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Abstract

Rationale—Home sleep apnea testing (HSAT) typically does not include electroencephalogram
(EEG) monitoring for sleep assessment. In patients with insomnia and low sleep efficiency,
overestimation of the sleep period can result from absence of EEG, which will reduce sleep
disordered breathing (SDB) indices and may lead to a false-negative result.

Objective—To validate a single channel frontal EEG for scoring sleep versus wake against full
EEG during polysomnography, and then to examine the utility of adding this single channel EEG
to standard HSAT to prevent false-negative results.

Methods—Epoch-by-epoch validation for sleep scoring of single channel EEG versus full PSG
was first performed in 21 subjects. This was followed by a separate retrospective analysis of 207
consecutive HSATSs in adults performed in a university-affiliated sleep center using the Somte
(Compumedics) HSAT with one frontal EEG as well as chin EMG, nasal airflow, oxyhemoglobin
saturation, respiratory effort, pulse rate, and body position. Each study was scored twice, with
(HSATEgG) and without the EEG signal visible (HSATpojygraphy), to calculate AHI4 and RDI and
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the effect on OSA diagnosis and severity. Analyses were repeated in 69 patients with poor sleep
suggesting insomnia plus Epworth Sleepiness Scale < 7 as well as in 38 patients ultimately shown
to have sleep efficiency < 70% on HSAT with EEG.

Measurements and main results—Single channel and full EEG during polysomnography
agreed on sleep versus wake in 92-95% of all epochs. HSAT without EEG overestimated the sleep
period by 20% (VST = 440 £ 76 min vs TST = 356 + 82 min), had a false-negative rate of 8% by
AHI4 criteria, and underestimated disease severity in 11% of all patients. Subgroup analysis of
patients with subjective poor sleep suggesting insomnia did not change the results. Patients later
shown to have low sleep efficiency had lower SDB indices and a 20.8% false negative rate of sleep
apnea diagnosis.

Conclusions—Although overall false negative rates using HSATpojygraphy Were moderate,
suggesting utility for ruling out OSA, there was a specific subgroup in whom there were
significant missed diagnoses. However, we were unable to identify this subgroup a priori.

Keywords

Obstructive sleep apnea; Home sleep apnea testing; Electroencephalogram; OSA diagnosis;
Portable monitoring

Introduction

The prevalence of obstructive sleep apnea (OSA), the most common form of sleep
disordered breathing, is high and may be rising due to the increase in obesity in the general
population [1]. Polysomnography (PSG) remains the diagnostic gold standard and includes
an electroencephalogram-defined period of total sleep time (TST) which is used to calculate
the AHI4 and RDI. PSG, however, is expensive, burdensome for patients, and can be subject
to delay depending on laboratory availability [2]. Home polygraphy (i.e., respiratory
monitoring alone) is becoming increasingly available and is considered validated for patients
with a high pretest probability of OSA [3, 4]. Benefits include convenience, lower cost, and
evaluation of patients in their normal sleep environment [5, 6]. Accordingly, the United
States Centers for Medicare and Medicaid Services (CMS) allows prescriptions for
continuous positive airway pressure (CPAP) based on results of home sleep apnea testing
(HSAT), and the American Academy of Sleep Medicine (AASM) updated its clinical
practice guideline to include portable monitoring in patients with high pretest probability of
moderate to severe OSA [7-10]. What has been less well-studied is whether polygraphy, i.e.,
a recording without EEG, provides sufficient diagnostic accuracy to rule out obstructive
sleep apnea.

As clinical practice and insurance reimbursement policies have evolved, our experience has
been that more patients with significant comorbid medical (and sleep) disorders are funneled
towards homebased testing and, according to recommendations from the AASM, may be at
high-risk for a false negative result [11]. Included in this population are patients with low or
moderate pretest probability of OSA and, of specific interest to this study, patients with
insomnia and/or those who report poor or fragmented sleep. In the latter group,
distinguishing sleep versus wake may play a critical role in defining the sleep-related
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breathing disorder (SRBD) index (AHI4 and RDI, see definitions in “Methods” section)
because it affects the denominator, “total sleep time” (TST). Several approaches have been
proposed to reduce overestimating the sleep period, including removing areas of invalid
oximetry signal and identifying probable sleep/wake from the appearance of the airflow
signal or other surrogates for the EEG [12, 13]. While these approaches may reduce the
denominator of the SRBD indices, the surrogates may be insufficiently sensitive to detect all
periods of wake. New technology now allows HSAT devices to collect portable, albeit
sometimes limited, EEG data and measure total sleep time. While there are potential
downsides to implementation, such as additional training of sleep technicians and increased
scoring time, the calculation of a correct SRBD index has important clinical implications,
given that SRBD indices are ultimately used to guide therapy and may be required by
insurance to approve CPAP. The present study attempts to quantitate the effect that addition
of EEG to HSAT has on diagnosis and severity of OSA in the group currently being tested
by this modality. In particular, we examined the effect that addition of EEG to HSAT had on
meeting the AHI4 and RDI criteria to rule out OSA.

The specific aims of this study were to determine (1) whether a single frontal lead is a valid
surrogate for the conventional EEG montage (used in full PSG) to determine sleep versus
wake; (2) whether HSAT performed with addition of a single EEG lead changes the final
diagnosis and/or severity of OSA reported; and (3) whether the impact of adding EEG to
HSAT is greatest in patients with a pretest report of poor sleep.

Comparison of a single frontal EEG lead to usual polysomnography to determine sleep

versus wake

To determine if a single lead frontal EEG can accurately determine sleep versus wake,
nocturnal in-laboratory PSGs were performed with the Fz electrode repositioned to the
forehead, simulating a self-applied lead at home. Sleep versus wake (and sleep stage) was
then scored from the Fz lead and chin EMG tracings only (limited montage) and results were
compared to a simultaneous conventional PSG EEG montage. Two independent sleep
technicians scored the limited montage to evaluate reproducibility. Full PSG was scored
once by AASM rules [14] using F4, C4, EOG, and EMG tracings. Percent agreement of
epochs scored as sleep or wake and between scoring methods was tabulated.

Impact of adding a single frontal EEG lead to home sleep apnea testing

Sleep studies of consecutive adults who underwent home testing via a university-affiliated
sleep center (Sleep Medicine Associates of NYC, New York, NY) between September 2013
and August 2014, and using the SomtePSG device (Compumedics, Abbotsford, Australia),
were analyzed retrospectively by rescoring with different methods. The HSAT device was
configured to record one channel of frontal EEG and chin EMG along with standard
physiologic variables (nasal cannula airflow, oxyhemoglobin saturation, respiratory effort,
pulse rate, and body position). During an initial outpatient evaluation an AASM sleep-
boarded physician determined the appropriateness of prescribing HSAT for each patient
according to AASM practice parameters [7]. HSATSs were also performed in instances where
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insurance approval for PSG was denied, but the HSAT was considered appropriate by the
sleep physician due to a moderate suspicion of OSA with no other sleep diagnosis in the
differential. Because we require a minimum valid recording time for HSATS, only studies
with > 2 h if valid recording time were analyzed. Demographic and questionnaire data were
collected, and patients were trained to apply the sensors and to use the device during a
preliminary daytime session, supplemented by additional video and written material. Each
patient then underwent unattended, self administered testing at home for one night.

The HSAT studies were downloaded and manually scored twice. The first scoring was
always performed with the frontal EEG signal visible, which we refer to as HSATggg. In
this first scoring, EEG was used to determine sleep versus wake and sleep stages (N1, N2,
N3, REM), and the duration of all epochs scored as sleep equaled TST. Next, to simulate
standard HSAT without EEG, the EEG tracing was hidden to create a limited sleep montage
HSATpolygraphy- The technician then reviewed the visible tracings for events epoch by epoch,
adding and/or subtracting based on usual flow and oximetry findings. As the HSATgeg
contained periods that had previously been identified by EEG as wakefulness (respiratory
events were therefore not tabulated), the second scoring (without EEG) usually resulted in a
higher number of events, as well as a larger denominator of recording time. We did not
randomize the order of (with and without EEG) scoring. We deemed this approach
preferable to a complete rescore of the respiratory events in order to minimize the variability
of respiratory scoring within sleep attributable to inter/intra scorer reliability (see
“Discussion” section). Studies were reviewed by one of the study investigators when flagged
by the technician for significant periods of invalid airflow or oximetry signal (32/207).

Since no standard exists for determining sleep time in the absence of EEG, valid signal time
(VST) was used as a surrogate for TST (denominator of the AHI) and to define the area of
valid respiratory event scoring. VST-was defined as the total recording time minus any
periods with invalid flow or pulse-oximetry signals. The total recording time is defined as
the period between the first appearance of both oximetry and nasal airflow signals, and end
of the recording as identified by the disappearance of these two signals.

In both HSATgeg and HSATpojygraphy, respiratory event scoring was predominantly done
using the nasal cannula airflow signal. If the airflow signal quality was poor, chest and
abdominal belts were used. AASM rules as revised in 2018 were used with the
“ACCEPTABLE” definition for hypopnea and RERA [15]: Apnea was defined as absence of
airflow (< 10% baseline) for > 10 s; hypopnea was defined as 30% reduction in airflow for >
10 s resulting in at least 4% desaturation. AHI4 was defined as the number of apneas plus
hypopneas divided by the TST for HSATggg and apneas plus hypopneas divided by VST for
HSATpolygraphy- RDI was calculated using the number of apneas plus hypopneas plus
Respiratory Event Related Arousals (RERAS) divided by TST for HSATggg, and number of
apneas, hypopneas, and surrogates for RERAs divided by VST for HSATpo|ygraphy- “RERA”
on HSATggg was defined as any visibly reduced airflow associated with inspiratory flow
limitation that ended in arousal, but did not meet desaturation criteria for hypopnea. We have
previously shown that RERAs defined by the AASM gold standard of esophageal
manometry can be detected from the flow signal alone by using the appearance of
inspiratory flow limitation and visibly reduced airflow followed by normalization of airflow
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after the event [16]. The AASM scoring guidelines for HSAT do not address the rules for
calculating the RDI, which requires scoring of respiratory events when there is no associated
oxygen desaturation in the absence of EEG. In the present paper, airflow normalization at
the end of a 10s event was used was used in HSATpojygraphy @S @ surrogate for arousal [16-
18]. We have previously demonstrated the validity of this approach by showing good
agreement for RDI between in lab PSG and HSAT using the above definitions [17]. A
presumed diagnosis of OSA was assigned separately by two criteria: for AHI4, OSA was
assigned when AHI4 > 5 events/h; for RDI, OSA was assigned when RDI = 15 events/h
[19]. Of patients diagnosed with OSA, severity of disease (also assigned separately for each
respiratory event index) was defined as follows: Mild OSA was defined as AHI4 =5 to 15
events/h or RDI = 15 and < 30 events/h. Severe OSA was defined as AHI4 > 30 or RDI = 45
events/h. Intermediate values of AHI4 and RDI were defined as Moderate OSA [19].

As pulse-oximetry is needed to classify hypopneas, studies with absent or invalid saturation
signal for more than 50% of recording time were excluded. For each home study, sleep times
(TST and VST), SRBD indices (AHI4 and RDI), and OSA diagnosis/severity were
calculated for HSATggg and HSATpoygraphy and compared. The study protocol was
approved by the New York University institutional review board.

Impact of pretest patient report of poor sleep suggesting insomnia, and low sleep

efficiency

Subjective poor sleep suggesting insomnia was defined as present in patients who answered
“yes” to either of the following questionnaire items: “Do you have trouble falling asleep
when you first go to bed?” or “ Do you awaken too early in the morning?” and who were
without excessive daytime sleepiness (EDS) defined by ESS < 7. Differences in respiratory
event indices and OSA diagnosis/severity between HSAT methods were then analyzed for
those with and without poor sleep suggesting insomnia as so defined. These analyses were
performed to see if poor sleep suggesting insomnia without sleepiness was predictive of a
greater benefit from frontal EEG in scoring sleep-disordered breathing, and repeated in a
group with subjective poor sleep suggesting insomnia without regard to ESS. A final
subgroup was defined as those with poor sleep by EEG as ultimately recorded on the
HSATgeg (TST/VST < 70%).

Statistical analysis

For validation of the limited EEG (Fz) montage for staging sleep, inter-scorer reliability with
kappa statistic was performed on the PSG studies. Sleep versus wake agreement between
limited EEG montage and full PSG EEG was also analyzed this way. When comparing
HSATEggG to HSATpoygraphy Sleep variables were tested for normality using the Shapiro-
Wilk method. TST and valid signal time were compared using paired-sample #tests.
Differences from HSATggG to HSATpoygraphy in AHI4 and RDI were analyzed with
Wilcoxon signed-rank tests. Cross-tabulations with Pearson chi-square tests were performed
to analyze agreement for OSA diagnosis and severity, and reported as percent agreement
between methods, and sensitivity of testing without EEG (HSATggg was used as the
reference test). Missing demographic or questionnaire data occurred infrequently and was
excluded from analyses for which it was required.
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Single-channel frontal versus full EEG during polysomnogram for distinguishing sleep

from wake

Data in 21 subjects (ages 32—-81 years) from 16 diagnostic PSGs and six CPAP titration
studies were analyzed. The average number of 30s epochs/subject was 845 (range 669-990).
Using only the limited EEG signal, the two scorers agreed on sleep versus wake in 91%
(range 76%—-97%) of epochs. When sleep stage as determined by limited EEG was
compared to PSG, agreement for epoch by epoch sleep/wake was 92% (scorer 1) and 95%
(scorer 2). Epoch by epoch sleep stage agreement between frontal EEG and PSG was
37%/49% for N1, 82%/81% for N2, 97%/99% for N3, and 80%/85% for REM sleep. The
associated kappa coefficients were 0.72 (limited montage 1 vs PSG) and 0.73 (limited
montage 2 vs PSG). These results are summarized in the supplemental data section (Tables
S1, S2).

Comparison of HSAT with and without frontal EEG available to the scorer (n = 207)

14/221 HSAT studies were excluded for invalid pulse-oximetry signal during > 50% of
recording time, leaving 207 HST studies (94%) for analysis. Baseline patient characteristics
are shown in Table 1.

Table 2 shows the data on sleep times, respiratory events, and SDB indices for both HSAT
methods. In accord with previously published results, sleep duration estimated by
HSATpolygraphy (VST =440 + 76 min) was longer than TST by HSATggg (TST = 356 + 82
min) by about 20%. Thus, if the numerator (i.e., number of events) had remained constant
across HSAT methods, this increase of the denominator alone predicts that not having EEG
should reduce the AHI4 and RDI a similar amount, approximately 20%. Results show that
by dividing actual events scored for each HSAT method by the corresponding defined sleep
period, AHI4 by HSATpojygraphy Was 19% lower than HSATggg. However, the RDI by
polygraphy was only 8% lower than the RDI by HSATggg, i.e., there was less impact on
RDI by removal of the EEG. As can be seen in Table 2, the total number of events scored for
the AHI4 was similar for HSATpojygraphy and HSATggG, Whereas there were more RDI
events scored by HSATpqygraphy (183 + 121 events scored by HSATpojygraphy VS 158 + 111
events by HSATggg). This is because more RERAs were being scored in HSAT pojygraphy
(compared with HSATggg), which mitigated the effect of changing from TST to VST.

Figure 1a and b shows that there is a good correlation between HSATpojygraphy and
HSATggg for both SRBD indices (AHI4 and RDI). The line of identity and the associated
Bland-Altman plots show that agreement is best at low SRBD indices. Tables 3 and 4 show
the agreement statistics for OSA diagnosis, which establishes the clinical significance. For
AHI4, there was agreement for OSA diagnosis in 197/207 (95%) subjects and on disease
severity in 183/207 (88%). HSATpolygraphy Missed the diagnosis of OSA in 10/207 patients
compared to HSATEEG, resulting in a false negative rate of 8.0%. It should be noted that all
patients with a false-negative HSATpqygraphy result had only mild disease (AHI 5-15
events/h). For RDI, there was agreement for OSA diagnosis in 189/207 (91%) of studies and
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on disease severity in 164/207 (79%) studies. HSATpqygraphy Missed the diagnosis of OSA
in 13/207 patients compared to HSATggg, a false negative rate of 8.4%.

Subgroup analysis #1: subjects with pretest complaints of poor sleep suggesting

insomnia (n = 69)
Compared to all patients, pretest poor sleepers with a low Epworth score had a similar Valid
Signal Time (440 £ 76 vs 447 + 62 min), and surprisingly, no significant difference in total
sleep time (356 + 82 vs 349 + 69 min (Table 2 and supplement Table 3a). Accounting for
changes in sleep time alone (holding respiratory events constant), sleep disordered breathing
indices for HSATpojygraphy Were predicted to be ~ 22% lower than for HSATggg. As seen in
supplement Table 3a, the observed subgroup AHI4 by HSATpgjygraphy Was reduced by 14%.
However, RDI was only 10% lower by HSATpqygraphy- Similar to the results seen when all
patients were included, in this subgroup of “poor sleep suggesting insomnia” more RDI
events were scored by HSATpojygraphy than HSATEggg (172 + 116 events scored by
HSATpolygraphy VS 143 + 94 events by HSATEgg).

Using AHI4, methods of scoring agreed on diagnosis of OSA in 66/69 (96%) sleep studies,
and agreed on OSA severity in 60/69 (87%) studies (Table 4). There were three missed OSA
diagnoses in this subset of pretest poor sleepers, with a false negative rate of 7.9%, which
was not different than in all patients (Table 4). Using RDI criteria, agreement for OSA
diagnosis occurred in 60/69 studies (87%), and agreement for disease severity occurred in
53/69 (77%) studies. There were seven missed OSA diagnoses by RDI with a false negative
rate of 14.3%. Sleep efficiency of pretest poor sleepers with low Epworth score was 79 +
14%, but this was not significantly different from a sleep efficiency of 83 + 13% observed in
those who were not pretest poor sleepers.

Subgroup analysis #2: subjects found to have low sleep efficiency with EE G on the
eventual HSAT(n = 38)

HSATSs of 38 (18%) study patients had sleep efficiency < 70%. In this group, sleep duration
by EEG was 266 + 74 min (TST) versus VST without EEG of 456 + 95 min (Supplement
Table 3b), and sleep efficiency was 58 + 10% of recording time, compared to 81 + 14% for
all patients. The difference between TST and VST alone predicts this group should have
SRBD indices by HSATpolygraphy ~ 42% lower than with addition of EEG to home testing.
For the AHI4, the observed decrease was 39%. Once again the effect on RDI was less
(24%). There were 173 + 119 events scored by HSATpojygraphy cOMpared to 139 + 99 events
scored by HSATggg. Using AHI4, methods with and without EEG agreed on diagnosis of
OSA in 33/38 (87%) studies, and agreed on OSA severity in 27/38 (71%) studies (Table 4).
HSATpolygraphy Missed 5 OSA diagnoses (false negative rate of 20.8%), more than that seen
in all patients, and no patients were given a diagnosis based on results of HSATpojygraphy
alone. By RDI, agreement for diagnosis of OSA was 28/38 (74%) and agreement for disease
severity was 19/38 (50%). There were ten missed OSA diagnoses by HSATpojygraphy, the
false negative rate was 31.3%, and sensitivity to detect OSA by this method compared to
HSATEggg was only 69%.

Sleep Breath. Author manuscript; available in PMC 2020 September 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Light et al. Page 8

Discussion

Our in-laboratory data show a high concordance between sleep/wake scoring by a reduced
montage of one frontal EEG lead and full PSG (92-95%), suggesting that this may provide a
useful way to obtain the actual TST in an ambulatory HSAT. Agreement was similar to a
previous study of a limited EEG montage used in a self-applied HSAT that was derived from
left and right electrooculogram and compared to full PSG scoring of sleep [20]. In this
earlier study, there were substantial differences from our EEG methodology as we used a
single frontal EEG lead and did not perform automated scoring [20]. Together these results
indicate that a single frontal channel of EEG signal can provide a reasonably accurate
determination of the sleep period (total sleep time), the area relevant to scoring of respiratory
events during sleep (AHI4 and RDI). Once the scoring validity of a single EEG was
confirmed, we then proceeded with a subsequent formal comparison of standard portable
monitoring with and without frontal EEG. The agreement for stage-specific scoring (which
is not relevant to the present study as all we used was TST) was 80%; this is comparable to
what has been published for intra- and inter-scorer agreement [21, 22].

Many limitations of type 3 devices are known, one of which is an accepted degree of
inaccuracy introduced by not identifying sleep/wake, or by using only physiologic
surrogates for arousal such as movements, heart rate, and changes in sympathetic tone.
Studies have shown that abbreviated sleep montages consistently overestimate the sleep
period in the laboratory compared to simultaneous PSG [23]. However, this discrepancy has
not been previously quantified during home studies. Our data show that portable monitoring
with EEG reduces measured sleep duration (TST) compared with standard non-EEG
polygraphy-based estimates (VST) by roughly 20% on average. For patients with low sleep
efficiency however, even when studied in their usual sleep environment, we found a greater
discrepancy between total sleep time and valid signal time, 40-50%. Unfortunately, we were
not able to identify subjects with low sleep efficiency before their sleep study by history
alone. Our results quantify the upper limits of expected error in AHI4 and RDI by HSAT
without EEG, which are relatively high, but may be dependent on the population being
tested.

A possible limitation of the analyses in our study is our choice of 4% rather than 3% oxygen
desaturation for definition of hypopnea. However, almost all major epidemiologic studies
examining sleep apnea and its outcomes have used the hypopnea definition with 4% oxygen
desaturation, making this a definition that has relevance to the field [24-26]. While there
have been multiple definitions for hypopnea proposed as standards by the AASM—
including requiring 4%, 3% desaturation, and EEG arousal in various combinations, the
current AASM recommendation is to use 3% oxygen desaturation and/or EEG arousal for
hypopnea [15, 27, 28]. The AASM, however, also states it is “ acceptable ” to use 4%
desaturation for hypopnea, and arousal for RDI, in part because CMS requires that
hypopneas be limited to these events. For simplicity, most sleep laboratories report an AHI4
rather than an AHI3 when disregarding arousal from the EEG. As required by AASM rules,
one must then also calculate and report an RDI composed of apneas, hypopneas with 4%
oxygen desaturation and other events with arousal, and these are the definitions used in the
present analysis. Using 3% rather than 4% oxygen desaturation criteria would raise both the
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AHIggg and AHIpgjygraphy (Median difference reported in clinical and epidemiologic
populations is 2.2—-4.7/h [29, 30]), with indices being equally affected as the data are from
the same oximeter. Thus, in our study we would expect analysis of the AHI3ggg—
AHI3p01ygraphy Would differ minimally from AHI4geg-AHI14401ygraphy-

We also looked for changes to the numerator (number of sleep disordered breathing events)
in the AHI4 and RDI across the two testing methods. A major concern was that considerably
fewer respiratory events might be scored when EEG signal was part of the scoring montage,
because areas of wake can be identified and are not examined for what would otherwise be
valid respiratory events; these awake periods may contain irregularities mimicking apnea/
hypopnea that are discarded if the EEG is known to show wake. Changes in the respiratory
scoring produced by the presence of EEG would thus dilute any effect that differences in
sleep duration alone would have on sleep apnea indices. In our study the scoring of
respiratory events was performed once with EEG, then again in a second round with EEG
hidden from view and editing of previous respiratory scoring. This strategy, we think,
allowed us to best compare performance of the two testing modalities, albeit retrospectively,
to simulate dual home sleep studies with and without EEG. By not doing two independent,
randomly ordered respiratory scoring passes and adding events we may have increased
agreement. However, this approach minimizes the variability of respiratory scoring within
sleep that is attributable to inter/intra scorer reliability. We have previously shown high
scoring agreement both event-by-event and of the overall RDI in full lab PSGs scored with
and without visualization of the EEG [17]. In fact, the agreements were similar to inter- and
intra-scorer agreement reported in other studies [31]. In the present study, we found that
removal of EEG increased the number of respiratory events scored by ~ 13% in a patient
population representative of current HSAT prescribing practices. Reasons observed in our
data why EEG decreased respiratory event counts were (1) some apneas/hypopneas scored
during periods of Valid Signal Time were discarded when EEG showed wake, and, more
often (2) periods of inspiratory flow limitation (scored as a surrogate for RERA by
HSATpolygraphy) Often did not show an associated arousal when EEG was added to the sleep
montage and so were discarded in that setting (not scored in HSATggg) [14].

Thus, the modest effect of adding the frontal EEG on respiratory event indices results from
the combined changes in sleep duration and number of events scored, with AHI4 more
affected than RDI (see Table 2). This effect results in 5% misdiagnoses by AHI4 and 9% by
RDI (predominantly false negatives), which is similar to published rates of misdiagnoses by
HSAT compared to PSG [11]. Since our misdiagnoses occurred in subjects with low AHI,
these false negative rates may increase in epidemiologic populations.

Our observation that home sleep testing £ EEG performed similarly in the subgroup with
pretest complaints of poor sleep (+ low Epworth score) as in all patients was not completely
unexpected, as subjective insomnia complaints relate poorly to measured sleep efficiency. In
contrast, our study showed that subjects with low sleep efficiency experienced the greatest
benefit from adding EEG to home sleep testing. In this group the sensitivity to detect OSA
by AHI4 using standard HSAT was only 79%, compared to 92% for all patients, and the
false negative rate was 20.8% compared to 8.0%. For RDI, the effect of adding frontal EEG
in the subjects with low sleep efficiency was further magnified (false negative rate was 31.3
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vs 8.4% for the entire group). Since we were not able to identify the subjects most affected
from pretest subjective complaints, identifying low efficiency sleepers before formal sleep
evaluation remains an area of interest for future study. One might consider use of validated
clinical tools like the Insomnia Severity Index or the shorter Brief Insomnia Questionnaire,
as these may better predict sleep efficiency than our insomnia screening questions [32-34].

In order to evaluate the utility of a prediction equation on the agreement statistics, we
calculated AHI4pregicted aNd RDlpregicted Using the regression of AHIggg on AHI4pgygraphy
(AHIpregicted = AHlpolygraphy*1.14 + 0.29; RDlpregicted = 0.53 + 1.05*RDlpojygraphy) and
using the predicted values for diagnosis of OSA. The statistics using the predicted values for
AHI4 showed better agreement, but for the RDI the agreement was the same or lower than
found with the raw RDIs (Table 5). This finding is not unexpected as the main difference in
AHI4 was in the denominator (TST vs VST) as opposed to in the RDI where the differences
between polygraphy and EEG scoring were in both the numerator and denominator. Of note,
increasing the sensitivity HSATpqygraphy by lowering the RDI threshold for OSA to 10
events/h resulted in only two missed diagnoses when comparing to an RDI with EEG cutoff
of 15.

There is a known impact on diagnosis of OSA of physiologic night-tonight variability of
SDB events, even with full PSG. This has been reported to be in the range of 14-54% [35—
37]. It is difficult to compare the impact of this variability to our current data as there are
few data in the literature on night-night variability in specific populations such as those with
known insomnia. At least one study has suggested the benefit of multiple nights of recording
[38]. Presumably using the highest SDB index would minimize any dilution of the
denominator due to a single night of poor sleep.

A strength of this study is that we evaluated a clinic population with a somewhat lower
prevalence of OSA (53%) than other reports comparing HSAT to PSG [6]. This makes our
results particularly relevant to the populations in which screening for OSA is being
contemplated, in contrast to the case finding advocated by the AASM.

Conclusions

Total sleep time obtained by recording one channel of frontal EEG is similar to TST
obtained from full PSG. Home sleep apnea testing without EEG overestimates the sleep
period compared to testing with EEG by approximately 20% overall, and by more in those
with low sleep efficiency. In our dataset of 207 patients typical of those seen in a US sleep
center, a false negative rate for diagnosis of OSA by AHI4 > 5 occurred in 8.0% of tested
subjects, all of whom had mild sleep apnea when EEG was recorded. Severity of OSA was
underestimated in 11% of all patients. In patients with low sleep efficiency, the false
negative rate for diagnosis of OSA by AHI4 =5 rose to 20.8%. Whether these rates of
misclassification are acceptable will depend on how and where an HSAT is used (i.e.,
epidemiologic vs clinical, screening vs case finding). While from history alone (prior to
home study) we were unable to identify those patients who benefited most from adding an
EEG to their home sleep study, it remains to be shown that in some populations this
becomes predictable (i.e., CHF, untreated pain).
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Study population baseline characteristics

Table 1

Patients (n = 207)
Demogr aphics
Gender

Age (years)

BMI (kg/m?)
Epworth score
Sleep history

Prior OSA diagnosis
ESS>7

Difficulty initiating sleepa

Mean

147 M/58 F

47

28.5

7

Number of patients
37

97

72

Difficulty maintaining sleepa 106

Range

16-86
17-51
0-22

Percent of total patients

18%
47%

35%

51%

Page 15

a.. . s . o . . ]
Difficulty initiating sleep refers to patients who had a positive response to the question “do you have trouble falling asleep when you first go to
bed?” Difficulty maintaining sleep refers to those patients who answered positively to the question “do you awaken too early in the morning?”

Sleep Breath. Author manuscript; available in PMC 2020 September 08.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Light et al. Page 16

Table 2

Summary of events, sleep times, and respiratory event indices with and without EEG available to the scorer for
all subjects (7= 207). Delta = HSATgeg — HSATpolygraphy

Results of scoring HSAT with EEG vswithout EEG (polygraphy)

AHI4 # Events Sleep time (min)  AHI4 (events/h)
Mean+SD  Mean = SD Median (IQR)

HSAT-EEG 75+ 101 356 £82 6.4 (1.6-17.8)

HSAT-polygraphy 80 +106 440 +76 5.4 (1.3-15.7)

Delta -47+10 -83.6+4.5 1.0

Delta (%) - 6% - 19% 19%

RDI # Events Sleep time (min)  RDI (events/h)
Mean+SD  Mean = SD Median (IQR)

HSAT-EEG 158+111 356 £82 22.7 (14.4-33.3)

HSAT-polygraphy 183 +121 440 +76 21.0 (13.9-32.4)

Delta -24.6x1.7 -83.6+4.5 17

Delta (%) -13% - 19% 8%
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Table 4

Utility of HSAT-polygraphy compared to HSATEEG by patient subgroup

All subjects
(n=207)

Poor sleep-low ESS  Low sleep efficiency
pre-test (n = 69) post-test (n =38)

Agreement for OSA diagnosis

AHI4  95%

RDI 91%
Sensitivity

AHI4  92%

RDI 92%
Specificity

AHI4  100%

RDI 91%
False negative rate

AHI4  8.0%

RDI 8.4%

96% 87%
87% 74%
92% 79%
86% 69%
100% 100%
90% 100%
7.9% 20.8%
14.3% 31.3%

Agreement for OSA severity

AHI4  88%
RDI 79%

87% 71%
T1% 50%
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Utility of HSAT-predicted from polygraphy compared to HSATEEG by patient subgroup

Table 5

All subjects (n = 207)

Poor sleep-low ESS pre-test (n = 69)

L ow sleep efficiency post-test (n =38)

Agreement for OSA diagnosis

AHI4  97%
RDI 90%
Sensitivity
AHI4  96%
RDI 94%
Specificity
AHI4  99%
RDI 1%

False negative rate

AHI4  42%
RDI 5.8%

96%
87%

95%
90%

97%
80%

5.3%
10.2%

92%
79%

88%
75%

100%
100%

12.5%
25.0%

Page 19

Calculations based on AH|predicted = AH|po|ygraphy*l.l4 +0.29; RD|predicted =053+ 1.05*RD|p0|ygraphy using cutoffs of > 5/h for
AHI4 and > 15/h for RDI for OSA diagnosis

Sleep Breath. Author manuscript; available in PMC 2020 September 08.



	Abstract
	Introduction
	Methods
	Comparison of a single frontal EEG lead to usual polysomnography to determine sleep versus wake
	Impact of adding a single frontal EEG lead to home sleep apnea testing
	Impact of pretest patient report of poor sleep suggesting insomnia, and low sleep efficiency
	Statistical analysis

	Results
	Single-channel frontal versus full EEG during polysomnogram for distinguishing sleep from wake
	Comparison of HSAT with and without frontal EEG available to the scorer (n = 207)
	Subgroup analysis #1: subjects with pretest complaints of poor sleep suggesting insomnia (n = 69)
	Subgroup analysis #2: subjects found to have low sleep efficiency with EE G on the eventual HSAT(n = 38)

	Discussion
	Conclusions
	References
	Fig. 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

