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Abstract

Objectives: To characterise multi-level obstruction in terms of prevalence, obstructive sleep apnoea severity and
predictive factors, and to collect epidemiological data on upper airway morphology in obstructive sleep apnoea
patients.

Methods: Retrospective review of 250 obstructive sleep apnoea patients.

Results: On clinical examination, 171 patients (68.4 per cent) had multi-level obstruction, 49 (19.6 per cent) had
single-level obstruction and 30 (12 per cent) showed no obstruction. Within each category of obstructive sleep
apnoea severity, multi-level obstruction was more prevalent. Multi-level obstruction was associated with severe
obstructive sleep apnoea (more than 30 events per hour) (p = 0.001). Obstructive sleep apnoea severity
increased with the number of obstruction sites (correlation coefficient=0.303, p <0.001). Multi-level
obstruction was more likely in younger (p = 0.042), male (p = 0.045) patients, with high body mass index
(more than 30kg/m?) (p <0.001). Palatal (p=0.004), tongue (p =0.026) and lateral pharyngeal wall

obstructions (p = 0.006) were associated with severe obstructive sleep apnoea.
Conclusion: Multi-level obstruction is more prevalent in obstructive sleep apnoea and is associated with increased
severity. Obstruction at certain anatomical levels contributes more towards obstructive sleep apnoea severity.
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Introduction

Obstructive sleep apnoea (OSA) has emerged as a sig-
nificant public health problem in recent years.' There is
an increased recognition of the health and social impli-
cations of OSA, which is reflected in the burgeoning
research efforts in the field, as well as an increased
number of surgical procedures performed over the
last two decades.’

From a surgical viewpoint, upper airway obstruc-
tions can be single- or multi-level. Common levels of
obstruction include nasal, retropalatal, retrolingual,
lateral pharyngeal wall and tonsillar obstruction. The
management and responses to treatment for these dif-
ferent levels of obstruction can differ. A common
single-level surgical procedure for OSA, uvulopalato-
pharyngoplasty (UPPP), has met with limited
success.” In a paper by Fujita, published in 1984,
most non-responders to UPPP were reported to have
multi-level obstruction.* Hence, it is no surprise that
over the last two decades, surgery for OSA has
moved towards multi-level surgery. Current data have
shown that multi-level surgery is associated with
improved outcomes.’”’
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However, data on the prevalence of single- versus
multi-level obstruction in OSA patients are lacking.
In addition, little is known about how OSA severity
(assessed in terms of the apnoea/hypopnoea index)
correlates with single- or multi-level obstruction. The
convenient assumption is that mild OSA is associated
with single or fewer levels of obstruction. However,
this is not necessarily true, and patients may conse-
quently receive suboptimal treatment.

We aimed to identify the relationships between
single- and multi-level obstructions and OSA severity,
to help us target and prioritise our management of OSA
patients. The primary aim of this study was to charac-
terise multi-level obstruction in terms of prevalence,
OSA severity and clinical factors that predict multi-
level obstruction. The secondary objective was to
collect epidemiological data on upper airway morph-
ology in our existing OSA population.

Materials and methods

This study received ethical approval from the Domain
Specific Review Boards of the National Healthcare
Group, Singapore.
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The list of participants was generated from a data-
base of patients who underwent polysomnography
from 2012 to 2015. Adult patients with an apnoea/
hypopnoea index of more than 5 events per hour
were included in the study.

A retrospective review of patients’ medical records
was performed, charting the following details:
gender, age, body mass index (BMI), Epworth
Sleepiness Score, apnoea/hypopnoea index and phys-
ical examination findings (modified Mallampati
score, tonsil size and sites of upper airway obstruction
evaluated using Miiller’s manoeuvre).

Obstruction evaluation criteria

In our study, sites of obstruction were divided into
nasal, palatal, tongue, lateral pharyngeal wall and ton-
sillar obstructions, as these categories form the basis for
adult OSA surgical intervention. We hypothesised that
obstruction at these different anatomical levels has a
different impact on OSA severity.

In this study, nasal obstruction reflects our clinical
assessment of the presence of various underlying
nasal obstruction pathologies, including turbinate
hypertrophy, septal deviation, nasal polyposis and
chronic rhinosinusitis.

Palatal, tongue and lateral pharyngeal wall obstruc-
tions were determined via a clinical assessment of the
pharyngeal airway space at these different levels
using Miiller’s manoeuvre. Hence, obstructions
reflect both soft tissue hypertrophy and/or skeletal
framework deformities.

We consider grade 3 and 4 tonsillar hypertrophy to
be obstructive, taking reference from the Friedman
staging system.® In this staging system, tonsil sizes
are essentially separated into two categories — tonsil
sizes 3 and 4, and sizes 0, 1 and 2. Friedman stage I,
whereby patients have tonsil sizes of grade 3 and 4, cor-
relates with better surgical success.’

Multi-level obstruction is defined as more than one
site of obstruction. In our study, this was determined
based on Miiller’s manoeuvre, tonsil size and
Friedman tongue position. Definitions of obstruction
are detailed in Table I. The only overlap in these evalu-
ation methods occurs if the patient has retrolingual
obstruction on Miiller’s manoeuvre and Friedman
tongue position III or IV. In this instance, the patient
is considered to have one level of obstruction, at the
level of the tongue.
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Statistical analysis

Statistical evaluation was performed using IBM SPSS
Statistics™ software (version 21) and Stata 13 software
(StataCorp, College Station, Texas, USA). Chi-square
tests were used to evaluate the relationship of two cat-
egorical variables. Pearson correlations were conducted
to determine the relationship among two continuous
variables. Multivariate logistic regression tests were
employed to evaluate the association between the
types of obstruction with risk factors. Tests are two-
sided, and p <0.05 was considered statistically
significant.

Results
Demographics

The medical records of 294 patients who underwent
polysomnography from 2012 to 2015 were reviewed.
Thirty patients did not have OSA, and the medical
records of 14 other patients had missing information.
These patients were excluded from the study. Hence,
the total number of patients included in this study
was 250. The sample consisted of 46 females and
204 males, with a mean age of 41.1 years (range,
19-68 years). In terms of ethnicity, 184 of the patients
were Chinese (73.6 per cent), 32 were Malay (12.8 per
cent), 25 were Indian (10.0 per cent) and 9 were of
another race (3.6 per cent).

The clinical and polysomnography findings of the
patients are shown in Table II.

Epidemiology

In our study population of OSA patients, 171 (68.4 per
cent) had multi-level obstruction, 49 (19.6 per cent)
had single-level obstruction and 30 (12 per cent)
showed no obstruction on clinical examination. Fifty-
three patients (21.2 per cent) had mild OSA, 60 (24.0
per cent) had moderate OSA and 137 (54.8 per cent)
had severe OSA. Multi-level obstruction was more
prevalent within each category of OSA severity
(Table III). The frequencies of obstruction at various
anatomical levels in our study population are shown
in Table V.

Obstructive sleep apnoea severity and upper airway
morphology

Multi-level obstruction was associated with severe
OSA (apnoea/hypopnoea index of more than 30

TABLE I TABLE II
DEFINITIONS OF OBSTRUCTION FOR DIFFERENT UPPER CLINICAL AND POLYSOMNOGRAPHY FINDINGS OF
AIRWAY EVALUATION METHODS STUDY POPULATION
Assessment method  Definition of obstruction Parameter Mean Range
Miiller’s manoeuvre  >50% collapse in retropalatal, retrolingual Body mass index (kg/m?) 29.4 17.5-62.7
or lateral pharyngeal wall Epworth Sleepiness Score 10.4 0-24

Tonsil size Tonsil size 3 or 4 Apnoea/hypopnoea index 422 5.2-125.8
Friedman tongue Friedman tongue position III or IV (events per hour)

position Lowest saturation (%) 77.7 20-95
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TABLE III
FREQUENCY OF TYPES OF OBSTRUCTION ACCORDING TO OSA SEVERITY

OSA severity All patients*

Single-level obstruction

Multi-level obstruction No clinical obstruction

Mild 53 (21.2) 13 (24.5) 30 (56.6) 10 (18.9)
Moderate 60 (24.0) 14 (23.3) 35 (58.3) 11 (18.4)
Severe 137 (54.8) 22 (16.1) 106 (77.4) 9 (6.5)
Data represent numbers (and percentages) of patients. *Total n = 250. OSA = obstructive sleep apnoea
TABLE IV TABLE VI
FREQUENCY OF OBSTRUCTION AT DIFFERENT ASSOCIATION BETWEEN OBESITY AND UPPER AIRWAY
ANATOMICAL LEVELS MORPHOLOGY*

Anatomical level of obstruction Patients* (n (%))

Anatomical level of obstruction Odds ratio 2

Nasal obstruction 47 (18.8)
Palatal obstruction 143 (57.2)
Tongue obstruction 115 (46.0)
Lateral pharyngeal wall obstruction 127 (50.8)
Tonsil obstruction (grade 3 or 4) 42 (16.8)

Nasal obstruction 1.086 0.808
Palatal obstruction 2.463 0.002"
Tongue obstruction 2.736 <0.0017
Lateral pharyngeal wall obstruction 2.851 <0.0017
Tonsil obstruction 3.235 0.0017

*Total n = 250

TABLE V

ASSOCIATION BETWEEN UPPER AIRWAY
MORPHOLOGY AND SEVERE OSA*

*Body mass index of more than 30 kg/m?. "Indicates statistical
significance

TABLE VII

LOGISTIC REGRESSION ANALYSIS ON MULTI- VERSUS
SINGLE- OR NO OBSTRUCTION

Upper airway morphology Odds ratio P

Nasal obstruction 1.519 0.21
Palatal obstruction 2.095 0.004"
Tongue obstruction 1.777 0.026"
Lateral pharyngeal wall obstruction 2.059 0.006"
Tonsil obstruction 1.745 0.115

*Defined as an apnoea/hypopnoea index of more than 30 events
per hour. "Indicates statistical significance. OSA = obstructive
sleep apnoea

events per hour) (p =0.001). The severity of OSA
increased with the number of obstruction sites (r =
0.303, p < 0.001). Compared to single- or multi-level
obstruction, the absence of obvious obstructions on
clinical examination (30 patients) was associated with
mild and moderate OSA (apnoea/hypopnoea index
of less than 30 events per hour) (p = 0.003).

Regarding obstruction at different anatomical levels,
palatal (p = 0.004), tongue (p =0.026) and lateral
pharyngeal wall obstructions (p = 0.006) were asso-
ciated with severe OSA (Table V).

Upper airway morphology and obesity
Patients with high BMI (more than 30 kg/m?) were
more likely to have obstructions at the level of palate,

tongue, lateral pharyngeal wall and tonsils, as shown
in Table VI.

Predictors of multi-level obstruction

Multi-level obstruction was more likely in younger
(p =0.042), male (p =0.045) patients, with higher
BMI (more than 30 kg/m?) (p < 0.001) (Table VII).
On further analysis, younger patients in our study
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variable Odds p 95% CI

ratio

Epworth Sleepiness Score > 10 1.453 0.226 0.792-2.665

Gender (reference 2.132 0.045* 1.015-4.476
group = female)
Body mass index 1.131 <0.001* 1.061-1.205

Older patients (increased age,  0.763 0.042* 0.588-0.990
per 10 years)

*Indicates statistical significance. CI = confidence interval

population were found to have a higher BMI
(r=-0.149, p = 0.02).

Discussion

Conventional OSA surgery has focused predominantly
on single-level treatment. Commonly used surgical
methods  include  tracheostomy and  UPPP.
Tracheostomy, whilst effective, is associated with mor-
bidity and is met with low acceptance. As a single-level
surgery, UPPP has shown limited effectiveness in the
treatment of OSA. In a meta-analysis by Caples
et al., following UPPP, the post-operative apnoea/
hypopnoea index remained elevated, at 29.8 events
per hour.® It was such suboptimal surgical responses
which revealed that most patients non-responsive to
UPPP had multi-level obstruction.*

This highlighted the need to conceptually clarify,
and to establish the prevalence of, single- and multi-
level obstruction in patients with OSA. Our data
show that the majority of our OSA population (79.3
per cent) had multi-level obstruction. This is similar
to findings of other studies, wherein multi-level
obstruction was reported in 87-93.3 per cent of OSA
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patients.®'” Ishman et al. noted that currently multi-
level surgery is favoured for OSA.? Given that multi-
level obstruction was more ubiquitous in our OSA
patients, and that multi-level obstruction is associated
with more severe OSA, this current trend of multi-
level surgery is likely to yield more promising results.

e Upper airway obstruction in obstructive sleep
apnoea (OSA) can be single- or multi-level

e Multi-level upper airway obstruction is more
prevalent in the OSA population and is
associated with more severe OSA

e Certain anatomical levels of obstruction
contribute more significantly towards OSA
severity

e Surgical management of OSA patients should
focus on localising obstruction levels, tailoring
surgical intervention accordingly

In addition, our study demonstrated that an increased
number of obstructions on clinical examination is
related to increased OSA severity, and this potentially
affects the clinical management of these patients. If a
patient exhibits more levels of obstructions on clinical
examination, they may warrant prioritisation in terms of
the sleep study appointment, for early diagnosis and
management.

Our study also showed that multi-level obstruction
was more prevalent compared to single-level obstruc-
tion across all categories of OSA severity. Multi-level
obstruction was more prevalent, regardless of whether
patients had mild, moderate or severe OSA. This has
relevance in the application of multi-level treatment
for OSA patients. When Friedman et al. presented
their surgical results on minimally invasive, single-
stage, multi-level treatment for patients with mild to
moderate OSA, the treatment principle was founded
upon the hypothesis that multi-level obstruction is the
common denominator in all patients, regardless of
whether they have mild, moderate or severe OSA.'
Our study confirms this hypothesis. This therefore
rationalises the application of multi-level treatment
when surgical intervention is considered for patients
with mild to moderate OSA, if they have multi-level
obstruction.

Our study also demonstrated that male patients, those
with a BMI of more than 30 kg/m? and patients of a
younger age are more likely to have multi-level
obstruction. Coupled with the fact that patients with
multi-level obstruction are more likely to have severe
OSA (p = 0.001), these clinical predicting factors can
be used to identify patients who might need more
urgent investigation and management.

In previous studies, increased age was associated
with increased upper airway obstruction and an
increased incidence of OSA.'*'* This is because of
reduced muscle tone of the upper airway and a

https://doi.org/10.1017/50022215117001906 Published online by Cambridge University Press

985

reduction in pharyngeal sensory discrimination, asso-
ciated with advancements in age, which lead to
increased upper airway collapsibility. However, our
unusual finding that younger patients are more likely
to have multi-level obstruction can be explained by
the fact that, in our study population, younger patients
had higher BMI.

The associations between multi-level obstruction
and obesity and OSA severity, as shown in our study,
are not entirely surprising. Obesity is known to predis-
pose to OSA development and contribute to its progres-
sion.'* Epidemiological studies have shown that there
is a higher prevalence of OSA in obese adults and chil-
dren.'”> Obesity causes fat deposition at the upper
airway, leading to narrower lumen and increased
airway collapsibility. Studies have demonstrated depos-
ition of fat at multiple sites of the upper airway. Using
T1-weighted magnetic resonance imaging of the upper
airway, Shelton et al. demonstrated deposition of
adipose tissue adjacent to the upper airway, between
the medial pterygoid muscle and carotid artery.'®
Kim et al. demonstrated increased fat deposition in
the base of the tongue in obese OSA patients.'’
Shelton et al. also demonstrated a statistically signifi-
cant correlation between adipose tissue volume and
OSA severity (r = 0.59, p < 0.001)."° This presents a
role for bariatric surgery in the treatment of obese
patients with severe OSA and multi-level obstruction.
Some early studies have shown that bariatric surgery
is effective in improving OSA symptoms and reducing
the apnoea/hypopnoea index.'® In addition, prevention
strategies for OSA should include control of the obesity
epidemic.

Examination of the upper airway morphology of our
OSA patients revealed that a high number of them had
palatal (57.2 per cent), tongue base (46.0 per cent) and
lateral pharyngeal wall (50.8 per cent) obstructions.
These levels of obstruction were associated with more
severe OSA, as shown in Table V. These findings are
similar to those of Pang et al.'” The presence of
obstruction at these upper airway anatomical sites can
be suggestive of severe OSA, and this can aid decisions
to expedite care and intervention. If surgery is consid-
ered, these anatomical areas should be targeted during
treatment planning.

Twelve per cent (30 out of 250) of our OSA patients
showed no clinical obstruction, even though their poly-
somnography demonstrated varying degrees of OSA,
from mild to severe. This could be attributed to limita-
tions in the assessment methods used in our study.
Miiller’s manoeuvre is effort-dependent,”® and there
can be variation in observer estimations.?’ Furthermore,
epiglottis collapse, the prevalence of which may be
higher than previously described,”® can only be
detected with drug-induced sleep endoscopy. Whilst
our evaluation methods are suboptimal compared to
the ‘gold standard’ of drug-induced sleep endoscopy,
these methods and results still have clinical applicabil-
ity, as they have greater availability in most ENT clinics
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compared to drug-induced sleep endoscopy. In add-
ition, dynamic pharyngoscopy is time- and cost-effect-
ive, and is able to predict surgical success to a certain
degree.”

In current literature, the exact criteria of ‘multi-level’
obstructions are not clearly defined, and vary between
authors. For instance, Riley et al. classifies patients into
three categories: type one — oropharyngeal obstruction
only; type two — oropharyngeal and hypopharyngeal
obstruction; and type three — hypopharyngeal obstruc-
tion only.® Type two patients were considered to have
multi-level obstruction, and 93.3 per cent (223 out of
239) of their study population had multi-level obstruc-
tion.® This definition does not count nasal obstruction
as part of its levels, which may lead to an underestima-
tion of patients with multi-level obstruction.

The definition of single- or multi-level obstruction
has two main broad classifications. It can be divided
based on regions such as the oropharynx and hypophar-
ynx. It can also be divided based on organs, as
described in our paper. There is a broad range of
descriptive terminologies used for sites of obstruction,
and overlap is common. For instance, retropalatal, velo-
pharynx, retrolingual and mesopharynx all represent
parts in the oropharynx. Confusion can also arise
where some authors classify tongue obstruction as oro-
pharyngeal obstruction,>* and some consider it as a
hypopharyngeal obstruction.”> Hence, in our study,
we utilised an ‘organ’ based approach to classify sites
of obstruction. We categorised the levels of obstruction
into nasal, palatal, tongue, lateral pharyngeal wall and
tonsillar obstructions, as these sites are easy to pinpoint
on clinical examination, they avoid confusion, and they
form the basis for surgical intervention.

Conclusion

Multi-level upper airway obstruction is more prevalent
in the OSA population, and is associated with more
severe OSA. Surgical management of these patients
should be focused on localising the levels of obstruc-
tion and tailoring surgical intervention accordingly.
In our study, obstruction at certain anatomical levels
contributed more towards OSA severity. The manage-
ment of affected OSA patients should be prioritised
to achieve optimal results.
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