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Abstract

Background: EEG is one of the most sensitive instrumental techniques for
identifying sepsis-related neurological complications and a valuable tool in
the ICU when clinical assessment is difficult. Aim of the Study: To detect
EEG changes in neonates with evidence of sepsis. Patients and Methods:
This was a prospective observational study for detecting EEG changes in cases
of proven neonatal sepsis. This study was conducted at the NICU of Al Za-
hraa University Hospital for a period from October 2019 to March 2020. Our
studied neonates were 50. This study included full-term newborns (37 to 42
weeks of gestational age) with clinical and laboratory evidence of sepsis (early
and late onset). Neonatal birth asphyxia, jaundice, congenital malformations,
suspected inborn error of metabolism and neonates electrolytes disturbances
were excluded from the study. We record EEG changes during 20 min By an
electroencephalogram (EEG) with abioelectric amplifier (Deltamed, Bour-
gogne), (Philips) Screen. Results: Among our studied neonates (neonates
with evidence sepsis), 44.0% developed clinical seizures, 81% of the seizures
group had abnormal EEG, 35.7% of No seizures group had abnormal EEG.
Among our studied neonates, 56% had abnormal EEG EEG abnormalities
were as follow, 26%/ had low voltage, 30% had spikes, 22% had sharp waves.
Conclusion: About 35% (one third) of neonates who didn’t develop clinical
seizures had abnormal EEG, suggesting a poor correlation between clinical
and electroencephalographic detection of seizures.
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1. Introduction

Neonatal bacteremia remains one of the major infectious problems in the neo-
natal intensive care unit (NICU) with mortality rates of 10% - 30%. It is also as-
sociated with increased medical costs, prolonged hospital stay and potentially
poor long-term neurodevelopmental outcomes [1] ( Yismaw et al, 2019).

Neurological complications due to sepsis may result from either direct bac-
terial invasion, sepsis-associated encephalopathy [2] (Katie, 2019).

Neurological complications after neonatal bacteremia with or without menin-
gitis are important, because they can be life-threatening and may require neuro-
surgical treatment. There are a large number of studies on the incidence, risk
factors, microbiology, and mortality of neonatal bacteremia or meningitis. Moreo-
ver, an episode of bacteremia presenting with severe sepsis or septic shock may
be associated with neurological sequelae, probably due to brain hypoperfusion,
transient hypoxia, or metabolic acidosis [3] (Paczosa and Mecsas, 2016).

EEG is one of the most sensitive instrumental techniques for identifying sep-
sis-related neurological complications and a valuable tool in the ICU when clin-
ical assessment is difficult [4] (Molnar et al., 2018).

The presence and severity of EEG background abnormalities are associated
with altered clinical, laboratory, and neurologic findings, as well as the severity
of septic neurological insult and increased mortality [5] (Gilmore et al., 2015).

Seizures are the most common and the most frequent neurological presenta-
tion in neonatal sepsis. They are a major risk of death and long-term morbidity
including neuro developmental disabilities [6] ( 7alebian et al, 2015).

Seizures constitute the most frequent and distinctive manifestation of neuro-
logical disturbance in the neonatal period and have the highest incidence in the
first month of life. They are a major risk for death or subsequent neurological
disability and can independently confer an adverse neuro developmental out-
come in high-risk neonates. It is important to determine the underlying etiology
of neonatal seizures in order to effectively treat the underlying cause and to offer
a reasonably accurate prognosis to parents [7] (Grova et al, 2019).

A common recording method for diagnostic purposes is electroencephalo-
graphy (EEG), where electrodes are placed on the surface of the scalp for re-
cording the average electrical activity from different areas of the cortex [8] (Ra-

mantani et al., 2016).

2. Aim of the Study

This is a prospective observational study was done at NICU of Al-Zahraa Uni-
versity Hospital; aiming to detect EEG changes in cases of neonates with evi-

dence of sepsis.

3. Patients and Methods

This was a prospective observational study for detecting EEG changes in cases of

proven neonatal sepsis. This study was conducted at the NICU of Al Zahraa
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University Hospital on 50 neonates with sepsis for a period from October 2019
to March 2020. The procedures and the aim of the study were explained to the
child’s care giver. The neonates were 26 males and 24 females. This study in-
cluded full-term newborns (37 to 42 weeks of gestational age) and neonates with
clinical and laboratory evidence of sepsis (early and late onset). Neonates with
birth asphyxia, neonatal jaundice (kernicterus), congenital malformations, neo-
nates with suspected inborn error of metabolism and neonates with electrolytes
disturbances were excluded from the study.

The studied group was subjected to the following: Evidance neonatal sepsis
clinically and laboratory. Full history taking including full detailed medical his-
tory especially antieplieptics drugs or sedative. Full laboratory investigations:
cbc, c-reactive prtptine, blood culture, serum calcium and phosphorous, liver
and kidney function test and serum blood glucose. Radiological examination
through: using an electroencephalogram (EEG) with abioelectric amplifier (Del-
tamed, Bourgogne), (Philips) Screen. This study was conducted at the NICU of
Al Zahraa University, time of recording 20 min.

The impedance was kept below 5 kQ during the recording. Observed clinical
seizures and handling of the infant were recorded by the nursing staff. Electrical
activity was detected by electrodes applied through head cap according to 10 - 20
system for recording of EEG.

We use electrode cap for neonates. Electrode caps are color coded and can be
adjusted to fit different head sizes. The neoinatal montage includes eight scalp
electrodes (FP2, C4, T4, O2, FP1, C3, T3, O1) and additional three electrodes
(Fz, Cz, Pz) and The low-frequency filter is set lower in neonatal recordings at
0.005 to 0.01 or 0.5 Hz.

The name of electrode sites use alphabetical abbreviations that identify the
lobe or area of the brain which each electrode recordes from F = frontal Fp =
frontopolar T = temoral C = central P = parietal O = occipital A = auricular (ear
electrode). Even numbers identify electrode positions on the right side of head,
and odd numbers refer to the left side. The label (Z) points to electrode sites in
the midline of the head. For example, Cz refers to the midline central region of
the head. We use bipolar montages.

We take full term 50 neonates with sepsis (early and late onset sepsis) guided
clinically and confirmed by blood culture.

Our studied neonates are categorized into two groups according to the pres-
ence of clinical seizures or not (sepsis, then we do EEG, time of recording 20
min, make sure that the neonates don’t have any sedatives. We compare the sei-
zures group and no seizures group. The types of seizures clinically were Motor
(tonic and clonic) and subtle (subtle in the form of yawing, non-nutritive suck-
ling, abnormal eye movement) and electroencephalographic changes like mul-
tiple spikes, multiple spike, abnormal background, sharp waves.

Limitation of our study: we use conventional not amplitude and low number

of cases.
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Statistical Analysis

All data were subjected to revision and validation then description and analysis
on IBM-compatible PC by using SPSS (Statistical Package for the Social Science)
program version 22.0.0, Microsoft Office Excel 2007, and Graph Pad Prism 6.

Descriptive statistics were performed for all studied parameters in the three
studied groups and were presented in the form of mean, median, standard devi-
ation (SD), minimum, maximum, range, and percentages.

Analytical comparison between different groups was done by using student
t-test and analysis of variance (ANOVA) for comparing parametric data when
normally distributed. For comparing non-parametric data, Fisher’s exact test
was used instead of chi-square test as Fisher’s test calculates an exact P-value,
while chi-square only calculates an approximation.

The level of significance was calculated according to the following probability
(P) values:

e P >0.05 = non significant (NS);
e P <0.05 = significant (S);
e P <0.001 = highly significant (HS).

4. Results

We had 50 neonates with evidence sepsis with included criteria. Among our stu-
died neonates 52.0% were males and 48.0% were females, their mean gestational
age was 37.94 £ 1.35. 86.0% were delivered with Lscs. The most common ma-
ternal risk factors for sepsis were maternal DM and PROM > 18 h. The com-
monest organism in blood culture was Klebsiella with 50.0% followed by with
30.0% Escherichia coli then Staphylococcus with 20.0%. The clinical and labora-
tory data of included neonates were demonstrated in Table 1.

Among our studied neonates, 44.0% developed clinical seizures. The most
common presentation of neonatal seizures was subtle seizures with 81% followed
by tonic with 41.2% then clonic with 35.3%, as demonstrated in Table 2.

Among our studied neonates, 56% had abnormal EEG. EEG abnormalities
were as follow: 26%/ had low voltage, 30% had spikes, 22% had sharp waves.
Regarding the site of EEG abnormalities, 24% were centropartial and 20% were
fronto temporal, regarding the side of EEG abnormality, 30% were right sided
and 26% were left sided, Table 3.

On comparing the EEG changes between neonates with and without clinical
Seizures, in neonates with clinical seizures 18.2% had no EEG abnormalities and
81.2% had abnormal EEG. In neonates with NO clinical seizures 35.7% had EEG
abnormalities and 64.3% had normal EEG. Background abnormalities were de-
tected in 40.9% of the neonates with seizures and 14.3% of the neonates without
seizures, spikes were detected in 40.9% of the neonates with seizures and 21.4%
of the neonates without seizures. In the seizures group 40.9% EEG changes were
left side, in the NO seizure group 21.4% of EEG changes were right sided. So

there was highly statistically significant difference found between two groups
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regarding EEG changes, so we have poor correlation between clinical and elec-

troencephalographic seizures (Table 4).

Table 1. Clinical and laboratory data of studied neonates.

No. =50
Female 24 (48.0%)
Sex
Male 26 (52.0%)
Mean + SD 3794 +1.35
Gestational age (weeks)
Range 37 -42
Lcs 43 (86.0%)
Mode of delivery
Spontaneous vaginal delivery 7 (14.0%)
Chorioaminitis 2 (4.0%)
Diabetes mellitus 8 (16.0%)
Maternal risk factor No risk factors 30 (60.0%)
PROM > 18 h 6 (12.0%)
Urinary tract infection 4(8.0%)
Escherichia coli 15 (30.0%)
Blood. Culture Klebsiella 25 (50.0%)
Staphylococcus 10 (20.0%)
Mean + SD 15.02 +4.3
TLC (x1000/mm?)
Range 8.8-25
Mean * SD 0.25 £ 0.08
I/M Ratio
Range 0.06 - 0.39
Mean + SD 0.25 + 0.07
I/T Ratio
Range 0.12-0.36
Mean + SD 322+1.53
Hematological sepsis score
Range 1-6

Table 2. The frequency and type of seizures among the studied neonates.

Variable No. =50
Yes 22 (44.0%)
Seizure
No 28 (56.0%)
Tonic 7 (41.2%)
Subtle 18 (81%)
Type of Seizure Myoclonic 2(11.8%)
Clonic 6 (35.3%)
Multifocal colonic 2 (11.8%)
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Table 3. EEG changes among our studied neonates.

EEG changes No. %
Normal 22 44%
EEG
Abnormal 28 56%
Low voltage 13 26.0%
Background

Normal 37 74.0%
No 22 44.0%

Polyspikes 2 4.0%

Discharges
Sharp waves 11 22.0%
Spikes 15 30.0%
Centroparital 12 24.0%
Frontotempotal 10 20.0%
Site

Multifocal 6 12.0%
No 22 44.0%
Left side 13 26.0%
Side No 22 44.0%
Right side 15 30.0%

Table 4. Comparison of EEG findings between neonates with and without seizures.

Seizure (no. = 22) No Seizure (no. = 28)
EEG changes Test value*  P-value Sig.
No. % No. %
Normal 4 18.2% 18 64.3
EEG 4.539 0.033 S
Abnormal 18 81.8% 10 35.7%
Low voltage 9 40.9% 4 14.3%
Background 4.539 0.033 S
Normal 13 59.1% 24 85.7%
No 4 18.2% 18 64.3%
Polyspikes 2 9.1% 0 0.0%
Discharges 11.777 0.008 HS
Sharp waves 7 31.8% 4 14.3%
Spikes 9 40.9% 6 21.4%
Centroparital 9 40.9% 3 10.7%
Frontotempotal 6 27.3% 4 14.3%
Site 11.758 0.008 HS
Multifocal 3 13.6% 3 10.7%
No 4 18.2% 18 64.3%
LF 9 40.9% 4 14.3%
Side No 4 18.2% 18 64.3% 10.869 0.004 HS
RT 9 40.9% 6 21.4%

P-value > 0.05: Non significant (NS); P-value < 0.05: Significant (S); P-value < 0.01: highly significant (HS). *: Chi-square test; »: Independent t-test.
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5. Discussion

In our studied neonates, 56% had abnormal EEG. EEG abnormalities were as
following (26%) around one third of the cases had low voltage background indi-
cator of neurodevelopmental complications later on, (30%) had spikes that may
be an indicator of long term complications as epilepsy, (22%) had sharp waves.
Regarding the site of EEG abnormalities (24%) were Centro parietal and (20%)
frontotemporal. Regarding the side of EEG abnormality, (30%) were right sided
ands (26%) were left sided.

A large number of previous studies have shown that EEG is a very good pre-
dictor of neurodevelopmental outcomes [9] [10] (Neubauer et al., 2011; Volpe,
2008), while a few studies suggested limited value in predicting outcome [11]
[12] (Bourez-Swart et al., 2009; Spitzmiller et al, 2007). Severely abnormal EEG
background activity was associated with severe injury and neurodevelopmental
outcome, while a mild-to-moderate impairment in EEG background was not a
significant prognostic value [13] [14] (Song et al, 2015; Evans et al., 2010).

Zhang et al. (2013) [15] data revealed that the neonatal aEEG features of
background pattern, cyclicity, and seizure activity were significantly associated
with the neurodevelopmental outcomes at the age of one year. This result was
largely consistent with previous EEG studies, which reported that EEG features,
especially background EEG pattern, correlate well with neurological outcome in
neonates with seizures [16] [17] (Pisani et al., 2012; Garfinkle and Shevell, 2011).

Also, many researchers found that interictal EEG activity was associated with
the subsequent neurologic outcome of encephalopathic neonates accompanied
by seizures [18] ( Vasiljevic et al, 2012). However, very few studies have focused
on neonates with seizures and systematically investigated the predictive value of
aEEG features for neurodevelopmental outcomes. The most relevant study we’ve
found so far was undertaken by van der Heide et al (2012) [19] which showed
that the aEEG background pattern was significantly associated with subsequent
neurologic outcome in neonates treated with two or more antiepileptic drugs. A
clinical diagnosis of seizures is a challenging issue. One study revealed that 80%
of electroencephalography (EEG) documented seizures were not accompanied
by observable clinical seizures. EEGs are considered essential for the diagnosis of
seizures in neonates [20] (Jensen, 2009).

Neonatal EEG demonstrates age-specific characteristics (frequencies and ma-
turation patterns) so to provide an accurate interpretation of the neonatal EEG,
it is important to know the conceptional age (CA) of Shany and Berger, (2011)
[21].

Subtle convulsion is the most common type of neonatal seizures. About 35%
(one third) of neonates who didn’t develop clinical seizures had abnormal EEG
suggesting poor correlation between clinical and electroencephalographic detec-
tion of seizures. Background EEG abnormalities were detected in 26% of neo-
nates with sepsis.

Conventional video-EEG monitoring is required to diagnose seizures accu-
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rately in neonates. This tool is resource-intense and has limited availability in
many centers. While both clinical and EEG background features were predictive
of neonatal seizures, the combination improved overall prediction of seizure
occurrence and prediction of time to first seizure as compared with prediction
models based solely on clinical or EEG features alone [22] (McCoy and Hahn,
2013).

The incidence of seizures is higher in the neonatal period than at any other
time in life. Seizures and abnormalities of EEG background are associated with
significant risk of mortality and long-term neurodevelopmental morbidities. In
the neonatal population the majority of seizures are not clinically evident and go
undetected without EEG monitoring [23] (Sansevere et al., 2019).

Ter Horst et al. (2010) [24] reported that severely abnormal EEG background
patterns are not uncommon in infants with neonatal sepsis. Low voltage patterns
within the first 48 h after admission are predictive of a poor neurological out-
come or death. Studies that used conventional EEG in infants with bacterial me-
ningitis reported similar findings [25] (Klinger et al, 2001).

Sepsis-associated brain dysfunction is mainly occurred in related to infections
located outside the central nervous system that may develop before signs of oth-
er organ dysfunction appear with incidence ranging from 9% to 71% and the
main clinical manifestations are seizures. Decreased brain perfusion is consi-
dered as a major determinant in the pathogenesis of brain dysfunction in sepsis,
but various other mechanisms can be involved but vary from patient to patient.
These mechanisms include inflammatory and non-inflammatory processes af-
fecting the endothelial cells, glial cells and neurons resulting in blood-brain bar-
rier breakdown, and derangements of intracellular metabolism, which can lead
to cell death. Furthermore, systemic consequences of sepsis, such as prolonged
inflammation, severe hypoxemia, and persistent hyperglycemia may contribute
to aggravation of sepsis-induced brain dysfunction or injury. Morbidity and
mortality are directly related to its severity. Diagnostic tools useful for detection
of brain dysfunction are the electroencephalogram, brain MRI and somatosen-
sory evoked potentials, but blood tests, such as plasma S-100b protein and neu-
ron-specific enolase levels can also be helpful. EEG is almost sensitive but not
specific for Sepsis induced brain dysfunction.

Ter Horst et al. (2010) [24] found that clinical seizures occurred frequently in
more than 50% of infants with neonatal sepsis. The high incidence of clinical
seizures might be explained by the fact that all these infants were admitted to a
level III NICU and are therefore proportionally the most severely ill group of in-
fants suffering from neonatal sepsis and/or meningitis. In 60% of the infants
with clinical seizures, there were no abnormalities visible on EEG. It is known
that brief seizures may not by EEG [26] (Toet et al, 2002). It can also be a reflec-
tion of the successful treatment of seizures because a majority of these infants
were already treated with AED before EEG was recorded. Another explanation

might be that diagnosing clinical seizures remains very difficult; a study using
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continuous video-EEG monitoring showed that only 27% of suspected clinical
seizures had corresponding electrographic manifestations [27] (Murray et al,
2008).

We found poor correlation between clinical and EEG detection of seizures on
comparing the EEG changes between neonates with and without clinical Sei-
zures, in neonates with clinical seizures 18.2% had no EEG abnormalities and
81.2% had abnormal EEG. In neonates with NO clinical seizures, 35.7% had
EEG abnormalities and 64.3% had normal EEG.

(Wirrell EC) [28] The value of EEG in the diagnosis and classification of epi-
lepsy is well-accepted. However, there are conflicting results from studies on the

use of EEG as a predictor of prognosis in genetic generalized epilepsy (GGE).

6. Conclusion

EEG may be a useful bedside tool to assess neurological complication of neonatal
sepsis. EEG monitoring should be incorporated in the work up for neonatal sep-
sis to detect sepsis-related neurological complications. High risk neonates in-
cluding other than asphyxia including neonatal sepsis should be assessed using
both clinical and EEG to detect neonatal seizures. Long term follows up for
neonates with EEG abnormalities for early identification and treatment of neu-

rodevelopmental abnormalities.

Recommendations

¢ High risk neonates including those with sepsis should be assessed using both
clinical and EEG to detect neonatal seizures.

¢ EEG monitoring should be incorporated in the work up for neonatal sepsis to
detect sepsis-related neurological complications.

¢ Long term follows up for neonates with EEG abnormalities for early identifi-

cation and treatment of neurodevelopmental abnormalities.
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