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Results

Retrospective data was obtained from 102 adults 
with obstructive sleep apnea, who underwent up to 
3 in-lab sleep studies each, with a dual hook-up 
(NCT04713826). Sleep studies were conducted 
simultaneously with 2 Nox A1s recorders: one 
hooked up as full PSG according to the AASM 
Scoring Manual, and the other recording only from 
the reduced frontal montage (including 5 double 
electrodes placed over E2/E4, E1/E3, AF3/AF7, 
AF4/AF8 and an AFz/ground pair, Fig. 2). 

Studies were manually scored by a Registered 
Polysomnographic Technologist using either the 
reduced or full EEG montage while blinded to the 
other montage. All other signals were shared. 
Mean sensitivity, specificity, and accuracy were 
calculated for epoch-level agreement in each sleep 
stage and for arousal presence. 

Introduction

The reduced frontal montage showed a high level of agreement with 
conventional PSG for manual scoring of sleep stages and arousals, 
consistent with levels of interscorer agreement reported for these tasks in 
prior work. The reduced montage may therefore be a suitable alternative to 
PSG for measuring sleep stages and arousals, and may be able to perform 
these measurements in a real-world home sleep environment. Accurate 
sleep stage and arousal scoring allows for more accurate estimates of 
downstream clinical parameters (such as AHI) than HSAT, though further 
studies are needed, especially in a home setting, to evaluate the accuracy of 
such parameters and determine the full potential of this reduced montage.  
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Introduction 
Conventional polysomnography (PSG) is costly, time-consuming, and can be uncomfortable for patients. Home 
sleep apnea testing (HSAT) devices offer a simpler and more convenient alternative, but they lack 
electroencephalography (EEG), electrooculography (EOG), and electromyography (EMG) signals needed to 
detect sleep stages and arousals. Here we introduce a reduced montage that can be self-applied at home, if 
desired, while still providing the necessary EEG/EOG/EMG signals. The aim of this study was to compare 
epoch-level agreement of manual sleep stage and arousal scoring using the reduced montage versus 
conventional PSG montage. 
 
Methods 
Retrospective data was obtained from concurrent reduced channel and full PSG studies conducted on 102 adults 
with obstructive sleep apnea. Two Nox A1s recorders were used simultaneously to collect data, with one hooked 
up as full PSG according to AASM guidelines, and the other recording only from a reduced frontal EEG montage 
(including 5 bipolar electrodes placed over E2/E4, E1/E3, AF3/AF7, AF4/AF8 and an AFz/ground pair). Studies 
were manually scored according to AASM guidelines using either the reduced or full EEG with all other signals 
shared. Sensitivity, specificity, and accuracy was calculated for epoch-level agreement in each sleep stage and for 
arousal presence.  
 
Results 
244 double hook-up studies were included. The sensitivity, specificity, and accuracy for each sleep stage was 
Wake = 84%, 95%, 92%; REM = 78%, 99%, 96%; N1 = 48%, 94%, 88%; N2 = 76%, 87%, 82%; and N3 = 94%, 
92%, 92%. For arousal presence, the sensitivity, specificity, and accuracy was 69%, 89% and 85%.  
 
Conclusions 
The reduced channel PSG montage showed a high level of agreement with conventional PSG for manual sleep 
stage and arousal scoring, consistent with usual levels of interscorer agreement reported for these tasks. The 
reduced montage may therefore be a suitable alternative to PSG for measuring sleep stages and arousals in a 
real-world home sleep environment. Accurate sleep stage and arousal scoring allow for more accurate estimates 
of downstream clinical parameters than HSAT, though further studies are needed, especially in a home setting, to 
evaluate the accuracy of such parameters and determine the full potential of this reduced montage.  
 

Conventional polysomnography (PSG) is costly, time-consuming, and can 
be uncomfortable for patients. Home sleep apnea testing (HSAT) devices 
offer a simpler and more convenient alternative, but they typically lack the 
necessary electroencephalography (EEG), electrooculography (EOG), and 
electromyography (EMG) signals which are used during manual sleep stage 
and arousal scoring. Here we introduce a reduced frontal EEG/EOG/EMG, 
montage (Nox SAS, Fig. 1) that can be self-applied following instruction 
from a healthcare professional, and used at home, while still providing the 
necessary signals to allow for sleep stage and arousal scoring.

The aim of this study was to compare epoch-level agreement of 
manual sleep stage and arousal scoring using the reduced frontal 
montage versus conventional PSG montage. 

Methods

Figure 1: Image of the reduced frontal montage Nox SAS solution connected to a 
Nox A1s Recorder

Figure 2: Reduced frontal 
montage electrode 

placements 
(Nox SAS Solution)

A total of 244 recordings were obtained from the study participants. An 
overview of sample characteristics is shown in Fig. 3. The sensitivity, 
specificity, and accuracy for each sleep stage, and for the presence of 
arousals, is shown in Table 1 below. The highest levels of agreement overall 
were observed for wake, REM and N3 sleep stages, and lowest for N1 and 
arousals which are notoriously difficult to score consistently.1,2 

                           Reduced Frontal Montage (% of Epochs)  

      

 Sleep stage WAKE REM N1 N2 N3 Total (N)

WAKE 83.71% 1.76% 6.74% 7.36% 0.43% 51,126
REM 10.26% 77.89% 6.12% 5.62% 0.10% 27,207
N1 15.14% 2.96% 47.88% 33.00% 1.02% 29,664
N2 1.22% 0.57% 5.36% 76.38% 16.47% 93,910
N3 0.06% 0.00% 0.04% 6.15% 93.75% 10,936

Table 2: Confusion matrices showing epoch-level agreement of manual scoring 
from the reduced montage with PSG for each sleep stage and arousal presence

Arousal presence Arousal No Arousal Total (N)

Arousal 68.98% 31.02% 51,126
No Arousal 11.31% 88.69% 27,207

Class Sensitivity [95%CI] Specificity [95%CI] Accuracy [95%CI]
Sleep Stage Classification

Wake 0.84 [0.82, 0.86] 0.95 [0.94, 0.95] 0.92 [0.91, 0.93]
REM 0.78 [0.75, 0.80] 0.99 [0.99, 0.99] 0.96 [0.96, 0.96]
N1 0.48 [0.46, 0.50] 0.94 [0.94, 0.95] 0.88 [0.87, 0.89]
N2 0.76 [0.75, 0.78] 0.87 [0.86, 0.88] 0.82 [0.81, 0.83]
N3 0.94 [0.92, 0.95] 0.92 [0.91, 0.93] 0.92 [0.91, 0.93]

Arousal Scoring
Arousal 0.69 [0.67, 0.70] 0.89 [0.88, 0.89] 0.85 [0.85, 0.86]

Table 1: Sensitivity, specificity and overall accuracy of epoch-level agreement in 
manual scoring from the reduced frontal montage compared to conventional PSG

Reduced frontal 
montage vs PSG

 Meta-analysis of PSG 
scoring reliability1

Interscorer reliability 
on Nox SAS alone3

AASM interscorer 
reliability on PSG4

WAKE 0.81 [0.80, 0.83] 0.70 [0.63, 0.77] 0.76 0.82
REM 0.83 [0.81, 0.84] 0.69 [0.58, 0,81] 0.86 0.90
N1 0.49 [0.48, 0.51] 0.24 [0.15, 0.33] 0.41 0.52
N2 0.73 [0.72, 0.75] 0.57 [0.54, 0.60] 0.67 0.72
N3 0.53 [0.50, 0.57] 0.57 [0.42, 0.71] 0.74 0.53

Study Population

Male FemaleSEX:

AGE: 26-35 36-45 46-55 56-65 66+

AHI: 5-15 15-30 30+

Figure 3: Overview of sample characteristics shown as proportions per sex, age 
and apnea-hypopnea index (AHI) group (N = 102 patients and N = 244 studies)

Examination of confusion matrices (Table 2) reveals that misclassification 
most often occurs between adjacent sleep stages, for example with N1 
typically misclassified as either N2 sleep or wake. 

Cohen’s kappa, which adjusts overall accuracy for data distribution, was 
calculated to compare to prior work (Table 3) and shows that the present 
results are consistent with the typical levels of interscorer reliability seen 
within manual scoring of reduced montage or PSG studies.  

Table 3: Cohen’s kappa for overall accuracy of manual scoring on reduced frontal 
montage versus conventional PSG in the present study compared to prior work
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