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KEY POINTS

� Central apnea (CA) and periodic breathing are common in infants, and are much more common in
preterm than term infants.

� Irregular breathing is seen in both active and quiet sleep. It tends to improve with increasing gesta-
tional age, and is presumed to be due to maturity of the respiratory control centers and chest-wall
mechanics.

� In-laboratory polysomnography is the study of choice for the evaluation of CA in infants. Most ther-
apies directed at treatment of CA are meant to stabilize the breathing pattern and prevent oxygen
desaturation.

� Most of these therapies are temporary, and are used for a brief period in preterm and term infants
until the breathing matures.
INTRODUCTION

Sleep-disordered breathing encompasses a wide
variety of breathing disorders including obstructive
sleep apnea, central apnea (CA), and nonobstruc-
tive sleep related hypoventilation. Central sleep
apnea results from absent respiratory drive from
breathing centers in the brainstem during sleep.
The criteria that meets the definition of CA differ
between children and adults. The American
Academy of Sleep Medicine (AASM) defines CA
in children as cessation of breathing during sleep
without any breathing effort for a duration of
20 seconds or longer, or lasting at least 2 breaths’
duration with 3% oxygen desaturation or arousal.1

In infants, the CA is at least 2 breaths in duration
and is associated with a decrease in heart rate to
less than 50 beats per minute for at least 5 sec-
onds, or less than 60 beats per minute for 15 sec-
onds. Periodic breathing is a form of CA that has
been described as greater than 3 episodes of CA
lasting 3 seconds separated by no more than
20 seconds of normal breathing.1 Apnea following
a sigh is not considered pathologic unless it is
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associated with arousal or desaturation. Isolated
central sleep apnea (Fig. 1A), CA following sigh
breathing (see Fig. 1B), CA following body
movements, and periodic breathing patterns (see
Fig. 1C) can be seen in healthy infants and chil-
dren.2 It is common to see CA in healthy infants,
but on rare occasions it can be a harbinger of
ominous pathologic consequences, such as
congenital central hypoventilation syndrome or
Arnold-Chiari malformation.3 The severity of CA
can be characterized using the apnea-hypopnea
index (AHI), the total number of events overnight
divided by hours of sleep. There is no clear
description in the literature of pathologic central
AHI, but studies have considered a central AHI
from greater than 0.9 to AHI greater than 5 as
abnormal.4–6 The adverse consequences of mod-
erate and severe CA are well known, but those of
CA of milder degree is still debated.7 The mild
CA seen in otherwise healthy infants tends to
improve with age, and older children can have
rare CAs.5,8 The improvement in apnea frequency
can be considered as maturation of respiratory
control and chest-wall mechanics.
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Fig. 1. (A–C) Sixty-second-long epoch of the polysomnography of a 21-month-old child born at full term, referred
for evaluation of sleep apnea because of a family history of sudden infant death syndrome. (A) Central sleep apnea
without arousal. (B) Central sleep apnea after arousal during stage 3 non–rapid eye movement sleep. (C) Periodic
breathing during rapid eye movement sleep. abdm, abdominal plethysmography; C3, C4, central electroencephalo-
gram leads; CHIN, chin electromyogram; E1, left eye electromyogram; E2, right eye electromyogram; EKG, electro-
cardiogram; ETCO, end-tidal carbon dioxide tracing; ETGR, End tidal graphical representation; F3, F4, frontal
electroencephalogram leads; FLOW, tracing of oral thermistor; PLTH, Plethysmography; PTAF, for measurement
of nasal air flow; SNOR, snore micrograph; SpO2, continuous pulse oximetry; thor, thoracic plethysmography.
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APNEA IN HEALTHY NORMAL INFANTS

Brief CA in full-term infants is very common, espe-
cially in the early months of life. The duration and
frequency of CA improves with age.9,10 Several
studies have focused on defining the prevalence
of CA in healthy infants. Each study has used
different criteria to define CA, different monitoring
techniques, and different testing environments
such as home versus in-laboratory polysomnog-
raphy, which makes it difficult to make compari-
sons between the studies. As already noted,
standardization of the definition of CA has been
achieved, which will make interstudy compari-
sons in the future much easier and more fruitful.
Home monitoring provides an opportunity to
collect data in infants during sleep for a long



Fig. 1. (continued)
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period in familiar surroundings. The limitations of
home monitoring include inability to assess the
exact duration of apnea caused by lack of airflow,
and reliance on breathing pattern and heart rate to
differentiate between sleep and wakefulness. The
Collaborative Home Infant Monitoring Evaluation
(CHIME) study is perhaps the most comprehen-
sive study allowing comparison of breathing
patterns during sleep in healthy term infants, sib-
lings of infants with a family history of sudden
infant death syndrome (SIDS), healthy preterm in-
fants, and infants with apparent life-threatening
events (ALTE) in both term and preterm sub-
jects.11 The study was conducted in almost 1100
infants over 6 months’ duration in their home
environment. The investigators concluded that
conventional events, described as apnea of
20 seconds’ duration not associated with brady-
cardia, are not uncommon in otherwise healthy
term infants. The study also reported that extreme
events, described as apneas longer than 30 sec-
onds associated with bradycardia, are more com-
mon in premature infants and tend to reduce in
frequency after 43 weeks gestational age (GA). A
strength of the study is the ability to potentially
differentiate between central, obstructive, and
mixed apneas.12 In another smaller study, breath-
ing was monitored in the home environment
in healthy term infants for a shorter period.9

Electrocardiography (ECG) and abdominal-
wall movement was used to define apnea in
110 subjects, and subjects were monitored at
2, 6, 12, and 24 weeks of age. It was concluded
that CAs of longer than 20 seconds are common
in first 2 weeks of life, and rare afterward. Periodic
breathing was seen in all age groups studied, and
improved with age.

In another study of 46 full-term healthy infants,
the investigators used pneumograms, overnight
recording of the respiratory pattern by impedance
and heart-rate monitoring, to define the incidence
of CA in the nursery and home settings.13 The
recordings were made at birth, 1 month, and
3 months of age. A modified definition of CA, with
duration of 5 seconds, was used. There was no
mention of desaturation association with apnea,
nor was there any characterization of sleep and
wakefulness. The investigators relied on parents’
descriptions of sleep and wakefulness, and re-
ported that apnea of longer than 15 seconds at
birth and 4 weeks of age is rare. Moreover, there
was significant intersubject and intrasubject vari-
ability in terms of apnea frequency, pattern of ap-
nea, and change in pattern of apnea over the first
4 weeks of life.

In-laboratory monitoring for sleep-disordered
breathing is also associated with limitations and
advantages. The data collected during this moni-
toring is for a shorter duration but has better
ability to characterize events such as non–rapid
eye movement (NREM) sleep, rapid eye movement
(REM) sleep, and wakefulness. In a smaller study
of 9 full-term infants, the investigators studied sub-
jects in a laboratory setting at monthly intervals un-
til 6 months of age,10 using slightly different criteria
to define apnea and periodic breathing. CA was
defined as of at least 6 seconds’ duration, while
periodic breathing was at least 2 CAs alternating
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with regular breathing of at least 3 seconds in a
20-second period. The investigators reported
that CA is common until 3 months of age and
that it is rare to see CA of 15 seconds’ duration
afterward. The frequency of apnea decreases after
3 months. Most apneas were in active sleep (ie,
REM sleep). It was further reported that periodic
breathing remained stable across the ages and
was mostly seen in active sleep.
In an attempt to describe normative data of

breathing patterns during sleep in older children,
Uliel and colleagues5 studied 70 subjects between
the ages of 1 and 15 years who underwent a single-
night sleep study in the laboratory. CA was defined
as of at least 10 seconds’ duration or any duration
associated with desaturation of greater than
4% compared with baseline. The investigators
confirmed that CA is rare in children, and stated
that CA with desaturation is even rarer. The study
was conducted with a modern computer-based
recording system and was manually scored by vi-
sual inspection.
On review of the literature, it can be suggested

that CA is common in early infancy and improves
with age. It is also rare to see CA not following a
sigh breath in older healthy children beyond in-
fancy. One should keep in mind that these studies
used different monitoring techniques, variable
duration of monitoring periods, different testing
environments, and variability in describing CA in
the population tested. These differences limit the
ability to compare studies.
APNEA OF PREMATURITY

Central apnea and periodic breathing in premature
infants is a rule rather than an exception. With
the technological advancement in the neonatal
intensive care unit (NICU) and the availability of
newer and improved medications, extremely pre-
mature infants are surviving. The etiology of pre-
mature birth is multifactorial, but results in the
birth of an infant who is not fully equipped to tran-
sition to an independent life. The premature birth
results in significant comorbidity and mortality
later in life that compounds the difficulty in transi-
tion to postnatal life. In premature infants, the
breathing pattern is not fully developed at the
time of birth.14 This situation may be complicated
with the development of bronchopulmonary
dysplasia with limited respiratory reserves, and/
or cerebral palsy with associated poor neuromus-
cular control of upper airway.15 Thus, prematurity
predisposes to both central and obstructive sleep
apnea. Most studies performed in premature in-
fants to assess the maturation of breathing are
retrospective in nature.
In a retrospective study, Eichenwald and
colleagues16 reviewed the medical records of
457 subjects born between 24 and 28 weeks GA
to assess the natural history of recurrent apnea
and bradycardia in premature infants. The nursing
documentation of apnea alarms and the infants’
condition were reviewed. The monitor alarm was
set for apnea duration of 20 seconds, and brady-
cardia for a heart rate less than 100 beats/min in
infants younger than 35 weeks GA and less than
80 beats/min thereafter. The investigators found
that apnea and bradycardia were reported in all
infants. The time to resolution of apnea was longer
for infants born at lower GA. Infants born between
24 and 27 weeks GA had recurrent apnea and
bradycardia at 36 and 38 weeks but not beyond
40 weeks GA, compared with those born at
28 weeks GA. Later resolution of recurrent apnea
and bradycardia was strongly correlated with
higher incidence of chronic lung disease, but not
with severity of head ultrasonographic abnormal-
ities. The study is limited because of its inability
to characterize types of apnea based on the
NICU monitor and to differentiate sleep and wake-
fulness, and its retrospective nature.
In yet another retrospective study, investigators

reviewed the charts of 865 infants born between
24 and 32 weeks GA to assess the maturity of
different body functions including breathing pat-
terns.17 Nurse-documented monitor events were
used to characterize apnea and bradycardia. The
monitor alarm was set for an apnea duration
of 20 seconds and bradycardia of less than
80 beats/min. The investigators reported that at
31 weeks GA 25% of patients were free of apnea
and bradycardia, and by 36 weeks GA all were
without apnea or bradycardia. Furthermore, in-
fants born at less than 26 weeks GA demonstrated
a delay in becoming apnea free by a mean of
2.3 weeks when compared with infants born at
31 and 32 weeks GA. Bronchopulmonary dys-
plasia and necrotizing enterocolitis were associ-
ated with a delay in becoming apnea and
bradycardia free.
Periodic breathing is also common in premature

infants (Fig. 2). In an attempt to describe the prev-
alence of periodic breathing in relatively mature
preterm infants (30–35 weeks GA) in comparison
with full-term infants, Glotzbach and colleagues18

recorded pneumograms in 66 preterm infants
before discharge. The investigators reported a
higher mean percentage value of periodic breath-
ing per quiet sleep and number of episodes of pe-
riodic breathing per 100 minutes of quiet sleep,
and the longest episode of periodic breathing
was higher in preterm infants than in full-term
controls. Moreover, percentage and episodes of



Fig. 2. Sixty-second-long epoch of the polysomnography in a 6-month-old child with periodic breathing born at
26 weeks gestational age. abdm, abdominal plethysmography; C3, C4, central electroencephalogram leads; CHIN,
chin electromyogram; E1, left eye electromyogram; E2, right eye electromyogram; EKG, electrocardiogram; ETCO,
end-tidal carbon dioxide tracing; ETGR, End tidal graphical representation; FLOW, tracing of oral thermistor; PLTH,
Plethysmography; SNOR, snore micrograph; SpO2, continuous pulse oximetry; thor, thoracic plethysmography.
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periodic breathing during sleep decreased as in-
fants reached 39 to 41 weeks postgestational
age. The study suggests that periodic breathing
is common in premature infants and decreases
as infants approach term GA. Periodic breathing
is also seen in full-term infants.
APPARENT LIFE-THREATENING EVENT

ALTE has been described as an episode that is
frightening to the observer and characterized
by some combination of apnea, color change,
marked change in muscle tone, choking, and/or
gagging. The pathophysiology of ALTE is multifac-
torial; occasionally it is a single event, and no sig-
nificant pathologic features may be discovered
despite extensive investigation.19 In the past, it
was proposed that some infants who die of SIDS
had recurrent ALTE, but most patients with ALTE
do not die.20–24 The true prevalence of ALTE is
difficult to assess because of the wide range of
definitions used to describe ALTE, geographic var-
iations in care, and different patient populations
studied.25,26 It is further complicated because the
definition involves the caregiver response to the
particular event, which is variable; some parents
perhaps ignore the event completely, whereas
others may misperceive normal physiologic body
function as abnormal.

There are various of causes for ALTE, and it is
difficult to focus on a single system function.27
Several retrospective studies have focused on
different organ systems involved in infants who
survived ALTE and underwent extensive workup.
Most of these studies failed to show any signifi-
cant abnormalities discovered during the initial
workup, but some studies have suggested that
patients with ALTE should have close follow-up,
as the chances of missing any neurologic disease
may be high on initial workup.28,29–31 Child abuse
has been reported as a cause of ALTE Munchau-
sen by proxy, and these children are at higher risk
of death subsequently.32,33 A few studies highlight
that the autonomic nervous system may be
abnormal in infants who have suffered ALTE.34–36

Apnea may not necessarily be part of the pre-
sentation in infants who present with ALTE.
The AASM recommends performing polysomnog-
raphy in infants with clinical suspicion of sleep-
disordered breathing.37 The studies that have
assessed sleep-disordered breathing as an etio-
logic factor in ALTE have used various techniques
and different populations of subjects, which make
it difficult to draw conclusions. The early studies
implicated CA as a major cause of SIDS but only
in a very limited number of patients studied.13 In
a study of 340 infants who experienced an ALTE
a pneumogram was performed, with subsequent
home monitoring in infants with abnormal pneu-
mograms. Rahilly23 reported that 8% of subjects
had abnormal findings, and most these infants
had CA on home monitoring.
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In a study of infants who were admitted with
ALTE, extreme respiratory events, described as
CA of 30 seconds’ duration or bradycardia of
longer than 20 seconds, are more likely to be as-
sociated with upper respiratory infection, prema-
ture birth, and GA of less than 43 weeks.38 To
delineate the relationship between gastroesopha-
geal reflux (GER) and apnea, Khan and col-
leagues39 studied both central and obstructive
apnea in 50 infants with ALTE and 50 control sub-
jects. It was concluded that there is no temporal
association between GER in the middle esoph-
agus and apnea/bradycardia in both populations.
Periodic breathing has also been shown in exces-
sive amounts in patients with ALTE.40 It is unclear
whether CA or periodic breathing is associated
with or is a cause of ALTE in infants, and the rela-
tionship between ALTE and SIDS is less than
tenuous at best.41

In a recent prospective study of 300 infants who
presented with ALTE and underwent pneumogra-
phy, Mittal and colleagues42 showed that the pres-
ence of abnormal pneumographic findings does
not predict recurrent ALTE.
PATHOPHYSIOLOGY OF CENTRAL APNEA IN
INFANTS

The exact timing of the start of breathing move-
ments in the human fetus is unclear, but most of
the data derived from animal models show that it
starts fairly early in fetal life. It is suggested that
fetal breathing movement in most mammals starts
in the second trimester.43 The role of breathing is
not gas exchange in fetal life, this being achieved
via the circulatory system and placenta. The fetal
breathing movement is noncontinuous, rhythmic,
and nonsynchronized.44 During periods of high-
voltage, low-frequency activity, electrocorticogra-
phy of the fetus is apneic (similarly to REM
sleep).45 Perhaps an important aspect of breathing
rhythm in the fetus is that it is vital for lung devel-
opment during fetal life.46 The control of breathing
in fetal life is complex, and involves several inhibi-
tory and excitatory stimuli. Some of the important
modulators of breathing include central rhythm
generators, central and peripheral chemore-
ceptors, sleep and wake states, and various
neurotransmitters.47,48

Based on the animal model of respiratory con-
trol, there are 2 distinct groups of respiratory
centers that function in harmony. The first, the
parafacial nucleus, is located at the ventral surface
of the hindbrain while the second, the pre-Böt-
zinger complex, is on the dorsal aspect. Both
groups of neurons develop independently from
each other in the hindbrain.49 The parafacial
nucleus predominantly controls expiration and
functions by phasic inhibition of tonic background
inspiratory activity via glutamatergic neurons.50

The pre-Bötzinger complex predominately works
as the inspiratory control. The development of
these respiratory centers and the interaction be-
tween them is beyond the scope of this review.
Fetal breathing is stimulated with elevated car-

bon dioxide during low-voltage high-frequency
electrocorticography, suggestive of awake state,
and during both high-voltage and low-voltage elec-
trocorticography with exposure to cold and carbon
dioxide.51,52 Responses to hypoxia and hypercap-
nia in fetal life suggest that carotid chemoreceptors
are already active in fetal life.53 A powerful inhibi-
tory effect of the upper lateral ponsmay be respon-
sible for the episodic nature of fetal breathing.54

The other inhibitory stimuli for breathing in fetal
life include adenosine and the placenta.55,56

Removal of placenta after birth may be a stimulus
for continuous breathing.57 Fetal breathing is also
under behavioral control. It is stimulated during
high-frequency, low-voltage electrocorticographic
activity, which is characteristic of awake and REM
sleep, and is inhibited during low-frequency, high-
voltage electrocorticographic activity, with apnea
being present.45

Transition from fetal to neonatal life is probably
the most complex transition in human life.58 In a
preterm infant, the transition is difficult because
of the immaturity of organ systems, such as an
immature breathing pattern and limited lung devel-
opment that can adapt to an independent life. The
intermittent breathing pattern noted in fetal life
persists in premature infants and even extends
into the age at which they reach term gestation.59

The irregular breathing pattern in preterm and
term infants is also exacerbated by immature
lung mechanics at the time of birth. Infants have
low functional residual capacity, which results in
hypoxemia even with brief CA and periodic
breathing.
In premature infants the breathing is irregular,

and is characterized by apnea and periodic
breathing. Irregular breathing is most commonly
seen in active sleep/REM sleep, with breathing
becoming more regular during quiet or NREM
sleep.60 The breathing irregularities increase from
30 to 36 weeks GA and then decrease. In full-
term infants, breathing irregularities persist during
60% to 70% of the sleep time and decrease by
3 months of age.61 Warm temperature induces ap-
nea in term infants, and loss of body heat stimu-
lates breathing.62

Periodic breathing in premature infants is
related to the carbon dioxide level and its relation-
ship to the apnea threshold. Reduction in serum
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carbon dioxide below a certain point causes ap-
nea during sleep, and this level is termed the
apneic threshold. In premature infants, the apnea
threshold is much closer to the eucapnia level in
comparison with adults.63 The apnea threshold is
therefore frequently reached with common ma-
neuvers such as an augmented breath, resulting
in recurrent apnea that is seen in periodic breath-
ing. Another concept in understanding periodic
breathing may be related to loop gain, an engi-
neering term. Loop gain is described as a negative
feedback system in which a disturbance (u) in-
creases alveolar ventilation from a steady state.
This increase in ventilation in turn reduces carbon
dioxide, which evokes a negative corrective action
(e) to suppress the disturbance. The ratio of e/u will
define the loop gain of the system. In the high loop-
gain system, the response is greater or equal to
the disturbance, which results in an unstable sys-
tem. For example, a sigh produces a sudden
reduction of carbon dioxide levels, which evokes
an exaggerated response from the central respira-
tory center and induces apnea, which in turn re-
sults in elevated levels of carbon dioxide. This
process causes resumption of breathing but in
an exaggerated fashion, leading to washout of
carbon dioxide, bringing it below the apneic
threshold; the cycle will thus repeat itself, resulting
in the characteristic breathing pattern seen in peri-
odic breathing.
DIAGNOSIS

Premature infants often have a prolonged stay in
the NICU after birth for respiratory support and
nutritional needs. CA and periodic breathing are
seen after invasive ventilation has been discontin-
ued. The apnea events may be noticed by the
health care staff during routine care and mostly
during sleep. Alternatively, the alarm at the
bedside will show apnea, bradycardia, and/or
desaturation.64 The accuracy of diagnosis of CA
based on nursing documentation is debatable.65

Patients may have skin-color change and may
lose muscle tone. Typically, stimulation will
restore breathing in most of the infants. Some-
times the apnea and periodic breathing may be
significant enough to require invasive and nonin-
vasive ventilation or oxygen supplementation. Af-
ter discharge, the premature infants may present
with ALTE. Infants with chronic lung disease
attributable to prematurity are more likely to
have desaturations and apnea events, probably
related to the limited respiratory reserves in
such infants.66 The CA is most likely noticed dur-
ing sleep and rarely during wakefulness. Young
infants take frequent naps during the day, so
CA is more likely to be noticed by parents during
the day than at night.

Polysomnography is considered a test of choice
to diagnose sleep-disordered breathing in infants
and children. The study requires in-laboratory
testing, which is well tolerated by patients and
family members.67 A recent study has shown
that a shorter 4-hour evening study is comparable
with an overnight sleep study in the diagnosis of
sleep-disordered breathing in children younger
than 2 years.68 A nap study, even shorter than a
4-hour study, is not considered to be equivalent
to a full-night study and may miss sleep-
disordered breathing.69 The advantage of in-
laboratory polysomnography includes accurate
diagnosis of the nature of sleep-disordered
breathing, assessment of additional sleep-related
physiologic parameters such as sleep-related hy-
poventilation, and ability to intervene during the
study as indicated. The disadvantages include
the short period of data collection, expensive
testing, and long waiting time for the study
because of the shortage of child-friendly sleep
laboratories.

Home monitoring has been used in several
research studies to document sleep-disordered
breathing in infants,11 but has not been widely
accepted as a tool for clinical use. There are
various portable testing modalities available for
the assessment of sleep-disordered breathing in
infants, including home pulse oximetry, pulse
transit time, and multichannel unattended sleep
studies.70,71 Portable monitoring provides the
advantage to collect data in a patient’s familiar
surroundings and for an extended period of time.
It is also inexpensive and readily available. The
disadvantages include difficulty in accurate differ-
entiation of sleep and wake stages, and multiple
artifacts during the data collection. Despite these
disadvantages, home monitoring for sleep apnea
is a valuable tool in certain circumstances.
MANAGEMENT OF CENTRAL APNEA IN
INFANTS

Management of CA in infants is aimed at normali-
zation of breathing and stabilization of fluctuation
in oxygen saturation. Various therapies are avail-
able for the treatment of apnea in infants, but all
serve as temporary therapies while awaiting matu-
rity of the breathing apparatus of premature and
full-term infants.

Supplemental oxygen is probably the most
widely prescribed therapy for CA and periodic
breathing in both premature and full-term infants.
In a small study of 15 preterm infants, supple-
mental oxygen improved apnea and periodic
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breathing.72 Oxygen therapy prevents desatura-
tion and improves breathing stability in infants.
Despite widespread use of supplemental oxygen,
there is no clear guideline for its use in the treat-
ment of CA in infants.
Another widely accepted therapy for CA and pe-

riodic breathing in preterm and term infants is
theophylline or caffeine. In premature infants, the
use of caffeine to stimulate breathing is targeted
toward adenosine-induced breathing suppression
that is normally seen in fetal life.55 A meta-analysis
of 6 clinical trials looking at the efficacy of methyl-
xanthine in the treatment of apnea of prematurity
reported a reduction in apnea severity and utiliza-
tion of intermittent positive pressure therapy in the
first 2 to 7 days.73 In a randomized placebo-
controlled trial of 2000 infants born at preterm
and with apnea of prematurity, caffeine reduced
the need for positive pressure ventilation and
reduced the use of supplemental oxygen.74 The
same investigators studied the long-term effect
of caffeine used for the treatment of apnea of
prematurity, and showed that it reduces the inci-
dence of cerebral palsy and cognitive delay.75

Caffeine therapy is generally not indicated beyond
33 weeks GA.76

Other available nonconventional therapies for
the treatment of CA have been researched in pre-
term infants. A small study of 24 premature in-
fants born at 27 weeks GA with apnea of
prematurity compared supine versus prone posi-
tioning, and concluded that more CA and less
arousal was noted during prone sleeping position,
whereas infants had more awakening and
arousals per hour in a supine sleeping position.77

However, a prone sleeping position is a risk factor
for SIDS, so this therapy cannot be recommen-
ded. In a short, randomized controlled trial of 87
preterm infants born between 27 and 32 weeks
GA, Alvaro and colleagues78 compared theophyl-
line and 1% inhaled carbon dioxide for the treat-
ment of apnea of prematurity. The investigators
concluded that theophylline, which was better in
reducing the severity of apnea, and carbon
dioxide should not be considered as a therapy
at this time. In another prospective, randomized
controlled study of 27 preterm infants of similar
GA, the short-term inhalation of 0.8% carbon di-
oxide had efficacy similar to that of theophylline
in reducing the apnea.79 Both of these trials
were based on the fact that inhaled carbon diox-
ide will increase the carbon dioxide levels and
prevent the apnea threshold being reaching in
preterm infants, thus stabilizing breathing.
Positive pressure ventilation has been widely

used in the treatment of CA and periodic breathing
in preterm and term infants. Continuous positive
airway pressure (CPAP) is one such modality.
The underlying mechanism of improvement of
CA was recently studied by Edwards and col-
leagues80 in a lamb model of periodic breathing.
CPAP reduced CA and mixed apnea in a dose-
dependent manner, most likely by reducing the
loop gain via an increase in the lung volume.
Other therapies that have been studied in pre-

term infants for treatment of CA and periodic
breathing, but not yet available for clinical use,
include stochastic mechanosensory stimulation
(vibrotactile stimulation to stimulate breathing). In
a small study of 10 relatively mature preterm infants
(33 weeks), a low level of exogenous stochastic
stimulation stabilized breathing during sleep and
helped to reduce the incidence of apnea and peri-
odic breathing.81 Acetazolamide, a carbonic anhy-
drase inhibitor, has been used in treatment of CA
and periodic breathing. In a small study of 12 in-
fants with recurrent hypoxemia, acetazolamide
reduced the CA index and improved oxygen
saturation.82 Treatment of anemia of prematurity
with blood transfusion has also been shown to
reduce central apnea in preterm infants.83
SUMMARY

CA and periodic breathing are common in infants,
and are much more common in preterm than in
term infants. The irregular breathing is seen in
both active and quiet sleep. Irregular breathing
tends to improve with increasing GA, and is
presumed to be due to maturity of the respiratory
control centers and chest-wall mechanics. In-
laboratory polysomnography is the study of choice
for the evaluation of CA in infants. Most therapies
directed at the treatment of CA are aimed at stabi-
lizing the breathing pattern and preventing oxygen
desaturation. Most of these therapies are tempo-
rary, and are used for a brief period in preterm
and term infants until the breathing matures.
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