Factors associated with multilevel
collapse in patients with OSA
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Introduction
Obstructive sleep apnea (OSA) is a disorder
characterized by recurrent episodes of upper
airway obstruction during sleep, resulting in
intermittent hypoxemia, sleep fragmentation,
and excessive activation of the sympathetic
nervous system. These changes may lead
to increased cardiovascular risk, metabolic
disorders, and neurocognitive dysfunction'.
OSA is associated with several risk factors,
including obesity, older age, male sex, and
Correspondence: craniofacial abnormalities?. The risk of OSA
Sg:ssttsr:‘f:.g’o@m@gma”.com has bgen directly correlated with t.he body
mass index (BMI), as its prevalence increases
proportionally with higher BMI values®. This
Article received on April 9, 2025. may be because of the narrowing of the upper
Accepted for publication on October 9, 2025. airway by excess adipose tissue deposition
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in critical pharyngeal regions* Obesity
also contributes to reduced vital capacity,
ventilation-perfusion mismatch, and limited
mobility of the lungs and thoracic wall®.

To date, treatment strategies for OSA have
primarily focused on the use of positive airway
pressure devices. However, with increased
understanding ofthe disease pathophysiology,
it has become evident that a personalized
approach is essential and beneficial®”. Surgical
treatment encompasses a set of techniques
aimed at widening and stabilizing the upper
airway. The careful selection of patients and
procedures, particularly after considering the
anatomical and functional characteristics
of the airway, is crucial during preoperative
planning® This approach has demonstrated
good efficacy in recent years, with drug-
induced sleep endoscopy (DISE) emerging as
an essential tool for characterizing dynamic
upper airway collapse and guiding surgical
decision-making, thereby contributing to
improved therapeutic outcomes®.

The presence of multilevel collapse identified
during DISE has been linked to various
anatomical and clinical factors. Patients
exhibiting this condition are considered to
have severe OSA, as indicated by higher
apnea-hypopnea index (AHI) values*™.

Given the significant impact of multilevel
collapse on OSA and the treatment response,
this study aimed to identify the clinical and
anatomical factors associated with multilevel
upper airway collapse during DISE in patients
with OSA.

Materials and methods

Thisretrospective longitudinal study evaluated
patients diagnosed with OSA by outpatient
polygraphy who underwent DISE at Hospital
Beatriz Angelo between January 2019 and
December 2024. Data were collected by
reviewing the electronic medical records and
DISE video recordings. Patients under 18 years
of age and those with incomplete medical
records were excluded.

Sociodemographic, biometric, anatomical,
polysomnographic, and clinical data were
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recorded. The analyzed variables included
sex, age, BMI, AHI, retrognathism identified
on physical examination, and nasal septal
deviation or tonsillar hypertrophy, the
latter categorized according to Friedman
classification". This classification grades
the size of palatine tonsils from zero to IV
according to their extension in relation to the
tonsillar pillars.

All DISE procedures were conducted in the
operating room on an outpatient basis, in a
dark and quiet environment, with the patient
inthe supine position. The level of sedation was
monitored using the bispectral index (BIS),and
the examination was commenced when BIS
values were between 50 and 70. Propofol was
administered via target-controlled infusion
(TCI) for sedation. A flexible nasal endoscope
was used for examination and video recording.
The recordings were evaluated by an
otorhinolaryngology specialist and resident
physician (not necessarily the same evaluators
for all cases), who classified the findings
according to the Velum, Oropharynx, Tongue
base, and Epiglottis (VOTE) classification
system. This system assesses the degree of
obstruction and collapse pattern at the velum,
oropharynx, tongue base, and epiglottis.
Each site was graded as O (no obstruction), 1
(partial obstruction), 2 (complete obstruction),
or X (not visualized). Multilevel collapse was
defined as a grade 2 obstruction involving
more than one site.

Statistical analysis was conducted using
SPSS® software version 25 (IBM Corp., Armonk,
NY; released in 2017). The chi-square test
was used for analyzing categorical variables,
and the Student's t-test or Mann-Whitney
U test were used for continuous variables.
Multivariate binary logistic regression analysis
was subsequently conducted to analyze the
association between independent variables
and presence of multilevel collapse.

Results

Atotal of 91 patientswere included in the studly,
with a mean age of 50.7 + 13.3 years; 79.1% were
men and 20.9% women. The median BMI was



281 + 51 kg/m? (Table 1), and the median AHI
was 16.3 + 16.59 events/hour. The distribution
of patients according to the severity of OSA is
shown in Figure 1. Regarding the anatomical
variables, 75.8% of the patients presented with
inferiorturbinate hypertrophy, 65.9% with nasal
septal deviation,and18.7% with retrognathism.
The distribution of patients by the degree of
tonsillar hypertrophy is displayed in Table 2,
with most patients (52.75%) exhibiting grade Il
palatine tonsils. Regarding the DISE findings,
429% of patients demonstrated multilevel
collapse (Figure 2) with various obstruction
patterns. Complete obstruction at the level
of the palate and oropharynx was the most
commonly observed multilevel collapse
pattern (47.5%). Embedded text: with multilevel
collapse/ without multilevel collapse

Table 1

Distribution of patients by the body mass index (BMI)

Univariate analysis was conducted to assess
the association between each independent
variable and the presence of multilevel
collapse (Table 3).

Variables showing a trend toward association
(p < 0.20), including BMI, retrognathism, and
nasal septal deviation, were subsequently
included in multivariate binary logistic
regression analysis to identify potential
independent predictors of multilevel collapse
(Table 4).

The analysis revealed that BMI was the only
independent predictor of multilevel collapse
(p < 0.05). Although retrognathism and nasal
septal deviation showed a trend toward
associationinthe univariate analysis, they were
not confirmed as independent predictors in
multivariate analysis (p > 0.05).

B | Classification | N (total=9) Percentage (%)

<18,5 Underweight

18,5-249 Normal weight
25-299 Excess weight
> 30 Obesity

Grdéfico 1
Dados demograficos da amostra em estudo

®

B Mild OsA
Moderate OSA
Severe OSA

0 0
12 13,19
43 47,25
36 39,56

Grdéfico 2
Distribuicdo da amostra por presenca/auséncia
de colapso multinivel

B with multilevel collapse
Without multilevel collapse
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Table 2

Distribution of patients by the degree of tonsillar hypertrophy (according to Friedman classification)

Degree of tonsillar hypertrophy N (total = 91) Percentage (%)

0 14 15,38
I 48 52,75
Il 23 25,27
[ 5 549

% 1 11

Table 3
Association between the analyzed variables and presence of multilevel collapse

Age Student's T p = 0,883
BMI Mann-Whitney U p = 0,014
AHI Mann-Whitney U p = 0,434
Sex Chi-square p=0,219
Inferior turbinate hypertrophy Chi-square p = 0,596
Nasal septal deviation Chi-square p = 0,151
Tonsillar hypertrophy Chi-square p = 0,604
Retrognathism Chi-square p = 0,130

Table 4

Multivariate binary logistic regression analysis for the association between the variables and muiltilevel

collapse

- 959% C|

IMC

Desvio do septo nasal 0,431

Retrognatismo 0,356

Collapse pattern analysis

To determine whether patients with obstruction
at the level of the palate and oropharynx (the
most frequent multilevel collapse pattern)
exhibited a significantly higher BMI compared
with those with other collapse patterns, patients
with multilevel collapse were divided into two
groups: Group 1, with obstruction at the level of
the palate and oropharynx; and Group 2, with
other obstruction patterns. The mean BMI in
Group 1 was 301 *+ 387 kg/m? and 299 + 3.89
kg/m?in Group 2. The independent samples
t-test revealed a p-value of 0.270, indicating no
statistically significant difference in the mean
BMI between the groups.
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1,042 - 1,239 p = 0,037
0,146 — 1,243 p = 0,120
0,088 - 1,216 p=0116

Discussion

This study found that multilevel collapse is
highly prevalent in OSA, observed in 42.9%
of patients. Similar findings were reported by
Vroegop et all°, who evaluated 1,249 patients
undergoing DISE and identified multilevel
collapse in 68.2% of the cases.

This study also examined the association
betweenspecificsociodemographic,anatomical,
and clinical variables and the presence of
multilevel collapse. BMI was identified as the
only independent and statistically significant
predictor of multilevel collapse (p < 0.05). Our
results demonstrate that each 1-unit increase
in BMI is associated with approximately a 15%



increase in the likelihood of multilevel collapse
(oddsratio=1.15). Thisfinding supports previous
data linking obesity to a higher probability
of complete and multilevel upper airway
collapse™®. The underlying pathophysiological
mechanisms appear to involve increased
deposition of parapharyngeal fat, reduced
upper airway muscle tone, and greater
negative inspiratory pressure secondary to
decreased pulmonary compliance®™. Clinically,
recognition that obesity is a key anatomical
factor contributing to pharyngeal collapse
has direct implications for the management
of patients with OSA. Obese patients tend
to exhibit more complex and refractory
obstruction patterns, which may influence
both the choice and effectiveness oftreatment.
Although positive airway pressure devices are
effective regardless of the BMI, obese patients
show lower adherence and suboptimal
response due to the anatomical complexity
of their collapse’™. Weight loss should always
be recommended, as it reduces pharyngeal
fat, improves the AHI, and optimizes the
airway anatomy'”. Surgical approaches may
be considered as alternatives to continuous
positiveairway pressure, buttheireffectiveness
is reduced in obese patients due to the high
prevalence of multilevel collapse'™. Therefore,
dynamic upper airway assessment using
DISE is essential for individualized therapeutic
planning in these cases. Regarding the other
variables analyzed, retrognathism and nasal
septal deviation demonstrated a trend toward
an inverse association with multilevel collapse
but it did not reach statistical significance.
Contrary to previously published findings, the
present study did not find a higher prevalence
of multilevel collapse in patients with higher
AHI values'®®, This may be explained by the
observation that AHI is not a direct marker
of upper airway collapse patterns but rather
a reflection of the interaction between
anatomical,functional,and neurophysiological
factors. Recent studies have shown that
the correlation between AHI and objective
measures of pharyngeal collapsibility, such
as the critical closing pressure (Pcrit), is only

moderate (r # 0.46), suggesting that multiple
mechanisms contribute to the severity of
sleep apnea™®*. Moreover, OSA severity can
be influenced by factors such as elevated
loop gain, low arousal threshold, and variable
muscular compensation, which do not
necessarily correlate with the anatomical
pattern of collapse.

Similar to the results of reported by Wong et
al.’?, the most prevalent obstruction was at the
level of the palate and oropharynx, occurring
in 47.5% of patients with multilevel collapse.
However, these findings vary considerably
across the literature. In a study by Vroegop
et al'®, the most common combination was
collapse at the level of the palate and tongue
base, which occurred in 25.5% of cases. Bacak
et al.® analyzed 263 DISE in patients with OSA
and reportedthatthe mostfrequent multilevel
collapse pattern involved the tongue base and
epiglottis (33.5%), which was attributed to their
close anatomical relationship.

To better understand these findings, we
examined whether the most common
collapse pattern observed in our study (palate
+ oropharynx) was associated with higher BMI
values. Although patients with this pattern
had slightly higher BMI values, the difference
was not statistically significant. Future studies
with larger and more representative samples
are necessary to investigate this potential
association and physiological basis of this
obstruction pattern, possibly by measuring
the pharyngeal muscle tone in the region.
This study has some limitations. The relatively
small sample size (91 patients) may have
reduced the statistical power and increased
the risk of bias. As this was a retrospective
study, the results may be limited by the quality
of clinical records and potential selection
bias. Despite the well-documented validity
and reliability of DISE?, the interpretation of
findings remains subjective. In this studly,
DISE recordings were evaluated by different
otorhinolaryngologists, and interobserver
reliability testing was not performed, as it
was beyond the study’'s primary objectives,
potentially introducing observational bias.
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Furthermore, assessment of the upper
airway using the VOTE classification has
some limitations, as it involves a degree
of subjectivity and does not include nasal
evaluation or assessment of tonsillar
hypertrophy, which may introduce bias.
Finally, potential confounding bias cannot be
excluded, as some relevant variables such as
neck circumference were not included in the
analysis.

Conclusion

This study confirmed that multilevel collapse
is highly prevalent in patients with OSA
and identified BMI as an independent
predictor of this obstruction pattern. From a
clinical standpoint, these findings reinforce
the importance of dynamic upper airway
assessment and recognition of obesity as a key
determinant of obstruction complexity, with
direct implications for therapeutic decision-
making.

Conflict of Interests
The authors declare that they have no conflict
of interest regarding this article.

Data Confidentiality

The authors declare that they followed the
protocols of their work in publishing patient
data.

Human and animal protection

The authors declare that the procedures
followed are in accordance with the regulations
established by the directors of the Commission
for Clinical Research and Ethics and in
accordance with the Declaration of Helsinki of
the World Medical Association.

Privacy policy, informed consent and Ethics
committee authorization

The authors declare that they have obtained
signed consent from the participants and that
they have local ethical approval to carry out
this work.

414 Portuguese Journal of Otorhinolaryngology - Head and Neck Surgery

Financial support
Thisworkdid notreceiveanygrantcontribution,
funding or scholarship.

Scientific data availability
There are no publicly available datasets related
to this work.

References

1. Pang KP, Baptista PM, Olszewska E, Braverman |,
Carrasco-Llatas M, Kishore S.etal. Doesdrug-induced sleep
endoscopy affect surgical outcome? A multicenter study
of 326 obstructive sleep apnea patients. Laryngoscope.
2020 Feb;130(2):551-555. doi: 10.1002/lary.27987.

2. Yaggi HK, Strohl KP. Adult obstructive sleep apnea/
hypopnea syndrome: definitions, risk factors, and
pathogenesis. Clin Chest Med. 2010 Jun;31(2):179-86. doi:
10.1016/j.ccm.2010.02.011.

3. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla
KM. Increased prevalence of Sleep-Disordered Breathing
in adults. Am J Epidemiol. 2013 May 1;,177(9):1006-14. doi:
10.1093/aje/kws342.

4. Phua CQ, Yeo WX, Su C, Mok PKH. Multi-level obstruction
in obstructive sleep apnoea: prevalence, severity and
predictive factors. J Laryngol Otol. 2017 Nov;131(11):982-986.
doi: 10.1017/5S0022215117001906.

5. Young T. Risk factors for obstructive sleep apnea in
adults. JAMA. 2004 Apr 28;291(16):2013-6. doi: 10.1001/
jama.291.16.2013.

6. Zinchuk A, Yaggi HK. Phenotypic subtypes of OSA: a
challenge and opportunity for precision medicine. Chest.
2020 Feb;157(2):403-420. doi: 10.1016/j.chest.2019.09.002.

7. Martinez-Garcia MA, Campos-Rodriguez F, Barbé F,
Gozal D, Agusti A. Precision medicine in obstructive sleep
apnea. Lancet Respir Med. 2019 May;7(5):456-464. doi:
10.1016/52213-2600(19)30044-X.

8. Weaver E, Kapur V. Surgical treatment of obstructive
sleep apnea in adults. UpToDate. 2021. Disponivel em:
<https://www.uptodate.com/contents/surgical-treatment-
of-obstructive-sleep-apnea-in-adults>. Acedido em
20/03/2025

9. Fernandez-Julidn E, Garcia-Pérez MA, Garcia-Callejo J,
Ferrer F, Marti F, Marco J. Surgical planning after sleep
versus awake techniques in patients with obstructive
sleep apnea. Laryngoscope. 2014 Aug;124(8):1970-4. doi:
10.1002/lary.24577.

10. Vroegop AV, Vanderveken OM, Boudewyns AN,
Scholman 3J, Saldien V, Wouters K. et al. Drug-induced
sleep endoscopy in sleep-disordered breathing: Report
on 1,249 cases. Laryngoscope. 2014 Mar;124(3):797-802. doi:
10.1002/lary.24479.

1. Friedman M, Tanyeri H, La Rosa M, Landsberg
R, Vaidyanathan K, Pieri S. et al. Clinical predictors
of Obstructive sleep apnea. Laryngoscope. 1999
Dec;109(12):1901-7. doi:  10.1097/00005537-199912000-
00002.

12. Wong SJ, Luitje ME, Karelsky S. Patterns of obstruction
on DISE in adults with obstructive sleep apnea change
with BMI. Laryngoscope. 2021 Jan;131(1):224-229. doi:



10.1002/lary.28777.

13. Kastoer C, Benoist LBL, Dieltjens M, Torensma B, De
Vries LH, Vonk PE. et al. Comparison of upper airway
collapse patterns and its clinical significance: drug-
induced sleep endoscopy in patients without obstructive
sleep apnea, positional and non-positional obstructive
sleep apnea. Sleep Breath. 2018 Dec;22(4):939-948. doi:
10.1007/511325-018-1702-y.

14.Xu L, Keenan BT, Wiemken AS, Staley B, Benediktsdottir
B, Juliusson S. et al. The relationship between upper
airway anatomy and obesity in patients with obstructive
sleep apnea. Ann Am Thorac Soc. 2025 Jun 16. doi: 10.1513/
AnnalsATS.202410-10270C.

15. Schwartz AR, Patil SP, Squier S, Schneider H, Kirkness
JP, Smith PL. Obesity and upper airway control during
sleep. J Appl Physiol (1985). 2010 Feb;108(2):430-5. doi:
10.1152/japplphysiol.00919.2009.

16. Gottlieb DJ, Punjabi NM. Diagnosis and management
of obstructive sleep apnea: a review. JAMA. 2020 Apr
14;323(14):1389-1400. doi: 10.1001/jama.2020.3514.

17. Hudgel DW, Patel SR, Ahasic AM, Bartlett SJ, Bessesen
DH, Coaker MA. et al. The role of weight management in
the treatment of adult obstructive sleep apnea: an official
American Thoracic Society clinical practice guideline. Am
J Respir Crit Care Med. 2018 Sep 15;198(6):€70-e87. doi:
10.1164/rccm.201807-1326ST.

18. Bacak B, Porterfield L, Karelsky S. Multilevel airway
obstruction phenotypes in adult OSA. OTO Open. 2023
Jun 23;7(2):e21. doi: 10.1002/oto2.21.

19. Hartfield P3J, Janczy J, Sharma A, Newsome HA,
Sparapani RA, Rhee JS. et al. Anatomical determinants of
upper airway collapsibility in obstructive sleep apnea: a
systematic review and meta-analysis. Sleep Med Rev. 2023
Apr:68:101741. doi: 10.1016/j.smrv.2022.101741.

20.Sands SA, Alex RM, Mann D, Vena D, Terrill PI, Gell LK. et
al. Pathophysiology underlying demographic and obesity
determinants of sleep apnea severity. Ann Am Thorac Soc.
2023 Mar20(3):440-449. doi: 10.1513/AnNnalsATS.202203-
2710C.

21. Kotecha BT, Hannan SA, Khalil HMB, Georgalas C, Bailey
P. Sleep nasendoscopy: a 10-year retrospective audit
study. Eur Arch Otorhinolaryngol. 2007 Nov;264(11):1361-7.
doi: 10.1007/s00405-007-0366-1.

Volume 63 . N°4 . December 2025 415



