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Study Objectives: Supplemental oxygen has been shown to decrease the frequency of obstructive respiratory events during sleep, but may result in alveolar
hypoventilation. Limited information exists on the effect of supplemental oxygen on sleep and respiratory events in infants with obstructive sleep apnea (OSA).
Methods: We conducted a retrospective study of infants with OSA who had sleep studies performed from 2007-2012. All infants underwent a room air
diagnostic sleep study (RA-PSG), followed by a sleep study while breathing supplemental oxygen via nasal cannula (0,-PSG) on a separate night. Infants with

split-night studies or with inadequate sleep time were excluded.

Results: Fifty-nine infants met criteria for entry into analysis. The mean age of infants at the time of RA-PSG was 13.0 + 11.7 weeks and at 0,-PSG was
15.4 £+ 13.0 weeks. The obstructive AHI decreased from 19.7 + 13.0 during RA-PSG to 10.6 + 11.7 during O,-PSG (P <.001). The duration of longest obstructive
apneaincreased from 11.0 £ 4.2 seconds to 13.4 £ 7.4 seconds (P =.01). The lowest saturation associated with obstructive apneas increased from 80.7 +6.8% to
90.0£6.7% (P< .001). Carbon dioxide data showed no difference in ventilation after supplemental oxygen administration. There was no significant change in the
spontaneous arousal index, however, the percentage of respiratory events associated with arousal increased from 20.7 + 11.1% to 35.7 £ 19.7% (P <.001).
Conclusions: Infants with OSA who received supplemental oxygen had a significant decrease in the frequency of obstructive respiratory events and improved
oxygenation without adverse effect on alveolar ventilation. These data suggest that supplemental oxygen may be an effective treatment for infants with OSA who are

not good candidates for continuous positive airway pressure or surgery.
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BRIEF SUMMARY

oxygen on sleep and respiratory parameters in infants with OSA.

Current Knowledge/Study Rationale: Treatment of obstructive sleep apnea (OSA) in infants is challenging given the technical difficulties of administering
continuous positive airway pressure to that population and given the invasive surgical treatments available. This study evaluates the effect of supplemental

Study Impact: Our study demonstrates that supplemental oxygen administration to infants with OSA reduces the frequency of obstructive respiratory events
without having an adverse effect on ventilation. These findings suggest that low flow supplemental oxygen for infant OSA may be an effective treatment option.

INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by periods of
complete or partial upper airway obstruction during sleep
resulting in intermittent hypoxemia and sleep fragmentation. If
left untreated, it can lead to cardiovascular and neurocognitive
morbidity.! The prevalence of OSA has been estimated to be
1% to 4% in older children,” but there is limited information on
the prevalence in infants. Snoring is present in 11.8% to 26% of
infants, but fewer than 10% of snoring infants have OSA.”*®
OSA is more common in preterm infants, those with genetic
syndromes, and those with neuromuscular or craniofacial
abnormalities.”™"" It is reported that children younger than
3 years have more severe OSA compared to older children.'?
Because of this, and although long-term outcomes data are not
available, infants with sleep disordered breathing may be at risk
for cognitive sequelae of OSA, including learning or memory
impairment and hyperactivity."'?
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Treatment of infants with OSA is challenging because of
difficulties administering continuous positive airway pressure
(CPAP), which is the standard therapy in adults and in older
children in whom adenotonsillectomy has failed. Surgical
treatments including supraglottoplasty, mandibular distraction,
and tracheostomy may not be ideal in some circumstances. For
these reasons low flow supplemental oxygen delivered via nasal
cannula has been used to treat infants with OSA."" Studies have
shown the benefit of supplemental oxygen on central apnea,
periodic breathing, and sleep architecture in infants with apnea
of prematurity.'*'® The safety and efficacy of supplemental
oxygen administration to infants with OSA, however, is not well
studied.

There are several studies evaluating the effect of supple-
mental oxygen on OSA in adults. A recent systematic review
and meta-analysis showed supplemental oxygen led to a sig-
nificant improvement in the apnea-hypopnea index (AHI) and
overall oxygenation status.'” There have been two published
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studies that examined the effects of supplemental oxygen in
children with OSA'®'?; however, there are few data on oxygen
use for OSA in the infant population. In this study, we examined
the effect of supplemental oxygen on sleep and respiratory
parameters in infants with OSA. We hypothesized that sup-
plemental oxygen administration would improve oxygenation
and reduce the frequency of respiratory events without causing
alveolar hypoventilation.

METHODS

This retrospective observational study was performed at Cin-
cinnati Children’s Hospital Medical Center, a quaternary care
children’s hospital. The study protocol was approved by the
institutional review board. At our institution, we often use
supplemental oxygen for treatment of infants with OSA who are
poor candidates for surgical intervention or CPAP. Before
starting treatment at home, patients typically undergo an in-
patient oxygen titration sleep study to evaluate the effectiveness
and safety of oxygen use, and to titrate to the appropriate flow.
We obtained retrospective data on infants 12 months of age or
younger with significant OSA who underwent poly-
somnography (PSG) from 2007 to 2012. All patients had aroom
air diagnostic PSG (RA-PSQG), followed by PSG on a separate
night during which the patient received supplemental oxygen
via nasal cannula (O,-PSG). Significant OSA was defined as an
obstructive apnea-hypopnea index (OAHI) > 4 to 5 events/h.
Those with inadequate sleep time (< 3 hours) or with split-night
studies were excluded from analysis. The split-night studies
were excluded due to limited time, often less than 3 hours,
during the diagnostic portion. The short diagnostic time would
affect not only the estimation of respiratory parameters but also
the accuracy of sleep parameters. In addition, when oxygen use
was split in these patients there may have been insufficient time
to completely titrate to the most effective flow. Demographic
data, including sex, gestational age, medical history, age at the
time of study, pre- and post-O,-PSG blood gases, and sleep and
respiratory parameters from both RA-PSG and O,-PSG were
collected.

Sleep studies were performed in accordance with 2007
American Academy of Sleep Medicine (AASM) guidelines.*® A
standard infant montage was used, and the following variables
were recorded simultaneously: body position, left and right
electrooculogram (ROC/A1, LOC/A2), four-channel electro-
encephalogram (O1A2, O2A1, C4A1, C3A2), chin electro-
myogram, electrocardiogram, pulse oximetry, pulse waveform,
thoracic and abdominal inductance plethysmography, airflow
with thermistor and nasal pressure transducer, end-tidal partial
pressure of carbon dioxide (pCO,) (BCI Capnocheck, Smiths
Medical, St. Paul, Minnesota, USA), and transcutaneous pCO,
(Tina TCM4/40, Radiometer, Copenhagen, Denmark). In our
sleep laboratory, both end-tidal and transcutaneous CO, are
simultaneously monitored during routine PSG in all infants.
Sleep scoring was performed by registered sleep technicians and
verified by board-certified pediatric sleep specialists using
standard infant criteria. Studies were analyzed in 30-second
epochs and staged as wake, rapid eye movement (REM) sleep,

Journal of Clinical Sleep Medicine, Vol. 15, No. 8

Oxygen and Infant OSA

or non-rapid eye movement (NREM) sleep. Sleep efficiency
was calculated by dividing total sleep time by time in bed and
expressing as a percentage. An arousal was defined as a shift in
the electroencephalogram pattern to frequencies of 8 to 13 Hz,
or above 16 Hz, for a minimum of 3 seconds. Arousals in REM
sleep required a concurrent increase in submental EMG am-
plitude. The arousal index was defined as the number of arousals
perhour of sleep. A respiratory arousal was defined as an arousal
occurring at the termination of, or within 5 seconds following, a
respiratory event. The respiratory arousal percentage was the
percent of respiratory events that were associated with an
arousal. Apnea was defined as at least a 90% reduction in airflow
from baseline over two or more respiratory cycles. An ob-
structive apnea was defined as apnea in the presence of per-
sistent or increased respiratory effort. A central apnea was
defined as apnea with absence of both chest wall and abdominal
movement. Hypopnea was defined as a 50% or greater reduction
in airflow accompanied by either an oxygen desaturation of at
least 3% or arousal. The reduction in airflow was determined
primarily by the nasal pressure transducer, and if this signal was
inadequate, the thermistor was used as backup. The apnea-
hypopneaindex (AHI) was defined as the total number of apneas
and hypopneas per hour of sleep. The OAHI was defined as the
number of obstructive apneas, mixed apneas, and obstructive
hypopneas per hour. The obstructive apnea index (OAI) was the
number of obstructive and mixed apneas per hour. The central
index (CI) was defined as the number of central respiratory
events per hour. For oxygen titration studies, analysis of cap-
illary blood gas (CBG) was performed in some infants; blood
was collected just before starting, and at the conclusion of
the sleep study. The oxygen titration protocol was to initiate
supplemental oxygen at 1/8 L/min flow using a divided end-
tidal CO, cannula with simultaneous oxygen delivery (Infant
4701F, Salter Labs, Arvin, California, USA). Flow was increased
by 1/8-1/4 L/min increments to maintain oxygen saturation
greater than 90% to 93% and to minimize oxygen desaturations
associated with respiratory events.

Data were stored in an Excel spreadsheet (Microsoft, Red-
mond, Washington, USA). The SAS program (Cary, North
Carolina, USA) was used for statistical analysis. Our pri-
mary outcomes were OAHI, average end-tidal carbon dioxide
(EtCO,), and average transcutaneous pCO, (TrCO,). Sec-
ondary outcomes were effects of oxygen on sleep architecture
and additional respiratory parameters including AHI, CI, OAI,
average and longest duration of obstructive apnea, obstructive
hypopnea, and central apnea, and percentage of respiratory
arousals. RA-PSG and O,-PSG data were presented as means
and standard deviations. CBG pCO, obtained at the initiation
and completion of O,-PSGs were compared. Because the an-
alyzed variables were not normally distributed, the Wilcoxon
signed-rank test was applied. A value of P <.05 was considered
statistically significant.

RESULTS

Three hundred sixty-two individuals were identified for pos-
sible inclusion as being infants age 1 year or younger for whom
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Figure 1—Study population identification and exclusion
rationale.

Infants < 12 months old and at least 1 PSG with OAHI > 4

362 infants identified for possible inclusion
—— 159 excluded for having only 1 PSG

203 remaining

—> 136 excluded for no O, titration PSG
Split night—47 infants
Diagnostic PSGsrepeated off O,—76 infants*
PAP Titration—11infants
Ventilator Titration—2 infants

67 remaining
— 6 excluded for < 180 minutes sleep time
61 remaining

— 2 excluded for surgery between RA-PSG and O,-PSG

59 included for analysis

*Most had surgical interventions such as supraglottoplasty or were placed
on oxygen empirically.

PSG was performed at least once. Exclusions included un-
dergoing only one PSG, no O,-PSG, insufficient sleep time, or
interval surgery between RA-PSG and O,-PSG. Fifty-nine were
included for analysis (Figure 1). Demographic data and un-
derlying diagnoses are shown in Table 1. Of the 59 infants, 49
(83%) had an airway obstruction that was identified by flexible
and/or rigid bronchoscopy. Some had more than one level of
upper airway obstruction and some had more than one di-
agnosis. In nine infants (15%), an apparent life-threatening
event was diagnosed. Of those, a definite upper airway ob-
struction was identified in seven. Upper airway abnormalities
were defined in all but six of the infants with genetic syndromes,
and in all but two of the infants with significant neurological
disorders. Two were classified as having both a genetic syn-
drome and neurological disorder. One infant had OSA of un-
certain etiology without any underlying disorder or identified
upper airway pathology; however, there was a family history of
sudden infant death syndrome.

The optimal flow of supplemental oxygen during the ox-
ygen titration PSG was determined to be 1/8 L/min in 29%,
1/4 L/min in 34%, 1/2 L/min in 17%, 3/4 L/min in 12% , and
1 L/min in 8% of the study population. Table 2 shows the
effect of supplemental oxygen on sleep architecture and re-
spiratory parameters. There was a significant increase in the
percentage of NREM sleep in the O,-PSG group compared to
the RA-PSG group. Total sleep time was shorter and sleep
efficiency was lower in the oxygen-treated group. Although
both the total and spontaneous arousal indices remained un-
changed, the percentage of respiratory events terminated by
arousal (respiratory arousal percentage) was significantly
higherin the O,-PSG group. As oxygen decreased the frequency
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Table 1—Baseline characteristics and diagnoses of infants
included for analysis (n = 59).

Male 34 (58%)
Preterm (< 37 weeks) 17 (29%)
Mean age at RA-PSG (weeks) 13.0 117
Mean age at O,-PSG (weeks) 154 £ 13.0
Identified airway obstruction 49 (83%)
Laryngomalacia 27 (46%)
Pierre Robin Sequence 7 (12%)
Isolated micrognathia 6 (10%)
Isolated glossoptosis 7 (12%)
Isolated cleft palate 2 (3%)
Subglottic stenosis 2 (3%)
Tracheomalacia 2 (3%)
Pharyngeal collapse 2 (3%)
Adenotonsillar hypertrophy 2 (3%)
Genetic syndrome/chromosomal abnormality 18 (31%)
Trisomy 21 4 (7%)
Achondroplasia 3 (5%)
Other 11 (19%)
Significant neurological disorder 6 (10%)
Apparent life-threatening event 9 (15%)
Chronic lung disease of prematurity 4 (7%)
Unknown etiology 1 (2%)

Values are presented as n (%) or mean + standard deviation. O,-PSG =
oxygen titration sleep study, RA-PSG = room air diagnostic sleep study.

of respiratory events, comparing the respiratory arousal index
would be misleading. Therefore, we compared respiratory
arousals using a percentage of respiratory events that were
terminated by arousal.

Comparison of respiratory parameters between RA-PSG and
0,-PSG groups demonstrated a significant decrease in the AHI,
OAHI, and central apnea-hypopnea index when infants were
placed on supplemental oxygen. There was also a trend toward
reduction in the OAI (Table 2 and Figure 2). Using a 50% or
greater reduction in AHI as an indicator of response to sup-
plemental oxygen,?' 57.6% of infants classify as oxygen re-
sponders. Obstructive apnea duration was longer in the O,-PSG
group, whereas there was no significant change in duration of
obstructive hypopneas or central apneas. Average and lowest
oxygen desaturations associated with obstructive apneas and
hypopneas were significantly improved in the O,-PSG group.
Similarly, the average and lowest oxygen saturation during
central apneas were improved with administration of supple-
mental oxygen (Table 2).

Figure 3 shows the effect of supplemental oxygen on CO,
parameters. There were no significant differences in average
EtCO,, average TrCO,, or in percentage of time EtCO, was
greater than 45 or 50 mmHg. Although the percentage of time
TrCO, was greater than 45 mmHg showed no significant
change with oxygen administration, the percentage of time
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Table 2—Comparison of sleep and respiratory parameters between RA-PSG and O,-PSG expressed as mean (standard

deviation).
n RA-PSG 0,-PSG P
Total sleep time (minutes) 59 368.6 (67.2) 342.1 (77.6) .003
Sleep efficiency % 59 72.6 (10.8) 68.5 (11.3) .004
NREM sleep % 59 56.1 (11.8) 59.3 (11.0) .01
REM sleep % 59 43.9 (11.8) 404 (11.2) .003
NREM sleep time (minutes) 59 208.0 (59.6) 202.9 (62.3) 67
REM sleep time (minutes) 59 160.6 (46.4) 137.8 (48.8) <.001
Arousal index 59 21.5(8.8) 21.5(8.6) .76
Spontaneous arousal index 59 16.6 (7.5) 17.0 (7.4) .66
Respiratory arousal index 59 .0(3.3) 43 (3.7)
Respiratory arousal % 59 20.7 (11.1) 35.7 (19.7) <.001
AHI 59 27.9 (18.8) 13.8 (13.6) <.001
OAHI 59 19.7 (13.0) 10.6 (11.7) <.001
Cl 59 .2 (13.5) 3.2(7.1) <.001
OAl 59 6 (7.7) 5.7 (9.4) .07
Average OA duration (seconds) 54 8(1.1) 7.5 (2.3) .03
Longest OA duration (seconds) 49 1. 0 (4.2) 13.4 (7.4) .01
Average OH duration (seconds) 58 9(1.7) 8.4 (2.6) 19
Longest OH duration (seconds) 53 14.5 (5.5) 14.8 (10.7) .34
Average CA duration (seconds) 56 2(1.0) 6.8 (1.8) 15
Longest CA duration (seconds) 51 .7 (3.5) 10.1 (3.3) 63
Average O, desaturation with OA 51 89 5(3.9) 949 (4.4) <.001
Lowest O, desaturation with OA 50 80.7 (6.8) 90.0 (6.7) <.001
Average O, desaturation with OH 57 90.9 (2.9) 95.1 (3.3) <.001
Lowest O, desaturation with OH 53 79.0 (8.7) 90.3 (6.4) <.001
Average O, desaturation with CA 48 88.4 (4.9) 95.0 (3.3) <.001
Lowest O, desaturation with CA 47 78.8 (11.1) 90.1 (6.9) <.001
Average EtCO, (mmHg) 59 37.1(6.1) 37.5 (5.9) .89
Percent time EtCO, > 45 mmHg 59 17.7 (23.2) 18.5 (23.1) 95
Percent time EtCO, > 50 mmHg 59 .1(9.6) 3.5 (11.0) 18
Average TrCO, (mmHg) 50 444 (8.8) 46.7 (7.7) .07
Percent time TrCO, > 45 mmHg 50 50.0 (37.7) 63.3 (33.1) .06
Percent time TrCO, > 50 mmHg 50 31.7 (36.8) 42.2 (34.8) .03

AHI = apnea-hypopnea index, CA = central apnea, Cl = central index, EtCO, = end-tidal carbon dioxide, NREM = non-rapid eye movement, O,-PSG = oxygen
titration sleep study, OA = obstructive apnea, OAHI = obstructive apnea-hypopnea index, OAIl = obstructive apnea index, OH = obstructive hypopnea, RA-PSG =
room air diagnostic sleep study, REM = rapid eye movement, TrCO, = transcutaneous carbon dioxide.

TrCO, was greater than 50 mmHg was higher in the O,-PSG
group. Twenty-three infants had blood gases performed just
prior to, and immediately following, their O,-PSG studies.
There was no significant difference in pCO, when comparing
pre-0,-PSG to post-O,-PSG blood gas data (44.4 + 5.5 mmHg
[pre-O,-PSG] versus 45.6 £ 3.5 [post-O,-PSG], P = .26).

DISCUSSION

Our main finding is that infants with OSA treated with sup-
plemental oxygen demonstrated a significant reduction in the
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frequency of obstructive respiratory events, although they failed
to completely normalize their OAHI. Furthermore, supple-
mental oxygen administration for infants with OSA was as-
sociated with a reduction in respiratory event-related oxygen
desaturations and improved overall oxygenation. Supplemental
oxygen was associated with a slight prolongation of obstructive
apneas but did not have a significant adverse effect on alveolar
ventilation in this population. An improvement in overall sleep
architecture also occurred in infants with OSA treated with
supplemental oxygen as evidenced by an increased proportion
of NREM sleep. In this study, a greater proportion of respira-
tory events were terminated by arousal in infants receiving low
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Figure 2—Effect of supplemental oxygen on respiratory events during sleep.
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flow oxygen, suggesting that supplemental oxygen adminis-
tration may have a protective effect.

This study investigates the effect of supplemental oxygen on
OSA in infants. Strengths of our study include the study pop-
ulation consisting of a large cohort of infants with OSA who
underwent an RA-PSG, followed by an O,-PSG on 2 separate
nights, providing a better assessment of sleep and respiratory
parameters in both conditions. In addition, this was a hetero-
geneous population, allowing for generalization of conclusions
across diagnostic categories. Several limitations exist, however.
First, this is a retrospective study, and individuals were selected
clinically as appropriate candidates for supplemental oxygen
therapy. Second, there is a possibility of night-to-night variation
in sleep and respiratory events due to the first- night effect;
however, this likely has little effect on infants. In fact, it has been
shown that the reliability of sleep and respiratory parameters is
adequate when the sleep duration exceeds 3 hours.?? Third, the
oxygen flow rate was changed throughout the oxygen titration
study. Analysis of data obtained during optimal flow could
provide more accurate information. Fourth, it was technically
difficult to score hypopneas when desaturations were mitigated
by supplemental oxygen. There may have been an artificial
reduction in the number of hypopneas in patients receiving

Journal of Clinical Sleep Medicine, Vol. 15, No. 8

supplemental oxygen due to utilization of AASM scoring rules
in which a 3% desaturation or arousal is required to score a
reduction in airflow as a hypopnea. However, we also observed
atrend toward reduction in the frequency of obstructive apneas,
aswell as areduction in the overall OAHI while infants breathed
supplemental oxygen. One interesting observation in our cohort
is that not all infants responded to oxygen in a similar manner;
some responded well and others failed to respond. In fact,
57.6% of infants can be classified as oxygen responders based
on a 50% or greater reduction in AHI. If the reduction in fre-
quency of apneas and hypopneas was exclusively due to the
inability to score hypopneas or central apneas because of the
lack of desaturation, the response should have been consistent
across all infants. Finally, our study excluded many infants with
OSA who did not have an oxygen titration study or for whom
oxygen was not recommended. This exclusion may have led to
selection bias. A significant proportion of these excluded infants
were those who underwent surgical intervention and were likely
to have had significant anatomical obstruction. Therefore, the
findings of this study may not be applicable to that group.
Our results demonstrating a reduction in the frequency of
obstructive respiratory events in infants treated with supple-
mental oxygen are consistent with those found in several prior
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Figure 3—Effect of supplemental oxygen on alveolar ventilation during sleep.
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adult and pediatric studies. In a meta-analysis conducted to
evaluate the effects of supplemental oxygen on adults with
OSA, six pooled studies showed a significant reduction in
sleep- disordered breathing events with oxygen administra-
tion compared to room air.'” Although several adult studies
showed a reduction in the frequency of obstructive events with
oxygen use,”>° one showed no change in AHI.*’ Some showed
a prolongation of event duration in adults treated with sup-
plemental oxygen,?>*® and others demonstrated no change in
respiratory event duration.”>*® Two published studies exist on
supplemental oxygen in children with OSA. Marcus et al
showed no significant change in the OAI with oxygen ad-
ministration, however, hypopneas were not included. There
was no significant change in average duration of longest ob-
structive apneas when children breathed supplemental
oxygen.'® Aljadeffet al found a reduction in the hypopnea index
and OAI on supplemental oxygen, without prolongation of
apnea duration."

The mechanisms underlying the effect of oxygen on fre-
quency of respiratory events in infants are unknown, although
several potential explanations exist. First, supplemental oxygen
delivered via nasal cannula could produce a positive pressure
effect on the upper airway of infants. Although positive end-
distending pressure may be generated with use ofa 0.3 cm outer
diameter nasal cannula, in one study there was no detection of a
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positive pressure effect with use of a 0.2 cm cannula even with
flows up to 2 L/min.?* The outer diameter of the cannula used in
the current study was measured at 0.19 cm, and most patients
were studied on flows of 1/8 to 1/4 L/min, which would be very
unlikely to produce positive pressure in our infant cohort.

Second, supplemental oxygen administration may reverse
upper airway dilator muscle fatigue that has been demonstrated
to occur even after short periods of hypoxia.*® Hypoxia-induced
activation of upper airway dilator muscles likely contributes to
termination of apneic events; however, muscle fatigue may
develop quickly, leading to worsening apnea. Supplemental
oxygen may prevent upper airway muscle fatigue. Interestingly,
hyperoxiahas been shown to inhibit stimulation of upper airway
dilator muscles, which may be the mechanism by which sup-
plemental oxygen prolongs apnea duration.*'*? However, this
mechanism is unlikely because contraction of dilator muscles
may still occur under hyperoxic conditions through mechanore-
ceptor activation by negative pressure in the pharynx generated
during apnea.*?

Third, supplemental oxygen acts to stabilize ventilatory
control. In addition to chemoreceptor and mechanoreceptor
effects on upper airway dilator muscles, an increase in venti-
latory drive also stimulates contraction of those muscles to
promote upper airway patency.’*>* Patients with unstable
ventilatory control or high loop gain tend to experience airway
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collapse as drive oscillates. Adults with OSA and high loop gain
were found to have a reduction in both loop gain and AHI when
breathing supplemental oxygen.** Recent studies have shown
changes in loop gain associated with infant development. In
fact, infants were found to have a substantial rise in loop gain
over the first 4 weeks of life, only to fall to normal adult levels by
6 months of age.*® The population in the current study had a
mean age of 13 weeks at the time of RA-PSG and 15 weeks at
0,-PSG, corresponding to a period of high loop gain, which
may have contributed to a favorable response to oxygen. An-
other interesting finding in our cohort is that more than half were
oxygen responders. Adult data have shown that good oxygen
response corresponds with a high loop gain phenotype.?' From
our recent preliminary data based on a small number of infants,
loop gain may play arole in the variation of responses to oxygen,
similar to data in the adult population*®; however, further study
isneeded to evaluate the effect of oxygen on loop gain in infants
with OSA.

In the current study, administration of supplemental oxygen
to infants with OSA resulted in a slight prolongation of both the
average and longest duration of obstructive apneas. The
mechanism underlying prolongation of apnea duration is un-
known but could be related to a delayed arousal response.
Arousals following obstructive respiratory events can be trig-
gered by several respiratory-related stimuli including hypoxia,
hypercapnia, and respiratory effort (changes in upper airway
resistance).”” One potential mechanism to explain a prolon-
gation of obstructive apneas with administration of supple-
mental oxygen is removal of the hypoxemic respiratory drive
and subsequent reliance on the other stimuli for arousal. Hy-
percapniais unlikely to play arole because it was not observed in
our study. Increased respiratory effort may underlie the in-
creased proportion of arousals following respiratory events
(respiratory arousals) in our cohort of infants treated with
supplemental oxygen. Because hypoxia is a relatively weak
stimulus for arousal compared to hypercapnia or changes in
upper airway resistance,’” >’ it is unclear whether attenuation of
hypoxia with use of supplemental oxygen plays a role in apnea
prolongation. Regardless, it is unlikely that a slight prolonga-
tion of apnea in infants treated with supplemental oxygen
would lead to any adverse effects, because overall improvement
in both oxygenation status and respiratory arousals have been
demonstrated.

Arousal response during sleep-associated airway obstruction
is an important protective mechanism that allows for recovery
from oxygen desaturations and hypoventilation. Studies have
shown the important role of arousal in termination of respiratory
events in infants.*>*' In our study, a significantly higher pro-
portion of respiratory events was terminated by arousal in in-
fants given supplemental oxygen. Despite the prolongation of
apneas observed, the increased arousal frequency following
respiratory events in infants on supplemental oxygen may offer
protection from sequelae associated with failure to arouse
during airway occlusion.

Since the initial study published by Motta and Guilleminault
in 1978 regarding the effects of oxygen administration on
sleep apnea in adults with OSA, a concern has been raised about
the potential development of hypoventilation.*> That study
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examined three adult males with OSA and found increased
PaCO, from blood gases during oxygen administration. Two
additional studies examining the effects of supplemental oxy-
gen on adults with chronic obstructive pulmonary disease also
demonstrated development of hypoventilation.**** However,
two other adult studies showed no significant change in EtCO,
with oxygen administration.?>** As described previously, two
studies examined the effect of supplemental oxygen on children
with OSA.'"®!'" Although Marcus et al found no significant
change in mean EtCO, in those breathing supplemental oxygen,
there were two children who experienced an increase in peak
EtCO, of more than 10 mmHg.'® Aljadeff et al found no sig-
nificant change in average or highest EtCO,, or in hypo-
ventilation time as a percent of total sleep time.'? Supplemental
oxygen has been studied in preterm infants with central sleep
apnea, and has been shown to decrease the frequency of central
apneas and periodic breathing without producing an adverse
effect on alveolar ventilation.'*'> The current study found no
significant adverse effect on alveolar ventilation when sup-
plemental oxygen was delivered to infants with OSA, consistent
with our previous study in preterm infants. Although the av-
erage percentage of time spent with TrCO, greater than
50 mmHg increased in the O,-PSG group, both EtCO, and CO,
from blood gas did not show baseline hypoventilation or sig-
nificant increase in CO, with oxygen. The standard deviation
was quite high for TrCO, data, indicating that some infants did
have significantly elevated TrCO,; however, our study is not
designed to evaluate whether there is a subgroup of infants in
whom hypoventilation may develop while being treated with
supplemental oxygen. For that reason we do not recommend use
of supplemental oxygen for treatment of infants with OSA
without first performing PSG for the purpose of titrating to the
appropriate flow, and for evaluation of pCO, to rule out de-
velopment of hypoventilation while on supplemental oxygen.

In the current study, oxygen administration is associated with
an increased percentage of NREM sleep and a concomitant
decreased percentage of REM sleep. This observed increase in
percentage of NREM sleep with oxygen administration is
consistent with previous studies in preterm infants with CSA
and infants with chronic lung disease.'*** Although the de-
creased REM sleep could potentially have an adverse effect,
there is no existing literature to support this notion in infants. On
the contrary, various studies have shown benefits of quiet
(NREM) sleep compared to active (REM) sleep, including
decreased energy expenditure in quiet sleep that may favor
growth,*¢ increased cerebral hemoglobin concentration,*’ de-
creased oxygen consumption and energy conservation in quiet
sleep,*® and fewer neurodevelopmental disabilities in infants
who have a greater proportion of quiet sleep.*’ Increased quiet
sleep may contribute to improved growth in infants with chronic
lung disease who maintain higher oxygenation, coinciding with
improved growth hormone urinary excretion.’® By producing an
increase in quiet sleep time, supplemental oxygen adminis-
tration may result in a reduction in sleep fragmentation and
promote growth and development. Of note, the use of sup-
plemental oxygen use was associated with a decrease in total
sleep time and sleep efficiency, which could potentially lead to
adverse outcome.
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CONCLUSIONS

Our study evaluated the effect of administering low-flow
supplemental oxygen to infants with significant OSA. Infants
experienced a significant improvement in overall oxygenation
and a reduction in frequency of both obstructive and central
respiratory events. Although there was slight prolongation of
obstructive apneas, the proportion of arousals following re-
spiratory events was increased. In addition, there was no sig-
nificant adverse effect of oxygen on alveolar ventilation. Sleep
architecture was improved with oxygen administration as
evidenced by an increase in NREM sleep density. Supplemental
oxygen may be considered as an alternative treatment for infants
who are not good candidates for CPAP or surgery. Further study
is needed to evaluate maturational changes of respiratory sta-
bility and neurocognitive developmental outcomes in infants
treated with supplemental oxygen.

ABBREVIATIONS

AHI, apnea-hypopnea index

CBG, capillary blood gas

CI, central index

CPAP, continuous positive airway pressure
EtCO,, end-tidal carbon dioxide

NREM, non-rapid eye movement
0,-PSG, oxygen titration sleep study
OAHI, obstructive apnea-hypopnea index
OALl, obstructive apnea index

OSA, obstructive sleep apnea

PSG, polysomnography

RA-PSG, room air diagnostic sleep study
REM, rapid eye movement

TrCO,, transcutaneous carbon dioxide
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