O0t57t55H3|X| Hi153 M3z, 20094 7¢
JKorean Acad Child Health Nurs Vol.15 No.3, 299-305

DOI: 10.4094/jkachn.2009.15.3.299

Cardiac Vagal Tone as an Index of Autonomic Nervous Function in
Healthy Newborn and Premature Infants

Lee, Hae-Kyung

Professor, Department of Nursing, Kangwon National University, Chuncheon, Korea

Purpose: Multiple studies have documented that high resting levels of cardiac vagal tone suggest higher levels of self-
regulation. The aim of this study was to evaluate cardiac vagal tone as an indicator of autonomic nervous function in healthy
newbom and premature infants. Methods: This study was conducted using a descriptive comparison design and a con-
venience sampling strategy. The participants were 72 healthy and 62 premature infants delivered in a university hospital.
Continuous heart rate data recordings from the infant's ECG were analyzed and Mxedit software was used to calculate
mean heart period and an index of cardiac vagai tone. Results: The healthy infants had significantly higher cardiac vagal
tone than the premature infants, when the influence of gestational age was removed using analysis of covariance. How-
ever, there were no significant differences in heart rate and heart period between the two groups when the influence of
gestational age was removed using analysis of covariance. Conclusion: The results of this study show that cardiac vagal
tone may be used as an index for determining infant’s autonomic nervous function. Nursing staff in pediatric departments
can use cardiac vagal tone with ease, as this index can be calculated in a noninvasive method from the ECG.
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INTRODUCTION

During the last two decades the survival for premature infants
has significantly increased due to advances in perinatal and neona-
tal treatment and improvement in the care of high-risk infants.
Although the survival rates for premature infants have shown
improvement, clinical assessment and management of premature
infants are vety important and essential for further improvement
in the outcomes for premature infants (Doussard-Roosevelt, Porges,
Scanlon, Alemi, & Scanlon, 1997).

The survival of premature infants is based on successful self-
regulation of the physiological systems that support growth and
restorative processes. The autonomic nervous system is the prima-
1y regulator of physiological homeostasis. Thus, assessment should
be directed at evaluating the central nervous system structures

and functions that promote physiological states fostering growth

and restorative processes. Heart rate is a very useful and popular
assessment to evaluate of physiological self-regulation. Therefore,
a fuller understanding of central nervous control mechanisms of
heart rate during the early stages of human development would
be of great value to neonatal assessment and management (Task
Force of the European Society of Cardiology and the North Ameri-
can Society of Pacing and Electrophysiology, 1996; Verklan &
Padbye, 2004).

Heart rate is controlled by the sympathetic and parasympathetic
components of the autonomic nervous system. These two com-
ponents are mutually antagonistic in their actions, sympathetic
stimulaion leads to acceleration of the heart rate, whereas parasym-
pathetic impulses through the vagus nerve system produce decel-
eration of the heart rate (Porges, 1983; Yasuma & Hayano, 2004).
These two control systems have different time constants and the

end result of their interactions is the R to R interval differences
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of the heart rate, or heart rate variability. More recently, it has
been found that the specific type of heart rate variability related
to the vagus nerve system is respiratory sinus arthythmia, rather
than overall heart rate variability. The output of the nucleus am-
biguous branch of the vagus has a respiratory thythm of increas-
ing and decreasing tone to the sino-atrial node, because the nucle-
us ambiguous is an integral component of the medullary respi-
ratory system. The functional consequence of this rhythmic mod-
ulation of nucleus ambiguous vagal tone to the sino-atrial node
is to produce respiratory oscillations in the heart rate partern
known as respiratory sinus arthythmia (Porges, 1996).

Porges (1983) developed a statistical method for accurately
extracting the amplitude of respiratory sinus arrhythmia, labeled
cardiac vagal tone to emphasize that it is an index of vagal tone.
Porges (1983) suggested that the index of cardiac vagal tone
might be used to infer the effects of the parasympathetic nervous
system on the heart via the vagus, and serve as a predictor of neu-
rophysiologic development and subsequent health outcomes
among neonaes.

Massin and von Bernuth (1997), Mehta et al. (2002), and Ric-
hards (1995) reported that the reliability of this index in infant
is acceptable and may be utilized to examine the effects of under-
lying disease processes or therapeutic interventions on cardiac
autonomic tone during infancy and childhood.

Cardiac vagal tone has been studied to evaluate the autonom-
ic nervous system fluctuations in heart rate related to marura-
tion in full term and premature infants. Porges (1988) reported
that the means of the cardiac vagal tone were 3.8 for full term
neonates (n=180) and 2.0 for high-risk neonates (n=180). DiPi-
etro, Larson, and Porges (1987) and Fox and Porges {1985) report-
ed that healthy full term infants showed higher cardiac vagal tone
than premature infants, reflecting the immaturity of the auto-
nomic nervous system in the premature infants,

Levels of cardiac vagal tone in infants are also influenced by
levels of illness (Hanna et al., 2000), sleep state (Villa et al., 2000),
stimulation (Brown, 2007; Lee, 2002), and a range of competent
behaviors (Steward, Moser, & Ryan-Wenger, 2001). Results of
studies on both full term and premature infants suggest that lev-
els of cardiac vagal tone reflect the autonomic nervous develop-
ment of the infants.

Although the findings of the studies support the use of car-
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diac vagal tone as a predictive index of neurophysiological reac-
tivity in neonates, well-documented normal values of cardiac
vagal tone to provide parameters of normal and abnormal auto-
nomic nervous functioning are not available. The two main rea-
sons ate related to methodological differences among the resea-
rchers and the small number of neonates included in the studies
(Longin, Schaible, Lenz, & Konig, 2005; Mehta et al,, 2002).
These variations in normal values of cardiac vagal tone in neonates
indicate that there is a need to reassess the measures to establish
normative data on cardiac vagal tone in neonates.

The aims of this study were to assess the reliability of cardiac
vagal rone as an index of autonomic nervous function and to estab-
lish normal values for infants. So, this study compared cardiac
vagal tone, heart rate, and heart period between healthy newborn
and premature infants.

The results of this study should improve understanding of the
autonomic control of the cardiac system in infants and lead to the
development of new means for noninvasive assessment of auto-

nomic nervous function.

METHODS

Design and sample

A descriptive comparison design and a convenience sampling
strategy were used to answer the study question.

The participants were 76 healthy infants recruited from the
newborn nussery and 62 premature infants from the neonatal
intensive care unit at S University Hospital. The nursing depart-
ment of S University Hospital approved the research protocel
and permission of the ethics commission of the hospital was also
obtained. Written informed consents were obtained from the
parents of all research participants. Even the medical textbooks
define that full-term infant is between 38 to 42 weeks gestation-
al period, if baby’s weight was more than 2,400 grams, Apgar
score was good, and gestational period was between 36 and 42
weeks, the medical staffs of S University Hospital decided a baby
put into the newborn nursery. So, the sample for healthy infants
in this study included asymptomatic infants who were between
24 and 72 hr old, weighing more than 2,400 grams, and having
a gestational period of between 36 and 42 weeks (Mehta et al.,
2002).
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Healthy infants were excluded from the study if they were:
born to mothers who used any medications during pregnancy
known to affect the cardiovascular system; born to mothers with
acute or chronic diseases, such as hypertension, hepatitis, diabetes,
of sepsis; symptomatic or requiring administration of oxygen for
more than 5 min, ventilator support, or admission to the neonatal
intensive care unit; of born with associated congenital anomalies.

The selection criteria for premature infants included all infants
born between 27 weeks and 35 weeks gestational age with birth
weight between 1,000 g and 2,399 g without any of the follow-
ing conditions: major congenital anomalies; sepsis; surgety; medi-
cations with central nervous system effects; seizures; or persistent
mechanical ventilation.

Demographic and medical characteristics at the time of each

infant’s birth were collected from a chart review.

Power calculation

Sample size calculations wete using two group comparisons
to detect the differences of cardiac vagal tone between healthy
newborn and premature infants. The sample size of 64 per group
needed with alpha=.05, power=.80, u=1, medium effect size
(:25) (Lee, Im, & Park, 1998). Therefore, the original plan was
to recruit more than 70 pairs of infants to allow potential attti-
tion. Because the heart rate data of 12 infants were not good to
detect the peak of the R wave, the final data of the sample infants
were 134,

Measures

Data for healthy infants were obtained when they were between
24 and 72 hr old and for premature infants during the second day
after enteral feeding was starting, because the initiation of enteral
feeding means that the premature infant is physiologically stable
(Lee, 1999). Data collection for both groups was always done 1
hr after a feeding in the afternoon. All data collection began with
the infants in a sleep state and continued for 10 min of undis-
turbed time, because handling may affect the physiological sta-
tus of the infant (Yasuma & Hayano, 2004). -

After skin preparation, five ECG electrodes were placed on
the chest and abdomen of the infant to conduct the electrocat-
diogram signal. A physician reviewed all of the ECG recordings

to get confirm the ECG data were not wrong recording and to
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exclude a baby who bhad the exclusion ctiteria. Continuous heart
rate data was recorded during 10 min while the infant was in a
state of sleep. The recordings were made from the infant’s AFO
400 ECG portable monitot (made in Korea) on a laptop comput-
er through the Wavelet software program (redeveloped by Lee &
Jang in 2000). The Wavelet software program collects continu-
ous ECG analog data and outputs a digitized file, which detects
the peak of the R wave for each beat and quantifies sequential
times between heartbeats (i.e., heart period) in milliseconds (msec).
These files were examined to eliminate artifact interference with
the electrocardiogram signal before analysis and were analyzed
to calculate mean heart period and an index of cardiac vagal tone
using the Mxedit software developed by Porges (1983). This study
attempted to get the reliability of cardiac vagal tone that was de-
veloped by Porges (1983). So, this study used the Porges method.
The Porges method applies time series procedures to heart period
dara (msec). These steps included: 1) conversion of heart period
into time-based data by sampling at 200 msec intervals; 2) de-
trending of periodicity in heart rate slower than respiratory sinus
arrhythmia with a 21-point moving polynomial. The resulting
trend is removed from the original time series yielding a residu-
al series free of both linear (i.e., bad data) and higher order trends
(i.e., bradycardia episodes); 3) band pass filtering to extract vari-
ance of heart period (msec?) within the frequency band (0.3-1.3
Hz) of spontaneous breathing in the neonate; and 4) calculation
of the natural logarithm of the band-passed variance, which serves
as the estimate of cardiac vagal tone (In [msec?). To increase the
stability of the estimate, means of these values were computed at

15-sec epochs.

Data analysis

Independent t-test and Chi-square analyses were conducted
to assess equivalence between the two groups on demographic
and perinatal entty variables. Because cardiac vagal tone is influ-
enced by gestational weeks, ANCOVA analyses with gestational
age as a covatiance were used to compare heart rate, heart peri-
od, and cardiac vagal tone between the two groups (Doussard-
Roosevelt et al., 1997; Rosenstock, Cassuto, & Zmora, 1999).
Finally, Pearson cortelation coefficient analysis was used to assess
the relationships between perinatal measures (gestational age,

weight at birth, height at birth, and Apgar scores) and heart rate,
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heart period, and cardiac vagal tone.

RESULTS

Table 1 presents frequency and means for differences in peri-
natal and demographic variables for the two groups. There were
72 healthy newborn infants and 62 premature infants. There was
no statistical differences between the two groups for the infant’
gender. However, significant differences were found between the
two gsoups for the other variables, including gestational age,

Apgar score, weight at birth, height at birth, and type of delivery.

Cardiac vagal tone, heart rate and heart period between
the two groups

The mean cardiac vagal tope of the healthy newborn infants
was approximately 3.0 with a standard deviation (SD) of approx-
imately 1.0 (Table 2). In contrast, the mean cardiac vagal tone of
the premature infants was 2.2 (SD=0.6). The result from indepen-
dent t-test on cardiac vagal tone between the two groups, showed
that the premature infants, as a group, have significantly lower
cardiac vagal tone than the healthy newborn infants (t=5.4, p=
.000). The gestational age was significantly longer for the healthy
newborn infants than the premature infants (t=21.5, p=.001).

| ee, Hae-Kyung

Since the gestational age mighe influence cardiac vagal tone (Dous-
sard-Roosevelt et al., 1997; Rosenstock et al., 1999), the researcher
tried to sepatate the effects of maturation from time on cardiac
vagal tone using statistical methods. Even when this significant
influence of gestational age was removed with analysis of covati-
ance, there was still a highly significant difference between the
two groups in cardiac vagal tone (F=6.0, p=.02) (Table 2). How-
eve, there was no significant groups-by-gestational age interac-
tion for cardiac vagal tone (F=0.1, p=.82).

There were also significant differences in heart rate (¢=-8.0,
£<.001) and heart period (t=7.7, p<.001) in t-test between the
two groups. However, when the influence of gestational age was
removed with analysis of covariance, there were no significant
difference in heart rate (F=2.5, p=.12) or heart period (F=3.1,
}=.08) in Table 2. There were significant groups-by-gestational
age interactions for heart rate (F=6.4, p=.01) and heart period
(F=5.5, p=.02).

Interrelationship of perinatal characteristics, cardiac vagal
tone, heart rate, and heart period

Relationships between the perinatal characteristics (gestation-
al age, weight at birth, height at birth, and Apgar scores) and the

dependent measures (cardiac vagal tone, heart rate, and heart peri-

Table 1. Demographic and Perinatal Characteristics for the Two Groups

Gender (maleffemale) N 28 (44) 33(29) 276 097

Gestational age (at birth, in days) M(8D) 2737 (11.6) 2286 (12.7) 21.5 001

Apgar at 1 min M (SD) 8.7 (0.7) 6121 9.9 <001
Apgar at 5 min M (SD) 9.8(0.4) 75(1.3) 144 <.001™
Weight at birth (grams) M (SD) 3,231.3(457.7) 1,665.3 (380.6) 213 <.001**
Height at birth (cm) M (SD) 53.2(2.9) 424 (2.5) 227 <.001**
Type of defivery (ND/C-Section) M (SD) 36 (36) 11(51) 15.22 <001**

**pe 001.
ND/C-Section=Normal Delivery/Cesarean-Section.

Table 2. Differences in Heart Rate, Heart Period and Cardiac Vagal Tone between Groups by ANCOVA

128.7 (10.1)

Heart rate (min)
Heart period {msec) 470.7 (38.8) 415.7 (43.9)
Cardiac vagal tone 3.0(1.0) 2.2(0.6)

146.1 (14.9)

6.4 01~ 25 a2
55 02¢ 3.1 08
0.1 82 8.0 02

Covariate: Gestational Age. *p<.05.
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Table 3. Interrelationship of Perinatal Characteristics, Cardiac
(N=134)

Vagal Tone, Heart Rate, and Heart Pericd

Gestation age -.59% K Yaid .38

Weight at birth -.58"* 56 39

Height at birth - 52 50 36

Apgar at T min -.50™ A8 30"

Apgar at 5 min - 55 53 32
*p<.01.

od) were explored. The correlation coefficients are presented in
Table 3, showing that cardiac vagal tone was significantly relat-
ed to gestational age (r=.38, p<.01), weighe at birth (r=.39, p<
.01), height at birth (t=.36, p<.01), Apgar at 1 min (r=.30, p<
.01), Apgar at 5 min (1=.32, p<.01). There were also significant
relationships between heart rate and heart period and perinatal
characteristics (gestational age, weight at birth, height at birth,

and Apgar scores).
DISCUSSION

Heart rate variability has long been used as the index of cen-
tral nervous system status (Verklan & Padbye, 2004). Cardiac
vagal tone is one indicator of heart rate variability (Porges, 1983).
This study compared cardiac vagal tone, heart rate, and heart
petiod between healthy newborn and premarure infants. There
were significant findings concerning cardiac vagal tone that con-
tribute to greater understanding of the neural control influenc-
ing cardiac function in infant and facilitate the application of this
index in a variety of clinical settings.

Even when the average heart rate of healthy infants (128.7 bears
per minute [bpm]) and prematuse infants (146.1 bpm) was in the
normal range, there were significant differences in cardiac vagal
tone, hearr rate and heart period between healthy infants and pre-
mature infants. These tesults are consistent with several previ-
ous studies (Eiselt et al., 1993; Rosenstock et al., 1999). Eiselt
et al. (1993) reported that differences of high-frequency heart rate
variability were present becween newborns (n=16) and premature
infants (n=12) (p<.01). The report of Longin, Schaible, Demi-
rakea, Lenz, and Konig (2006) showed that heart rate and high-
frequency heart rate variability were highly significant differences
(p<.001) between the two groups and Rosenstock et al. (1999)
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suggested that heart rate vatiability increased with gestational age
and early postnatal age. Premature infants seem to have lower
heart rate variability than term infants. These results suggest that
heart rate, heart period and cardiac vagal tone are good indica-
tors for the evaluation of physiological self-regulation in infants
and can distinguish on the functional state of the autonomic ner-
VOUS System in neonates.

The finding also showed that there were significant correla-
tions between perinatal measures (gestational age, weight at birth,
height at birth, and Apgar scores) and heart rate, heart period,
and cardiac vagal tone. These results are consistent with those of
Doussard-Roosevelt et al. (1997), and Harrison, Williams, Leep-
er, Stem, and Wang (2000). Doussard-Roosevelt et al. (1997)
reported that gestational age, Apgar scores, and birth weight cor-
related positively with heart rate and cardiac vagal tone. These
sesults of this study indicate that heart rate, heart period and car-
diac vagal tone are validated as indicators of the self-regulation
of the physiological systems in infants.

However, there were no significant differences in heart rate
and heart period when gestational age was removed as a covari-
arice. The only significant difference between the two groups when
gestational age was controlled with covariance analysis was for
cardiac vagal tone. Heart rate has been a popular measure, in part
because the cardiovascular system is well developed, in full term
infants as well as in preterm infants. Heart rate can be detected
from approximately the 4th week after conception and both sym-
pathetic and parasympathetic systems are operative by term. Also,
the clear presence of cardiac vagal tone, heart rate variability due
to the influence of the rate breathing, in the full term infant indi-
cates definite cardiorespiratory coordination by well-known brain
structures. This respiratory-heart rate coupling, mediated by the
vagus, has also been clearly demonstrated in stable premature
infants by 36-37 weeks gestational age and reflects a transition
from sympathetic to parasympathetic dominance occurring dus-
ing the postnatal period (Doussard-Roosevelt et al., 1997). Porges
(1996) suggested that a sympathovagal imbalance appears in high
risk premature infants. So, cardiac vagal rone would be a more
sensitive indicator than heart rate and heart period for neuro-
physiologic development outcomes in these infants. The results
of this study also support the use of cardiac vagal tone as a more

useful and reasonable index for detection of individual difference

JKorean Acad Child Health Nurs 15(3), 20094 7#



304

of autonomic nervous functions in infants,

To establish the normal value of cardiac vagal tone in infants,
the means for cardiac vagal tone in this study were compared
with the means of other studies. However, there was litde dif-
ference in the normal value of cardiac vagal tone according to
the researchers. The mean cardiac vagal tone was 3.8 for the full
term neonates (n=180) and 2.0 for the high-risk infants (n=180)
in Porges” study (1988) and DiPietro et al. (1987) reported means
for cardiac vagal tone ranging from 3.25 to 4.10 in sleep with
100 healthy newborns between 17 and 56 hr postpartum. In the
study by Fox and Porges (1985) the means for cardiac vagal tone
were teported as 4.72 in healthy preterm infants (n=10) and
5.75 in healthy term infants (n=16) at the midpoint between
feedings. The means for cardiac vagal tone were 2.10 for healthy
preterm infants (n=9) during active sleep (Hotheimer, Wood,
Porges, Pearson, & Lawson, 1995), and 1.24 for healthy preterm
infants (n=84) at 6 to 9 days of age who were between 27 and
33 weeks gestational age at birth (Harrison et al., 2000). In this
study, the mean cardiac vagal tone was 3.0 for the healthy new-
born and 2.2 for the premature infants. Even though the studies
including this study used the same method to calculate cardiac
vagal tone, they did not identify the same normal values for nor-
mal healthy newborn infants or for premature infants. These dif-
ferences occurred as results of discrepancies in the number and
condition of infants at the time of the research. These results only
show that premature infants seem to have lower cardiac vagal
tone than full term infants. The reason for lower cardiac vagal
tone in premature infants as compared to full term infants is
explained by Longin et al. (2006). The catecholamine levels are
increased in prematute infants due to the situation of severe stress.
This rise in baseline heart rate and therefore impairment of heart
rate variability and decrease of cardiac vagal tone may be a result
of an abnormally high level of sympathetic activity. Griffin, Sco-
llen, and Moorman (1994) and Landrot et al. (2007) suggested
that impaitment of heart rate variability might be induced by
excessive sympathetic input of withdrawal of parasympathetic
input. Maturation of the autonomic nervous system after birth
in normal full term infants results in a decrease in heart rate and
increases in cardiac vagal tone. Because the sympathetic compo-
nent of the autonomic nervous system predominates during fetal

life and at birth, the maturational changes after birth reflect inc-
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reasing development of the parasympathetic component (MaCain,
Fuller, & Gartside, 2005). According to the polyvagal theory
(Porges, 1996), high levels of cardiac vagal tone at rest suggest
higher levels of self-regulation. In this study, cardiac vagal tone
of the healthy newborn infants was higher than that of the pre-
matuge infants, indicating that healthy newborn infants have bet-
ter function of central nervous system than premature infants.
Decreased cardiac vagal tone indicates a disturbance of autonom-
ic fanction or decreased ability of the sinus node to respond to
environmental signals. Decreased cardiac vagal tone may be a

marker of poor autonomic nervous function in infants.
CONCLUSION

The results of this study confirm that vagal tone is an indica-
tor of the neural control influencing cardiac function and a sen-
sitive indicator of autonomic nervous function in infants.

These data, by providing validation of cardiac vagal index for
infants, may contribute to increased confidence in cardiac vagal
tone as a marker for determining the likely outcome of neonatal
disorders affecting neurophysiologic development and may be
used in clinical settings and in many diverse study areas. There-
fore, cardiac vagal tone may be a new and, important tool in clini-
cal assessment for the early detection of autonomic neuropathy.
Cardiac vagal index can be measured by noninvasive method
through ECG. This means that nurses and other health care pro-
fessionals can easily use cardiac vagal tone to monitor pediatric
patients.

To achieve a standard value, further tesearch is needed to
examine a larger, more homogeneous sample of infants in terms
of age. Also, patent ductus arteriosus and foramen ovale of baby
might affect cardiac vagal tone, further work is necessaty to iden-

tify which variables influence cardiac vagal tone.
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