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somnogram at 6 mo had a reduction of the AHI to < 20 events/h 
(the cut-off for inclusion) and a > 50% reduction of AHI from 
baseline. For the whole group, the mean AHI decreased by 55% 
to 19.5 events/h at 6 mo. This reduction in AHI was associated 
with a significant subjective improvement in daytime sleepi-
ness and daytime function.

The 1978 landmark study of Remmers et al.6 reporting the 
direct relationship between loss of genioglossus muscle acti-
vation during sleep and upper airway closure in patients with 
OSA led to early attempts to treat the disorder by electrically 
stimulating pharyngeal muscles used transcutaneous, intraoral, 
and intramuscular electrodes. Transcutaneous delivery of the 
stimulus using submental electrodes has the advantage of being 
non-invasive but causes a non-specific, localized activation of 
underlying muscles and the stimulus can cause arousals.7 In-
tramuscular wire electrodes and intra-oral transmucosal elec-
trodes have similar disadvantages. None of these techniques 
have been evaluated as chronic treatments. Eisele et al.8 and 
Schwartz et al.9 were the first to show that hypoglossal nerve 
stimulation could decrease the severity of OSA without arous-
ing patients from sleep. Although these reports demonstrated 
the feasibility of the technique, technical limitations with the 
device stalled its further development. Returning to this past, 
the new generation hypoglossal stimulator tested by Eastwood 
and colleagues1 may jump-start this intervention into a new 
treatment option for patients with OSA.

As with any invasive procedure, safety of an implanted 
nerve stimulator is of primary importance. Potential concerns 
about this are partially allayed by the considerable experience 
gained with vagal nerve stimulators.10 In the 21 patients en-
rolled by Eastwood et al.,1 2 (10%) developed serious device-
related adverse events: an infection requiring device removal 
and a stimulation lead cuff dislodgement requiring replace-
ment. Although at least one adverse event related to the im-
plantation procedure or therapy occurred in the majority of 
the participants, these were relatively minor and transient. The 
rate of freedom from system (device or therapy) or procedure-
related serious adverse events at 3 mo was 90.2% (19/21 par-
ticipants) and at 6 mo was 85.2% (18/21 participants). Further 
studies are needed to assess the long term safety of this novel 
treatment approach, particularly if it is extended to bilateral 
stimulation in an effort to further improve the treatment’s ef-
ficacy.

It is possible that chronic electrical stimulation of the hy-
poglossal nerve during sleep may lead to beneficial alterations 
in tongue structure and function. Previous studies show an im-
provement in AHI with electrical activation and exercise of the 
pharyngeal muscles but the explanation for this improvement 
is unknown.11-13 A recent study reports that fat content of the 

The report by Eastwood and colleagues1 in this issue of SLEEP 
on the efficacy and safety of a new generation hypoglossal 
nerve stimulator for treating patients with obstructive sleep 
apnea (OSA) reminded me of the movie “Back to the Future” 
in which Marty McFly uses a plutonium-powered DeLorean 
time machine to travel back in time and then return to the pres-
ent. The concept of hypoglossal nerve stimulation to prevent 
airway collapse received a flurry of attention over a decade 
ago but since then has languished. Now, a new generation hy-
poglossal nerve stimulator promises to propel us from that past 
into the future development of a potentially new treatment op-
tion for patients with OSA. Have we found our “time machine” 
that will allow hypoglossal stimulation to finally achieve clini-
cal application?

Many patients with OSA are unable to tolerate positive air-
way pressure treatment. Alternative treatments have failed to 
gain widespread clinical application. Weight loss, oral man-
dibular advancement devices, and surgical procedures to wid-
en and stiffen the pharyngeal airway often fail to reduce the 
apnea-hypopnea index (AHI) to clinically acceptable levels.2-4 
Investigators in the past have attempted to treat patients with 
OSA by electrical stimulation of pharyngeal muscles during 
sleep. Although the potential feasibility and efficacy of this ap-
proach have been demonstrated in studies dating back to at 
least 1994, the technology was never successfully developed 
to the point that allowed its use in clinical practice. Interest 
in this potential treatment is now re-emerging perhaps due to 
technological advances.1,5

The implanted neurostimulator tested by Eastwood et al.1 in 
this single-arm interventional trial transmits electrical signals to 
an implanted cuff electrode on the ipsilateral hypoglossal nerve 
allowing selective activation of the tongue protrudor muscles. 
The device monitors respiration via implanted thoracic leads 
that sense changes in bioimpedance with chest wall motion, 
delivering stimulation immediately prior to and during the in-
spiratory phase of respiration, when the upper airway is most 
vulnerable to sleep related narrowing and collapse. Stimula-
tion was normally set to start automatically according to a pre-
defined time-of-day schedule, but it can also be operated in a 
manual mode depending on patient preference. Twelve of the 
18 participants (67%) who performed a post-operative poly-
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tongue is directly related to body mass index.14 In contrast, no 
relationship was found between body mass index and the fat 
content of the sternocleidomastoid and psoas muscles. This 
differential fat deposition in the tongue may help explain its 
increased volume in patients with OSA that predisposes to pha-
ryngeal airway collapse. One can speculate that repetitive, daily 
electrical stimulation of the tongue muscles may mobilize these 
fat deposits, decrease tongue volume, and thereby reduce the 
likelihood of pharyngeal airway collapse during sleep. This hy-
pothesis could be tested by assessing changes in tongue fat con-
tent with MRI following weeks to months of the hypoglossal 
nerve stimulation treatment and correlating this with changes in 
AHI without hypoglossal stimulation.

The concept of hypoglossal nerve stimulation is not new but 
its application in this novel device will hopefully allow this 
intervention to achieve its long intended clinical application. 
At present, however, its potential role in clinical treatment has 
once again been raised, but its future remains uncertain. Given 
the prevalence of OSA, this invasive and therefore relatively 
expensive treatment, is unlikely to ever become a primary treat-
ment for OSA. However, treatment options other than positive 
airway pressure are needed. Hopefully, the new generation hy-
poglossal stimulator will be the vehicle we have been looking 
for to propel us from the past into the future.
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