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Cerebral infarction in childhood bacterial
meningitis
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S U M M A R Y Forty-nine children with complicated bacterial meningitis were studied. Thirteen
had abnormalities on computed tomography compatible with the diagnosis of brain infarction;
one had a brain biopsy with the histological appearance of infarction. Factors exist in childhood
bacterial meningitis which are associated with the development of brain infarction.

Although antibiotics have been successful in eradi-
cating the infecting organtism in many cases of
childhood bacterial meningitis, major neurological
complications continue to occur.'-3 For many
decades physicians have relied upon necropsy to
determine the pathogenesis of 'these compli-
cations.46 Only limited help has been obtained
from cerebral arteriography and pneumoencepha-
lography.78 The complexity and risk of such pro-
cedures prevent wide use.9'10 Recent application
of computed tomography of the brain (CT) has
provided a unique and relatively simple non-
invasive radiographic method for examining those
children with bacterial meningitis who developed
neurological complications. 11-14 CT has provided
additional information concerning the patho-
genesis of the neurologic complications.

This report describes a four-year experience
with CT in acute childhood bacterial meningitis
and discusses clinical correlations with the CT
finding of infarction.

Methods

A retrospective study of bacterial meningitis in child-
hood was undertaken at the University of New Mexico
Medical Center for the years 1975 to 1979. The
University of New Mexico Medical Center provides
primary care and also serves as a referral centre for
the region. CT was performed on all children with
bacterial meningitis whose illness was complicated
by seizures, hemiparesis, persistent fever, persistent
full fontanelle, or prolonged alteration in mental
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status. Ninety-eight consecutive children with the
diagnosis of bacterial meningitis were reviewed retro-
spectively. Forty-nine children had CT because of
the above complications, their ages ranging from
three weeks to five years with the majority being
under one year of age. Five patients also had follow-
up CT performed six months to two years after the
acute illness.

Thle diagnosis of infarction was based on CT evi-
dence of single or multiple circumscribed or wedge-
shaped areas of decreased density without major
mass effect. In two patients these areas showed con-
trast enhancement. When repeat CT was performed
one or more months later, the areas of infarction be-
came cystic in appearance (fig 1). Initial CT in the
patients with infarction was performed between three
and 100 dlays after the onset of symptoms of menin-
gitis. Seven patients had their initial CT within nine
days of onset. The ages of the patients with infarction
ranged from three weeks to 11 months. Twelve were
males.
An attempt was made to correlate the presence of

infarction with seizures, hemiparesis, ventricular en-
largement, cerebrospinal fluid findings, bacteriology,
antibi6tic treatment, brain pathology, and outcome.
An EMI Mark I Scanner with a 1602X 160 matrix
was used in this study.

Results

Infarction
Twenty-seven per cent (13 of 49) of the children
who had CT demonstrated one or more abnor-
malities compatible with the diagnosis of infarc-
tion. In nine patienrts the areas of infarction were
predominantly unilateral.

In one child with CT' findings of infarction
(fig 2) a brain biopsy from a low density area
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Fig 1 (a) CT performed during
acute H influenzae meningitis
showing right frontal low
density area. Age 6 months.
(b) Repeat CT three years
later showing cystic appearance
suggesting old infarction with
ventricular enlargement.

Fig 2 CT performed 2 months after H influenzae
meningitis. Age S months. Multiple circumscribed
frontal low density areas. Ventricular enlargement.

was performed two months after the acute illness.
The biopsy demonstrated a histologic appearance
compatible with the diagnosis of infarction. The
cortex showed heavy gliosis. Lipid-laden macro-

prages were present. Reactive astrocytes and
macrophages were found in the deep cortex and
superficial white matter (fig 3).

X̂e ST. . , 4

8~~~~~t'.''. t .4..

* s-l .*.* ' ft Sf s

4,A~~~~~~~~~~~~~-

Fig 3 Left frontal cortex biopsy. The upper layers
of the cortex show heavy gliosis and contain
scattered lipid-laden macrophages. The deep layers
contain a loose network of eosinophilic fibres, lipid
laden macrophages, reactive astrocytes, and
numerous small blood vessels. No neurons are seen
(haematoxylin and eosin, original magnification X80).
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Seizures
The overall incidence of seizures in our entire
series of children with bacterial menringitis was
51%. All of the patients with infarction had
seizures; nine had focal seizures. In the nine
patients with CT evidence of predominantly uni-
lateral infarction, five had seizures which were
predominantly contralateral to the area of
infarction.

Hemiparesis
Five of the nine patients with infarcts which were
predominantly unilateral had contralateral hemi-
paresis. The remainder had tetraparesis, perhaps
reflecting the bilateral nature of the cerebral
lesions even in cases where the infarcts were pre-
dominantly unilateral on CT.

Ventricular enlargement
CT evidence of ventricular enlargement occurred
in 11 of the patients with CT evidence of infarc-
tion (figs 1 and 2). Two 'of these also had a full
fontanelle. Two of the patients with normal
fontanelle pressure had continued ventricular
enlargement during external ventricular drainage
(fig 4). Follow-up scans, performed in five of
these children, showed persistent enlargement
without acceleration in the rate of increase of head
circumference and an actual decrease in the rate
in three patients.

Laboratory findings
Initial cerebrospinal fluid white cell count in
patients with CT evidence of infarction was over
1000 cells in seven cases and was unknown in two.
Initial cerebrospinal fluid glucose was 0-6 mmol/l
or less in seven patients and was unknown in
three.
The bacteria cultured from the children with

cerebral infarction were H. influenzae in eight,
S. pneumoniae in three, and S. pyogenes (beta
haemolytic) in two.

Antibiotic treatment
Of the 13 patients with CT evidence of infarction,
appropriate antibiotic therapy was begun within
two days of the onset of symptoms suggesting
meningitis in nine. The longest delay in starting
appropriate antibiotic therapy was six days, in
two patients. Inappropriate antibiotic therapy or
inappropriate dose of antibiotic was administered
prior to the diagnosis of meningitis in six patients.

Outcome
Two patients with infarction on CT died. Ten of
the surviving patients had neurologically un-

Fig 4 CT performed S weeks after pneumococcal
meningitis and 2 weeks after placement of a
ventriculoperitoneal shunt with the ventricular end
in the right frontal horn. Age seven months. Multiple
frontal and right posterior low density areas.
Ventricular enlargement was also present
preoperatively and did not change following shunt.
Fontanelle never full.

favourable outcome. Sequelae in this group con-
sisted of mental retardation, spastic tetraparesis,
cortical blindness, and seizures.

Discussion

The presence of vascular lesions in childhood
bacterial meningitis has been noted by pathologists
for many years. Wertham,15 in 1931, when review-
ing necropsy data from children and adults, com-
mented upon the frequency of cerebral lesions in
purulent meningitis and attributed these lesions to
circulatory factors. Adams, Kubik, and Bonner4
performed a necropsy study of children with
meningitis and found pathological changes in
brain parenchyma identical to those of recent in-
farction. These authors also noted neutrophils
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extending into the perivascular spaces of the cor-

tex. Neutrophils and lymphocytes were found
beneath the initima of small and medium sized
subarachnoid arteries. Focal necrosis and mural
thrombi occurred in veins. Smith and Landing,5 in
another review of the pathology of childhood bac-
terial meningitis, recognised the relative frequency
of phlebitis in the subarachnoid exudate. They felt
that phlebitis may be an important mechanism
in the neur6logical deficit. Arterial thromobosis
was rare in their study.

Cerebral angiography has revealed vascular
lesions in children with bacterial meningitis.9 10 1',
Abnormalities occurred in cerebrovascular dy-
namics as well as arteritis, thrombosis, thrombo-
phlebitis, and vascular narrowing. These reports
have provided further evidence of the severe

abnormalities in cerebral blood flow which ac-

company bacterial meningitis in childhood.
Our findings on CT confirm these pathological

and radiographic examinations. Focal cortical
areas of decreased density without major mass

effect were demonstrated by CT in children with
bacterial meningitis. The areas of decreased
density often occurred in a vascular distribution
and were felt to be compatible with areas of in-
farction (cerebrovascular accidents) secondary to
a vasculitis produced by the infectious process in
vessels entering and leaving the brain.'7 A brain
biopsy in one patient was taken from an area of
CT low density. The biopsy revealed the path-
ological findings of infarction thus helping to
establish the association of cortical low density
lesions on CT and infarction. However, focal
areas of cortical necrosis secondary to some other
factor, although unlikely, could not be completely
excluded in other patients. Hemiparesis was rela-
tively uncommon, perhaps reflecting the bilateral
occurrence of the lesions.
CT evidence of infarction occurred in several

children who had the diagnosis of meningitis
established within two days of onset of symptoms
of a febrile illness, and had relatively rapid
institution of appropriate antibiotic therapy. Thus,
delay in institution of appropriate antimicrobial
therapy may not be causally related to infarction
in all cases. Low CSF glucose concentration oc-

curred in seven cases, but its significance in infarc-
tion is uncertain. Eleven of the children with CT
eVidence of infarction also had CT evidence of
ventricular enlargement. We were unable to deter-
mine conclusively whether this was related to
increased intracranial pressure or to a relatively
acute form of brain atrophy. Perhaps both mech-
anisms played a part. Follow-up CT, at least one

month after the initial scan, was performed in
five of the patien'ts with ventricular enlargement.
The enlargement persisted and, in three patients,
was associated with a head circumference which
was progressively falling below the normal curve.
This provided further evidence for the clinical
suspicion that pressure hydrocephalus was not
occurring.
Our studies suggest that factors exist in child-

hood bacterial meningitis which are associated
with the development of cerebral infarction. These
factors include age less than one year, infection
with S pneurnoniae, severe hypoglycorrachia,
early inappropriate antibiotic therapy, and male
sex (table). Seizures occurred in all of our
patients; it was our clinical impression that the
seizures heralded the occurrence of infarction,
but did not cause infarction. Even with early
diagnosis and prompt institu'tion of appropriate
antibiotic 'therapy, CT evidence of cerebral in-
farction occurred.

Table Factors associated with cerebral infarction
(N= 13)
Age less than one year 13
Seizures 13
Male sex 12
Unfavourable outcome 10
Severe hypoglycorrhacia- < 0-6 mmol/l 7

Cerebral infarction in survivors of childhood
bacterial meningitis appears to be a serious, rela-
tively common complication that may have been
overlooked by clinicians prior to the availability
of CT. Bacterial meningitis may produce a vas-
culitis of cerebral vessels with consequent throm-
bosis and ischaemic infarct. Meningitis is a disease
process which may exert a profound secondary
effect on the brain parenchyma.
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