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Effect of nursing position on incidence, type, and
duration of clinically significant apnoea in preterm
infants

L 0 Kurlak, N R Ruggins, T J Stephenson

Abstract
Aim - To investigate whether nursing
position has any effect on the frequency,
type, and duration of apnoeas in preterm
infants.
Method - Thirty five preterm infants were
entered into a crossover study and under-
went polygraphic monitoring in each of
two positions, prone and supine, the
initial position being randomly allocated.
Four parameters were recorded: nasal
airflow, respiratory effort, electrocardio-
gram (ECG), and oxygen saturation. Each
infant was studied in the two positions on
the same day and each infant was studied
only once. The studies were carried out on
the neonatal intensive care unit.
Results - The infants were found to have
significantly more central and mixed
apnoeas in the supine than in the prone
position. In addition, the severity ofmixed
apnoeas in terms of the duration of
accompanying bradycardias and desatu-
rations was greater in the supine than in
the prone position (median difference 5-1
seconds in both instances). When consid-
ering the type of apnoea in relation to the
duration, it was found that of those less
than 20 seconds in duration there was a
greater proportion that were central
(25%) compared with the proportion of
central (5%) apnoeas that were longer
than 20 seconds. Of all the apnoeas that
were less than 20 seconds in length, 16%
were obstructive and 59%1/o were mixed,
whereas of the apnoeas greater than 20
seconds, 13% were obstructive and 82%
were mixed.
Conclusions - It appears that in addition
to improving measures of lung fimction,
the adoption ofthe prone nursing position
for preterm infants may reduce associated
problems ofapnoea ofprematurity.
(Arch Dis Child 1994; 71: F16-F19)
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Nursing position has been shown to have a

significant effect on the risk of sudden infant
death syndrome in susceptible infants.' 2
Current advice suggests that infants are nursed
in a supine position to minimise this risk, with
the exception of a group of infants in whom
there is substantial evidence that the prone
position is more advantageous. The best
nursing position for preterm infants presents
us with a clinical problem. There is a large
body of evidence that points to the fact that the
status of preterm infants with respiratory

problems can be improved in terms of arterial
oxygen tension,3 lung compliance,4 increased
tidal volume,5 and lower energy expenditure6
when nursed prone. Apnoea ofprematurity is a
contributing factor to the respiratory problems
of neonates as the oxygen desaturation that
accompanies many of these events can have a
profound deleterious effect on cardiovascular
physiology.7-9 The frequency of apnoea of pre-
maturity is such that there is a 95% probability
that 85% or more of clinically healthy infants
less than 34 weeks' gestation will have apnoeic
episodes in the first 24 hours of life.'0
Information on the effect of positioning on
preterm infants having clinically significant
apnoeic episodes is scarce and incomplete.
The objective of this study was to investigate

whether nursing position has any effect on the
incidence, type, and duration of clinically
significant apnoea in preterm infants.

Methods
The study group consisted of well, preterm
infants who had been identified as having
clinically significant apnoeas and bradycardias.
It is difficult to give an absolute definition of
apnoea as there is little consensus between the
different research groups. In this study we have
chosen to consider all respiratory pauses longer
than 20 seconds (as this is the designated alarm
limit used on this neonatal unit) regardless of
any other physiological change, and pauses
shorter than 20 seconds only if accompanied
by bradycardia down to less than 100
beats/min or an oxygen desaturation to less
than 90%, or both. Infants who needed
assisted ventilation were not included.
A total of 35 infants was monitored for a

median period of two hours (range one to four
hours) after a feed in each of the two positions
(prone and supine), the initial position having
been randomly allocated. Any intervention to
the infant such as drug administration or
blood sampling was timed and noted.
Cardiorespiratory monitoring was performed
in the two positions on the same day for all
infants and only one complete study was
carried out on each infant. While prone, the
infant's head was positioned to the side. Sleep
state was not analysed during this study. The
parameters monitored were nasal airflow, res-
piratory effort, electrocardiogram (ECG), and
oxygen saturation, with all outputs being
recorded on a four channel tape recorder
(Racal Store 4DS, Racal Recorders Ltd).
Nasal airflow at the nostril was measured using
a self retaining nasal thermistor.
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Respiratory efforts were detected using
respiratory inductive plethysmography (Respi-
trace system, Ambulatory Monitoring Inc)
using one abdominal band." In this system
breathing is detected by the changes in mag-
netic field induced by respiratory movement
and its use has been evaluated for neonates.'2
Oxygen saturation was monitored using

pulse oximetry (Ohmeda Biox 3700 pulse
oximeter, Ohmeda) with the flexiprobe sited
over the dorsum of the infant's foot. The ECG
signal was obtained from a Hewlett-Packard
78833B (Hewlett Packard) using a standard
lead placement.
The polygraphic recordings obtained were

viewed on a storage oscilloscope (Tektronix
7111, Tektronix Inc) and any suspected
episodes were played back through a Gould six
channel chart recorder (Gould Inc) at a paper
speed of 5 mm/s. Manual analysis of the chart
recordings was performed blind to the nursing
position of the infant and produced data
including the type and duration of apnoeic
event, severity of bradycardia, and degree of
arterial oxygen desaturation. The duration of
bradycardia was defined as the length of time
the heart rate was less than 100 beats/min,
whereas the duration of oxygen desaturation
was defined as the length of time the arterial
oxygen saturation was less than baseline
values. If the saturation levels did not return to
the original baseline the point at which a new
steady baseline was reached was used as the
endpoint.

Statistical analysis of the data was performed
on an Apple Macintosh computer system using
Statview SE Graphics software. A null hypo-
thesis was generated that 'nursing position has
no effect on significant apnoea type'. To allow
paired comparisons for each infant in the two
nursing positions, data from each infant were
analysed to find the median values for the
cardiorespiratory changes recorded during
central, obstructive, and mixed apnoeas. The
changes in these values with nursing position
were then compared using the Wilcoxon
signed rank test for paired data.

Regarding the classification of apnoeas,
central apnoeas were defined as those in which
there was no detected respiratory effort and no
detected nasal airflow; obstructive apnoeas
were diagnosed where respiratory efforts were
seen to continue but no airflow could be
detected in the nasal airway; and mixed events
were identified as those where a central pause
was preceded or followed, or both, by
obstructed breaths. Any episode which could
not readily be classified into apnoea type was
excluded from further analysis. This included

Table I Profile ofapnoeas in relation to duration and nursing position. Values are
absolute numbers ofapnoeas

Position

Supine Prone Total
No (%)

Type ofapnoea <19 9 s >200 s <19 9 s >200 s (n=400)

Central 42 6 12 2 62 (16)
Obstructive 14 8 22 15 59 (15)
Mixed 80 85 49 59 273 (68)
Unclassified 3 3 6 (2)

any traces clearly affected by movement
artefacts.

Episodes of periodic breathing were distin-
guished from central apnoeas by applying the
definition that periodic breathing consists of
regular cycles of respiration of approximately
10-18 seconds in length, interrupted by pauses
of at least three seconds in duration, with this
pattern recurring for at least two minutes.'3

Approval for the study was given by the
Nottingham ethics committee and in each
instance informed written consent was
obtained from the parents.

Results
The study group consisted of 35 infants with a
median gestational age of 29 weeks (range
25-33) and median posmatal age of 15 days
(range 3-49). Their median birth weight was
1 180 g (range 690-2200). Ninety four per cent
were receiving xanthines. The fact that most
infants studied were receiving theophylline
emphasises that the episodes were regarded as
clinically significant by their doctors. Eight
(23%) infants were receiving supplementary
oxygen via a headbox; for these infants the
median oxygen requirement was 310% (range
20-58).
A total of 400 significant apnoeas was

recorded, of which 394 were classified into
either central, obstructive, or mixed, and six
could not be categorised. Sixty two (16%)
were classified as central, 59 (15%) as obstruc-
tive, and 273 (68%) as mixed. The proportion
of apnoea types differed with regard to apnoea
duration (table 1). Only two infants showed a
pattern of periodic breathing and these periods
were disregarded from the analysis. One
hundred and sixty two (41%) apnoeas were
recorded in the prone position whereas 238
(60%) were in the supine position (table 1).
Our null hypothesis was that 'nursing position
has no effect on significant apnoea type'. By
evaluating the proportion of each type of
apnoea in each infant and performing a
Wilcoxon signed rank test on these propor-
tions, it was found that there were significantly
more central (p=0 025) and mixed (p=0012)
apnoeas in the supine than in the prone
position.
These results indicate that the occurrence of

apnoea type is affected by the position in which
the infant is nursed. Therefore, the null
hypothesis was rejected.
No significant difference was found with

respect to the magnitude of cardiorespiratory
changes occurring during obstructive and
central apnoeas in either of the two positions.
In contrast, during mixed apnoeas, which
make up 68% of significant episodes recorded,
the infants had greater decreases in heart rate
(p=0 02), longer duration of bradycardia
(p=0 0003), and longer accompanying desatu-
rations (p=003) while nursed supine than
while nursed prone. These changes were
observed despite the fact that the mixed
apnoea durations were not different in either
position, implying that the difference in
severity of the physiological changes could not
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Table 2 p Values for paired analyses (in each infant,
supine v prone) of the difference in the median values for
each parameter during mixed apnoeas. In aUl comparisons
in which p<005, there is a statistically significant differ-
ence between the supine and prone positions, with the
supine position having the more severe consequences

p Difference in
Values median values

Duration of apnoea (sec) 0 1 0 7
Decrease in oxygen saturation (/) 0 1 4-5
Duration of oxygen desaturation (sec) 0-03 5-1
Decrease in heart rate (beats/min) 0-02 18-0
Duration of bradycardia (sec) 0-0003 5-1

be attributed to mixed apnoeas being longer in
one of the two positions (see table 2).

Discussion
Previous studies addressing the question of the
effect of positioning on the occurrence of
apnoeic events have conflicting conclusions.
Orr et al made the observation that sleeping
position did not significantly affect the rate or

duration of central and obstructive apnoeas.14
In addition, they found that mixed events were

so rare that they excluded these data from their
final analysis. These findings are difficult to
interpret as the infants that were studied were

mainly term or, ifborn preterm, were at a post-
natal age such that the observations would
probably more closely resemble those of full
term neonates. In contrast, Heimler et al
observed an increase in the overall incidence of
apnoea in the supine than in the prone posi-
tion, this increase presenting as an increase in
the number of central apnoeic events. 15

In the present study, the distribution of
types of apnoea was such that 16% of the total
events were central and 15% were obstructive,
whereas most (68%) clinically significant
events were mixed. This agrees with a number
of published findings. 16 17 In addition, we have
shown that the profile of the apnoea types
differs according to the duration of events
(table 1); a larger proportion of the shorter
episodes is central or obstructive, whereas the
longer events, greater than 20 seconds in dura-
tion, are more likely to be mixed in nature. The
fact that longer apnoeas are more likely to be
mixed has previously been observed.18 In
agreement with previous studies15 we found
that there is a significant increase in central
apnoeas in the supine position; in addition, we
have shown a significantly greater number of
mixed apnoeas in infants having apnoeas while
nursed supine.

This study was not designed to investigate
mechanisms. One reason for this observed
difference could be the occurrence of occult
gastro-oesophageal reflux, which is known to
be more severe in symptomatic infants nursed
supine.19 20 Research into the problem of
gastro-oesophageal reflux in preterm infants
with theophylline resistant apnoea has shown
that nursing these infants prone results in an

improvement in the number of apnoeic
episodes experienced, which can be main-
tained even when the xanthine treatment is
removed.21 In more mature preterm neonates
there does not appear to be a clear association

between reflux and apnoeas.22 Of the three
classes of apnoea (central, obstructive, and
mixed), obstructive apnoeas have been impli-
cated in the problem of sudden infant death
syndrome, with near miss infants having
increased numbers of obstructive apnoeas in
the period after the near miss episode,23 now
referred to as an apparent life threatening
event. There are several indicators that posi-
tion may be implicated in the mechanisms of
occurrence of apnoea. Neck flexion may cause
upper airway obstruction while supine,24
which may predispose newborn infants to
obstructive apnoeas in this position. Gastro-
oesophageal reflux has been associated with
the occurrence of apnoeic episodes in the
supine position,25-27 possibly due to stimula-
tion of the laryngochemoreceptors, though
workers disagree as to whether there is a direct
causal relation.

Although the occurrence of apnoeic events
has been identified in infants with a history
of apparent life threatening events there is
no evidence of a direct link between apnoea
of prematurity and sudden infant death
syndrome.

It is obviously not enough to merely
consider the number and type of episodes of
apnoea occurring in each of the two nursing
positions. Clearly, it is the cardiovascular con-
sequences of these episodes which have to be
considered when deciding whether there are
advantages of one position over the other. The
systemic haemodynamic events associated with
apnoea have been described elsewhere.7 8
The cerebral haemodynamic events appear

to reflect systemic haemodynamic events with
a prominent decrease in cerebral blood flow
and blood pressure occurring with apnoea and
severe bradycardia.9 In light of the fact that
repeated episodes of severe bradycardia (heart
rate less than 80 beats/min) could possibly
cause or exacerbate hypoxic-ischaemic brain
injury,9 it is important that appropriate
measures are taken to reduce the possibility of
this occurring. Our findings (the longer the
duration of bradycardias, the greater the
decrease in heart rate and the longer the dura-
tion of oxygen desaturation during mixed
apnoeas in the supine position) strengthen the
view that the status of this group of preterm
infants with significant apnoea of prematurity
can be improved by nursing them in a prone
position.

Further investigations into the causes of
these differences related to position are neces-
sary and may lead to a better understanding of
the pathophysiological mechanisms underlying
apnoea of prematurity.
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