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ushing’s Triad in
neumococcal
eningitis Due to

rainstem Ischemia:
arly Detection by
iffusion-Weighted
RI

ric G. Haarman, MD, PhD*,
. Jeroen Vermeulen, MD, PhD†,
. Marceline van Furth, MD, PhD‡,
onathan I.M.L. Verbeke, MD§,
nd Frans B. Plötz, MD, PhD¶

n infant with pneumococcal meningitis developed
igns of raised intracranial pressure during the pro-
ression of the disease, including loss of consciousness,
ypertension, bradycardia, and respiratory depres-
ion. However, both the emergency computed tomog-
aphy scan findings and intracranial pressure mea-
ured by lumbar puncture were normal. Diffusion-
eighted magnetic resonance imaging identified
ultiple lesions with restricted diffusion suggestive of

schemia in the brainstem, explaining the signs ob-
erved in the patient. These lesions could not be
dentified on T2-weighted images at that time. © 2008
y Elsevier Inc. All rights reserved.
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Increased intracranial pressure is a severe complication
f pneumococcal meningitis. Its signs vary from headache
nd vomiting (early) to cranial-nerve palsies, reduced
onsciousness, hypertension, bradycardia, and respiratory
epression. The constellation of the latter three signs, also
nown as Cushing’s triad, constitutes a late and often
reterminal event. The present case report describes a
atient with pneumococcal meningitis, in whom Cushing’s
riad was observed during the progression of the disease,
ithout evidence for increased intracranial pressure at that

ime.

ase Report

An 8-month-old girl was admitted to the Intensive Care Unit of the VU
niversity Medical Center with pneumococcal meningitis complicated
y generalized convulsions necessitating intubation, ventilation, and
nticonvulsive and antibiotic therapy. After initiation of treatment, her
ondition improved gradually. After 5 days, she was transferred to the
epartment of Pediatrics. Shortly afterward, she deteriorated, with loss
f consciousness, fever, a right-sided nonresponsive dilated pupil, a low
ulse of 60 beats per minute, hypertension, and respiratory failure
ttributable to bradypnea. Although raised intracranial pressure was
linically suspected, an emergency computed tomography scan and
umbar puncture (intracranial pressure � 10 cm H2O) did not provide
vidence for this. The electroencephalogram did not detect any epilepti-
orm activity. A conventional magnetic resonance imaging scan did not
eveal any abnormalities (Fig 1A). However, using diffusion-weighted
agnetic resonance imaging, multiple lesions with markedly restricted

iffusion suggestive of ischemia were visualized in the basal nuclei left,
n the thalamus on both the left and right sides, in the mesencephalon, and
n the brainstem (Fig 1B), explaining the signs observed in the patient.

The clinical condition of the patient did not improve during the next 2
eeks. A repeated magnetic resonance imaging scan after 2 weeks

howed extensive areas of increased signal intensity on T2-weighted
mages in the areas previously identified by reduced diffusion (Fig 1C).
he somatosensory-evoked and brainstem-evoked potentials were nega-

ive. Based on the patient’s clinical condition and the electrophysiologic
nd magnetic resonance imaging findings, and after consultation with the
arents, treatment was discontinued. Shortly afterward, the patient died.

iscussion

Both increased intracranial pressure and focal infarction
f brain tissue are common complications in pneumococ-
al meningitis. Though the clinical signs of these condi-
ions differ, similar signs can be observed in cases of
rainstem infarction. Using conventional imaging tech-

ommunications should be addressed to:
r. Haarman; Department of Pediatrics, Vrije Universiteit University
edical Center; De Boelelaan 1117; 1081 HV Amsterdam, The
etherlands.

-mail: EG.Haarman@vumc.nl
eceived September 19, 2007; accepted October 29, 2007.
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iques, it is difficult to establish the correct diagnosis at an
arly stage, as this case report illustrates.

Increased intracranial pressure in bacterial meningitis is
aused by a combination of cytotoxic edema (because of
ell death), vasogenic edema (cytokine-induced increased
apillary permeability), obstruction of cerebrospinal fluid
low from the ventricles (because of fibrosis, gliosis, or
dema of the surrounding tissues of the aqueduct of
ylvius), and obstructed reabsorption of cerebrospinal
luid in the arachnoid villus. If the increased intracranial
ressure is not dispersed equally between the supratento-
ial and infratentorial compartment, transtentorial hernia-
ion of the upper brainstem and brainstem dysfunction
nsue. Clinically, this condition can be recognized by
ranial nerve palsies, reduced consciousness, systemic
ypertension, bradycardia, and respiratory depression.
igns of herniation occur in about 6% of cases of bacterial
eningitis [1].
Ischemia in bacterial meningitis results from a combi-

ation of reduced perfusion of the brain because of
ystemic hypotension, increased intracranial pressure, the
oss of autoregulation of cerebral blood flow [2,3], and the
cclusion of small blood vessels because of septic embo-
ism or vasculitis after direct invasion by microorganisms
4,5]. Most often, the frontal lobes are affected [6], but
ocal thalamic, pontine, and upper spinal-cord infarcts
ere reported [7,8]. Multiple infarcts in the brainstem can
imic the signs of raised intracranial pressure, as de-

cribed in atherosclerotic disease of the basilar artery in
dults [9]. However, to our knowledge, this is the first
escription of a child with pneumococcal meningitis with
igns of increased intracranial pressure because of brain-
tem infarcts.

The early detection of focal ischemic lesions in menin-

igure 1. T2-weighted (TR/TE � 3000/120 ms) (A) and diffusion-weigh
uring the progression of pneumococcal meningitis, clearly demonstratin
n T2-weighted images. After 2 weeks, T2-images (C) indicated infarct
maging.
itis, though of major clinical importance, is difficult. s
asculitis of small vessels can produce small areas of
ctive ischemic change not detectable on computed to-
ography scans, conventional magnetic resonance imag-

ng, or angiography [10]. Diffusion-weighted magnetic
esonance imaging is a more sensitive tool for visualizing
hese lesions. Diffusion-weighted magnetic resonance im-
ging reveals the diffusion of water molecules, and is used
o detect cytotoxic edema. After an episode of ischemia,
he diffusion of water is highly restricted because of the
hift of fluid into the intracellular compartment, and is
ndicated as areas with increased signal intensity.

Only a few studies were published regarding diffusion-
eighted magnetic resonance imaging findings in bacte-

ial meningitis in children [6,11,12]. Jan et al., describing
iffusion-weighted magnetic resonance imaging findings
n 13 infants with bacterial meningitis of various etiolo-
ies, emphasized that, insofar as the white matter in the
rain of an infant is not yet myelinated, the identification
f cortical infarcts can be extremely difficult using con-
entional magnetic resonance imaging [6]. Early ischemic
hanges in these areas were more easily identified by
iffusion-weighted magnetic resonance imaging. Peng et al.
rgued that, after studying eight children with bacterial
eningoencephalitis, diffusion-weighted magnetic reso-

ance imaging was more sensitive for the detection of
erebral lesions than T2-weighted or fast fluid attenuated
nversion recovery images [11]. Another advantage of
iffusion-weighted magnetic resonance imaging was dem-
nstrated by Wong et al. [12]. They demonstrated that
iffusion-weighted magnetic resonance imaging could
iscern purulent leptomeningeal empyemas from reac-
ive effusions in children with bacterial meningitis.
ecause of the increased protein content, the diffusion
f water is hindered in empyemas, resulting in increased

/TE � 3400/122 ms) (B) magnetic resonance imaging performed early
mic changes on diffusion-weighted magnetic resonance images, but not
areas previously identified by diffusion-weighted magnetic resonance
ted (TR
g ische
ignal intensity.
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In conclusion, this report described a child with pneumo-
occal meningitis with ischemic lesions in the brainstem
imicking the signs of increased intracranial pressure. This

ase also illustrates the importance of diffusion-weighted
agnetic resonance imaging in the early detection of

schemia.
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