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Complications of Citrobacter Neonatal Meningitis: 
Assessment by Real-Time Cranial Sonography Correlated 
with CT 
Richard S. Levine,' Henrietta Kotlus Rosenberg ,2 Robert A. Zimmerman ,' and Alfred N. Stanford2 

Real-time crania l sonography via the anterior fontanelle was 
used serially over a 3- and 6-week period, respectively, to eval
uate two infants who developed multicystic encephalomalacia 
secondary to Citrobacter neonatal meningitis. Sonographic find
ings included heterogeneous parenchymal echogenicity, gyral 
prominence, peri ventricular hypoechoic areas from which cystic 
spaces evolved , and development 6f hydrocephalus. Serial cra
nial computed tomography over the same time period confirmed 
the sonographic observations in each case. 

Neonatal bacterial meningitis carries significant morbidity and 
mortality, despite limited response to earl y antibiotic therapy. In 
Gram-negati ve neonatal bacterial meningitis the mortality is 32%-
58% [1 - 3]. A Significant number of surviving infants develop com
plications that may inc lude severe increased intracranial pressure, 
ventriculitis with loculation of infection, acute hydrocephalu s, ab
scess, infarct ion, subdural effu sion, multicystic encephalomalacia, 
and cerebral atrophy. Abnormalities occur in 36%-56% of the 
surv iving children [1-3]. The development of complications is diffi
cult to assess c linica lly because of th e limited neurologic repertoire 
of th e neonate. Computed tomography (CT) was the first noninva
sive rad iog raphic method used to document these complications 
and their evolution [4-7]. Real-time cranial sonography has been 
useful in both the diagnosis and management of complications of 
neonatal bacterial meningitis [8-1 2]. In this report , two infants with 
Citrobacter diversus neonatal mening itis are described. Th e roles 
of cranial sonography and CT are compared in identifying and 
following the development of the white-matter parenchymal necrosis 
that leads to multicystic encephalomalacia. 

Methods 

Cranial sonography was performed through the anterior fonta
nelle on an ATL Mark III rea l-time sector scanner with a 5 MHz 
transducer. CT was performed on an EMI 1005 head scanner (60 
sec scan time, 8 mm slices, 160 x 160 mm matri x). 

Case Reports 

Case 1 

A male infant , the product of an uncomplicated 35 week preg
nancy and delivery, developed a temperature of 38.2 °C with an 

episode of cyanosis and apnea at 9 days of age. Cerebrospinal fluid 
(CSF) obtained by lumbar puncture revealed turbid yellow fluid 
containing 14,410 white blood cells/ mm3 (100% polys), 20 red 
blood cells/ mm 3

, glucose 6 mg / dl , and protein 310 mg / dl. Gram 
stain revealed Gram-negative rods. CSF, urine, and nasopharyngeal 
cultures grew Citrobacter diversus. Cultures of blood grew E. coli. 
At 10 days of age real-time cranial sonograph y performed via th e 
anterior fontanelle revealed no abnormalities . The next day the 
patient became less responsive and required intubation. The CSF 
remained abnormal. Cranial sonography performed on day 12 
showed abnormally bright gyri , scattered areas of increased paren
chymal echogenic ity, and several focal hypoechoic periventricular 
areas (fig. 1 A). By day 18 the patient had become conscious, 
responsive, and appeared normal on neurologic examination. How
ever, sonography performed on that day showed multiple abnor
malities including bilateral hypoechoic areas beneath both lateral 
ventricles, large hypoechoic areas in both frontal regions, an area 
of increased echogenic ity in the parietal region, and an area of 
decreased echogenic ity in the occipital region. The patient' s clinical 
condition deteriorated on day 20 in association with seizure act ivity. 
Sonography performed on day 24 demonstrated an enlargement of 
the areas of involvement in both the frontal and parietal regions, 
which were now less echogenic than before. Th ere was also some 
increase in ventricular size (fig . 1 B). CT performed on the same day 
showed that the ven tric les were top normal in size but revealed 
bifrontal and biparietal occipital white-matter encephalomalacia. 
Cranial sonography on day 30 showed further inc rease in size of 
the hypoechoic spaces and enlargement of the lateral ventric les. 
Head c ircumference increased over the ensuing 2 weeks. Sonog
raphy on day 50 demonstrated a marked interval enlargement of 
the lateral ventr ic les and the presence of very large anechoic 
bifrontal and parietooccipital areas . The left parietooccipital ane
choic area communicated with the occipital horn of th e left ventric le 
(fig . 1 C). CT 7 days later showed ventriculomegaly and the presence 
of bilateral secondary porencephalic cavities in the frontal and 
parietoocc ipital regions (fig. 10). 

Case 2 

A full-term male infant , the product of an uncomplicated preg
nancy and delivery, developed omphalitis and a fever of 38.9°C at 
3 days of age. Lumbar puncture revealed cloudy CSF containing 
394 white blood cells/ mm3 (100% polys), glucose 46 mg / dl , and 
protein 298 mg / dl. Cultures of CSF grew Citrobacter diversus. CT 
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Fig . 1.- Case 1 . A, Sonogram, left 
sag illal view, 12 days of age. Bright mid
line gyral marking s. Debris (D) in left 
lateral ventric le. Scallered areas of in
c reased parenchymal echogenic ity with 
focal periventricular hypoechoic areas. 
B , Sonogram, left sag ittal view, 24 days 
of age. Slighl increase in size of lateral 
ventr icle. Enlargement of lett frontal and 
parietoocc ipital hypoechoic areas (H). 
C, Sonogram, left sagi llal view, 50 days 
of age. Lateral (LV) and third ventricu lar 
di latation . Marked interval increase in 
frontal and parietooccipital hypoechoic 
areas, lalle r (H) communicating with oc
cipital horn (0). D, CT scan, 57 days of 
age. Ven tricu lar d ilatat ion with marked 
bilateral frontal and parietooccipital po
rencephaly. 
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performed on day 6 at the referring hospital appeared normal. Real
time sonography of the brain on day 13 showed slight prominence 
of the gyri and a diffuse heterogeneous parenchymal pattern . Bilat
eral focal hypoechoic areas combined with areas of increased and 
decreased echogenic ity were observed above the lateral ventricles. 
The ventric les were top normal in size (fig. 2A). CT performed on 
day 14 demonstrated normal-sized ventricles and bifrontal and 
biparietooccipital encephalomalacia (fig. 2B). Follow-up sonogra
phy at 21 days of age showed an en largement of the ventri cles. 
Further en largement of frontal and parietal hypoechoic zones was 
observed on sonography at 29 days of age (fig. 2C). The next day 
CT demonstrated ventriculomegaly and bilateral frontal and parie
tooccipital secondary porencephaly (fig . 2D) . A subsequent CT 
examination at 19 weeks of age demonstrated multicystic enceph
alomalacia. 

Discussion 

The two most devastating consequences of neonatal bacterial 
meningitis are parenchymal necrosis and ven tricu lar dilatation of 
the brain. The necrosis occurs secondary to bacterial vascu litis and 
resu lting infarction. The dilatation results from loss of brain sub
stance after infarct ion, ventriculitis that leads to scarring of the 
ventricular outlets (foramen of Monro, cerebral aqueduct, foramina 
of Luschka and Magendie), and the development of inflammatory 
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septa (obstructive compartmentalized. hydrocephalus). Because the 
clinical neurological evaluation of the neonate is limited in scope, it 
is essential to use a sensitive diagnostic imaging method that will 
demonstrate the earliest struc tural pathology . This may enable the 
c linician to institute more aggressive therapy in th e hope of pre
venting more damaging sequellae. Previous reports [4 , 6, 9] have 
established th e efficacy of both CT and sonography in demonstrat
ing ventricular changes result ing from neonatal bacterial mening itis. 
Another report [7] has documented the eff icacy of CT in demon
strating the evolution of parenchymal encephalomalac ia secondary 
to neonatal bacterial men ingitis. 

The sonographic studies performed on our two patients have 
shown that sonography is able to detect mi ld, diffuse increases in 
parenchymal echogenicity accompanied by periventricular hypo
echoic zones as early as 9-10 days after onset of symptoms, when 
the ventricles are st ill normal in size (figs. 1 A, 2A). In both patients 
the periventricu lar hypoechoic zones became larger and progres
sively less echogenic during the week after initial detection. These 
areas correspond to the bilateral parenchymal encephalomalacia 
demonstrated on CT. As the disease progresses, both sonography 
and CT demonstrate cavitat ion of the damaged brain parenchyma 
with secondary porencephaly (figs. 1 C and 2C). Concomitant with 
the loss of brain substance, ventricu lar enlargement was obvious 
on both CT and sonography. 

The sonographic observat ions in these patients inc luded gyral 
prominence, heterogeneous parenchymal echogenic ity, and multi-
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pie areas of decreased echogenicity from which large anechoic 
spaces evolved. The sulci on the interhemispheric surfaces of the 
neonatal brain are not visualized sonographically until about 32 
weeks of gestational age, becoming more prominent thereafter 
[13]. While gyral prominence may be normal in full-term infants, 
excessive brightness may be due to arachnoiditis and subependy
mal gliosis, noted neuropathologically in the first week of neonatal 
meningitis [14]. Edwards et al. [12] observed such focal areas of 
increased cortical echogenicity in six of 20 infants with complicated 
meningitis. 

In the second week after onset of meningitis both infants dem
onstrated heterogeneous parenchymal echogenicity. This may have 
resulted from glial reaction subjacent to arachnoiditis, diffuse en
cephalopathy, or early changes of cerebral infarction , all of which 
are pathologically observed in the second and third weeks of 
meningitis [14]. The periventricular hypoechoic areas noted during 
the second week of meningitis in these patients may represent 
areas of incipient abscess, infarction, or cerebritis, all of which 
exhibit an initial low-density appearance on CT [4, 5, 15 , 16]. 
Enzmann et al. [17] observed similar hypoechoic regions in early 
stages of abscess formation . Unlike the evolution of brain abscess, 
in which the parenchymal spaces decrease in size, these periven
tricular areas increased to large anechoic spaces with thin echo
genic borders. While Citrobacter neonatal meningitis may cause 
cerebral necrosis with accompanying porencephalic cysts and ab
scesses [18-20], such parenchymal cysts are not abscesses on 
postmortem examination [21]. Sonographic differentiation of cysts 

Fig. 2.-Case 2. A, Sonogram, cor
onal view, 13 days of age. Slightly prom
inent midline gyral markings. Paren
chyma shows diffuse heterogenei ty of 
echoes with bilateral periventricular 
hypoechoic areas (H). B, CT scan, 14 
days of age. Bifrontal and biparietooc
c ipital encephalomalacia with normal 
ventricles. C, Sonogram, coronal view, 
29 days o f age. Persistent parenchymal 
heterogenous echogenicity. Marked in
crease in size of frontal and parietal 
hypoechoic areas (H) with rim echogen
icity and fewer intern al echoes. Increase 
in lateral ven tricu lar (LV) dilatation. 0 , 
CT scan, 30 days of age. Marked bilat
eral frontal and parietooccipital second
ary porencephaly and ventriculomegaly. 

and abscesses in infants with complicated meningitis may not be 
possible on initial evaluation and may require serial studies to 
assess relative changes in size, central echoes, and borders. 

Before the advent of portable high-resolution real-time sono
graphic equipment, CT was the diagnostic procedure of choice to 
evaluate patients with complicated neonatal bacterial meningitis. 
Cranial sonography, performed through an open anterior fontanelle 
or split sutures, can now provide serial assessment of complications 
with more rapidity and accessibility and without the expense or 
ionizing radiation of CT. In our two patients the results of sonogra
phy and CT were comparable, with sonography demonstrating 
parenchymal changes before ventricular dilatation occurred. While 
long-term outcome of the course of the disease may not be affected 
by the use of either CT or sonography, correlation of these findings 
with neuropathologic changes may aid the clinician in prescribing 
treatment. 
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