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Abstract. We aimed to use optic nerve sheath (ONS) ultrasound to determine the prevalence of raised intracranial
pressure (ICP) in African children with cerebral malaria (CM); and if increased ONS diameter is associated with poor
outcome. We measured ONS diameter in 101 children with CM and 11 children with malaria and impaired consciousness
in Malawi. The prevalence of raised ICP detected by increased ONS diameter was 49%. Case fatality was similar in
children with increased ONS diameter on admission (9/55) and those children without increased ONS diameter (11/57).
Neurological sequelae were more common in those children with increased ONS diameter (7/46 versus 2/46, P < 0.05).
Lumbar puncture (LP) opening pressure was elevated in 95% of 46 children who underwent LP. In Malawian children
with CM, raised ICP is less commonly detected by ONS ultrasound than LP. This study suggests that raised ICP is not
universal in CM and that other mechanisms may account for coma.

INTRODUCTION

Raised intracranial pressure (ICP) is common in cerebral
malaria (CM) in children, but its role in the pathogenesis of
coma, death, and neurological disability is not known. Almost
all children with CM who have lumbar puncture have ele-
vated cerebrospinal fluid (CSF) opening pressure1,2 but only
10–15% have papilledema.3,4 ICP monitoring in 23 Kenyan
children with CM found that all had raised ICP5 and that
single lumbar puncture pressure measurements did not
predict the maximum ICP. Several children in that study
developed severe intracranial hypertension, all of whom
subsequently died or had neurological sequelae.
The mechanism of raised ICP is not known but is thought

to be related to the sequestration of parasitized erythrocytes
in the cerebral microvasculature. This mechanism may cause
raised ICP in three ways: by compromising the blood–brain
barrier, leading to extracellular edema; by hypoxic or cyto-
toxic injury to cells, leading to intracellular edema (oncosis)
and brain swelling; and/or by increasing the intracerebral
blood volume through intracranial vasodilatation.
The optic nerve sheath (ONS) is continuous with the

brain’s dura mater and expands in the presence of raised
ICP transmitted from the subarachnoid space along the optic
nerve.6–8 The distension is maximal 3 mm behind the globe
of the eye. Many studies have shown that ultrasound mea-
surement of optic nerve sheath diameter provides accurate,
reproducible information on the presence of elevated ICP.9

This non-invasive technique has been used successfully in
emergency rooms,10–12 children with hydrocephalus,13 and
children with other causes of raised ICP.14 We have previ-
ously established normative values for ONS diameter in
Malawian children and showed the use of ONS ultrasound
for detecting raised ICP in a resource-poor setting.15 That
study suggested that an ONS diameter of 4.3 mm and above
was abnormal and had a sensitivity and specificity of 100%

and 86% for detecting raised ICP, respectively. If an ONS
diameter of 4.6 mm or more is taken as an indicator of raised
ICP, the sensitivity and specificity were found to be 93% and
100%, respectively.
In the present prospective study, we aimed to use sono-

graphic measurement of the ONS diameter to detect raised
ICP in Malawian children with CM or severe malaria with
impaired consciousness to increase understanding of the role
of intracranial hypertension in severe malaria.

PATIENTS AND METHODS

We conducted the study in the Pediatric Research Ward
at Queen Elizabeth Central Hospital, Blantyre, Malawi. We
prospectively recruited patients with CM over 14 months.
The diagnosis of CM was made in patients with Plasmodium
falciparum parasitemia and deep coma corresponding to a
Blantyre Coma Score (BCS) of two or less maintained for at
least 2 hours. Other causes of coma such as meningitis, hypo-
glycemia, and a postictal state were excluded. Patients with
BCS that recovered to three or more within 2 hours were
included, but we have termed these patients as severe
malaria with impaired consciousness. Parents or guardians
were asked in their own language for their consent to the
child’s participation in the study.
In recruited children, an ultrasound examination of the

ONS was undertaken by one observer (N.A.V.B.) on admis-
sion. A handheld Sonosite 180 ultrasound machine (Sonosite
Inc., Bothell, WA) was used with a 7-MHz curved array trans-
ducer (4–7 MHz 11-mm array transducer set to highest reso-
lution frequency of 7 MHz). The scan type was set to neonatal
throughout, with maximum scan depth set to 4 cm and the
gain control on factory settings. Ultrasound scans were under-
taken through the closed eye lid from the temporal side, pro-
viding an axial view through the eye and optic nerve
longitudinally. The optic disc, together with as long of a sec-
tion of optic nerve as possible, were included in the freeze
frame. The option to toggle through the last 10 seconds of
images was often used to obtain the best image, but only one
image from a 10-second sequence was used for measurement.
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Measurements of the ONS diameter were made with elec-
tronic callipers 3 mm behind the posterior scleral surface of
the globe. Care was taken to measure perpendicularly across
the optic nerve. The average was taken of three measure-
ments from different scans, with the on-screen measurement
masked to the observer until each measurement was finalized.
In patients who had a lumbar puncture (LP) on the

research ward, ultrasound of the ONS was performed directly
before (within 30 minutes) the LP where possible. The CSF
opening pressure was measured by manometer during the
performance of the LP. Scans of the ONS were repeated
hourly for 12 to 24 hours if the child remained in deep coma.
The BCS was recorded at each scan, and the final outcome of
the child’s illness was recorded as full recovery, neurological
sequelae, or death. Patients were examined by direct and
indirect ophthalmoscopy through dilated pupils by an ophthal-
mologist to assess for papilledema and malarial retinopathy.
Ethical approval for the study was obtained from the

University of Malawi College of Medicine Research Ethics
Committee and the Liverpool School of Tropical Medicine
Research Ethics Committee, United Kingdom. Data were ana-
lyzed by SPSS (IBM, Armonk, NY).

RESULTS

During the period of the study, there were 171 patients
admitted with CM. Seventy CM patients were not included,
mainly because of non-availability of study personnel at the
time of admission; 11 patients with severe malaria and
impaired consciousness were included, resulting in 112 study
patients. They had a mean age of 36 months, and 61 (55%)
patients were male. ONS diameters ranged from 3.0 to 6.7 mm.
Only four patients were under 12 months, and they all had
ONS diameter less than 4.0 mm13; therefore, these patients
were treated as normal and included in the analysis.
The ONS diameter was 4.3 mm or over in 55 patients,

giving a prevalence of raised ICP by this method of 49%.
ONS diameter was over 4.6 mm in 48 (43%) patients. Results
are summarized in Table 1.
The proportion with an ONS diameter of 4.3 mm or more

among patients with CM was very similar to the proportion
in patients with impaired consciousness: 50 of 101 (49%) and
5 of 11 (45%) patients, respectively. The data were, therefore,
treated together.

Papilledema was present in 27 patients, and of these
27 patients, 25 patients had an increased ONS diameter (45%
of patients with increased ONS diameter). Two patients with
mild papilledema16 had normal ONS diameter. There were
30 patients with dilated ONS who did not have papilledema
on admission. In eight cases, papilledema developed during
the course of the illness in the hospital. There were five chil-
dren with papilledema that resolved after the ONS returned
to normal and two children with papilledema that resolved
but ONS diameter remained enlarged after 2 and 6 days.
CSF opening pressure values were only available in

46 patients, because LPs were frequently performed in the
Accident and Emergency Department, where opening pres-
sure was not measured. In 16 patients, an LP was not done.
Of 46 patients with opening pressures, 44 (96%) patients had
levels that were elevated (> 90 mmCSF); 27 (59%) of the
patients with elevated opening pressure had normal ONS
diameters of less than 4.3 mm. The two patients with normal
opening pressures also had normal ONS diameters.
In children who had LP, the median opening pressure in

the children with ONS diameter less than 4.3 mm was
160 mmCSF (range = 70–290 mmCSF), and in the children
with ONS diameter 4.3 mm or greater, it was 220 mmCSF
(range = 130–320 [maximum readable] mmCSF). The differ-
ence between these two groups was significant (P = 0.002,
Student t test unequal variance). In 11 patients, it was possible
to measure the ONS diameter before and 30 minutes after
LP, and there was no difference (P = 0.91, Student t test,
paired samples).
Case fatality rates were similar in the groups of patients with

normal and raised ONS diameter measurements (Table 1).
Among survivors, there was a significantly greater prevalence
of gross neurological sequelae at discharge in the group with
increased admission ONS diameters.
There was no significant difference between the groups

in their median admission depth of coma, rate of recovery
from coma, prevalence of seizures at the time of admission,
or incidence of seizures during the hospital stay (Table 1).
There were no significant differences between the two groups
in their mean hematocrit, plasma lactate concentration, or
human immunodeficiency virus (HIV) status.
Malarial retinopathy was present in 78 (72%) patients

(missing data in 4 patients). There were more patients with
20 or more retinal hemorrhages in the enlarged ONS group
(10 [19%] versus 3 [6%]; P = 0.06, c2 for trend). There was

Table 1

Comparison of patients with enlarged ONS diameter (³ 4.3 mm) with patients with normal ONS diameter (< 4.3 mm)

Enlarged ONS diameter (%) Normal ONS diameter (%) P value

All patients (N = 112) 55 (49) 57 (51)
Papilledema present 25 (45) 2 (4)
Median CSF opening pressure (N = 46) 220 mmCSF (N = 17) 160 mmCSF (N = 29) 0.002*
Deaths 9 (16) 11 (19) 0.9†
Neurological sequelae in survivors 7/46 (15) 2/46 (4) < 0.05‡
Median BCS on admission 1 2 0.67†
Mean time to BCS three (hours) 39 22 0.07*
Mean time to BCS five (hours) 50 37 0.11*
Fits on admission (N = 107) 16 (31) 9 (16) 0.07†
Fits during admission (N = 107) 23 (45) 17 (30) 0.11†

*Student t test.
†c2 test.
‡Fisher exact test.
Significant P values are in bold.
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no difference between the groups in terms of other features
of malarial retinopathy.
Fifty-four patients had follow-up scans over 36 hours.

Thirty-nine patients had scans repeated at 12 hours, twenty-
five patients at 24 hours, and seventeen patients at 36 hours;
41% of patients remained enlarged, 13% of patients returned
to normal, 5% of patients started normal, enlarged, and then
returned to normal, 15% of patients started normal and later
enlarged, and 26% of patients remained normal throughout.
All patients started with BCS less than three, and there
was no clear relation between the change in ONS diameter
and BCS.

DISCUSSION

Ultrasonic measurement of ONS diameter provides an
accurate method for the detection of raised ICP.9 It has the
advantages of being non-invasive and straight-forward to
perform on all patients. Using this measure, we have found
a prevalence of raised ICP in children with CM of about
50%, and this finding was similar in patients presenting with
impaired consciousness but rapidly improving coma. The
absence of this sonographic sign of raised ICP in 50%
suggests that raised ICP is not required for the initiation
of coma.
Raised ICP is an important aspect of cerebral malaria in

children but a less prominent feature in adults. The nearest
comparable pediatric data come from LP opening pressures,
although it is recognized that a single opening pressure
measurement is of limited value. A study in 40 Gambian
children with CM found an elevated opening pressure in
32 (80%) children. Opening pressure was not related
to fatal outcome.2 In 26 Kenyan children selected from
61 children with CM, opening pressures were all elevated
(between 105 and 360 mmCSF).1 There are few data on
ONS diameter in malaria. A pilot study of several ultra-
sound techniques in moderate to severe malaria included
ONS diameter measurement. It found an enlarged ONS
diameter in 5 of 5 patients with CM and 2 of 12 patients with
severe malarial anemia.17

A difficulty in interpreting the data on opening pressure
is controversial regarding the upper limit of normal ICP in
this age group. Because it is not ethical to invasively measure
ICP in normal children, the work by Minns and others18 used
historical published data to define normal ICP as < 5.8 mHg
(79 mmH20) in infants and < 6.4 mmHg (87 mmH20) in chil-
dren. We have taken 90 mmCSF as the upper limit of normal
in this group with a mean age of 3 years.
There seems to be a difference between the prevalence of

elevated opening pressures in CM (80–100%; 95% in this
study) and the prevalence of enlarged ONS sheath diameter
(50%). Normal opening pressure may be higher in African
children than Caucasian children, but this finding would not
account for the moderate to highly elevated opening pres-
sures seen commonly in CM. An explanation could be that
there is a delay between the ICP being elevated and the
ONS dilating, but this data was not found in a study of
ONS during intrathecal infusions where it was an immediate
response.6 It may be because there is selection bias, in that
those patients who have opening pressures measured in
these studies are more likely to have high ICP than other

patients with CM. The only study using the gold standard of

ICP monitoring selected children with CM who were show-
ing abnormal brain stem signs.5 Unsurprisingly, all these

children had raised ICP. We attempted, in this study, to

detect raised ICP in an unselected group of children with

CM. We included 60% of those children admitted with CM;

reasons for non-inclusion were operational and unrelated

to disease severity.
A possible cause of the discrepancy between the ONS

enlargement and LP opening pressure is that the CSF is not
in free communication but compartmentalized, and CSF pres-

sure may not be equal in different compartments. The com-
position of CSF sampled from the optic nerve subarachnoid

space has been found to be different from spinal CSF, indi-
cating that these two compartments are not in free communi-
cation.19 CSF may be compartmentalized by fluid dynamics

and anatomical restrictions, such as the optic canal20 and
foramen magnum. This finding may lead to differences in the

CSF pressure between the optic nerve and intracranial and
spinal compartments. The study by Newton and others5 of
ICP monitoring took opening pressures from the intracranial

monitoring and not LP, and therefore, it offers no compara-
tive data between the cerebral and spinal compartments.
Papilledema takes time to develop, because it results from

swelling of ganglion cell axons in which axoplasmic flow has

been interrupted. We found papilledema in 45% of those
patients with enlarged ONS diameters on admission. In a

number of children, the development or resolution of
papilledema tracked (with a delay) the observed changes in

the ONS diameter.
We found a greater prevalence of neurological sequelae

among children whose ONS diameter had been high at the

time of admission than among those children with initially

normal ONS diameters. It is possible that some of the

patients with enlarged ONS had severe intracranial hyperten-

sion and that this critically compromised cerebral perfusion

led to localized cerebral infarction.5

The results of this study suggest that raised ICP is less

common in CM than found using opening pressure at LP.

Raised ICP is thought to be important in the pathogenesis of

CM, but its role remains unclear. Our study suggests that

raised ICP is not required for the initiation of coma in all

patients, because 50% of comatose children with CM in this

study had a normal ONS diameter. However, raised ICP is

likely to be important in determining the outcome of a subset.

A sufficiently elevated ICP compromises cerebral perfusion

and may cause intracranial herniation, thereby contributing

to a poor outcome in some patients. There have been no

adequate trials of interventions that reduce ICP in CM.

Measurement of ONS diameter by ultrasound may have a
useful role in identifying a subset of patients in whom such

an intervention could be investigated.

Received July 14, 2011. Accepted for publication March 12, 2012.

Published online October 1, 2012.

Acknowledgments: This study was funded by a project grant from
The Wellcome Trust (074125/Z/04/Z) and the Iris Award from the
British Eye Research Fund. These grants supported N.A.V.B. and
the purchase of the Sonosite US machine. We would like to thank the
patients and parents/guardians for participating in the study and
the clinicians and nurses of the Department of Pediatrics, Queen
Elizabeth Central Hospital.

RAISED ICP IN CEREBRAL MALARIA 987



Disclaimer: The authors declare that they have no financial interest
in any technique or product featured in this paper and that they have
no conflicts of interest.

Authors’ addresses: Nicholas A. V. Beare, St. Paul’s Eye Unit, Royal
Liverpool University Hospital, Liverpool, United Kingdom, E-mail:
nbeare@btinternet.com. Simon J. Glover, Department of Anatomy,
College of Medicine, Blantyre, Malawi, E-mail: simontheeyeman@
hotmail.com. Susan Lewallen, Kilimanjaro Centre for Community Oph-
thalmology, Tumaini University, Moshi, Tanzania, E-mail: slewallen@
kcco.net. Terrie E. Taylor, College of Osteopathic Medicine, Michigan
State University, East Lansing, MI, and Blantyre Malaria Project,
Queen Elizabeth Central Hospital, Blantyre, Malawi, E-mail: taylort@
msu.edu. Simon P. Harding, Department of Eye and Vision Science,
University of Liverpool, Liverpool, United Kingdom, E-mail: s.p
.harding@liverpool.ac.uk. Malcolm E. Molyneux, Malawi-Liverpool-
Wellcome Trust Clinical Research Programme, College of Medicine,
Blantyre, Malawi, and Liverpool School of Tropical Medicine, Univer-
sity of Liverpool, Liverpool, United Kingdom, E-mail: mmolyneux
999@gmail.com.

REFERENCES

1. 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.

2. Waller D, Crawley J, Nosten F, Chapman D, Krishna S, Craddock
C, Brewster D, White NJ, 1991. Intracranial pressure in child-
hood cerebral malaria.Trans R Soc TropMedHyg 85: 362–364.

3. Lewallen S, Bakker H, Taylor TE, Wills BA, Courtright P,
Molyneux ME, 1996. Retinal findings predictive of outcome
in cerebral malaria. Trans R Soc Trop Med Hyg 90: 144–146.

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

5. Newton CR, Crawley J, Sowumni A, Waruiru C, Mwangi I,
English M, Murphy S, Winstanley PA, Marsh K, Kirkham FJ,
1997. Intracranial hypertension in Africans with cerebral
malaria. Arch Dis Child 76: 219–226.

6. Hansen HC, Helmke K, 1997. Validation of the optic nerve sheath
response to changing cerebrospinal fluid pressure: ultrasound
findings during intrathecal infusion tests. J Neurosurg 87: 34–40.

7. Helmke K, Hansen HC, 1996. Fundamentals of transorbital
sonographic evaluation of optic nerve sheath expansion under
intracranial hypertension II. Patient study. Pediatr Radiol 26:
706–710.

8. Helmke K, Hansen HC, 1996. Fundamentals of transorbital sono-
graphic evaluation of optic nerve sheath expansion under
intracranial hypertension. I. Experimental study. Pediatr
Radiol 26: 701–705.

9. Soldatos T, Chatzimichail K, Papathanasiou M, Gouliamos A,
2009. Optic nerve sonography: a new window for the non-
invasive evaluation of intracranial pressure in brain injury.
Emerg Med J 26: 630–634.

10. Blaivas M, Theodoro D, Sierzenski PR, 2003. Elevated intracra-
nial pressure detected by bedside emergency ultrasonography
of the optic nerve sheath. Acad Emerg Med 10: 376–381.

11. Major R, Girling S, Boyle A, 2011. Ultrasound measurement of
optic nerve sheath diameter in patients with a clinical suspicion
of raised intracranial pressure. Emerg Med J 28: 679–681.

12. Tsung JW, Blaivas M, Cooper A, Levick NR, 2005. A rapid
noninvasive method of detecting elevated intracranial pressure
using bedside ocular ultrasound: application to 3 cases of head
trauma in the pediatric emergency department. Pediatr Emerg
Care 21: 94–98.

13. Newman WD, Hollman AS, Dutton GN, Carachi R, 2002. Mea-
surement of optic nerve sheath diameter by ultrasound: a
means of detecting acute raised intracranial pressure in hydro-
cephalus. Br J Ophthalmol 86: 1109–1113.

14. Malayeri AA, Bavarian S, Mehdizadeh M, 2005. Sonographic
evaluation of optic nerve diameter in children with raised
intracranial pressure. J Ultrasound Med 24: 143–147.

15. Beare NAV, Kampondeni S, Glover SJ, Molyneux E, Taylor
TE, Harding SP, Molyneux ME, 2008. Detection of raised
intracranial pressure by ultrasound measurement of optic
nerve sheath diameter in African children. Trop Med Int
Health 13: 1400–1404.

16. Smith A, Beare NAV, Musmba C, Lochhead J, Newton CRJ,
Harding SP, 2009. New classification of acute papilledema
based on prognostic value of optic disc features in children
with severe malaria. J Pediatr Neurol 7: 381–389.

17. Murphy S, Cserti-Gazdewich C, Dhabangi A, Musoke C,
Nabukeera-Barungi N, Price D, King ME, Romero J, Noviski
N, Dzik W, 2011. Ultrasound findings in Plasmodium
falciparum: a pilot study. Pediatr Crit Care Med 12: e58–e63.

18. Minns RA, Engleman HM, Stirling H, 1989. Cerebrospinal fluid
pressure in pyogenic meningitis. Arch Dis Child 64: 814–820.

19. Killer HE, Jaggi GP, Flammer NR, Huber AR, 2006. The optic
nerve: a new window into cerebrospinal fluid composition?
Brain 129: 1027–1030.

20. Killer HE, Jaggi GP, Miller NR, Huber AR, Landolt H, Mirinov A,
Meyner P, Remonda L, 2011. Cerebrospinal fluid dynamics
between the basal cisterns and the sub-arachnoid space of the
optic nerve in patients with papilledema. Br J Ophthalmol
95: 822–827.

988 BEARE AND OTHERS


