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Obstructive sleep apnea (OSA) is common but underdi-
agnosed disorder.1 Until recently, polysomnography has 

been regarded as a standard diagnostic investigation for OSA, 
but the combination of the high prevalence of the condition and 
limited health system resources has prompted the development 
of simpler methods of disease detection and diagnosis. Howev-
er there is controversy regarding the best diagnostic approaches 
in different populations.

Recent professional guidelines on OSA diagnosis have 
classified non-EEG based diagnostic methods as either multi-
channel (Type 3) or single- or dual-channel (Type 4) based re-
cording, but neither is considered to be a definitive method of 
diagnosis in any population.2,3 Single-channel Type 4 devices 
usually measure either oxygen saturation or nasal airflow.

Nasal airflow in such devices is measured using a thermis-
tor and/or a nasal pressure transducer. Thermistors deduce 
information about airflow by detecting changes in tempera-
ture. However they have low sensitivity at detecting hypop-
neas.4 Portable oral-nasal thermistors and thermal sensors 
have been developed as screening tools for OSA,5-9 but home 
based studies have reached diverse conclusions about the 
utility of these devices.

In contrast to thermistors, nasal pressure transducers are 
more sensitive than thermistors in detecting hypopneas.10 There 
is excellent agreement between nasal pressure transducers and 
the reference standard pneumotachography for detection of ap-
neas and hypopneas.11 Single-channel nasal pressure transducer 
devices are available, but only a few studies have examined 
their role in OSA diagnosis.8,12-14
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Rationale: Obstructive sleep apnea (OSA) is a common but 
underdiagnosed disorder. There is a need for validated simpler 
modalities such as single-channel monitors to assist diagnosis 
of OSA. 
Study Objectives: To assess data sufficiency, agreement, 
and diagnostic accuracy of nasal airflow measured by a single-
channel pressure transducer device (Flow Wizard, DiagnoseIT, 
Sydney, Australia) compared to attended full polysomnography 
(PSG) on the same night for OSA diagnosis. 
Design: Cross-sectional study
Setting: Laboratory
Participants: Subjects with possible OSA referred to the sleep 
laboratory for PSG were eligible. 
Methods: Nasal airflow was measured by a pressure trans-
ducer in the laboratory concurrently with PSG. 
Results: Of 226 eligible subjects who consented, 221 
(97.8%; 151 males, 70 females) completed the protocol. 
With nasal airflow measurement, 5.3% of subjects had insuf-
ficient data, compared with 2.2% on PSG. The mean differ-

ence between PSG AHI and NF RDI was −6.2 events/h with 
limits of agreement (± 2 standard deviation [SD]) of 17.0 
events/hr. The accuracy of the Flow Wizard for diagnosing 
severe OSA (PSG AHI > 30) was very good (area under the 
ROC curve [AUC] 0.96; 95% confidence interval [CI] 0.92 
to 0.99) and for diagnosing OSA (PSG AHI > 5) was good 
(AUC, 0.84; 95% CI, 0.77 to 0.90). There was no difference 
in the rate of data insufficiency and accuracy between males 
and females. 
Conclusion: Nasal flow measured by a nasal pressure trans-
ducer has a low rate of data insufficiency, good agreement, 
and high accuracy compared to PSG for diagnosing OSA in the 
monitored sleep laboratory setting. 
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with a T connector (Figure 1). A detailed history, examination, 
and demographic data were collected on all subjects at baseline. 
Height (to the nearest 0.5 cm) and weight (to the nearest 0.5 kg) 
were measured, and the body mass index (BMI) was calculated 
as kg/m2.

The study was approved by the Human Research Ethics 
Committee of the Sydney South West Area Health Service 
(study number X05-0105) and was registered with the Austra-
lian Clinical Trials Registry (ACTRN012605000120673). In-
formed consent was obtained from all subjects.

Subjects
We recruited consecutive subjects presenting to the sleep 

laboratory for nocturnal in-laboratory full PSG for evaluation 
of possible OSA from November 2006 to May 2007. Exclu-
sion criteria were: complex unstable medical conditions, such 
as severe congestive heart failure; severe chronic respiratory 
disease; dependence on supplemental home oxygen; neuro-
muscular disorder; unstable psychiatric illness and/or history 
of current or previous drug and alcohol dependence (includ-
ing those in drug and alcohol rehabilitation); known history 
of other sleep disorders; inability to understand the patient 
information sheets; and enrollment in other clinical research 
studies.

Questionnaires
The Epworth Sleepiness Scale (ESS),20 the multivariate ap-

nea index (MAP),21 and the Berlin Questionnaire22 were ad-
ministered. The MAP score was calculated according to the 
published equation combining BMI, age, and gender, as well 
as the average of non missing values for the frequency of 3 
self-reported symptoms (snoring, apneas, and snorting/gasp-
ing). The MAP was classified as indeterminate if all 3 symp-
tom frequency questions were marked as “Don’t Know.” The 
Berlin Questionnaire22 is a self-report instrument developed 
mainly for use in primary care and is focused on a set of known 
symptoms and clinical features associated with OSA. It con-
sists of 3 main categories. Category 1 examines snoring and 
witnessed apneas, category 2 examines daytime sleepiness, 
and category 3 examines blood pressure and BMI. It classifies 
subjects as having high or low risk of OSA according to the 
score obtained for each category.

In-Laboratory PSG
Computerized attended full PSG recordings were performed 

(Alice 5, Respironics, Murrysville PA, USA) and included 
electroencephalography (EEG) (C2-A1, C3-A2, O1-A2, O2-
A1); electro-oculography (EOG), and submental and tibialis 
anterior electromyography (EMG) for sleep staging according 
to Rechtschaffen and Kales criteria.23 Also, thoracic and ab-
dominal piezoelectric respiratory movement sensors, oxygen 
saturation, nasal pressure via cannulae, body position, snor-
ing, and electrocardiogram were monitored. A PSG apnea-
hypopnea index (AHI) ≥ 5 classified subjects as having OSA, 
and PSG AHI ≥ 30 as having severe OSA according to the 
American Academy of Sleep Medicine Task Force diagnostic 
criteria.10 Apneas were defined as complete cessation of air-
flow, and hypopneas were defined as flow reduction > 50% 
associated with either a 3% desaturation or an arousal. The 

Gender differences in the prevalence, pathophysiology, and 
clinical presentation of sleep disordered breathing have been 
reported in the literature.15-17 Population-based studies have 
shown that OSA is more common in men than in women.18 
Women tend to have lower apnea hypopnea indexes than men, 
despite being more symptomatic, and there is a higher preva-
lence of REM related obstructive events in women.19 Thus gen-
der differences in diagnostic test performance may exist. There 
are no data on sex differences in the use of these devices.

The Flow Wizard (DiagnoseIT, Sydney, New South Wales, 
Australia) is a newly developed single-channel nasal pressure 
transducer device that is battery operated and measures nasal 
airflow in patients during sleep. While preliminary results us-
ing this device to diagnose OSA have been promising,13 there 
is a need for an adequately powered prospective study to assess 
the accuracy of the device with reference to concurrently per-
formed, in-laboratory PSG.

Our aims were to assess data adequacy and agreement 
(bias) between nasal flow measured simultaneously by the 
Flow Wizard pressure transducer and full laboratory PSG 
with pressure transducer recording of airflow; to assess the 
potential role of nasal flow along with 3 questionnaire scales 
in prioritizing patients presenting to the sleep clinic or sleep 
laboratory for further assessment or treatment; to examine 
the effect of gender on data quality, agreement with reference 
standard, and accuracy of nasal flow in diagnosing OSA; and 
to develop a diagnostic algorithm that can aid OSA diagnosis 
in clinic patients.

MATERIALS AND METHODS

A cross-sectional prospective study was conducted to evalu-
ate the test characteristics of a single-channel nasal pressure 
transducer for the diagnosis of OSA in the laboratory setting. 
All subjects were administered self-reported questionnaires. In-
laboratory polysomnography, the reference standard for OSA 
diagnosis, was performed concurrently with single-channel na-
sal pressure measurements. The nasal cannulae (Pro-Flow adult 
nasal cannula, Pro-Tech, WA, USA) were connected to both the 
single-channel nasal flow monitor (Flow Wizard, DiagnoseIT, 
Sydney, Australia) and the PSG system pressure transducer 

The T piece is shown in detail (B), the central port is attached to nasal 
cannulae in (A) (large white arrow) and each arm is attached to a pressure 
transducer either to the Flow Wizard or to the PSG pressure transducer 
as shown in (B) (large black arrows). The slim black arrow in (A) shows 
the tactile button and the arrow head in (A) points to the USB Port.

Figure 1—The Flow Wizard Nasal Airflow Pressure 
Transducer in laboratory set up
A B
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Data Quality
The data from the reference standard (in-lab PSG) were re-

garded as sufficient if ≥ 3 h of total sleep time was obtained. 
Nasal airflow data was regarded as sufficient and included in 
the analysis if ≥ 3 h of good quality recording was obtained.

Statistical Methods
All analyses were carried out using SPSS, Version 14 

software (Chicago, IL, USA). Values are expressed as mean 
(standard deviation, SD) and median (interquartile range, IQ) 
according to their distribution. The statistical level of signifi-
cance was set as p < 0.05. The mean bias and limits of agree-
ment between the PSG and nasal flow were calculated.24 Areas 
under receiver operator characteristics (ROC) curves (AUC) 
were constructed for nasal flow and MAP with respect to PSG 
AHI ≥ 5 and ≥ 30 events per h.25 Sensitivity (Sn), specificity 
(Sp), positive (LR+), and negative (LR−) likelihood ratios, as 
well as the post-test probability of having OSA were calcu-
lated. Stepwise logistic regression analysis was employed to 
derive a predictive algorithm for PSG-confirmed OSA using 
PSG AHI ≥ 5 as a binary variable, and with anthropometric 
data, questionnaire data, and nasal flow as predictive continu-
ous variables.

RESULTS

A total of 431 subjects were referred to the sleep unit for 
in-laboratory PSG, of whom 227 were eligible, 226 consented, 
221 (97.8%) completed the protocol, and 200 (88.5%) had 
evaluable data for both modalities (PSG and nasal flow). There 
were 190 (84.1%) with evaluable PSG and nasal flow who also 
had evaluable data on the MAP score. Most of the subjects 
were Caucasian (80%) with the following symptoms: snor-
ing (91.6%), witnessed apneas (54.9%), excessive sleepiness 
(49%), and a history of hypertension (42%). For the subjects 
who did not complete the protocol, the mean (SD) age was 
49.9 (14.8) years, BMI was 30.0 (5.8) kg/m2, ESS was 9.4 
(4.9), and 66% were male. There were no differences in demo-
graphic data between the subjects who completed the protocol 
and those who did not. Table 1 shows the subject characteris-
tics of those that completed the protocol.

PSG recordings were scored independently by trained sleep 
technicians blinded to the portable monitor results. The techni-
cians were instructed to perform in-laboratory PSG as usual, 
including applying nasal airflow cannula, calibration, checking 
of airflow signal on PSG, and to change the gain on the PSG 
flow trace to get an acceptable signal. No restriction on chang-
ing gain on the PSG was given.

Nasal Flow Monitor
The Flow Wizard (FW) records nasal pressure via a set 

of nasal prongs (Figure 1). It is designed to sit on a bedside 
table or on the floor beside the bed while a patient is sleep-
ing. The recorder has a Luer lock at one end where a standard 
nasal oxygen cannula is attached, and a USB port at the other 
end for device setup and data transfer procedures. A single 
tactile button is located on the center top of the device to 
enable users to initiate recordings with depression of the but-
ton for a 5-sec period. Once a recording is initiated (and the 
LED is constantly illuminated), FW recorder will acquire the 
signal (at 25 Hz) for a period of 9 h, then cease recording. 
Patients are not required to terminate the recording but can 
do so if this occurs within the 9-h period. Up to three 9-h 
recordings can be stored in the recorder before data transfer 
procedures are required.

The processed signal is stored in the flash memory unit 
of the device and loaded on to the nominated computer for 
analysis and interpretation via device-specific proprietary 
software. The nasal airflow signal can be visualized using the 
software. Nasal flow respiratory disturbance index (NF RDI) 
calculations were based on artifact-free flow recording in bed 
between lights-off and lights-on. Respiratory disturbances in-
cluded apneas, defined as a decrease in the amplitude of the 
airflow signal ≥ 90% for ≥ 10 sec; and hypopneas, defined as 
reduction in the amplitude of the respiratory signal ≥ 50% for 
≥ 10 sec. The recordings were automatically scored using the 
device software without manual editing. Although laboratory 
technicians applied the nasal airflow cannulae, they were not 
able to visualize if the amplitude of the nasal airflow trace on 
the Flow wizard (which has fixed signal gain) was sufficient. 
Further, the technicians did not have access to the analysis 
software.

Table 1—Subject characteristics
All (n = 200)
Mean (SD)

Males (n = 136)
Mean (SD)

Females (n = 64)
Mean (SD)

Mean Difference
(95% CI)

Age (y) 49.4 (14.5) 49.3 (14.5) 49.8 (14.7) −0.5 (−4.9 to 3.8)
BMI (kg/m2) 30.5 (6.7) 30.5 (6.2) 30.4 (7.8) 0.08 (−1.9 to 2.1)
TST (h) 5.8 (1.1) 5.8 (1.0) 5.8 (1.2) 0.07 (−0.3 to 0.4)
PSG AHI (events/h) 21.4 (25.0) 24.5 (27.2) 14.7 (19.0) 9.8 (3.3 to 16.3)
ESS 9.9 (5) 10.2 (4.7) 9.2 (5.7) 1 (−0.4 to 2.6)
NF analysis duration (h) 7.6 (0.9) 7.6 (0.9) 7.6(0.8) −0.03 (−0.3 to 0.2)
NF quality duration (h) 6.3 (1.5) 6.4 (1.4) 6.2 (1.6) 0.2 (−0.3 to 0.6)
PSG AHI minus NF RDI (events/h) −6.2 (8.5) −6.0 (8.8) −6.8 (7.7) 0.8 (−1.9 to 2.8)

BMI refers to body mass index; TST, total sleep time; PSG AHI, polysomnography derived apneas hypopnea index; ESS, Epworth Sleepiness Scale; NF, 
nasal flow; RDI, respiratory disturbance index.
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can adjust as necessary). The pressure leakage was rectified 
during the course of the study. The rate of insufficient data 
was lower after rectifying the leakage (5.3% vs. 8.1%, p < 
0.0001). Mean duration of analyzable data was 7.6 h, and total 
good quality recording duration was 5.8 h on nasal flow.

Agreement of Nasal Flow and Oximetry with PSG
Figure 3 shows that the difference between PSG AHI and 

NF RDI increased with OSA severity. The mean difference be-
tween PSG AHI and NF RDI was –6.2 (8.5) events/h with lim-
its of agreement (2 SD) −23.2 to 11.0 events/h.

Diagnostic Accuracy of Nasal Flow for Diagnosing OSA
The device was more accurate for diagnosing severe OSA 

(defined as AHI > 30) than for diagnosing OSA (defined as 
PSG AHI ≥ 5), with the AUC for in-laboratory NF RDI being 
0.96 (95% confidence interval (CI) 0.92-0.99) and 0.84 (95% 
CI 0.77-0.90), respectively. Table 2 shows the operating char-
acteristics of nasal flow for diagnosing OSA and severe OSA 
at different thresholds. Overall nasal flow had high sensitiv-
ity and specificity for diagnosing severe OSA. If NF RDI ≥ 
30 events, PSG-confirmed diagnosis of OSA is highly likely; 
and if NF RDI < 30 events/h, PSG-confirmed severe OSA is 
very unlikely. Furthermore if NF RDI < 10 events/h, PSG-con-
firmed diagnosis of any OSA is unlikely. Figure 4 shows the 
AUC curve for Nasal Flow compared to PSG for diagnosing 
OSA and severe OSA.

Role of Gender
Table 1 shows that the mean PSG AHI was lower for females 

than males in this study. There was no difference in the duration 
of recording or good quality data on nasal flow between males 
and females. There were equal numbers of male (n = 9) and 
female (n = 9) subjects with insufficient data. There was also 
no difference in total sleep duration between males and females 
on the PSG night.

Table 1 and Figure 5 show the mean bias between PSG AHI 
and NF RDI is similar in males and females. Also, Figure 4 

Data Sufficiency
Of 221 subjects, 18 (8.1%) had < 3 h of good quality record-

ing for nasal flow, while 5 (2.2%) subjects had insufficient data 
on PSG (slept < 3 h). Figure 2 shows subject participation and 
data insufficiency rates for the FW. Approximately one-third 
of the insufficient nasal flow data was due to pressure leakage 
in the connection between the Flow Wizard device and the 
PSG system. This resulted in a poor trace on the Flow wizard 
device, as the device has signal amplification to a fixed gain 
to enable use in the unattended setting (in contrast to the PSG 
nasal airflow signal with variable gain, which the technicians 

• 3 subjects had < 3 h of total sleep 
  time on PSG

• 2 subjects had poor signal on 
  respiratory parameters on PSG

• 16 subjects had < 3 h on  nasal flow

• 2 subjects had < 3 h on nasal flow 
  and < 3 h of total sleep time on PSG

198 subjects had sufficient data on nasal flow and PSG†

221 attempted and completed the protocol*

• 5 subjects withdrew consent 

226 subjects were recruited 

Figure 2—Subject participation and data sufficiency at 
various stages in the laboratory

PSG, polysomnography. *Data included in the data quality analysis. †Data 
included in the in laboratory nasal flow and oximetry accuracy analysis.

 

Overall NF RDI slightly overestimated AHI severity. The limits of agreement were large but were generally lower at low AHI. There was no difference between 
genders in the degree of AHI overestimation. The limits of agreement were also comparable for both genders.

A B C

Figure 3—Bland Altman plots showing the mean difference (thin lines) and the limits of agreement ([2SD] thick lines) for 
polysomnography apnea-hypopnea index (PSG AHI) and nasal flow respiratory disturbance index (NF RDI) for all subjects (A), 
for males (B) and for females (C)
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BMI, ESS, Berlin questionnaire, MAP, and nasal flow were en-
tered into the model, as they all showed significant univariate 
associations with PSG AHI (Table 3).

The derived final equation for the probability of OSA (P 
(OSA)) was:

P(OSA) = ex/(1 + x), where
x = –30 + (0.15 × NFRDI) + (3.0 × MAP) 

Table 4 shows the logistic regression model for predicting 
OSA. For severe OSA, neither anthropometric measures nor 

shows there is no difference between males and females in the 
AUC for diagnosing OSA (AUC = 0.84 [0.75-0.92] and 0.85 
[0.75-0.95], respectively; AUC difference −0.01; 95% CI 
[−0.15 to 0.12]; p value = 0.83) and severe OSA (AUC = 0.96 
[0.92-1.0] and 0.96 [0.92-1.0], respectively; AUC difference < 
0.01; 95% CI [−0.07 to 0.06]; p value = 0.93).

The Value of Questionnaires for Diagnosing OSA
Figure 4 shows that the MAP had a lower AUC than NF RDI 

for diagnosing OSA (AUC difference −0.09; 95% CI of differ-
ence −0.18 to 0.01, p = 0.045) and for diagnosing severe OSA 
(AUC difference −0.23; 95% CI of difference −0.32 to −0.15, 
p < 0.001). At the optimal threshold (MAP = 0.4) for diagnos-
ing OSA (PSG AHI ≥ 5), the sensitivity was 84% and specific-
ity was 56%, with positive and negative likelihood ratios of 1.9 
and 0.28, respectively. The Berlin questionnaire had a sensitiv-
ity of 82% and specificity of 50%, with positive and negative 
likelihood ratios of 1.6 and 0.37, respectively.

Development of a Predictive Algorithm
We used stepwise logistic regression to develop an algorithm 

to estimate the probability of OSA based on anthropometrics, 
questionnaire responses, and in-laboratory NF RDI. Gender, 

Table 2—Operating characteristics of NF RDI for diagnosing OSA and severe OSA

Cut Off
Sensitivity

(95% confidence interval)
Specificity

(95% confidence interval) LR+ LR−
Post-test probability

Of OSA if test positive Of no OSA if test negative
For diagnosing OSA (PSG AHI ≥ 5)i 

10 0.94 (0.92-0.98) 0.62 (0.47-0.77) 2.5 0.10 0.90 0.74
20 0.79 (0.72-0.85) 0.79 (0.66-0.91) 3.8 0.27 0.93 0.51
30 0.47 (0.41-0.53) 0.94 (0.88-1.00) 7.8 0.56 0.97 0.33

For diagnosing OSA (PSG AHI ≥ 30)ii 

20 0.98 (0.91-1.00) 0.60 (0.49-0.74) 2.5 0.03 0.46 0.99
30 0.98 (0.92-1.00) 0.81 (0.76-0.88) 5.2 0.02 0.64 0.99

PSG AHI, polysomnography derived apnea-hypopnea index; LR+, positive likelihood ratio; LR−, negative likelihood ratio; NF RDI, nasal flow respiratory 
disturbance index; iPrevalence (Pre test probability) = 0.78; iiPrevalence (Pre test probability) = 0.26.

Figure 4—Receiver operator characteristics (ROC) curves 
for in-laboratory nasal flow respiratory disturbance index 
(NF RDI) and multivariate apnea index (MAP) for diagnosing 
OSA defined by polysomnography apnea-hypopnea index 
(PSG AHI) ≥ 5 (A) and for diagnosing severe OSA, defined 
as PSG AHI ≥ 30 in (B)
A B

Figure 5—Receiver operator characteristics (ROC) curves 
for in-laboratory nasal flow respiratory disturbance index 
(NF RDI) in males and females for diagnosing OSA defined 
by polysomnography apnea-hypopnea index (PSG AHI) ≥ 5, 
panels (A) and (B), and for diagnosing severe OSA, defined 
as PSG AHI ≥ 30, panels (C) and (D), respectively

Males

Males

Females

Females

A B

C D

PSG AHI ≥ 5

PSG AHI ≥ 30
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tool in those who present to the sleep disorders clinic, and also 
to derive an evidence-based algorithm involving single-channel 
monitoring to simplify the diagnostic process.

Single-channel self-applied diagnostic devices are a viable 
alternative to multichannel devices because of their portability, 
low cost, and low demand on patient and technician time, as well 
as ease of accessibility to those patients in remote and regional 
areas. Only a few studies have examined single-channel nasal 
flow measured by a pressure transducer; these are compared to 
our current study in Table 5. A previous study13 using the same 
device (FW) obtained similar results to the present study.

Data Insufficiency
After rectifying the nasal airflow leakage which occurred in 

the study initially, the rate of data insufficiency was low and 
was comparable to similar studies in the home setting utilizing 
a different single-channel nasal pressure transducer (6%)12 and 
other portable PSG monitoring devices (5%).26 It is possible 
that data sufficiency could be lower in the unattended setting 
due to cannulae displacement during sleep.

Agreement with PSG AHI
Nasal pressure transducers vary in the degree of overestima-

tion of OSA. The bias of the Flow Wizard estimated RDI with 

questionnaire data were significant predictors of OSA, when 
added to NF RDI.

DISCUSSION

Our data demonstrate that single-channel nasal flow mea-
sured with a pressure transducer (Flow Wizard) has a low data 
insufficiency rate and high accuracy for diagnosing severe OSA 
in patients referred to a sleep clinic. Therefore, such a device 
has a potential role in triage of subjects presenting to the clinic 
with possible OSA. We found no differences between males 
and females in data sufficiency, agreement with the reference 
standard in-laboratory PSG, and accuracy for diagnosing OSA 
and severe OSA. A prediction algorithm using the MAP ques-
tionnaire in combination with NF RDI may increase the accu-
racy of OSA diagnosis in clinic patients.

Current recommendations3 do not endorse the use of single-
channel monitoring for screening for OSA because of lack of 
sufficient evidence regarding their utility. Hence, the aim of our 
study was to provide evidence in relation to the role of single-
channel nasal pressure transducer device initially as a triaging 

Table 5—Comparison of the present and previously published studies on single-channel nasal pressure transducers

Subjects, study location, gender Device
Mean bias PSG AHI 

and NF RDI (SD)
PSG AHI 
(Cut off) AUC

Sn
(%)

Sp
(%) LR+ LR−

DeAlmeida et al.,14 2006 30 sleep clinic subjects, in-lab study, 
77% male

Sleep-Checki −27.4 (13.3) 5 0.89 86 75 3.4 0.19

Nakano et al.,8 2007 117 sleep lab subjects, in-lab study, 
retrospective

PTAFii −2.5 (6.5) 5 0.95 97 77 4.2 0.04

Erman et al.,12 2007 63 diabetes clinic, in-lab and at home 
studies, 52% male

Apnea-Linkiii Approx −4 (10) 5 0.86 85 50 1.7 0.30

Wong et al.,13 2007 34 sleep lab subjects, in-lab and at 
home studies, 97% male

Flow Wizardiv −7.1 (11.1) 10
30

0.95
0.89

96
91

71
75

3.3
3.64

0.05
0.12

Grover et al.,27 2008 25 sleep lab subjects, in-lab RUSleepingv 2.6 (19.9) 5 0.94 89 86 6.2 0.13

Present Study 200 sleep lab subjects, in lab 
study, 68% male

Flow Wizardvi −6.2 (8.5) 5
30

0.84
0.96

94
90

62
89

2.5
8.5

0.10
0.11

OSA, obstructive sleep apnea; PSG, polysomnography; AHI, apnea-hypopnea index; SD, standard deviation; Sn, sensitivity; Sp, specificity; LR+, positive 
likelihood ratio; LR−, negative likelihood ratio; AUC, area under receiver operator characteristics; RDI, respiratory disturbance index; PSG, polysomnography. 
iIM systems Inc, Baltimore, USA; iiPro-Tec Services, Washington, USA; iiiResMed Corporation, California, USA; ivDiagnoseIT, Sydney, Australia; vRespironics, 
Murrysville, PA; viDiagnoseIT, Sydney, Australia

Table 3—Correlation of variables with PSG AHI
Variable Pearson correlation p value

Age 0.07 0.31
Gender 0.18 0.01
BMI 0.48  < 0.01
ESS 0.18 0.01
Berlin 0.27  < 0.01
MAP 0.41  < 0.01
NF RDI 0.89  < 0.01

PSG AHI, polysomnography derived apnea-hypopnea index; BMI, body 
mass index; ESS, Epworth Sleepiness Scale; NF, nasal flow; RDI, 
respiratory disturbance index; MAP, multivariate apnea index.

Table 4—Logistic regression model combining NF RDI and 
MAP for predicting OSA (PSG AHI ≥ 5)

Units
Odds ratio 
(95% CI) p value

NF RDI 1 event per h increase 1.15 (1.05 to 1.25)  < 0.01
MAP 1 percent increase 1.03 (1.01 to 1.05)  < 0.01

OSA, obstructive sleep apnea; PSG AHI, polysomnography derived 
apnea-hypopnea index; NF, nasal flow; RDI, respiratory disturbance 
index; MAP, multivariate apnea index.
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lower and the negative likelihood ratios were higher compared 
to nasal flow. Interestingly the Berlin questionnaire had a lower 
specificity and positive likelihood ratio in our study than that 
previously reported for diagnosing OSA. However, it has been 
validated for use in primary care22 rather than in sleep laboratory 
subjects. In contrast, the MAP was validated on sleep laboratory 
subjects. Not surprisingly the operating characteristics were sim-
ilar to that reported in the original study, albeit with a different 
threshold, as our cut-off is based on OSA defined as PSG AHI ≥ 5 
(rather than PSG AHI ≥ 10 reported in the original study).

Role of Prediction Models
The role of prediction models combining anthropometrics, 

questionnaires, and NF RDI has not been fully explored. Only 
one study13 examined the role of single-channel nasal flow and 
the MAP questionnaire. They reported that multivariate logistic 
regression did not show a significant improvement in OSA di-
agnosis with the addition of the MAP to NF RDI. However the 
study had a much small number of subjects with severe OSA 
than the present study (and only one female subject). Our study 
indicates that there may be an additional role for the MAP in di-
agnosing any OSA, but there is no additional role in diagnosing 
severe disease. However our algorithm needs to be validated on 
a separate group of laboratory subjects, perhaps separated by 
time, to evaluate its true utility.

Limitations
The main limitation of this study is that the in-laboratory de-

sign may not reflect the true clinical utility of a device that is 
designed for use in the home setting. However, simultaneous 
laboratory recording enables assessment of agreement under 
ideal conditions without the inclusion of extraneous sources of 
variation, such a night-to-night variability in AHI and differ-
ences due to sleep position and sleep stages between nights. Our 
aim was to validate a new device against the reference standard 
in-laboratory PSG without the addition of other possible sources 
of variation. A consequence of this study design is that it is only 
directly applicable to the laboratory setting. There is still a need 
to perform studies to assess data sufficiency and accuracy of na-
sal flow at home. The study was performed on highly selected 
subjects presenting to the sleep laboratory for possible OSA, 
with no possible other sleep disorder diagnosis, and we have ex-
cluded subjects with severe cardiac respiratory and neurological 
disorders. Thus the results cannot be generalized to all subjects 
presenting to the sleep laboratory, especially those with a high 
likelihood of Cheyne Stokes respiration, central sleep apnea, 
and periodic leg movements or to primary care populations.

The lack of EEG evidence of sleep may have some implica-
tions. For example, if the subject reports that they did not sleep, 
the study could be repeated or a PSG could be organized. Other 
limitations include lack of sleep position data; however, the Flow 
Wizard has the capability of recording multiple nights therefore it 
is unlikely that SDB in a particular position will be missed.

CONCLUSION

Nasal flow measured by nasal pressure transducer is accurate 
and has good agreement with in-laboratory PSG in both males 
and females, with low data loss and insufficiency rates compa-

reference to the PSG AHI was similar to that observed using 
some nasal flow devices and smaller than others (Table 5). For 
example, the SleepCheck (IM Systems Inc., Baltimore, USA) 
device14 has been reported to overestimate apneas and hypop-
neas compared with in-laboratory PSG by 27.4 events/h.

The hypothesized factors that could have contributed to the 
bias between the Flow Wizard RDI and the reference in labora-
tory PSG are overscoring of respiratory variation during REM, 
scoring of events occurring after an arousal or periodic limb 
movement, and scoring of respiratory effort related arousals 
and periods of reduced airflow in the absence of arousals or 
desaturation not meeting standard criteria for hypopnea. Oth-
er factors include nasal obstruction and full or partial mouth 
breathing.

The degree of variability around the mean (2 SD) reported in 
our study was similar to some previous studies and lower than 
others12-14 examining PSG AHI and NF RDI agreement in the 
laboratory.

Accuracy of OSA Diagnosis
Nasal flow had a high accuracy for diagnosing severe OSA in 

this study. The post-test probability of no severe OSA after a nega-
tive test is very low (i.e., high negative predictive value). There-
fore nasal flow can be used to rule out severe OSA in subjects 
awaiting PSG. Conversely, the post-test probability of having 
OSA after a positive test (defined as NF RDI ≥ 30 events per h) 
was 3-fold that of pre-test probability. Thus nasal flow can also be 
used to rule in severe OSA facilitating better resource allocation to 
the subjects who have severe disease in need of urgent treatment. 
However, these results can be affected by the high prevalence of 
disease in the sleep clinic population. Likelihood ratios are useful 
as they are not dependent on the prevalence of disease. Our results 
again reflect a high positive likelihood ratio (8.5) and a low nega-
tive likelihood ratio (0.1) for diagnosing severe OSA.

On the other hand, if NF RDI is used for screening purposes, 
the threshold for NF RDI can be set at a level to optimize the 
sensitivity to help rule out any degree of OSA (PSG AHI ≥ 5). 
A threshold of 10 events/h has a sensitivity of 94% and negative 
likelihood ratio of 0.1. Similar to our findings, published stud-
ies conducted in the laboratory comparing single-channel nasal 
pressure transducers to PSG8,12-14 showed the overall sensitivity 
(85% to 97%) was higher than specificity (50% to 77%) for 
OSA diagnosis; the overall negative likelihood ratios was also 
low (0.04-0.3), indicating that nasal flow measured by a pres-
sure transducer can be used to rule out OSA (Table 4).

Value of NF RDI in Women
Our study shows that despite the lower OSA severity found 

in women there was no gender difference in agreement between 
PSG AHI and NF RDI. Also, there was no difference in accu-
racy of OSA diagnosis. This is an important finding, because 
despite the lack of previous evidence, these devices are often 
used to diagnose OSA in women. This is encouraging, as it in-
creases the likelihood of the device having a high accuracy in 
similar groups with lower OSA severity (such as primary care).

Role of Questionnaires in OSA Diagnosis
The questionnaires had poorer operating characteristics for di-

agnosing OSA than NF RDI. The positive likelihood ratios were 
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rable to PSG. These transducers have a high sensitivity and thus 
can be used to rule out OSA in sleep laboratory subjects and can 
also be used to both rule in and rule out OSA in those with sus-
pected severe disease. Thus they are a viable alternative to labo-
ratory based PSG for OSA screening. The addition of the MAP 
added predictive value to nasal airflow for diagnosing OSA.
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