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Objective: This study aims to explore the factors that contribute to epiglottic collapse (EC) 
in patients with obstructive sleep apnea (OSA).
Methods: This study enrolled 35 patients (34 males; median age, 39 years; median apnea– 
hypopnea index (AHI), 55.4 events/h; median body mass index (BMI), 26.9 kg/m2). EC 
(epiglottis attaching onto the posterior pharyngeal wall) was diagnosed by drug-induced 
sleep computed tomography (DI-SCT). Three dimensions were assessed for comparison 
between the EC and non-EC (NEC) groups that included anatomical measurement: epiglottic 
length and angle, endoscopic classification of epiglottis obstructing the glottis (Type I, none; 
Type II, partial; and Type III, total), and dynamic hyoid movement during DI-SCT (Δ hyoid 
= √(x2 + y2), maximal displacement of hyoid in x and y axes during sleep breathing cycle).
Results: EC was found in 12 patients (34%). No difference in age, gender, AHI, and BMI 
between the two groups was noted. The anatomical measurement revealed that epiglottis 
length was significantly different between the EC and NEC groups (21.2 vs 15.8 mm; p < 
0.001), with a cutoff value of 16.6 mm (sensitivity, 100%; specificity, 65.2%). The EC group 
patients showed larger hyoid movement than the NEC group patients (Δ hyoid, 4.8 vs 
3.0 mm; p = 0.027). By contrast, epiglottic angle and endoscopic classification revealed an 
insignificant difference between the two groups.
Conclusion: Epiglottis is a potential collapse site among multilevel obstruction in moderate 
to severe OSA patients. Epiglottic length is highly sensitive in predicting EC, with the cutoff 
value of 16.6 mm. Hyoid movement plays a role in contributing to EC in OSA patients.
Keywords: obstructive sleep apnea, epiglottic collapse, drug-induced sleep computed 
tomography, epiglottic length, hyoid bone movement

Introduction
Obstructive sleep apnea (OSA) is defined as repeated episodes of obstructive 
apnea and hypopnea during sleep and featured by daytime sleepiness and altered 
cardiopulmonary function.1,2 OSA is a multifactorial disease with individual 
phenotypes (anatomy, muscle tone, arousal, and loop) wherein the upper airway 
is obstructed during sleep.3 Airway obstruction in OSA patients is commonly 
multilevel and includes the velopharynx, oropharyngeal lateral wall, tongue, and 
epiglottis (VOTE) classification.4 Among the VOTE classification, velopharyn-
geal obstruction is the most common obstruction type. By contrast, epiglottic 
collapse (EC) is the least common obstruction type and is usually ignored in the 
OSA surgical plan.5 Although epiglottic collapse is usually ignored, the inci-
dence of epiglottic collapse may be much higher. Clinically, EC may not be 
detected by awake examination.6
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EC identification is important because it may cause 
treatment failure in both continuous positive airway pres-
sure and uvulopalatopharyngoplasty.7,8 Kim et al9 demon-
strated an OSA patient with epiglottic collapse that 
became worsened as CPAP was applied in a video pre-
sentation. Sung et al6 showed that OSA patients with 
epiglottic collapse have unfavorable clinical characteristics 
to CPAP compliance. Obstruction level assessment in 
OSA patients can be implemented during wakefulness or 
drug-induced sleep. Previous studies by awake examina-
tion focused on the retropalatal and retroglossal obstruc-
tion without exploring the existence of EC. After a wide 
use of drug-induced sleep endoscopy (DISE) for presurgi-
cal assessment, EC was found in approximately 36.4% of 
moderate to severe OSA patients.10–12 The necessity of 
sedation to simulate sleep status is a drawback of DISE 
that limits its general use. Thus, renewing traditional mea-
sures to enhance the awareness of EC before DISE is 
crucial and practical.

This study aims to explore the measurements (anatomical, 
endoscopic, and dynamic) that can predict and contribute to 
the mechanism of EC in patients with OSA.

Materials and Methods
This study was approved by The Institutional Review 
Board of Linkou-Chang Gung Memorial Hospital, 
Taoyuan, Taiwan (101-3547A3), which was performed 
according to the principles outlined in the Declaration of 
Helsinki. All participants in this study provided written 
informed consent, and all procedures were conducted 
under current regulations. Inclusion criteria were designed 
as: (1) chief complaint of snoring and/or daytime sleepi-
ness; (2) moderate to severe OSA (hypopnea index (AHI) 
> 15); and (3) age between 18 and 60 years. Exclusion 
criteria were: (1) allergy to propofol or seizure history; (2) 
pregnant or lactating women; (3) poor general condition 
for surgery (eg, stroke, coronary heart disease, bleeding 
tendency, chronic obstructive pulmonary disease, uncon-
trolled asthma, neuromuscular disease, or pathological 
obesity); (4) previously received palate or tongue surgery; 
and (5) working abroad or incapability of regular follow- 
up.

The dynamic computed tomography (CT) scan used 
the Aquilion One system (320-detector row, Toshiba, 
Japan) to obtain images from the patient’s orbital floor to 
the hyoid bone for both awake (predrug) and drug-induced 
sleep status. Light sedation (BIS 70–75) was achieved 
with propofol. The radiation dose was 1.37 mSv for 10 

s in a span of two to three respiration cycles.13 Images 
were collected as midsagittal and three-dimensional for 
reconstruction and postprocessing. All awake CT images 
were reviewed and measured by one single experienced 
radiologist who was blind to the results of drug-induced 
sleep CT (DI-SCT) and endoscopic findings.

The primary outcome was aimed to understand the 
relationship between epiglottis anatomical features and 
its collapsibility. Epiglottic length (from the free edge to 
the base of the epiglottis) and epiglottic angle (the angle 
between the long axis of the epiglottis and the vertical 
plane) were measured in the midsagittal view of the CT 
scan during awake status with fixed head position before 
drug-induced sleep by ImageJ software (Figure 1).14

Through the sagittal view of dynamic DI-SCT, epiglot-
tic movement and interaction between epiglottis and ton-
gue base were clearly observed; primary (solitary) 
epiglottic collapse could be differentiated from secondary 
epiglottic collapse caused by tongue base compression. In 
this study, only primary epiglottic collapse was defined as 
EC. Collected images from DI-SCT were categorized into 
two groups on the basis of collapsibility of epiglottis: EC 
(anteroposterior swinging of the epiglottis with touching 
the posterior pharyngeal wall) and non-EC (NEC, no ante-
roposterior swinging of the epiglottis, or epiglottic swing-
ing without touching posterior pharyngeal wall; Figure 2). 
The collapsibility of epiglottis under DI-SCT was corre-
lated to its awake anatomical measurement.

Besides the mobility of epiglottis in breathing cycles 
during sleep, the hyoid bone also demonstrated obvious 

Figure 1 The epiglottic length (from the free edge to the base of the epiglottis) and 
the epiglottic angle (the angle between the long axis of the epiglottis and the vertical 
plane) are measured using ImageJ software.
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positional displacement toward the posteroinferior direction 
from DI-SCT that contributes to airway obstruction. Thus, 
the maximum displacement of the hyoid bone in the x and 
y axes during the sleep breathing cycle was measured by 
ImageJ software, and its delta hyoid bone (Δ hyoid = √(x2 + 
y2)) was calculated to obtain the quantitative data of hyoid 
bone movement in patients who underwent DI-SCT.

Digital image archives of the larynx via transnasal fiber-
optic flexible endoscopy were also collected from patients 
under awake status in the sitting position. They were classi-
fied into three types according to the visibility of the glottis: 
type I (the whole glottis is visible); type II (the glottis is 
partially obscured by epiglottis); and type III (the glottis is 
obscured by the epiglottis; Figure 3). It is probable that 
visualization of the vocal fold varies to some extent accord-
ing to the position of endoscopy. In this study, one single 
experienced physician (Li) performed all the endoscopy with 
standardized procedure to improve inter- and intra-reliability.

Statistical analyses were performed using RStudio soft-
ware (RStudio Team, 2015 RStudio: Integrated 

Development for R. RStudio, Inc., Boston, MA, USA). 
All p values were two-sided, and statistical significance 
was accepted at p < 0.05. Descriptive data were expressed 
with median and range. The chi-square test was used to 
compare counted data among groups, and the Mann– 
Whitney U-test was used in testing the difference between 
continuous variables of different groups in this study. The 
statistical significance was accepted at p < 0.05.

Results
Patient Demographics
The prospective study used DI-SCT to both screen epiglottic 
collapse from sagittal view and measure corresponding epi-
glottic anatomy. Owing to the budget and duration of the 
research project, the sample size of study population was 
small. This study enrolled 35 patients (34 males) with 
a median age of 39 (range, 24–67) years, a median body 
mass index (BMI) of 26.9 (range, 19.6–32.8) kg/m2, and 
a median AHI of 55.4 (range, 15.0–122.1) events/h. Six 
(17%) of the subjects had moderate OSA, whereas 29 

Figure 2 Images of the midsagittal view from drug-induced sleep computed tomography were collected and categorized into (A) epiglottic collapse (attach to the posterior 
pharyngeal wall) and (B) non-epiglottic collapse.

Figure 3 Endoscopic classification for collapsibility of epiglottis. (A) Type I, the whole glottis is visible; (B) Type II, only the posterior glottis is visible; (C) Type III, the glottis 
is obscured by the epiglottis.
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(83%) had severe OSA. All patients completed the DI-SCT 
examination with no event of airway compromise. EC and 
NEC were found in 12 (34%) and 23 (66%) patients, respec-
tively. Moreover, no difference in age, gender, AHI, and 
BMI was noted between the EC and NEC groups (Table 1).

Endoscopic Score
According to the endoscopic classification, the patients’ 
distribution of types I, II, and III in the NEC group (n = 
23) was 10, 12, and 1, respectively. By contrast, the patients’ 
distribution of types I, II, and III in the EC group (n = 12) 
was 1, 9, and 2, respectively. Although no statistical signifi-
cance (p = 0.08, chi-square test) in EC was noted on the 
basis of endoscopic classification between the two groups, 
the percentage of EC revealed an increasing tendency along 
with increasing severity from endoscopic findings (type I, 
9%; type II, 43%; and type III, 67%).

Anatomical Measurement of the Epiglottis
For epiglottic length, a significant difference was noted 
between the EC and NEC groups (21.2 ± 3.9 vs 15.8 ± 
2.9 mm; p < 0.001). However, statistical insignificance in 

epiglottic angles was noted between the two groups (38.6 
± 9.4 vs 36.2 ± 9.3; p = 0.41; Figure 4). Individuals with 
epiglottic length more than a cutoff value of 16.6 mm were 
prone to EC (sensitivity, 100%; specificity, 65.2%; Youden 
index, 0.65; area under the ROC curve, 0.88; p < 0.0001; 
Figure 5). The relationship between BMI and epiglottic 
angle was analyzed and showed no correlation (p = 0.100).

Hyoid Movement During DI-SCT
The mean Δ hyoid of the EC and NEC groups was 4.8 ± 
3.7 and 3.0 ± 3.7 mm, respectively. A comparison of the 
mean Δ hyoid between the EC and NEC groups showed 
a significant difference (p = 0.027; Figure 6).

Discussion
Although some studies have already dealt with the anatomic, 
endoscopic, and hyoid position of epiglottic collapse indivi-
dually, this study is the first to screen EC through multi-
dimensional assessment including anatomical measurement, 
endoscopic manifestation, and dynamic hyoid movement in 
OSA patients. This study is the first to examine potential 
determining factors of EC through multidimensional assess-
ment including anatomical measurement, endoscopic mani-
festation, and dynamic hyoid movement in OSA patients. 
The results showed that epiglottic length is highly sensitive in 
predicting EC, with the cutoff value of 16.6 mm. Increase of 
epiglottic length along with increasing severity of glottic 
concealment, and posterior and inferior hyoid movement, 
contributes to EC.

Endoscopy has been used to identify the obstruction level 
for the surgical plan in OSA patients. Muller’s maneuver was 
widely used in patient selection for uvulopalatoplasty.15 

However, the results showed its incapability to identify 

Table 1 Demographics

Non-epiglottic 
Collapse

Epiglottic 
Collapse 

p value

(n = 23) (n = 12)

Age 38.0 (24.0–50.0) 39.5 (30.0–67.0) 0.689

Sex (M/F) 23/0 11/1 0.343

AHI 56.3 (15.0–97.6) 50.2 (22.5–122.1) 0.848

BMI 27.0 (22.1–32.8) 25.4 (19.6–31.4) 0.258

Note: Statistical significance: p < 0.05.

Figure 4 (A) A longer epiglottis length is prone to epiglottic collapse during drug-induced sleep computed tomography (21.2 vs 15.8 mm; p < 0.001). (B) No statistical 
significance is found in the angle of epiglottis (38.6° vs 36.2°; p = 0.41) between epiglottic collapse and non-epiglottic collapse patients.
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tongue and EC in OSA patients.16 DISE is currently utilized 
to assess dynamic obstruction of the upper airway and 
accordingly determine a surgical plan for patients with 
OSA. Nevertheless, the medical cost is expensive, and 
patients must be sedated.12 Based on this understanding, 
a fiberoptic nasopharyngoscopy was performed in a sitting 
position at outpatient settings to observe the epiglottis and its 
concealment of glottis determining its predictivity for EC 
during sleep. No significant difference in EC among the 

three endoscopic types was found. Despite the increasing 
trend (type I, 9%; type II, 43%; and type III, 67%), the 
statistical insignificance implies that there is still uncertainty 
in the use of this classification, and we should not merely use 
awake endoscopic examination to predict EC. Additionally, 
the lack of statistical significance may be due to the small 
sample size population in the three groups.

This study took anatomical measurements of the epiglot-
tis (length and angle) to examine its relationship to EC in 
fixed head position and awake status. The longer length of 
the epiglottis was observed to be prone to collapse during DI- 
SCT (p < 0.001), whereas the angle of epiglottis did not show 
any difference in the two epiglottis groups. After reviewing 
articles on laryngeal measurement, the link between epiglot-
tic length and EC was speculated to possibly be related to the 
glottic inlet and vocal fold length. According to one study 
focused on the Taiwanese population, the maximum vocal 
fold length was 15.0 mm in men.17 Another study demon-
strated that the vocal fold length was 15.3 mm in Taiwanese 
males under general anesthesia.18 This study found that the 
cutoff value in epiglottic length for EC is 16.6 mm, with 
sensitivity of 100% and specificity of 65.22%. The cutoff 
value of epiglottic length is larger than the vocal fold length 
and supports the inference that when the length of the epi-
glottis is longer than the vocal fold and laryngeal inlet, then 
the epiglottis is unlikely to resist inspiration-induced suction 
power during sleep and this consequently leads to EC. 
Epiglottic length can also be measured by routine image 
examination (eg, cephalometry), and this largely extends its 
clinical use when DISE is not available. This cutoff value of 
16.6 mm in epiglottic length is helpful to patient selection for 
the necessity to treat epiglottis in multilevel obstruction, and 
this also rationalizes partial horizontal epiglottidectomy for 
EC. Although the cutoff value of 16.6 mm in epiglottic length 
may be helpful to patient selection for the necessity to treat 
epiglottis in multilevel obstruction, it does not mean we need 
to cut epiglottis of more than 16.6 mm in every patient. In the 
study, patients with EC and non-EC did not show significant 
difference in AHI, which means EC may not be 
a determining factor in sleep apnea, and the relationship 
between EC and sleep apnea or desaturation is complex 
and influenced by multiple factors. It is noteworthy that 
a longer epiglottis is the primer of epiglottis collapse but 
will not necessarily cause apnea and desaturation because 
there is still airspace between the lateral aspect of the epi-
glottis and the lateral pharyngeal wall. In addition, epiglottic 
width should also be considered since the two combined are 
more likely to cause total obstruction of the laryngeal airway.

Figure 5 The cutoff value of the length of the epiglottis is 16.6 mm (sensitivity, 
100%; specificity, 65.22%; Youden index: 0.65; area under the ROC curve: 0.88; p < 
0.0001).

Figure 6 A significantly higher hyoid bone movement is seen in patients with 
epiglottic collapse than non-epiglottic collapse in drug-induced sleep computed 
tomography (4.8 vs 3.0 mm; p = 0.027).
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It is worthy of attention that an omega-shape 
d epiglottis has narrowing in epiglottic width and its col-
lapse may present as folding. With anterior-posterior col-
lapse, it will not block the larynx completely due to the 
remnant airspace in the lateral aspect. Aerodynamic 
change of the upper airway is another concern. Epiglottic 
collapse may cause opening at the retropalatal and retro-
glossal airway since airflow is stopped entering the larynx 
and is transformed into air-splint in these structures. Once 
solitary resection of the epiglottis is performed, velophar-
ynx and tongue base may revert to collapse, and that 
warrants follow-up. The impact on epiglottic collapse to 
AHI could be complex due to the composition of AHI 
involving both anatomical structure and respiratory phy-
siology, and is likely to be variable in individual OSA 
patients. However, epiglottic collapse is part of multilevel 
obstruction in OSA patients. Partial epiglottectomy 
improves residual apnea–hypopnea index in patients with 
epiglottis collapse.19 Therefore, screening of epiglottic 
collapse is still important before treating OSA patients.

The size of the tongue has a positive correlation to BMI; 
the fat distribution of the tongue is uneven, as the posterior 
tongue has greater fat content than the anterior tongue.20 

BMI was analyzed to influence the epiglottic angle and 
showed no correlation (p = 0.100). Nevertheless, previous 
studies revealed that the tongue fat, tongue base collapse, 
epiglottis, and BMI have a complicated correlation.6,9,21,22

The hyoid bone position has been inferred in the EC 
mechanism. Genta et al23 documented the hyoid bone 
position, and the base of the tongue in severe OSA patients 
is markedly different from the non-severe OSA patients 
from CT scan under wakeful status. Genta et al23 also 
found that airway collapsibility is associated with hyoid 
position by identifying its correlation with pharyngeal 
critical closing pressure. This study measured the dynamic 
change of hyoid position in both posterior (x axis) and 
inferior (y axis) dimensions from DI-SCT. The results 
showed that the inferior–posterior complex hyoid move-
ment is significantly different between the EC and NEC 
groups (4.8 ± 3.7 and 3.0 ± 3.7 mm; p = 0.027). This 
suggests that hyoid movement in OSA patients plays a role 
in contributing to EC and rationalizes hyoid suspension for 
EC in OSA patients as in previous studies.24,25

The core value of DI-SCT is the demonstration of 
dynamic change of the upper airway through sagittal 
view of CT scan in simulated sleep status. Its advantages 
include observation of sequential obstruction of multilevel 
airway, differentiation of primary epiglottic collapse from 

secondary epiglottic collapse compressed by tongue base, 
and precise measure of anatomical structure. Because of 
high medical expense and radiation exposure, DI-SCT is 
limited to clinical research instead of routine implementa-
tion. However, the results obtained from DI-SCT here can 
be suitable to lateral cephalometry, and that broadens it 
clinical application.

The present study has certain limitations. First, EC 
defined from midline sagittal view in DI-SCT only reflects 
the anteroposterior collapse of epiglottis without taking 
epiglottic width into account. Potentially, a wider epiglot-
tis may cover and block the epiglottis even more. Second, 
there is no clarification in the relationship of desaturation 
with epiglottic collapse. More data are needed regarding 
the simultaneous desaturation during epiglottic collapse in 
future study. Third, postoperative DI-SCT after epiglottect-
omy was not performed to prove whether EC still plays an 
important role. Further, the use of multilevel surgery 
impeded the knowing of the exact contribution in the 
reduction of AHI from epiglottectomy.26 Finally, the 
impact of position change to EC was not investigated. 
Potentially, EC may ameliorate during change of position, 
and positional therapy is also a treatment option for EC.27

Conclusion
EC is not uncommon in moderate to severe OSA patients 
and can be screened by the measurement of epiglottic 
length in image examination (CT scan or cephalometry); 
the clinical physician needs to be aware of the potential 
connection between long epiglottis and epiglottic collapse, 
and confirm this by DISE for decision-making of treatment 
modality. High hyoid mobility in breathing cycles during 
sleep contributes to EC in OSA patients.

Highlight
1. OSA is commonly presented with multilevel obstruc-

tions, and identification of epiglottic collapse may 
improve the surgical success rate.

2. The length instead of the epiglottis angle is correlated to 
its collapsibility during DI-SCT. The epiglottis length of 
more than 1.66 cm is indicative of its collapse.

3. Epiglottic length can also be measured by routine 
image examination (eg, cephalometry without seda-
tion) and largely extends its clinical application.
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