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Abstract

Objectives: Unconjugated hyperbilirubinemia is a
common systemic disease in neonates. Many studies on
etiology, risk factors, and treatment have been conducted,
and guidelines have been established. Because unconjugated
hyperbilirubinemia is a systemic disease, it affects the body,
cells, cellular organelles, organs, and systems. Studies have
also attempted to clarify the levels, mechanisms, and organs
affected by unconjugated bilirubin. We aimed to investigate
the effect of high unconjugated bilirubin levels on the left
and right ventricular systolic and diastolic functions in

newborns by echocardiography and Doppler.

Introduction

is the
leading cause of hospitalization and morbidity in

Unconjugated hyperbilirubinemia (UCH)

neonates'). Although UCH treatment is well known, the
extent of bilirubin damage to the organs and mechanisms

Materials and Methods: This observational retrospective
cohort study evaluated neonates with hyperbilirubinemia
requiring treatment according to the American Academy of
Pediatrics guidelines, who were admitted to our unit between
January 2017 and December 2017.

Results: There was no correlation between the serum total
bilirubin levels and the echocardiographic measures.

Conclusions: In our study, unconjugated hyperbilirubinemia
did not affect the left and right ventricular functions.
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functions

is still being investigated. Many studies show that
bilirubin exhibits an antioxidant effect at low levels;
causes oxidative stress at high levels and damage on
organelles, cells, and organs; and affects the autonomic

nervous system®. However, a great number of these
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studies have mainly focused on the neurotoxicity of
the oxidative stress induced by high UCH levels; a few
studies have investigated the effects of high bilirubin
levels on the circulatory system®®. Two in vitro studies
performed on the effects of UCH on the myocardial
tissue show that UCH damages it, and an in vivo study
determines myocardial functional disorder that can be
compensated®®. A number of studies determine that
bilirubin levels increase the tone of parasympathetic
nervous system and cause heart rate variability”-®. To
the best of our knowledge, there have been no reports on
the high-level UCH effects over the ventricular functions
on humans in vivo. Our hypothesis is that UCH causes
oxidative stress, dysautonomia, myocardial injury, and
ventricular dysfunction. In the present study, we aimed to
investigate the effect of UCH on ventricular function via
transthoracic M-mode and Doppler echocardiographies.

Materials and Methods

An observational retrospective cohort study was
conducted to evaluate neonates who were admitted to our
unit with hyperbilirubinemia and who required treatment
according to the guidelines of the American Academy of
Pediatrics between January 2017 and December 20171, Our
study group included neonates with a gestational age of 37
to 42 weeks according to the Ballard Score or an ultrasound
performed before week 20, appropriate for gestational age
(AGA), who were admitted for phototherapy, and who
had Doppler echocardiography measurements performed
due to heart murmur. Exclusion criteria included the age
less than 37 weeks or more than 42 weeks, dehydration,
electrolytes, acid-base disorders, polycythemia, anemia,
neonatal sepsis, being small for gestational age, intrauterine
growth restriction, perinatal asphyxia, congenital anomalies,
congenital heart defect, chromosome abnormalities, and lack
of data. The control group included 20 healthy infants who
had Doppler echocardiography measurements performed
due to heart murmur. Total, direct, and indirect bilirubin
levels were determined through direct spectrophotometry.
Gestational age, birth weight, gender, postnatal age, body
weight at the time of enrollment, serum total bilirubin, and

Doppler echocardiography measurements were obtained
from the patient files.

Echocardiography

Echocardiography was performed by using a Vivid
S6 Ultrasound System (GE Healthcare, Milwaukee, WI)
according to the American Society of Echocardiography
Guidelines®. The echocardiographic measurements were
performed by a single pediatric cardiologist. Shortening
fraction, interventricular septum wall thickness (IVSd),
left ventricular end-diastolic (LVED), and left ventricular
end-systolic diameters (LVESDs) were obtained by using
the M-mode echocardiography by parasternal long axis.
Shortening fraction was the difference between the left
ventricular end-diastolic and end-systolic diameters;
it was calculated by dividing the left ventricular end-
diastolic diameter. Left ventricular end-diastolic and
end-systolic volumes, and consequently, left ventricular
ejection fraction (EF) were measured by the biplane
modified Simpson’s method.

Tissue Doppler Imaging

A 2-mm pulse-wave (PW) sample volume was placed
on the left ventricular septal mitral annulus, the lateral
mitral annulus, and the right ventricular lateral tricuspid
annulus at the apical four-chamber abutment. The Nyquist
limit was adjusted to the range of -20 to 20 cm/s, and a high
frame rate (>100 frames s-1) was used. During ventricular
systole, positive S, which occurs during early diastolic
filling negative E ‘and late diastole, left atrial contraction
occurs due to the negative wave peak velocities.

Statistical Analysis

Statistical analyses were performed by using IBM
SPSS Statistics Base for Windows, version 22.0 (SPSS
Inc., Chicago, IL). The student's t-test for independent and
paired samples were used to compare continuous variables.
Continuous variables are presented as means + SDs,
and categorical variables are given as frequencies with
percentages. A p value of less than 0.05 was considered
statistically significant.
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Results

During the study period, 247 neonates with
hyperbilirubinemia requiring treatment were admitted to
our unit. Some of those neonates (n=43) were performed
Doppler echocardiography and measurements due
to heart murmur. Of those admitted patients, 24 of
43 neonates were excluded from the study. Thus,
19 neonates were admitted with hyperbilirubinemia
requiring treatment (group 1), 20 healthy infants who had
Doppler echocardiography measurements performed
due to heart murmur (group 2), were included in the
study (Figure 1). Comparisons of the demographic
characteristics between the groups are summarized in
Table 1. Serum total bilirubin levels, BIND score, and
bilirubin/albumin ratio were significantly higher in the
study group. M-mode echocardiography measures are
shown in Table 2. There were no significant differences
in EF, FS, LVEDd, and LVEDs between the two groups.
However, the IVSd was found significantly higher in
the study group. We found that there were no significant
differences in terms of mitral, tricuspid, septal E’, A’,
and S’ between groups (Table 3). Furthermore, we

Neonates who were admitted to our
unit with hyperbilirubinemia
requiring treatment n=363

excluded Those without cardiologic

assessment n=287

Less than 37 weeks n=5

More than 42 weeks n=2

Small for gestation age (SGA) n=3
IUGR n=2

excluded‘ Congenital heart disease n=14

¥| Dehydration, electrolyte and acid base
disorders n=5

polycythemia n=3

Anemia n=6

Neonatal sepsis n=7
Chromosomal abnormality n=1
Lack of data n=9

Study group n=19

Figure 1. Flowchart of study group

PPROM: Preterm premature rupture of the membranes; IUGR:
Intrauterine growth retardation, SGA: Small for gestational age

could not find any correlation between the serum total
bilirubin levels and echocardiographic measures.

Discussion

The UCH damage mechanism across organs and
systems in neonates is an updated issue that researchers
want to investigate. Thus far, studies about the
unconjugated bilirubin effects on the central nervous
system through the immature blood brain barrier have
been conducted®!'V. However, there are very few studies
about the UCH effects on the cardiovascular system.
Several studies have been conducted on autonomic
control and heart rate variability to demonstrate the
relationship between the cardiovascular system and
hyperbilirubinemia®. There are also two in vitro studies

Table 1. Demographical characteristics and laboratory signs
of the groups

Parameters Study Control p
group group

Gestational age at admission, 4.3+1.1 5.1+£1.3 >0.05

days (mean * SD)

Male gender (%) 63.1 55 >0.05

Gestational age, weeks 39+1.3 40+1.7 >0.05

(mean * SD)

Birth weight, g (mean * SD) 3218+336 3296+341 >0.05

Weight at admission, g 3186+304 3212+316 >0.05

(mean * SD)

Total bilirubin, mg/di 21.7+4.4 4.5+0.9 <0.01

(mean * SD)

BIND score (mean * SD) 2.14+0.2 0 <0.01

Bilirubin/Albumin (mean * SD) 5.3+1.2 1.3+0.2 <0.01

SD: Standard deviation, BIND: Bilirubin-induced neurologic dysfunction

Table 2. Comparison of the echocardiographic measurements
between the groups

Parameters Study group Control group p

EF (mean * SD) 74.5 +4.05 789+1.3 >0.05
SF (mean * SD) 444 +£1.2 453 +1.5 >0.05
LVEDd (mean % SD) 15.2+04 16.2+£0.5 >0.05
LVEDs (mean *SD) 7.7 +0.3 8.7+0.3 >0.05
IVSd (mean * SD) 44+0.2 3.7+0.2 >0.05

EF: Ejection fraction, SF: Shortening fraction, LVEDd: Left ventricular end-
diastolic diameter, LVEDs: Left ventricular end-systolic diameter, IVSd:
Interventricular septum wall thickness (IVSd)
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Table 3. Comparison of the Doppler measurements between
the groups

Parameters Study Control p
group group

Mitral E’ (mean * SD) 552+046 4.55+0.39 >0.05
Mitral A’ (mean * SD) 6.52+0.32 6.5+0.25 >0.05
Mitral S’ (mean * SD) 452+024 45025 >0.05
Tricuspid E’ (mean * SD) 563+0.32 51+04 >0.05
Tricuspid A’ (mean * SD) 9.05+049 9.15+0.59 >0.05
Tricuspid S’ (mean * SD) 568+0.32 645+0.5 >0.05
Septal E’ (mean * SD) 431+028 3.8+0.23 >0.05
Septal A’ (mean * SD) 557+0.33 6.3+044 >0.05
Septal S’ (meant SD) 3.63+0.23 3.85+0.2 >0.05

SD: Standard deviation

investigating the effects of hyperbilirubinemia on
myocardial function'*!'¥. Even the effect of a systemic
disease on the cardiac function is always an updated
subject of research, no study has been conducted on the
clinical cardiovascular effects of hyperbilirubinemia
with echocardiography and tissue Doppler. Basu et al.®
measured the levels of plasma malondialdehyde (MDA),
8-hydroxy-2’-deoxyguanosine (8-OHdQG),
antioxidant status of the neonates. They reported that

and total

serum total bilirubin decreased the antioxidant defense
effect over 16mg/dL and led to lipid peroxidation with
values above 20 mg/dL, resulting in DNA damage
of all levels of bilirubin levels. Ostrow et al.”) have
concluded that elevated UCH levels are caused by
astrocyte and neuronal apoptosis by mitochondrial and
plasma membrane damage. In another study, Paludetto
et al.'” evaluated the behavioral score in neonates
with hyperbilirubinemia (mean value=14.3 mg/dL).
Brazelton developed a newborn behavioral scoring
at the 87" and 104™ hours and third week. There was
a significant difference in behavior between the two
groups at the 87" and 104™ hours. They arrived at the
end of the 3™ week scoring loss of consciousness. The
study of Specq et al.?” included five preterm lambs with
hyperbilirubinemia (150-250 pmol/L) and six healthy
preterm lambs. They reported a decrease in breathing rate
and increased apnea frequency, and they detected that

the inhibition of laryngeal and pulmonary chemoreflexes
and bradycardia were more common in the preterm
lambs with hyperbilirubinemia. Uhrikova et al.®) found
that UCH caused heart rate variability by disrupting
autonomic function. In another study performed with
50 cases with high bilirubin level (20.23+5.53 mg/dL)
and 50 healthy newborns, Ozdemir et al.® found that
the mean minimum heart rate, rMSDD, LF, and LF/HF
ratio in the study group were significantly lower due
to autonomic dysfunction caused by parasympathetic
dominance. Bakrania et al.!'? reported that in an in vitro
study on hyperbilirubinemia, myocardial contractility
was reduced, whereas in an in vivo study with mice,
the ejection fraction and the shortening fraction were
the same as in the control group. Gao et al.!'¥ evaluated
CK, CK-MB, Troponin I, and left and right ventricular
function via echocardiography in their study of 178
neonates with UCH. They established sufficient evidence
that the bilirubin levels caused myocardial damage.

In the present study, we aimed to investigate the
effect of bilirubin levels on the right and left ventricular
functions through echocardiography. EF and FS could
evaluate left ventricular systolic function, the left
ventricular systolic functions were the same in both
groups, and hyperbilirubinemia did not impair the left
ventricular systolic function. The left and right ventricular
diastolic functions were evaluated through Doppler
echocardiography in both groups considering mitral,
tricuspid, septal E’, A’, S’ values. Those measurements
were similar in both groups, and hyperbilirubinemia did
not impair left and right ventricular diastolic functions.

Conclusions

We report that hyperbilirubinemia does not impair
the left and right ventricular function. Therefore,
exposure time and severity level of UCH are also
as effective as the degree of hyperbilirubinemia in
affecting myocardial functions. We conclude that new
studies with more severe UCH and larger sample sizes
need to be conducted.
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