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— Abstract —

Bacterial meningitis results in significant neurologic dificits despite in spite of much effort in the treatment

of the disease. This study was performed to determine the incidence of caustive organisms and to correlate be-

tween the organisms and computed tomographic (CT) findings with clinical outcome of bacterial meningitis in

newborns and infants.

We analyzed the brain CT and clinical records of 15 infants who had been diagnosed as bactrial meningitis

by CSF culture.

We found that the most common organisms were Group B streptococcus in neonates withou no neurologic

complications in all but one and Hemophilus influenza in infants whose clinical outomes were poor in all ex-

cept one. CT findings related with poor prognosis in this study were cerebral edema, basal cisternal oblitera-

tion & enhancement, and cerebral infarction on initial CT and ventriculomegaly on follow-up CT.

We concluded that CT diagnosed intracranial complications of bacterial meningitis well and could contrib-

uted to better treatment of bacterial meningitis.

Index Words: Meningitis 10.202
Brain CT 10.1211

INTRODUCTION

Acute bacterial menigitis often results in sig-
nificant neurologic complications regardless of
the antibiotics treatment Computed tomographic
(CT) finding of tuberculous meningitis is fairly
well known but not the findings of bacterial men-
ingitis.

The purpose of this study is to determine the

incidence of causative agents of bacterial menin-
gitis and to correlate the causative agents and the
CT findings with clinical course in newborns and

infants.
MATERIALS AND METHODS

We reviewed the CT and clinical records of
15 newborns and infants who had been diagnosed

as bacterial meningitis between December 1989 A
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and July 1991 at the Asan Medical Center.

The diagnosis of bacterial meningitis was
based upon the culture of cerebrospinal fluid
(CSF) in all 15 cases.

CT scans were performed with GE 9800(Gen-
eral Electric, Milwaukee, WI) or Picker 1200 Ex-
pert(Highland Heights, Ohio) before and after
intravenous contrast infusion in all 15 cses. Fol-
low-up CT scan were performed in six cases.

We evaluated the incidence of the responsible
causative organisms and correlated CT findings
and the causative organisms with clinical course.
Clinical outcome was categorized according to
the modified version of Song’s calssification (1)
as follws (Table 1): Group I, cured with.no
resdual neurologic deficit related to bacterial
meningitis; Group II, live with neurologic defi-
cit; GrouplII, discharged in hopeless state or ex-

our cases were Group B streptococcus in four,
Hemophilus influenza in four, Escherichiae coli
and Streptococcus pneumoniae in two each and
Neisseria meningitidis, Listeria monocytogenes,
and Staphylococcus aureus in one each patient.

The most common organism for under one
month of age was Group B streptococcus in four
cases. The prevalent organisms for above one
month of age was Hemophilus influenza in four
followed by Streptococcus pneumoniae in two
cases (Table 2).

Upon correlation of causative organism with
clinical grouping, Group II was found to be
reated with Hemophilus influenza in two, Strep-
tococcus pneumoniae and Neisseria meningitidis

in one each and Group II with Hemophilus in-

Table 2. Causative Organisms of Bacterial Meningi-

pired. tis in Neonate and Infant
Age
RESULTS Organisms 0-1M 2-12M Total
Group B. streptococcus 4 4
Causative organisms of bacterial meningitis in Hemophilus influenza 4 4
Escherichiae coli 1 1 2
Table 1. Grouping of Clinical Outcome Streptococcus pneumoniae 2 2
Group 1 Cured with no neurologic deficit Lis.ten'a. mono'cyt(.)g.efles . !
Group II Cured with neurologic deficit A - A ! !
Group III Discharged in hopeless state or ex- Btaphylocoeus Aneus 1
pired Total 6 9 15
Table 3. Correlation between Causative Organisms and Clinical Outcome
Clinical outcome
Causative organisms Group I Group 1II Group III Total
Group B. streptococcus 3 1 4
Hemophilus influenza 1 2 1 4
Escherichiae coli 2 2
Streptococcus pneumoniae 1 1 2
Listeria monocytogenes 1 1
Neisseria meningitidis 1 1
Staphylococcus aureus 1 1
Total 8 5 2 15
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a b c
Fig. 1. A 8 months infant with Hemophilus influenza meningitis (Group III).
a, b, c. Pre- (a) and post-enhancing (b) CT show basal cistiernal obliteration and enhancement with diffuse ce-
rebral edeam (c).

a b c

Fig. 2. A 3 days neonate with Group B. Streptococcus meningitis (Group II).

a. Pre-enhanced CT shows inhomogenous high and lower density lesions at bilateral basal ganglia and fronto-
temporo-parietal areas with periventricular low density by cerebral infarction.

b. Post-enhanced CT shows gyriform enhancing lesions at both temporoparietal poritons and noular enhanc-
ing lesions at both basal ganglia by cerebral infarction.

c. Follow-up pre-enhnaced CT after 5 months shows encephalomalacia in pre-existing infacted portions and
small calcified spot in left temporal area with diffuse atrophic change.

fluenza and Streptococcus pneumoniae in one
each case (Table 3).

The correlation of the initial CT findings with
clinical grouping was listed in Table 4. Te CT
findings related with the worst prognosis were
diffuse cerebeal edema with basal cistrnal oblite-

ration on pre-enhancing and basal cisternal en-
hancement on post-enhancing scan in Hemopilus
influenza meningitis (Fig. 1). The common and
poor prognostic finding in the initial CT was
cerbral infarction in three cases which showed

Group II clinical course (Fig. 2). Subdural effu-
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Fig. 3. A 17 days neonate with
Group B. Streptococcus meningitis
(Group T).

a, b. Post-enhancing CT shows
subdural effusion (a) and cere-
britis at the right frontal area (b).

a b

Fig. 4. A 2 months infant with Streptococcus pneumoniae meningitis (Group II).
a. Initial CT shows subdural effusion at the left frontal area and cerebral infarction at the left proximal frontal

lobe (not shown in this slice).

b. Follow-up CT after 3 weeks reveals marked hydrocephalus with periventricular interstitial edema and focal

residual subdural effusion.

c. Follow-up CT after 7 months reveals ventriculomegaly in the third and both lateral ventricles.

sion was seen in four cases: two each patients
presented Group I and Group II clinical course
(Fig. 3).

On the available follow-up CT in six patients,
we identified ventriculomegaly in all six, rain at-
rophy in five, encephalomalacia, and encephalic
cyst in one each patient (Table 5).

Upon correlation of the follow-up CT with

clinical course, four of six patients of
ventriculomgaly revealed Group II clinical
course (Fig. 4). Of four patients with

ventriculomegaly, three patents revealed cerebral

infarction on the initial CT and one patient had
marked ventriculomegaly on the follow-up CT.
Brain atrophy was seen in five patients: two in
Group I and three in Group II. All of Group
II patients with brain atrophy had also cerebral
infarction on the initial CT and two patients had
also ventriculomegaly on the follow-up CT (Fig.
5). Among the eight cases with abnormal initial
CT findings, one case expired with Hemophilus
influenza meningitis, four cases revaled neurolog-
ic deficits, and three cases improved without neu-

rologic deficits. Another expired case of Strepto-
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Table 4. Initial CT Findings vs. Clinical Outcome.

Fig. 5. A 9 months infant with
Neisseria meningitidis meningitis
(Group II).

a. Initial CT shows small infarction
at the left basal ganglia.

b. Follow-up CT after 3 weeks
shows diffuse cerebral atrophic
change.

Clinical outcome

Initial CT findings Group 1 Group II Group I Total
Normal 5 1 1 7
Subdural effusion 2 2 4
Cerebral edema 1 1 1 3
Cerebral infarction 3 3
Ventriculitis 1 1
Cerebritis 1 1
Basal cisternal enhancement 1 1
Table 5. Last Follow-up CT Findings vs. Clinical Outcome
Clinical outcome
Follow-up CT findings Group I Group II Group III Total
Ventriculomegaly 2 4 6
Brain atrophy 2 3 5
Encephalomalacia 2 2
Encephalic cyst 1 1
Calcification 1 1
coccus pneumoniae meningitis revealed no signif-  Streptocccus  pneumoniae, and  Neisseria

icant abnormal findings on the initial CT.
DISCUSSION

Group B streptococcus is the most common

causative agent of bacterial meningitis in

neontes, followed by gram (-) enteric bacilli, Lis-

teria monocytogenes, Hemophilus influenza,

meningitidis (2). Of our six neonates, Group B

streptococcus ~ was  responsible  for  four,
Escherichiae coli and Listeria monocytogenes for
one each patient. Walter et al (2) reported that
the incicences of causative orgsanisms of bacteri-
al meningitis in chidren younger than 2 years
were 85%, 42%, and 38% for Hemophilus influ-

enza, Neisseria meningitidis, and Streptococcus
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pneumoniae respectively. Most of other studies
also reported that the common caustive organism
of bacterial meningitis in children was
Hemophilus influenza with incidence rate from
40% to 70% (3,4,5,6) and followed by Neisseria
meningitidis (2,6) or Streptococcus pneumoniae
(3,5,7) with 15% to 20% incidence rate. Among
9 patients with over 1 month of age in our se-
ries, Hemopilus influenza was the most common
causative organism in four patients (44%).

Of the initial CT findings of our study, the
poor clinical prognostic findings were cerbral in-
farction, cerebral edema, and basal cisternal
obliteration and enhancement. Synder et al (8)
reported that cerebral infarction in bacterial
meningitis appears to be a serious, relatively
common complications and 27% of his cases dem-
onstrated cerebral infarction on CT. Our study
showed cerbral infarction in three cases (20%)
who all showed neurologic deficits, such as sei-
zure, delayed development, hearing and visual
impairment. Basal cisternal enhancement on post
-enhancing C is reported to be the specific find-
ing in tuberculous meningitis. However, one pa-
tient with Hemopilus influenza meningitis in this
study revealed high density at basal cisterns on
both pre-and post-enhancing CT scans. Basal cis-
ternal obliteration on pre-enhancing CT was
probably due to high viscosity of accumulated
pus in the subarachnoidal spaces. Song et al (1)
reported that the basal cisternal enhancement on
CT was the most poor prognostic finding. Our
case expired shortly after the onset of bacterial
meningitis in accordance with the findings of
Song et al.

Of the

culomegaly and brain atrophy were the most fre-

six follow-up CT scans, ventri-
quently obsrved findings. Ventriculomegaly was
the most common complication of bacterial men-
ingitis but mild ventriculomegaly in acute state of
bacterial meningitis usually represents mild pres-
However,

sure hydrocephalus (7). significant

ventriculomegaly appears to be more often
secondar to diffuse brain atrophy without in-
creased intraventricular pressure, developing in
later stage of the illness (9,10). Many mechanisms
have been postulated to explain ventriculomegaly
such as wvascultis, bacterial neurotoxins, some
toxic components of granulocytes, or an immu-
nologic reaction. Regarless of the mechanisms in-
volved, it is apparent that toxic-atrophic
cause of
marked ventriculomegaly (7,9,10,11). All of the

six cases with the follow-up CT scans sowed

encephalopathy sometimes is the

ventriculomegaly and four of these six cases rep-
resented neurologic deficits.

Jadaviji et al (5) reported the mortality rate of
bacterial meningitis as 6.4% and the neurologic
sequelae as 20%. The mortality rate and neuro-
logic sequelae of this study were 13% and 33%,
respectively. The mortality rate was significantly
greater in pneumococcal meningitis (15.2%) than
with other forms of meningitis and neurologic
deficit occurred in 10%-25% of the survivors
with more subtle intellectual, hearing, and visual
impairment (5,11). Neurologic deficits in our pa-
tients incuded seizure and hearing impairment in
three cases each, visual impairment and deayed
development in one each case. Smith & Landig
recognized the relative frequency of phlebitis in
the subarachnoid exudate and they felt that phle-
bitis may be an important mechanism in neuro-
logic deficit (8).

In conclusion, bacterial meningitis in infants
resulted in significant neurologic sequelae and
mortality and the most common responsible or-
ganisms were Group B streptococcus in neonates
and Hemophilus influenza in infants. All of
Group B streptococcus meningitis except one
with Group II outcome revealed no neurologic
sequeale, but all but one Hemophilus influenza
meningitis represnted poor Group II or III clini-
cal outcomes. The worst prognostic findings were
cerebral edema with basal cisternal obliteration
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and enhancement of the initial CT. The common
poor prognostic findings were cerebral infarction
on the initial CT and marked ventriculomegaly
on the follow-up CT.

Despite the small number of cases, this study
the CT display of the
complicaions of bacterial meningitis well related

showed adequate

with the patient outcome. Thus, CT would con-
tribute to better patient management.
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