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9Central Sleep Apnoea Syndromes 
in Infants

Rosemary S. C. Horne and Flora Y. Wong

9.1	� Introduction

Respiratory instability during sleep is common in 
infancy, especially in those infants born preterm. 
This respiratory instability, which manifests as 
periods of apnoea, is thought to be due to imma-
turity of the central and peripheral mechanisms 
that control breathing [1, 2]. During an apnoea 
there is a fall in heart rate and blood pressure and 
a concomitant surge in these when breathing is 
resumed. The effects of apnoea are more marked 
in infants born preterm as these infants also have 
prolonged immaturity of cardiovascular control, 
manifest as lower blood pressure, delayed blood 
pressure recovery following a cardiovascular 
challenge and impaired control of blood pressure, 
heart rate and cerebral oxygenation cross the first 
6  months after term corrected age, when com-
pared with age matched term infants [3–10].

Apnoeas are characterised as central, obstruc-
tive or mixed. Central apnoeas are defined as a 
cessation of nasal and oral airflow in conjunction 
with an absence of respiratory effort. Obstructive 
apnoeas are defined as the cessation of nasal and 

oral airflow in the presence of continued respira-
tory effort against airway obstruction. Central 
apnoeas (defined as pauses in breathing ≥10 s in 
duration) are common in infancy and can occur 
spontaneously, but occur more frequently after a 
movement [11, 12]. Traditionally, these central 
apnoeas have been considered benign as they are 
not associated with significant desaturation and 
occur in healthy infants [12]. Currently, the 
American Academy of Sleep Medicine (AASM) 
recommends a central apnoea be scored if the 
event is and at least one of the following is met: 
(1) The event lasts 20 s or longer. (2) The event 
lasts at least the duration of two breaths during 
baseline breathing and is associated with an 
arousal or ≥3% oxygen desaturation. (3) For 
infants younger than 1 year of age, the event lasts 
at least the duration of two breaths during base-
line breathing and is associated with a decrease in 
heart rate to less than 50 beats/min for at least 5 s 
or less than 60 beats/min for 15 s [13, 14]. Using 
this definition, the frequency of central apnoeas 
declines with age, with the median number of 
events per hour declining from 5.5 (minimum 
0.9; maximum 44.3) at 1  month of age to 4.1 
(minimum 1.2; maximum 27.3) at 3 months [15]. 
The authors suggested these high rates of central 
apnoea may be simply due to the fact that the cur-
rent definitions for central apnoeas used for older 
children are not appropriate for young infants.

Apnoeas can occur as isolated events or in a 
repetitive pattern termed periodic breathing.
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9.2	� Apnoea of Prematurity

9.2.1	� Epidemiology

Apnoea of prematurity is one of the most com-
mon diagnoses in the neonatal intensive care unit 
(NICU) [16]. An apnoea of prematurity episode 
is usually defined as a cessation of breathing for 
20 s or longer, or a shorter pause accompanied by 
bradycardia (<100 bpm), cyanosis, or pallor. In 
practice, many apnoeic events in preterm infants 
are shorter than 20  s, because briefer pauses in 
airflow may result in bradycardia or hypoxaemia 
[16].

Apnoea of prematurity is extremely common, 
occurring in more than 85% of infants born prior 
to 34 weeks of gestation. The incidence of apnoea 
of prematurity is inversely related to gestational 
age occurring in: 3–5% of term-born infants, 7% 
of infants born at 34–35 weeks of gestational age 
(GA), 15% of infants born at 32–33  weeks of 
GA, 54% of infants born at 30–31 weeks of GA 
and nearly 100% of infants born less than 
29 weeks of GA [17, 18]. There are also marked 
changes in apnoea frequency with postnatal age, 
with few events in the first week of life, then a 
progressive increase in weeks 2–3 which plateau 
in weeks 4–6 and then decrease in weeks 6–8 
[19].

9.2.2	� Aetiology

Preterm infants have a reduced ventilatory 
response to CO2 compared to infants born at 
term, and respond to increased CO2 levels with an 
increase in tidal volume, but little or no increase 
in respiratory frequency [20]. Furthermore, 
infants who exhibit apnoea have a reduced 
response to CO2 compared to who do not exhibit 
apnoeic periods. In addition, baseline PaCO2 is 
only 1 to 1.5 mmHg above the apnoeic threshold 
and thus only very small changes in PaCO2 can 
predispose to apnoea. Furthermore, respiratory 
instability is more marked in active sleep com-
pared to quiet sleep, a sleep state in which pre-
term infants spend more of their time [21]. 
Vulnerable respiratory control is exacerbated by 

a compliant chest wall and reduced lung mechan-
ics which lead to reduced functional residual 
capacity (FRC) [22]. Reduced FRC is further 
reduced by the reduced muscle tone which occurs 
during sleep.

9.2.3	� Clinical Significance

Apnoea of prematurity is accompanied by both 
bradycardia and desaturation. The hypoxia asso-
ciated with apnoea has detrimental effects on 
developing tissues and organs and can have long-
term or permanent impairments [23–26]. 
Treatment of apnoea of prematurity, such as 
respiratory support and caffeine, are only par-
tially successful in reducing bradycardia and 
desaturation [27] and the effects of apnoea of 
prematurity [28, 29]. A number of studies that 
have examined changes in cerebral haemody-
namics associated with apnoea of prematurity. 
These have shown that both cerebral blood vol-
ume (CBV) and cerebral blood flow velocity fall 
[30], and the falls are greater when the apnoea is 
also associated with bradycardia [30, 31]. 
Although central apnoeas are more common than 
obstructive apnoeas in infants, obstructive 
apnoeas have been reported to be more common 
in the first days of life [32], when intraventricular 
haemorrhage usually occurs [17]. Obstructive 
apnoeas have been associated with greater falls in 
CBV compared to central and mixed apnoeas 
[33]. The decreases in both cerebral haemoglobin 
oxygenation index and CBV were greater during 
mixed and central apnoeas when infants slept 
supine compared to prone [34] and apnoea dura-
tion is positively associated with the decrease in 
CBV [35]. In a study which classified events as 
isolated bradycardias (heart rate <80 bpm), iso-
lated hypoxaemia (oxygen saturation (SpO2) < 
75%), simultaneous (within 4 s) bradycardia and 
hypoxemia, bradycardia followed by hypoxae-
mia and hypoxaemia followed by bradycardia, 
isolated hypoxaemias were the most common 
events and isolated bradycardias the least com-
mon [36]. Falls in cerebral oxygenation were 
smallest for isolated bradycardias and largest for 
combined bradycardia and hypoxaemia events. 
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Fig. 9.1  Polysomnographic example of the effects on oxygen saturation, cerebral oxygenation and heart rate of a 3.7 s 
central apnoea in active sleep in an infant born at 30.2 weeks gestational age and studied at 32.3 weeks

However, the majority of infants were able to 
maintain their cerebral oxygenation >60% 
despite severe falls in SpO2 [36]. Examples of 
falls in heart rate, SpO2 and cerebral oxygenation 
following central apnoeas in preterm infants are 
illustrated in Figs. 9.1 and 9.2.

Cerebral oxygenation measurements are not 
routine in most NICUs. Studies have identified 
that in general falls in cerebral oxygenation index 
in association with apnoeas >4 s in duration were 
not well correlated with falls in arterial oxygen 
saturation (SpO2) when falls in SpO2 were small 
(<3%) [37]. However, when falls in SpO2 associ-
ated with apnoeas >20 s in duration were >85%, 
SpO2 and cerebral oxygenation were well corre-
lated, and that falls in SpO2 >85% could be used 

as an indication of clinically significant falls in 
cerebral oxygenation [38]. A more recent study 
identified that even the most sensitive oximeter 
setting of a 2 s averaging time underestimated the 
frequency of bradycardias, missing around 10% 
of bradycardias and showing significant delays in 
detecting bradycardias [39]. The study also iden-
tified that the falls in cerebral oxygenation during 
bradycardias were greater in very preterm infants 
(born ≤31 weeks GA) compared to those in late 
preterm infants (born >32 weeks GA). Even mild 
bradycardias (heart rate dropped to 60–80% of 
baseline) were associated with falls in cerebral 
oxygenation. The authors suggested that routine 
NIRS monitoring of cerebral oxygenation in 
NICUs may increase staff awareness for inter-
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Fig. 9.2  Polysomnographic example of the effects on 
oxygen saturation, cerebral oxygenation and heart rate of 
a 10.1 s central apnoea in quiet sleep in an infant born at 

31  weeks of gestational age and studied at 38.3  weeks 
whilst in the Special Care Nursery

ventions to reduce the repetitive falls in cerebral 
oxygenation in preterm infants [39].

It is important to note that the magnitude and 
frequency of the apnoeic events are frequently 
underestimated in the NICU due to the current 
clinical settings of pulse oximeter monitors, 
which often are set with long averaging times and 
to alarm apnoeas of at 8–20  s duration. In one 
study 1958 apnoeas with desaturation <80% were 
recorded using an averaging time of 3  s, com-
pared to only 339 when using a more conventional 
averaging time of 16 s [40]. In a study which used 
a 2 s averaging time and which counted apnoeas 
where oxygen saturation fell to ≤80% for between 
3–10s, between 50–100 events/day were recorded 
[23]. Definitions for infant apnoea vary greatly in 
the literature. In scoring of sleep studies for chil-
dren over a year of age, respiratory events repre-
senting the loss of two respiratory cycles are 
counted as apnoea with the qualification of an 
associated oxygen desaturation required if the 
event is central [13, 14]. The length of two respi-
ratory cycles varies between 3 and 4.8 s in pre-

term infants and 4.2 and 5.5 s in term infants at 
birth depending on sleep state and the method of 
calculation [41]. It has therefore been suggested 
that a 5-s cut-off for defining central apnoeas in 
an infant is not unreasonable [41].

9.3	� Short Central Apnoeas

Central apnoeas are frequent in infants, particu-
larly in preterm born infants and as highlighted 
above can be associated with clinically significant 
falls in oxygen saturation and cerebral oxygen-
ation. There have been limited studies that have 
examined the effects of short apnoea in preterm 
born infants after hospital discharge. A study 
investigating the longitudinal effects of persistent 
short apnoeas, studied 24 infants born between 
27–36 weeks GA who underwent daytime poly-
somnographic studies at 2–4 weeks corrected age 
(CA), 2–3 months CA and 5–6 months CA [42]. 
Changes in heart rate, oxygen saturation and cere-
bral tissue oxygenation index were assessed for 
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all apnoeas lasting ≥3  s. The study found that 
although overall apnoea frequency declined with 
age, apnoeas occurred in all infants at 2–4 weeks 
CA, 2–3  months CA and 5–6  months 
CA. Furthermore, there were no effects of GA at 
birth on the frequency or duration of apnoeas at 
any age studied. Interestingly, the effects of 
apnoeas on the falls in heart rate and cerebral oxy-
genation were more marked at the older ages than 
at 2–4  weeks CA.  In contrast, apnoea duration 
had more marked effects on these variables at the 
younger ages [42]. The study showed that apnoea 
persists in infants born preterm after discharge 
home and similar to studies before term-equivalent 
age, apnoeas are associated with falls in cerebral 
oxygenation. When the data were compared to 
age-matched term-born infants, apnoea duration 
was not different between preterm-born and term-
born groups, however the decline in apnoea index 
with postnatal age observed in the term-born 
infants was not seen in the preterm-born infants. 
Importantly, when compared to term infants, falls 
in cerebral oxygenation associated with apnoeas 
were greater in the preterm-born infants at all 
three ages studied [43].

9.3.1	� Treatment

There is no consensus as to when to initiate ther-
apy for apnoea of prematurity, however the first 
line of treatment is usually a methylxanthine [44] 
Methylxanthines, such as caffeine, aminophyl-
line and theophylline have been used since the 
1970’s for the treatment of apnoea of prematurity 
and also to facilitate extubation and weaning off 
mechanical ventilation [45, 46]. Methylxanthines 
cross the blood-brain barrier [47] and their pri-
mary action is to antagonise the A1/A2a adenosine 
receptors in the CNS. Methylxanthines improve 
apnoea of prematurity by increasing minute ven-
tilation and improving both hypercapnic and 
hypoxic ventilatory drive [48, 49].

Today caffeine is the most commonly used 
methylxanthine in neonatal units worldwide [50]. 
Caffeine’s universal acceptance followed the 
2006 CAP (Caffeine for Apnoea of Prematurity) 
randomised control trial, which compared caf-

feine citrate (20 mg/kg loading dose of caffeine 
citrate followed by 5 mg/kg/day) with placebo in 
very low birth weight preterm infants. The study 
demonstrated both significant short-term benefits 
of reduced incidence of bronchopulmonary dys-
plasia, medically and surgically treated ductus 
arteriosus, and long-term benefits of improved 
rates of survival without neurodevelopmental 
delay and significantly reduced incidences of 
cerebral palsy at 18–21  months [29, 51]. 
Improved microstructural development of white 
matter has been demonstrated in a subsample of 
these children who underwent brain magnetic 
resonance imaging (MRI) at term equivalent age, 
a finding which may explain the improved neuro-
developmental outcomes [52]. However, when 
reassessed at 5 years of age there was no longer 
any difference in rate of survival without disabil-
ity between children treated with caffeine and 
those that were not [53]. A recent study con-
firmed the safety of maintenance doses up to 
10  mg/kg/day in extremely preterm infants for 
longer durations than recommended on the drug 
label [54]. Other studies have suggested that 
higher dose regimens (loading doses up to 80 mg/
kg, maintenance doses of 10–20 mg/kg/day) have 
been shown to be more effective in reducing 
apnoea and preventing extubation failure com-
pared to conventional doses [55]. Higher average 
daily doses of caffeine have also been associated 
with improved neurodevelopmental outcomes 
[56]. However, there have been some concerns 
about adverse effects of high-dose caffeine with 
one study reporting a higher incidence of cere-
bellar haemorrhage with early high-dose caffeine 
compared to standard dosing, but there was no 
difference in developmental outcomes at 2 years 
[57]. Further randomised controlled trials are 
necessary to determine the optimal dose of caf-
feine to treat apnoea of prematurity to optimise 
neonatal outcomes [44].

In the immediate postnatal period O2 can trig-
ger apnoea as the peripheral chemoreceptors 
have not had time to adjust to the higher O2 levels 
of extrauterine life. After this initial period, O2 
therapy can be used to reduce the hypoxia associ-
ated with apnoea. Nasal continuous positive air-
way pressure (CPAP) at 4 to 6 cm H2O improves 
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FRC and oxygenation [21, 22]. Heated humidi-
fied high-flow nasal cannula (HHFNC) at >2 L/
kg/min provides similar effects to CPAP, using 
both O2 and room air [22]. In preterm infants 
born at 30.0 ± 3.2 (standard deviation) weeks’ 
gestational age and studied at 38.1 ± 4.4 weeks’ 
postconceptional age, supplemental low flow O2 
delivered via nasal cannula at 0.25  L/min 
increased the amount of quiet sleep and decreased 
the amount of active sleep, apnoea index and also 
the amount of periodic breathing [58].

9.3.2	� Research Gaps

As highlighted above studies are still required to 
elucidate the optimum dose of caffeine to opti-
mise developmental outcomes to treat preterm 
infants with apnoea of prematurity. Studies are 
also required to determine if HHFNC is more 
advantageous than CPAP and if nasal intermittent 
positive pressure ventilation (NIPPV) is effective 
in reducing apnoea of prematurity symptoms. 
Anaemia may exacerbate apnoea by reducing the 
oxygen-carrying capacity of the blood and thus 
decreasing oxygen delivery to the brain. There 
have been limited studies to confirm that blood 
transfusions reduce apnoea in the short-term and 
none which have examined the long term effects 
on reducing apnoea and improving developmen-
tal outcomes [44].

While apnoea of prematurity is treated vigi-
lantly in the NICU, it is unknown whether recur-
rent short apnoeas of 3–10 s, with relatively brief 
bradycardia and mild hypoxaemia in preterm 
infants are harmful and if treatment is warranted 
for the short apnoeas. Limited data suggest that 
the total number of days with apnoea and resolu-
tion of episodes at more than 36 weeks of post-
menstrual age (PMA) are associated with worse 
neurodevelopmental outcome in preterm infants 
[24, 25]. In addition, levels of cerebral oxygen-
ation of <55% in infants born <32  weeks GA, 
when measured by adult NIRS probes and <65% 
when measured with neonatal/paediatric probes, 
have been associated with adverse cognitive out-
comes at 2 years of age [59]. Studies are urgently 
needed to identify if the short apnoeas experi-

enced while in the NICU and after hospital dis-
charge contribute to the neurodevelopmental 
deficits which are commonly associated with pre-
term birth.

9.3.3	� Summary

In summary, both apnoea of prematurity and 
short apnoeas are extremely common in infancy, 
particularly in infants born preterm. Apnoea of 
prematurity in the NICU is actively treated, how-
ever the majority of apnoeas are short and do not 
trigger alarms and so go undetected. Even short 
apnoeas are associated with bradycardia, periph-
eral desaturation and falls in cerebral oxygen-
ation, however their contribution to developmental 
outcomes requires further research.

9.4	� Periodic Breathing

9.4.1	� Epidemiology

Periodic breathing episodes are defined as 3 or 
more sequential apnoeas lasting >3 s separated by 
no more than 20  s of normal breathing [13, 14, 
60]. Periodic breathing is common in term-born 
infants in the first 2 weeks of life, however less 
than 1% of total sleep time is spent in periodic 
breathing and it usually resolves with increasing 
postnatal age [61]. In preterm infants after term-
equivalent age, periodic breathing is more preva-
lent, with one early study reporting an increased 
incidence of periodic breathing at 52 weeks PMA 
(i.e. 3  months CA) but a similar incidence at 
64 weeks PMA (i.e. 6 months CA) compared to 
term-born infants [62]. At 40 weeks the density of 
all apnoeas in total sleep time was 2.5 times 
higher in the preterm group 126/100  min vs. 
49/100 min in the term infants [62]. A study of 24 
preterm infants born between 27–36 weeks GA, 
examined the incidence and consequences of peri-
odic breathing in infants studied at 2–4  weeks 
CA, 2–3  months corrected age (CA) and 
5–6 months CA [63]. Although all preterm infants 
had been discharged home with no clinical con-
cerns of respiratory instability, a total of 261 indi-
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vidual episodes of periodic breathing were 
detected: 164 at Study 1, 62 at Study 2 and 35 at 
Study 3; 22 of the 24 infants (92%) exhibited peri-
odic breathing during at least one of the three 
studies: 19 infants (79%) at 2–4 weeks corrected 
age (CA); 12 (50%) at 2–3  months CA and 10 
(42%) at 5–6  months CA.  Seven infants (29%) 
exhibited epochs of periodic breathing at all three 
studies and 10 infants (42%) at Studies 1 and 2. In 
term born infants studied at matched ages a total 
of 95 individual episodes of periodic breathing 
were detected; 64 at Study 1 at 2–4 weeks (one 
infant had 35 individual episodes), 24 at Study 2 
at 2–3 months and 7 at Study 3 at 5–6 months. 
Eleven of the 17 infants (59%) exhibited peri-
odic breathing during at least one of the three 
studies: 10 infants (79%) at 2–4 weeks; 7 (41%) 
at 2–3 months and 5 (29%) at 5–6 months. Four 
infants (24%) exhibited epochs of periodic 
breathing in all three studies and seven infants 
(41%) at Studies 1 and 2 [43].

9.4.2	� Aetiology

Periodic breathing in the preterm infant is likely 
the result of several interacting mechanisms 
including chemoreceptor hypersensitivity and 
impaired gas exchange characteristics of the 
immature lung [2]. A recent study in preterm 
infants followed longitudinally from 32–36 weeks 
postmenstrual age (PMA) to 6 months post-term 
CA assessed ventilatory instability, using mea-
surements of loop gain. Loop gain represents the 
sensitivity of the negative feedback loop that con-
trols ventilation and can be defined as the ratio of 
the ventilatory response to the disturbance that 
elicited the response. A high loop gain represents 
a hypersensitive ventilatory control system, 
where a small disturbance leads to a large correc-
tive response, ultimately causing cyclical oscilla-
tions in breathing such as occur in periodic 
breathing. The study showed that loop gain fell 
with postnatal age and was correlated with the 
decline in periodic breathing. Furthermore, those 
infants who continued to periodic breath at 
6  months CA age had higher loop gain at 
32–36 weeks PMA [64].

9.4.3	� Clinical Significance

Because of its high prevalence, and no strong asso-
ciations with significant hypoxia or bradycardia, 
the traditional view of periodic breathing is that it 
is simply due to immaturity of respiratory control 
and is benign [2]. However, the small number of 
studies, which have assessed the impact of peri-
odic breathing, have found that repetitive short 
apnoeas can be associated with falls in both SpO2 
and cerebral oxygenation. A study of a single pre-
term infant born at 27 weeks GA and studied at 
37  weeks PMA showed significant cyclical 
changes in cerebral blood volume during episodes 
of periodic breathing [65]. A study in 10 term born 
infants studied at 6–8  weeks postnatal age also 
demonstrated that periodic breathing episodes 
>1 min in duration were associated with cyclical 
variations in haemoglobin oxygenation index [66]. 
These cyclic variations represent changes in CBV, 
and these occurred in 42% of episodes and were 
correlated with changes in heart rate [66].

There has been limited investigation of the 
short- and long-term consequences of periodic 
breathing after preterm infants are discharged 
home. The study by Decima et  al., found that 
periodic breathing was associated with repetitive 
falls in cerebral tissue oxygenation index, heart 
rate and SpO2 as illustrated in Fig. 9.3, and these 
were apparent for up to 6  months CA in some 
infants [63]. When the data were compared to age 
matched term-born infants, the time spent in peri-
odic breathing decreased with increasing PNA in 
both groups, however the falls in cerebral oxy-
genation associated with periodic breathing were 
greater at 2–3 months and 5–6 months CA in the 
preterm-born group [43].

Whilst the clinical significance of the repeti-
tive falls in cerebral oxygenation in these infants 
remains unknown, it has been shown that a 10% 
reduction in cerebral oxygenation is of clinical 
concern for the development of cerebral hypoxic 
injury in preterm infants in NICU [67]. Cerebral 
tissue oxygenation index values fell by ≥10% of 
the baseline values in preterm-born infants at 2–3 
and 5–6 months CA, while term-born infants did 
not experience these large changes at any age 
studied [43]. These findings, coupled with the 
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Fig. 9.3  Polysomnographic example of the effects of 
periodic breathing in an infant studied at 2–4 weeks post-
term corrected age after discharge home. The short central 
apnoeas, indicated by the red boxes, are associated with 
repetitive oxygen desaturation, falls in cerebral tissue oxy-

gen index to 55% (as measured with Near Infrared 
Spectroscopy), and repetitive bradycardia which worsens 
over time. This infant spent 28% of his total sleep time in 
periodic breathing. Note: lag time of falls in oxygen satura-
tion is due to physiological and signal processing factors

increased frequency of both periodic breathing 
and apnoea, in the preterm group across the first 
6  months CA suggest that even clinically well 
preterm infants are exposed to significantly 
greater levels of cerebral hypoxia compared to 
those born at term. It is well reported that obstruc-
tive sleep apnoea in children and adults is associ-
ated with neurocognitive deficits and the 
repetitive hypoxic events associated with this 
condition have been proposed as the primary 
mechanism. It is also possible that postnatal 
intermittent hypoxia can affect cardiovascular 
control beyond the neonatal period with studies 
in both rodent models [68] and human infants 
[69] demonstrating this. Further studies with 
neurodevelopmental follow-up in this population 
are required to ascertain if these brief falls in 
cerebral oxygenation with periodic breathing are 
associated with the neurocognitive deficits that 
are more prevalent in infants born preterm.

In addition, population cohort studies show 
that obstructive sleep disordered breathing is 3 to 
6 times more likely in children who were born 
preterm and whether periodic breathing in 
infancy is a precursor to sleep disordered breath-
ing later in life is a question requiring further 
research [70, 71].

9.4.4	� Treatment

Periodic breathing is not routinely treated in pre-
term infants whilst in the NICU, however treat-
ments for apnoea of prematurity (caffeine, CPAP 
and high-flow O2) are also effective in reducing 
the incidence of periodic breathing [50].

9.4.5	� Research Gaps

Unlike apnoea of prematurity there is currently 
little evidence to associate periodic breathing 
with adverse developmental outcomes and fur-
ther research is urgently needed.

9.5	� Periodic Breathing Clinical 
Vignette

Figure 9.4 shows a sleep study report of an infant 
born at 29 weeks of gestational age and studied at 
3  months of age. The infant was referred for 
assessment of central sleep apnoea.

The parent reported a normal night of sleep 
with 7.7 h of sleep available for analysis, with a 
feed at about 1 am. The study showed good sleep 
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Fig. 9.4  Periodic breathing clinical vignette

efficiency and normal sleep architecture for age. 
All sleep was supine. The arousal index was 
appropriate for age at 14.8/h overall with 57% 
being spontaneous arousals and 43% due to 
respiratory events. Nasal airflow was demon-
strated. There were quiet breath sounds, no snor-
ing and no increased work of breathing. Heart 
rate remained within normal limits throughout 
the study.

There was 4.8 h of sleep in room air. During 
this time the arousal index was 12.7/h with 61% 
due to respiratory events. There were no 
obstructive events. There were very frequent 

central events and periodic breathing in all 
sleep states. The central apnoea hypopnoea 
index (CAHI) was elevated at 152.4/h with cen-
tral apnoeas associated with mild to moderate 
desaturation and occasional arousal. Average 
duration of central apnoeas was 6  s with the 
longest recorded being 12 s, both of which are 
within normal limits. There was frequent peri-
odic breathing, which comprised 41% of the 
diagnostic portion. SpO2 levels returned to nor-
mal between events with a mean SpO2 of 98% 
and 1% of the time being spent <90%. The CO2 
was normal.
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Supplemental oxygen at a rate of 0.1  L/min 
was initiated at 02:45 with 2.9 h of sleep on of 
oxygen. The arousal index was 18.1/h but with 
21% now being due to respiratory events. There 
were no obstructive events. There was a signifi-
cant reduction in the number of central events on 
oxygen with the central apnoea hypopnoea index 
(CAHI) decreasing to 8.0/h. Events mainly 
occurred in REM sleep, with NREM breathing 
pattern mostly normalising. The central events 
were associated with brief and mild desaturation 
with a nadir of 93%. Periodic breathing com-
prised 18% of the sleep time when on oxygen. 
The CO2 remained normal.

Treatment: The baby was sent home on 
0.125 L/min of oxygen with saturation monitor-
ing and follow up with oximetry to track the 
expected improving course of this condition with 
time.

9.6	� A Note on Obstructive 
Apnoea in Infants

Obstructive apnoeas are reported to be rare in 
infancy [15, 72]. However, snoring is reported to 
be common, with prevalence rates ranging from 
5.6% to 26% [73–76]. These wide ranges in prev-
alence may have been due confounders with 
some studies including infants with colds and 
others studying different ethnicities. In a study of 
healthy predominantly Caucasian children aged 
0–3 months a prevalence of 9% has been reported 
[77]. A significantly greater proportion of 
2–3  month old infants were reported to snore 
habitually than 0–1  month old infants [77]. 
Cognitive ability at 6 months of age was found to 
be lower in those infants who began snoring fre-
quently (≥3 nights/week) within the first month 
of life [78].

9.7	� Summary

In summary, periodic breathing is very common 
in infancy, particularly in infants born preterm. 
Periodic breathing is considered to be a normal 
manifestation of immature respiratory control 

which improves with age. Because the apnoeas 
are short periodic breathing has been considered 
benign and is not routinely treated. However, 
there is growing evidence that periodic breathing 
persists well past term equivalent age in some 
infants and is associated with clinically signifi-
cant falls in cerebral oxygenation and may con-
tribute to neurological deficits.
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