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Abstract

Purpose—The literature on hypoglossal nerve stimulation (HNS) for the treatment of moderate-
to-severe obstructive sleep apnea (OSA) was reviewed from 2014, the time of FDA approval for
the Inspire Systems device, to 2017 for themes that might be useful conceptually and practically in
the consideration of this new non-anatomic surgical therapy.

Recent Findings—there are now further follow-up articles since the 12-month results for Apnea
Reduction (STAR) trial of the Inspire device, and post-approval publications which report similar
and/Or improved AHI outcomes. Other emerging themes include drug-induced sedation endoscopy
(DISE) as a tool in assessment of eligibility and a more detailed understanding of mechanisms for
an HNS effects.

Summary—The post-STAR literature provides guidelines for an integrated coordination of
medicine and surgery to appropriately screen and manage patients.
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Introduction

Sleep apnea syndrome is complex both biologically and physiologically in that no one
pathway explains all of it manifestations. There is now four general proximate pathways and
targets for therapy by which one might develop recurrent apneas and hypopneas, the
signature features of sleep disordered breathing (Figure 1).

These pathways alone and in combination affect the appearance and number of events 1. 2.

Foundational therapies for moderate-to-severe obstructive sleep apnea (OSA) are continuous
positive airway pressure (CPAP), oral airway appliances, upper airway anatomic surgery,
and bariatric surgery 3, all which work primarily on the anatomic problems of a small and
compliant upper airway. Of these, CPAP is considered a primary, first-line approach. In
those who use this therapy there are dose-dependent improvement in symptoms of disturbed
sleep and quality of life, and a lower blood pressure; mortality and stroke risk are reduced 4.
However, a third of patients are unable to use or tolerate CPAP therapy °. Fitted oral
appliances worn at night keep the oro- and naso-pharynx open, and are viable, alternative
approaches, also improving quality of life and blood pressure 8. Bariatric surgery and
significant weight loss, when achieved by medical treatments, are efficacious in three-
quarters of those who are morbidly obese, and produces its effect by increasing upper airway
stability 7 8,

Surgical approaches to the anatomy of the adult upper airway are described in a literature
largely made of case series and, while effective in some, are not as predictably efficacious
nor durable as one would like °. Uvulopalatopharyngoplasty (UPPP), a common procedure
for adult OSA, is safe and effective. For instance, a recent trial of UPPP plus tonsillectomy
vs. watchful waiting at a single center showed that early surgery will reduce severe AHI by
an average of 30-50%, yet the residual AHI may still be in the mild-to-moderate range
(>5<20/hr) 10, There are across centers a number of ways a UPPP can be performed,
determined in large part by a surgeon’s formative training and augmented by experience and
progression of technique over time. Anatomic surgery has been refocused in the post-HNS
era, and one result of HNS availability is an increasing recognition of the value of anatomic
assessments in those who cannot or will not tolerate CPAP. This has led to procedures in
those who may not meet the drug-induced sedation endoscopy (DISE) criteria for an implant
because they exhibit a concentric collapse of the velopharynx during DISE. Procedures are
being developed to address this anatomic trait 11. Additional discussion of DISE is presented
later.

The approach of stimulation of the nerves and muscles as therapy for OSA dates to the
1980’s, and this history is available 2. This therapy directly addresses the inadequate
muscle activation (Figure 1), and leaves anatomy, loop gain, and sleep arousal systems
largely intact. Additionally, it works in both genders, in a broad age range, and in those with
obesity and stable cardiovascular co-morbidities, all of which are the traditional
demographic risk factors. The current approaches for this therapy comprises three devices.
The Inspire Medical Systems (Maple Grove MN) distributes the only FDA-approved HNS
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device for OSA. It has a 3-electrode cuff placed on medial branch of CNXII. The Apnex
Medical Inc. (St. Paul MN) device had a similar electrode design and placement and showed
promise in Phase Il trials 13 but failed FDA Phase IlI trials in terms of meeting efficacy
standards; the company is no longer in existence. A third device (ImThera Medical, San
Diego CA) is currently in a Phase 111 clinical trial; this device places a 6-electrode cuff on
the trunk of CNXII 1415 Al use an implantable, pacemaker-like pulse-generator in the
upper chest with tunneled stimulation lead, implanted through a submental surgical
approach. The Apnex device used a measure of impedance and the Inspire device uses a
pressure sensor placed in the 4t or 51 intercostal space to detect intrathoracic pressure as a
trigger for the stimulation period; the ImThera does not use a trigger and relies on its
proprietary stimulation patterning 2.

The Phase 11 study 16 and Phase 111 STAR trial 17 for the Inspire device identified the
proximal medial branch (vs. trunk) of the hypoglossal nerve (CN XI1) as the better
placement site for tongue stabilization and/or protrusion. When this implantation was
considered for severe OSA and in patients who were morbidly obese, there was a greater
likelihood of failure 6. As a result, there is in a BMI upper limit (32 kg/m?, up to 35 kg/m?
in a black box warning) and AHI limit (65/hr) in the FDA labelling, as such candidates are
less likely to respond. Also employed in the Phase Il trial was drug induced sedation
endoscopy or DISE. DISE is a procedure where the upper airway, especially the velo- and
oro-pharynx, are examined while in an anesthetized state for the pattern of collapse 18.
European centers already were familiar with this procedure as a pre-surgical planning tool.
In the Phase 11 trial, HNS treatment was successful in eight of 10 patients with an anterior-
posterior (AP) pattern of velopharyngeal collapse on DISE, while HNS was successful in
less than half of those with concentric collapse 16. Complete concentric collapse at the level
of the velopharynx during DISE is an exclusion criterion at the present time.

Beyond the 12-months of the STAR Trial

The Inspire-sponsored FDA Phase |11 Stimulation Therapy for Apnea Reduction (the STAR
trial) has to date the most information on outcomes with this therapy: safety and

efficacy 19721, The STAR trial was a prospective cohort study which enrolled 126 CPAP-
intolerant OSA patients, all of whom had activation of the therapy about 1 month after
implantation. Important features are the exclusion criteria. In the STAR trial exclusion
criteria included body mass index (BMI) > 32 kg/m?2; AHI <20 or >50, or central and/or
mixed apnea index present >20% within the AHI value; and a complete concentric collapse
at the level of the velopharynx observed with DISE.

A BMI of <32 kg/m? (FDA black box warning for those <35>32 kg/m2) and an upper limit
of an AHI of 65/hr appear in the FDA labeling. Both are based on success criteria
empirically described in the Phase 1l for the Phase 111 trials. They are empiric criteria;
however, these traits reflect a lower critical closing pressure (Pcrit) and/or respiratory control
gain that might otherwise affect AHI values (Figure 1). It should be noted that more than
half of patients with BMI >32 kg/m2demonstrate AP collapse pattern on DISE 18 22,23 5o
that this criteria of a BMI is being reconsidered 24. Concerning age, while the FDA approval
lists this therapy as for those >18 years, there is no upper age limit. The Inspire Phase Il and
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Phase 111 studies in all the devices excluded those in which there was active
cardiopulmonary disease and chronic cardiopulmonary, metabolic or renal disease of such
severity where one might expect only a marginal benefit of treating the AHI and/or OSA
symptoms. A retrospective analysis of STAR trial responders reported a trend that non-
responders might be younger and less likely to have had prior upper airway surgery for
OSA 20,

The STAR cohort were adults, aged ~55 years, with mean BMI of 28.4 kg/m2, and baseline
AHI of 32/hr. About 80-% were male and 88% Caucasian. The primary endpoints were AHI
and a 4% oxygen-desaturation index (ODI). The secondary, patient-based endpoints were
sleepiness and sleep-related quality of life. At 12 months, 66% of participants were
responders by AHI criteria with a median <10/hr, and 75% were responders by ODI criteria.
No control group was included in the study; however, at 12 months, 46 patients who had
responded well were randomly assigned to either continue therapy or to a one-week
withdrawal. Withdrawal of therapy for a week resulted an increase in AHI and symptoms
towards pre-treatment levels 21, For those who like the more formal approach of a
randomized “sham” arm similar to drug-trials, in these device-oriented treatment studies, the
design is either a delayed turning on of therapy or this approach of therapy withdrawal.

At 36-months, 98 of 126 patients completed follow up and agreed to a voluntary PSG 20,
The 36-month PSG group did not differ in baseline characteristics to the original cohort;
however, in aggregate this group included a smaller percentage of 12-month non-responders
than the 12-month group. Mean AHI decreased 62%, from a baseline ~30/hr to ~11/hr.
Seventy-four percent achieved response as defined by the AHI Sher criteria °.

The STAR patient-oriented endpoints were the Epworth Sleepiness Scale (ESS) and
Functional Outcomes of Sleep Questionnaire (FOSQ) scores. Descriptions of snoring as
reported by bed partner were collected. At 36 months, 77% had an ESS <11 and 63% had a
FOSQ score >17; both indicating improvement to a population “normal” range. Soft or no
snoring, as reported by a bed partner, was 17% at baseline rose to 81% at 36 months.

At a 48-month interim visit which did not include a PSG, 91 of the 126 agreed to a visit
designed to check symptoms, use, and amplitude levels 2. ESS and FOSQ were improved
from baseline without change from the 12-, 24- or 36-month follow-up. Similarly, the effects
on snoring were similar to prior data points after 12-months. Functional amplitudes were
unchanged, as was the threshold for sensation. Throughout this time, HNS therapy
compliance based on self-report was substantially higher (~80% nightly use) than pre-
therapy CPAP (~20%). An indirect measure of energy used over this period was consistent
with this estimate. Newer models will have use time provided in an adherence format,
similar to that expected for CPAP.

Reported adverse events attributed to the device are minimal and not life threatening. Two
devices were explanted at the patient’s request, one due to discomfort and the other due to
septic arthritis; the device was not infected. Between 12 and 48 months two patients required
procedure to address sensing lead displacement. The only complication specific to the device
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was an initial temporary tongue weakness reported in 17% of participants, most which
resolved spontaneously.

Neuromuscular Insights from HNS therapy

In sleep, patients may exhibit collapse at level of the velum, oropharynx, tongue base, and
epiglottis, alone or in combination; if one site was targeted for anatomic surgery, post-
procedure another site may appear to contribute to the production of obstructive events
during sleep 26-28,

HNS initially was projected to have efficacy in patients only with obstruction at the tongue
base, and in retrospect it would have been astounding if HNS had no effect on oropharyngeal
patency. The pattern of obstruction at the level of the velum during DISE became a critical
feature, and to date cannot be predicted on the basis of other tests 23. There is one consensus
statement on DISE procedures 18 and experience is increasing. DISE is subject to the
vagaries of anesthetic level, but at any given level there can be generally good interrater
reliability in deciding whether or not there is a predominant AP or concentric collapse 2°.
Higher BMI and higher AHI have been identified as parameters associated with a non-AP of
the velum on DISE, but the correlation is modest at best 30. The factors that produce this
observed effect deserve attention.

Awake endoscopy or with DISE, HNS will open the retropalatal as well as oropharyngeal
level of the upper airway 3. In a subgroup studied at or near the midpoint of the STAR trial,
the results were divided between “responders” and “non-responders” at 12-months. Both
groups opened the oro-pharynx to the same degree but those who subsequently had a good
AHI response at 12-months to HNS therapy had a larger increase in retropalatal area
compared to non-responders. Extending these observations was a study revealing increased
opening at the retropalatal level and an obvious activation of the geniohyoid muscle showed
a better reduction in AHI. The authors believed that a bilateral protrusion of the tongue base
was responsible for opening at the level of the soft palate 32. Both groups suggested that the
endoscopic effect could be by palatoglossal coupling, due to a linkage of the muscles within
the soft palate to those of the tongue body.

Others have published imaging studies to identify the effect of HNS on structures outside the
airway. One case series compared the actions of HNS to pressure forcing. HNS moved the
hyoid arch forward along with the tongue associated with velo- and oro-pharyngeal

opening 33. Opening the airway with positive pressure does not produce a change in hyoid
position, indicating that it is not just airway size that changes the position of the hyoid arch.
These studies speculated that there was an indirect, mechanical coupling to the velo-
pharyngeal airway wall. This is consistent with the anatomic displacements reported for an
oral appliance 34 and for maxillomandibular advancement 35, as both result in retropalatal
and retroglossal airway volume increases, and while not measured, inspection of the images
suggests an anterior positioning of the hyoid arch and tongue base.

One post-approval study has confirmed an improvement in sleep architecture during the
diagnostic polysomnography. In 26 patient with reductions from 34/hr to 9/hr at 2 months,
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there appeared a reduction of N1-sleepand arousals, and an increase in REM sleep, to levels
above age-matched norms, indicating that HNS when successful can improve sleep stage
expression shortly after it is turned on 36,

The VOTE Classification

The VOTE classification is a method for characterizing DISE findings that focuses on 3-
dimensional features specific to the velopharynx (V), oropharynx (O), Tongue (T), and
epiglottis (E), sites identified as relevant to sleep disordered breathing 37: 38, There was an
existing paradigm- nose, oropharynx, hypopharynx, and larynx (NOHL) reporting, but in
comparison it appears that the VOTE classification is more “comprehensive” especially for
functional changes at the level of the epiglottis and pharynx. In this report the VOTE
classification correlated with OSA severity and identified a number of affected sites; this
study anesthetic level was described with bispectral assessments (BIS) 39. In the use of
VOTE in a DISE setting, the interobserver agreement between an experienced observer and
a learner does have a learning curve, but the problem area is more often at the tongue base,
rather than the velopharynx or the epiglottis 40. The DISE can be used for planning other
treatments that might be offered to CPAP-intolerant patients 1. The VOTE system then
provides a standardized qualitative framework to describe DISE results, in a setting without
proprioceptive feedback; in contrast the Miiller maneuver is focused on the oropharynx 42.

In regard to which anesthesia is optimal to identify reproducible and actionable results, one
group reported that propofol by continuous infusion, at a level of “medium” sedation led to
the perceived better decisions regarding surgical treatment 3. Others, however, have
compared propofol and, after recovery, with midazolam, finding that using a continuous
perfusion, there is a good agreement; in this report, outpatient physical exam did not
correlate with drug-induced sleep findings 44. However, others believe that more work is
needed to standardize the anesthesia side of DISE 4°.

Studies examining the influence of head rotation, on “severity” and patterning of anterior-
posterior (AP) and concentric collapse (CC), suggested that at the level of the velum there is
a qualitatively less “severe” AP collapse with head rotation 46

DISE with CPAP could be useful in understanding why the patient failed CPAP treatment,
for instance because of a floppy epiglottis. This approach could identify a pattern or place of
airway collapse that may require varying pressures different from the one the patient is
using, as well as anatomical factors that may be corrected to help with compliance 47,

However, one should stay tuned to this line of work. While the field may go beyond NOHL
and VOTE to more quantitative methods for describing results, the DISE will be justified in
the planning for other surgical procedures, such as mandibular-maxillary advancement or
robotic approaches to the base of the tongue 48, or intervention with oral appliances®®,
especially when there is CPAP failure 0.
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Clinical Management in the Post-Approval Era

Four larger post-STAR 12-month series have been published, two based on a single center
and two from a European post-approval registry at 6-month and 12-month follow-up post-
implant. These centers used the FDA DISE and AHI criteria for inclusion, but were less
stringent in regard to BMI criteria. A summary of these studies is shown in Table 1,
beginning with the 36-month outcomes of the STAR trial.

None report results inferior to the STAR 12-month data. One from a US center ®1, in 20
patients meeting the FDA criteria, mean AHI was reduced, with 95% achieving an AHI
<15/h. Another was a single European tertiary referral center which reported results from 31
consecutive patients and outcomes at 2, 3, 6, and 12 months after HNS surgery 5253, The
mean pre-implantation AHI of ~33/h could be reduced and was associated with parallel
improvements in ODI, ESS and FOSQ. Patients maintained adherence to therapy use after
12 months; most reported improvement in sleep and daytime symptoms. The HNS usage
time was ~43 +/- 12 hr/wk at 6-months. The median AHI was reduced at 6 months to
approximately 8/hr, and no patient required surgical revision of the implanted system 54, A
follow-up results at 12 months was similar 33,

Case reports of commercial implants start to emphasize the utility of this device in unique
patients. One involved a case of a patient with persistent symptoms and findings of OSA,
including an AHI >30/hr, despite a history of multiple multilevel procedures, including an
uvulopalatopharyngoplasty (UPPP) with revision, a genioglossus advancement, and a
maxillomandibular advancement; he responded to HNS with an AHI of <10/hr and
sleepiness relief 5. Another case report found a successful co-use of HNS with an
implantable defibrillator; however, if this is to be considered, there needs to be agreement
from each device manufacturer that this approach will work 6. A third showed that the
technology could be employed after radiotherapy for head and neck cancer distorted the
anatomy °’. The technology was useful in the management of OSA in a patient with Down’s
syndrome, where CPAP therapy adherence is very, very low %8, Finally there is a report of
normalization of AHI which illustrated that HNS could be used in Stanford model of
progression in those who did not respond to Phase | and |1 procedures used in this center 9.

It now appears that the upper limit of BMI has a more limited role in predicting outcomes. A
favorable AP collapse on DISE can still present in those with BMI values >35 kg/m2. BMI
has some correlation to higher critical closing pressure 89, but centers are now more focused
on the results of DISE to rule out a complete concentric collapse. For implant success
related to postoperative tongue motions, nerve integrity monitoring is used to predict correct
cuff placement in one of the groups with the higher success rates 24, However, anecdotally in
the STAR follow-up patients who gain weight, experience snoring and/or unrefreshing sleep
instead of trying a change in the stimulator settings patients tend to choose weight loss and
weight management.
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Management Experiences

Post-FDA approval, new centers offering HNS have emerged. Success is based on leadership
and cooperation among surgeons and sleep medicine specialists. For this therapy in the post-
approval era, the process steps in considering a patient to the follow-up of the 10% of those
who eventually qualify are becoming clearer (Table 2).

In some places this may be the same person; however, in many academic centers the
interactions have historically been limited to referral and not co-decision making in a
broader context. Surgeons benefit from hands-on training in simulator placement on
cadavers, and physicians will need to review the purpose and manner of setting up pacing
parameters of amplitude and coordination with breathing efforts. Besides physicians, the
daytime health care associates should be able to handle inquiries and care issues once
implanted. Referral populations are important to cultivate to assure a rapid accrual to
develop expertise. In those being referred for HNS less than half will proceed through the
inclusion and exclusion criteria. In the sleep diagnostic center, a sleep technologist will need
to be trained in titration during a PSG. Hospital administrators and practice managers will
need instruction on billing, reimbursement, and the ancillary care needs across patients, like
a programming tablet for follow-up and polysomnography titrations. A large time gap
between implants may result in require re-training and re-adjustments in the program if these
key personnel are not engaged. Finally, financial considerations for the patient include the
costs of assessment and DISE, and if a PSG has not been done in several years, a repeat all
night sleep study to determine AHI in regard to NREM and REM sleep, proportion of
central or mixed events (ideally <25%), and positional effects. Prior authorization,
procurement logistics, DISE and operating room readiness, and scheduling are issues that
are not encountered in the course of management with CPAP or oral appliance.

In the STAR trial the follow-up included multiple post-operative evaluations and retitrations
during a PSG and in frequent office visits 17. As clinical experience has developed over time,
there is still a need in the assessment phase for a detailed all-night study with PSG to capture
all elements of respiratory disturbance expression (sleep stage, arousals, hypoxemia, ECG
morphology, etc.) and ancillary even rare issues that are illuminated, such as PLMs, spike-
and-wave discharges, non-atonic REM, delayed sleep phase, etc. There is probably a need a
PSG sometime after implant (1-2 months) to examine the effect of stimulation on event type
in all positions and in all stages of sleep, as well as to show improvements in oxygen
saturation and heart rate by sleep state. However, management at follow-up can be managed
by home sleep testing, portable studies of cardiopulmonary function over time without sleep,
as shown in post-approval studies 19: 53,

The major costs associated with HNS are the cost of the device and the cost of the
procedure. In one report, the estimated lifetime incremental cost effectiveness ratio (ICER)
of $39,471 per quality-adjusted life year (QALY) for patients meeting the STAR inclusion
criteria 81. This cost is less than the currently accepted cost-effectiveness threshold in the
United States of $40-50K/QALY, but more than CPAP, which has an ICER of $15,915/
QALY. For a patient perspective there may occur out-of-pocket costs for deductibles and co-
pays for assessments prior to implantation. For instance, the DISE procedure may or may
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not result in the identification of an ideal candidate; however, the cost is still there in those
are then considered for other therapy. Follow-up visits after the stimulator implant is coded
not only for the visit but for programming, and adds cost, especially when deductibles are
high. The center needs to plan for the inevitable discussions about all costs (assessment,
implant, and follow-up) with this therapy.

Summary and Conclusion

While there was the Apnex technology and there is an on-going ImThera Phase Il trial,
currently it is the Inspire Medical Systems HNS device which is currently FDA-approved as
neurostimulation therapy for OSA. In selected patients the device appears safe and durable
with reasonable effectiveness compared to the absence of effective therapy before the
implant. For HNS to most predictably reduce AHI in moderate-to-severe OSA patients, and
to produce symptom relief, there is a set of inclusion and exclusion criteria, and many
patients will not be candidates. For those with complete concentric collapse, procedures like
lateral pharyngeal wall stabilization 1162 can improve AHI and/or change the closure to a
favorable anterior-posterior collapse pattern 83. Post-approval studies show that several
centers can achieve good results 64, indicating that the management approach can be
transportable across centers with expertise 53 54,

CPAP, the current first-line approach for OSA management, is non-invasive and can be
effective; motivational sessions, equipment checks, and coaching are crucial in its adoption.
Within the limitations of the cost per quality-adjusted life year (QALY) value (for estimates
of cost-effectiveness), CPAP is more effective than no treatment and seems to become a
cost-effective strategy after 2 years of use 65 66, ikewise oral appliances are safe, and
effective but no cost-effectiveness estimates are available beyond that of the device itself 66,
The most expensive surgical option is mandibular-maxillary advancement but this like
tracheostomy is a down-the-line therapy; while it is considered a cure, there is no rigorous
objective assessments of cost-effectiveness 67. What HNS has done is to create another
option in OSA management for the CPAP intolerant patient, identify individual factors in
determining surgical success, focus definitions of upper airway function, and reenergize
surgical interest in OSA. Limitations to address include the need for pre-implant
assessments like DISE and MRI compatibility.

The post-STAR literature provides evidence for success with the commercial application of
HNS for the treatment of CPAP-intolerant patients. There is now a literature from groups
who report good results within a clinical management program especially when there is a
coordination of medicine and surgery expertise to appropriately screen and manage patients.
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Figure 1.
There are four general pathways that contribute to the development of recurrent obstructive

apneas during sleep 12; under the heading for each pathway there are listed current of
potential (e.g. “drugs?”) treatments that might act in a management of the syndrome related
to multiple obstructive apneas. These pathways are not mutually exclusive, and treatment of
one may uncover the impact of others. For instance, CPAP therapy may not address a high
loop gain or an intrinsic problem with arousal thresholds, and this can complicate treatment
responses. HNS addresses the pathway with poor muscle activation, mitigating the fall in
muscle activity that occurs at the onset of an apnea.
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STAR follow-up and Post-Approval Studies
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Study Cohort # Overall Response | Summary of Outcomes

Woodson et al, STAR 36-months 98/126 | 74% AHI from 30.4/h to 11.4/h, ESS 77%<11

2016

Kent et al, 2016 UPMC 20 95% (AHI < 15) AHI from 33/h to 5/h, ESS from 10 to 6, 7 hrs/night use
Heiser et al, 2016 Munich 31 97% (50% reduce) | AHI from 33/h to 7/h, ESS from 13 to 6, 6.6 hrs/night use
Heiser et al, 2017 * German Multi-center | 60 70% (AHI < 15) AHI from 28.6/h to 8.3/h, Lowest desaturation from 77% to

90%, 6.2 hrs/night use

*
This is the 6-month timepoint and there is a 12-month follow-up study (Steffen et al 2017) with similar outcomes.
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Arc of Therapy with HNS

Table 2
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Stepsin the Process

Issue

Discussion Points

Outcome

Evaluation of the patient for
eligibility

Determination of “cannot or will
not use CPAP”

Is this a true failure? Are there other
options that are acceptable and have not
been tried?

Either reestablish care
management or refer to
revaluation

PSG for eligibility

AHI in all positions and sleep
states, and proportion of central/
mixed to obstructive events

AHI <20/h or >65/h is the issue and
whether there is a central (loop gain
component). Is there an opportunity to
manage medically?

Here it is eligible or
ineligible because of the
metrics of the PSG.

Surgical evaluation

Outpatient evaluation and
discussion about the procedure,
and decision about whether the
patient generally has rational/
realistic view of surgical
management.

If HNS is not a therapy, is there an
interest in going forward with anatomic
surgery? Discussion of DISE and its
rationale and cost benefit besides that of
the office examination?

Decision for DISE and the
results.

Implant

Assessment of co- morbidity and
feasibility as an outpatient or
inpatient procedure.

The “phenotype” of movement with
placement of the HNS electrode is a
crucial skill.

Surgical success and
recovery

1-month assessment

Assuming surgical recovery,
determination of the stimulation
of first sensation, functional
amplitude, and upper limit of
tolerance

Creating confidence that the stimulation
is comfortable and that only at the
extreme there is discomfort.

Setting the limits for patient
exploring a range of
amplitudes for the next
month.

2-month in-center titration
PSG

Do the settings work in all
positions and in NREM and
REM sleep?

This PSG study may or may not provide
the final word, as results have to be
correlated with symptoms (snoring levels
and restorative function of sleep)

What settings are best going
forward? What range of
amplitude is to be provided
to the patient? What are the
expectations?

Follow-up management

Have settings for the first
sensation, functional amplitude,
and upper a limit of amplitude
changing with healing?
Sleepiness (ESS) and quality of
life (FOSQ) results. Any issues
with implant.

Is this working? What issues are present
with the device setting?... use? ...result?
As well as healing and pain with the
incisions and implant.

Decisions on changing the
amplitudes and on whether
there is a need for further
evaluation, either “guess and
check” or a follow-up study
(portable study or in- lab
titration).

Follow-up 3- and 6- and
then every 12-months

Check settings and adjust
according to symptoms of
snoring? Check weight and
health maintenance.

Any concerns and problems.

If problems, try to address as
outpatient before PSG
reiteration?
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