Predictors of epiglottic collapse on
obstructive sleep apnea syndrome
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Abstract

Objectives: To evaluate whether there is a
correlation between the presence of epiglottic
collapse and demographic, anthropometric,
polysomnographic and Drug Induced Sleep
Endoscopy (DISE) derived variables.

Study Design: Retrospective observational study.
Material and Methods: Patients with obstructive
sleep apnea who underwent DISE in 2025. The
VOTE classification was used, with epiglottic
collapse defined as present (E+) if complete
collapse (2+) occurred.

Results: Seventy-five patients were included, of
whom 27% (n=20) had E+. Significant differences
were found in the distribution of Friedman Tongue
Position (FTP) between patients with and without
epiglottic collapse (p=0.037). In the muiltivariable
logistic regression, only FTP was independently
associated with epiglottic collapse (OR 3.39;
p=0.011), whereas age, sex, body mass index, neck
circumference and apnea/hypopnea index did not
show a significant association.

Conclusions: FTP was the only independent
predictor, suggesting that a higher tongue
position predisposes to epiglottic collapse.
Keywords: Epiglottis; collapse; DISE; OSA; FTP.

Introduction

Obstructive sleep apnea (OSA) is a prevalent
disorder characterized by the repetitive
collapse of the upper airway during sleep,
resulting in total (apnea) or partial (hypopnea)
obstruction of airflow. The nocturnal
hypoxemia and hypercapnia caused by OSA
is associated with repeated microarousals
and recurrent sympathetic nervous system
activation, leading to nonrestorative sleep.
It also contributes to several comorbidities,
including cardiovascular disease' (such
as coronary artery disease, arrhythmias,
and hypertension), cognitive decline, and
psychiatric disorders (such as major depressive
disorder)?. The treatment approaches for OSA
have traditionally relied on positive airway
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pressure (PAP) therapy®. However, a growing
understanding of the pathophysiology of
this disease has driven the use of alternative
approaches, such as surgical strategies and
mandibular advancement devicest The
success of these options depends on careful
patient selection, grounded in the precise
identification of the sites and mechanisms
involved in upper airway collapse. In this
context, drug-induced sleep endoscopy (DISE)
is an crucial tool, providing direct, dynamic
visualization of pharyngeal collapse during
pharmacologically induced sleep®®.

Among the different levels of obstruction,
the reported incidence rates of epiglottic
collapse range from 16% to 30%, varying
widely depending on the definitions used
and populations studied’. The patterns of
epiglottic collapse are classified into two
types: 1) anteroposterior (the most common),
characterized by glottic closure through
posterior epiglottic displacement; and 2)
lateral, characterized by a “book-like" closure
of the epiglottis—a pattern recently linked to
predominantly lateral pharyngeal collapse®.
Mechanistically, it can be: 1) primary, resulting
from an intrinsic epiglottic abnormality; or 2)
secondary, caused by posterior tongue base
displacement, which causes the epiglottis
to collapse over the glottis®. The proper
characterization of epiglottic collapse is of
particular clinical importance, as its presence
can lead to the failure of both PAP therapy and
upper airway surgeries that do not include
procedures to correct it”. Therefore, this study
aimed to evaluate the association between
epiglottic collapse and the demographic,
anthropometric, polysomnographic, and
DISE-derived parameters in patients with
OSA, to identify the predictive factors that
could improve patient stratification and guide
treatment decisions.

Materials and Methods

We conducted a retrospective observational
study at the Department of Otolaryngology
of the Loures-Odivelas Local Health Unit
(Unidade Local de Saude Loures-Odivelas),
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Lisbon, Portugal. The sample included adult
patients with OSA who were diagnosed by
Level | polysomnography or a Level Ill home
sleep apnea test and referred for DISE in 2025.
Sociodemographic and polysomnographic
data were collected from electronic medical
records, and clinical and anatomical
variables were measured on the day of DISE.
The exclusion criteria were age <18 years,
primary snoring or upper airway resistance
syndrome, and incomplete medical records.
To identify the true predictors of epiglottic
collapse, we excluded cases of secondary
epiglottic collapse. The parameters analyzed
were age, sex, body mass index (BMI), neck
circumference (NC), apnea—-hypopnea
index (AHI), Friedman tongue position
(FTP), palatine and lingual tonsil grade, and
degree/pattern of collapse of the palate (V),
oropharynx (O), and tongue base (T). All DISE
procedures were conducted on an outpatient
basis in the operating room, with the patient
supine and the room kept dark and quiet
to mimic the sleep environment. Sedation
was induced with propofol administered by
target-controlled infusion, and the depth of
sedation was monitored using the bispectral
index (BIS); the examination began once the
BIS values reached 50 to 70, a range intended
to approximate the depth of natural sleep.
Endoscopic evaluation was conducted with
a flexible nasolaryngoscope, and the entire
procedure was video-recorded. The findings
were classified according to the VOTE system
in real time by two observers (an attending
otolaryngologist and otolaryngology resident),
although the specific pair of observers varied
across procedures. The VOTE classification™
(Velum; Oropharynx; Tongue base;
Epiglottis), widely adopted in clinical practice,
standardizes the assessment of collapse at
four anatomical levels, assigning each level a
degree of obstruction (0 = absent; 1 = partial/
vibration; 2 = complete/collapse) and a collapse
pattern (anteroposterior, lateral, or concentric).
Epiglottic collapse was dichotomized as
present (E+ group) when complete obstruction
(Grade 2) was observed and absent (E- group)



in all other cases. Given the low frequency of
the lateral epiglottic collapse pattern, both
patterns (anteroposterior and lateral) were
grouped together in the E+ group.

The neck circumference was measured in
centimeters using a measuring tape at the
level of the cricoid cartilage while the patient
was seated. The FTP" was also assessed with
the patient being seated: the patients were
asked to open their mouths with their tongues
relaxed inside the oral cavity, and FTP was
classified as Grade | (complete visualization
of the uvula, tonsillar pillars, and palatine
tonsils), Grade Il (lla—visualization of the
uvula, with the tonsillar pillars and palatine
tonsils only partly visible; Ilb—visualization of
the base of the uvula and soft palate), Grade
Il (visualization of only part of the soft palate
and hard palate), and Grade IV (visualization
of the hard palate only). Palatine tonsils were
classified as Grade O (no tonsillar tissue), Grade
| (contained within the tonsillar pillars), Grade
Il (extending to the tonsillar pillars), Grade llI
(extending beyond the tonsillar pillars without
crossing the midline), and Grade IV (extending
to or beyond the midline)". The lingual
tonsil was classified as Grade O (no tonsillar
tissue), Grade | (lymphoid tissue scattered
over the tongue base), Grade Il (lymphoid
tissue covering the entire tongue base, with
limited vertical thickness), Grade IlI (markedly
elevated lymphoid tissue covering the entire
tongue base, approximately 5 to 10 mm thick),
and Grade IV (lymphoid tissue extending
beyond the tip of the epiglottis,1Tcm or morein
thickness)®?. Statistical analysis was conducted
using SPSS Statistics version 25 (IBM Corp,
Armonk, NY; released 2017). The Mann-
Whitney, Kruskal-Wallis, and Fisher exact tests
were used to assess the associations between
variables. Factors independently associated
with epiglottic collapse (E+) were analyzed by
multivariable logistic regression, with age, sex,
BMI, FTP, and AHI included as covariates. The
statistical significance was set at P < 0.05.

Results

Atotal of 75 patients with OSA who underwent
DISE were included; 56 patients (75%) were
male, with ages ranging from 18 to 75 years
(mean, 47.8 +11.9 years). The mean BMIlwas 27.5
+ 3.4 kg/m?2, and mean NC was 40.2 + 3.4 cm.
The mean AHI was 17.4 +16.5 events/hour; OSA
was mild in 59% of patients (n = 44), moderate
in 32% of patients (n = 24), and severe in 9% of
patients (n = 7).

Epiglottic collapse (E+ group) was identified
in 27% (n = 20) of patients. The demographic,
anthropometric, and  polysomnographic
characteristics of the two groups are
summarized in Table 1. The E+ group included
16 men (80%), with a mean age of 49.6 + 11.6
years, mean BMI of 26.7 + 2.8 kg/m2, mean
NC of 40.2 + 35 cm, and mean AHI of 16.8 +
151 events/hour; 65% (n = 13) had mild OSA.
In the E+ group, the collapse pattern was
anteroposterior in 90% of cases (n = 18) and
lateral in 10% (n = 2). The E- group included 40
men (73%), with a mean age of 47.2 +12.0 years,
mean BMI of 27.7 + 3.6 kg/m?, mean NC of 40.2
+ 3.4 cm, and mean AHI of 17.6 + 17.0 events/
hour; 57% (n = 31) had mild OSA.

No statistically significant differences were
observed between the groups regarding sex,
age, BMI, NC, or AHI.

Regarding DISE findings, complete palatal
collapse (Grade 2) was the most common
finding in both groups (85% of E+ patients and
80% of E- patients). There were no significant
differences in the degree of palatal collapse
between the groups, and the anteroposterior
pattern predominated in both (70% E+ vs. 60%
E-). Oropharyngeal and tongue base collapse
also did not differ significantly between
the groups. Notably, complete tongue base
collapse (Grade 2) was more frequent in the E+
group (35% vs. 22%), although the difference
did not reach statistical significance (Figure
1). Palatine and lingual tonsil grades did not
differ between the groups.

However, significant differences were
observed in the distribution of FTP between
the two groups (P = 0.037). In the E+ group,
no patient had Grade | FTP, and 75% had
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Table 1
Demographic, anthropometric, polysomnographic, and DISE-derived characteristics of the sample

Age (years) 478 +11,9 496 +11,6 472 +12.0 0,297
Sex
Male, n (%) 56 (75%) 16 (80%) 40 (73%)
0,765?
Female, n (%) 19 (25%) 4 (20%) 15 (27%)
BMI (kg/m2) 275+ 34 26,7+28 277+3,6 0,263
BMI Classification
Normal (18 - 24,9), n (%) 16 (21%) 7 (35%) 9 (17%)
Overweight
41 (55%) 10 (50%) 31 (56%) 0,2042
(25-299), n (%)
Obese (= 30), n (%) 18 (24%) 3 (15%) 15 (27%)
AHI (events/hour) 17,4 +16,5 16,8 £15,1 17,6 +17,0 0,881
OSA severity
Mild (5-14.9), n (%) 44 (59%) 13 (65%) 31 (57%)
Moderate (15-29.9), n (%) 24 (32%) 4 (20%) 20 (36%) 0,3222
Severe (= 30), n (%) 7 (9%) 3 (15%) 4 (7%)
Neck circumference (cm) 402+34 402+35 402+ 34 0,627
Friedman Tongue Position
8 (11%) / 28 (37% 0 (0%) /5 (25% 8 (14%) / 23 (42%
Grade I/11/ 111/ 1V, n (%) 5 28 ETEa) (785 @54 (V) ) 28 () ) 0,0372
(] 0, (o] (o] 0, (o]
34 (45%) / 5 (7%) 12 (60%) / 3 (15%) 22 (40%) / 2 (4%)
Palatine tonsils
13 (18%) / 36 (48%) / 3 (15%) /11 (55%) / 6 (30%) 10 (18%) / 25 (46%) /
Grade O/I1/11/ 11 /1IV,n (% 0,455
frnfd %) 25 (33%) /1 (1%) / O (0%) /0 (0%) / O (0%) 19 (34%) /1 (2%) / O (0%)
Lingual tonsils
0 (0%) /14 (19%
(0%) /14 (19%) / 0 (0%) /3 (15%) /10 (50%) O (0%) /11 (20%) /19 (34%)
Grade O/1/11/11/ 1V, n (%) 29 (39%) /19 (25%) / 0,8452
/6 (30%) /1 (5%) /13 (24%) /12 (22%)
13 (17%)
Palatal collapse (V)
Grade 0/1/2,n (%) 2 (3%) /12 (16%) / 61 (81%) O (0%) /3 (15%) /17 (85%) 2 (4%) /9 (16%) / 44 (80%)
AP / Concentric / Lateral 47 (63%) / 27 (36% 33 (60%) / 22 (40% 1,0002
/ / (63%) /27 (36%) / 14 (70%) / 5 (25%) /1 (5%) (60%) / 22 (40%) /
pattern, n (%) 1(1%) 0 (0%)
Oropharyngeal collapse (O)
22 (29%) / 27 (36% 14 (26%) / 20 (36%
Grade 0/1/2 (20%) /27 36%) /¢ (40%) /7 (35%) / 5 (25%) (26%) /20 (36%) / 0,4072
26 (35%) 21(38%)
Tongue base collapse (T)
29 (39%) / 27 (36% 25 (46%) /18 (32%
Grade 0/1/2 (39%) /27 (36%) / 4 (20%) / 9 (45%) /7 (35%) (46%) /18 (32%) / o4

19 (25%)

12 (22%)

Abbreviations: BMI, body mass index; AHI, apnea—-hypopnea index; OSA, obstructive sleep apnea; AP, anteroposterior.
"Mann-Whitney test; 2Fisher’s exact test. Bold: P < 0.05.
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Grade lll or IV FTP (60% and 15%, respectively),
compared with 44% in the E- group (40%
Grade Il and 4% Grade V). In the E- group,
14% of patients had Grade | FTP (Figure 2).

On multivariable logistic regression analysis
(Table 2, Figure 3), with age, sex, BMI, FTP,
and AHI included as covariates, FTP was the
only variable independently and significantly
associated with epiglottic collapse (OR, 3.39;
95% ClI, 1.32-8.74; P = 0.011), corresponding
to an approximately 3.4-fold increase in the
risk of epiglottic collapse for each one-grade
increase in FTP. The remaining variables
showed no significant association.

Figure 1
Collapse grades at the other VOTE levels

Palate (V)
Grade

Palate (V)
Padrao

Percentage %
(o))
o

Discussion

Identifyingthesitesofupperairwayobstruction
is critical for guiding treatment in OSA,
particularly for patients seeking an alternative
to PAP therapy. Considering the therapeutic
challenges inherent in its management,
epiglottic collapse is increasingly recognized
as an important DISE finding. Till date, no
study in Portuguese literature has particularly
assessed the predictors of epiglottic collapse
in patients with OSA; the present study sought
to fill this gap. In our sample, FTP was the only
independent predictor of epiglottic collapse,
with each one-grade increase conferring
a 3.39-fold higher risk of complete primary

Oropharynx (O)
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Tongue base (T)
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Figure 2
FTP distribution in the E+ and E- groups
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Table 2
Multivariable logistic regression analysis

Age (per year) 1.02
Sex (M vs. F) 1.47
BMI (per kg/m?2) 0.85
FTP (per grade) 3.39
AHI (per event/hour) 1.01

___or | 95% i e

0.97-1.08 0.482
0.34-6.42 0.610
0.69-1.03 0.104
1.32-8.74 0.011*
0.97-1.05 0.732

Abbreviations: OR, odds ratio; Cl, 95% confidence interval, BMI, body mass index; FTP, Friedman tongue position; AHI, apnea-hypopnea
index. Dependent variable: complete epiglottic collapse (E+). Bold values indicate statistical significance (P < 0.05).

Figure 3
Multivariable logistic regression analysis

OR P
Age (per year) Q 1.02 0,482
Sex (M vs F) L 1.47 0,610
BMI (per kg/m 2) o 0.85 0,104
FTP (per grade) i 3.39 0,0
AHI (per event/h) . 1.01 0,732
0 | 2 4 6 8 10 12

epiglottic collapse. A higher FTP grade
corresponds to a more cephalad and posterior
position of the tongue base relative to the
palate. This configuration can lead to greater
retroflexion and narrowing of the supraglottis,
exposing it to stronger inspiratory suction
forces, as explained by the Bernoulli effect,”®
and thereby facilitating epiglottic collapse
during sleep. This relationship is more direct
in anteroposterior collapse, which was the
predominant pattern in our sample (90%, n =
18). Lateral collapse, which is associated with
lateral pharyngeal collapse patterns®, was rare
(10%, n = 2), thus precluding any comparison
between subtypes. The association between
posterior epiglottic position and epiglottic
collapse issupported by Kezirian,who identified
this finding on awake flexible nasolaryngoscopy
as an independent predictor of both
anteroposterior and lateral epiglottic collapse.
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Odds Ratio (95% Cl)

FTP is therefore an easily assessed clinical sign
that can aid in stratifying patients with OSA.
Identifying FTP as a possible predictor allows
clinicians to include this information into
treatment planning and to offer patients an
individualized approach that accounts for the
possibility of epiglottic collapse. However, to
our knowledge, this association has not been
reported previously.

Additionally, we found no differences in the
palatine or lingual tonsil grade between
patients with and without epiglottic collapse.
Huang et al.’®, in a study of 119 DISE procedures,
reported that patients with smaller palatine
tonsils were more prone to collapse at the
tongue base and epiglottis. This discrepancy
may stem from the different definitions of
epiglottic collapse used: the prevalence of E+
in their sample was higher than that in ours
because their E+ group also included patients
with partial epiglottic collapse.



Epiglottic collapse was identified in 27%
of our sample, consistent with the values
most commonly reported in the literature.
In the systematic review by Torre et al’, the
incidence ranged from 12% to 74%, reflecting
the heterogeneity of the populations studied
and definitions used as well as the subjectivity
inherent in endoscopic assessment of the
upper airway. No significant differences
were observed between the groups
regarding demographic, anthropometric, or
polysomnographic variables (age, sex, BMI, or
OSA severity). Previous studies by Kezirian,
Kimetal'®,and Wong et al.” reported that older
age, male sex, lower BMI, and less severe OSA
were associated with a greater predisposition
to epiglottic collapse—a finding that was not
reflected in our results. This discrepancy may
be explained by our small sample size and the
skewed distribution of OSA severity, with most
patients in both groups having mild OSA,
which limited the variability of the factors
analyzed and reduced the statistical power to
detect smaller differences.

Regarding the other VOTE levels, no
significant differences were observed in the
degree of palatal, oropharyngeal, or tongue
base collapse between the groups. However,
the E+ group showed a trend toward greater
tongue base collapse (35% with complete
collapse vs. 22%), although the difference
did not reach statistical significance. This
trend, albeit nonsignificant, may reflect an
association between tongue position and the
predisposition to epiglottic collapse. A high
FTP indicates an anatomical configuration
in which the tongue base occupies a more
posterior and superior position, narrowing the
supraglottis without necessarily involving a
secondary mechanism of epiglottic collapse.
This result is supported by Kim et al'®, who
likewise found epiglottic collapse to be
associated with a greater degree of tongue
base obstruction in a series that, like ours,
included only patients with primary epiglottic
collapse. This study has several drawbacks that
should be acknowledged. Its retrospective
design precludes the establishment of causal

relationships; therefore, only associations can
be identified. DISE was conducted under
propofol sedation, which, despite being the
most widely used agent, does not faithfully
reproduce physiological sleep and may
affect the upper airway muscle tone and,
consequently, the collapse patterns observed.
DISE evaluation was performed by alternating
pairs of observers, which may have introduced
interobserver variability into VOTE scoring.
Additionally, thisis a single-center study, which
may limit the generalizability of the results to
other populations.

Conclusion

The results of this study indicate that FTP
may be an independent predictor of primary
epiglottic collapse in patients with OSA,
indicating that a higher tongue position may
contribute to the narrowing of the supraglottis
and increase its propensity to collapse.
However, these results should be interpreted
with caution, considering the limited sample
size, retrospective design, and potential
variability inherent in DISE assessment.
Therefore, a causal relationship cannot be
established, and further validation in larger
prospective studies is needed.

However, identifying an association between
FTP and epiglottic collapse may be clinically
relevant. It indicates that simple anatomical
parameters evaluated in the outpatient clinic
may contribute to patient stratification prior
to treatment, allowing for a more targeted,
individualized therapeutic approach, which is
essential in all medical conditions, particularly
OSA.
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