
1007 Journal of Clinical Sleep Medicine, Vol. 11, No. 9, 2015

Introduction: Over the last decade, high-fl ow nasal cannula 
(HFNC) therapy has become an increasingly important and 
popular mode of noninvasive respiratory support. HFNC 
facilitates delivery of humidifi ed and heated oxygen at a high 
fl ow rate and generates positive airway pressure.
Methods: We present fi ve cases of children with OSA without 
adenotonsillar hypertrophy who were treated with HFNC.
Results: We demonstrated a statistically signifi cant 
improvement in apnea-hypopnea index and nadir oxygen 
saturation in this small cohort.

Conclusion: We present our successful experience of 
treating severe OSA with HFNC in the home setting. Further 
randomized controlled trials are needed to determine whether 
HFNC could be considered as an established alternative for 
CPAP in OSA in children
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Over the last decade, high-fl ow nasal cannula (HFNC) ther-
apy has become an increasingly important and popular 

mode of noninvasive respiratory support for acute and chronic 
respiratory failure in adults, children and neonates. HFNC is 
able to deliver very high fl ows because it heats and humidifi es 
the air and gas mixture. The proposed mechanism of action of 
HFNC is several-fold: dead space of the upper airways are con-
tinuously fl ushed with oxygen; the fl ow rate is greater than the 
normal inspiratory fl ow rate, reducing upper airway collapse;2

and HFNC creates continuous positive pressure in the airways.1–3

In adults, HFNC is one of the options in the management of 
acute respiratory failure.4,5 In children, HFNC is an effective 
respiratory therapy for different diseases. Its use in RSV bron-
chiolitis prevents the need for intubation and reduces length 
of stay in the pediatric intensive care unit (PICU).6 It has also 
been successfully used in neonates with respiratory distress 
syndrome (RDS) for primary prevention of intubation or post-
extubation care.7 HFNC seems to be at least as effective as 
nasal continuous positive airway pressure ventilation (CPAP) 
in neonates for the treatment of RDS.8

The standard treatment for obstructive sleep apnea (OSA) 
in children is adenoidectomy and/or tonsillectomy when indi-
cated. In other cases CPAP is then proposed as recommended 
by recent evidence based guidelines.9 Unfortunately, many 
children, particularly those with developmental delay, cannot 
tolerate the masks required for delivering CPAP, necessitating 
the development of new masks.10 Because HFNC creates posi-
tive airway pressure, its use in OSA makes physiological sense. 
In the current study we tested the hypothesis that HFNC will 
improve OSA. We used the change in the apnea hypopnea in-
dex (AHI) and minimal oxygen saturation on therapy as the 
primary outcomes.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: High-fl ow nasal cannula 
(HFNC) therapy is used as respiratory support in many respiratory 
acute diseases and creates positive airway pressure. CPAP is the rec-
ommended fi rst-line treatment for obstructive sleep apnea (OSA) not 
due to adenotonsillar hypertrophy but has very variable compliance.
Study Impact: We demonstrated signifi cant improvement in polysom-
nography when using HFNC to treat OSA. This pilot study should pave 
the way for randomized studies of the use of HFNC as an alternative 
to CPAP.

SCIENTIFIC INVESTIGATIONS

METHODS

This was a retrospective review of all children under the 
age of 18 years who presented to our institution with OSA 
over a consecutive period of 30 months, with a pathological 
polysomnogram and required positive airway pressure ventila-
tion. Children with OSA, requiring treatment with noninvasive 
ventilation, who could not tolerate CPAP, were assessed. Each 
case was reviewed and reported in detail including: previous 
medical history, upper respiratory pathology, fl ow and oxygen 
settings of the HFNC, and response to therapy as measured 
by AHI and nadir oxygen saturation. Polysomnography was 
performed using 2 of 3 different fl ow sensors (pressure, therm-
istor, or CO2), together with EEG, pulse oximetry and chest 
and abdominal excursion sensors. Flow rates for HFNC were 
chosen by the attending pulmonologist and were based upon 
clinical improvement in snoring seen at the bedside. Similar 
measurements were taken during repeat testing with HFNC. 
The constant nature of the background fl ow of the HFNC per-
mitted good readings of the superimposed natural breathing on 
the pressure and thermistor transducers but did not allow an 
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accurate reading of end-tidal CO2. Statistical analysis was per-
formed using the one-tailed paired Student t-test comparing 
both AHI and nadir oxygen saturation with and without HFNC.

RESULTS

There were 5 patients who received HFNC as treatment for 
obstructive sleep apnea, and each child had at least one poly-
somnogram before and after initiation of treatment. The fol-
lowing is a brief description of each of these patients:

Case 1
A 22-month-old boy was brought to the pediatric emergency 

room because of severe nocturnal snoring with oxygen desatu-
ration. He was a second twin born at 26 weeks gestation with a 
birth weight of 900 g. He was diagnosed with mild bronchopul-
monary dysplasia, discharged from the neonatal intensive care 
unit without supplemental oxygen and had no need for chronic 
respiratory treatment. At 12 months of age he started snoring 
and underwent adenoidectomy with temporary improvement of 
his symptoms. Over the following months, the snoring became 
more severe, causing frequent nocturnal wakening. A flexible, 
drug-induced sleep endoscopy (DISE) was performed and dem-
onstrated severe pharyngeal collapse without evidence of ton-
sillar or adenoidal hypertrophy. On neurological examination 
he had mild generalized hypotonia and brain MRI was normal. 
Polysomnography demonstrated an AHI of 46 per hour.

Nasal CPAP was initiated but the child rejected it repeat-
edly. HFNC therapy at a flow of 10 L/min and FiO2 of 30% was 
initiated, resulting in resolution of both snoring and hypoxia. 
He was discharged with nocturnal HFNC. Polysomnography 
while receiving HFNC demonstrated an AHI of 1.9/h with a 
single episode of oxygen desaturation to 86%. His weight in-
creased from 8.2 Kg (z score −3.27) at presentation to 11.5 kg 
(z score −1.53) over 23 months of treatment.

Case 2
A 15-year-old boy with severe psychomotor retardation 

presented to our outpatient clinic due to worsening snoring 
and arousals during sleep. His tonsils were assessed by direct 
visualization and his adenoids were assessed by fiberoptic la-
ryngoscopy and found to be not enlarged. A polysomnogram 
showed severe OSA with an AHI of 29/h. Despite significant 
attempts on the part of the family, he was unable to adapt to any 
of the CPAP masks because of his mental status. He was hospi-
talized preoperatively for a tracheostomy but required bridging 
therapy with HFNC at a flow of 10 L/min and FiO2 of 21%. He 
persistently maintained good oxygen saturation during sleep. 
The tracheostomy was postponed and he was discharged on a 
home HFNC device with the same parameters. Polysomnogra-
phy on the above treatment demonstrated an AHI of 6/h.

Case 3
A 3-year-old girl born at term with multiple anomalies, in-

cluding situs inversus totalis, microcephaly, and microphthal-
mia presented to the pulmonology clinic with inspiratory stridor. 
Initial examination showed that her weight had dropped from 
the 10th percentile at birth to below the 3rd percentile. DISE dem-
onstrated very severe laryngomalacia with complete collapse 

of a very small epiglottis into the larynx during inspiration. A 
sleep study demonstrated an AHI 18.7/h. These caused periodic 
hypercapnia to 52 mm Hg and oxygen desaturation down to 
61%. A trial with CPAP failed mainly due to her face anoma-
lies. Low flow oxygen therapy partially corrected the hypoxia 
but not the hypoventilation. With a flow of 6 L/min and FiO2 of 
21%, only one event of desaturation was observed. She was dis-
charged home with HFNC therapy and no desaturations were 
noted for 3 months. Polysomnography on HFNC demonstrated 
a substantial improvement with an AHI of 8.8/h, the flow was 
increased to 8 L/min, and repeat polysomnography is planned.

Case 4
A 2-month-old girl with generalized hypotonia and poor 

weight gain was admitted because of apneas. On examination 
she had retrognathia, a protruding tongue, and unilateral cho-
anal stenosis. She had constant stridor, and respiratory rate was 
12 breaths per minute. Her reflexes were generally increased 
but brain MRI was normal. She had intermittent hypoxia and 
her blood gas showed partially compensated respiratory acido-
sis with pCO2 55–63 mm Hg; pH 7.32–7.40; and HCO3 31–35 
mmol/L. DISE showed pharyngo-laryngo-tracheomalacia. 
Polysomnography showed mixed obstructive and central ap-
neas with an AHI 15/h and end-tidal CO2 as high as 55 mm Hg. 
She was treated with HFNC therapy at a flow of 5 L/min and 
FiO2 of 21%. After 2 months of HFNC therapy her hypotonia 
had resolved and physical development was normal for her age. 
Her weight increased from under the second percentile to 7th 
percentile. Venous blood gas using HFNC showed pCO2 41.3 
mm Hg with pH 7.38 and HCO3 23 mmol/L. Polysomnography 
with HFNC showed primarily obstructive events with an AHI 
of 5.6/h.

Case 5
A 3-year-old boy with Treacher Collins syndrome under-

went tracheostomy placement at 2 weeks of age due to upper 
airway obstruction. A mandibular advancement operation was 
performed followed by adenotonsillectomy and decannula-
tion. DISE demonstrated significant airway obstruction at the 
level of the tongue and soft palate. Polysomnography was per-
formed because of nocturnal snoring and showed an AHI of 
6.2/h with oxygen desaturations under 90% for 3% of the time. 
Meanwhile, he had a significant clinical deterioration with 
witnessed nocturnal apneas and desaturations down to 50% 
and presented urgently to the emergency department. HFNC 
therapy at a flow of 10 L/min and FiO2 of 21% was started with 
immediate clinical improvement. Polysomnography while us-
ing the device demonstrated AHI 2.7/h and saturations under 
90% for 0.2% of the night.

Taking all cases together, while on HFNC, mean AHI de-
creased from 22.98/h to 5/h (p = 0.034) and mean nadir oxygen 
saturation increased from 65% to 81.4% (p = 0.011) (Table 1, 
Figure 1). Details regarding other parameters of the polysom-
nography are presented in Table 2.

DISCUSSION

We have presented our experience of five children with OSA 
who did not tolerate noninvasive CPAP. The use of HFNC, 
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in both the hospital and home settings, led to significant im-
provement of symptoms. Four of the five cases had severe OSA 
(AHI ≥ 15/h), and they all improved to mild-moderate severity 
(AHI < 10/h). Where hypoventilation was assessed, there was 
reduced evidence of chronic CO2 retention after treatment with 
HFNC. While some polysomnogram results remained patho-
logical, the overall improvement in AHI and oxygen satura-
tion was thought to be clinically significant. HFNC is better 
tolerated because its warm humidified nature decreases the 
sensation of flow in the patients’ nose which leads to increased 
compliance.11 In addition, HFNC therapy is delivered via the 
nose in a similar way to standard oxygen therapy, potentially 
eliminating the mid-face hypoplasia seen in some children af-
ter prolonged use of CPAP.12,13 To the best of our knowledge, 
this is the first report using HFNC at home for the treatment 
of OSA. Previously, McGinley et al. have used a similar na-
sal cannula system with insufflation of warm humidified air 
to treat adults14 and children15 with OSA; however, this was a 
hospital-based sleep lab report. Our findings support the recent 
statement by Tan et al that “HFNC may be a viable and possi-
bly more child-friendly alternative” when compared to CPAP.16

Mechanism of Action in OSA
HFNC treatment is based upon a fixed flow rate via nasal 

cannulae facilitating airflow through narrow airways. The 
pressures that are subsequently generated do not explain this 
effect alone. It has been hypothesized that HFNC exceeds the 
inspiratory flow rate, reducing the negative pressure generated 

during inspiration2 and reducing the tendency of the airways 
to collapse.17 This was demonstrated in adults,14 when the end-
expiratory supraglottic pressure became less negative after the 
addition of high flow therapy and inspiratory airflow no longer 
showed a flow-limited pattern.

Positive pressure in the upper and lower airways are not 
regulated and are dependent upon several factors such as the 

Table 1
Apnea-Hypopnea Index (episodes per hour) p = 0.034

Mean Median SD Range
No HFNC 22.9 18.7 ± 15.2 6.2–49.0
With HFNC 5.0 5.6 ± 2.8 1.9–8.8

Nadir Oxygen Saturation (%) p = 0.011
Mean Median SD Range

No HFNC 65.0 69.0 ± 11.97 47–78
With HFNC 81.4 83.0 ± 6.43 71–87

SD, standard deviation.

Figure 1—Apnea-hypopnea index and minimal oxygen 
saturation during polysomnography with and without HFNC 
treatment for each of the five cases. 

The thick line represents the mean change.

Table 2

Central Apnea Index
(episodes per hour)

Obstructive Apnea 
Index

(episodes per hour)

Apnea-Hypopnea 
Index

(episodes per hour)
Nadir

O2 Saturation 
End-Tidal CO2 

(mm Hg)
No 

Treatment
With

HFNC
No 

Treatment
With

HFNC
No 

Treatment
With

HFNC
No 

Treatment
With

HFNC
No 

Treatment
With 

HFNC**
Case 1 0.0 1.3 0.3 0.0 46.7 1.9 78% 86% 57 NA
Case 2 1.1 0.0 0.8 0.0 29.4 6.4 47% 80% 52 NA
Case 3 0.1 1.6 2.7 0.0 18.7 8.8 61% 71% 52 NA
Case 4 0.4 0.9 0.0 0.1 8.8 5.6 69% 83% 54 NA
Case 5 0.8 1.2 0.1 0.2 6.2 2.7 72% 87% 45 NA

p = 0.32*
Not Significant

p = 0.24*
Not Significant

p = 0.034* p = 0.011* NA

*The statistical analysis was the paired t-test comparing each parameter in the children prior to and during HFNC treatment. **Measurement of end-tidal 
CO2 was not possible during HFNC treatment. HFNC, high-flow nasal cannula therapy.
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amount of leak around the nasal cannula and whether the mouth 
is opened or closed. Pressures have been measured by several 
authors at the nasopharynx or esophagus. Arora et al.3 studied 
children with viral bronchiolitis and found a linear increase in 
pressure up to a flow of 6 L/min and a lesser gradient from 6–8 
L/min, reaching a maximum of 5 cm H2O. Similarly, Kubicka 
et al.18 measured flow rates of up to 5 L/min in neonates over 
1,500 g current weight and the highest pressure measured was 
4.5 cm H2O. Pressures achieved with mouth open were much 
smaller. It seems that the pressures generated by HFNC will 
not exceed pressures used therapeutically in CPAP, are suf-
ficient to keep the airways open during sleep, and hence are 
able to treat OSA.

Safety Concerns
Airway pressure is not regulated when HFNC is used, and 

there is no mechanism in place to prevent sudden increases in 
pressure. This may result in air leak including pneumothorax 
or pneumomediastinum when in the outpatient setting. In ad-
dition, the high flows in HFNC tend to increase end expiratory 
lung volume, increasing this risk.19 Hedge et al. described three 
cases of pneumothorax or pneumomediastinum that occurred 
while HFNC therapy was being administered in a 2-month 
old with bronchiolitis, a 22-month-old child post trauma and 
mechanical ventilation, and a 16-year-old patient post anesthe-
sia.20 Flow rates ranged from 6–20 L/min at the time of the 
complication. They all had significant hyperinflation at the 
time of the development of air leak. The risk of generating ex-
cessive pulmonary pressures in children with OSA is reduced 
because the patients are asleep; hence tidal breathing is shal-
lower while heated humidified air tends to prevent broncho-
spasm. Moreover, these patients generally do not suffer from 
obstructive lung diseases. Hence we speculate that the risk of 
using HFNC in OSA is probably low.

A second concern raised in the use of HFNC is that of in-
creased incidence of Gram-negative bacteremia, specifically 
due to Ralstonia pickettii. One brand of hospital-based devices 
was temporarily removed from the market. After appropriate 
methods of infection control were initiated, the devices were 
reapproved for public use.21

CONCLUSION

HFNC seems to be a viable alternative therapy for children 
with severe OSA for whom CPAP is not appropriate. Our re-
port should stimulate the inception of randomized controlled 
trials to determine whether HFNC could be considered as an 
established alternative for CPAP in OSA.

ABBREVIATIONS

AHI, apnea hypopnea index
CPAP, continuous positive airway pressure ventilation
DISE, drug-induced sleep endoscopy
HFNC, high flow nasal cannula
NP, nasopharyngeal
OSA, obstructive sleep apnea
PICU, pediatric intensive care unit
RDS, respiratory distress syndrome
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