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Role of Glossopharyngeal
Nerve Stimulation in
Stabilizing the Lateral
Pharyngeal Wall and
Ventilation in OSA

A Pilot Study

To the Editor:

OSA is a highly prevalent condition that is independently
linked with common health morbidities and decreased
quality of life.1 Positive airway pressure therapy is the
first-line treatment for OSA, but patient compliance rates
are suboptimal, and surgical interventions, including
hypoglossal nerve stimulation, are not universally
efficacious. Oropharyngeal lateral wall collapse decreases
surgical responder rates and remains challenging to
treat.2 Our group recently proposed ansa cervicalis
stimulation as a novel respiratory neurostimulation
therapy for OSA,3 which has been observed to stabilize
the oropharyngeal lateral wall by pulling the pharynx
caudally.4 In addition, the stylopharyngeus muscle is
capable of directly pulling the oropharyngeal wall
laterally, suggesting that it plays a pivotal role in
stabilizing the pharynx and that some individuals may
benefit from additional neurostimulation strategies.5
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The stylopharyngeus muscle originates from the
styloid process of the temporal bone and inserts
medially into the oropharyngeal lateral wall between
the superior and middle constrictor muscles. It is
innervated by the glossopharyngeal nerve, which also
contributes to the pharyngeal plexus motor branches
innervating the constrictor muscles. Guilleminault
et al6 observed electromyography activity in these
muscles during human inspiratory activity and
proposed the “tent hypothesis,” in which coactivation
of the stylopharyngeus muscle and pharyngeal
constrictor muscles stiffens the oropharyngeal wall
and pulls it laterally to stabilize it during inspiration.6

Animal experiments support these observations. Pre-
inspiratory glossopharyngeal nerve activity was
preserved in rodents even after pontomedullary
transection disrupted facial and hypoglossal nerve
activity.7 Kuna8 stimulated the glossopharyngeal nerve
in a decerebrate feline model and observed that it
increased oropharyngeal area to a greater degree than
hypoglossal nerve stimulation.8

Here we describe a novel technique for
percutaneous glossopharyngeal nerve stimulation
(GNS) to investigate Guilleminault’s tent hypothesis.
Our initial results suggest that GNS pulls the
oropharyngeal wall laterally, reducing pharyngeal
collapsibility.
Methods

This study was approved by the Vanderbilt University
Medical Center institutional review board (IRB
#212305). After signing consent, a participant was
screened with in-laboratory polysomnography for
moderate-to-severe OSA. He then underwent unilateral
GNS under propofol anesthesia with a modified version
of a previously described drug-induced sleep endoscopy
protocol.3,9

We iteratively developed a technique for percutaneous
placement of a hook-wire electrode proximate to the
glossopharyngeal nerve by localizing it within identifi-
able surrounding anatomic landmarks, similar to our
approaches to other upper airway motor nerve targets.10

Briefly, the ultrasound probe was placed in a paraxial
plane approximating a line between the mastoid tip
and the hyoid bone11 and was then rolled rostrally until
the styloid process and its superficial musculature was
visualized. An electromyography needle carrying a
hook-wire electrode was advanced in plane anterome-
dially, superficial to the internal jugular vein and deep
to the external carotid artery, following the path of the
glossopharyngeal nerve as it courses across the lateral
surface of the stylopharyngeus muscle. The hook wire
was fixed in place for the subsequent GNS experiment
after brief stimulation pulses confirmed ipsilateral
oropharyngeal wall movement laterally on endoscopic
examination.

Nasal airflow was measured with the mouth sealed
on and off GNS across a range of positive airway
pressures to quantify acute changes in metrics of up-
per airway obstruction including tidal volume, peak
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Figure 1 – Glossopharyngeal nerve stimulation pulled the right oropharyngeal wall laterally by activating the stylopharyngeus muscle from baseline (A).
As the stylopharyngeus muscle contracted (B), the endoscope had to move laterally to keep the oropharyngeal lateral wall within view (C).
inspiratory flow rates (VImax), and negative effort
dependence (NED) ratio (mid-inspiratory airflow/
VImax).12 A regression line was plotted through
5

P
re

ss
u

re
 (

cm
 H

2O
)

0

–5

–10

–15

0 10 20 30
Time (

N
V
Epi

6

S
ti

m
 (

m
V

)

4

2

0

250

F
lo

w
 (

m
L

/s
)

0

–250

–500

Figure 2 – Physiologic signals during unilateral glossopharyngeal nerve stimul
airflow (purple tracing). Pressure catheters in the velopharyngeal (green trac
oropharyngeal site of flow limitation at baseline as nasal pressure (light blue
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VImax values from flow-limited inspirations to derive
the critical closing (PCRIT) pressure with and without
GNS.9
Results
The participant had a BMI of 30.7 and apnea-
hypopnea index of 41.1 events/h. His standard clinical
drug-induced sleep endoscopy examination
demonstrated partial circumferential collapse of the
palate, complete lateral pharyngeal wall collapse, and
partial tongue base collapse.

GNS was stably captured for a period of approximately 5
minutes, with 35 unstimulated baseline inspirations and
s)
40 50 60

ation (GNS). GNS (elevated dark blue tracing) increased peak inspiratory
ing) and oropharyngeal (red tracing) pressure catheters indicated an
tracing) is decreased during the course of the experiment.
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27 inspirations with GNS available for analysis. Robust
movement of the oropharyngeal wall laterally was
observed with simultaneous posterior displacement of
the soft palate during application of GNS (Fig 1 and
Video13). GNS decreased the pharyngeal PCRIT pressure
by 1.2 cm H2O, increased tidal volume by 141 mL, and
increased peak inspiratory airflow by 120 mL/s at
baseline PCRIT (nasal pressure, 2 cm H2O). During an
isolated period of flow-limited inspirations with stable
ventilatory drive, GNS decreased NED ratio from 0.44 to
0.19 at 5 cm H2O of nasal pressure, and from 0.71 to
0.23 at 4 cm H2O of nasal pressure (Fig 2).
Discussion
This feasibility study demonstrated that GNS generated
significant change in multiple measures of airway
collapsibility in a patient with severe OSA. Specifically,
GNS pulled the oropharyngeal wall laterally, increasing
peak inspiratory airflow and tidal volume and reducing
negative effort dependence. Our initial findings support
Guilleminault’s hypothesis that lateral movement of the
oropharyngeal wall increases upper airway patency and
suggest that GNS may have value as a respiratory
neurostimulation strategy for OSA.

We observed several interesting anatomic and
physiologic phenomena during this experiment. First,
GNS pulled the oropharyngeal wall laterally, implying
robust contraction of the stylopharyngeus muscle with
potential additional activation of the pharyngeal
constrictor muscles. Although contraction of the
stylopharyngeus could not be directly confirmed, no
other muscles in the parapharyngeal space would be
expected to directly pull the oropharyngeal wall
laterally.5 Possibly increased tone in the pharyngeal
constrictor muscles may have contributed to pharyngeal
stabilization. Prior feline experiments suggest that
constrictor activation can stabilize the airway in a state-
dependent fashion when the airway is collapsed.14 In
humans, the glossopharyngeal nerve additionally
innervates a unique, specialized neuromuscular
compartment of the constrictor muscles that appears to
be responsible for subtle gradations of tonic muscle
tone.15 Second, we observed an increase in VImax and a
decrease in NED directly associated with movement of
the oropharyngeal wall laterally on endoscopy. The site
of flow limitation shifted simultaneously from the
oropharynx to the velopharynx, implying that GNS had
stabilized the oropharynx and highlighting the
interconnections between pharyngeal flow-limiting
chestjournal.org
structures. Further research is required to elucidate the
mechanisms underlying these observations.

Oropharyngeal lateral wall collapse broadly decreases
treatment response rates across a range of surgical
procedures.2 Our early findings create intriguing
possibilities for a neurostimulation treatment to
directly stabilize the oropharyngeal lateral wall via
recruitment of natural physiologic mechanisms.
Nevertheless, this feasibility study in a single patient
provides limited data for analysis, and which patients
with OSA might benefit from GNS is not yet clear. The
supraphysiologic stimulation applied in this experiment
caused robust activation of the stylopharyngeus muscle
that likely does not reflect normal physiologic activity.
The simultaneous posterior displacement of the soft
palate suggests that GNS may benefit from combination
with respiratory neurostimulation strategies that
stabilize the pharynx anteriorly, such as hypoglossal or
ansa cervicalis stimulation.3 Further research is
underway to better quantify the effects of GNS on
upper airway mechanics.
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