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Abstract

Objective.—To determine if clinically acquired cephalometric measurements, specifically soft
palate size, can predict hypoglossal nerve stimulation outcomes.

Study Designh.—Combined prospective cohort study and retrospective review.
Setting.—US sleep otolaryngology training program.

Methods.—Adults with obstructive sleep apnea and apneahypopnea index greater than

15 events/h who underwent hypoglossal nerve stimulation. Eligible subjects had diagnostic
preoperative sleep studies and full-night efficacy postoperative studies for analysis. Lateral neck
x-rays were obtained as part of routine clinical care and measured for key cephalometric variables
by trained head and neck radiologists. Continuous variables were compared using the Student ¢
test, while XZ testing was used for categorical variables.
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Results.—Fifty-one patients met all study criteria. On average, patients were white, middle aged,
and overweight. Following hypoglossal nerve stimulation, the overall cohort achieved a significant
apnea-hypopnea index reduction from 36.7 events/h to 20.6 events/h (P< .01) and a response

rate of 47% (defined as apnea-hypopnea index reduction >50% and apnea-hypopnea index <20
events/h). On average, therapy responders had significantly thinner soft palates than nonresponders
(13.4 £3.8 mmvs 16.0 + 3.4 mm, P=.045).

Conclusions.—Patient-specific anatomic factors, specifically soft palate thickness, may help
identify optimal candidates for hypoglossal nerve stimulation. A larger, prospective study
including both anatomic and physiologic variables is required to validate these findings.

Keywords
obstructive sleep apnea; hypoglossal nerve stimulation; radiograph; outcomes

Obstructive sleep apnea (OSA) is characterized by upper airway collapse during sleep,
leading to oxygen desaturations and recurrent arousals. OSA is estimated to affect 13%

to 33% of men and 16% to 19% of women worldwide, representing a significant public
health burden.! Patients with OSA are at increased risk for a variety of health risks,
including cardiovascular disease and neurocognitive dysfunction.23 First-line therapy for
OSA is positive airway pressure (PAP).4 With long-term use, PAP has been shown to
partially reverse adverse health effects.>8 However, a major barrier to effective therapy is
compliance; 46% to 83% of patients report inconsistent PAP usage.’ Therefore, alternative
therapies are essential.

Over recent years, hypoglossal nerve stimulation (HGNS) has presented a promising new
treatment modality for patients unable to tolerate PAP.8 Five-year data from the Stimulation
Therapy for Apnea Reduction (STAR) trial demonstrated long-term reductions of apnea-
hypopnea index (AHI) and improvement of sleep symptoms. Yet, the overall response rate
(defined as AHI <20 events/h and >50% reduction of AHI) remains around 66%, leaving
room for optimization.%10

A growing body of literature has focused on identifying patient characteristics associated
with HGNS therapy success. Initial feasibility studies reported the greatest response rates in
patients with AHI <50 events/h, body mass index (BMI) <32 kg/m?2, and lack of complete
circumferential palatal collapse on drug-induced sleep endoscopy (DISE). Recently, our
group investigated therapeutic PAP level as a predictor for HGNS success, identifying a 92%
success rate in patients with PAP values less than 8 cm H,0, compared to 44% success in
patients with higher PAP values.10

In addition, anatomical factors may play a role in determining which patients benefit most
from HGNS. Schwab et al'l used awake computed tomography (CT) to identify anatomical
differences between HGNS patients. Therapy responders were found to have a smaller

soft palate volume than nonresponders, as well as increased tongue displacement, greater
increase in retroglossal airway size, and increased shortening of the mandible-hyoid distance
with therapy activation. These results suggest the possibility of using patient-specific
anatomy to stratify patients in regard to their likelihood of success with HGNS therapy.

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 May 31.
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In this novel study, we posed the following research question: can cephalometric
measurements, acquired in the clinical setting, predict HGNS outcomes? Our primary
hypothesis was that nonresponders would have larger soft palates than responders. Our
secondary hypothesis was that nonresponders would have a longer mandibular plane-hyoid
distance. Exploratory outcomes included mandible length and posterior nasal spine to
vertebral body distance.

Materials and Methods

A prospective cohort study was approved by the Emory University Institutional Review
Board (IRB00088402). Subjects were recruited from May 2016 to October 2018 at the sleep
surgery clinic of the senior author (R.C.D.). A retrospective chart review was subsequently
added to include patients from September 2015 to May 2016 to maximize sample size.
Inclusion criteria were >18 years of age and HGNS for treatment of OSA. Indications for
HGNS were AHI >15 events/h on the most recent diagnostic sleep study, PAP intolerance,
and lack of complete circumferential palatal collapse on DISE. Patients were excluded

if they were missing any of the following: preoperative diagnostic sleep study, full-night
postoperative efficacy study, and lateral neck x-ray.

Medical record extraction was performed by C.H.L. and E.G.S. Data were manually entered
into an Excel spreadsheet (Microsoft) and stored on a password-protected institutional
server. Variables extracted from the medical record were age, sex, race, BMI, and
medical/surgical history. Variables extracted from sleep studies were AHI and 4% oxygen-
desaturation index (ODI4). Preoperative values were obtained by averaging values from the
most recent diagnostic sleep study and all studies obtained within 3 years prior to HGNS.
Postoperative values were extracted from efficacy studies, which were obtained between

3 and 12 months after implantation. Efficacy studies represent a full night of sleep at a
single device setting. When possible, HGNS use was verified through Inspire Cloud (Inspire
Medical Systems) software that allows remote monitoring of HGNS compliance.

Lateral neck x-rays were obtained in the postanesthesia care unit following HGNS
implantation as part of routine clinical care. The following key cephalometric variables
were retrospectively measured by trained head and neck radiologists (J.W.R. and X.W.): soft
palate length (cm), soft palate area (mm?2), soft palate thickness (mm), mandibular length
(cm), posterior nasal spine to C1 vertebra distance (cm), and mandibular plane to hyoid
distance (cm). The length of the palate was measured by drawing a multisegmented center
line through the plane of the soft palate, from the interface of the hard and soft palates to

the tip of the uvula. Soft palate thickness was measured at the point of maximal width.

In images where the soft palate was positioned against the tongue or posterior pharyngeal
wall and therefore indistinguishable, measurements were excluded. Mandibular plane to
hyoid distance measurements were excluded in patients with mouths in the open position.
Mandibular length was not measured if the mandible was not entirely in the field of view. In
addition, the degree of patient rotation at the time of x-ray was graded as minimal, moderate,
or severe based on the degree of centered overlap between the left and right mandibular
rami, as this would limit accuracy of the above measurements.

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 May 31.
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Data analyses were performed with Stata/SE 14.2 (Stata-Corp LP). Therapy response

was assessed according to Sher criteria (AHI reduction >50% and AHI <20 events/h).12
Categorical data are presented using frequencies and percentages and continuous data
summarized using means and standard deviations. Where applicable, changes or percent
changes in measures were calculated as postoperative minus preoperative values. For
unadjusted analyses, the Student ¢test was used to compare continuous values between
responders and nonresponders, while XZ testing was used to compare categorical variables.
Analyses of primary continuous anatomy measures were performed unadjusted and
controlling for established clinical covariates of age, sex, and BMI,13 using linear regression
models with responder status as a binary predictor. To understand the predictive ability of
anatomy and clinical covariates, both alone and in combination, we calculated the area under
the receiver operating characteristic curve (AUC) and 95% CI for each variable individually,
for the 3 covariates combined, and for the combination of covariates and any anatomical
variables that differed between responders and nonresponders. As a sensitivity analysis,
assessments were repeated after excluding patients with prior palatal surgery (n = 7) using
the same methods.

Sample Characteristics

Fifty-one patients met all study criteria. Their demographics and baseline polysomnographic
measurements are described in Table 1. On average, patients were middle aged (62.3 +

14.5 years) and overweight (28.7 + 4.1 kg/m?), and most were male (59%) and white

(82%). The most common non-OSA sleep disorders were insomnia (n = 17 [33%)])

and restless leg syndrome (n = 6 [12%]). Twenty-seven patients (53%) had prior upper
airway surgery, including 12 tonsillectomies, 11 nasal surgeries, 7 palatal surgeries, and 1
maxillomandibular advancement. Of the 7 patients with neurologic disease (14%), 3 had
trisomy 21, 2 had prior stroke without residual deficits, and 2 had mild dementia. Nineteen
patients (37%) had moderate OSA (AHI 15-29.9 events/h) and 32 (63%) had severe OSA
(AHI =30 events/h).

Following HGNS, the overall cohort achieved a significant AHI reduction from 36.7
events/h to 20.6 events/h (P< .01). The mean AHI reduction was 16.1 events/h. The overall
response rate (defined as AHI reduction >50% and AHI <20 events/h) was 47%. There were
no statistically significant differences between responders (n = 24) and nonresponders (n =
27) in regard to age (65.4 + 15.5 vs 59.6 £+ 13.2 years; P=.16), BMI (27.7 £ 45vs29.6 £
3.6 kg/m?; P=11), or baseline AHI (37.3 + 14.8 vs 36.2 + 20.1 events/h; P= .83).

Associations With Primary Outcome Variable (>50% Reduction in Overall AHI With AHI

<20)

Representative cephalometric measurements are depicted in Figure 1. Measurements were
compared between therapy responders and nonresponders in Table 2. Upon analysis of soft
palate thickness (available in 36 patients), therapy responders (n = 16) had significantly
thinner soft palates than nonresponders (n = 20) (13.4 + 3.8 mm vs 16.0 + 3.4 mm; P=
.045). When adjusting for differences in clinical factors (age, sex, BMI), differences in soft

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 May 31.
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palate thickness remained similar to unadjusted analyses (-2.6 mm [P=.042] vs —2.1 mm
[P=.061]), although the Pvalue increased to slightly above .05. There were no differences
in soft palate length or area. Second, therapy responders and nonresponders had similar
mean mandibular plane to hyoid distances (3.8 £ 1.5 vs 3.5 £ 1.3 cm; P=.46). Exploratory
analyses of mandibular length and posterior nasal spine to C1 vertebra distance revealed

no significant differences between groups. After excluding 7 patients with previous palatal
surgery, soft palate thickness remained significantly different between therapy responders (n
= 13) and nonresponders (n = 18) (12.7 £ 3.5 mm vs 15.6 + 3.3 mm; P=.027).

In order to evaluate the predictive ability of soft palate thickness and clinical factors (age,
sex, BMI, and AHI), we evaluated the AUC shown in Table 3. Soft palate thickness
resulted in an AUC (95% CI) of 0.712 (0.531-0.984), which was higher than any individual
covariates alone. Combined age, sex, and BMI resulted in an AUC (95% CI) of 0.668
(0.509-0.827), which improved to 0.737 (0.566-0.909) with the addition of soft palate
thickness to the predictive model (Figure 2).

In regard to image quality, 75% of patients (n = 38) had none to minimal body position
rotation, 22% (n = 11) had moderate rotation, and 4% (n = 2) had severe rotation.

Discussion

This is the first study to use lateral neck x-rays to examine the predictive value of
cephalometric variables in the evaluation of patients for candidacy for HGNS. In accordance
with prior studies, therapeutic responders had significantly thinner soft palates than
nonresponders. The remainder of measurements, including soft palate length and area, did
not have a predictive value for HGNS response. Overall, our results suggest that lateral neck
X-rays may play a role in the preoperative evaluation for HGNS candidates; patients with
thinner soft palates may be more likely to succeed with HGNS.

Plain film radiographs in the way of cephalometry have been used extensively to screen

for OSA, as well as predict response to therapy. Neelapu et al4 performed a systematic
review and meta-analysis of cephalometric studies between OSA and control patients.

Three measurements were found to be significantly different for OSA patients compared

to controls: increased mandibular plane to hyoid distance, decreased pharyngeal airspace,
and increased anterior facial height. More important, the mandibular plane-hyoid distance
measurement has shown to have implications on treatment response. Millman et all® studied
the outcomes of 46 patients undergoing uvulopalatopharyngoplasty. A mandibular plane—
hyoid distance of <20 mm was associated with surgical success. A systematic review of
mandibular advancement devices also showed that reduced mandibular plane-hyoid distance
was 1 of 2 predictive cephalometric measures of success.18 Given the relevance of plain

film measures for both OSA screening and treatment success, the present study sought to
explore the measurements of lateral plain films on HGNS results. While baseline mandibular
plane-hyoid distance was not significant in the current study, previous work has shown that
the amount of reduction of this distance was greater in responders than in nonresponders.11

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 May 31.
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Our findings are in agreement with a recent study, which used CT to examine anatomic
differences between HGNS responders and nonresponders. In the study by Schwab et al,11
13 patients with OSA who were implanted with HGNS underwent CT imaging (mean

age, 53 years; BMI, 27.8 kg/m?; baseline AHI, 33.5 events/h). Under awake conditions,
responders (n = 7) and nonresponders (n = 6) were imaged with and without HGNS
stimulation to assess for differences in anatomical structures. Responders were found to
have a smaller soft palate volume when compared to nonresponders (8789.3 + 1811.4 vs
11,394.3 + 2217.1 mm3, P=.03). Similar to the present study, mandibular plane to hyoid
distances were not different between groups. Schwab et al'! measured the retropalatal
airway, analogous to the posterior nasal spine to C1 distance in this study, and did not find
this variable to demonstrate significant differences between groups. Previous work by our
group has shown that patients with lower therapeutic PAP levels have improved outcomes
compared to those with higher levels.10 It stands to follow that tissue bulk (ie, thickness) as
measured by volume (3-dimensional studies) or thickness (plain films) may better capture
airway distensibility than measures of length (eg, soft palate length, mandibular plane-hyoid
distance).

We acknowledge several limitations of our study. First, radiographs were obtained by

the radiology technicians in a clinical setting, leaving room for inconsistency across
patients. For example, we were unable to obtain soft palate thickness measurements

in 29% of patients. In addition, obtaining radiographs in the immediate postoperative
period may capture expected edema. While we deliberately avoided measures that may

be directly affected by postintubation edema (eg, tongue base, epiglottis), we recognize
that preoperative imaging is superior. We have changed our practice to include noncontrast
computerized tomography on all patients undergoing HGNS. In evaluating our post hoc
power calculations (Table 2), our study was underpowered (less than 0.8) for all variables,
introducing the possibility of a type 11 error. Thresholds for power calculations were created
using clinical experience as there are no normative data available to our knowledge. An
additional methodological limitation exists in the absence of a prespecified soft palate
measurement; instead, our assessment included 3 soft palate parameters (length, thickness,
and area). In terms of racial diversity, our study included 82% whites. Existing literature
demonstrates that ethnic phenotypes influence anatomic determinants of OSA risk and, by
extension, response to non-PAP therapies. Our lack of racial diversity potentially limits the
generalizability of our findings.1’

Our study has several strengths. The use of clinically available radiographs offers readily
generalizable and applicable results. Our image measurements were performed by trained
neuroradiologists. Our study includes full-night efficacy studies at a single HGNS setting
to obtain our primary outcome variable of AHI, providing accurate HGNS results.1®

Not surprisingly, our AHI response rate is lower compared to studies using titration
polysomnograms in which vulnerable sleep states (stage REM) and positional data are
limited at each HGNS setting. When home sleep studies were performed, Inspire Cloud
was used to verify HGNS use during these studies. In addition, our study encompasses

the practice of a single surgeon, ensuring consistency in surgical decision making, surgical
technique, and perioperative care.

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 May 31.
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summary, our findings support that patient-specific anatomic factors, specifically soft
late thickness, may help identify patients more likely to achieve success with HGNS.

Lateral neck x-rays represent an adjunct to the preoperative evaluation of HGNS candidates.

A

larger, prospective sample with a singular radiographic measure is required to validate

these findings, with the potential to change future clinical practice for patients undergoing
HGNS.

Funding source:

Raj C. Dedhia receives associated support for this project from the National Institutes of Health (IRO1HL1448
59-01).
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Figure 1.
Lateral x-ray of implanted hypoglossal nerve stimulation. Colored lines represent

cephalometric measurements. (A-C) Soft palate length, area, and thickness, respectively.
(D) Mandibular length. (E) Posterior nasal spine to C1 vertebra distance. (F) Mandibular
plane to hyoid distance.
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Figure 2.
Receiver operating characteristic curve for overall efficacy apnea-hypopnea index based on

prediction models using age, sex, and body mass index (BMI) only (blue line) and the 3
covariates plus soft palate thickness (red line). AUC, area under the curve; SP, soft palate.
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Cohort Characteristics (n = 5I).a

Demographics Value
Male sex, % 59
White race, % 82
Age,y 62.3+145
Body mass index, kg/m? 28.7+41
Non-OSA sleep disorder, % 39
Prior upper airway surgery, % 53
Neurologic disease, % 14
Polysomnogram

Apnea-hypopnea index, events/h 36.7+17.6

30.0+19.4

4% oxygen desaturation index,bevents/h

Abbreviation: OSA, obstructive sleep apnea.

Table 1.

a\/alues represent mean =+ standard deviation, unless otherwise stated.

b
n = 45, not reported on all sleep tests.

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 May 31.

Page 11



Page 12

Leeetal.

"3]gB1IeA SLLOJING B} Ul 30UBJAMIP PaIy10ads B 10319p 0} JaMod

q

"Y/SIUBA8 O UBY} SS8] [HY [[BJan0 ue yim (JHY) xapul eaudodAy-esude ul uoianpal 950G< © Se paulap asuodsal \EEE._.W

"uonRINWINS 9AIBU [esso]BodAY 'SNOH :UONRIAIGY

(50) ¥9°0 L LOF VY LOFTY (S = u) WO ‘BoUBISIP BIGELBA 1D 0} BUIdS [ESBU JOLIRISOd

(M 190 99’ ST¥8%6 TTF96 (6€ = u) wo ‘ybua| Jejnqipuel
mv90 o €TFGE STF8¢E (9% = u) ‘wo ‘sauelsip p1oAy 031 sue|d Jejngipueln

(oot) v2°0 L 8'G0Z ¥ 8'02L 8'9EC ¥ ¥'6V9 (7€ = u) w "eare ayefed Yos
(50) 20 vg 60F2S 0TFES (€ = u) wo ‘ybua syered Yos

(@ L€0 ) Y'EF 09T 8EFVET (9€ = u) wuw ‘ssauoiyy ayefed Yos
nAmucEwt_E 1aM0d  8njeAd @S F uesw ‘(2z = u) suspuodsaauoN  dS F uesw ‘(pz = u) saspuodsay onsiIgIRIRYD

Author Manuscript

"SJIapuodsaluoN pue m.&mccoammm Adeiayl SNOH usamiag Siuswainses|y dlawopeyds) Aay Jo uostiedwo)

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 May 31.



Page 13

Leeetal.

'siapuodsaiuou 8T pue siapuodsal

Adelay) €T Ul painseaw sem ssaux oIyl arejed 1os ‘A1abins erejed Jorid yum syusied Buipnjoxe dnoiBigns ay) uj “siapuodsaiuou oz pue siepuodsal Adeiayl 9T ul painseaw sem ssauxdIy) arefed 140S

q

"Y/SIUBAS 0Z UBY) SS3] |HY [[B49A0 U YIIM [HY Ul UORINP3I 960G< © Se paulyap asuodsal Adessy L

‘uoie|nWS aAlau [essojfodAy ‘SNOH ‘xapul ssew Apoq ‘NG ‘8AINd 8y} Japun eaJse ‘ONY ‘xapul eaudodAy-eaude ‘|HY :SuoneInsIqqy

(¥96°0-265°0) 822°0
(£€8°0-267°0) 599°0
(2€8'0-587°0) 859'0

(T¥6°0-2950) ¥S.°0
(S22°0-62€0) 0S50
(508°0-19%°0) £€9°0
(5L9°0-¥.2€0) G250
(T08°0-09%°0) 0£9°'0

(606°0—995°0) LELO
(578°0-2€5°0) 889°0
(£28°0-605°0) 8990

(¥68'0-T€S°0) 2TL0
(¥2L°0-T0¥°0) 2950
(962°0-081°0) 8€9°0
(T08°0-09%°0) 0£9°0
(662°0-¥81°0) Tv9'0

$SaUXOIL} B1efed os pue ‘|G ‘Xas 8few ‘aby
IHV pue ‘[Ag ‘xs8s ajew ‘afy
1NG pue ‘Xas ajew ‘sby

sainseawl paulquwio)

QEE ‘ssaux21y} axefed Yos

U/S1usns ‘IHY
2W/B ‘INg
Xas 3le|N
by

SaInseaw [enpIApu|

papn|axa A1abuns [eyered Jolid

(15 = u) suened |1y

(1D %S6) ONV

I3PON

'SNOH 03 ,85U0dsay JO UODIPaI Ul SSBUXDIY L 8Je[ed HOS pue S10j0ed [BJ1UIND 10} 8AIND disHaIoeleyD uiresadO JoA1808y 8y} J8pun ealy

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 May 31.



	Abstract
	Materials and Methods
	Results
	Sample Characteristics
	Associations With Primary Outcome Variable (>50% Reduction in Overall AHI With AHI <20)

	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.



