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Nasal Cycle

• The nasal cycle is a normal ultradian physiological 
phenomenon

• Each nasal airway takes turns conducting a greater portion 
of tidal airflow through congestion / decongestion of 
sinuses. 
– Humidification, Immune cell presentation/cilia beating,? BP 

• Asleep - lateralisation of the nasal cycle 
– Head position (lower nostril congests)

– Stages 3 and REM sleep. 

• Autonomic nervous system



Obstructive Sleep Apnoea

• Multi-level sites for upper airway obstruction 

• Nares are a site of potentially high resistance to airway 
flow & can contribute to OSA pathophysiology

• Nasal cycle can be measured in OSA patients

– Scant previous research on the nasal cycle in OSA patients. A 
single Chinese study by  Xu et al 2010 compared the daytime 
nasal cycle of normal adults, snorers and those with OSA and 
found that they were less likely to have a consistent or 
classical nasal cycle. 



Braebon Dual Pressure Sensor during polysomnography
√Right2 - √Left2 vrs time

Salter Demand Cannula 
(stiffened wall)

Nasal cycle sleep stage associatedClassical nasal cycle position associated

Wellsleep pilot study showed a nasal cycle in  majority of 12/13 OSAS patients #

A. Neill, T. Lequeux, A. Campbell. Journal of Sleep Research 2019, 28: page 66

Nasal cycle can be measured in Kiwis with OSA



Continuous Positive Airway Pressure 
(CPAP) 

• Developed in 1981 (CE Sullivan, M Berthon Jones, FG Issa)

• Provides an airway splinting pressure to stop the 
airway collapsing during sleep

• Delivers a equal pressure down each nostril

• On awake testing abolishes the nasal cycle



RestActivityCycleer

• BioDesign Lab School of Engineering AUT by David White

• A novel treatment aiming to maintain the innate nasal cycle 

– improve comfort

– need for humidification

– reduce airway related side effects

– Improve  adherence and quality of life. 

• RACer theory: The nasal cycle is maintained by alternating 
which nostril receives the majority of airflow over a time 
period of around 90min



RACer setup / Standard CPAP



Pilot data
• Step 1 was to ensure that by alternating the pressure flow between nostrils that 

this did not affect the efficacy of treatment.

• N= 3 Patients underwent overnight sleep study where pressure and sleep quality 
were measured.  

Sleep staging:
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Randomised cross over trial
RACER vrs CPAP

• PAP naïve patients with at least moderate OSA who were able to use a nasal mask 
interface

• Randomly assigned in a crossover design to 4 weeks RACer- PAP or a control humidified 
CPAP device (Fisher and Paykel Icon Premo) separated by a 3 day wash-out.

• Inclusion & Exclusion criteria:

• Underwent an in-lab APAP titration to determine pressure requirement
• Questionnaire data collected at baseline and end of each arm (last 2 weeks)

– Side effects, QOL, ESS, specific device issues, compliance (objective hours/night)
– At end of trial preference of device

Table 1. The inclusion and exclusion criteria associated with participant recruitment

Inclusion: Exclusion:

Adults (>18) Safety critical occupation 

Naïve to positive airway pressure therapy Nasal obstruction 

AHI or RDI of ≥20/hr following L1, 2 or 3 sleep 

study

Unstable co-morbid medical conditions

Blood thinning medication (i.e. warfarin)

Able to tolerate a nasal pillow mask Extremely severe OSA-hypoxia

Excessive daytime sleepiness

Unable to tolerate a nasal pillow mask



Outcome measures 

• Objective PAP adherence
• Epworth Sleepiness Score (ESS), 
• Quality of life (SF 36)
• Nasal symptoms
• PAP side effects
• sleep quality

STATS mixed procedure SAS 9.4 (SAS Institute Inc, Cary NC) 
or Likert scale. 

Subjects were not blinded due to physical differences between 
machines

Asked their device preference.



Consort





Pressure determination study 

• Conventional CPAP good control of OSA mean AHI of 3.5 ± 2.7 events/hr (n = 40)

• RACER derived AHI ? - methodology considered not robust

• Most (n=38) in-lab polysomnographic APAP Titration

humidified Fisher & Paykel Icon Auto (5 - 18) (95th % cmH20)

• Sleep Physician confirmation of final pressure

Mean treatment pressure 12.2 (8-18 cmH20)



RESULTS: PAP adherence 
last 2 weeks of each arm



Daytime sleepiness

Baseline ESS 13.6 (range 3-21) 

Ave      ESS    

RACER 2.9 +/- 4.6 

Control 4.1 +/- 4.8



Quality of Life

Both devices improved QoL



Nasal symptom score:

Humidified CPAP greater improvement 

in nasal symptom scores

Baseline – final: 

control CPAP 2.8 (p = 0.03)

RACer 2.3 



PAP related side effects



Effect on sleep



Device preference



Participant feedback

“Preferred the [control] machine, the air felt nicer.” – R47 (M, 34).
“[Air] blowing up both nostrils [felt] easier and more normal.” –
R18 (Male, age 59)

“[The] cold air blowing out of the RACer machine was uncomfortable”

“I didn’t like the feeling of alternating pressure… if [I was] woken when 
the pressure was changing I would just take the machine off” –
R37

RACer machine is much smaller so that is great” – R25, “[I] 
“preferred the RACer machine because it was easier without water and 
more convenient to travel with” – R41.



Summary

• RACer PAP improved OSA symptoms and quality of life but 
adherence was lower and nasal symptoms more common 
when compared with humidified CPAP. 

• This could be explained by not using humidification, technical 
issues with a prototype machine & mask or the use of set nasal 
cycle length. 

• A number of practical improvements were suggested including 
redesign of button layout, mask improvements to individualize 
airflow to each nostril.  

• We recommend further research of nasal cycle traits in OSA & 
treatment studies that aim to maintain the natural nasal cycle.



Discussion

• Nasal cycle has largely been ignored in OSA treatment 
paradigm

• Research of nasal cycle traits in OSA & treatment studies that 
aim to maintain the natural nasal cycle.

– Effects of CPAP disruption to the nasal cycle??

– Humidification of “RACer”

– Adjusting the timing of cycle length to co-inside with 
position or sleep stage change
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