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Introduction

• Sleep apnea prevalence is high and increasing
• Gold standard for sleep apnea diagnosis is full polysomnography (PSG) performed in a 

sleep laboratory
• Expensive, limited access, uncomfortable

• Tracheal sounds have been widely studied for sleep apnea screening
• No extensive equipment required 

• A neckband and pulse oximeter system recording tracheal sounds and blood oxygen 
saturation was tested for sleep apnea screening



Methods (1/2)
• 46 Simultaneous overnight measurements with the tested system and Nox A1 full 

PSG system
• 4 measurements with less than 4 hours of valid overlapping data discarded

• Invalid sections marked by analyser
• 1 measurement with less that 3 hours of total sleep time according to the A1 system discarded
• 41 measurements used for comparison

• 20 males, 21 females
• Average age 45.56 years (range 23-71 years, standard deviation 15.85 years)
• Average BMI 27.12 kg/m2 (range 16.36-39.64 kg/m2, standard deviation 4.50 kg/m2)

• Independent visual scoring of both measurements
• Arousal and desaturation rule for hypopneas in PSG
• Desaturation rule for hypopneas in the tested system

• Automatic analysis of neckband and oximeter system measurements by a neural 
network (NN) based system

• 35 additional measurements were used for training the model



Methods (2/2)

• Index comparison
• Apnea-hypopnea index (AHI) from A1 system and respiratory event index (REI) 

from tested system compared using Bland-Altman analysis
• Sleep apnea severity diagnosis compared 

• Mild: ≥ 5 to 15 events/h
• Moderate: ≥ 15 to 30 events/h
• Severe: ≥ 30 events/h

• Detection of sleep apnea above severity thresholds (mild or worse; 
moderate or worse; severe) 

• Comparison of manual and automatic neckband and oximeter system 
results to manual PSG results



Results: Bland-Altman analysis
Automatic NN based analysisManual scoring



Results: index comparison
• Automatic and manual analysis yielded similar results

• Both are in good agreement with reference system

• No clear relationship with AHI/REI and deviation from reference

• Very small bias; confidence interval includes zero

Mean difference 
[events/h]

Median difference 
[events/h]

95% CI of mean 
difference [events/h]

95% LOA [events/h]

Manual scoring 0.87 0.60 -0.80, 2.55 -9.76, 11.50

Automatic NN based 
analysis

0.73 0.10 -1.16, 2.63 -11.27, 12.74

Mean AHI/REI (± standard deviation)

Nox A1 (manual scoring) 12.77 (± 17.36) 

Tested system (manual scoring) 11.89 (± 18.47) 

Tested system (Automatic NN based analysis) 11.97 (± 16.09) 



Results: severity comparison
• Measurements were classified positive or negative based on an AHI cut-off 

value (Table 1).
• High accuracy scores both automatically and manually
• Substantial agreement at minimum in terms of kappa coefficient

• Measurements were assigned to sleep apnea severity groups (Tables 2a     
and 2b).

• Accuracy 83% (manual); 76% (automatic)
• Automatic analysis overestimates mild cases

Table 2a

Manual analysis

N
ox

 A
1

No sleep apnea Mild Moderate Severe

No sleep apnea 19 1 0 0

Mild 2 8 0 0

Moderate 0 3 3 0

Severe 0 0 1 4

Table 2b

Automatic NN based analysis

N
ox

 A
1

No sleep apnea Mild Moderate Severe

No sleep apnea 16 4 0 0

Mild 1 9 0 0

Moderate 0 3 3 0

Severe 0 0 2 3

Table 1

Automatic Manual

AHI cut-off Accuracy Cohen’s κ Accuracy Cohen’s κ

≥ 5 events/h 88% 0.76 93% 0.85

≥ 15 events/h 93% 0.80 93% 0.80

≥ 30 events/h 95% 0.72 98% 0.88



Conclusion
• Equivalent clinical performance compared to predicate device
• The neural network based system detects nearly all sleep apnea cases

• The tested new system is a valid tool for sleep apnea screening
• Improvement expected with increasing amount and variability of training data

• Large portion of measurements was reserved for testing for the present 
comparison

• Arousal related hypopneas and scoring rules can affect the results
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