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Abstract
Purpose Patients with obstructive sleep apnea (OSA) may
have subclinical swallowing abnormalities due to progres-
sive mechanical trauma of the pharyngeal tissues caused by
snoring. There are few trials on swallowing among OSA
patients, and most of them used videoradiography. The aim
of this trial was to show swallowing function in OSA
patients by nasal fibroscopy.
Method Eleven patients with OSA diagnosed by polysom-
nography, with a mean age of 48±14 years, without
spontaneous complaints of swallowing, and 14 non-
snoring volunteers, with a mean age of 47±12 years,
without spontaneous complaints of swallowing, participated
in the study. The participants were evaluated using nasal
fibroscopy. Each participant was offered diet boluses (5 and
10 ml) such as thin liquids, purée, and solids, and their
swallowing function was determined according to the
following criteria: (1) premature oral leakage to the
pharynx; (2) laryngeal penetration; (3) tracheal aspiration;
and (4) pharyngeal stasis.

Results Sixty-four percent of the OSA patients presented
premature oral leakage, 55% presented pharyngeal stasis of
the bolus after swallowing, and we did not observe
laryngeal penetration or tracheal aspiration. There were no
subclinical manifestations in the control group.
Conclusion OSA patients presented subclinical manifesta-
tions of abnormal swallowing, when analyzed using nasal
fibroscopy, possibly associated with neuromuscular injury
caused by snoring.
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Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing
disorder in which the upper airway is obstructed but the
respiratory effort continues. This disorder is characterized
by recurrent sleep-induced collapse of the pharyngeal
airway, and arousal from sleep is required in order to
reestablish airway patency [1].

There is evidence that upper-airway mucosal sensory
function in the oropharynx is impaired among patients with
OSA [2–4]. The pathophysiological mechanism is believed
to be local neurogenic lesions in the oropharynx caused by
the low-frequency vibration of habitual snoring during
OSA [5, 6]. Although several proposed mechanisms,
including mechanical or inflammatory-related neuropathic
changes that develop secondary to the soft-tissue trauma
caused by vibration, have been demonstrated, the mecha-
nism for mucosal sensory impairment in OSA remains
uncertain.

Normal evocation of the swallowing reflex and subsequent
propagation of the bolus through the pharynx are dependent
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on the adequacy of the pharyngeal anatomical configuration,
such as its sensitivity and function [7]. There is an association
between snoring and subclinical dysfunction of pharyngeal
swallowing [7, 8], and the swallowing mechanism may be
affected by mechanical and/or chemical stimuli, including
apnea [9, 10].

There are few trials on swallowing among OSA patients.
Most of them used videoradiography, which is the “gold
standard” examination for analyzing swallowing. The aim
of this trial was to show swallowing function in OSA
patients by nasal fibroscopy.

Materials and methods

Patients

Eleven consecutive patients referred to the São Paulo
Hospital Sleep Laboratory because of snoring and daytime
sleepiness were examined clinically and by means of
overnight polysomnogram. There were five men and six
women, with a mean age of 48±14 years (range 20–
65 years) and mean body mass index of 31.55±6.86 kg/m2

(range 21–46 kg/m2). The characteristics of the 11 patients
are presented in Table 1.

Volunteers

Fourteen volunteers without snoring and/or sleep apnea
confirmed by polysomnography, without spontaneous com-
plaints of swallowing, formed the controls. There were
eight men and six women, with a mean age of 47±12 years
(range 24–62 years) and mean body mass index of 29.21±
3.78 kg/m2 (range 24–35 kg/m2). The characteristics of the
14 controls are presented in Table 2.

None of the participants had previously received any
treatment for sleep apnea, nor had they previously been

operated in relation to the upper airway. None of the
patients suffered from gastroesophageal reflux or dyspha-
gia, and this was confirmed by means of a phonoaudio-
logical clinical evaluation and interview. None of the study
patients consumed alcohol or cigarettes, nor did they take
hypnotics, sedatives, analgesics, or any medications with
known effects relating to ventilation and swallowing, or any
histories of neuromuscular disorders.

Sleep assessment

All patients underwent the following tests: overnight
polysomnography (PSG), including standard electroen-
cephalographic leads (C4–A1/C3–A2); bilateral electro-
oculogram; chin and tibialis electromyograms; airflow
via nasal pressure cannula and thermistor; thoracoabdo-
minal movements by means of a piezoelectric belt; body
position by means of a position sensor; and arterial
oxyhemoglobin saturation by means of finger pulse
oximetry. All signals were acquired using a digital data-
management system (model EQSA-400; Neurotec, Ita-
juba, MG, Brazil). The assessments were scored manu-
ally by a trained, experienced clinical neurophysiologist
who was blinded for the purpose of this study. The
sleep–wakefulness state was defined in accordance with
standard criteria [11]. Obstructive apnea was defined as an
episode of cessation of airflow lasting at least 10 s, with
persistent respiratory effort. Hypopnea was defined as an
episode of reduced airflow or limitation of inspiratory
flow on the nasal cannula pressure signal (≥30%), lasting
more than 10 s, with associated desaturation of at least 3%
or arousal defined in accordance with the American
Academy of Sleep Medicine criteria [12].

In this study, OSAwas determined by calculating the apnea
or hypopnea index (AHI), in which ≥5 episodes/h was
classified as mild, ≥15 episodes/h as moderate, and >30 epi-
sodes/h as severe [13].

Subject Sex Age BMI Time of illness (years) AHI Severity

1 F 65 27 3 42/h Severe

2 F 55 29 5 17/h Moderate

3 M 59 32 8 19/h Moderate

4 F 52 38 15 38/h Severe

5 F 58 38 5 26/h Severe

6 F 58 29 3 20/h Moderate

7 M 29 30 7 31/h Severe

8 F 36 31 9 20/h Moderate

9 M 59 26 15 36/h Severe

10 M 20 21 30 48/h Severe

11 M 40 46 20 108/h Severe

Table 1 Characteristics of
patients

F female, M male, BMI body
mass index, AHI apnea–hypo-
pnea index
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Nasal fibroscopy

The structural and functional swallowing evaluations were
made using nasal fibroscopy. All the examinations were
recorded on VHS tapes, thus allowing a second look at the
images obtained. The nasal fibroscopy equipment used was
the Machida 3.2-mm apparatus. The patients were exam-
ined in a seated position that was comfortable for
swallowing. The nasal fibroscopy equipment was intro-
duced through the patient’s larger nasal orifice, without
anesthetics or nasal vasoconstriction. Before the endo-
scopic examination, all the participants were made aware
of the possibility of some discomfort, and they were
allowed to stop the examination at any time that they
wished. The patients were offered a diet bolus with blue-
dyed food, with progressive textures (liquid, soft, and
regular) and quantity (5 and 10 ml). The three food types
were mineral water, representing thin liquids (L);
yoghurt, representing purée (P); and crackers, represent-
ing solids (S). Two blinded examiners (one otolaryngol-
ogist and one speech therapist) analyzed the anatomical
structures and the functional aspects of the swallowing
events using the following criteria: (1) premature oral
leakage was defined if the bolus entered the pharynx
without eliciting the swallowing reflex; (2) laryngeal
penetration was defined if the bolus penetrated into the
laryngeal vestibule but not below the vocal cords; (3)
tracheal aspiration was defined if the bolus penetrated
below the vocal cords; and (4) pharyngeal stasis was
defined if the bolus remained in the pharynx after the
swallowing sequence was over. Any disagreements and
discrepancies were resolved in consultation with a third
examiner (otolaryngologist).

The study protocol was approved by the ethics commit-
tee of Universidade Federal de São Paulo (UNIFESP), São
Paulo, Brazil (no. 0303/06). All study participants gave
their informed consent.

Results

Swallowing dysfunction was observed among the OSA
patients. These events were classified as either premature oral
leakage or pharyngeal stasis after swallowing, in relation to
the control group. No cases of laryngeal penetration or
tracheal aspiration were observed in either group. Repeated
premature bolus leakage was observed in seven (64%) of the
11 OSA patients.

Six (55%) of the 11 OSA patients demonstrated
pharyngeal stasis in the valleculae after the propagation
wave had passed the pharynx and inhibition of respiration
had ceased. We did not observe any cases of bolus leakage
or pharyngeal stasis in the control group.

The OSA group displayed swallowing dysfunction
classified as follows: seven patients (63.6%) with severe
sleep apnea (AHI≥25); four patients (36.3%) with
moderate sleep apnea (AHI≥15); and none of the
patients with mild sleep apnea (AHI≥5). In the control
group, without sleep apnea (AHI<1), we did not observe
any subclinical dysfunction.

Discussion

The results from this study reinforce that OSA patients are
at higher risk of developing subclinical pharyngeal swal-

Subject Sex Age BMI Time of illness (years) AHI Severity

1 F 28 25 – <1/h Normal

2 F 27 26 – <1/h Normal

3 F 46 28 – <1/h Normal

4 M 44 31 – <1/h Normal

5 F 52 35 – <1/h Normal

6 M 49 36 – <1/h Normal

7 M 44 32 – <1/h Normal

8 F 24 24 – <1/h Normal

9 F 55 28 – <1/h Normal

10 F 57 29 – <1/h Normal

11 M 59 33 – <1/h Normal

12 M 55 27 – <1/h Normal

13 M 58 25 – <1/h Normal

14 M 62 30 – <1/h Normal

Table 2 Characteristics of
controls

F female, M male, BMI body
mass index, AHI apnea–hypo-
pnea index
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lowing dysfunction, compared with controls, regardless of
the testing technique used, both when analyzed using nasal
fibroscopy and when confirmed using videoradiography
[10].

In the present study, 64% of the patients displayed
premature bolus leakage. Premature bolus delivery during
the oral phase is the most frequent disorder seen in patients
with neurological impairments and may result either from
poor tongue control or from delayed swallowing reflex
[14].

Six of the 11 OSA patients (55%) displayed pharyngeal
stasis, thus implying a risk of aspiration. However, no
aspiration below the glottic level was observed in this study,
which explains why the patients with swallowing dysfunction
remained asymptomatic. If the sensitivity of the soft palate
and oropharynx is disturbed, there is a risk that a bolus will
pass down to a level where sensitivity remains unaffected
before the swallowing reflex is triggered [1].

We observed that the duration of the illness (snoring)
and not the age of OSA patients had a negative impact on
swallowing function. Furthermore, BMI seemed not to
interfere in swallowing dysfunction.

However, the risk of pharyngeal swallowing dysfunction
did not increase significantly with increasing AHI. We
suppose that the high frequency of swallowing dysfunction
is probably secondary to the local neurogenic lesions in the
soft palate and oropharynx due to vibration trauma caused
by snoring [1, 4].

Hypertrophy of the oropharyngeal lumen, collapse or
hypotonicity of the tongue and oropharyngeal muscles, and
collapse of the lateroposterior pharyngeal walls as revealed by
nasal fibroscopy are accepted factors in airway obstruction in
OSA patients [15]. It seems that typical OSA patients have
redundant pharyngeal tissue and a large tongue, which may
affect swallowing [16].

Nasal fibroscopy allows quantitative and qualitative
assessment of swallowing, and our findings corroborate
with videoradiographic studies [17]. Furthermore, nasal
fibroscopy is simple to perform, presents good reproduc-
ibility, and is acceptable to patients [18–21].

A case report study [8] mentioned two cases of OSA in
whom the swallowing reflex was impaired before the start
of nasal continuous positive airway pressure (NCPAP) and
was found to have improved 1 year after NCPAP. These
cases suggest that impaired swallowing reflex may be
reversible through OSA treatment. However, it is also
possible that this impaired swallowing reflex may be
reversible through methods to increase the upper airway
tonus [22].

The limitation of this method is that no evaluation of the
laryngopharyngeal lumen can be performed during the
swallowing since a white out occurs at the pharyngeal
swallowing phase.

Conclusion

OSA patients presented subclinical manifestations of
abnormal swallowing, as seen using nasal fibroscopy,
which were possibly associated with neuromuscular injury
caused by snoring. The duration of the illness and severity
of the OSA seemed to be associated with the swallowing
dysfunctions in our sample.
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