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ABSTRACT - Objective: To assess the contribution of neonatal electroencephalogram (EEG) and its cor-
relation with the neurological examination at age of 9 months in newborns with bacterial neonatal 
meningitis.  Method: Twenty seven infants were studied with positive cerebrospinal fluid (CSF) culture 
for bacteria. We used the worse EEG result during acute phase of meningitis, and performed neurologic 
follow-up after discharge from hospital. Background cerebral activity was classified as normal or mildly, 
moderately, or markedly abnormal. Neurologic examination outcomes was classified normal, mild abnor-
malities, moderate abnormalities and severe abnormalities.  Results: EEG performed in the neonatal peri-
od during acute bacterial meningitis predicts adverse outcome early at age of 9 months, and had a signif-
icant correlation with cephalic perimeter and active tone alterations.  Conclusion: Neonatal EEG is useful 
for predicting abnormal outcomes, especially cephalic perimeter and active tone abnormalities at 9 months 
of age in infants with bacterial neonatal meningitis.

KEy WoRdS: bacterial meningitis, electroencephalography, neurophysiologic development, neurologic ex-
amination, infants, preterm newborns.

Correlación entre el eeG neonatal y el examen neurológico en el primer año de vida en recién 
nacidos con meningitis bacteriana

RESUMEN - Objetivo: Medir la contribución del electroencefalograma (EEG) neonatal y su correlación con 
el examen neurológico a la edad de 9 meses en recién nacidos con meningitis neonatal bacteriana.  Mé-
todo: Se estudió a 27 neonatos con cultivos positivos de líquido cefalorraquídeo a bacterias. Se uso el peor 
resultado del EEG obtenido durante el periodo agudo de la meningitis. El seguimiento neurológico se efec-
tuó tras el egreso hospitalario. La actividad de fondo del EEG se clasificó en normal y anormal leve, mode-
rada y severa. El examen neurológico se clasificó en normal, y anormal leve moderado y severo.  Resulta-
dos: El EEG realizado durante el periodo neonatal durante la fase aguda de la meningitis bacteriana pre-
dice bien un resultado adverso a la edad de 9 meses, con correlaciones significativas con el perímetro cefá-
lico y con las alteraciones del tono activo.  Conclusion: El EEG neonatal es útil para predecir anormalida-
des del neurodesarrollo especialmente en el perímetro cefálico y anormalidades del tono durante el pri-
mer año de vida en niños que tuvieron meningitis neonatal bacteriana.

PALABRAS-CLAVE: meningitis bacteriana, electroencefalografía, examen neurológico, recién nacidos, pre-
maturos.
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Newborn infants (especially premature infants) 
are susceptible to bacterial infections and may devel-
op primary meningitis or suffer a bacterial attack-as-
sociated neuroinfection1. Bacterial meningitis in new-
borns infants remains as a serious disease with signif-
icant long-term neurological morbidity2-5. Prediction 
of outcome is important in decision-making to pro-
vide information to parents, and for identification 
of subjects requiring close intervention and early fol-

low-up. Clinical evaluation includes neurological ex-
amination, cerebrospinal fluid (CSF) culture, neuro-
imaging studies and neurophysiological studies, such 
as the electroencephalogram (EEG) and evoked po-
tentials. 

In the newborn, EEG provides an extremely useful 
non-invasive test for brain function. The degree of 
background activity abnormality has proved to be a 
predictor of long-term neurologic outcome6. 
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The goal of this study was to assess the contri-
bution of neonatal EEG and its correlation with the 
neurological examination during the first year of life 
in clinical follow-up (at age 9 month) of newborns 
with bacterial neonatal meningitis.

method
Patients – Subjects were selected from the Neonatal in-

tensive care unit (NICU) at one of the main tertiary-level 
centers for newborns medical care in Mexico City. All in-
fants with a diagnosis of bacterial meningitis during two 
years period were identified by review of their medical re-
cords. Newborns were included in this study if they met 
the following criteria: 1) positive CSF culture for bacteria. 
2) EEG obtained in the neonatal period during acute phase 
of meningitis, and 3) neurologic follow-up 9 months af-
ter discharge from hospital. The following data were ex-
tracted from the infants’ medical charts: age and weight at 
birth, gender, one and five minutes Apgar score7, and Sil-
verman-Andersen score in search for respiratory distress8, 
conceptional age at EEG recording, perinatal neurological 
complications (i.e. asphyxia, intraventricular hemorrhage, 
coma, seizures), CSF values, bacteria identified in cultures, 
results of cranial ultrasounds (US), computed tomograph-
ic (CT) scans, and neurological examination. This study was 
approved by the Ethics and Research Committee of the In-
stitute and informed consent was obtained from the new-
borns’ parents.

Electroencephalogram (EEG) – Twelve infants (12/27) 
were studied by more than one EEG recording. We used 
the worse EEG results performed during acute phase of 
disease, during sleep state in the NICU during a session of 
approximately 45 min after feeding or until a complete 
active, slow, and indeterminate sleep cycle was recorded. 
The scalp was cleaned with alcohol, and impedance of elec-
trodes was always <5 kilo-ohms. Recordings were obtained 
on a digital 22-channel electroencephalograph-polygraph 
(Nicolet, Madison, WI, USA) and consisted of 16 EEG chan-
nels, one electromyogram channel placed on the chin, two 
channels for left and right eye movements, an additional 
channel for electrocardiogram (EKG) and two channels for 
respiration (on nose and chest). Gold cup electrodes were 
placed with electrolytic paste and head wrapping with tape 
strips9. Bipolar montage was used as follows: F1-F3, F3-C3, 
C3-P3, P3-o1, F2-F4, F4-C4, C4-P4, P4-o2, F1-F7, F7-T3, T3-
T5, T5-o1, F2-F8, F8-T4, T4-T6, and T6-o2. Sensitivity was 
7.5 µV/mm, band pass filters were set between 0.1 and 35 
Hz. The infant’s behavioral state and all movements of the 
child during the examination were recorded by the tech-
nician and were scored in 30-sec epochs according to Pre-
chtl criteria10. observations included eyes open-closed, eye 
movements, body movements, jerks and twitches, startling, 
sucking movements, vocalizations and respiratory irregu-
larities such as sights, pauses and apnea. Careful interpre-
tation was performed off-line. Brain waves present in the 
EEG were divided into delta (0.1-3.75 Hz), theta (4-7.75 Hz), 
alpha (8-13 Hz) and beta (14-35 Hz) rhythms. Brain activ-

ity was visually and topographically mapped on frontal, 
central, parietal, occipital and temporal areas, additional 
details have been published elsewhere11. Background ce-
rebral activity was classified according to Klinger et al.12 
criteria as normal or mildly, moderately, or markedly ab-
normal (Table 1).

Neurological examination – Infants were examined in 
the High-Risk Newborns Follow-up Study of Mexico City. 
Age at examination was corrected at 40 weeks of gesta-
tional age in the case of premature infants. Examinations 
were performed in clinically routine fashion during follow-
up every 3 months during the first year of life by a pedi-
atric neurologist. All examinations were performed with 
the infant undressed in a warm room in states 3 and 4 ac-
cording to Prechtl classification10. The test included several 
categories such as: cranial assessment, abnormal eye signs, 
sensory function, posture and spontaneous motor activi-
ty, passive and active tone, primitive and tendon reflexes 
and postural reactions13. The result was considered abnor-
mal when one or more indicators were non-satisfactory. Al-
though Amiel-Tison14 warns that neurological examination 
cannot be quantitatively measured, responses were scored 
on a 0, 1 and 2 scale to compare with results regarding ap-
propriateness for postmenstrual age as optimal response. 
outcome was classified as follows: 1) normal, 2) mild ab-
normalities including abnormalities of tone and excitabil-
ity but no central nervous system (CNS) depression and no 
seizures, 3) moderate abnormalities of tone with signs of 
CNS depression (i.e. minimal monoparesis, controlled sei-
zures, arrested hydrocephalus, poor interaction, hypoactiv-
ity, hyporeflexia) and one or two isolated seizures, and 4) 
severe abnormalities including repeated seizures associat-
ed with overt CNS depression (i.e. hemiplegia, quadriple-
gia, uncontrolled seizures, hydrocephalous).

Data analyses – We calculated 80% power of detecting 
differences in means between groups after Chequer et al.15 
and Klinger et al.12 data. We performed descriptive analy-
ses to determine arithmetic mean and standard deviation 
(Sd) for continuous variables and percents for qualitative 
variables. We conducted analyses of variance test to com-
pare quantitative clinical characteristics between groups 
of severity of alteration in neonatal EEG, Tukey post-hoc 
test was used to identify differences between groups. Re-
sults between neonatal EEG and neurologic examination 

Table 1. Classification of EEG abnormalities.

EEG results EEG abnormalities

Mildly 

abnormal

Normal background with one mild EEG abnor-

mality, or asymmetry, asynchrony, or mild volt-

age depression

Moderately 

abnormal

Normal background with two or more EEG ab-

normalities, asymmetry, asynchrony mild volt-

age depression with additional abnormality

Markedly 

abnormal

Burst-suppression, or markedly depression/iso-

electric background activity
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were compared by c2 test. We carried-out binomial logis-
tic regression analyses between neonatal EEG results and 
neurological examination at 3, 6, and 9 months. Alpha val-
ue determined for accepted significance a priori was ≤0.05. 
Neonatal EEG sensitivity and specificity for predicting ab-
normalities in neurologic examination were calculated from 
a 2 x 2 contingence table16.

results
Twenty seven patients were studied: average ma-

ternal age at the birth of the infant was 27.59±5.41 
years (range, 17-39 years). Fourteen mothers (50%) had 
one previous gestation, for seven mothers (25%) it was 
the first pregnancy, and the remaining mothers had 
two or more gestations (25%). Two infants (7%) were 
born vaginally and 25 (92%) by cesarean section.

Fifteen infants were male (55%) and 12 female 
(44%). Clinical characteristics of infants are shown in 
Table 2. Fourteen infants (51%) were born at age <32 
weeks of gestation (wG), 10 between 32 and 36 wG 
(37%) and three with 37 or more wG (11%). Sixteen 
subjects (59%) had birthweight <1,500 g, eight were 
between 1501 and 2500 g (29%), and three (11%) 
infants weighed 2,501 g or more at birth. Height at 
birth ranged from 26 and 50 cm, while cephalic pe-
rimeter had a range of between 24 and 39.3 cm. Ap-
gar score at 1 min (Apgar 1) ranged between 2 and 8, 
and 5-min Apgar (Apgar 5) score had a range of be-
tween 4 and 9, and Silverman-Andersen score ranged 
between 5 and 2.

Bacterial cultures reported Staphylococcus aure-
us and Staphylococcus coagulase-negative in seven 
cases of each (25%). Group B Streptococcus was pos-
itive in four subjects (14%), Group d Streptococcus 
was positive in two cases (7%), and different bacteria 
in each of the seven remaining cases (3%). Antibiotic 
treatment included a combination of vancomycin-ce-
photaxim in 20 subjects (74%), vancomycine alone in 
four (14%) and an ampicillin-amikacin combination 
in three cases (11%). Average hospitalization days 
was 54.4±29.4 days with range of 10-120 days.

EEG recordings during neonatal period were nor-
mal in nine patients (one third of the sample, 9/27 of 
patients), while eight were mildly abnormal (8/27), 
nine were moderately abnormal (9/27), and one was 
markedly abnormal (1/27). Clinical characteristics 
comparison of infants by EEG alteration severity de-
tected differences in Apgar 5 score between groups, 
and post-hoc analyses revealed that infants with 
moderately and markedly abnormality had signifi-
cantly lower scores (p=0.005). Neurological examina-
tion was performed in 26 infants at 3 and 6 months 
of age, and in 27 infants at age 9 months; results are 
show in Table 3.

No statistical differences were found when over-
all results were compared from both the neurolog-
ic examination and neonatal EEG (p=0.08). Signifi-
cant association was found between neonatal EEG 
result and cephalic perimeter alteration at 3, 6, and 
9 months using normative data from our country17 
(Wald score=11.40, 9.96, and 10.42; p=0.001, 0.002, 
and 0.001 respectively) and active tone at 9 months 
(Wald score=8.94; p=0.003). EEG sensitivity and spec-
ificity for predicting change in neurologic examina-
tion at 9 months of age were 72% and 44% respec-
tively.

CT was performed in two infants and both studies 
were abnormal, magnetic resonance imaging (MRI) 
was performed in one patient who had abnormal 
result. US studies were abnormal in eight subjects 
(30%), abnormalities found included intraventricu-
lar hemorrhage in five patients (18%), and periven-

Table 2. Clinical characteristics of infants with neonatal bacte-

rial meningitis.

Characteristic Mean Sd

Age at birth (weeks) 31.70 3.98

Weight at birth (g) 1504 722

Height at birth (cm) 39.12 5.81

Cephalic perimeter (cm) 29.20 4.01

Apgar 1 5.44 2.25

Apgar 5 8.03 1.40

Silverman-Andersen 3 1

Table 3. Neurological examination results (and percentage) in infants with neona-

tal bacterial meningitis.

Age 

(months)

Cephalic perimeter Reflexes  

(n/ab)

Passive tone

(n/ab)

Active tone

(n/ab)(n/ab) x (Sd) cm

3 (26) 24/2 37.3 (1.4) 8/18 16/10 14/12

6 (26) 25/1 40.7 (1.6) 12/14 15/11 16/10

9 (27) 23/4 42.8 (1.7) 13/14 17/10 22/5

n, normal; ab, abnormal; x, mean; Sd, standard deviation; cm, centimeters.
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tricular leukomalacia and hydrocephalous in three 
subjects each (11%).

disCussion

We found that an EEG performed in the neona-
tal period during acute bacterial meningitis predicts 
adverse outcome early within the first year of life. 
Few studies have examined the value of neonatal 
EEG as a prognostic tool in patients with bacterial 
neuroinfection.

Watanabe et al.18 studied EEG-polygraphically in 
29 newborns with meningitis, and visual and audi-
tory evoked potentials were also obtained in some 
infants: clinical findings correlated with outcomes. 
EEG background activity was a good prognostic tool 
but could not indicate complication type, although 
persistent abnormalities correlated with severe brain 
injury. Unfortunately, the study included infants with-
out culture-proved meningitis.

Chequer et al.15 retrospectively studied 29 infants 
with culture-proven meningitis; they found that de-
gree of EEG background activity abnormality proved 
to be a good predictor of long-term neurologic out-
come. Infants with normal or mildly abnormal EEG 
have normal outcomes, whereas those with markedly 
abnormal EEG died or manifested severe neurologic 
damage at follow-up.

Klinger et al.12 studied 37 infants during the neo-
natal period and 21 had adverse outcomes; nine died 
and 12 infants had moderate to severe disability at 
1 year of age. EEG background activity and overall 
EEG description were identified as predictors of ad-
verse outcome; multivariate analysis indicated that 
the latter was a stronger predictor, with sensitivity of 
88% and specificity of 90%. Infants with normal or 
mildly abnormal EEG had good outcomes, whereas 
those with moderate to markedly abnormal EEG died 
or survived with neurologic sequelae. our data are 
in agreement with these latter results, although we 
found lower values of sensitivity and specificity.

Etiologic agents found in our infants sample are 
in agreement19 and in partial agreement with those 
of other studies carried out at other NICUs in Mexi-
co City20, but are not in total agreement with other 
studies performed elsewhere4,21. Thus any consider-
ation with regard to differences in neurological out-
comes related with specific bacterial agents must be 
performed carefully, more research is necessary in 
the future with larger number of patients and with 
multicenter samples with clinical, neurophysiologi-
cal, neuroimaging and microbiological techniques to 
answer this question.

Correlation between EEG results and results con-
cerning cephalic perimeter and active tone on the 
neurological examination are reported here for the 
first time and deserve greater attention in future 
studies. Correlation between Amiel-Tison exami-
nation and outcomes with other methods such as 
US, EEG, and cerebral function monitoring at 12-15 
months of age was reported as good. Neurologic ex-
amination sensitivity for detecting infants with ab-
normal US was 0.97, with EEG 0.89, and with cerebral 
function monitoring 0.8822. Thus combined EEG ex-
amination with the clinical Amiel-Tison neurological 
examination augments probability of detection of 
early brain damage, as is well know by physicians.

A significant relation between Apgar 5 with sever-
ity of EEG abnormalities was found. This finding un-
derlines additive effects of early adverse conditions at 
birth in infants with CNS infection; this point has been 
observed in many diseases, such as apnea in infants23, 
and deserve more attention in future research. We 
suggest that clinicians and investigators must perform 
a multivariate weighting of each risk-factor, neuro-
logical examination, neurophysiologic, and neuroim-
age studies, for prediction of neurological sequelae in 
infants with neonatal bacterial meningitis.

our patients survived during the acute phase 
of neuroinfection and during the 9-month follow-
up; therefore disease severity could be less than in-
fants in the samples of Watanabe et al.18, Chequer 
et al.15, and Klinger et al.12 Infants with normal or 
mildly abnormal EEG survived without sequelae, and 
those with moderately and markedly abnormal activ-
ity were neurologically abnormal at follow-up. EEG 
abnormalities included an infant with burst-supres-
sion, and others with slowing of background activity, 
spikes and slow waves. Seizures occurred in some of 
these infants, others had intraventricular bleeding-
related hydrocephalous in which ventriculo-peritone-
al shunt placement was performed and were under 
control during follow-up period.

our study had certain limitations including small 
sample size and selection bias, despite the fact that 
we calculated sufficient statistical power to detect 
differences among groups of EEG alteration sever-
ity24. Nonetheless based on the result of this experi-
ence it is our recommendation that EEG recording be 
obtained early in acute phase of the neuroinfection. 
We conclude that neonatal EEG is useful for predict-
ing abnormalities in cephalic perimeter and active 
tone at 9 months of age in infants with bacterial 
neonatal meningitis.
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