MC

NoRTH CLIN ISTANB 2025;12(5):627-632
doi: 10.14744/nci.2024.13914

ORIGINAL ARTICLE neonATOLOGY

Is the P-wave dispersion a valuable tool in determining
the atrial arrhythmia of newborn babies with sepsis?
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ABSTRACT

OBJECTIVE: This study aimed to ensure that newborns receive early diagnosis through P-wave dispersion in terms of pos-
sible atrial arrhythmias on the provocative basis of sepsis.

METHODS: In this prospective study twenty term sepsis and twenty preterm sepsis patients were compared with control
groups with their own characteristics in terms of P-wave dispersion by electrocardiography.

RESULTS: The P-wave dispersion value in patients with term sepsis was determined to be statistically significant (p=0.03).
There was no difference in APW between the patient and control groups in preterms (p<0.05). Heart rate in preterm patients
with sepsis was found to be statistically significantly higher than in the control group (p=0.001).

CONCLUSION: Our study revealed a tendency for atrial arrhythmias in term newborn infants with sepsis. These babies
should be followed by pediatric cardiology with cardiac monitoring throughout their treatment.
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Neonatal sepsis is a clinical syndrome caused by the
spesific pathogens in which systemic signs and symp-
toms of infection are observed in the first month of life [1].
Neonatal sepsis can be categorized into two types: early
onset, which manifests as respiratory distress within 72
hours after birth due to perinatal risk factors, and late onset,
which is diagnosed after 72 hours and develops secondary
to nosocomial risk factors [2]. Despite the developments in
the neonatal field, it is still an important cause of morbidity
and mortality [3]. The mortality rate due to sepsis can be
up to 24.4%, but this rate can be up to 30% in babies born
between 25 and 28 weeks, and up to 54% in babies born
between 22 and 24 weeks [4]. The lack of specific findings
related to sepsis and the similar signs and symptoms of
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non-infectious clinical conditions frequently encountered
in the neonatal period create diagnostic difficulties.

In sepsis, upregulation of pro- and antiinflammatory
pathways leads to system-wide release of cytokines, and
activated cascades lead to myocardial dysfunction [5].
Hyperinflammation, the combination of myocardial dys-
function and extra fluid volume with resuscitation, lead-
ing to the development of stress in the left atrium [6].
These pathological changes of myocardium may lead to
rhythm disturbances in patients with sepsis. The exis-
tence of various cardiac arrhythmias in septic patients
has been demonstrated by various clinical reports and
studies [7-9]. Troponin values in newborns are variable
and no pathology may be observed on echocardiogra-
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phy until the decompensated period [10]. Thus, damage
to the conduction pathways and/or myocardium can be
detected practically and non-invasively by electrocardio-
graphy (EKG). P-wave dispersion (PWD) is a measure
of the likelihood of developing abnormal heart rhythms,
which is determined via a non-invasive method that in-
volves analyzing a surface electrocardiogram. An elevation
in PWD is presumed to be linked to an escalation in the
likelihood of both first and recurring episodes of atrial ar-
rhythmias. Assessing the occurrence of atrial arrhythmias
in newborns with sepsis might be a useful approach.

This study aimed to ensure that newborns, who are
already prone to atrial arrhythmias, receive early diagno-
sis through PWD in terms of possible atrial arrhythmias
on the provocative basis of sepsis. This will be the first
study designed in this way in the neonatal patient group
in the literature to date.

MATERIALS AND METHODS

The study was conducted prospectively from June 2023
to December 2023 in Ministry of Health Konya Dr. Ali
Kemal Belviranli Obstetrics and Gynecology Hospital,
Department of Neonatology. 20 preterm and 20-term
newborns with sepsis verified by clinical or laboratory
testing, whom we monitored in the neonatal intensive
care unit of our hospital, and 20 preterm and 20-term
babies without sepsis as a control group were included
in the study. The demographic and laboratory findings
of the patients were recorded in the hospital informa-
tion system. The patients with congenital cardiac defects,
newborns of mothers with systemic lupus erythemato-
sus, those with metabolic illnesses, and those with docu-
mented arrhythmias were excluded from the study.

The parents/legal guardians of the children provided

informed consent.

Electrocardiogram Analysis

Electrodes were placed in anatomical places following
standard protocol, and electrocardiography (ECQG) strips
were recorded for a duration of 10 seconds using a stan-
dard instrument. The 12-lead electrocardiogram (ECG)
was obtained using a Cardiofax C machine manufactured
by Nihon Kohden in Tokyo, Japan. The electrocardiogram
(ECG) was obtained using a paper speed of 25 millime-
ters per second and an amplitude of 10 millimeters per
millivolt, while the patient was in a supine posture. The
ECG strips were evaluated in a manner that the pediatric

Highlight key points
e P wave dispersion (PWD) is a measure of the likelihood of
developing abnormal heart rhythms.

e An increase in PWD is thought to be associated with an in-
creased likelihood of both initial and recurrent episodes of
atrial arrhythmia.

e The PWD value was significantly higher in term infants with
sepsis. Therefore, these infants are prone to atrial arrhyth-
mia. These infants should be monitored by pediatric cardiol-
ogy with cardiac monitoring during treatment.

cardiologist, who had over ten years of experience in the
area, did not have access to any identifying information.

The initiation of the P wave was determined as the
moment when positive waveforms first deviated upwards
from the baseline, or when negative waveforms first de-
viated downwards from the baseline. The return to the
starting state was acknowledged as the conclusion of the P
wave, The length of the P-wave was calculated using data
from all leads. The maximum, minimum, and mean dura-
tions of the P-wave, as well as the P-wave dispersion, were
determined by subtracting the minimum P-wave duration
from the maximum P-wave duration in 12 leads. This cal-
culation was performed using one randomly selected beat
in a steady state. Simultaneously, an average of 7—12 beats
were calculated for a duration of 10 seconds for each ECG
measurement. P-wave lengths and P-wave dispersion were
computed using the same approach (P-wave dispersion
equals the highest P-wave duration minus the shortest P-
wave duration). In order to eliminate daily fluctuations, we
collected electrocardiography recordings from all working
groups within a consistent time frame of 10—12 hours.

Statistical Analysis

All statistical analyses were performed using SPSS 22.0
(Armonk, New York: IBM Corp.) program. Data were
presented as count (n) and standard deviation. An inde-
pendent sample t-test was performed. A p-value less than
0.05 is considered statistically significant. This study was
conducted in accordance with the Declaration of Helsinki.

RESULTS

20 preterm healthy and 20 preterm sick babies, 20 term
healthy and 20 term sick babies were included in this
study. Table 1 shows demographic data, maternal ages,
Agpar 1 and 5™ minute scores, and peak heart rates of
the patient and control groups.
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TABLE 1. Characteristics of term and preterm patients
Variables Group n Mean+SD p
Birth week Preterm sepsis 20 31.154£2.96 >0.05
Preterm control 20 32.45+2.48
Term sepsis 20 39.00+1.41 >0.05
Term control 20 38.584+.73
Weight Preterm sepsis 20 1713.25+558.36 >0.05
Preterm control 20 1799.00+488.87
Term sepsis 20 3240.45+658.35 >0.05
Term control 20 3273.55+525.72
Maternal age Preterm sepsis 20 26.35+6.20 p>0.05
Preterm control 20 26.50+5.82
Term sepsis 22 27.00£6.60 p>0.05
Term control 20 29.20+6.26
Apgar 1 score Preterm sepsis 20 6.60+1.53 0.043
Preterm control 20 7.70+1.78
Term sepsis 22 790+1.37
Term control 20 8.70+0.57 0.022
Apgar 5 score Preterm sepsis 20 7.50+1.10 0.008
Preterm control 20 8.45+1.05
Term sepsis 20 8.72+1.03 >0.05
Term control 20 9.20+0.41
SD: Standard deviation.
TABLE 2. Characteristics of the term and preterm sepsis groups related to sepsis
Variable Preterm sepsis Term sepsis
Clinic sepsis 9 15
Klebsiella pneumoniae 6 2
Staphylococcus epidermidis 3 1
Candida 1 0
Staphylococcus haemolyticus 1 1
Streptococcus agalactiae 0 2
Staphylococcus aureus 0 1
C-reactive protein (mg/dl) 49.68+39.36 57.78+47.77
Length of stay (day) 45.05+27.63 16.59+13.93
Platelet count 165700.07+153692.71 176154.55+109020.04
White blood cell count (10°/L) 12969.47+9509.44 213112.27+4+33823.57
The term and preterm patient and control groups Details of sepsis in the term and preterm sepsis

were similar in terms of gender and mode of delivery. groups are given in Table 2.
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TABLE 3. Comparison of ECG findings between patients

Variables Group n Mean+SD p
P-wave dispersion Preterm control 20 0.01+0.00 >0.05
Preterm sepsis 20 0.02+0.03
Term control 20 0.01£0.00 0.03
Term sepsis 20 0.01+0.00
P-wave dispersion minumum Preterm control 20 0.05+0.00 >0.05
Preterm sepsis 20 0.05+0.00
Term control 20 0.07+0.00 >0.05
Term sepsis 20 0.10+0.14
P-wave dispersion maximum Preterm control 20 0.06%0.00 >0.05
Preterm sepsis 20 0.07+0.00
Term control 20 0.08+0.00 >0.05
Term sepsis 20 0.11+0.14
Heart rate Preterm control 20 146.10+£19.41 0.01
Preterm sepsis 20 159.70+8.82
Term control 20 144.42+14.19 >0.05
Term sepsis 20 143.30+£16.36
SD: Standard deviation.
When ECG findings (Table 3) of the study group DISCUSSION

were compared with the control group, it was found
that average PWD value of the patients in the preterm
control group was 0.013050+0.0033791 seconds. In
patients with preterm sepsis, this value was determined
to be 0.020409+0.0313531 seconds on average. No sta-
tistically significant difference was found between the
groups (p>0.05).

The average heart rate of the patients in the preterm
control group was determined to be 146.1053+19.41046,
and this value was found to be 157.04554+13.43583 in
patients with preterm sepsis. There was a statistically sig-
nificant disparity in heart rates between the two groups
(p=0.01).

While the average PWD values of the patients in the
term control group were 0.011000£0.0031464 seconds,
the average PWD values of the patients in the term sep-
sis group were 0.013667+0.0046726 seconds. A sig-
nificant statistical difference was observed between the
groups (p=0.03).

The correlation analysis between CRP and PWD

did not yield any statistically significant results.
(p=0.064).

Neonatal sepsis remains a significant contributor to mor-
bidity and mortality and it has become a global health
challenge [11]. Delayed treatment and prematurity of-
ten lead to adverse outcomes. It is known that sepsis
increases the likelihood of neurodevelopmental compli-
cations such as cerebral palsy, psychomotor and mental
developmental delay, especially in babies with low birth
weight [12]. In addition, overdose antibiotic use can
lead to the presence of multidrug-resistant organisms
and candida infections. Sepsis can result in the failure
of several organs. One of the primary causes of this fail-
ure is the impairment of the heart’s function, known as
cardiac dysfunction [13]. In experimental animal mod-
els of sepsis, the heart’s production of ATP is predom-
inantly achieved by the oxidation of fatty acids and glu-
cose. However, both of these processes are significantly
reduced [14]. On the other hand, impaired -adrenergic
signaling that leads to reduced cardiac contractility is
also present in sepsis [15].

It is widely recognized that infants are susceptible to
life-threatening irregular heart rhythms, which can hap-
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pen in babies with a healthy heart or in those with cardiac
abnormalities. The incidence of neonatal arrhythmia is
reported to be 1%—5% in all neonates [16]. Turner et al.
[17] retrospective study spanning two decades revealed
an arrhythmia rate of 0.02% in 662,698 live births. How-
ever, Badrawi et al. [18] determined this rate as 8.5% in
benign arrhythmias and 1.5% in malignant arrhythmias
in patients in the neonatal intensive care unit. These data
prove the increased tendency for arrhythmias in sick
babies. Previous studies have shown that atrial arrhyth-
mias, especially premature atrial contractions, can be
seen with a frequency of up to 51% even among normal
births [19]. Therefore, it is possible to say that newborns
are more prone to atrial arrhythmias. Previous studies
have reported that increased PWD is a strong indica-
tor of the likelihood of atrial fibrillation [20-22]. In our
study investigating sepsis and atrial arrhythmia in new-
borns, we found that the PWD value was significantly
higher in term babies with sepsis. Nevertheless, we did
not observe any supraventricular arrhythmia when ad-
ministering therapy to these individuals. Similar to our
study, Ozdemir et al. [23] found that PWD was signifi-
cantly higher in the sepsis group compared to the control
group in pediatric intensive care unit patients with sep-
sis. Similar to the results of our study, they did not detect
supraventricular arrhythmia in these patients. However,
Walkey et al. [8] found that the risk of developing arte-
rial fibrillation in adults with sepsis who were treated in
the hospital was 6 times higher than in those without
sepsis. Even in a study, the atrial fibrillation caused by
sepsis rate was between 2-26%, and in cases of septic
shock, this rate could increase up to 40% [24-26].

We did not detect a correlation between CRP, an
important indicator of inflammation, and APW in our
term patients with sepsis. In our study, we did not find
a connection between the severity of sepsis and the ten-
dency to atrial arrhythmia. While Ozdemir et al. [23]
did not find a correlation between crp and apw in their
study, they showed a positive correlation with Tp-e inter-
val and Tp-e/QTc ratio. They associated this with ven-

tricular tachyarrhythmias based on myocardial fibrosis.

Neonates in the neonatal intensive unit are suscepti-
ble to sepsis, especially preterm neonates and low birth
weight neonates [27]. In our study, we did not find
any difference in PWD between the sepsis and control
groups in preterms, whose hemodynamics and physiol-
ogy are different from term babies. We attributed this
difference in babies with preterm sepsis to lack of mat-
uration in every system of their body. However, heart

rate was found to be higher in these babies with sepsis.
The gold standard for diagnosis is the presence of a pos-
itive blood culture. But, the initiation of treatment is not
dependent on it since the results are often delayed. So
timely treatment of antibiotics will decrease the length
and intensity of the illness. Deviation from normal heart
rate patterns is linked to the onset of sepsis and might
be crucial in promptly identifying and treating high-risk
infants. In sepsis, the adrenergic system is activated, and
overproduction of catecholamines leads to tachycardia
[28]. There are even studies showing that early recogni-
tion of sepsis by observing heart rate variability with the
use of the Hemoaccess Reliable Outflow device reduces
mortality in newborns [29, 30].

The study has some limitations. Increasing the sam-
ple size would enhance the accuracy of our result intet-
pretation. Evaluation of ECG parameters indicating ven-
tricular arrhythmias would provide a stronger chance of
predicting arrhythmias in patients with sepsis.

Conclusion

Our study revealed a tendency for atrial arrhythmias in
term newborn infants with sepsis. These babies should
be followed by pediatric cardiology with cardiac moni-
toring throughout their treatment.
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