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Abstract. — OBJECTIVE: To investigate the
correlation between the corrected QT disper-
sion (QTcd) and serum potassium/sodium levels
in order to evaluate their significance for early
diagnosis of neonatal asphyxia.

PATIENTS AND METHODS: This study includ-
ed 124 neonatal asphyxia patients. These pa-
tients were divided into mild and severe asphyx-
ia groups based on their clinical features and
diagnostic indexing. Sixty healthy infants were
selected as controls. QTcd, and serum cardiac
troponin T (cTNT), potassium and sodium lev-
els in the three groups were compared, and the
correlation between QTcd and serum potassi-
um/sodium was analyzed by Spearman correla-
tion tests.

RESULTS: Both mild and severe groups de-
veloped significantly higher cTnT and QTcd (p
< 0.05), but lower serum potassium and sodi-
um compared with control group (p < 0.05).
The severe group had significantly higher cT-
nT and QTcd (p < 0.05), but lower serum po-
tassium and sodium when compared with mild
group (p < 0.05). The serum potassium and
sodium were both negatively correlated with
QTcd (p < 0.05).

CONCLUSIONS: Serum potassium and sodi-
um can be used as indicators for neonatal as-
phyxia, which may markedly improve early diag-
nosis, prognosis and treatment efficacy.
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Introduction
Neonatal asphyxia is one of the leading caus-

es of neonatal death in the perinatal period.
The disease may also lead to lifetime disability
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in some cases. Asphyxia can cause a variety
of symptoms including hypercapnia, hypoxia,
and acidosis, leading to organic and function-
al damages in multiple organs. The heart has
been known as the organ with the most serious
damage during the onset of neonatal asphyxia'.
Therefore, early diagnosis of the disease is es-
sential for prompt, effective treatment, which
can greatly reduce the damages in organs due to
asphyxia and improve the prognosis in patients?.
The selection of indicators with high sensitivity
and specificity is of great clinical significance
for accurate, early diagnosis of the disease’. Cur-
rently, neonatal asphyxia is primarily diagnosed
by electrocardiogram (ECG). However, serious
myocardial damage may have occurred when
diagnosed, because ECG abnormities can only
be detected after myocardial tissues and cardiac
functions are impaired*. Previous studies have
shown that electrolyte imbalance occurs in neo-
natal asphyxia in addition to hypoxic-ischemic
damages. Moreover, electrolyte imbalance is
more severe in infants with a higher degree of
asphyxia’. Potassium and sodium are two im-
portant electrolytes that are involved in all activ-
ities in human bodies and may be indicators for
early diagnosis of neonatal asphyxia®. Cardiac
troponin T (¢TNT) is a cardiac-specific protein
that is released into the bloodstream only when
myocardial cells are damaged, and is often used
to evaluate the extent of myocardial injuries. In
this study, the corrected QT dispersion (QTcd),
and serum cTNT, potassium and sodium levels
in neonatal asphyxia patients in our hospital
were determined, and the correlation between
QTcd and serum potassium/sodium was ana-
lyzed in order to evaluate their significance for
early diagnosis of neonatal asphyxia.
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Patients and Methods

General Information of Subjects

A total of 124 neonatal asphyxia patients who
were treated in Zaozhuang City Maternal and
Child Health Hospital between January 2016 and
June 2017 were selected including 84 male and 40
female infants with a mean gestational age of 39.4
+ 5.2 weeks (range: 37-42 weeks). All patients
were hospitalized within 24 h after onset. These
patients were divided into mild (n = 72) and
severe asphyxia groups (n = 52) based on their
clinical features and diagnostic indexing. Sixty
healthy infants were selected as controls. This
investigation was approved by the Ethics Com-
mittee of Zaozhuang City Maternal and Child
Health Hospital, Zaozhuang, China. All of the
patients have signed the informed consents and
approved this study.

Measurement of QT Dispersion

The electrocardiograph (ECG) was performed
using Hewlett-Packard (HP) 12-lead ECG ma-
chine. The longest (QTmax) and shortest QT
interval (QTmin) of each patient were recorded.
The QTcd was calculated using the following
formula: QTc = QT/(R-R) 1/2, QTcd = QTec-
max-QTcmin.

Measurement of Serum cTNT Level

Blood (2 ml) was drawn from each patient by
femoral vein catheterization. Serum was isolated
by centrifugation and stored at -20°C until all
samples are ready for lab tests. The serum ¢cTNT
level was determined using human cINT en-
zyme-linked immunosorbent assay (ELISA) kits
(Bio-function Inc., Beijing, China) following the
manufacturer’s instruction.

Determination of Serum Sodium and
Potassium Level

Serum sodium and potassium levels were de-
tected with a CL-7200 fully automatic biochem-
ical analyzer (Shimadzu Corporation, Japan) un-

der the following conditions: a dominant wave-
length of 340 nm, a sub-wavelength of 410 nm, a
K value of 8000, and the detection time of 2 min.

Statistical Analysis

Statistical analyses were performed using
SPSS 17.0 (SPSS Inc., Chicago, IL, USA). Mea-
surement data were expressed as mean =+ standard
deviation (SD). The difference between groups
was analyzed by the Student’s r-tests. Tukey’s
post-hoc test was used to validate the ANOVA
for comparing measurement data among groups.
p < 0.05 was treated as statistical significance.
Categorical data was expressed as frequency,
and analyzed by x” tests. The correlation between
QTecd and serum potassium/sodium was analyzed
by Spearman correlation tests. p < 0.05 is consid-
ered statistically significant.

Results

Comparison of General Information
of Subjects

The general information of subjects was sum-
marized in Table I. There was no significant
difference in age, gender, gestational age, and
weight among the three groups (p > 0.05).

Comparison of QTcd, and Serum cTNT,
Sodium and Potassium Levels

As shown in Table II, both mild and severe
groups developed significantly higher ¢InT and
QTed (p < 0.05), but significantly lower serum
potassium and sodium compared with control
group (p < 0.05). The severe group had a sig-
nificantly higher cInT and QTcd (p < 0.05), but
significantly lower serum potassium and sodium
when compared with mild group (p < 0.05).

Correlation Between QTcd and
Serum Sodium/Potassium

The correlation between QTcd and serum po-
tassium/sodium was analyzed by Spearman cor-

Table 1. Comparison of general information of subjects in mild, severe asphyxia and control groups.

Gender ratio Age Gestational age \Weight
Group (male/female) (month) (week) (kg)
Control (n = 60) 39/21 1.65+0.21 39.82 +11.01 412 +1.01
Mild asphyxia (n = 72) 53/19 1.82 £0.31 39.04 £9.11 391+0.32
Severe asphyxia (n = 52) 31/21 1.92+0.21 40.01 +10.21 4.09 £0.94
p-value <0.05 <0.05 <0.05 <0.05
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Table Il. Comparison of QTcd, and serum cTNT, sodium and potassium levels in mild, severe asphyxia and control groups.

Group cTnT (ng/ml) QTcd (ms) Sodium Potassium
Control (n = 60) 0.064 +0.012 20.32 +£6.23 143.36 = 10.25 532+0.86
Mild asphyxia (n = 72) 0.263 £ 0.032* 37.26 + 10.14* 132.56 + 3.69* 476 £ 1.03*
Severe asphyxia (n = 52) 0.635 £ 0.025** 66.26 + 11.28** 123.08 + 5.18** 2.21 +1.01*

Note: *p <0.05 compared with control group, “p < 0.05 compared with mild asphyxia group.

relation tests. As shown in Table III and Figure
1, the serum potassium and sodium were both
negatively correlated with QTcd (p < 0.05).

Discussion

Neonatal asphyxia is a common neonatal dis-
ease with high mortality and morbidity that has
become a serious threat to the health of new-
borns’. According to the statistics from World
Health Organization (WHO), one-fourth of the
4 million global neonatal deaths is caused by
neonatal asphyxia®. In China, the neonatal mor-
tality is approximately 19%, and neonatal as-
phyxia is the second leading cause of neonatal
death’. Currently, neonatal asphyxia has become

Table IIl. Correlation between QTcd and serum sodium/
potassium in neonatal asphyxia patients.

one of the major concerns in clinical practice'’.
Neonatal asphyxia may be caused by neonatal
asphyxia, fetal distress, and respiratory insuf-
ficiency and gas exchange impairment during
the delivery, leading to ischemic hypoxia, which
may induce organic and functional damages
in multiple organs''. Hypoxia can initiate an
anaerobic reaction in the body, resulting in the
accumulation of lactic acid, and damages in
cell structures and functions'?. Therefore, early
diagnosis and treatment of neonatal asphyxia
are essential for the prognosis of the disease®.
Since its first report in 1990, QTcd has become
an important method for the evaluation of the
degree of myocardial damages'*'® and is widely
used in the accurate assessment of ventricular
re-polarization heterogeneity, and time of car-
diac arrhythmia, as well as the prediction of
sudden cardiac death. cINT is a sensitive and
specific biomarker for the degree of myocardi-
al injury. In this study, the serum cTNT level

Indicator r-value p-value was the highest in severe asphyxia group, fol-
: lowed successively by mild asphyxia and control
Serum sodium -0.563 <0.05 group, suggesting the difference in the extent
Serum potassium -0.365 <0.05 of myocardial injuries among all groups. Our
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Figure 1. The correlation scatterplot showing the association between QTcd and serum sodium/potassium.
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results also showed that the QTcd was increased
with a higher degree of the disease, indicating a
lower stability of cardiac electrical activity. The
increase in QTcd might be associated with a se-
rial of cellular and physiological changes during
asphyxia, such as direct injuries of myocardial
cell due to asphyxia-induced acidosis and hy-
poxemia, reduced intracellular ATP level caused
by impaired mitochondrial oxidative phosphor-
ylation”, excited-uncoupling disorders induced
by intracellular translocation of extra-cellular
calcium ions'™ that lead to changes in the action
potential of myocardial cells. Moreover, focal
edema and necrosis often occur in myocardial
tissues in neonatal asphyxia patients, which
slow down the excited conduction in these re-
gions"”. In this work, the serum sodium level
was negatively correlated with QTcd, suggesting
that it might be used to assess the severity of
asphyxia. The asphyxia-induced ischemia and
hypoxia result in reduced ATP synthesis, im-
pairment of Na"-K"-ATP pump, and relocation of
extra-cellular electrolytes. As a result, extra-cel-
lular sodium ions entered the cells, leading to in-
creased intracellular, but reduced serum sodium
level?®. Moreover, the condensation function of
the kidney is impaired during asphyxia, causing
a reduced response to vasopressin, and hypona-
tremia®!. In addition, the ANP receptors in the
atrium increase upon the stimulation of isch-
emia and hypoxia, which induces an increased
level of ANP with strong diuretic effect, and
thus severe loss of serum sodium?2. In short,
the decreased serum sodium level is related
to multiple biological processes in the body.
Undoubtedly, serum sodium level is closely as-
sociated with changes in cardiac structures and
functions, and it can be used in the assessment
of the severity of neonatal asphyxia. In this re-
search, we also found that the serum potassium
level was negatively correlated with QTed. Since
the serum potassium and sodium share similar
metabolism, the mechanism underlining the re-
duced potassium in asphyxia is close to that of
sodium. Serum potassium level, therefore, can
also be used to evaluate the degree of asphyxia
in infants. More importantly, the quantification
of serum sodium and potassium is fast and con-
venient, and it can be repeated throughout the
treatment course. In a comprehensive study® on
the blood and biochemical indexes in neonatal
asphyxia, it has been confirmed that asphyxia
cause acid-base balance disorders, and disorders
in liver and kidney function as well as enzymes

and glucose metabolism. In-depth studies shall
be performed in search for other biomarkers
with high specificity and sensitivity for further
improve the accuracy of early diagnosis of the
disease.

Conclusions

We found that serum potassium and sodium
can be used as indicators for neonatal asphyxia,
which may markedly improve early diagnosis,
prognosis and treatment efficacy.
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