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The aim of the present work was to assess the state of brain bioelectrical activity in children during the acute
period of bacterial purulent meningitis, with quantitative mathematical analysis of the changes found. The
studies included 31 children on days 1 and 6 from onset of illness: 16 children (8.9 + 2.4 years) admitted to
the Pediatric Scientific Clinical Center for Infectious Diseases with laboratory confirmation of diagnoses of
purulent meningitis (due to Neisseria meningitidis) (n = 11) or Streptomyces pneumoniae (n = 2) or uniden-
tified pathogen (n = 3)), along with 15 healthy children. Electroencephalogram (EEG) traces were recorded
from all these children in the state of calm waking using a Neuron-Spectrum 4/VP 16-channel electroen-
cephalograph. Clinical assessment of the EEG included analysis of background rhythms, zonal differences,
and detection of pathological types of activity. Quantitative analysis consisted of the mean power (V?) and
amplitude (uV) of the a, 6, and & rhythms, along with mean power ratios — /0 and o/d. Visual analysis
of the EEG in 100% of children in the acute period of purulent meningitis showed diffuse slowing with
detection of 0 and 6 waves. Focal changes in the form of sharp waves were seen in 18.8% of cases (three
patients). No cases displayed periodic activity. Meningitis patients showed significant reductions in the o/
(p =0.001) and a/0 (p = 0.048) spectral ratios. ROC analysis showed that the a/0 value was <0.18 and
the /0 value was <0.02 (sensitivity 100% and specificity 80%, AUROC 0.9), which may be evidence of
the likely development of cerebral edema. Thus, pediatric patients with acute purulent meningitis showed
significant impairments to the normal 0/0 and /0 rhythm power ratios on the EEG, which is presumptively
explained by suppression of the functional activity of the thalamus and thalamocortical pathways, as well
as the reticular formation of the brain.
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Electroencephalography (EEG) is one of the main meth-
ods for evaluating the functional state of the brain and is used
when clinical evaluation is impossible, particularly in pa-
tients with encephalopathies and coma of various origins [1].
Indications for EEG include diagnoses of paroxysmal states,
prognostication of outcomes of pathological states, assess-
ment of bioelectrical activity when there is suspicion of brain
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death, etc. [2]. Up to 90% of the native EEG in conditions of
calm waking in healthy people is within frequencies of up to
10 Hz, height 40-80 uV, i.e., the a rhythm, or a activity [3].
Currently the most widely held theory is that the o rhythm
originates in the thalamus, with the thalamic relay nuclei as
its main generators [4]. It has been suggested that the o and 0
rhythms form the so-called a-0 continuum, as the discharge
frequency of thalamic neurons changes in the range 2—13 Hz;
the hippocampus is regarded as the generation center of the 0
rhythm [4]. Various diseases produce increases in the repre-
sentation of the O rhythm in the EEG, which can be explained,
particularly in focal brain lesions, by impairments to intercen-
ter interactions and normal neurotransmitter and signal mole-
cule activity ratios [3].
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A variety of nonspecific EEG changes have been re-
corded and described in inflammatory diseases affecting the
meninges (meningitis). The EEG can be normal in aseptic
meningitis [5]. Acute purulent meningitis due to streptococ-
cal infection can produce diffuse slowing of bioelectrical
activity (BEA) [6]. Pathological changes to BEA in acute
purulent meningitis (increased representation of 6 and 0
waves, appearance of spike/slow-wave complexes) have a
statistically significant predictive capacity for the develop-
ment of neurological and cognitive complications of neu-
roinfection [7]. Deviations of different magnitudes in BEA
from normal are described in 89% of cases of meningoen-
cephalitis [8]. Bursts of epileptiform activity involving one
hemisphere with subsequent generalization were found in
a five-month-old patient with acute purulent meningitis of
pneumococcal origin [9]. Periodic lateralized bursts of epi-
leptiform activity have also been seen in streptococcal men-
ingitis [10].

Despite the wide spectrum of changes described in dif-
ferent stages of development of acute purulent meningitis,
quantitative objective analysis of EEG patterns in this dis-
ease remains poorly studied, especially in pediatric practice.
Use of quantitative EEG analysis in children with purulent
meningitis may be of value as a tool supplementing visual
analysis [11]. In this regard, we have studied EEG changes
in children in the acute period of purulent meningitis with
quantitative mathematical analysis of the data obtained.

The aim of this work was to assess the state of brain
BEA in children in the acute period of bacterial purulent
meningitis with quantitative mathematical analysis of the
changes identified.

Methods. A total of 31 children were studied: 16 pa-
tients with purulent meningitis (8.9 + 2.4 years, nine boys
and seven girls), admitted for hospital treatment at the
Pediatric Scientific Clinical Center for Infectious Diseases
(St. Petersburg) with laboratory confirmed diagnoses of pu-
rulent meningitis. Disease etiology was Neisseria meningit-
idis (n = 11) or Streptomyces pneumoniae (n = 2) or uniden-
tified pathogen (n = 3). The reference group consisted of
15 healthy children. The groups were comparable in terms
of age and sex. Investigations were performed in the acute
period of illness on days 1-6 from onset.

Brain BEA traces were recorded in the state of calm
waking with the eyes open and closed using a programmable
Neuron-Spectrum system with 32 electrodes. Recordings
were made using a monopolar lead with electrodes distrib-
uted according to the international 10-20 scheme. The ref-
erence electrodes were ipsilateral ear electrodes. Bandpass
was 0.5-35 Hz. Electrode impedance averaged <10 k€Q.
EEG recordings were made for 15 min. Spectral power
analyses were run using artifact-free trace segments using
a Neurosoft automatic analyzer.

Clinical evaluation of the EEG included analysis of
baseline rhythms, zonal differences, and detection of patho-
logical types of activity. The corresponding laboratory and
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instrumental diagnostics were also run, in particular includ-
ing neuroimaging studies (brain MRI scans) to detect signs
of inflammation of both the meninges and the parenchyma.
If this was seen, the case was evaluated as meningoenceph-
alitis and was not included in the study.

Visual analysis of the EEG was followed by assess-
ment of mean power (WV?) and amplitude (uV) in the a, 0,
and O rhythms and the ratios of mean spectral power levels,
i.e., /0 and a/d, were computed.

All participants or their legal representatives signed in-
formed consent to take part in the study and its aims were
fully explained to them. Studies were run in compliance
with the ethical norms of the Helsinki Declaration of the
World Medical Association, “Ethical principles for scientif-
ic medical studies on humans” with the 2013 amendments
and the “Regulations for clinical practice in the Russian
Federation,” approved by the Russian Federation Ministry
of Health No. 266 of June 19,2003. The study was approved
by the local ethics committee.

Data were processed statistically in Excel, Statistica 10,
and MedCalc 15.2.2. Significant differences between pairs
of independent sets were identified using the nonparametric
Mann—Whitney test (significance level p = 0.05). Analysis
of the prognostic significance of values (mean o, 0, and 0
rhythm power, o/ and o/ ratios of mean spectral powers)
for the probability of developing complications of puru-
lent meningitis, i.e., cerebral edema, was by ROC analysis
(Receiver Operating Characteristic). A low probability of
developing cerebral edema was scored 0 and a high prob-
ability was scored 1. Areas under ROC curves (AUROC),
which characterize the prognostic strength of the model tak-
ing account of values for sensitivity (the proportion of purely
positive results) and specificity (the proportion of purely neg-
ative results), were computed. Models with good (AUROC
0.7-0.8) and very good (AUROC >0.8) predictive ability
were selected at optimal levels of sensitivity and specificity.

Results. Clinical severity in seven children (44%) was
associated with the development of cerebral edema, appar-
ent as suppression of consciousness (to 11-16 points on the
Glasgow Coma Score) and stem symptomatology. In four
patients, single convulsions were seen at the onset of illness.
Anticonvulsant therapy was not started because convulsions
were not repeated. Five children (31%) showed a dominance
of signs of septic shock (all with purulent meningitis due to
N. meningitidis) with the development of multiorgan failure.
Investigations, particularly neuroimaging, showed changes
typical of the acute period of purulent meningitis (Fig. 1).

Visual analysis of the EEG showed diffuse slowing with
recording of 8 and 6 waves in 100% of cases in the acute
period of purulent meningitis. Focal changes in the form of
sharp waves were seen in 18.8% of cases (three patients).
None of the patients showed periodic activity.

Results obtained from statistical processing showed
that patients with meningitis had decreases in the a/d (p =
=0.001 (Fig. 2, A) and a/0 (p = 0.048) (Fig. 2, B) spectral
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Fig. 1. Changes on MRI brain scans in a patient with clinically confirmed acute purulent meningitis. FLAIR (A) and T1 (B) modes
visualize minor thickening of the meninges in the right frontal area. Images in T1 mode with internal contrasting (C) show marked
increases in signal from the meninges on the right in the frontal and parietal areas.
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Fig. 2. Significant reductions in the a/d (A) and 0/0 (B) ratios in patients in the acute period of purulent meningitis

as compared with the control group.
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Fig. 3. Results of ROC analysis of the 0/0 (A) and /0 (B) ratios for prediction of the development of cerebral edema.

ratios, while no significant differences were seen in in spec-
tral power in the o, 8, and 0 ranges.

ROC analysis showed that a a/0 ratio of less than 0.18
and an o/d ratio of less than 0.02 with sensitivity 100% and
specificity 80% (AUROC 0.9) could be evidence of the
likely development of cerebral edema (Fig. 3). Other pa-
rameters had no convincing prognostic value.

Discussion. Our data on EEG changes obtained by vi-
sual analysis of the EEG were consistent with findings from

other investigators. Thus, visual analysis of the EEG in acute
COVID-19-associated meningitis shows diffuse slowing
without focal activity [12]. Triphasic waves reflecting en-
cephalopathic changes and described, in particular, in carci-
nomatous meningitis [13], were not seen in the present study.

Our quantitative analysis of BEA in children with
acute purulent meningitis revealed significant decreases in
the 0/0 and a/d EEG rhythm ratios. Power in this case re-
flects the extent of arousal and the ability of brain structures
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to generate particular rhythms. Considering that the source
of the o and O rhythms is the thalamus [3], it can be sug-
gested that temporary suppression or rearrangement of its
activity occurs in the acute period of neuroinfection and this
also applies to the activity of the reticular formation of the
brain; we have previously observed similar transient deg-
radation of neurophysiological measures in acute bacterial
purulent meningitis using acoustic brainstem event-related
potentials, in acute viral encephalitis using visual event-re-
lated potentials, and in serous meningitis using diagnostic
transcranial magnetic stimulation [14, 15]. Thus, it is pos-
sible that the changes observed here can be regarded as a
type reaction. The question of whether this type reaction
is pathological requires further assessment. The question of
suppression of the activity of exclusively brainstem struc-
tures is also clearly controversial — diffuse reductions in the
functional activity of the cortex can also be suggested.

The present work obtained less marked deviations
from normal values for quantitative EEG parameters: im-
pairments to both power and spectral ratios are seen in en-
cephalitis [16], while the study group of children with acute
purulent meningitis showed no significant decrease in pow-
er. This may be due to the fact that no focal lesions were
demonstrated in the brain matter itself in the study children
with acute purulent meningitis, Thus, the scale of central
nervous system damage in this case was somewhat lower
but, nonetheless, brain bioelectrical activity was significant-
ly altered.

Conclusions. Patients of pediatric age with acute puru-
lent meningitis showed significant impairments to the nor-
mal EEG /6 and /0 spectral power ratios. It can be sug-
gested that the cause of these decreases is suppression and/
or rearrangement of the functional activity of the thalamus
and the thalamocortical pathways, and also the reticular for-
mation of the brain.
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