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Abstract

Background: Supraventricular tachycardia (SVT) is a common arrhythmia in pediatric patients. Emerging evidence
suggests a link between systemic inflammation and cardiovascular diseases.

Objectives: This study aims to investigate the relationship between the monocyte/lymphocyte ratio (MLR) and
neutrophil/lymphocyte ratio (NLR) with SVT in pediatric patients.

Methods: We conducted a retrospective study at Rize Education and Research Hospital’s Pediatric Health and
Diseases Department, including 33 patients diagnosed with SVT and 33 control subjects without sinus tachycardia.
Hemogram (CBC) parameters, electrocardiography (ECG), and echocardiography (ECHO) were evaluated. NLR
and MLR were calculated. The unpaired t-test is designed to compare the means of continuous variables between
two groups, while the Mann-Whitney U test was applied for data not following a normal distribution. Correlations
between values were analyzed through Pearson correlation. A significance level of p <0.05 was accepted.

Results: There was no significant difference between the groups in terms of age, lymphocyte count, hemoglobin,
hematocrit, platelet count, and NLR. However, leukocyte count, monocyte count, and MLR showed significant
differences (p<0.05). The SVT group had higher MLR values compared to the control group.

Conclusions: Our study found that MLR was significantly higher in pediatric patients with SVT compared to controls,
suggesting a potential role of inflammation in SVT pathogenesis. Further large-scale, prospective, and multicenter
studies are needed to confirm these findings and clarify the relationship between inflammation markers and SVT.
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Introduction in healthy children at a frequency of 0.1-0.4%.' The

resting heart rate in SVT is usually >100 beats/min, and

A normal heartbeat originates from an electrical ~ conduction, typically originating from the AV node and

impulse passing through the heart. This electrical impulse
typically originates from the sinoatrial node, located
mostly in the upper part of the right atrium, and travels
to the ventricles. This ensures the orderly and sequential
contraction of the atria and ventricles. Arrhythmia refers
to an abnormal heart rhythm caused by a problem in the
heart's electrical system. Supraventricular tachycardia
(SVT) refers to a group of tachycardias originating
from the bundle of His or structures above it. Relatively

common in the pediatric population, SVT is observed

His-Purkinje system, results in a narrow QRS complex
(<120 ms). The most common form of SVT in children
involves accessory electrical connections between the
atria and ventricles.*® Symptoms of SVT in the pediatric
age group are generally mild and can be challenging to
identify. Symptoms may include sweating, poor feeding,
rapid pulse, pale skin, and decreased activity level and
alertness, particularly in infants.*

Inflammation is a physiological response to tissue
damage, injury, or destruction caused by physical,
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Comparison of MLR and NLR between the control and SVT patient groups. The p-value for MLR is 0.04, indicating a significant difference, whereas the p-value

for NLR is 0.11, indicating no significant difference.

chemical, or pathogens. Infection causes (upper/lower
respiratory tract, urogenital system, central nervous
system infections caused by viral, bacterial, fungal, and
protozoan pathogens), trauma, exposure to chemical
substances, or tissue damage resulting from ischemia,
autoimmune disorders (such as rheumatoid arthritis,
multiple sclerosis), chronic inflammation (associated
with many diseases such as Alzheimer's, Parkinson's
diseases), among others.’

Inflammation-related fibrosis, ischemia, coagulation
abnormalities, and intracellular changes lead to
pathological alterations in the electrophysiological
properties of the heart, such as ion

channel dysfunction, early and late after
depolarizations, and remodeling. This condition
results in the initiation of arrhythmias, reentry, and
the emergence of ectopic activity.® Hemogram (CBC)
and its white blood cell component, commonly used
by clinicians in the diagnosis of many diseases,
are clinically useful in the treatment of infection or
inflammation. The most frequent type of WBC is
neutrophils, accounting for 50-70% of the total WBC in
blood circulation. Neutrophils are the primary immune
cells that respond to infection and are controlled under
homeostatic conditions. Lymphocytes are a critical
population of WBCs and play an essential role in
both innate and adaptive immunity. Oxidative stress

and cardiac cell damage from systemic inflammation
might result in decreased electrical conduction and
heightened vulnerability to reentry circuits. The risk can
be partly attributed to oxidative damage caused by the
release of reactive oxygen species (ROS) by circulating
blood neutrophils. And this may cause endothelial
dysfunction . This condition results in the initiation
of arrhythmias. Several previous studies have shown
that the neutrophil-to-lymphocyte ratio (NLR) is an
indicator of various cardiovascular diseases because it
reflects systemic inflammation and immune balance.”
Additionally, the NLR and the monocyte-to-lymphocyte
ratio (MLR) are inflammatory markers used to assess
disease activity, recurrence rate, surveillance, and
prognosis in many diseases. Therefore, the primary
objective of our study was to investigate the relationship
between the MLR and the NLR in patients diagnosed
with SVT. Our second objective was to review the
current literature on the use of MLR and NLR as
biomarkers in other diseases and compare these findings
with those in pediatric SVT.

Materials and Methods

Our study was conducted retrospectively in the
Department of Pediatrics at Rize Teaching and Research
Hospital from September 2016 to March 2023. The
minimum sample size required for evaluation in the study
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was calculated using the G*Power 3.1.9.7 software. The
effect size was calculated for the comparison of the means
between two independent groups. The means and standard
deviations of the NLR and the MLR obtained from the
literature review were used, resulting in an effect size of
0.7016. With an alpha error level of 0.05 and a power of
80%, it was determined that each of the case and control
groups should consist of at least 33 individuals. Thirty-
three patients diagnosed with SVT and 33 control subjects
without sinus tachycardia were included. The inclusion
criteria were SVT-diagnosed patients with little or no change
in the RR interval or no change, narrow QRS complexes,
and heart rate >180 beats/min, such as AVRT and AVNRT
types (including those with preexcitation syndrome). In the
control group, patients without sinus tachycardia who had
had a CBC test within the last year, and were in the same
age group as the patient group were included. Patients
diagnosed with sinus tachycardia, ectopic atrial tachycardia,
focal atrial tachycardia, atrial fibrillation, or atrial flutter
were excluded from the study. The age parameter was
matched to be the same for the patient and control groups.

The CBC parameters, ECG, and echocardiograms
(ECHO) of all patients were examined. The NLR and the
MLR were calculated.

Statistical analysis

Statistical analysis was performed using SPSS-29
software. Continuous variables were presented as mean
+ standard deviation or as median and interquartile range
(IQR), while categorical data were expressed as absolute
and relative frequencies. The Shapiro-Wilk test was used
to assess normality. For data with a normal distribution,
the unpaired Student's t-test was used to compare means of
continuous variables between two groups, while the Mann-
Whitney U test was applied for data not following a normal
distribution. Correlations between variables were analyzed
using Pearson correlation. A two-tailed significance level of
p <0.05 was considered statistically significant.

Our study was conducted with the approval of the Recep
Tayyip Erdogan University Non-Interventional Clinical
Research Ethics Committee, decision number 2023/158.

Results

The study included 2 groups, SVT patients and controls.
An independent t-test revealed that the leukocyte count
was significantly higher in the patient group compared
to the control group. Similarly, the monocyte count and

neutrophil count were significantly different between the
groups. The MLR was a significant difference was found in
the MLR between the control group and the patient group
. There was no statistically significant difference between
the groups in terms of age, lymphocyte count, hemoglobin,
hematocrit, platelet count, and NLR. Significant differences
were observed in white blood cell count, monocyte count,
and MLR (p <0.05).

The number of individuals in each group, age, CBC
values, mean (+ standard deviation) of NLR and MLR
values, and the statistical results of the independent t-test
are provided in Table 1. The Pearson correlation coefficients
between the NLR and MLR values for the two groups
(control and SVT group) are 0.150 for NLR and 0.053 for
MLR. These values suggest a weak positive correlation
between the NLR values and a very weak correlation
between the MLR values across the two groups.

In the control group, the non-normally distributed were
lymphocytes, monocytes, platelets, NLO, and MLO; the
normally distributed were neutrophils, hemoglobin, and
hematocrit. In the SVT group, the non-normally distributed
were lymphocytes, monocytes, neutrophils, NLO, and
MLO; the normally distributed were hemoglobin, platelets,
and hematocrit.

At the end of our study, while no significant difference
was found between the patient and control groups in terms
of age and NLR, a significant difference was found between
the groups in terms of MLR. The MLR was found to be
higher in the SVT group compared to the control group
(see Central Figure and Figure 1).

Additionally, echocardiograms of 33 patients diagnosed
with SVT were reviewed in our study. Mitral insufficiency
was reported in 4 patients, patent foramen ovale in 2
patients, atrial septal defect in 1 patient, and interatrial
septal aneurysm in 1 patient. Echocardiography (ECHO)
was normal in 10 patients (see Table 1). However,
echocardiographic findings could not be obtained in 15
patients.

Discussion

The studies conducted in recent years indicate
an association between systemic inflammation and
cardiovascular disease.® There are many ways in which
systemic inflammation might raise the risk of arrhythmias.
First, oxidative stress and cardiac cell damage from
systemic inflammation might result in decreased electrical
conduction and heightened vulnerability to reentry
circuits. The risk can be partly attributed to oxidative
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Table 1 - Data for the Control and Patient Groups and Echocardiogram Findings

Control Group (n:33) Patient Group (n:33) P
Age (years)* 9.00 (IQR: 12.00) 9.00 (IQR: 12.00) 0.837
Leukocyte (10°/uL)* 7.31 (IQR: 2.86) 9.18 (IQR: 6.25) 0.002
Lymphocyte (10%/uL)* 3.09 (IQR: 1.77) 3.3 (IQR: 2.67) 0.101
Monocyte (10%/uL)* 0.43 (IQR: 0.16) 0.66 (IQR: 0.51) <0.001
Neutrophil (10%/uL)* 3.36 (IQR: 2.18) 4.29 (IQR: 4.62) 0.014
Hemoglobin (g/dL)** 12.62+1.41 13.05+1.93 0.306
Hematocrit (%)** 38.48+4.18 39.72+5.61 0.312
Platelet (10%/uL)* 305.00 (IQR: 93.00) 302 (IQR: 161.00) 0.832
Neutrophil/Lymphocyte* 1.20 (IQR: 0.96) 1.51 (IQR: 1.09) 0.113
Monocyte/Lymphocyte* 0.16 (IQR: 0.08) 0.2 (IQR: 0.12) 0.036

* Median and IQR. ** Mean + standard deviation
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Figure 1 - MLR and NLR in patients with SVT and in the control group.
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damage caused by the release of ROS by circulating blood
neutrophils. By downregulating the eNOS gene as well
as reacting with NO to form peroxynitrite, ROS reduces
the amount of available NO, thus causing endothelial
dysfunction. Second, the autonomic nervous system (ANS)

might have its equilibrium upset by systemic inflammation
like in autoimmune disorders. Third, since potassium,
calcium, and magnesium are necessary for a proper
ventricular action potential, systemic inflammation may
have an impact on these electrolyte levels. Fourth, systemic
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inflammation has the potential to trigger the coagulation
system and raise the risk of thromboembolism, both of
which can result in myocardial infarction and ischemia.’
The reasons mentioned, inflammation-related fibrosis,
ischemia, coagulation disorders, and intracellular changes,
lead to pathological changes in the electrophysiological
properties of the heart. This condition results in the
initiation of arrhythmias, reentry, and the emergence of
ectopic activity. In our study investigating the relationship
between inflammation markers and SVT, we found a weak
correlation between MLR and SVT.

Inflammatory markers such as IL-1, IL-6, TNF-a, and
C-reactive protein are commonly used markers in clinical
practice.”? It has been proven that these markers can affect
membrane ion

channels and, therefore, cause arrhythmias. NLR and
MLR are parameters that can be easily examined from a
complete blood count and can be used by clinicians due
to their cost-effectiveness.! Additionally, research in the
literature has examined the association of these markers
with many diseases beyond cardiovascular diseases; they
have been reported to be indicators of poor prognosis in
malignancies, to predict clinical severity in acute ischemic
stroke, to monitor the disease and treatment response in
COVID-19 patients, to be associated with inflammatory
processes in psychiatric disorders, to assess disease
severity and monitoring in psoriasis, to predict mortality
in sepsis, to demonstrate activation in ulcerative colitis, and
to be applicable in neurological diseases such as Guillain-
Barre syndrome and multiple sclerosis.'*'® Additionally, it
has been reported that in patients with COPD , when the
NLR is 3.3 or higher, the possibility of acute exacerbation
of asthma increases by approximately 32 times; and when
the NLR is > 4.02, the risk of subarachnoid hemorrhage
appears to be 33 times higher.””?' There are numerous
studies conducted on these ratios in adult patients
with arrhythmias. Aydin et al. found the NLR in adult
patients diagnosed with SVT to be higher compared to the
control group.?* Kiigiik et al. could not find a significant
difference between the groups in terms of the NLR and
the MLR in the assessment of white blood cell subtypes
in patients diagnosed with SVT.?* In our study, unlike
other studies in the literature, we aimed to investigate the
relationship between MLR and NLR levels in pediatric
patients diagnosed with SVT, and at the end of our study,
we observed a significant difference between the groups
in terms of MLR (p = 0.04). Our study found significant
differences between the control group and the patient
group in several hematological parameters, while some

measures did not show significant variation. Notably, the
leukocyte count was significantly higher in the patient
group, consistent with the findings of previous studies
that suggest elevated leukocyte levels are associated with
inflammatory conditions, including those observed in SVT
patients. Similarly, monocyte counts and the MLR were
also significantly elevated in the patient group, further
supporting the hypothesis that monocyte levels may play
a role in the disease pathology of SVT. Interestingly, we
found no significant differences in lymphocyte count,
hemoglobin, hematocrit, or platelet count between the
control and patient groups. The lack of variation in these
measures suggests that while inflammation is a key factor,
it may not directly affect all hematological parameters
uniformly across patient populations. The neutrophil count
was significantly higher in the patient group, as was the
NLR, although the latter was not statistically significant.
Elevated neutrophil levels in patients could indicate an
acute phase response, which has been commonly reported
in various cardiovascular and thrombotic conditions. Our
findings, especially regarding the leukocyte, monocyte,
and neutrophil levels, are in agreement with prior research
linking systemic inflammation with SVT. However,
the insignificant differences in other parameters such
as hemoglobin and platelet counts suggest that further
research is needed to understand the full hematological
profile of these patients. Additionally, in our study, we
also examined the ECHO reports of SVT patients. In the
literature, Harris et al. found no abnormalities in ECHO
exams in 78% of the patients diagnosed with SVT in the
adult age group.”

Premkumar et al. found normal echocardiographic
results in 41.67% of SVT patients in their study on
arrhythmias in the pediatric age group. However, they still
detected abnormalities in 55% of the reports.*In a study by
L'Ttalien et al. involving 224 SVT patients in the pediatric
age group, they found a normal echocardiographic result
in 96.4% of the cases. Only 2% of the cases resulted in
abnormal echocardiograms. Among the patients with
abnormal echocardiograms, four had minor cardiac
structural abnormalities, while only one had a moderate
primum atrial septal defect requiring surgery.” In our
study, we also found that in the echocardiographic results
of SVT patients, we could not identify abnormalities in
30.3% of the patients. Among the remaining patients, we
detected mitral insufficiency in 12.1%, patent foramen
ovale in 6%, atrial septal defect in 3%, and interatrial septal
aneurysm in 3%.

Thus, we determined that 36% of our patients had a
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normal echocardiogram result, while 18% had minor
cardiac pathologies. However, it was not possible to obtain
echocardiographic findings in 15 patients. Therefore,
our comparisons on ECHO are not valid. We still believe
that our findings are consistent with the literature. Many
diseases triggering the inflammatory process could be
expected to alter laboratory parameters. This provides
researchers with a broad spectrum to investigate. The
inadequacy of the existing literature, the absence of
studies finding negative results regarding the NLR and the
MLR, the lack of a common value range, our study being
a single-center and a retrospective study, the relatively
small number of patients, and the inability to measure
other inflammation markers such as TNF-a, IL-1, and
IL-6, C-reactive protein demand more comprehensive
research. In our study, we could not collect detailed
clinical data on patients admitted with SVT like criteria
for sepsis, and respiratory or gastrointestinal symptoms
in this cohort . We recommend considering this aspect
in future studies for a comprehensive understanding of
patient presentations.

Confounders such as age, sex, and underlying medical
conditions were controlled for by including them as
covariates in our regression models. Future studies should
consider a larger sample size to further evaluate the impact
of these confounders. The strengths of our article are that
this study offers significant pediatric contributions to the
understanding of SVT in patients by investigating the
relationship between inflammatory markers, specifically
the MLR and the NLR. By focusing on a population often
underrepresented in cardiology research, this article
addresses a critical gap in the literature. The findings
highlight the clinical relevance of using MLR as a potential
biomarker for diagnosing and managing SVT, offering
insights that may improve patient outcomes.
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