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ABSTRACT. Little is known of the development of effi- 
cient coordination between suckle feeding and breathing in 
human infants. To establish baseline data, we recorded 
breathing and swallowing activity during bottle feeds in 23 
infants at 14-48 h postnatal age. Most swallows (overall 
mean 68%) were organized into runs, with intervals starting 
at 0.6-0.8 s and slowing to 1-1.3 s after 30-40 s. The 
proportion of run swallows to total swallows increased 
significantly with age. Swallow intervals were regular 
(coefficient of variation = 18-38%) compared with breath- 
ing (coefficient of variation = 50%). Both breathing rate 
and tidal volume were significantly reduced by the onset of 
suckle feeding, and the pattern of respiratory airflow be- 
came markedly irregular. Mild transient desaturation was 
common, but was not accompanied by changes in heart 
rate. Swallows could occur in all phases of breathing. 
Overall, equal numbers of swallows were preceded by 
expiration and inspiration, but twice as many were followed 
by expiration compared with inspiration. Swallows were 
classified by the respiratory phases both preceding and 
following the swallow. Swallows occurred in all possible 
classifications in each of the infants studied. The incidence 
of the most frequent classification (inspiration-swallow- 
expiration), was 24% overall (individual range 5-50%). 
The phase relation between swallows and breaths changed 
frequently but showed occasional short periods of stability 
during which the breathing became regular and tidal vol- 
ume increased. We conclude that at <48 h the normal 
infant has little coordination between swallowing and 
breathing rhythms and maintains rhythmic swallowing at 
the expense of eupnea. (Pediatr Res 31: 619-624,1992) 

Suckle feeding in infants is a complex activity demanding 
eficient coordination. The pharynx must rapidly alternate be- 
tween functioning as an airway, braced open against negative 
pressure during inspiration, and as a peristaltic pump, able to 
form and transfer a liquid bolus. During fast, rhythmic feeding, 
swallowing may occur at 1 Hz or more, and, to avoid aspiration 
into the lungs, the bolus must be entirely cleared from the 
pharynx before the airway can reopen. In addition, airway closure 
during swallow occupies a significant time: the duration of each 
swallow is typically 5-600 ms (1, 2) and swallow rates are about 
11s (1, 3, 4) so that the airway may be closed for 50% or more 
of the total time. Maintenance of ventilation under these condi- 
tions demands precise coordination of swallows with breaths. 

Not all infants are competent suckle feeders, and there are 
several possible dysfunctions. Penetration of food into the airway 
is common and may arise from failure to close the airway during 
swallow or to clear the food bolus from the pharynx. Newborn 
infants have a poorly developed cough reflex (5). Laryngeal 
penetration may lead to food entering the lung parenchyma, 
leading to inflammation and secondary infection. Lung damage 
may be so severe that surgery is required. Delay in swallowing 
the~bolus prolongs pharyngeal residence time and causes apnea 
because breathing is inhibited while the ~harvnx  is liauid-filled. 
There have beenseveral investigations into the coordination of 
suckle feeding in early life (1-3, 6, 7) but subject numbers have 
been small, and there is very little quantitative information 
regarding the phase relation between breathing and swallowing. 
Coordination between swallows and breaths in suckle feeding 
may have subtle developmental effects: abnormal coordination 
between neonatal feeding and breathing has been linked with 
later difficulties with speech and swallowing (1, 8). 

These problems caused by disorders of coordination between 
swallowing and breathing are easily detectable when they reach 
clinical significance, but irreversible damage may already have 
been done by this time. Earlier detection of abnormality could 
allow preventive treatment. However, early detection of abnor- 
mality requires knowledge of the normal condition and time 
course of development, and this knowledge is not currently 
available. As a first stage in establishing normative baseline data, 
we have studied suckle feeding, breathing, and the coordination 
between them in full-term human neonates. 

MATERIALS AND METHODS 

Twenty-three newborn, full-term infants awaiting discharge 
were studied in the nursery of the University of Maryland 
Hospital during bottle feeds of room-tem~erature formula at 
thei; regular fe&ing times. The infants had'varying numbers of 
previous feeds, but in no infant was the first feed studied. Mean 
postnatal age was 33 + 8 h (range 14-40 h). Infants were all term 
born (>37 wk) by spontaneous vaginal delivery at birth weights 
> 2500 g. Exclusion criteria were respiratory distress, known 
infection requiring antibiotics, congenital abnormality, and ma- 
ternal drug abuse. Informed parental consent was obtained. 

Data collection. The swallow recording methods were based 
on those of Wilson et a/. (9) and Pierantoni et al. (10). Respiratory 
recording used standard polysomnography techniques. Before 
feeding, each infant was fitted with 1 )  ECG electrodes (chest and 
left leg) for heart rate and to provide a synchronizing signal for 
the pulse oximeter; 2) a mercury-in-rubber chest strain gauge to 
monitor chest movements (This method is lightweight and non- 
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expiration, low on inspiration) (This system has a rapid response 
to flow changes, but care is needed to distinguish respiratory air 
flow from artifact caused by temperature equilibration of the 
bead if airflow stops. In regular breathing, the thermistor wave 
form is strongly correlated with the chest strain gauge signal.); 4) 
a pulse oximeter probe (Nellcor, Hayward, CA) on one foot for 
oxygen saturation recording; and 5 )  an open-ended vinyl catheter 
(5 Fr whistle-tip suction tube) introduced transnasally to lie with 
the tip at the back of the pharynx and connected to a Statham 
P23ID (Statham Instruments, Hato Rey, Puerto Rico) pressure 
transducer to record pharyngeal pressure. Catheter insertion 
occasionally evoked a sneeze, but the catheter had no apparent 
effect once in place. The high-frequency response of the entire 
recording system was tested using a 20-mm Hg instantaneous 
pressure change (balloon burst). There was no significant atten- 
uation up to 50 Hz. 

A second pressure transducer was connected via 1-mm inner 
diameter catheter tubing to the lumen of a full-term nipple (Mead 
Johnson, Evansville, IN) attached to a bottle of room-tempera- 
ture formula (Enfamil, Mead Johnson). Catheters and pressure 
transducers were open and water-filled. When preparation was 
complete, a short period of baseline breathing was recorded and 
the bottle was offered. Recording then continued until the end 
of the feed. All signals (nipple and pharyngeal pressure, nasal 
airflow and chest movements, O2 saturation, and heart rate) were 
displayed on an eight-channel oscillograph (Grass Instrument 
Co., Quincy, MA) at a paper speed of 1 cm/s and recorded on 
an FM tape recorder (TEAC XR310) at a tape speed of 9.5 cm/ 
s (bandwidth 0-2400 Hz). The taped data were used for detailed 
analysis. After the feed, the infant was returned to normal care. 

Data analysis. The tape-recorded wave forms were digitized 
(CODAS, Dataq Corporation; Akron, OH), and graphic displays 
of the data files reviewed frame by frame. The amplitude of 
respiratory movements was often low and extremely variable 
during feeding, so it was necessary to establish a minimum 
amplitude of movement to be accepted as a breath. The ampli- 
tude of the most recent series of uninterrupted breaths was taken 
as baseline, and a movement 20% or more of this amplitude was 
regarded as a valid breath. Peaks of inspiration, expiration, and 
pharyngeal pressure were marked manually on the screen display 
by positioning a cursor, whose position was then recorded auto- 
matically in a worksheet file for calculation of intervals between 
events and for statistical and graphic treatment. 

RESULTS 

Swallows were organized into rhythmic sequences. Casual 
observation of infant suckle feeding gives the impression that 
swallowing is organized and repetitive. This impression was 
confirmed by analysis of the feeding records. A run was defined 
as three or more swallows occumng at intervals < 2 s. A swallow- 
swallow interval of 2 s or more was considered to mark the end 
of a run. Over the observation period, the total number of 
swallows and the number occurring in runs were counted for 
each infant. The fraction (run swallows/total swallows) was 
calculated for each infant (n = 17, total of 26 13 run and 1238 
nonrun swallows). Values ranged from 35 to 92%: the mean for 
all infants was 68 + 15 (SD)%. In only two infants was the ratio 
below 50%. Runs were never continuous for the entire feed. 
Sixty-one percent of all runs were between 5 and 15 s, and the 
longest continuous run was 100 s. 

Swallowing was regular during suckle feeding runs. For each 
infant, the swallow-swallow intervals during runs were measured 
and the mean and SD calculated. The overall mean was 1.22 s. 
Mean values ranged between 1.02 and 1.46 s, and individual 
values for the coefficient of variation [lo0 x (SD/mean)] were 
between 18 and 38% (mean value, 26%). In each infant, the 
initial swallow-swallow internal was 0.6-0.8 s, and the interval 
increased over the first 30-40 s of the swallow run to a main- 
tained value of 1.1-1.3 s with no upward or downward trend. 

The variability given for the swallow interval includes this initial 
slowing period. Figure 1 shows swallow intervals and their fre- 
quency distribution in two infants during typical feeding runs. 

Breathing rate during swallow runs was slower than before 
feeding. Initial brief apneas were common, and breathing almost 
always slowed at the onset of feeding. An initial comparison of 
the breath count over the 30 s preceding a swallow run (prefeed) 
with the first 30 s of the run showed a significant decline in all 
infants studied (p < 0.05, ranked pairs test; Fig. 2). The mean 
prefeed breathing rate was 57.6 2 10.9, compared with 28.3 + 
1 1.3 during the initial 30 s of feeding. 

A more detailed analysis of breath-to-breath intervals during 
the entire feeding run, excluding intervals > 2 s, showed that 
breath-breath intervals during feeding ranged between 1.3 and 
2.0 s (mean of means 1.70 + 0.27 s, or 35.3 5 5.8 breathslmin). 
The mean coefficient of variation was 0.5, indicating consider- 
ably higher variability than for swallowing. 

Tidal volume may also be reduced during feeding. Relative 
changes in breathing amplitude before and during the feeding 
episode were measured from the chest movement and thermistor 
bead (airflow) records for the two 30-s periods immediately 
preceding and immediately following the onset of feeding. Most 
infants (18 of 23) showed decreases in the amplitude of both 
recordings, indicating a fall in tidal volume during feeding. 
Amplitudes of the flow recording before and during the feeding 
episode were significantly different ( p  < 0.05, ranked-pairs test; 
Fig. 2). Inasmuch as both the rate and tidal volume fell, the 
respiratory minute volume must also have decreased. For each 
infant, a minute ventilation equivalent was calculated as the 
product of the breathing rate and the mean amplitude of the 
flow signal over a 30-s period. The value of this product fell by 
a mean of 6 1 % ( p  < 0.00 1, ranked-pairs test) in the first 30 s of 
feeding compared with the 30 s preceding the feed. 

Although mild desaturation occurred, heart rate was un- 
changed. Oxygen saturation declined slightly in most infants 
during the initial feeding period. The minimum value reached 
was 85-90%, and full saturation was restored after a few seconds 
in all infants. Mean heart rate in the same 30-s periods was 
measured from the recordings. Mean prefeeding heart rate was 
155 + 24, and the mean for the initial 30 s of feeding was 15 1 
25 (NS). 

The rhythms of swallowing and breathing were variably re- 
lated. Both swallowing and breathing rates varied with time. To 
show graphically the changes in both rates during a feeding 
episode, swallows and breaths were numbered sequentially from 
the beginning of the record and their peak times recorded. 
Plotting the event numbers against time produced a graph in 
which events (swallows or breaths) occurring at a constant rate 
lie on a straight line whose slope is a measure of the rate. Changes 
in rate, and periods when swallowing and breathing occur at the 
same rate, are readily seen in this type of plot, which can provide 
an overview of the entire feeding episode. Figure 3a and b shows 
chart recordings and the graphic plot by this method of the onset 
of a swallow run. The initial slowing of breathing and the faster, 
more regular swallow rhythm are clearly seen in Figure 36. Figure 
3c shows the entire feeding episode from which Figure 3b is 
taken and shows that a fast swallow rhythm was maintained for 
about 40 s before being replaced by occasional isolated swallows. 

Because swallowing was both faster and more regular than 
breathing during swallowing episodes, the relationship between 
swallowing and breathing could not be stable. This is confirmed 
by Figure 4, which shows rapid changes occurring in the respi- 
ratory phase during which pharyngeal swallow occurs. To assess 
the stability of the relationship between swallowing and breath- 
ing, each swallow in a run was classified by its relation to adjacent 
breaths. Any swallow must be immediately preceded by inspira- 
tory (I) or expiratory (E) airflow or by a pause in which airflow 
is undetectable (P). (A pause was defined for this analysis as an 
interruption of respiratory airflow lasting > 0.15 s.) Similarly, a 
swallow must be followed by one of these three phases. Thus, 
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Fig. 1. Typical plots of swallow intervals against time (u~pperpanels) and distribution of swallow intervals (lowerpat~els) in two full-term neonates 
during rhythmic suckle feeding. The upper panels both show an initial interval of about 0.75 s, increasing over the first 30-40 s of the feeding run 
to maintained values. The fitted lines are 8th order polynon~ials. The distributions shown are for the data in the upper panels: each shows a single 
peak between I and 1.5 s, with almost all intervals between 0.8 and 2 s. 
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Fig. 2. Changes in average breathing rate and relative tidal volume 
for full-term neonates between 30 s of control (prefeeding) observations 
and the first 30 s of feeding. Each pair of points represents one pair of 
values for a single infant. Breathing rate was obtained by counting the 
breaths in the two 30-s periods. Relative tidal volume was measured 
from the amplitude of the chest strain gauge trace, averaged over the 
same period. Both comparisons show significant differences ( p  < 0.05, 
ranked-pairs test). 

each swallow (sw.) can be placed in one of nine possible classes: 
I )  I-SW.-I; 2) P-SW.-I; 3) E-SW.-I; 4) I-SW.-P; 5) P-SW.-P; 6) E-SW.- 
P; 7) I-sw.-E; 8) P-sw.-E; and 9) E-sw.-E. 

The frequency of each class was calculated for each infant and 
averaged for all infants. All classes occurred in almost all infants, 
and there was great individual variability. However, swallows 
occurring in midinspiration (class 1) or between expiration and 
pause (class 6) were rare. Swallows both starting and ending in a 
pause (class 5) occurred at an average rate of 14.5%; in some 
individuals these were 35% of the total. Midexpiratory swallows 
(class 9) occurred at a mean of 14% (individual range, 2-37%). 
The most frequently occumng class was 7 (I-sw.-E), which ac- 
counted for an overall mean of 23.5% (range, 5-50%). In three 

subjects, this class included 40-50% of all swallows. Figure 5 
shows the mean frequencies for each class of swallow, averaged 
over all the studies. 

Although successive swallows generally occurred in different 
phases of breathing, there were occasional periods during which 
swallows and breaths occurred in a stable, phase-locked relation- 
ship. Under these conditions, swallows were either end-expira- 
tory (E-sw.-I, class 3) or end-inspiratory (I-sw.-E, class 7). Figure 
6 shows the beginning of such a period of ordered breathing. The 
breathing rate increased and became entrained by the swallow 
rhythm, and the phase relationship between breathing and swal- 
lowing became constant. At the same time, the tidal volume 
increased. It appears that the stable rhythm allows increased 
ventilation. However, this relationship was maintained for only 
14 s, and later swallowing was randomly related to breathing. 
The swallowing rate was unaffected by the onset of the stable 
breathing rhythm. 

The proportions of swallows that were preceded by E, P, and 
I in each infant (regardless of the respiratory phase following the 
swallow) were calculated by combining classes. There was no 
evidence in our study population for a preferred respiratory phase 
during which swallowing is initiated. Thirty-six percent of swal- 
lows were preceded by I (individual range, 17-61 %), and 39% 
were preceded by E (range, 15-63%). However, an analysis of 
the respiratory phase after swallows showed that significantly 
more swallows were followed by E than I (mean, 43% versus 
26%), although there was considerable individual variability. The 
range for I was 3-60% and for E, 16-67%. 

Some variables change over the first 48 h of life. The age of 
the infants at the time of study ranged from 14 to 40 h. Because 
considerable physiologic changes can occur in the infant over 
this period, we examined our measured and calculated variables 
for significant correlations with postnatal age. Most of the vari- 
ables clearly did not change appreciably with age over this range. 
The overall volume/swallow (i.e. feed volume/total number of 
swallows) appeared to increase with age, although the correlation 
coefficient ( r  = 0.5, 1 1  do was not significant. However, the 
ratio of swallows in runs to total swallows for infants in this age 
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Fig. 4. Recordings of pharyngeal pressure and the nasal thermistor 
bead signal to show the short-term variability in the timing of swallows 
with respect to breaths. Swallou~s 1, 2, 5, and 6 terminate inspiration and 
are followed by expiration, 3 terminates expiration and is followed by 
inspiration, and 4 is in midexpiration. 

Fig. 3. u, Recordings of breathing and swallowing at the onset of a 
swallowing run. Note the regular oral and pharyngeal pressure waves and 
the irregular slow breathing as the swallow run starts. The time axis is 
the same as in b. 6 ,  Graphic analysis of the period of recording shown in 
a. The x axis shows time on the same scale as a, and the y axis shows 
the swallow or breath number. The steep uniform slope of the swallow 
event curve contrasts with the more variable and shallow slope of 
breathing. Note the reduction in breathing rate (slope) as the swallow 
run starts. See text for details. c, Graphic analysis on a compressed time 
scale of the entire feeding episode from which a and b are extracted, to 
show the fast, stable swallow rhythm in contrast to the slower breathing 
rhythm. 

range increased significantly with age (r = 0.5 1, 13 dJ;; p = 0.05) 
(Fig. 7). It seems likely that this relationship represents a true 
developmental change in feeding behavior and that the propor- 
tion of swallows organized into runs increases consistently over 
the first few days of life. 

DISCUSSION 

The 23 newborn term infants in our study, all apparently 
competent feeders, did not coordinate their swallowing and 
breathing rhythms. During feeding, swallowing was the dominant 
rhythmic activity, and breathing became irregular. 

Interference between breathing and swallowing can be mini- 
mized if swallow-related closure is initiated at times of zero 
airflow (i.e. at end-inspiration or end-expiration) rather than in 
midphase. For this to occur, there must be a stable relationship 

L 
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Fig. 5. Frequency (as 5% of total) of each of the nine possible relation- 
ships between swallows and adjacent breaths, averaged over all subjects. 
See text for details. The highest frequency (23%) is for (I-swallow-E), but 
(E-swallow-I) is almost as common and all possible relationships occur. 

between swallowing and breathing, i.e. the rates must be identical 
and there must be a constant phase relationship between them. 
Thus, optimal suckle feeding might be expected to show pro- 
longed periods of regularly coordinated swallows and breaths. It 
is not known whether infants consistently show such patterns. 
Our data show that newborn infants within 48 h of birth have a 
stable and uniform swallow rate, but their breathing is not stably 
coordinated with swallowing, and ventilation is reduced during 
feeding. 

Our study agrees with previous workers who reported reduced 
ventilation in infant suckle feeding. Fifty percent reductions in 
minute ventilation have been reported during bottle-feeding in 
healthy term neonates (1 1, 12). Feeding apnea and reductions in 
transcutaneous Po2 have also been described in a group of 
preterm infants ( 1  3). Breast- and bottle-feeding may have differ- 
ent effects: Mathew and Bhatia (3) reported that breathing was 
reduced in bottle-fed but not in breast-fed infants and suggested 
that the difference is caused by the bottle producing faster flow, 
making the infant spend more time swallowing. Inspiratory time 
was unchanged in breast-feeding but fell during bottle-feeding 
(12, 14). This could reduce minute ventilation because less time 
is available for air intake. In both term and preterm infants at 
2-7 wk postnatal age, minute ventilation was inversely propor- 
tional to the swallow frequency (I). 

Despite the clinical importance of feeding coordination, it has 
received little attention and the results are inconsistent. In adults, 
most isolated swallows occur in midexpiration (1 5. 16). A recent 
study on eight term and five preterm infants (2-7 wk postnatal) 
found that sucking during bottle feeds could occur in inspiration 
or expiration (1). In continuous sucking, there was a fairly 
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Fig. 6. a. Recordings of swallowing and breathing to show the onset 
of a period of regular breathing during a suckle feeding episode in a term 
neonate. Note the increase in amplitude of the respiratory signals as 
regular breathing is achieved. The time scale in c applies to all three 
panels. h, Graph to show the classification of each swallow in a according 
to its relationship with the preceding and following breaths (see text). 
During the first 15 s, swallows occur at end-inspiration (7 ) ,  mid-expira- 
tion ( 9 ) ,  and end-inspiration followed by a pause (4). The onset of 
regular breathing (u) corresponds to the start of a period of stable 
coordination between swallows and breaths. The classification (3) of 
coordination in this stable period corresponds to (E-swallow-I). c, Plots 
to show breath and swallow intervals and relative tidal volume from the 
chest strain gauge for the period of recording shown in a. The onset of 
stable coordination between breaths and swallows is associated with an 
increase in tidal volume and convergence of breath and swallow intervals. 

constant interval between suck and swallow, so presumably 
swallows could also occur in any phase of breathing. Weber et 
a/. ( 17) report that most swallows occur at end-expiration at 4- 
5 d but can be during either inspiration or expiration at 2 d.  This 
study included only six breast-fed and six bottle-fed infants, each 
studied once. Numbers in each group were therefore small, and 
no statistical treatment was attempted. This study was criticized 
by Selley el al. (18) on the grounds that the breathing monitor 
used is unreliable during feeding; these authors reported that 
mature infants swallow at end-inspiration or during expiration, 
but never at end-expiration. More recently, the same group 
confirmed their earlier finding. In 15 of 19 infants, the predom- 
inant pattern was inspiration-swallow-expiration, and an average 
of 83% of swallows were followed by expiration (2). However, 
isolated nonfeeding swallows in infants were found to interrupt 
ventilatory airflow in any phase (7). Bu'Lock et a/. (6) studied 
swallowing using ultrasound in 14 infants from 33 to 38 wk 
gestational age. Their report is largely a description of movements 
of the pharynx and larynx, but they also commented on coordi- 
nation between breathing and swallowing rhythms. They report 
that all subjects achieved "some periods" of sucking. swallowing. 
and breathing at 1: 1: 1 and that the proportion of the feed in 
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Fig. 7. The proportion of swallows occurring in runs (i.e. >3 at 
intervals < 2 s), as a percentage of the total number of swallows recorded, 
plotted against age in h. The correlation coefficient is statistically signif- 
icant (p < 0.05). There appears to be an increase in the organization of 
swallowing in the first 48 h postnatal. 

which this occurred increased "fairly uniformly" with maturity. 
Their paper contains no numerical data. The study of Selley et 
a/. (2) includes a 5-s section of recording from a 4-d infant 
showing stable I : 1 swallowing and breathing, and these authors 
comment on "the regularity of accurately coordinated patterns" 
shown by most infants (age 8 h-6 d; no mean given) in their 
study. 

On balance, the literature suggests that in early neonatal life 
there is considerable variability in the phase relationship between 
swallows and breaths, but that a regular pattern develops at some 
later date. 

Our study is the first to address specifically the question of 
coordination between swallowing and breathing in the normal 
newborn infant at less than 48 h. The results show clearly that 
although short periods of stable coordination occur the most 
commonly observed condition is one in which breathing slows 
and becomes irregular while a regular swallow rhythm is ex- 
pressed. Swallows can occur at any time during the breathing 
cycle and are equally likely to be preceded by inspiration or 
expiration. It appears that at less than 48 h postnatal age there is 
essentially no coordination between the swallow and breathing 
rhythms. 

However, there must be some coordination between individual 
swallows and breaths. The mechanisms by which breathing is 
interrupted during swallowing are well established: the motor 
pattern of swallowing includes vocal fold adduction and laryngeal 
compression, thus arresting airflow, and stimulation of pharyn- 
geal receptors inhibits breathing centrally. Breathing therefore 
stops on the initiation of a swallow, and food does not penetrate 
the airway. The newborn defends the airway effectively but at 
the cost of disrupting the breathing rhythm and reducing venti- 
lation. It appears from the mild and transient desaturations noted 
in this study that the newborn tolerates such hypoventilation 
well, but the same may not be true for older infants with an 
increasing metabolic demand, a decreasing tolerance for hypoxia, 
and an increasing respiratory drive. Infants with chronic lung 
disease may also tolerate periods of reduced ventilation less well 
than normal infants. 

The role of respiratory control in the development of efficient 
suckle feeding has not been adequately studied, but several 
workers have described a possible link between feeding efficiency 
and the control of breathing. Groups of optimal and nonoptimal 
feeders, defined largely on the basis of formula intake, with equal 
birth weights had different feeding patterns. The "optimal" feed- 
ers had more suckles and longer pause times (thus more breath- 
ing) and tended to feed for longer (19). A study on preterm 
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infants (7) proposes a linkage between immature cardiorespira- 
tory control (defined as a high frequency of apnea, bradycardia, 
and periodic breathing) and poorly coordinated feeding charac- 
terized by apneic bursts of swallowing with desaturation. An 
earlier paper from the same group (4) concluded that at up to 6 
mo infants with immature cardiorespiratory control (defined as 
above) were also poor feeders with low milk intake both per 
second and per suck. Thus, there is some evidence for a connec- 
tion between unstable breathing patterns and ineficient feeding. 
It is possible that developmental changes in feeding patterns 
could provide a useful index of maturation of respiratory control, 
which is notoriously difficult to study directly. 

Efficient feeding is essential for normal growth and develop- 
ment, but it seems that the coordination required to maintain 
rhythmic breathing during feeding may be beyond the abilities 
of newborns within the first day or two of postnatal existence. 
Our data appear to show that newborn infants, faced with the 
difficulty of maintaining both ventilation and swallowing, reduce 
their breathing drive and concentrate on feeding. Maturing in- 
fants probably develop a pattern of coordination that allows a 
maintained breathing rhythm, but it is not known how or when 
this occurs. Knowledge of the normal course of development 
could allow early detection of abnormality, with an improved 
chance of successful therapy before a severely impaired feeding 
pattern is established. 

REFERENCES 

I. Koenig JS, Davies AM, Thach BT 1990 Coordination of breathing. sucking 
and swallowing during bottle feedings in human infants. J Appl Physiol 
69: 1623-1629 

2. Selley WG, Ellis RE, Rack FC, Brooks WA 1990 Coordination of sucking, 
swallowing and breathing in the newborn: its relationship to infant feeding 
and normal development. Br J Disord Comlnun 25:311-327 

3. Mathew OP, Bhatia J 1989 Sucking and breathing patterns during breast and 
bottle feeding in term neonates. Am J Dis Child 143:588-592 

4. Daniels H, DeVlieger H, Casaer P, Ramaekers V. van den Broeck J,  Eggermont 
E 1988 Feeding. behavloural state and cardiorespiratory control. Acta Pae- 
d ~ a t r  Scand 77:369-373 

5. Davies AM, Koenig JS, Thach BT 1988 Upper airway chemoreflex responses 
to saline and water in preterm infants. J Appl Physiol 64:1412-1420 

6. Bu'Lock F, Woolridge MW. Baum JD 1990 Development of coordination of 
sucking, swallowing and breathing: ultrasound study of tern1 and preterm 
infants. Dev Med Child Neurol 32:669-678 

7. Daniels H, DeVlieger H, Minami T, Eggermont E, and Casaer P 1990 Infant 
feeding and cardiorespiratory maturation. Neuropediatrics 2 1 :9- 10 

8. Logan WJ, Bosma J F  1967 Oral and pharyngeal dysphagia in infants. Pediatr 
Clin North Am 14:209-252 

9. Wilson SL, Thach BT, Brouillette RT, Abu-Osba YK 1981 Coordination of 
breathing and swallowing in human infants. J Appl Physiol 50:85 1-858 

10. Pierantoni HR. Wright LL. Bosma JF. Bessard K 1986 The development of 
respiratory control during oral feeding in premature infants. Pediatr Res 
20:382A(abstr) 

11. Shivpuri CR, Martin RJ, Waldemar AC, Fanaroff AA 1983 Decreased venti- 
lation in preterm infants during oral feeding. J Pediatr 103:285-289 

12. Mathew OP, Clark ML, Pronske ML, Luna-Solarzano HG, Peterson MD 1985 
Breathing pattern and ventilation during oral feeding in term newborn 
infants. J Pediatr 106:XIO-813 

13. Gu~lleminault C. Coons S 1984 Apnea and bradycardia during feeding in 
infants weighing > 2000 g. J Pediatr 104:932-935 

14. Durand M, f i a h ; ~ ~ ,  ~ac?al lum M, Cates DB, Rigatto H, Chern~ck V 198 1 
Effect of feeding on the chemical control of breathing in the newborn infant. 
Pediatr Res IS: 1509-1 5 12 

15. Nishino T, Yonezawa T, Honda Y 1985 Effects of swallowing on the pattern 
of continuous respiration in human adults. Am Rev Respir Dis 132: 12 19- 
1222 

16. Smith J, Wolkove N. Colacone A, Kreisman H 1989 Coordination of eating. 
drinking and breathing in adults. Chest 96:578-582 

17. Weber F, Woolridge MW, Bautn JD 1986 An ultrasonographic study of the 
organization of sucking and swallowing by newborn infants. Dev Med Child 
Neurol28: 19-24 

18. Selley WG. Ellis RE, Flack FC. Curtis H, Callon M 1986 Ultrasonographic 
study of sucking and swallowing by newborn infants. Dev Med Child Neurol 
28:8 14-823 

19. Rybski DA, Gisel EG 1984 Optimal and sub-optimal feeding behaviors of 
neonates. Phys Occup Ther Pediatr 4:37-48 


	The Relationship between Rhythmic Swallowing and Breathing during Suckle Feeding in Term Neonates
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


