Related to Outcome*

Initial Examination Finding Progress Those Who Died Those Who Survived P Value (Fisher Exact Test)†

Any retinopathy Unchanged or improved 2 (6) 31 (93)
Worsened 7 (18) 32 (82) .17

Hemorrhages Changed �1 grade 4 (8) 47 (92)
Increased �2 grades 4 (40) 6 (60) .02
Unchanged or reduced 3 (8) 36 (92)
Increased 5 (20) 20 (80) .25

*Data are given as the number (percentage) of patients.
†Statistically significant results are boldfaced.

Table 9. Progress of Retinal Signs after Discharge
in 22 Patients With Retinal Signs During Admission*

Total†

Week After Discharge

1 2 3 4

Vessel changes 10 2/2 0/1 2/3 0/4
Macular and foveal whitening 16 3/4 1/5 0/5 0/5
Peripheral whitening 15 2/5 0/5 0/5 0/4
Hemorrhages 19 3/3 1/5 2/3 5/10

*The numerator indicates the number of patients with the retinal sign still
present, the denominator, the number of patients examined within each
week.

†Total indicates the number of patients with a retinal sign during
admission.
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This study demonstrates the value of ocular exami-
nation by indirect and direct ophthalmoscopy in pa-
tients with CM. We have shown that the presence and
severity of retinal signs are significant predictors of pro-
longed coma and death. The previously reported link be-
tween retinopathy and outcome in CM has been strength-
ened and clarified by these findings. The presence of
retinopathy, albeit in a milder form, is reported in SMA.
It will be important to assess the extent to which non-
specialized practitioners in malarial areas can identify
some or all of the changes described.

Our findings are consistent with the hypothesis that
retinal changes in CM relate to cerebral pathophysiologi-
cal processes. Retinal features are an integral part of the
clinical picture, and ophthalmic observations can con-
tribute to continuing studies of pathophysiological pro-
cesses and therapeutic interventions.
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