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The progressive decrease in the periodic cycle duration
(PCD) of periodic breathing with postnatal age in term infants
has been previously reported by a number of authors and is
thought to be associated with peripheral chemoreceptor matura-
tion. We hypothesized that a similar decrease should be observed
in preterm infants. Therefore, in this study we measured the
changes in PCD with postnatal age in a small group of preterm
(n = 4) infants followed longitudinally (36 afternoon nap stud-
ies) over the first 6 mo postnatally. PCD declined in these infants
from 17.1 + 3.3 s (mean = 2SD) at 9 d to 9.8 = 3.2 s (mean *
2 SD) at 105 d. The regression slope was —0.072 s/d. Beyond
105 d there was no change in PCD up to 6 mo postnatally. We
found no significant difference between active and quiet sleep.
These results are similar to results previously published in term
infants but apparently contradict recent data on a group of
preterm infants. Possible reasons for this discrepancy are dis-
cussed. By examining long epochs of periodic breathing in these
infants we also identified characteristic changes in PCD and V/A
ratio, defined as the duration of the ventilatory period divided by
the duration of the apneic interval. V/A ratio fell from the start of
an epoch from 1.21 = 0.08 (mean = SEM) to a minimum of 0.62
+ 0.03 and then increased again to 0.8 = 0.05 at the end of the
epoch. We conclude that important maturational changes occur

in the neonatal respiratory control system during the first 6 mo
postnatally and that these changes are reflected in a fall in PCD
of periodic breathing over this period. We also conclude that the
characteristic changes which occur in V/A ratio and PCD are
consistent with a role for chemical stimuli in the genesis of
periodic breathing. (Pediatr Res 38: 533-538, 1995)

Abbreviations
SIDS, sudden infant death syndrome
V/A, ratio of the duration of ventilation to the duration of
apnea in one cycle of periodic breathing
T,, start time of a long epoch of periodic breathing
T, i time from To at which V/A ratio reaches its minimum
value
T, end time of a long epoch of periodic breathing
PCD, periodic breathing cycle duration
A PCD, change in PCD during long epochs
PNA, postnatal age
PNA g, postnatal age at which PCD ceases to decrease
Sao,, arterial oxygen saturation
ASao,, deviation between the mean Sao, and the peak or
trough of the oscillation in Sao, during periodic breathing

Periodic breathing has been studied extensively in both preterm
and term infants. These studies have been aimed primarily at
elucidating the causes of this type of breathing pattern in neonates
and establishing the incidence during the first months of life (1, 2).
Much of the incentive for these studies came from earlier clinical
observations that long apneas were often preceded by periodic
breathing in preterm infants (3), although this finding has been
disputed more recently (4). Also, a high incidence of periodic
breathing has been reported in apparent life-threatening events
and SIDS sibling infants when compared with age-matched con-
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trols, suggesting that this breathing pattern may be connected with
some underlying maturational defect in respiratory control occur-
ring within the first few months of life (5, 6).

Several studies have attempted to define the maturational
changes in the temporal structure of periodic breathing in
full-term infants during the first 6 mo of life (7-9). All of these
studies demonstrated a characteristic fall in PCD over this
period. Because periodic breathing is believed to be mediated
through the action of cyclical hypoxemia and hypocapnia on
the peripheral chemoreceptors (10), Wilkinson et al. (8), and
Barrington et al. (9) suggested that the measured decrease in
PCD might be useful as an index of the maturation of periph-
eral chemoreceptor function.

In light of these findings, we hypothesized that a similar
change in PCD with postnatal age should occur in premature
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infants. Hence, we set out to gather data on the longitudinal
maturation of PCD during the first six postnatal months in a
group of preterm infants studied during an afternoon nap. To
provide further insight into the causes of periodic breathing and
to define sources of variability in PCD we also examined long
epochs of periodic breathing to determine whether character-
istic changes in PCD and V/A ratio occur during the course of
these epochs. For comparison, we have included in this report
relevant data values for term infants available from our previ-
ous study using an identical methodology (8). In this latter
study, PCD and V/A ratio (during long epochs) were studied
over the first 6 mo postnatally in four of seven healthy term
infants.

Our results from this current study demonstrate that a sig-
nificant decrease in mean PCD occurs over the first 6 mo
postnatally in preterm infants. We also demonstrate that a
characteristic decrease in V/A ratio and PCD occurs during the
course of long epochs of periodic breathing. These matura-
tional changes are similar to those observed previously in term
infants and are consistent with a role for chemical stimuli in the
genesis of periodic breathing.

METHODS

Study group. Five preterm infants entered the study, four
female and one male. Their gestational ages and birth weights
were: 27 wk (850 g), 29 wk (1170 g), 31 wk (1489 g), 32 wk
(1940 g), and 34 wk (2025 g). Three infants were born by
vaginal delivery and two by cesarean section. Apgar scores at
1 min ranged from 4 to 9 and, at 5 min, 8 to 9. One infant had
hyaline membrane disease, requiring mechanical ventilation
for 3 d. Three infants had recurrent apnea treated with oral
theophylline. In all infants apnea and theophylline had ceased
by 34 wk of gestational age.

Before acceptance into the study a full examination was
performed on all infants to exclude abnormalities and to ensure
compliance with the longitudinal nature of the study. At each
monitoring session, details of any recent infections, sleep
pattern, and weight gain were recorded. The growth velocity in
all instances over the study period was normal. Normal neu-
rologic and developmental examination was confirmed by one
of us (T.M.A) during and at the end of the study period, and at
12 mo of age (corrected for prematurity). The study was
approved by the Queen Victoria Hospital Ethics Committee.

Monitoring period. The details of the recording and equip-
ment have been described elsewhere (11). All recordings were
performed by the same person (S.C.) in an air-conditioned
room (22-24°C) with controlled lighting, free from outside
noise. Each monitoring period was performed during the af-
ternoon between two feeds. Before the feeds the electrodes
were attached to the infant who was then fed and placed in a
cot.

The recording was started when the infant was settled and
continued until the infant awoke, or until 2 h of recording had
been obtained. It was planned for each infant to have nine
recordings. Recordings were performed at 34, 36, and 38 wk
and term, and then a further five recordings were made at
approximately 1-mo intervals up to 6 mo postterm. These times
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were prearranged, and no recordings were canceled because of
illness.

Recording equipment. Each infant had its respiratory pat-
terns monitored by two nasal thermistors placed beneath the
nares, and by a custom-designed abdominal movement trans-
ducer placed on the upper abdomen. The signals from these
transducers were amplified, filtered and recorded on an eight
channel thermal recorder (Hewlett Packard 7758B) at 2.5 mm/s
and on magnetic tape (Tandberg Series 100 or Hewlett Packard
Instrumentation Tape Recorder 3968A) at 2.38 cm/s. This dual
recording of breathing movements and airflow combined with
visual observation permitted classification of apneas into cen-
tral, obstructive, or mixed. In all infants (from 36 wk) EEG was
recorded, using the standard three-clectrode (10-20 system:
parietal, occipital, and prefrontal) attachment. This signal and
that of the standard three-electrode ECG were both processed
by a bioelectric amplifier (Hewlett Packard 8811A) and re-
corded on the chart recorder and magnetic tape. Arterial oxy-
gen saturation was measured in selected infants using a Biox
ITA ear oximeter.

State classification. The sleep state for each minute was
defined on the basis of the observed behavioral activity of the
infant and its EEG record within that minute. The presence or
absence of gross body movements, facial expressions, eye
movements and vocalizations were recorded at 10-s intervals
on the chart during the study period. These observations were
used to define the sleep state as either active sleep or quiet
sleep using standard behavioral classification criteria (12-14).
Although the presence of indeterminant sleep was recognized
as a separate entity it occupied only a short portion of the
monitoring period and was included in active sleep.

The EEG signal was classified as high voltage (quiet sleep)
and low voltage (active sleep). Where EEG recordings were
free of movement artifact, the correspondence between EEG
and behavioral score was found to be 91%.

Data analysis. Inasmuch as our aim was primarily to de-
scribe changes in temporal structure of periodic breathing with
postnatal age, only those infants who had significant amounts
of periodic breathing during at least one sleep recording were
included in this analysis. This constraint reduced the study
group to four infants. We performed 36 monitoring sessions of
nominally 2-h duration on these infants during the study
period.

Data from each recording session were scanned manually to
identify all occurrences (epochs) of periodic breathing defined
as two or more sequential apneas of greater than 3-s duration,
separated by periods of above-average ventilation with a du-
ration of =20 s. Only records in which the apneas occurred
simultaneously on both the thermistor tracing and the abdom-
inal tracing were considered for analysis. All the epochs iden-
tified were labeled as occurring in quiet or active sleep, and a
mean PCD was determined for each epoch and then for each
state. PCD was defined as the interval between the end of
successive apneic periods (i.e. the time interval between the
initial breath of one breathing/respiratory pause cycle and the
initial breath of the next). This definition of PCD is similar to
that used in our previous studies (8, 9).
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Where the epoch was longer than 25 cycles the epoch was
considered to be a long epoch and average PCD and V/A ratios
were calculated at half-minutely intervals over the complete
epoch. Only epochs that were free of recording artifact were
used, and this limited our choice in this part of the analysis to
those occurring in quiet sleep.

Statistical analysis. Because the maturation of PCD with
postnatal age was characterized by an initial segment where
PCD fell followed by a segment where it was more or less
constant, the change of PCD with postnatal age was described
quantitatively using a bilinear regression. This regression tech-
nique fits two regression lines to the data, one on either side of
a break point designated PNAgg. The line for PNA < PNAgg
is fitted to the total data set using a single slope linear regres-
sion model, but points for which PNA = PNAgy are modified
to PNA = PNAgg. The second line has zero slope and passes
through the mean PCD for data > PNAgg. PNAgy is adjusted
iteratively to minimize the residual sum of the squared devia-
tions from the bilinear prediction. This technique has been
applied to the postnatal PCD data for the preterm infants
plotted in Fig. 1. In Table 1 we have summarized an analysis
of variance which shows that a significantly improved fit to the
data is achieved by using this technique (F;,¢ = 5.36; p <
0.05) compared with a single regression line.

Unless otherwise stated figures quoted in the text are mean
+ SEM. Statistical comparisons were made using the ¢ test
statistic with p < 0.05 being used as the acceptance level.

RESULTS

PCD. Because there was no significant difference in mean
PCD between active and quiet sleep during any of the record-
ings made, the data were pooled so that a single mean PCD was
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Figure 1. Combined PCD data for the term and preterm infants over a
postnatal age range of birth to 6 mo of age showing the characteristic fall in
PCD with postnatal age up to a break point of 105 d in the preterm infants
(bilinear regression is shown as a broken line). A similar analysis gave a
breakpoint of 90 d for the term infants. The regression slopes were not
significantly different. The filled symbol @ is a case of periodic obstructive
sleep apnea in one preterm infant at PNA = 10 d; notice the apparent
prolongation of PCD in this case.

Table 1. Analysis of variance for bilinear regression
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Source of variation df SS MSS  Fratio Fyps
Residual for mean 28  203.03
Single slope 1 129.62  129.62
47.65 4.21
Residual for single slope 27 73.41 2.72
Addition of second slope 1 12.55 12.55
5.36 4.22
Residual for bilinear 26 60.86 2.34
regression

SS = sum of Square; MSS = mean square.

available at each postnatal age for each infant. There was a
significant decrease in mean PCD (r = 0.8) with increasing
postnatal age (Fig. 1). The PCD fell from 17.1 = 3.3 s (mean
+2SD)at9dto 9.8 +3.2s (mean = 2 SD) at 105 d with a
regression slope of —0.072 s/d. There was no apparent change
in PCD between 105 d and 6 mo. When the data for individual
babies were examined for PNA < 105 d, there was a highly
significant fall in PCD for all infants; (mean r = 0.94; range,
0.87-0.96). These results were similar to previous data (8) in
term infants. In term infants, PCD fell from 15.6 = 2.7 s (mean
+ 2 SD) at 1 wk to 10.4 * 2.6 s (mean * 2 SD) at 90 d. The
regression slope was —0.06 s/d over this period. After 90 d
there was no change in PCD up to 6 mo. There was no
significant difference in regression slope between the term and
preterm infants.

Long epoch analysis. At least one suitable long epoch was
identified in each of the babies in the study and all of these
occurred after a sigh during quiet sleep. Analysis was per-
formed on a total of five epochs from the four infants with
significant periodic breathing. All of these epochs displayed
similar trends in the V/A ratio with time (see Fig. 2). There was
a consistent fall in V/A ratio from ihe start of the epoch
reaching a minimum value at a variable time designated 7y;,.

1.5
1.0
-Y 1
A 0.5
0.0
T 0 T min Tend
0 Term
M Preterm
1.5
APCD 1.0
CONNEY T
0.0 T
T 0 T tmin Tend

Figure 2. (Top panel) Mean V/A ratio during prolonged epochs of periodic
breathing. The mean V/A ratio falls from the start of an epoch (7,) until it
reaches a minimum value at a time T,,;, and rises thereafter until the epoch
terminates at T,,,. (Bottom panel) PCD duration increases between T, and
T,.a- APCD is defined as the difference in PCD at any time in the epoch with
respect to that at 7. This characteristic change in PCD was found in both term
and preterm infants.
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The total time from the start of the epoch to T,,;, varied from
5.0 to 19.0 min (mean * SEM = 7.2 * 1.3 min; n = 5). This
compares with 5.0-18.0 min (mean 9.8 * 2.8 min; n = 5) in
the full-term infants (8). After T,;, the V/A ratio rose again
until the epoch ended, usually by a state change and/or an
arousal from sleep. The values measured for the V/A ratio at
Ty, Tpin, and T, 4 were 1.21 * 0.08, 0.62 * 0.03, and 0.80 =+
0.05. The comparative data in the term infants were 1.45 =+
0.11, 0.83 = 0.02, and 1.24 * 0.07, respectively. The V/A
ratio at 7,;, was significantly lower than at T, (p < 0.05, n =
5) in both term and preterm infants. In addition, the V/A ratio
reached a significantly lower value in the preterm infants, 0.62
* 0.03 versus 0.83 * 0.02 in the term infants (p < 0.05; n =
5).
During long epochs, the difference in PCD (APCD) between
the start of the epoch at T, and the end at T, was not
significantly different from 0 (p > 0.05; n = 5). Hence the fall
in V/A ratio which occurred between 7, and T,,,;, was mediated
via an increase in the apnea duration (A) at the expense of the
ventilation period (V) with no change in PCD. For the changes
in mean V/A ratio quoted the calculated percentage increase in
apneic duration is 36%.

There was a small but significant increase in PCD between
Thin and T4 similar to that found in the term infants. The
mean increase at the end of the epoch (7.,4) was 0.96 * 0.46
s (significantly greater than 0; p < 0.05; n = 5). In the term
infants the change was 1.48 * 0.21 s (significantly greater than
0;p <0.01; n =5).

Where arterial oxygen saturation was measured during long
epochs a consistent reduction in the mean Sao, was measured
which mirrored the fall in V/A ratio with time. As mean Sao,
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Figure 3. (Top panel) Typical recording of the progressive change in V/A
ratio with time in one of our preterm infants during a long epoch of periodic
breathing. Notice the characteristic fall in V/A after the sigh-induced onset.
(Bottom panel) Also of note is the progressive fall in Sao, (solid lin¢) and the
increasing amplitude (ASao,) of the oscillatory component of Sao,, associated
with the alternating periods of apnea and respiratory activity which occur
during periodic breathing. The maximum excursion of these swings is shown
by broken lines.
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fell, the peak to trough swings in Sao, (ASao, in Fig. 3)
associated with the respiratory oscillations of periodic breathing
increased between T, and T,,;, and then fell as V/A rose toward

mi

the end of the epoch. A typical result is shown in Figure 3.

DISCUSSION

The main findings of this study in relation to preterm infants
classified as periodic breathers were the characteristic decrease
in the oscillatory PCD of periodic breathing between 1 wk and
3 mo with little change thereafter, and the systematic changes
in the V/A ratio within long epochs of periodic breathing.
These findings are similar to those we (8, 9) and others (7) have
previously reported in term infants. Our data showing the
decrease in PCD with maturation in preterm infants are clearly
at variance with the study of Glotzbach er al. (15) which
showed no significant change in PCD with postnatal age in a .
group of 51 preterm infants. However, there are several meth-
odologic differences between the two studies that might ex-
plain the discrepancies between them.

First, our study was done during documented sleep (after-
noon nap) after a feed whereas the Glotzbach et al. studies
were performed over 24 h and only once on each baby in an
intermediate or intensive care nursery setting just before dis-
charge. The time when PCD was measured was not given and
sleep state was not monitored. Only two long epochs per infant
were selected for study whereas we used all epochs. Hence
circadian effects on PCD, variability of PCD within and be-
tween infants, the effect of sleep disturbances, and the system-
atic changes in PCD during long epochs demonstrated in this
study could be expected to inflate the variability in PCD
measured and hence to contribute to the reported lack of
change in PCD with postnatal age.

Second, and probably more importantly, the studies exam-
ined quite different age ranges. The oldest infants studied just
before discharge from the nursery by Glotzbach et al. were 11

‘wk of age, whereas our infants were followed out to 25 wk.

Seventy five percent of their data were clustered within the first
6 postnatal weeks (where even our data in Fig. 1 do not show
a convincing trend) and only 8% is in the age range 1012 wk.
In our study, the period in which PCD ceased to vary with
postnatal age did not occur until 105 d (15-16 wk), well
beyond the end of their study. Furthermore, at 105 d and
beyond both our study and that of Fleming ez al. (7) have
shown that long epochs are unlikely so that their study design,
which required long epochs greater than 2 min in duration, may
have precluded any measurement of PCD even if shorter
epochs were present. Similarly they may also have precluded
the early changes in PCD associated with the short epochs,
before 1 wk, observed by Fleming ez al. (7). Both of these
omissions and the increased variability associated with their
sampling method may have inadvertently biased their results so
that the trend in PCD with postnatal age was obscured.

A final point which makes a comparative evaluation of their
work and ours difficult is that an analysis of the data presented
in their Figure 3, which relates PCD to postnatal age, reveals
that the data are apparently not compatible with the mean
appearing in their Table 1. Specifically, the mean PCD that we
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have calculated from their Figure 3 is 14.6 s, whereas the mean
PCD in their Table 1 is 15.2 s. This suggests that the graph
relating PCD and postnatal age is in error, because the data in
the two other graphs in their Figure 3 are consistent with a
mean of 152 s.

The spontaneous dectease we have described in V/A ratio
during long epochs of periodic breathing during quiet sleep is
similar to the change reported by Rigatto and Brady (16) in
infants challenged with hypoxia. Because hypoxia would in-
crease peripheral chemoreflex sensitivity (i.e. O, controller
gain) (17), we hypothesize that increased controller gain leads
to decreased V/A ratio. Rigatto and Brady (18) also reported
one case of a progressive decrease in V/A ratio occurring in an
infant who was periodic breathing while breathing air. It is
quite apparent from their Figure 10 (18) that significant hy-
poxia (and hypercapnia) is developing during the period over
which V/A is decreasing, suggesting that the periodic breathing
observed is being stimulated by increased O, controller gain
secondary to hypoxemia. Furthermore, this epoch of periodic
breathing ended in prolonged apnea, thus supporting the ob-
servations of Daily et al. (3).

Further support for these concepts comes from the servo-
respirator experiments of Cherniack ez al. (19) in adult cats. In
these experiments the animal’s respiration was driven by an
external ventilator controlled directly from the respiratory ac-
tivity recorded from the cut end of the phrenic nerve. Changes
in the relationship between neural drive and the tidal volume
delivered by the ventilator (i.e. servo-ventilator gain) were
controlled externally. They showed that increased servo-
ventilator gain causes an increase in the duration of the apneic
interval (A) at the expense of the duration of the hyperventi-
lation phase, with the total cycle length remaining constant, i.e.
V/A was reduced as “controller gain” was increased. This
finding resembles our observations where V/A ratio fell during
long epochs of periodic breathing with little change in PCD.

Hence the existing experimental evidence suggests that the
decrease in V/A ratio which we observed during long epochs of
periodic breathing could be attributed to an increase in respi-
ratory controller gain as the epoch progresses. This increase in
gain could be explained by the progressive hypoxemia which
develops in association with hypoventilation secondary to cen-
tral respiratory depression (18). Our preliminary data on arte-
rial oxygen saturation showing a progressive desaturation dur-
ing the early stages of the epoch and an increased oscillatory
amplitude (Fig. 3) also support this view. Hence, the existing
evidence strongly indicates that the chemical control system
plays a key role in the establishment of respiratory instabilities,
and in determining the duration of the cycling periods of
ventilation and apnea during unstable breathing periods, in
both preterm and term infants, as well as in adult animals.

Just as observed changes in the V/A ratio can be explained
on the basis of known features of the chemical control system,
variation in the PCD of periodic breathing might also be
explained from the standpoint of chemical control. However, at
the moment we are limited in the conclusions we can draw,
because we do not have values for many of the physiologic
variables needed to obtain a clear view as to whether chemical
control mechanisms underlie the postnatal decline in this vari-
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able. Nevertheless, it is important to pursue the point, because
PCD declines to its minimum value across an age range that
encompasses the peak incidence of SIDS, and an understand-
ing of the factors involved may help us to understand what
makes the infant respiratory control system susceptible to
failure.

The fall in oscillatory PCD with postnatal age that we have
identified in both preterm and term infants was unexpected on
the basis of predictions made using the general theoretical
model of periodic breathing proposed by Khoo ez al. (10). They
used allometric scaling of an adult model to predict PCDs of 18
s for preterm infants. Although this is in good agreement with
our data and that of others (18, 20), application of the scaling
relationship predicts that PCD would increase with age, be-
cause PCD and body weight (BW) are related by a power
function (PCDaBW?°2). Thus, neither our study nor the study
of Glotzbach et al. lends support to these theoretical predic-
tions.

The factors which promote periodic breathing have been
discussed by a number of authors (8—10). Briefly three factors
can be identified: 1) the extension of the delay time between
the lung and the peripheral chemoreceptors (this probably
includes both peripheral receptor latency and circulatory de-
lays), 2) reduced lung gas stores that cause reduced damping,
and 3) exponentially increased respiratory drive from the
peripheral receptors due to the mild hypoxemia associated, for
example, with sigh induced apnea or reduced central respira-
tory drive. All of these factors can contribute to ventilatory
overshoot in response to a disturbance to ventilation and hence
can cause periodic breathing.

Factors which can change PCD are less well understood.
Clearly any factor which can accelerate the changes in blood
gases which occur at the carotid chemoreceptors in response to
ventilatory disturbances will ultimately reduce PCD. Theoret-
ically Khoo ef al. (10) showed that the most important factors
include circulation delays from the lung to carotid chemore-
ceptor and the lung washout times by ventilation and perfusion.
In a developmental setting, receptor latency, maturation of
neural respiratory pathways, and the stability of the apneic
threshold for O, and CO, might also be important and may
even dominate these trends.

Bolton (21) has shown that the lung exchange time (analo-
gous to the lung washout by ventilation) is extended in neo-
nates compared with adults, but no data were presented on how
this time changed postnatally. We are unaware of data on lung
washout time by perfusion or as to whether this changes with
postnatal age.

Similarly, there are no data on total body circulation delay
times over the first months of life, but maturational data in
children and adults (22) indicate that these increase with age
above 1 y. Theoretically, such an increase, if it can be extrap-
olated to the under 1-y age range, is likely to extend PCD with
advancing postnatal age, not shorten it as we have observed.

A maturational increase in sensitivity of the carotid body to
hypoxia (and hypercapnia) could also contribute to the change
in PCD. Such an increase has been implied in newborn lambs
by Mayock et al. (23) who showed that exogenous dopamine
inhibited carotid body function more at 2 wk than at birth.
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These results suggest that a maturational increase in the sen-
sitivity of the carotid body does occur postnatally. However,
experiments in which the reflex sensitivity of the respiratory
controller are artificially changed (19) indicate that the PCD is
relatively independent of such changes, even though the V/A
ratio decreases (see V/A discussion earlier). Hence increases in
carotid body sensitivity with age probably do not explain the
observed changes in PCD.

Change in latency with postnatal age of the peripheral
receptor response to hypoxemia has been mentioned previously
(8, 9) as a factor which could reduce PCD. There are no data
on the maturation of receptor response in human neonates, but
Belenky et al. (24) reported that the response time to hypoxia
in newborn lambs compared at birth and 2 wk postnatally fell
from 5.7 to 1.8 s. They suggested that the development of a
rapid carotid body-mediated response to hypoxia occurred
gradually during the first days of postnatal life. This reduction
might explain, at least in part, the reduction in PCD we have
observed.

Clearly, an exact analysis of the crucial factor or factors
which lead to a reduction in PCD with postnatal age cannot be
made at present because a complete quantitative data set
documenting changes in circulation delay, chemoreceptor sen-
sitivity, lung washout time by perfusion, and chemoreceptor
latency is not available for the human infant. It would appear
that studies aimed at quantifying the changes in lung washout
time and chemoreceptor latency might be fruitful in elucidating
the cause of the observed reduction.

We conclude that important maturational changes occur in
the respiratory control system of the premature infant over the
first 6 mo postnatally and these changes are reflected in a
reduction in the PCD of periodic breathing over this same
period. These findings are similar to those previously demon-
strated in term infants (7-9). In addition, the characteristic
changes in respiratory pattern which occur during long epochs
of periodic breathing are consistent with a role for chemical
stimuli in the genesis of periodic breathing.
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