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Obstructive sleep apnea (OSA) is an underdiagnosed 

common disorder. Undiagnosed OSA, in particular, 

increases the perioperative morbidity and mortality risks for 

OSA patients undergoing surgery requiring full anesthesia. 

OSA screening using the gold standard, Polysomnography 

(PSG), is expensive, in need of expert skills and time-

consuming. 

 

In this talk, I will present the research on developing 

objective and accurate alternative tools for screening OSA 

during daytime (wakefulness) by a few minutes of breathing 

sounds analysis. In particular, I will explain our new 

algorithm, AWakeOSA, that extracts an optimized set (3-4) 

of breathing sound features specific to each anthropometric 

feature (i.e. age, sex, etc.), and uses a two-level diagnostic 

classification to predict OSA severity for each subject. 
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 Abstract— In this talk, we will demonstrate the feasibility of 

ultrasound imaging for assessment of the upper airway 

dimensions.  

I. INTRODUCTION 

Sleep apnea is a chronic respiratory disorder which 
involves repetitive intermittent collapse of the upper airway 
during sleep. Assessment of the underlying upper airway 
dimensions is one of the necessary factors in understanding 
the pathophysiology of sleep apnea. However, available 
modalities (MRI, CT, and Nasal Endoscopy) for upper 
airway assessment are either invasive or costly. Hence, it is 
hard to assess the upper airway by aforementioned 
modalities not only during sleep but also during wakefulness. 
Therefore, there is an absence of an imaging technique that is 
easily accessible and safe. Previous studies have shown that 
ultrasonography can provide detailed anatomical information 
of upper airway during normal respiration (1). However, 
usage of ultrasonography to assess the upper airway 
dimension in sleep apnea patients has not been explored. The 
primary goal of this study is to investigate the feasibility of 
ultrasound imaging to determine the upper airway 
dimensions in patients with sleep apnea during normal 
respiration.  

II. METHODS 

Participants underwent in an ultrasound examination of 
their upper airway at Toronto Rehabilitations Institute. All 
patients provided signed informed consents. The lateral and 
anterior posterior (AP) diameter of the upper airway were 
measured using Toshiba ultrasound machine Aplio i700 
(Canon Medical, Tochigi, Japan) while the participants were 
breathing normally (Figure 1-a and 1-b). The upper airway 
cross sectional area during normal breathing was measured 
by acoustic pharyngometry. Sleep apnea of the patients was 
determined by using NoSAS score (2). NoSAS score stands 
for neck circumference, obesity, snoring, age and sex which 
shows 80% accuracy to determine the group with severe 
sleep apnea.  

III. RESULTS 

Data from 27 subjects (17 healthy) showed the anterior 
posterior (AP) diameter of pharyngeal airway was 
significantly correlated with the average cross sectional area 
of the airway during normal respiration (Figure 1-c). 

 
          

 

                                                                                                                                      

Furthermore, we found that the AP diameter was 
significantly lower in patients with sleep apnea than healthy 
subjects (Figure 1-d). 

 

Figure 1.  (a) The anterior posterior (AP) view (Blue line) and placement 

of the transducer. (b) The lateral view (Yellow  line) (c) Correlation 

between cross sectional area of the upper airway and AP diameter. (d) AP 

diameter was smaller in patients with sleep apnea than healthy controls 

IV. DISCUSSION & CONCLUSION 

Our study has shown that ultrasound imaging of the upper 

airway dimensions during normal breathing can provide vital 

information of the upper airway area. The AP diameter from 

the ultrasonography has the potential to be used as a tool to 

screen the sleep apnea.  
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I. INTRODUCTION 

The polysomnogram provides a detailed overnight sensor 

data of key physiological systems including the circulatory 

system, the respiratory system, limb movement and neural 

activity. Most of this information is discarded when a sleep 

study is summarized using the apnoea hypopnoea index, so 

novel methods that provide additional patient outcome 

insight from this sensor information are clearly beneficial. 

Periods of hypoxia typically occur towards the end of an 

apnoea event and repetitive hypoxia events can negatively 

impact the heart function. In this study we implement novel 

hypoxia measures derived from the overnight oximetry 

signal and investigate their ability to predict future 

cardiovascular events. 

I. METHODS 

The Sleep Heart Health Study (SHHS) database contains 

polysomnogram (PSG) data and cardiovascular (CV) 

outcome data over a 10 year plus time period. Overnight 

oximetry data was extracted from the 5804 polysomnogram 

and standard oximetry hypoxia parameters including average 

oxygen saturation (meanO2), the oxygen desaturation index 

at 3% (ODI3) and 4% (ODI4) cutoffs, cumulative time 

below 90% saturation (CT90) and lowest SpO2 values 

(MinO2) were calculated. Novel measures of hypoxia 

including hypoxic burden and hypoxic load were also 

calculated. The death due to CV disease outcome data was 

used to produce Kaplan-Meier survival curves and Cox’s 

proportion analysis was used to look at the ability of 

parameters to infer risk levels of CV death. 

I. RESULTS AND DISCUSSION 

Our preliminary analysis shows that the risk level of death 

due to CV disease is approximately 3 times higher for 

patients with high hypoxia parameters suggesting that 

hypoxia parameters are a very useful tool for stratifying CV 

death risk. 
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I. STUDY OBJECTIVES 

To Assess the accuracy of WatchPAT (WP- Itamar-Medical, 

Caesarea, Israel), enhanced with a novel systolic upstroke 

analysis coupled with respiratory movement analysis derived 

from a dedicated snoring and body position (SBP) sensor, to 

enable automated algorithmic differentiation between 

Central and Obstructive Sleep Apnea based on simultaneous 

in-lab sleep studies with polysomnography (PSG). 

II. METHODS 

Eighty four patients with suspected sleep disordered 

breathing, (SDB), underwent simultaneous WP and PSG 

studies in 11 sleep centers. PSG scoring was blinded to the 

automatically analyzed WP data. 

III. RESULTS 

Overall WP Apnea Hypopnea Index (WP-AHI; mean ± SD) 

was 25.2 ± 21.3 (range 0.2-101), vs. PSG-AHI, 24.4± 21.2 

(range 0-110), (p=0.514), and correlation was 0.87, 

(p<0.001).  

Using a threshold of AHI ≥ 15 the sensitivity and specificity 

of WP vs. PSG for diagnosing Sleep Apnea were 85.1% and 

70.3% respectively and agreement was 78.6% 

(KAPPA=0.867). 

WP Central Apnea Hypopnea Index (AHIc), was 4.2±7.7 

(range 0-38), vs. PSG-AHIc; 5.9±11.8 (range 0-63), 

(p=0.034), while correlation was 0.90 (p<0.001).  

Using a threshold of AHI ≥ 15 the sensitivity and specificity 

of WP vs. PSG for diagnosing CSA were 66.7% and 100% 

respectively with agreement of 95% (KAPPA=0.774), and 

ROC Area under the Curve of  0.866, (p<0.01).  

Using a threshold of AHI ≥ 10 showed comparable Overall 

Sleep Apnea and CSA diagnostic accuracies.  

IV. CONCLUSIONS 

These findings show that WP can accurately detect overall 

AHI and effectively differentiate between CSA and OSA.   
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