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Abstract Obstructive sleep apnea (OSA) is the most

common respiratory disease in the developed world and is

commonly treated with positive airway pressure therapy

(PAP). Recently, hypoglossal nerve (HNS) has been

introduced as alternative treatment for OSA patients with

PAP intolerance. We report the initial results with HNS

treatment from Spain. Patients with OSA and PAP intol-

erance were screened for HNS treatment with the InspireTM

system. After implantation and activation, efficacy was

evaluated with polysomnography and indication-specific

questionnaires. Adherence data was recorded from the

stimulation system. 18 patients (51.83 ± 11.64 years, 94%

male, mean Body Mass Index 27.94 ± 3.20) received an

InspireTM UAS system and were included for analysis.

Mean procedure time was 202.83 ± 64.87 min. and aver-

age hospital stay 26.67 ± 7.54 h. Mean Apnea–Hypopnea-

Index was reduced by 63.44% (p B 0.0001), while daytime

sleepiness improved to a mean ESS score of 6.60 ± 1.25

(p B 0.0001 Therapy response (AHI reduction[ 50% and

final AHI\ 20), was reached in 64.70 and normalization

of daytime sleepiness (final ESS score\ 10) in 100% of

patients. Therapy adherence was 6.32 ± 1.71 h per night.

HNS is a safe and leads to effective OSA control and

symptom normalization in selected OSA patients with PAP

intolerance. Stimulation therapy is well accepted, as

demonstrated by high adherence. Implementation of HNS

therapy into an OSA program in Spain is feasible with

acceptable learning curve and moderate resource

utilization.
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Introduction

Obstructive sleep apnea (OSA) is the most common res-

piratory sleep disorder, which affects up to 34% of the

adult population [1]. It is characterized by recurrent

obstructions of upper airway tissue, mainly due to decrease

in muscle tone during sleep. This can lead to a partial or

complete cessation of air flow to the lungs, which con-

secutively impairs the gas exchange [2]. Patients with OSA

often suffer from nightly hypoxemia as well as hypercap-

nia. Patients report impaired quality of life with main

symptoms being excessive daytime sleepiness (EDS), due

to regular arousals during sleep, followed by reduced

daytime activity and depression. Left untreated, OSA can

lead to development of cardiovascular and metabolic

complications such as stroke, myocardial infarction, and

diabetes. Patients with untreated OSA are also exposed to a

higher risk of involvement in motor vehicle collisions or

occupational accidents [3]. Gold-standard treatment for

OSA is nocturnal application of positive airway pressure

ventilation (PAP) via a mask [4]. Though highly effective,

PAP treatment is associated with a significant rate of non-

adherence or discontinuation, which can be up to 50% after

10 years [4].
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As alternative treatments for OSA, oral appliances have

shown to be non-inferior to PAP treatment in patients with

mild-to-moderate OSA and absence of obesity [5]. Anat-

omy altering surgeries such as Uvulopalatopharyngoplasty

(UPPP) are also widely available, though the longterm

efficacy is often limited, due to relapse of airway tissue

collapse over time [6]. Breathing synchronized electrical

stimulation of the hypoglossal nerve (HNS) with the

InspireTM Upper Airway Stimulation system (InspireTM

UAS, Inspire Medical Systems, Inc. Golden Valley, MN/

USA) was introduced recently as a new concept to treat

upper airway obstruction and has been extensively studied

over the last years [7, 8]. The treatment is based on uni-

lateral implantation of a stimulation system, that is acti-

vating airway dilator muscles synchronized with

inspiration and that is operated by the patient using an

external remote control. Inclusion criteria for HNS treat-

ment are moderate-to-severe OSA, absence of obesity with

a Body Mass Index\ 35 kg/m2, suitable airway anatomy

and intolerance to PAP therapy [9]. After obtaining CE

mark in 2010 and FDA approval in 2014, HNS was

introduced in Europe and the United States and has been

used in over 8,500 patients. This article reports the early

results of HNS treatment using the InspireTM UAS system

in Spain, where the therapy was introduced in 2016 in a

tertiary care center.

Materials and Methods

Patient Selection

Patients who consulted our ENT outpatient clinic with a

history of OSA were evaluated for alternative treatment

and, after thorough screening, offered different therapeutic

modalities. Screening included in-lab polysomnography or

home sleep test, clinical evaluation and drug-induced sleep

endoscopy with propofol to assess airway anatomy and

collapse patterns. Findings were reported using the VOTE

classification [10]. The Epworth Sleepiness Scale was used

to evaluate daytime symptoms of OSA. After airway

evaluation, individual therapeutic options were discussed

with the patient. Patients with an Apnea–Hypopnea Index

(AHI)[ 15 and\ 65,\ 25% central apnea, Body Mass

Index (BMI) B 35 kg/m2 and absence of soft palate con-

centric collapse were offered to receive HNS treatment

(Table 1). All consecutive patients who received an HNS

system between January 2016 and March 2020 were

included in this study. The DISE revealed multi-level

disease with AP soft palate obstruction in most (94%), and

tongue base collapse in all cases (Table 2). Patients were

excluded for severe cardiovascular or pulmonary comor-

bidities such as congestive heart failure NYHA class III/IV,

severe COPD or recent myocardial infarction. Until August

2017, patients with a need for frequent magnetic resonance

imaging (MRI) were excluded as available

implantable components precluded use of MRI. Patients

were thoroughly educated on the treatment with the HNS

system and consent was obtained prior to treatment.

Due to our unique position as a tertiary sleep center in

Spain, referred patients have usually long histories of OSA

treatment. Our cohort of HNS patients had on average 3.0

previous treatment (range 1–6, Table 3), with most com-

mon being positive airway pressure therapy (77%), ton-

sillectomy (55%), nasal surgery (55%) as well as soft

palate surgery (44%).

Hypoglossal Nerve Stimulation Treatment

After approval by our institution to implement an HNS

program, using the CE-marked InspireTM Upper Airway

Stimulation system (InspireTM II/InspireTM IV UAS sys-

tem, Inspire Medical Systems, Inc. Golden Valley, MN

USA), surgical training was conducted at a training facility

from the manufacturer. The system consists of three

implantable components (Fig. 1) and an external sleep

remote, which is used to operate stimulation [7]. Implan-

tation was conducted under general anesthesia in stan-

dardized manner, using previously published protocols

[11]. The procedure requires three small incisions, one for

each of the components. A modified submandibular inci-

sion is used to expose the distal branches of the

hypoglossal nerve and those branches supplying tongue

protrusor muscles, such as M. genioglossus and M.

geniohyoid, are identified using two-channel nerve integ-

rity monitoring (Natus Xltek Protektor 32 channels. Natus

Excell- Tech, Oakville, Ontario, Canada) [12]. After iso-

lating those branches, the circular cuff electrode is placed

and secured on the digastric tendon to avoid dislodgement

(Fig. 2). The pulse generator is placed in a small subcu-

taneous pocket underneath the clavicle and the breathing

sensor, required to deliver stimulation synchronized with

respiration, is placed between the external and internal

intercostal muscles. Pulse generator and electrodes are

connected using subcutaneous tunnels, which are prepared

with a tunneling tool. Functioning of the system is tested

prior to closure of incision to ensure good tongue protru-

sion with stimulation and proper detection of respiration.

Patients were discharged on the second postoperative day

and returned for device activation 4 weeks after implan-

tation. At activation visit, proper device function was

evaluated, and stimulation thresholds defined. Patients

were educated on use of the sleep remote and stimulation

parameters programmed, starting at the stimulation

threshold to allow for a comfortable acclimatization. After

6–8 weeks, during which patients were asked to gradually
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increase stimulation intensity using the sleep remote, a

fine-tune visit at our sleep lab was scheduled. Using

polysomnographic monitoring according to American

Academy of Sleep Medicine (AASM) recommendations,

stimulation was further optimized in order to achieve

highest therapeutic efficiency during all sleep phases,

without creating arousals. OSA severity was evaluated

after titration with AASM 2015 scoring criteria [13]. Sher

criteria were further used to classify responders and non-

responders [14]. Subjective response was evaluated with

the Epworth Sleepiness Scale, with a reduction of at least

two points considered minimally clinically relevant and a

score less than 10 normalized daytime sleepiness. In

addition, a structured survey was used to evaluate patient

satisfaction. Procedure and device-related adverse events

were recorded during follow-up, with serious adverse

events being defined as events that lead to death or life-

threatening injuries, permanent disabilities or sustained

health impairments.

Statistical Analysis

Demographic and anthropometric variables were analyzed

using descriptive statistics. A paired t-test was used to

Table 1 Baseline characteristics of patients treated with breathing-synchronized HNS therapy

Characteristic Value

N 18

Age (years) 51.83 ± 11.64

Male gender (%) 94

Body Mass Index (kg/m2) 27.94 ± 3.20

Apnea–Hypopnea Index (events(h) 41.84 ± 19.43

Oxygen-Desaturation Index (events(h) 31.82 ± 47.23

T90% (min.) 10.00 ± 14.89

Epworth Sleepiness Scale 12.67 ± 3.87

Table 2 Drug-induced sleep endoscopy findings according to VOTE classification

Velum Oropharynx Tongue base Epiglottis

None 11% 89% 0% 72%

AP 83% 100% 0%

Lateral 0% 11% 28%

Concentric 6%a

aThis patient presented with partial concentric collapse at lower velum, which is not a contra-indication

Table 3 Previous medical and surgical OSA treatment before receiving HNS treatment

Treatment modality % of patients receiving treatment

Positive airway pressure 77.78

Oral appliance 22.22

Sleep position trainer 16.67

Soft palate surgery 44.44

Tongue base surgery 11.11

Tonsillectomy 55.56

Genioglossus advancement 5.56

Maxillo-mandibular advancement 5.56

Nasal surgery 55.56
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calculate the difference between baseline values and post-

titration outcomes. Results were reported as mean ± s-

tandard deviation. P-values B 0.05 were considered to be

statistically significant. Patient satisfaction scores were

calculated using the means of five-level Likert scales.

Results

Between January 2016 and March 2020, 18 patients

received HNS treatment with the InspireTM UAS device at

our institution. The cohort consisted mainly of middle-aged

(51.83 ± 11.64 years), primarily male patients (94%) with

a history of severe OSA (AHI 41.84 ± 19.43) and patho-

logic daytime sleepiness (ESS 12.67 ± 3.87).

Fig. 1 Components that are

implanted in the body.

a Stimulation lead with

electrode cuff. b IPG. c Sensing
lead

Fig. 2 a Dissection of the

hypoglossal nerve fibers.

b Selection of protrude fibers of

the hypoglossal nerve.

c Stimulation cuff placed

around protrude fibers
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Surgical Results and Safety Outcomes

The average procedure time was 202 ± 64 min., and the

average total hospital stay was 26.6 ± 7.5 h. With

improvements in surgical processes, the procedure time

was reduced meaningfully by 40 min, comparing the first

nine patients (223.1 ± 76.0 min) to the latter nine

(182.5 ± 42.5 min). Surgical success, defined as sufficient

tongue motion (right- or bi-lateral protrusion) and adequate

detection of respiratory signal was achieved in 100% of

patients. Adverse events during the implantation procedure

were reported in 5.5% of patients (n = 1, placement on

wrong nerve with intraoperative replacement). Hypoglossal

nerve injuries or palsy was not reported in any patient.

Over the course of follow-up, one patient required

replacement of a breathing sensor.

Reduction of OSA Severity

At the follow-up visits, which occurred 86.0 ± 29.6 days

after implantation, the mean AHI decreased 64% compared

to baseline (41.84 ± 19.43 vs. 13.12 ± 9.61, p\ 0.0001,

Figs. 3, 4). According to Sher criteria (AHI reduc-

tion[ 50% from baseline to a value\ 20), 65% of

patients were classified responders (Table 4). At least 50%

reduction in AHI was reported in 67% of treated patients.

Nocturnal oxygen saturation improved compared to base-

line. A 55% reduction in the Oxygen desaturation index

(ODI, 31.82 ± 47.23 vs. 14.17 ± 23.31, p = n.s.) and a

69% reduction in Sleep time with\ 90% O2 saturation

(T90%, 10.00 ± 14.89 vs. 3.18 ± 5.12, p\ 0.03) were

observed, leading to clinically relevant reductions of

hypoxic load in the majority of patients (78%).

Subjective Response and Therapy Adherence

Daytime sleepiness measured with the ESS questionnaire

significantly improved from 12.67 ± 3.87 at baseline to

6.60 ± 1.25 (p\ 0.0001, Figs. 5, 6). The minimal

clinically important difference for the ESS of 2 points was

reached in 89% of patients. Normalization of daytime

sleepiness, defined as ESS\ 10, occurred in all patients

under treatment. Objective adherence to UAS treatment

was interrogated from the device and showed

6.32 ± 1.71 h per night. All patients, except one, were

using stimulation for more than four hours per night. For

patient satisfaction, 91% reported superior experience

compared to PAP treatment, 89% would choose HNS

again, 89% would recommend HNS to family and friends,

and 86% reported to be generally satisfied with HNS

therapy (Fig. 7).

Discussion

Our results show that HNS therapy using the breathing

synchronized InspireTM UAS system can be implemented

in a multidisciplinary OSA program without major learning

curve and it is well adopted by patients in search for

alternative treatments after PAP intolerance. Safety and

perioperative morbidity is favorable compared to other

surgical interventions for OSA, as confirmed by other

groups already [15, 16]. Treatment with HNS resulted in

significant reduction of OSA severity and clinically

meaningful improvements in quality of life. Improvement

in daytime sleepiness, the most common symptom in OSA

which often leads to further impairments in general quality

of life, were more pronounced than commonly observed

with nightly ventilation therapy [17]. Adverse events and

side-effects were uncommon and did not impact therapy

utilization among our patients, as reported by objective

interrogation of the stimulation system. Our results repor-

ted demonstrate the need to broaden the portfolio of OSA

interventions, as most of our patients had three or more

previous treatments which did not relieved symptoms

sufficiently or that could be adhered to. In a chronic disease

such as OSA, physicians and providers will have to accept,
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Fig. 3 Baseline and post-titration Apnea–Hypopnea Index

(41.84 ± 19.43 vs. 13.12 ± 9.61, p\ 0.0001)
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Fig. 4 Decrease of OSA severity (AHI) on individual level
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that there will not be one treatment for the complete dis-

ease journey of a patient. PAP remains the gold-standard

for treating OSA due to its relatively low costs and ubiq-

uitous availability. Innovative treatments like HNS though

will become more important, as many patients on PAP will

require alternative treatments over the course of time [4].

HNS with the Inspire UAS system requires thorough

screening and patient education in order to achieve good

outcomes. Previously published studies evaluated predic-

tors of success, which have been widely integrated into

routine practice [18]. Our results confirm, that the results

from larger multicentric studies can be repeated in a newly

established program. DISE is a critical part of the screening

and thorough airway assessment is crucial to rule out

patients with soft palate concentric collapse.

One limitation of our study is that we could enroll only

patients who were able to cover most of the costs for HNS

treatment themselves. A significant financial contribution

by the patient itself could lead to higher motivation to

adhere to therapy. Evidence from markets where HNS

treatment is fully covered by public payers as in Germany

show comparable results though with regards to adherence

and patient satisfaction [19, 20]. Another limitation of our

Table 4 Post-titration objective and subjective results

Parameter Value

Apnea–Hypopnea Index (events(h) 13.12 ± 9.61

AHI reduction (%) -63.44

Sher response (%) 64.70

AHI\ 15 (%) 47.05

Oxygen-Desaturation Index (events(h) 14.17 ± 23.31

ODI reduction (%) -55.46

T90% (min.) 3.18 ± 5.13

T90% reduction (%) -68.20

Epworth Sleepiness Scale 6.60 ± 1.25

ESS improvement (%) 42%

ESS normalization (%) 100%

Therapy adherence (h/night) 6.32 ± 1.71
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Fig. 5 Baseline and post-titration Epworth Sleepiness Scale

(12.67 ± 3.87 at baseline to 6.60 ± 1.25, p\ 0.0001)
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values\ 10 are considered normal (dashed line)
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study is the short follow-up of only three months after

implantation. For data completeness we decided to focus

on the short-term post-titration results which were avail-

able for all treated patients. Additional research is though

required to provide information on chronic utilization in

our cohort. Published results from other groups show

though, that patient maintain high adherence once they

acclimatized well to HNS and effective long-term OSA

control is provided with stimulation treatment [21, 22].

Conclusions

Breathing-synchronized hypoglossal nerve stimulation

leads to significant reductions in OSA severity and is

associated with a normalization of daytime sleepiness in a

cohort of Spanish patients with PAP intolerance. Our

results show the need for alternative treatments for effec-

tive long-term OSA control and demonstrate the potential

of HNS as such an alternative for selected patients with

favorable airway anatomy. Implementation of a HNS

program into routine practice is feasible and outcomes,

comparable to those obtained in controlled clinical trials,

can be achieved.
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