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Study Objectives: To determine whether home sleep apnea testing with peripheral arterial tonometry (HSAT-PAT) can be used in upper airway stimulation to

evaluate therapy success.

Methods: Data analysis from 50 consecutive patients receiving upper airway stimulation was performed. Baseline values were measured by polysomnography

and HSAT-PAT. Follow-up was performed during and after titration (3–6 months) by polysomnography and HSAT-PATand after 1 year by HSAT-PATonly. Primary

outcome measures were reduction in the apnea-hypopnea index and oxygen desaturation index. In addition, an analysis of night-to-night variability for HSAT-PAT

was performed.

Results: All 50 patients completed their posttitration visit (3–6 months) and 41 patients completed the 1-year follow-up. In HSAT-PATafter 1 year, the mean

apnea-hypopnea index (desaturation 3%) was reduced from 29.5 ± 17.1 events/h to 19.9 ± 13.1 events/h (P < .01) and the oxygen desaturation index

(desaturation 4%) was reduced from 17.8 ± 12.6 events/h to 10.2 ± 8.3 events/h (P < .01). Therapy adherence after 1 year was high (6.6 ± 1.9 hours per night)

and led to improvement in daytime sleepiness, meaning a reduction in the Epworth Sleepiness Scale score from 12.8 ± 5.4 to 5.9 ± 4.0 (P < .01). Analysis of

night-to-night variability showed similar apnea-hypopnea index values between the 2 nights.

Conclusions: Upper airway stimulation was able to reduce the apnea-hypopnea index and oxygen desaturation index after 1 year, as assessed by full-night

efficacy studies with HSAT-PAT. In addition, improvements in self-reported outcome parameters were observed. The importance of publishing the scoring criteria

is highlighted and whether data are based on full-night efficacy studies or a selected period of time from a sleep study. This is a prerequisite for comparing data

with other trials in the emerging field of upper airway stimulation.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Therapy efficacy in upper airway stimulation has been mostly assessed by polysomnography even though home
sleep apnea testing is an accepted alternative. Because polysomnography availability is low in many countries, we aimed to determine whether home
sleep apnea testing with peripheral arterial tonometry can be used in patients receiving upper airway stimulation to evaluate outcome parameters.
Study Impact: This is the first study using home sleep apnea testing with peripheral arterial tonometry for follow-up in patients receiving upper airway
stimulation. We highlight the importance of full-night efficacy studies and standardization of sleep indexes, because they allow better comparison of
outcome data in upper airway stimulation patients.

INTRODUCTION

Obstructive sleep apnea (OSA) is the most common

sleep-related breathing disorder among middle-aged adults.1,2

Recent epidemiological studies showed a prevalence of up to

23% in women and 50% in men older than age 40 years,3 which

is more than twice the prevalence reported in studies from the

1990s.4 OSA is an independent risk factor for cardiovascular

disease5,6 and can complicate the treatment of arterial hyperten-

sion.7–9 Another burden of the disease is the 3- to 7-fold

increased risk of traffic accidents because of excessive daytime

sleepiness.10 In conclusion, OSA is a significant public health

issue causing high socioeconomic costs.1,10

Current guidelines recommend positive airway pressure

(PAP) as first-line treatment for OSA, because PAP is the most

powerful in reducing the apnea-hypopnea index (AHI) com-

pared to any alternative therapy.11 Despite the simplicity and

safety of PAP, treatment effectiveness is limited by poor adher-

ence. The long-term adherence is usually not better than 60%,

which leads to untreated OSA in up to 40% of patients.12 Patients

stop using PAP because of comfort issues, claustrophobia, or

unwillingness to use this therapy for life. A recent multicenter ran-

domized controlled trial showed that PAP did not reduce the num-

ber of cardiovascular incidents in patients with moderate to severe

OSA.13 The authors explained these findings as resulting from

poor therapy adherence of less than 4 hours per night in most of the
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patients. Low therapy adherence leads to untreated OSA and shows

the need for alternative treatment options.12,14

In recent years, upper airway stimulation (UAS) therapy has

been established as a second-line therapy for patients intolerant

of PAP. Several trials have shown its efficacy, leading to signifi-

cant AHI reductions.15–17 From the patient’s point of view, UAS

can improve daytime sleepiness, snoring, and quality of sleep,

which is reflected in higher adherence rates than with PAP.9,13,18

Therapy efficacy in UAS has been mostly assessed by sleep

laboratory testing using polysomnography (PSG).15,18,19 As

described in current guidelines, home sleep apnea testing

(HSAT) is as equally accepted as PSG in diagnostic testing for

OSA.20 Different methods of HSAT are available. This study

aimed to determine whether HSAT with peripheral arterial

tonometry (PAT) can be used in patients receiving UAS to eval-

uate therapy success in a 1-year follow-up.

METHODS

We analyzed prospectively collected data from 50 consecutive

patients who received a unilateral UAS implant (Inspire Medi-

cal Systems, Minneapolis, MN) between July 2014 and Febru-

ary 2020 at our institution.

All patients fulfilled the selection criteria for implantation, as

defined in the STAR trial21: 4 adult (≥ 18 years of age) patients

experiencing moderate to severe OSA (AHI, 15–65 events/h)

with less than 25% of central and mixed apneas in PSG, intoler-

ance to PAP, no complete concentric collapse at the palate in

drug-induced sleep endoscopy, and no severe overweight. Acc-

ording to the initial STAR trial recommendations, the body mass

index limit was ≤ 32 kg/m2. In 2019, the body mass index limit

was increased to ≤ 35 kg/m2 because of rising evidence about

successful implantation in patients with a higher body mass

index.19,22 Therefore, 5 patients in our cohort had a BMI between

32 and 35 kg/m2. Surgery was performed according to the latest

recommendations from themanufacturer and the literature.23,24

Sleep indexes were measured by PSG and by HSAT with

PAT (HSAT-PAT). Only full-night efficacy studies were con-

ducted for both PSG and HSAT-PAT. This procedure was in

contrast with that of other UAS publications, in which selected

periods of a night are extracted from a sleep study to calculate

the so-called treatment AHI.

In PSG, the AHI was calculated according to the recom-

mended scoring criteria from The AASMManual for the Scoring

of Sleep and Associated Events: Rules, Terminology and Techni-

cal Specifications (AASM ScoringManual), version 2.6.25,26 For

hypopneas, a respiratory event was scored if all of the following

criteria were met: (1) the peak signal excursions dropped by

≥ 30% of pre-event baseline using nasal pressure; (2) the dura-

tion of the ≥ 30% drop in signal excursion was ≥ 10 seconds;

and (3) there was a ≥ 3% oxygen desaturation from pre-event

baseline, or the event was associated with an arousal. No respira-

tory events with≥ 4% oxygen desaturation were scored.

HSAT-PAT was performed using theWatchPAT device (Ita-

mar Medical, Caesarea, Israel).27,28 This device is worn around

the wrist in combination with pulse oximetry and actigraphy to

assess respiratory disturbances (Figure 1). By measuring

obstruction-induced transient elevations of sympathetic tone,

the device indirectly detects respiratory events via measuring

peripheral arterial volume changes using a finger-mounted ple-

thysmograph. No differentiation between apnea and hypopnea

is possible because no flow signal is available. Therefore, classical

scoring criteria as used in PSG cannot be applied. The device uses

an automatic scoring algorithm. According to the company, man-

ual scoring is possible and has been shown to improve correlation

and agreement with PSG-derived sleep and breathing indexes.29

In our cohort, all HSAT-PATmeasurements were scored automat-

ically to eliminate interobserver variability. The automatic scoring

for AHI with ≥ 3% oxygen desaturation limit (desaturation 3%)

was used. In a subgroup of patients, data from HSAT-PAT over 2

nights was available, and the AHI was calculated as the mean of

the 2 nights to decrease night-to-night variability (NNV). Regard-

ing the oxygen desaturation index (ODI), a 4% desaturation limit

(desaturation 4%) was used in HSAT-PAT. This is a default set-

ting that could not be modified because of the technical limitations

of theWatchPAT device.

UAS was activated 1 month after implantation, and patients

started “self-titration” by increasing the stimulation amplitude

with the remote control at home. After 2–3 months, the sleep lab-

oratory titration by PSG was performed. All patients were fol-

lowed systematically after 3–6 months and after 1 year. During

each of these 2 follow-up visits, a 2-night HSAT-PAT was per-

formed. In addition, all patients received a clinical exam and

Figure 1—HSAT device using PAT (WatchPAT).

HST = home sleep apnea testing, PAT = peripheral arterial tonometry.

D Hinder, SC Schams, C Knaus, et al. Home sleep apnea testing with PAT in UAS
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answered a questionnaire assessing daytime sleepiness (Epworth

Sleepiness Scale [ESS]30), severity of snoring, social-work issues,

and physical embarrassment (Snoring Symptoms Inventory31).

Primary endpoints were the reduction in AHI (desaturation

3%) and ODI (desaturation 4%). Secondary endpoints were

therapy adherence and self-reported outcome measures includ-

ing daytime sleepiness, assessed by ESS, and severity of snor-

ing, social-work issues, and physical embarrassment, assessed

by the Snoring Symptoms Inventory. Furthermore, the NNV

between two nights, measured by HSAT-PAT, was analyzed

preoperatively and after 1 year.

Statistical analysis
Descriptive statistics were calculated for demographic variables

using the unpaired t test for continuous data. Results for out-

come parameters are reported as mean ± standard deviation,

median, and interquartile range. Normally distributed variables

are summarized as mean (± 1 standard deviation) and were

compared using the 2-tailed paired t test. Regarding NNV, the 2

nights were compared using the 2-tailed t test and data were

described using Bland–Altman plots. A P value < 0.05 was con-

sidered significant. Data were analyzed using GraphPad Prism

version 9.1.2 for macOS (GraphPad Software, San Diego, CA).

Ethical approval
The Ethics Committee of Northwest and Central Switzerland

evaluated our study (Project 2018-01579) and concluded that it

fulfilled the ethical and scientific standards for research accord-

ing to the Human Research Act. Informed consent was obtained

from each patient.

RESULTS

Patient characteristics
Table 1 shows the demographic characteristics and baseline

sleep parameters at the time of implantation. Regarding the

posttitration visit (3–6 months after implantation), 46 out of 50

patients (92%) were willing to undertake HSAT-PAT and all

50 patients could be seen in our outpatient clinic. After 1 year,

41 patients (82%) undertook HSAT-PAT, 38 patients (76%)

were seen for a clinical examination and questionnaire, and the

mean body mass index was 26.7 kg/m2, which did not differ

significantly from the baseline value as shown in Table 1.

The reasons for patients lost to follow up were as follows: 1

patient died of previously unknown lung cancer, 1 patient had

severe depression and asked for explantation of the device, 3

patients developed intolerance because of insomnia aggravated

by the stimulation, and 2 patients had to be revised because of

technical issues with the stimulation and the sensing lead. The

remaining patients live far away from our clinic and are fol-

lowed by their referring clinicians instead of us.

Primary and secondary outcome measures
After 1 year, in 41 patients (82%) who undertook HSAT-PAT,

the mean AHI (desaturation 3%) was reduced from 29.3 ± 16.6

events/h to 19.9 ± 13.1 events/h (P < .01) and ODI (desaturation

4%) was reduced from 17.8 ± 12.6 events/h to 10.2 ± 8.3 events/

h (P < .01; Figure 2A, Figure 2B). AHI and ODI values during

the posttitration visit (3–6 months after implantation) and after 1

year did not differ significantly from each other (Table 2). When

comparing the 2 different modalities of sleep study, we found

that baseline AHI was higher according to PSG than according to

HSAT-PAT (37.1 vs 29.3 events/h; P < .01; Figure 2A). Regard-

ing AHI during titration night (PSG) and posttitration (HSAT-

PAT), the values were similar (23.1 vs 20.2 events/h; P = .17;

Figure 2A). After 1 year, no PSGwas regularly performed.

Self-reported outcomemeasures could be assessed in 38 patients

(76%) after 1 year: Daytime sleepiness showed a reduction in the

ESS score from 12.8 ± 5.4 to 5.9 ± 4.0 (P < .01;Figure 2C). Exces-

sive daytime sleepiness is defined as an ESS score > 10. Before

implantation, 74% of the patients reported an ESS score > 10. After

1 year, 16% of the patients reported an ESS score > 10, meaning

that 84% reported normal daytime sleepiness under UAS therapy

(Figure 2D). Therapy adherence remained high during follow-up,

with similar usage posttitration and after 1 year (6.7 ± 1.3 vs 6.6 ±

1.9 hours per night; P = .83; Figure 2E). Scores on the Snoring

Symptoms Inventory questionnaire, reflecting the severity of snor-

ing, social-work issues, and physical embarrassment, indicated sig-

nificant improvement from baseline to after 1 year (53.8 ± 18.3 vs

Table 1—Demographic characteristics before implantation (baseline).

Female Male Overall P

n (%) 7 (14%) 43 (86%) 50 (100%)

Age, y 60.0 ± 7.9 57.2 ± 11.2 57.6 ± 10.8 .43

Body mass index, kg/m2 26.2 ± 2.5 27.1 ± 3.6 27 ± 3.4 .44

AHI (3%, PSG), events/h 34.8 ± 18.6 37.5 ± 14.9 37.1 ± 15.3 .72

AHI (3%, HSAT-PAT), events/h 18.5 ± 12.5 31.1 ± 16.6 29.3 ± 16.6 .04

ODI (4%, HSAT-PAT), events/h 13.2 ± 10.8 18.6 ± 12.8 17.8 ± 12.6 .26

Epworth Sleepiness Scale 9.3 ± 5.1 13.3 ± 5.3 12.8 ± 5.4 .09

Data displayed as mean ± SD for continuous variables or n (%) for categorical variables. P values are unpaired t tests between men and women. AASM =
American Academy of Sleep Medicine, AHI = apnea-hypopnea index (AASM scoring criteria for hypopnea using 3% oxygen desaturation), HSAT-PAT = home
sleep apnea testing with peripheral arterial tonometry, ODI = oxygen-desaturation index (using 4% oxygen desaturation), PSG = polysomnography.
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23.7 ± 22.5; P < .01; Figure 2F). Quality of sleep assessed using

the visual analog scale was reported to be higher and better after 1

year vs before implantation (5.6 ± 2.6 vs 1.9 ± 1.9; P < .01).

NNV
For the first patients implanted between 2014 and 2017, we

measured only 1 night with HSAT-PAT. To decrease NNV, we

began performing HSAT-PAT over 2 nights in 2017. This

resulted in complete data to calculate NNV in 20 patients (40%)

at baseline and 32 patients (64%) after 1 year. We performed an

analysis of NNV by comparing the AHI of the first and the sec-

ond night.

At baseline, the mean AHI for first vs second night was 29.7 ±

18.7 events/h vs 34.5 ± 20.9 events/h (n = 20, P = .19). After 1

year, the mean AHI for first vs second night was 18.8 ± 13.9

events/h vs 20.3 ± 15.7 events/h (n = 32, P = .43). Results for

Figure 2—Primary and secondary outcome measures at baseline and during follow-up.

(A) Mean change in AHI (events/h, desaturation 3%), measured by PSG and HSAT-PAT. (B) Mean change in ODI (events/h, desaturation 4%), measured by
HSAT-PAT. (C) Mean change in ESS score. (D) Normalization in daytime sleepiness. (E) Mean therapy adherence in hours per night. (F) Snoring Symptoms Inven-
tory questionnaire; assessing severity of snoring, social-work issues, and physical embarrassment. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness
Scale, HSAT-PAT = home sleep apnea testing with peripheral arterial tonometry, ODI = oxygen desaturation index, PSG = polysomnography.
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individual patients are shown in Figure 3 and Figure 4 at base-

line and after 1 year.

DISCUSSION

This consecutive single-center series analyzed the results in 50

patients who had undergone UAS implantation for moderate to

severe OSA. HSAT was performed using the WatchPAT

device, which is a well-validated, commercially available type

of home sleep study that utilizes the combination of oxygen

desaturation and PAT to detect sleep-disordered breath-

ing.27,28,32 PAT monitors sympathetic activation by measuring

vasoconstriction in the fingertip using a sensor attached to the

patient’s hand. Through an intrinsic algorithm, the device can

detect arousals and desaturations. Therefore, the AHI is esti-

mated as a surrogate marker while the oxygen desaturation is

measured directly. To eliminate interobserver variability, all

HSAT-PATs were scored automatically. Because UAS is based

on nerval stimulation, a change in sympathetic activity could

hypothetically be caused by electric stimulation of the 12th cra-

nial nerve and its proximity to other neural structures, such as

sympathetic neurons or the vagal nerve. This question has been

addressed by Ikeda et al33: 8 patients receiving UAS were ana-

lyzed in a sleep laboratory using PSG in combination with

PAT. The authors found that UAS did not alter the PAT signal

before or during the stimulation. In addition, PAT signal attenu-

ation was independent of UAS intensity.

Regarding the primary outcome measures assessed by

HSAT-PAT, the baseline AHI of 29.3 ± 16.6 events/h was

reduced to 20.2 ± 16.6 events/h after 3–6 months and remained

stable at 19.9 ± 13.1 events/h after 1 year. At first sight, these

values seem surprisingly high when compared to the literature,

where AHI values between 9 and 15.3 events/h have been

reported 1 year after UAS implantation.9,15–17,22,33–35 We have

2 explanations for the observed discrepancy. First, it is impor-

tant to realize the difference between the so-called treatment

AHI and the AHI from a full-night efficacy study. Treatment

AHI is extracted from a full-night sleep study, including only

data from a selected time frame. This information does usually

not include the switch-on delay time, which can vary from 0 up

to 75 minutes, and other parts of the night, when sleep stage or

even titration is not ideal. The following citation is an example

how the AHI is typically calculated in UAS patients.17 In 2018,

Dedhia and Woodson advocated for standardized reporting for

UAS outcomes.36 We are in line with their recommendation to

use only full-night efficacy studies in our cohort for showing

results from “real nights” and not only selected periods of a

night. It is well recognized that a full-night AHI is higher than

the treatment AHI, which is reported in most of the literature.

Second, another explanation for the discrepancy in AHI can be

found in the scoring criteria for sleep studies. We draw the

attention to the fact that using different hypopnea definitions

leads to marked differences in AHI.37 In patients receiving

UAS, most sleep laboratories still use the 4% oxygen desatura-

tion limit to score hypopneas. Therefore, most of the data in the

literature are based on this limit for AHI and ODI.9,15–17,22,33–35

We found only 1 study, focusing on UAS therapy in children

with Down syndrome, using the 3% oxygen desaturation

limit.38 In another study, no definition of the scoring criteria

could be found at all.19 Typically, an AHI based on the 4% oxy-

gen desaturation limit is lower than an AHI based on the 3%

Table 2—Primary and secondary outcome measures.

Baseline 3–6 Mo After 1 Y P

Primary outcomes n = 50 n = 46 n = 41

AHI 29.3 ± 16.6 20.2 ± 11.6 19.9 ± 13.1 .0007

Median 25.2 18.1 17.9

Interquartile range 19.4–35.4 10.9–26.6 12.1–24.5

ODI 17.8 ± 12.6 11.1 ± 8.4 10.2 ± 8.3 .0002

Median 15.1 9.1 8.3

Interquartile range 10.2–22 4.1–17.2 4.6–12.4

Secondary outcomes n = 50 n = 50 n = 38 P

ESS 12.8 ± 5.4 7.1 ± 5.0 5.9 ± 4.0 < .0001

Median 13.0 6.0 4.0

Interquartile range 10.3–15.8 4.0–9.8 3.0–9.0

SSI 53.8 ± 18.3 26.8 ± 19.4 23.7 ± 22.5 < .0001

Median 53.5 22.0 16.0

Interquartile range 39.3–71.8 9.0–44.0 9.0–33.0

Therapy adherence (h/ night) 6.7 ± 1.3 6.6 ± 1.9 .83

AHI and ODI measured by HSAT-PAT. P values are paired t test between baseline and after-1-year values. AASM = American Academy of Sleep Medicine,
AHI = apnea-hypopnea index (AASM scoring criteria for hypopnea using 3% oxygen desaturation), ESS = Epworth Sleepiness Scale, HSAT-PAT = home
sleep apnea testing with peripheral arterial tonometry, ODI = oxygen-desaturation index (using 4% oxygen desaturation), SSI = Snoring Symptoms Inventory.
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limit. This is the second reason why we report higher AHI val-

ues after 1 year compared to the literature.

In accordance with current guidelines, we are following the

latest American Academy of Sleep Medicine (AASM) criteria

for hypopnea as defined in the Methods section. As stated by

the AASM task force in 2012, there is rising evidence about the

correlation between obstructive respiratory events leading to

3% desaturations and cardiometabolic disease.39 Therefore,

hypopneas should be scored using ≥ 3% oxygen desaturations

instead of 4%. A recent epidemiological study analyzed the

impact of the 3 standard AASM hypopnea definitions (from

1999, 2007, and 2012) on the prevalence of cardiometabolic

outcomes in > 2,162 patients.37 Using the AASM 2012 crite-

ria,39 an independent association with diabetes, hypertension,

and metabolic syndrome could be found in AHI > 10.7, 14.4,

and 11.8 events/h, respectively. This leads us to the conclusion

that OSA should be treated in AHI > 15 events/h, using scoring

criteria according to AASM 2012.39 We are aware that in some

countries the scoring criteria may differ due to payer policy

requirements, such as Medicare in the United States, where the

acceptable AASM Scoring Manual criteria for scoring hypo-

pneas are used, which include only diminished airflow plus

≥ 4% oxygen desaturation.26 This is a regulatory requirement

for eligible patients receiving UAS. In our country, we do not

have these regulations. Accordingly, we only used the recom-

mended AASM Scoring Manual criteria25 for hypopneas as

defined in the Methods section.

Regarding ODI and in contrast to AHI, a 4% oxygen desatu-

ration limit was used in our patients for HSAT-PAT. This was a

limitation of the device (WatchPAT) because it cannot be modi-

fied by the user. On the other hand, it allowed comparison with

the mentioned trials, where mostly a 4% oxygen desaturation

limit was used. After 1 year, mean ODI was reduced to 10.2 ±

8.3 events/h, which is consistent with the literature.15,21,22,35

Figure 3—NNV in HSAT-PAT at baseline and after 1 year

per patient.

(A) NNV in HSAT-PAT at baseline. (B) NNV in HSAT-PAT after 1 year. Black
dots show the AHI values during each night, and gray dots indicate the cor-
responding mean of the 2 nights. Data for 2 nights are available for 20
patients at baseline and 32 patients after 1 year. The residual patients had
HSAT-PAT for 1 night only and NNV could not be shown. AHI =
apnea-hypopnea index, HST-PAT = home sleep apnea testing with periph-
eral arterial tonometry, NNV = night-to-night variability.

Figure 4—NNV in HSAT-PAT at baseline and after 1 year

shown in Bland–Altman plots.

(A) NNV in HSAT-PAT at baseline. (B) NNV in HSAT-PAT after 1 year. The
horizontal solid line is the mean value, and the dotted lines represent the lim-
its of agreement (mean ± 1.963 SD). Data for 2 nights are available for 20
patients at baseline and 32 patients after 1 year. The residual patients had
HSAT-PAT for 1 night only and NNV could not be shown. AHI =
apnea-hypopnea index, HST-PAT = home sleep apnea testing with peripheral
arterial tonometry, NNV = night-to-night variability, SD = standard deviation.
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In the STAR trial, for example, the ODI could be reduced from

28.9 ± 12.0 events/h to 13.9 ± 15.7 events/h after 1-year.21 This

corresponded to an absolute ODI reduction of 16.9 events/h. In

our cohort, UAS could reduce the ODI by only 7.6 events/h,

which is less than half of the reduction in the STAR trial. An

explanation for the lower ODI reduction in our cohort is the

lower baseline values. In our study, 62% of our patients had

moderate OSA (AHI, 15–30 events/h), whereas most patients in

the other trials had severe OSA (AHI, > 30 events/h). In gen-

eral, the baseline AHI and ODI values of the mentioned trials

were high, especially when considering the 4% oxygen desatura-

tion limit: In the STAR trial, the baseline AHI was 32 events/h

and in the ADHERE trial it was 36.3 events/h.17,21 This leads to

an estimated baseline AHI of more than 45 events/h when con-

verting into a scoring based on a 3% oxygen desaturation limit.

The baseline mean AHI in our patients was only 29.3 ± 16.6

events/h and therefore considerably lower than in the mentioned

trials.17,21 This result may explain the less-pronounced AHI

reduction in our cohort.

Concerning self-reported outcome measures, an impressive

change in daytime sleepiness was documented after implanta-

tion. Excessive daytime sleepiness is defined as an ESS score

> 10, which was reported by 74% of the patients before implan-

tation. This was reduced to 19% of patients during the first

follow-up visit after 3–6 months and remained similarly low

after 1 year (Figure 2D). The absolute reduction in mean ESS

from baseline to after 1 year was 6.9 (Figure 2C). This amount

is more than what is seen in the literature, where ESS reductions

from 4.6 up to 5.8 have been reported.15,17,22 We explained this

difference in our relatively high lost-to-follow-up rate of 24%

after 1 year.

Focusing on NNV with HSAT-PAT, we found similar AHI

values between the 2 nights: At baseline, the mean AHI of the

second night was 4.8 events/h higher than during the first night.

After 1 year, the mean difference between the 2 nights was only

1.5 events/h. At baseline, we explained the higher AHI during

the second night with a higher percentage of patients in the

supine position compared to the first night (46.0% vs 49.3%).

After 1 year, the percentage of patients in the supine position

for the first vs the second night was similar (43.1% vs 41.7%).

Another explanation for a higher AHI during the second night

may be the so-called first night effect, which was observed

mainly in sleep laboratory settings, where the authors found

reduced total sleep time, decreased sleep efficiency, and an

increased proportion of light sleep as the main factors, leading

to a lower AHI in the first of 2 nights.40–42 Therefore, measur-

ing 2 nights in a sleep laboratory is recommended for the reduc-

tion of NNV. Another study focusing on HSAT using PAT

found no first-night effect in this specific sleep laboratory

modality.43 A possible explanation might be the more comfort-

able environment when performing sleep apnea testing at

home. In general, our patients reported no complaints about

HSAT-PAT with the WatchPAT device even when performing

a recording of 2 nights. Although the mean AHI of the 2 nights

did not differ for the cohort, considerable differences were

observed in individual patients (Figure 3, Figure 4). In this

respect, recording 2 nights may give a better estimation of the

patient’s sleep than measuring only 1 night.

To our knowledge, this is the first published study using

HSAT-PAT for follow-up in patients receiving UAS. Compared

to in-laboratory testing and other HSAT modalities, HSAT-PAT

offers more patient comfort (Figure 1). A meta-analysis from

2013 found correlations in the range of 0.85–0.9 between AHI

values from PSG and HSAT-PAT.32 Therefore, the automatic

scoring algorithm was always considered to be well validated.

Nevertheless, a recent study looking at data from 500 patients

using concomitant PSG and HSAT-PAT found diagnostic con-

cordance in 42%, 41%, and 83% of mild, moderate, and severe

OSA, respectively, leading to an accuracy of only 53%.44 The

authors concluded that HSAT-PAT leads to high rates of diag-

nostic misclassification of OSA severity. In particular, patients

with no or mild OSA in HSAT-PAT but high clinical suspicion

of OSA should undergo PSG for definite diagnosis.

It is certainly a limitation of our study that we did not perform

PSG testing after 1 year. As with every sleep testing modality,

HSAT-PAT has its limitations, and the physician must be aware

of potential diagnostic misclassification. We see the value of

HSAT-PAT mostly for assessing pre- and postinterventional

data for scientific reasons. In this setting, the automatic scoring

has clear advantages because it eliminates interobserver variabil-

ity. However, we consider performing PSG 1 year after UAS

implantation to reduce diagnostic misclassification and obtain a

better picture of the outcome of our patients.

Irrespective of the chosen sleep testing modality, we want to

highlight the importance of publishing the scoring criteria.

From a scientific point of view, the standardization of sleep

indexes is of utmost importance because it allows the compari-

son of results in the emerging field of UAS. AHI and ODI

should be assessed using both the 3% and 4% oxygen desatura-

tion limits. In addition, we advocate for full-night efficacy stud-

ies because they reflect the real condition of our patients.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine

AHI, apnea-hypopnea index

ESS, Epworth Sleepiness Scale

HSAT, home sleep apnea testing

HSAT-PAT, home sleep apnea testing with peripheral arterial

tonometry

NNV, night-to-night variability

ODI, oxygen desaturation index

OSA, obstructive sleep apnea

PAP, positive airway pressure

PAT, peripheral arterial tonometry

PSG, polysomnography

UAS, upper airway stimulation
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