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\s=b\Objectives.\p=m-\Todetermine the clinical and sonographic
features of late-onset meningitis (after 7 days of life) in sick,
very-low-birth-weight infants.

Design.\p=m-\Retrospectivestudy of a patient series.
Setting.\p=m-\Neonatalintensive care nursery at Parkland

Memorial Hospital in Dallas, Tex.
Participants.\p=m-\Tenpreterm infants with birth weights of

more than 1750 g who developed late-onset meningitis
during a 42-month study period.

Interventions.\p=m-\None.
Results.\p=m-\Tenpreterm infants developed meningitis at a

mean (\m=+-\SD)postnatal age of 20\m=+-\14days. Eight of the in-
fants survived. Initial clinical signs were nonspecific, eg,
apnea and bradycardia (eight infants), abdominal distention
(five infants), hyponatremia (serum sodium level, <130
mmol/L), and a decrease in urine output with an increase in
weight (three infants). Specific neurologic signs occurred in
three infants (seizures [n=2] and third-nerve palsy [n=1]).
Sonographic abnormalities noted in seven (70%) of the 10
infants included progressive ventriculomegaly (n=6), tha-
lamic echodensities (n=3), ventriculitis (n=4), and cystic
leukomalacia (n=1). The progressive ventriculomegaly de-
veloped from 1 to 2 weeks after diagnosis; permanent
shunting was required in all six infants. The thalamic
echodensities were linear or punctate and developed from
1 to 2 weeks after diagnosis in two infants.

Conclusions.\p=m-\Thedata indicate the need for a high index
of suspicion of meningitis in very-low-birth-weight infants
suspected of having sepsis because of the nonspecific clin-
ical presentation of meningitis. Because both progressive
ventriculomegaly and thalamic echodensities are late and
frequent findings, serial sonograms are essential for careful
monitoring of sequelae of disease.

(AJDC. 1992;146:1297-1301)

The clinical features of bacterial meningitis in full-term
infants have been well described from birth through

the first 6 weeks of life.17 However, data regarding the

clinical features of meningitis in sick, very-low-birth-
weight infants are scarce. The survival of patients in this
high-risk group has increased substantially in the last two
decades.8,9 These infants are at increased risk for late-onset
sepsis and meningitis secondary to factors such as pro¬
longed intubation, the frequent need for indwelling cath¬
eters, the use of Intralipid infusions, exposure to nursery-
personnel or other infants harboring pathogenic organ¬
isms, and reduced transplacental acquisition of antibod¬
ies.7 We reviewed our experience with late-onset meningi¬
tis (after 7 days of life) in sick, very-low-birth-weight
infants to determine the clinical and sonographic features
pertinent to this patient population.

PATIENTS AND METHODS
The patient population comprised preterm infants with birth

weights of less than 1750 g admitted to the intensive care nursery
at Parkland Memorial Hospital, Dallas, Tex, between July 1988
and December 1991 who developed late-onset meningitis during
hospitalization. The diagnosis of meningitis was confirmed with
positive cultures of cerebrospinal fluid (CSF) in all cases. The
medical chart of each infant was reviewed, and the data derived
included clinical findings before, during and after the diagnosis
of meningitis and pertinent laboratory data (eg, serum electrolyte
and blood glucose levels). Multiple cranial sonograms were ob¬
tained for each infant as part of clinical management. The cranial
ultrasound studies were performed through the anterior fontanel
using a 7.5-MHz transducer (Diasonics Ine, Milpitas, Calif). The
ultrasound images were reviewed for evidence of periventricular-
intraventricular hemorrhage (IVH), ventriculitis, and periventric-
ular white matter or focal brain injury by one of us (N.R.).
Periventricular IVH was classified as previously described.7

RESULTS
Ten preterm infants with mean (±SD) birth weights of

1120±425 g and mean gestational ages of 28±2.5 weeks
were identified as having late-onset meningitis. The 10
cases represent approximately 8% of all cases of culture-
proven sepsis in infants with birth weights of less than 1750
g admitted to the facility during the study period. Menin¬
gitis was diagnosed a mean of 20±14 days after birth
(range, 9 to 56 days). Organisms isolated from the CSF of
these 10 infants included Escherichia coli (n=3), Enterobacter
cloacae (n=l), group  Streptococcus (n=l), group D Strepto¬
coccus (n=l), Enterococcus (n=2), Flavobacterium meningosep-
ticum (n=l), and methicillin-resistant Staphylococcus aureus

Accepted for publication June 1, 1992.
From the Departments of Pediatrics (Drs Perlman and Sanchez) and

Radiology (Dr Rollins), University of Texas Southwestern Medical Cen-
ter, Dallas.

Reprint requests to Department of Pediatrics, University of Texas
Southwestern Medical Center, 5323 Harry Hines Blvd, Dallas, TX
75235-9063 (Dr Perlman).

Downloaded From: http://archpedi.jamanetwork.com/ by a DALHOUSIE UNIVERSITY-DAL-11762 User  on 06/20/2015



Cerebrospinal Fluid Findings in Preterm Infants With Late-Onset Meningitis*
Glucose Initial

Patient Causative Gram's Level, Protein
No. Organism Stain mmol/L Level, g/L

Maximum Red White
Protein Blood Cell Blood Cell
Level, Count, Count,
g/Lt X10VL X10VL

Differential White Blood Cell Count

Polymorphocytes Lymphocytes Other

Enterococcus
Enterobacter

cloacae
3 Flavobacterium

meningo-
septicum

4 Group D
Streptococcus

5 Group  
Streptococcus

6 Escherichia
coli

7 E coli
8 MRSA
9 E coli

10 Enterococcus

<1.1
<1.1

<1.1

5.3

<1.1

<1.1

6.9
2.5
3.9
2.6

3.41
8.04

3.30

4.90

4.42

6.29

1.89
1.82
1.40
2.30

11.00
10.87

11.32

8.50

5.59

6.29

NA

2.81
1.68
2.30

5450
1060

880

9

0

639

0
1

800
2250

2250
1940

2300

2200

1950

247

NA
3
2
6

0.80
0.37

0.53

0.79

0.83

0.36

NA
0.54
0.79
0.36

0.12
0.61

0.47

0.14

0.05

0.30

NA

0.18
0.14
0.15

0.08
0.02

0

0.07

0.12

0.34

NA
0.28
0.07
0.49

'Organisms identified in blood were identical tothose identified in cerebrospinal fluid except for patient 1, who had a sterile blood culture. MRSA
indicates methicillin-resistant Staphylococcus aureus; NA, not available; plus sign, positive for the causative organism; and minus sign, negative for
the causative organism.

tMeasurements were made from 2 to 5 days after diagnosis of meningitis.
^Patient died before some values were obtained.

(n=l) (Table). Blood cultures yielded the same organism as

did the CSF in eight infants, and the blood culture was
sterile in one infant. One infant with a positive blood cul¬
ture and sterile culture of CSF died 2 days after the cultures
were obtained. Culture obtained from the brain of this in¬
fant at autopsy yielded an organism identical to that found
on earlier blood culture. All infants initially received van-

comycin hydrocholoride and an aminoglycoside; further
modification of antibiotic therapy was made depending on

results of susceptibility testing of the isolate. The CSF was

sterile on reexamination at 24 hours in seven of eight pa¬
tients and remained positive for 3 and 7 days in two pa¬
tients (patients 3 and 6 [Table]). The initial clinical presen¬
tation for each infant was nonspecific, eg, apnea and
bradycardia (eight infants), abdominal distention (five in¬
fants), lethargy (three infants), hyponatremia (serum so¬
dium levels of <130 mmol/L), and increased weight gain
with decreased urine output (three infants). Specific neu¬

rologic signs occurred in three infants (subtle seizures in
two infants [patients 6 and 7] and third-nerve palsy in the
third infant [patient 1]). Nine of the 10 infants survived.

Cranial Ultrasound Findings
Periventricular-Intraventricular Hemorrhage.—In four

infants (patients 1, 4, 5, and 10), grade 2 IVH was

documented before diagnosis of meningitis. In two of these
infants, the IVH had resolved and ventricular size was
normal before the diagnosis of meningitis. In the third in¬
fant (patient 1), ventriculomegaly was present at diagno¬
sis of meningitis and continued to worsen. One infant (pa¬
tient 8) developed late-onset grade 3 IVH (day 10 of life)
2 days after onset of meningitis.

Ventriculomegaly.—Six (67%) of the nine surviving in¬
fants (patients 1 through 6) developed progressive ven¬

triculomegaly. In addition to the one infant noted above

Fig 1.—Sagittal view of the brain depicting enlarged lateral and third
ventricles and a normal-sized fourth ventricle consistent with aqueduc-
tal obstruction.

(patient 1), a second infant (patient 3) exhibited ventricu¬
lomegaly at diagnosis of meningitis, and four infants (pa¬
tients 2, 4, 5, and 6) developed ventriculomegaly from 1 to
3 weeks after diagnosis of meningitis. All six infants ulti¬
mately required placement of a ventriculoperitoneal
shunt. In four patients, dilatation of the lateral and third
ventricles and a normal fourth ventricle were noted (Fig 1).
In two infants, the entire ventricular system was dilated.

Thalamic Echodensities.—The other common sono¬

graphic abnormality noted was a thalamic echodensity. In
one infant (patient 7) a 1-cm unilateral thalamic echoden¬
sity documented immediately before death corresponded
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Fig 2.—Left, Coronal section of the brain depicting an echodense right thalamus. Right, Autopsy specimen from the same infant demonstrating hem¬
orrhage into the thalamus.

Fig 3.—Left, Coronal section of the brain demonstrating enlarged frontal and temporal horns of the lateral ventricles. The thalamic region appears
normal. Right, Coronal section of brain from the same infant 25 days later demonstrating resolution of the ventriculomegaly. Note the bilateral ap¬
pearance of linear thalamic echodensities.

to hemorrhage at autopsy (Fig 2). In two infants (patients
2 and 3), bilateral linear or punctate thalamic lesions
developed from 5 to 25 days after onset of meningitis (Fig
3). In one infant, the thalamic lesion resolved in 1 month,
but in the second infant it persisted.

Additional sonographic abnormalities noted in five in¬
fants (patients 1 through 4 and patient 6) included intra-
ventricular strands attached to the ventricular wall, in¬
creased echogenicity of the ventricular ependyma, and the
presence of a small cyst adjacent to the right frontal horn
of the lateral ventricle in the absence of IVH (Fig 4).

Patient Reports
Patient 1.—This boy weighed 1020 g at birth, which was

appropriate for his gestational age of 26 weeks. His initial

clinical course was complicated by respiratory distress
syndrome requiring intubation; pneumothorax; patent
ductus arteriosus; apnea; and bradycardia of prematurity.
The initial cranial ultrasound study on day 3 of life dem¬
onstrated bilateral periventricular IVH (grade 2). A second
scan on day 10 of life was unchanged from the first. On day
17 of life, the infant developed severe apnea and brady-
cardic spells. Blood cultures were obtained, but no lumbar
puncture was performed. Therapy with vancomycin (15
mg/kg every 18 hours) and amikacin sulfate (7.5 mg/kg
every 18 hours) was initiated. Blood cultures were sterile
at 72 hours and administration of antibiotics was stopped.
On day 21 of life, the infant appeared lethargic, a left
third-nerve palsy was noted, and a full anterior fontanel
was palpated. A cranial sonogram demonstrated marked
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Fig 4.—Left, Coronal section of the brain at diagnosis of meningitis. Note normal ventricular size. Right, Coronal section of the brain from same in¬
fant 30 days later demonstrating marked ventriculomegaly and a small frontal periventricular cyst.

ventriculomegaly involving the lateral, third, and fourth
ventricles. A diagnosis of enterococcal meningitis was
made based on results of lumbar puncture. The organism
was susceptible to vancomycin, and culture of material
obtained from a second lumbar puncture 24 hours later
was sterile. Serial sonograms demonstrated progressive
ventriculomegaly that required a ventriculoperitoneal
shunt on day 50 of fife.

Patient 2.—This boy weighed 1380 g at birth, which was

appropriate for his gestational age of 30 weeks. His clini¬
cal course was complicated by respiratory distress syn¬
drome requiring intubation, chronic lung disease, apnea,
and bradycardia. On day 7 of life, he developed severe ap¬
nea and bradycardia. A sepsis workup revealed
methicillin-resistant S aureus from both of two blood cul¬
tures. Culture of CSF was sterile. The infant was success¬

fully treated for 10 days with vancomycin. On day 21 of life
(4 days after discontinuation of antibiotics), an acute
change in his clinical condition was noted. It was charac¬
terized by an increase in the frequency and severity of the
apneic spells; abdominal distention; a decrease in urine
output; and concomitant increase in weight with a de¬
crease in serum sodium levels (from 140 to 129 mmol/L).
The hyponatremia resolved with fluid restriction. Sepsis
and meningitis due to E cloacae were established as diag¬
noses. The infant was started on vancomycin and amika-
cin, and results of a second lumbar puncture 24 hours later
were sterile. Sonograms obtained on days 3 and 10 of life
were normal. At diagnosis of meningitis (day 21 of life),
marked ventriculomegaly involving the lateral and third
ventricles was noted. The marked ventriculomegaly per¬
sisted for the next 3 weeks and was followed by a gradual
decrease in ventricular size. Concomitant with this de¬
crease were bilateral linear thalamic echodensities (Fig 3)
revealed with sonography. At discharge 2 months after the
diagnosis of meningitis, his ventricles were still dilated,
but the thalamic echodensities had almost resolved. This
infant eventually required a ventriculoperitoneal shunt at
age 1 year because of progressive ventriculomegaly and an

enlarging head circumference.

COMMENT

The data in this series indicate a nonspecific clinical pre¬
sentation in most of the very-low-birth-weight infants who
developed late-onset meningitis. The sonographic abnor¬
malities included evidence of ventriculitis, progressive
ventriculomegaly, and thalamic echodensities.

There is a strong association between neonatal sepsis
and meningitis.7 Indeed, septicemia was almost universal
in the infants with meningitis. However, in one infant, the
blood culture was sterile, a finding consistent with previ¬
ous studies of neonatal meningitis.10"12 In a second patient,
an infant with sepsis but normal results of lumbar punc¬
ture, meningitis was observed at autopsy 2 days after
lumbar puncture. The organisms identified from the blood
and CSF of the nine surviving patients reflected the bacte¬
rial flora of infants requiring prolonged hospitalization.

The initial clinical features were nonspecific and fairly
typical of sepsis in preterm infants, with exacerbation of
apnea and bradycardia and abdominal distention beingthe predominant findings. The fluid and electrolyte ab¬
normalities, coupled with the resolution after fluid restric¬
tion, suggest the syndrome of inappropriate antidiuretic
hormone.7·13 Specific neurologic signs, such as seizures,
were only noted in three (30%) of the 10 patients in this
small series. This incidence is consistent with that noted in
older neonates.7

The sonograms clearly illustrated some of the complica¬
tions of meningitis observed in previous studies and
included evidence of ventriculitis, periventricular
IVH, periventricular leukomalacia, and progressive
ventriculomegaly.1417 Ventriculitis as evidenced by intra-
ventricular strands attached to the ventricular surface and
an echogenic ependyma occurred in five (50%) of the 10
patients. These two abnormalities were particularly prom¬
inent in the patients with progressive ventriculomegaly
and most likely contributed to this complication.

Progressive ventriculomegaly was a common complica¬
tion necessitating placement of a permanent ventriculo¬
peritoneal shunt in all patients with this complication. The
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ventriculomegaly progressed from 1 to 2 weeks after diag¬
nosis of meningitis. In four patients, the ventriculomegaly
appeared to be secondary to obstruction of CSF at the level
of the aqueduct of Sylvius. That is, the lateral and third
ventricles were enlarged, but the fourth ventricle was of
normal size. In the remaining two patients, the entire ven¬
tricular system was enlarged, suggesting obstruction of
CSF at the base of the brain. There was an interesting as¬
sociation between the degree of CSF abnormalities and
progressive ventriculomegaly. In all six patients with pro¬
gressive ventriculomegaly, Gram's stains of CSF demon¬
strated organisms concomitant with markedly elevated
white blood cell counts and protein concentrations. In
contrast, in the three surviving infants without ventricu¬
lomegaly, organisms were infrequently noted on the
Gram's stain, there were few to no white blood cells in CSF,
and protein concentrations were only modestly elevated.
Thus, abnormalities identified with initial laboratory stud¬
ies may provide some indication of which infants are likely
to exhibit progressive ventriculomegaly.

The development of a thalamic echodensity in three in¬
fants is a new sonographic observation in infants with
meningitis. Linear areas of thalamic echodensities have
been noted previously in association with congenital viral
infections, trisomies 13 and 21, and asphyxia.18·19 The
pathologic correlate in one infant was a thalamic hemor¬
rhage. The pathogenesis of the echodense lesions in the
remaining two infants was unclear. We speculate that the
lesions may have been secondary to vasculitis, a common

pathologic finding in bacterial meningitis.1·7 It is also pos¬
sible that the lesions may represent a venous infarction of
multiple veins draining the basal ganglia.1·7

One infant developed late-onset IVH after diagnosis of
meningitis. Late-onset IVH is uncommon in premature in¬
fants, occurring in approximately 10% of cases.20 Clearly,
meningitis should be included in the differential diagno¬
sis of late-onset IVH.

The data in this report highlight several relevant clinical
issues. First, most infants in this small series survived.
However, short-term morbidity was substantial, with 75%
of the infants exhibiting progressive ventriculomegaly.
Second, the initial findings in CSF may indicate the infants

at greatest risk for progressive ventriculomegaly. Third,
because complications of meningitis maybe delayed, serial
cranial sonograms and /or other neuroroentgenographic
imaging techniques such as computed tomography or

magnetic resonance imaging are necessary for the careful
monitoring of sequelae of disease.
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CORRECTION

Missing Footnote Symbol
In the article entitled "Screening for Maternal Depression in Pediatric Clin-
ics," published in the July 1992 issue of AJDC (1992;146:876-878), a footnote
symbol was missing in Table 1. On page 877, in the first column, an aster-
isk should have appeared after the seventh statement.
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