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Purpose: The gold standard in obstructive sleep apnea (OSA) diagnostics is nocturnal full-night polysomnography (PSG). Due to
high costs and high time effort portable respiratory polygraphy (PG or home sleep apnea testing-HSAT) has been developed. In
contrast to PG the PSG gains relevant further information concerning sleep stages, arousals and leg movements. However, the role of
PG in the diagnostic of OSA remains largely undefined. The aim of this study was to investigate the difference of PG- and PSG-
related metrics in OSA, to understand if there is a difference in PG and PSG-based treatment decision and show up the time between
performed PG and PSG.

Patients and Methods: 99 consecutive patients with existing outpatient performed PG and followed PSG in our tertiary care
otorhinolaryngology department between February 2020 and December 2023 were retrospectively assessed. All patients were
treatment-naive at the time of consultation. The time between performed outpatient PG and PSG was calculated. Furthermore, clinical
baseline parameter and PG as well as PSG data were evaluated. All data were then blinded presented with relevant comorbid diseases
to two experts in sleep medicine in our tertiary care centre to decide whether PAP therapy was indicated or not.

Results: Mean AHI was significantly higher in PSG (32.32 + 22.78/h) compared to PG (22.60 £ 15.12/h) (p<0.001). Mean duration
between performed PG and PSG was 194.99 + 131.96 days (range between 37 and 842 days). Only in two patients PAP-therapy was
indicated with PG results but not with PSG results. Only in one case PAP-therapy was not indicated with PG results but with PSG
results.

Conclusion: These data suggest initiating OSA therapy based on PG results for patients with at least moderate OSA on PG, followed
by a confirming PSG and a control PSG under treatment to avoid unnecessary prolongation of treatment start.

Keywords: obstructive sleep apnea, portable respiratory polygraphy, polysomnography, PAP

Introduction

The prevalence of obstructive sleep apnea (OSA) is very high, affecting nearly 1 billion people.' The gold standard for
diagnosing OSA is overnight polysomnography (PSG).? Due to the high cost and increased time associated with PSG,
portable respiratory polygraphy (PG) has been proposed as a viable alternative in the clinical setting. In contrast to PG,
PSG additionally records electroencephalogram (EEG), electrooculogram (EOG), and chin and leg electromyogram
(EMG). These additional recording channels provide relevant additional biosignals related to sleep stages, arousals and
leg movements. Regarding the role of PG in the diagnosis of OSA, it is well known that AHI is underestimated in PG
compared to PSG.? In the management of OSA patients, a study showed that a full PG protocol was non-inferior to
a PSG protocol based on the measurement of daytime sleepiness using the Epworth Sleepiness Scale.” The German S3
sleep-disordered breathing guideline recommends using PG to diagnose OSA only in cases with a high pretest
probability.” As a result, the use of PG in clinical practice is rather limited. The routine clinical pathway in Germany
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for patients with suspected OSA is first to see a general practitioner, followed by referral to a sleep medicine specialist.
An outpatient PG is then performed, followed by a PSG. This process usually takes several months, especially since the
number of medical facilities offering PSG is limited. As a result, the time from PG screening to initiation of OSA
treatment can be several months. However, starting OSA treatment is very important because OSA is associated with an
increased risk of coronary heart disease,” hypertension,” diabetes mellitus,® non-alcoholic hepatic steatosis,” and stroke. '’
CPAP can reduce and eliminate not only the breathing disorder, but also daytime sleepiness.''"'* In addition, OSA is
thought to increase healthcare costs. Therefore, early effective treatment of obstructive sleep apnea is a cost-effective
solution."*™'” It is well known that PG is less expensive than PSG. One study revealed the costs of home sleep apnea
testing (HSAT) and in-laboratory polysomnography (iPSG) participants were $199.94 CAD (SD=194.83) and $492.71
CAD (SD=0.48), respectively.'® Therefore, the question arises as to whether delaying treatment initiation in patients with
a PG-based diagnosis of OSA is responsible and correct in all patients who have had a PG.

Although OSA is a highly prevalent disease, a search of the Pubmed database using different search terms such as
“OSA time from diagnosis to treatment”, “OSA time from polygraphy to treatment” and “OSA time from polygraphy to
polysomnography” did not reveal any precise data on the time between PG and PSG. One study showed a time to initiate
medical therapy (continuous positive airway pressure) of 11.6 months.'® However, the time between PG and PSG has not
been investigated. Therefore, the aim of this study was to investigate the difference of PG and PSG related parameters in
OSA, to understand the accuracy of PG for correct OSA diagnosis and correct treatment indication (PAP) compared to
gold standard PSG, and to provide evidence on the time period between performed PG and PSG from real-world clinical
data.

Materials and Methods

All consecutive patients with existing ambulatory PG who underwent PSG in our tertiary care otolaryngology department
between February 2020 and December 2023 were retrospectively reviewed. All externally performed and previously
evaluated PGs were included. The current guideline requires manual scoring,?® so it can be assumed that all outpatient
PGs were scored manually. Only patients over 18 years of age with a first diagnosis of OSA were included. All patients
were treatment-naive at the time of consultation. After consultation at our tertiary center, PSG was performed according
to the standard guidelines of the American Academy of Sleep Medicine (AASM). All PSGs were then analyzed by
experts in the field of sleep medicine. The time between outpatient PG and PSG was calculated. In addition, the
following baseline clinical parameters and PG and PSG data were evaluated Age at PG in years, body mass index (BMI)
(kg/m2), sex, total sleep time (TST) for PSG and time in bed (TIB) for PG, apnea-hypopnea index (AHI) (n/h), total
number of apneic events per hour (apnea index (Al)), total number of hypoxic events per hour (hypopnea index (HI)),
cumulative time of apneic and hypopneic events in minutes of total sleep time (TST), total number of snoring events
per hour (snoring index), total number of oxygen desaturation events (>4%) per hour (oxygen desaturation index (ODI)),
percentage of oxygen desaturation less than 90% (t90), mean oxygen saturation (%), minimum oxygen saturation (%),
pulse variance index, time in bed (TIB), AHI in supine and non-supine position. No OSA was defined as AHI <5/h, mild
OSA as AHI 5-15/h, moderate OSA as AHI 15-30/h and severe OSA as AHI > 30/h. All data were then blinded and
presented with relevant comorbidities to two experts in sleep medicine at our tertiary care center to decide whether or not
aPAP therapy was indicated. aPAP therapy was indicated in symptomatic patients with AHI>5/h.

Ethical Statement

In this study, only health data that is collected in the clinical routine was analyzed retrospectively. So-called “third
parties” did not have access to the data and publication occurs exclusively in anonymized form. The Ethics Committee of
the Rhineland-Palatinate Medical Association clearly states, that patient informed consent as well as ethical approval can
be waved in these kind of studies and furthermore refrains from providing advice in such cases, citing the State Hospital
Act (§36 and §37) (see also: https://www.laek-rlp.de/ausschuesse-kommissionen/ethikkommission/). Patients or the

public were not involved in the design, or conduct, or reporting, or dissemination plans of our research.
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Statistical Analysis

SPSS 27 (IBM, Armonk, NY, USA) was used for statistical analysis. All parameters were expressed as mean + standard
deviation. Normal distribution of samples was analyzed by Kolmogorov—Smirnov test. As all data were nonnormally
distributed the Wilcoxon signed rank test was used. Results with p<0.05 were considered statistically significant.

Results
The patients (67 male, 32 female) were 51.59 + 13.86 years old at the time of PG. Figure 1, Figure 2 and Table 1 show
the respective clinical PSG and PG metrics.

The mean time between PG and PSG was 194.99 + 131.96 days (ranging from 37 to 842 days).

Statistically significant differences between PG and PSG results were observed for TST/TIB, AHI, HI, snoring index,
minimum oxygen saturation, and ODI. No statistically significant differences were observed for BMI, Al, cumulative

apnea and hypopnea time, mean oxygen saturation, t90, pulse variance index, and AHI in supine position/not supine
position (s. Table 1, Figures 1 and 2).

Mean AHlI for PG and PSG
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Figure | Differences in mean apnea-hypopnea-index (AHI) between polygraphy (PG): 22.60 + 15.12 and polysomnography and PSG: 32.32 + 22.78; * statistically significant
with p <0.001.
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Figure 2 Difference in mean percentage of TST / TIB with peripheral oxygen desaturation less than 90% (t90) between polygraphy (PG): 7.79 + 14.84 and polysomnography
(PSG): 8.19 + 16.30; not statistically significant with p=0.66.
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Table | PG and PSG Parameters

PG PSG p- value
BMI (kg/m?) 29.96 + 524 30.15 £ 5.34 0.11
TIB (PG)/ TST (PSG) (min) 461.67 £ 40.57 | 373.13 £62.73 | <0.00I
AHI (n/h) 22,60 £ 15.12 3232 £22.78 <0.001
ODI (n/h) 2299 £ 16.94 27.90 £ 20.61 0.001
Al (n/h) 12.60 + 13.19 14.73 + 19.64 0.51
HI (n/h) 10.38 + 6.38 17.76 = 11.65 <0.001
Cumulative apnea and hypopnea time (min) 57.55 + 45.12 66.74 + 55.24 0.82
Snoring index (n/h) 109.25 + 159.87 | 286.76 + 201.92 | <0.001
Mean oxygen saturation (%) 93.57 +2.38 92.98 + 4.50 0.32
Minimum oxygen saturation (%) 7524 + 13.18 7794 + 11.89 0.04
t90 (%) 7.79 £ 1484 8.19 = 16.30 0.66
Pulse variance index (n/h) 26.20 = 16.09 25.34 + 15.72 0.08
AHI in supine position/not supine position (n/h) | 6.07 + 14.38/ 6.98 + 15.51/ 0.22

1.92 + 3.70 239 + 6.21 0.8l

Notes: Mean PG and PSG parameters for BMI (kg/m?), TIB (PG)/ TST (PSG) (min), AHI (n/h), ODI (n/h), Al (n/h), HI
(n/h), cumulative apnea and hypopnea time (min), snoring index (n/h), mean oxygen saturation (%), minimum oxygen
saturation (%), t90 (%), pulse variance index (n/h) and AHI in supine position/not supine position (n/h); statistically
significant differences between PG and PSG parameters with p<0.05 for TIB (PG)/ TST (PSG) (min), AHI (n/h), ODI (n/
h), HI (n/h), snoring index (n/h), minimum oxygen saturation (%).

Differentiating between no OSA (PG: 3.90 £ 0.57; PSG 5.55 £+ 5.02; p=0.66), mild OSA (PG: 10.30 + 3.08; PSG:
23.41 £ 18.00; p<0.001), moderate OSA (PG: 21.32 £ 4.67; PSG 29.71 + 17.99; p<0. 01) and severe OSA (PG 46.65 £
16.55; PSG 55.47 + 25.78; p=0.03) based on PG measurement mean AHI was statistically significantly higher in each
subgroup with diagnosed OSA regarding PSG vs PG (PG measurement was responsible for the classification into
different groups such as no OSA, mild OSA, moderate OSA and severe OSA) (see Table 2).

Differentiation into no OSA (PG: 0.00 + 0.00; PSG: 0.05 £ 0.07; p=0.32), mild OSA (PG: 3.12 £ 6.90; PSG: 1.81 +
3.79; p=0.40), moderate OSA (PG: 5.87 = 9.04; PSG: 6.06 + 11. 23; p=0.80) and severe OSA (PG 20.44 + 26.05; PSG
24.26 + 27.03; p=0.14) based on PG measurement mean t90 did not differ significantly in each subgroup regarding PSG
vs PG (Categorization into different groups such as no OSA, mild OSA, moderate OSA and severe OSA was based on
the PG independent of PSG) (see Table 2).

AHI > 5/h was detected in 97 patients (97.98%) on PG and in 96 patients (96.97%) on PSG. PG correctly identified
95 of these 96 patients as having OSA. This results in a sensitivity of the PG of 98.96% (s. Table 3).

AHI < 5/h was detected by PG in 2 patients (2.02%) and by PSG in 3 patients (3.03%). Of these 3 patients, 1 was
correctly classified as not having OSA by the PG for a specificity of 33.33% (s. Table 3).

Based on PG-based values, more patients were classified as having mild and moderate OSA, while based on PSG-
based values, more patients were classified as having severe OSA (see Figure 3 and Table 4).

Of the 99 patients, only two would have been indicated for aPAP therapy based on PG results, but not based on PSG results.
The first patient underwent PSG 625 days after PG. The other patient had a relatively low AHI on PG, 5.8/h (s. Table 5). In only
one case would the PG results not have indicated aPAP therapy, whereas the PSG results would have (s. Table 5). Based on
current guidelines the treatment decision for aPAP therapy have been exactly the same for both sleep experts.
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Table 2 Differences Between PG and PSG for AHI and t90 in Each OSA Severity Group Based on PG Measurement (Categorization
into Different Groups Such as No OSA, Mild OSA, Moderate OSA and Severe OSA Was Based on the PG Independent of PSG)

Classification Based on PG AHI (n/h) PG | AHI (n/h) PSG | P value AHI | t90 (%) PG t90 (%) PSG | P value t90
Parameter (PG vs PSG) (PG vs PSG)
No OSA Mean + SD 3.90 £ 0.57 5.55 £ 5.02 0.66 0.00 * 0.00 0.05 + 0.07 0.32
(AHI < 5/h)
N 2 2 2 2
Mild OSA Mean + SD 10.30 + 3.08 2341 £ 18.00 <0.001 3.12 £ 6.90 .81 +3.79 0.40
(AHI 5-15/h)
N 29 29 28 29
Moderate OSA Mean + SD 21.32 £ 4.67 29.71 £ 17.99 <0.01 5.87 £ 9.04 6.06 £ 11.23 0.80
(AHI 15-30/h)
N 49 49 49 49
Severe OSA Mean + SD 46.65 = 16.55 55.47 £ 2578 0.03 20.44 + 26.05 | 24.26 +27.03 | 0.14
(AHI > 30/h)
N 19 19 19 19

Notes: Differences between PG and PSG for AHI and t90 in each OSA severity group based on PG measurement (Categorization into different groups such as no OSA, mild
OSA, moderate OSA and severe OSA was based on the PG independent of PSG); statistically significant differences between PG and PSG for AHI in mild, moderate and
severe OSA; no statistically significant differences between PG and PSG for t90 in no, mild, moderate and severe OSA.

Table 3 Sensitivity and Specificity of PG for OSA Diagnosis

Screening Test (PG) Sum
Correct health status (PSG) Positive Negative
True positive | False negative | Correct OSA Sensitivity
OSA 95 | 96 96.97%
False positive | True negative | Correct no OSA | Specificity
No OSA | 2 | 3 33.33%

Notes: sensitivity for PG 96.97% and specificity for PG 33.33%.

Discussion

In this study, we provide evidence that standard device-based nocturnal respiratory metrics (such as AHI, HI, snoring
index, minimum oxygen saturation, and ODI) are significantly higher based on PSG than compared to PG. However,
other metrics are not significantly different between PSG and PG, such as Al, cumulative apnea and hypopnea time,
mean oxygen saturation, t90, pulse variance index, and AHI in supine position/not supine position.

There is evidence that PG underestimates AHI compared to PSG in OSA patients.>' >* We show that PG significantly
underestimates AHI in each OSA severity group. This finding is not surprising because, unlike PG, PSG includes EEG
and hypopneas associated with arousals (even without accompanying desaturations) tend to inflate AHI values. PSG
allows differentiation between total sleep time and measured time. Therefore, awake phases are excluded in PSG, which
is not possible in PG. However, the severity of OSA is associated with comorbidities, especially in severe OSA.?
Therefore, the underdiagnosis of patients with PG could have a significant impact on comorbidities. The cumulative time
of apnea and hypopnea was not significantly different between PG and PSG. However, the cumulative time of apnea and
hypopnea was lower in PG compared to PSG. It is not surprising that HI (in contrast to Al) is significantly higher in PSG
compared to PG. In particular, the detection of hypopnea events is complex and difficult in PG, with several possible
events defining hypopnea.’

Across all OSA severity levels, t90 showed no significant difference between PG and PSG measurements. Pulse
oximetry is almost identical for PG and PSG. It is not surprising that no significant difference was found between PG and
PSG. On the other hand, t90 values in PG are based on time in bed (TIB), whereas in PSG they are based on total sleep
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Figure 3 OSA severity distribution based on PSG and PG in numbers; PSG: no OSA (N=3), mild OSA (N=19), moderate OSA (N=39), severe OSA (N=38); PG: no OSA
(N=2), mild OSA (N=29), moderate OSA (N=49), severe OSA (N=19).

time (TST). Consequently, t90 in PG may have been underestimated. Therefore, an important finding of our study is that
t90 is not significantly different between PG and PSG. A value of t90 > 20% is associated with a higher risk of
hypertension, T2DM, more severe sleepiness (as measured by the ESS), and an increased risk of mortality at 5 years of
follow-up.%® It is well known that higher t90 is associated with increased severity of OSA.?® With this in mind, and in the
absence of significant differences in t90 between PG and PSG, t90 should continue to be included in the therapeutic
decision-making process.

In contrast to t90, ODI showed a significant difference between PG and PSG measurements. The ODI was
significantly underestimated in the PG measurements. This could be due to the ratio of desaturation events to total
sleep time in PSG and measured time in bed in PG.

In conclusion, relevant parameters are underestimated in PG compared to PSG. PG-based therapy decisions should
take this into account.

However, the mean time difference between PG and PSG was 194.99 + 131.96 days (range between 37 and 842
days). The sensitivity of the PG was very high (98.96%). Out of 99 patients, only two would have been indicated for
aPAP therapy with PG results but not with PSG results. The first patient underwent PSG almost two years after PG.
The other patient already had a low AHI of 5.6/h on PG. Only in one case aPAP therapy would not have been indicated
on the basis of PG results but on the basis of PSG results. Considering that waiting times for PSG may have delayed
the start of OSA treatment in our patient cohort by 194.99 + 131.96 days, it should be carefully discussed whether
aPAP therapy should be regularly initiated on the basis of PG results alone. To date, one study has attempted to
compare measurements from ambulatory PG devices with inpatient PSG in routine clinical practice.** These authors

found that a treatment decision based on PG findings alone would have been incorrect in a total of 52 cases (13%). In

Table 4 Classification of OSA Severity Based on PG and
PSG Parameters (N and %)

N (PSG) | % (PSG) | N (PG) | % (PG)
No OSA 3 3.0 2 2.0
Mild OSA 19 19.2 29 29.3
Moderate OSA | 39 394 49 49.5
Severe OSA 38 384 19 19.2
1886 https: Nature and Science of Sleep 2024:16
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Table 5 Wrong Three a-PAP Therapy Indications Based on PG

BMI AHI HI ODI | TIB (PG)/ TST | Time
(kg/m?) | (n/h) | (n/h) | (n/h) | (PSG) min between PG
and PSG
days
Wrong indication Patient | PG 22 5.8 38 57 480 84
for aPAP therapy PSG | 2 5 5 0 241
based on PG
Patient | PG | 25 19.1 0 10.2 480 625
PSG | 26 37 3.1 27 464
Wrong non Patient | PG 25 35 3 8.1 360 142
indication for aPAP- PG | 25 91 8 29 368
therapy based on PG ’ ’

Notes: Three patients with wrong / divergent aPAP therapy indications; two with wrong indication for aPAP therapy, one with wrong
non indication for aPAP therapy, parameters: BMI; AHI; HI; ODI; TIB/TST and time between PG and PSG.

35 cases (9%) an indicated PAP therapy would have been omitted and in 17 patients (4%) an unnecessary CPAP
therapy would have been initiated. The authors concluded that outpatient PG was not able to reliably assess OSA
severity in routine clinical practice and that confirmation by PSG should be mandatory.”* In our study, the rate of
inappropriate treatment initiation based on PG results alone would have been 3%. Our study confirms that PG is not
able to reliably assess the severity of OSA, as it mostly underestimates the severity of OSA. However, early treatment
of OSA is of paramount importance. Among other negative outcomes, OSA is associated with an increased risk of
coronary artery disease,’® hypertension,” diabetes mellitus,® non-alcoholic hepatic steatosis,” and stroke,'” among
others. PAP-treatment improves ESS score, improves mental and physical quality of life, and reduces motor vehicle
crashes.”’

Limitations

The retrospective study design is a potential limitation of the study. In addition, PSG and PG results were incon-
sistently analyzed by different experts and evaluation methods. In particular, the evaluation of ambulatory PGs remains
unclear due to the lack of raw data. Information about how the outpatient PGs were evaluated are missing. However,
the current guideline requires manual scoring,?® so it can be assumed that all PG's were scored manually by different
experts. That is how ambulatory PG is usually performed in the real world, with all the possible factors that could
complicate things.>* Information on daytime sleepiness, as measured by the ESS, was not available at the time of the
outpatient PGs. Therefore, we must assume that all patients who underwent PG were symptomatic (with or without
sleepiness) and therefore received PG. Furthermore, home PAP titration was not performed at all. Therefore, aPAP
therapy should be indicated by the sleep specialists in our study. aPAP has been developed and established as an
alternative to fixed continuous PAP (cPAP) therapy. aPAP and cPAP therapy can be considered as equivalent
therapeutic options.”” One of the advantages of aPAP therapy is that it does not necessarily need to be titrated like
cPAP therapy.”®

Conclusion

The mean time between PG and PSG was 194.99 + 131.96 days (range 37 to 842 days). Despite significant differences
between PG and PSG for AHI, HI, snoring index, minimum oxygen saturation, and ODI, only three (out of 99) divergent
therapy indications based on PG- and PSG- results were made. Out of 99 patients, only in two cases PAP therapy was
indicated with PG results but not with PSG results. In only one case was PAP therapy indicated with PSG results rather
than PG results. Both experts gave exactly the same indications for PAP therapy. Considering this and the low rate of
wrong / divergent therapy decisions based on PG results, we recommend using PG at least as a screening tool and

Nature and Science of Sleep 2024:16 heeps: 1887

Dove:


https://www.dovepress.com
https://www.dovepress.com

&) Pordzik et al Dove
£

prioritizing PSG in patients with high AHI. In countries with very few PSG facilities and very long waiting times, we
recommend initiating aPAP therapy based on PG results in patients with at least moderate OSA on PG, followed by
a confirmatory PSG (after initiation of PAP-treatment) and a control PSG under treatment to reduce the waiting time and
avoid unnecessary prolongation of therapy initiation.

Abbreviations

OSA, Obstructive sleep apnoea; PSG, Polysomnography; PG, Polygraphy; EEG, Electroencephalogram; EOG,
Electrooculogram; EMG, Electromyogram; BMI, Body-mass-index; AHI, Apnea-hypnoea-index; Al, Apnea index; HI,
Hypopnea index; TST, Total sleep time; ODI, Oxygen desaturation index; TIB, Time in bed in min; PAP, Positive airway
pressure.
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