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Summary

To assess maturation of the Autonomic Nervous System (ANS) and sleep states,
Heart Rate Variability (HRV) was studied in 24 healthy sleeping newborns, aged
from 31 to 4] weeks, conceptional age (CA) Spectral analysis of the interbeat inter-
val (RR) signal, was performed by Short-Time Fourier Transform, in three frequen-
¢y bands: high (HF), of purely vagal origin, mid (MF), and low (LF), vagal and
sympathetic, thus allawing evaluation of both branches of the ANS, observed in
Active Sleep (AS = REM Sleep) and in Quiet Sleep (QS = nREM Sleep). Principal
Component Analysis, Discriminant Anaiysis, and hypothesis tesls were used to in-
vestigate the evolution of spectral variables and their relation with sleep states. HF,
MF, LF, and mean RR all increased with age; the differences from the premature
1o the full-term group, were more marked, as a whole, in AS than in QS. HF showed
the highest increase from the premature (31-36 weeks CA) to the intermediate
(37-38) group, whereas LF showed equal differences from the premature to the in-
termediate, and from the intermediate to the full-term (39-41} groups. These results
suggest a steep increase in vagal tone at 37~38 weeks CA, with stability afterwards,
&nd a more regular increase in sympathetic tone from 3] to 41 weeks CA
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Introduction

The variations of heart rate have long been used as a mean of investigating the
Autonomic Nervous System (ANS) [30]. Short-term (or high frequency, HF) varia-
tions have been reported to reflect only patasympathetic control of heart rate, and
long-term (o1 low frequency, LF) variations both sympathetic and parasympathetic
control [3,12,29,32]. These differences in the frequency domain between the two
branches of the ANS (fast vagal and slow sympathetic) may be explained by different
response delays in the vagal (abont | heartbeat duration) and sympathetic (2 to 3
s in adults) pathways [3,38].

HF variiations are related to the respiratory cycle (peried: 1-3 s, in newborn
infants), and carry the part of Heart Rate Variability (HIRV) which {s referred to
as Respiratory Sinus Arrhythmia (RSA) [19,20,29] It is identified, on an adult
cardiorespiratory tracing, as an increase in heart rate during inspiration, and a
decrease during expiration; it has been classically described as the effect on the cen-
tres of a reflex input from lung, atrivm, or aortic stretch sensors, but it also might
be due to a coupling of respiratory and cardiac vagal medullary motoneurones
[17,39].

Various origins (variations in blood pressure due to the baroreflex, thermoregula-
tion, renin/angiotensin system adaptation) have been attributed to LF variations, the
period of which ranges from 4 to 30 s in infants [34]. A distinction has been establish-
ed by numerous authors between low (or mid, MF, period around 10 s) frequency,
reported to reflect baroreflex activity, and very low (LF, period usually beyond 20
s) frequency, the origin of which is less clear [3,7,12,32].

Ininfants from 1 week to 6 months, HF variations have been reported to be higher
in quiet sleep (QS) than in active sleep (AS) [15,16,17]; the opposite is true for LF
variations [16-18] According to Harper et al, sleep states in infants may be
discriminated by HRV variables, on these grounds, with a high degree of accuracy
[16].

The physiological importance of these questions is certainly not negligible for a
better understanding of early human ontogenesis; furthermore, physiopathological
implications are of great interest. This is particularly true for Sudden Infant Death
Syndrome, for which a possible role of the ANS has been reported, and in which
different studies have analyzed possible differences from controls in heart rate or
HRV [2,13,14,24,31,35,36,40].

Regarding normal human ontogenesis, no study so far, to our knowledge, has
analyzed by spectral analysis of HRV, maturation of the ANS according to sleep
states in healthy premature and full-term newborn infants

Qur aim in this study was to analyze: (1) the age-related modifications of variables
quantifying HRV in different frequency bands (and thus parasympathetic and sym-
pathetic tones), in each sleep state and (2) the discrimination between sleep states,
as measured by HRV variables, and the evolution of this discrimination with age

Materials and Methods

Subjects
Twenty-four neonates, all clinically and neurologically healthy (in patticular,
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Apgar score was at least 8 at 1 s, and always 10 at 5 s}, were studied between the
2nd and 11th day of extrauterine life (in order to exclude influence of drugs possibly
given during labour, or conditions of labour itself, as well as postnatal adaptation
of heart 1ate) by polygraphic sleep recordings (ECG, EEG, eye movements)

They had been divided according to conceptional age (CA) at the time of the
recording in three different age groups:
o 3 Full-term; 39 <= CA =< 4] weeks
o 8 Intermediate; 37 = CA = 38 weeks
e 8 Premature; 31 = CA < 36 weeks.

Recordings

Paper and analog tape recordings were performed in the morning, during a sieep
between two meals All neonates were lying supine, either in their beds, at ambient
temperature (25-26°C) for fuli-term and intermediate newborns, or in incubator
(30-36°C) for prematures, in order to ensure a normal body temperature for each
subject

Recordings were performed until awakening of the subject All recordings con-
tainad at least one complete sleep cycle, yielding at least one 512 heartbeat epoch
(statistical observation unit) of Active Slesp (AS = REM Slecp) and one of Quiet
Sleep (QS = nREM Sieep), coded on paper tracings by using REM and EEG
patterns {9,11].

ECG signal processing
ECG recordings were digitized at 282 Hz and processed by a signal-to-noise ratio

algorithm [22,23] to obtain the RR series. Every raw RR series (not resampled) was
processed by Short-Time Fourier Transform, a non-stationary spectral analysis pro-
cedure which uses complex demodulation [28,37], and provides an ‘instantaneous’
evaluation of spectral amplitude in given frequency bands, one time series for each
chesen band.

The estimation of spectral amplitude Ap of the RR signal in the band [fy - ¢,

Jo + €] is given by:

Ay = | Y RRUudn - k) exp(-2ifk)

k=0

where (w,) is a low-pass elliptic iir filter, with [0, €] passband If RR{n) is in
miltiseconds, so is Ag(n)

In this study, we focused ou: attention on three types of HRV: High Frequency
(HF) variations (with period in heartbeats: 3-8, ranging from 1 to 4 equivalent
seconds; (conversion from heartbeats to ‘equivalent seconds' is performed by
multiplying number of beats by mean RR in a given 512-heartbeat epoch), and two
sub-types of low frequency variations mid frequency: (MF) variations {with period
in heartbeats: 10 to 23, ranging from 4 to 12 equivalent seconds), and {very) Low
Erequency (LF) variations (with period in heartbeats: 30 to 100, ranging from 12 to

30 equivalent seconds). _
An illustration of these signals is presented on Fig 1, which shows a rather strik-
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Fig. | Raw RR signa! and Short-Time Fourier Transform in the three frequency bands: high (HF), mid
(MF), and low (LF), from top to bottom, for a series of 2048 consecutive heartbeats, in a full-term
newborn (39 weeks, 2 days of life), during about 16 min, and showing a striking transition {middle of
page) from Active Sleep (AS) to Quist Sleep (Q8); y-sceles are from 350 to 650 ms for RR and from 0
to 100 ms for the other signals. Notice the changes in HF (increase from AS to QS) and in LF (decrease

from AS te QS)

ing example of what may be seen during the transition from AS to QS, when vagal
tone is high enough (here, in a full-term newborn, 39 weeks CA, 2 days of life)

We measured in cach epoch of 512 beats the mean amplitude of the raw RR and
of the 3 extracted (HF, MF, LF) time signals These means (338 for each signal) were
used as material for subsequent statistical analysis.

Statistical processing

Statistical processing was performed at two levels.

(a) To assess the influence of age and sleep state on each variable separately, and
ascertain independence of observations, hypothesis tests were performed on the set
of 24 within-individual means, averaged over all 512-heartbeat epochs belonging to
the same subject (48 within-individual-and-sieep-state means, for 2-way ANOVA on
age and sleep state): F-test in analysis of variance, paired and unpaired 2-tailed
I-tests for the comparison of means between age groups or sleep states

{b) To take into account possible combinations between variables, on the one
hand, and within-individual variance for each variable, on the other hand, we per-
formed multivariate data analysis on the set of all 338 epochs, considered as points
in the (HF, MF, LF) 3d-space: Principal Component Analysis and Linear Discrimi-




© 2006 INIST CNRS Tous draits de propriété intellectuelle réservés Repreduction représentation et diffusion interdies Loi du ler juillet 1892 Articles 5 6 et 7 des CGV

173

nant Analysis [5,6,26], with cross-validation [27], between age groups or sleep states.

Subsequent analysis of the respective parts played by each variable in discrimination

was carried through by studying the correlation coefficients of each variable with the

discriminant linear function which provides the discrimination rule RR was not
used for these multidimensional analyses, since HF, MF, and LF had been extracted
from it

By .using these two complementary classes of methods, we wanted to answer two
questions:

(1) Are HRV varizbles relevant, separately or combined together, to distinguish
between age groups, in one given sleep state, or whatever the sleep state? And if
it is so, what is the part played by each variable in age group distinction?

(2) Are HRV variables relevant, separately or combined together, to distinguish be-
tween sleep states, in one given age group, or whatever the age group? And if it
is 50, what is the part played by each variable in sieep state distinction ?

Results

Firstly, to examine each variable separately, a two-way analysis of variance was
performed on age group and sleep state, by using the 48 within-subject-and-sleep-
state means, for HF, MF, LF, and RR

It may be seen on Table I that RR and all HRV variables are relevant for age
distinction, whereas only HF, LF, and, to a lesser extent, RR provide significant
between-sleep-state differences. No interaction between age and sleep state has been
found

Then, to go further in the analysis of variance, a normed Principal Component
Analysis was performed to analyze, in relation to age (Figs. 2 and 3) and sleep state
(Fig. 4) the contribution of each HRV variable to the global variance of the
‘statistical cloud’ constituted by all 338 epochs of 512 heartbeats, considered as
points in the (HF, MF, LF) 3d-space. Equations for the ‘principal factor plane”

= (1 69HF + 093MF + 0 32LF

y = 071HF - 0 0/MF - 0.51LF

TABLE 1

2-way ANOVA (three ages, two sleep states) on RR and HRY variables.

n=48 F2,; (age group) Flyy {sleep state) F%, (interaction)
HF § gax+ 11 26* ] 08 (NS)

MF 12374+ 067 (NS} 004 {NS)

LF 11 i3+ 13 08** 0 87 (NS)

RR 10 56** 697* 033 {NS)

*p s 001,

**p < 0001

*ep < 0.0001

NS, non-significant.
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where numbers ate correlation coefficients between variables (HF, MF, LF) and fac-
tors (x, ), show that the first factor, x, roughly represents total HRY, and the sec-
ond one, y, represents a HF/LF opposition; x and y, respectively represent 67% and
26% of the total variance of the statistical cloud

Figure 2 shows the projection of all 338 epochs onto the (x,p) plane. Full-term
neanate (39-41 weeks CA) epochs occupy the right part of this figure, and
premature {31-36 weeks CA) epochs the left part of it. Intermediate neonate (37-38
weeks CA) epochs are homogeneously displayed along the x-axis. One can therefore
see the first factor, x, as a ‘maturity factor’

Figure 3 shows a view of all 24 subjects (averages of epochs within each subject,
disregarding sleep state) and centres of gravity (mean points) of age groups

Figure 4 shows the same projection as Fig. 2 onto the (x, y) plane, but emphasizes
sleep state distinction. AS epochs ate predominantly found in the lower part of this
figure, and QS epochs in the upper part of it; the second factor, y, thus might be
seen as a ‘sleep state factor’; but the same HF/LF opposition for y, with a negligible
coefticient for MF, was found when performing the same analyses in each sleep
state, so that this factor may not be directly related to sleep state

In order to better analyze these general results and answer more precisely the two
questions mentioned above about age and sleep state distinction, we petformed com-
parison between groups, first by hypothesis tests for each variable separately, and
then by mutivariate discriminant analyses on all HRV variables.

Fig 2 Age group distinction by Principal Component Analysis: projection of all 338 512-heartbeat
epochs {corresponding o all 24 newborns studied) onte the principal factor planer v = 0.69HF +
093MF + 0 82LF,y = 0.71HF ~ 0.07MF - 0.51LF Full dots (®) represent full-term neonate epochs,
crosses {+) intermediate ones, and empty dots {O) premature cnes
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Fig 3 Age group distinction by Principal Component Analysis: projection of all 24 newborns and centres
of gravity {mean poinis} of each age group (TERM for full-term, INTM for intermediate, PREM for
premature} onto the principal factor plane: x = 0.60HF + 093MF + Q81LF, y = 0 71HF ~ 0 07TMF
~ 0 51LF Full dots (@) represent full-term neonate cpochs, crosses (+) intermediate ones, and empty
dots {Q) premature onas; here, the x-axis may clearly be scen as a ‘maturity axis®
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Fig 4 Sleep state distinetion by Principal Component Analysis: projection of all 338 512-heartbeat
spachs (corresponding to 2lf 24 newboras studied} onto the principal factor piane; Active Sleep epochs
are indicated by empty trizngles (A), Quiet Steep epochs by full triengles (¥)
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Evolution of HRV variables with age

Trends between age groups, in AS and in QS, are presented on Fig. 5. This figure
shows that all HRYV variables and mean RR increase with age, but not all with the
same regularity At the two levels of statistical analysis described earlier:

(a} Table II shows the evolution of RR, HF, MF, and LF with age in the 24
neonates, first without consideration of sleep state (top), and then in AS (middle),
and in QS (bottom), studied by Student’s t-test for the comparison of means between
couples of age groups All variables show significant between-age-group differences,
and these differences are most emphasized in AS Studying each variable separately,
in contiguous age groups, one can observe that for HF, the strongest changes {on
the increase with CA) occur between the premature and intermediate groups; for MF
this remains trae, but only in AS; as regards LF, differences are nearly significant
(P = 0.06) between the premature and intermediate groups, and between the in-
termediate and full-term groups, equally in each case, but only in AS.

(b) Table 111 assesses the parts piayed by each vatiable in multivariate age group
discrimination: Linear Disctiminant Analysis was performed on the set of 338
512-heartbeat epochs, using HF, MF, and LF, providing percentages of well-
classified epochs, Mahalanobis Distance scoies, and the correlation coefficients
ruF, *mr fLe Of each of these variables with the discriminant linear functien,
(Mahalanobis Distance between the centres of gr avity of groups is a.complementary
measure of the quality of discrimination [5,6]).
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Fig 5 Trends between sge groups, for RR, HF, MF, and L F: mean values in AS (A)and in Q5 (¥ )
vertical bars indicate = | S D around mean values.
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TABLE 11

Evolution of HRV and RR with age: Student’s unpaired f-test for the comparison of means between 2
age groups: full-term versus premature {8u8p), premature versus infermediate (8p/8i). and intermediate
versus full-term ($i/8t) From top to bottom: all states mixed. in Active Sleep and in Quizt Sleep.

Bt/8p 8p/8i . 8i/8L
All states
HF 34 % 4 6 0.27 {NS)
MF 4 02w+ I 86 (NS) | 71 {NS)
LF 4 4eex 1.50 {NS} 232
RR 3.04** 2 54* 0.35 (NS}
Active sleep )
HF 4 9% 35|+ 094 (NS)
MF 4 8o+ 251* 135 {NS)
LF 4 3444 203 (P = 0.06) 202 (P = 008}
RR ‘ 313 2.50% 0.31 (NS)
Quiier sleep
HF 2.74* 285* 0.60 (NS)
ME J41% 1 65 (NS} 126 {NS}
LE 2.82* 1.63 (NS) £.79 (NS)
RR 334 2.19* 497 (INS)
(t = full-term newborns {39-41 wecks CA); i = intermediate newborns {37-38 week CAL
p = prematures {3{-36 weeks CA)
o 005
Bp o2 001,
HEp < 0,001,

NS, non-significant.

A preliminary attempt to discriminate ali 338 epochs in three age groups (full-
term, intermediate and premature) had given poor results (less than 50% well-
classified epochs), as might have been suspected from the overlapping of groups in
Fig. 2 We thus decided to discriminate between ali possible pairs of age groups

Firstly, to distinguish premature from full-term epochs (intermediate ones were
temporarily discarded), for all slep states, and in each sleep state separately,
discriminant analyses were performed on the set of 247 non-intermediate epochs. As
may be seen on Table 111, these analyses yield rather satisfying percentages of well-
classified epochs, especially in AS (87%). As may be inferred from the analysis of
the correlation coefficients, al) HRV variables are relevant and contribute in the
same way to age group discrimination

Secondly, to distinguish premature from intermediate epochs, the same processing
was applied to the set of 207 non-full-term gpochs Table [1] shows satisfying percen-
tages of well-classified epochs, especially in QS (86%); the predominance of HF in
discrimination is overwhelming here {ryp as compared to ryp: 7ce) which is in
favour of a strong enhancement in HF from the premature to the intermediate

group
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Thirdly, to distinguish intermediate from full-term epochs, this processing was ap-
plied to the set of 222 non-premature epochs. Table III shows results which are a
little poorer in AS, but drastically diminished in QS, and a negligible contribution
of HF to discrimination. This is in favoui of a relative stability of HF, and a
moderate increass in MF and LF ftom the intermediate to the full-term group.

Evolution of sleep state distinction with age

In the same way, to study between-sleep-state differences on each variable
separately, paired -tests for the comparison of means within each age group were
performed and are presented ou Table IV

The results obtained by 2-way ANOVA are confirmed here; MF is not relevant
for sleep state discrimination, whatever the age. HF, and most of all LF, show signif-
icant between-state diffsrences among full-term newborns In the intermediate
group, differences in HF and in LF are still significant, but in the premature group,
only LF shows significant between-state differences

In order to assess the parts played by each HRYV variable in global (multivariate)
discrimination between sleep states, discriminant analyses were also performed on
the set of all 338 epochs, for all ages, and in each age group independently

Table V shows that these analyses yield satisfying percentages cf well-classified
gpochs in the full-term group, but poorer ones in the other groups The evolution
of Mahalanobis distance between the centres of gravity of sleep states shows a cons-
tant progression from the premature group to the full-term group.

TABLE 1II

Between-2-age-group discrimination: Between full-term and premature (131 + 116 = 247 epochs. top),
between premature and intermediate (116 + 91 = 207 epochs, middle} and between intermediate and
full-term (91 + [3F = 222 epochs, bottom)

Linear Discr. Mahalanobis Distance 'uE ME nr

Full-termiprem.

Al states 83% 341 0175 089 082
Active Sleep 34 336 D87 094 089
Quiet Sleep T% 346 0.90 079 067
Prem fintermed

All states 81% 221 097 042 0.29
Active Sleep 4% 191 099 042 027
Quiet Sleep 86% 446 0% 039 037
Intermed /full-term

All states 74% 117 062 088 091
Active Sleep 79% 179 018 088 091
Quiet Sleep 54% ¢40 G645 099 0.69

(Linear Diser : percentages of well-classified epochs, globally or within one given age group: Mahalanobis
Distance (between the centres of gravity of groups), a complemeatary measure of the quality of discrimi-
nation; rup, 7yF FLE correlation coefficients of Discriminant Lingar Function with HRYV variables)
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TABLE IV

Evolution of between-state distinction. Means of differences between Active Sleep (As) and Quiet Sleep
{(QS): paired i-test

HAS - (Q8) Premature (8) Intermediate (8) Fuil-term (8)
HF -0 80 (NS) -2 96* ~2 44*

MF 035 (N8) 0.79 (NS} 094 (NS)
LF 363 284% 6 5%
RR ~278% -300% 419

*P 5 0.05,

P s 008

P o< 0,008

N8, non significant

The analysis of the conttibution of each variable (g, 7ye, #1g) to this discrimi-
nation confirms that an opposition between HF and LF is an important feature in
sleep state distinction As a matter of fact, we also performed the same analyses with
only HF and LF: the resuits proved slightly better, which suggests that MF, which
is important in age group discrimination, brings no contribution to sleep state
discrimination

Discussion

In this study, we asked the question of the relevance of HRV variables to age or
sleep state distinction in premature and full-term newborns, and interpreted the in-
fluence of each variable in this distinction. At the two statistical levels considered
(within-individual means and all epochs of 512 heartbeats), our resuits demonstrate
two main physioclogical points

Firstly, HRV parameters are highly discriminant for age, between premature and
full-term newborns Al HRV variables are on the increase from the premature group

TABLE Y

Evolution of betwesn-state discrimination: discriminant analyses, using HF, MF, and LF, performed on
&lf 338 epochs of 512 heartbeats (Al ages), 116 premature epochs (Premature), 91 intermedlate epochs
(Intermediate}, and 131 full-term epochs (Full-term)

Age group Linear Discr. Mahaianobis Distance HE FMF fLE

All ages T7% 160 -0 66 016 057
Premature N% 084 -3 024 D76
Intermediate 76% 273 -0.86 =005 026
Full-term B2% 332 ~0.80 016 068

(Linear Disce ; percentages of well-classified epochs glabally or within one given age group; Mahalancbis
Distance (between the centres of gravity of groups), a complementary measure of the quality of discrirai-

nation; rygs Py FLp» correlation coeflicients of Discriminant Linear Fungtion with HRV variables)
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(31-36 weeks CA) to the full-term group (39—41 weeks CA), but HF undergoes a
rather steep increase from the premature to the intermediate group, remaining
relatively stable afterwards, whereas LF grows more regularly from 31 to 41 weeks
CA Since HF reflects only vagal tone, and LF both vagal and sympathetic tones,
this is in favour of an important increase of vagal tone at 37 and 38 weeks, with a
slower growth afterwards, and of a more constant increase of sympathetic tone from
31 to 41 weeks

Secondly, concerning sleep organization, we found that according to HRV
parameters, sleep states may be discriminated better and better as CA increases, to
reach satisfying levels of discrimination {over 80% well-classified epochs) in the full-
term group. Between-age differences at hypothesis tests are higher in AS than in QS
This suggests an earlier differentiation of AS, as compared to QS, which is in agree-
ment with previous findings [8,10] But since significant differences between sleep
states in prematures are found only in LF, (higher in AS than in QS), this also sug-
gests earlier maturation of sympathetic heart rate control during AS, HF (lower in
AS than in QS) becoming more discriminant fatet, from 37 weeks on.

This second point is coherent with the first one, developed above, and also with
previous findings by Baldzer et al [4], who used the opposition between LF and
Respiratory Sinus Arrhythmia (which is carried by HF) as a parameter for separa-
tion in two groups of healthy neonates, and speculated on a later postnatal develop-
ment of the patasympathetic system as compared to the sympathetic system From
this point of view, we can also suggest an intetpretation for the second factor of out
Piincipal Component Analysis, roughly speaking ‘HF—LF’, higher in full-term
newborns than in prematures, and higher in QS than in AS: it may be closely related
to vagal tone

Our results should be compared very cautiously with previous studies on the same
subject, since our subjects are healthy premature and full-term neonates recorded in
the first days of life, whereas in previous studies, infants were investigated at dif-
ferent postnatal ages {4], QS only being taken into account [1,4], or total HRV only
studied [21] Especially, comparison with interesting results of Harper, Schechtman
et al., whose frequency bands are comparable with ours [16,34], may be partially in-
adequate because of differences in the ages investigated: they studied infants between
1 week and 6 months of age, and while our results may be compared with theirs for
1 week old newborns, this comparison is no more valid in older infants, because of
probable fast modifications of autonomic control during the first weeks of postnatal
age. .

Regarding statistical analysis:

e The relatively small number of subjects in each group (8) is due to the difficulty
to find completely healthy newbarn babies in the premature group, and we did
not want to unbalance our age groups.

o We confirmed the validity of results obtained at parametric tests by performing
equivalent non-parametric tests on the same data (Mann-Whitney and Wilcoxon
for s-test, Kruskal-Wallis for ANOVAY: the levels of significance were the same

e Lincar discriminant analysis, which theoretically assumes normality, is robust
enough to tolerate violations of the normality assumption [25,26].
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¢ The two levels of statistical processing presented in this study are complemen-
tary, and, to our meaning, not interchangeable: apparently good results which
would be obtained from hypothesis tests on the set of all epochs, or from
discriminant analyses on the set of within-individual means, would be defusive,
either forgetting possible noa-independence of observations, or considering too
few statistical individuals

¢ To examine a possible dependence of some of the HRYV variables upon heart
rate, we adjusted them for RR [24], performing Principal Component Analysis
and 2-way ANOVA on the same data, but using quotients HF/RR, MF/RR,, and
LF/RR. The distributicn of age and sleep state groups within the statistical
cloud was not considerably changed, and levels of significance at Fisher’s test
were only slightly modified (NS remaining NS, and the other ones remaining at
P = 001)

Conclusions

Different statistical approaches converge to sketch the same description of early
ANS maturation: a strong enhancement in vagal tone at 37-38 weeks CA, with a
relative stability afterwards, and a more constant increase in sympathetic tone from
31 to 41 weeks. These approaches rest mainly on HF and LF, which are the most
significant HRYV variables and are sufficient to describe maturation of the ANS in
normal neonates, premature and full-term

The method of analysis presented here has shown apprepriate for studying normat
maturation of the ANS, and we purpose to use it now to study heart rate control
by the ANS in at-risk and pathological newborns and infants
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