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Abstract
Introduction: The ExVent is an accessory to the O2Vent Optima 
mandibular advancement device (MAD) and provides oral Expiratory 
Positive Airway Pressure (EPAP). Oral EPAP with the ExVent is designed 
to augment the OSA therapy provided by the O2Vent Optima. Long term 
complications and adverse effects associated with this combination therapy 
are not known, but require further study.

Methods: A retrospective survey was conducted of all patients who 
received O2Vent Optima MAD and ExVent in Canada and Australia since 
2018. Data collected following consent included: demographics, duration 
of use, frequency of use, complications and adverse events.

Results: Out of the 480 subjects, 168 (35%) could be contacted and 
agreed to participate. 31 (18%) had stopped using the appliance. Out of 
137 (81%) subjects, 118 (86%) were still using the ExVent Accessory, 
92% medium strength (Yellow). 56% used morning aligner and 74% 
performed regular jaw exercises. After 4 weeks of the device use, 
excessive salivation was (12%, p<0.05), tooth and jaw pain were reported 
occasionally (8%, p<0.05), tooth movement was none (0%, p<0.05). Gum 
or tongue bruises (0%, p<0.05). TMJ pain/stiffness (5%, p<0.05). Change 
in bite or occlusion leading to discontinuation (0%, p<0.05), temporary 
chewing difficulties (24%, p<0.05) and dry mouth (0%, p<0.05). Difficulty 
to insert or remove ExVent valve (0%, p<0.05), difficulty breathing (0%, 
p<0.05), Malfunctioning or dislodgement of ExVent valve (0%, p<0.05). 
Participants reportedly valued their device (94%) and benefited with 
ExVent (100%).

Conclusion: Majority of the patients prescribed O2Vent Optima and ExVent 
accessory were compliant, demonstrated no significant complications and 
only minor adverse effects with the combination therapy.
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Introduction
Obstructive sleep apnea (OSA) is a complicated chronic condition, 

which has emerged as a very relevant public health issue because of its 
high prevalence and long-term effects such as cardiovascular, metabolic, 
cognitive, and cancer-related alterations [1-6]. Current first-line treatment 
for OSA is continuous positive airway pressure (CPAP), which is highly 
effective but not well tolerated. Greater than 50% of patients with OSA on 
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CPAP therapy report the use of CPAP devices for less than 
half the night or not at all [7-10]. MAD therapy often yields 
significant reductions in OSA severity [11-13]; however, 
despite being better tolerated by patients with OSA, MAD 
therapy remains less than optimal for greater than 50% of 
patients (residual apnea–hypopnea index [AHI]>5) [14-16]. 
Combination therapy with novel MAD O2Vent Optima and 
ExVent, an optional accessory that can be inserted into the 
O2Vent Optima MAD to provide upper airway support via 
oral expiratory positive airway pressure (EPAP) is promising 
[17-20]. Previous studies have demonstrated that the addition 
of an oral EPAP accessory, the ExVent, to the O2Vent Optima 
MAD effectively reduced respiratory events during sleep in 
patients with mild to moderate OSA [21,22].

Mild and “transient” side effects are commonly reported 
in the initial period of MAD therapy and include tooth 
pain, temporomandibular joint pain, myofascial pain, dry 
mouth, excessive salivation, and gum irritation [23-28]. The 
MAD side effects may be assigned to 1 of 6 groups [34]: 
(1) TMJ-related side effects such as transient morning jaw 
pain, persistent temporomandibular joint pain, tenderness 
in muscles of mastication, joint sounds; (2) intraoral tissue-
related side effects such as soft tissue and tongue irritation, 
gingival irritation, excessive salivation/drooling, dry mouth; 
(3) cephalometric changes; (4) occlusal changes such as altered 
occlusal contacts/bite changes, incisor changes, decreased 
overjet and overbite, alterations in position of mandibular 
canines and molars, interproximal gaps; (5) damage to 
teeth or restorations such as tooth mobility, tooth fractures 
or damage to dental restorations; and (6) appliance issues 
such as appliance breakage, allergies to appliance material, 
gagging and Anxiety. Dental side effects related to long-term 
use of an oral appliance have been studied and published 
in retrospective studies but comprised small sample sizes. 
Furthermore, all studies except for two [30,31] evaluated 
the effects of an oral appliance that was nonadjustable and 
fixed the mandible in a predefined position at 50-75% of the 
maximum mandibular protrusion [32]. Therefore, the newer 
technologies that utilize additional mechanism to open the 
airway than just the mandibular protrusion, are likely to result 
in less side effects and require further study.

Long term complications and adverse effects associated 
with the combination therapy with O2Vent Optima and 
oral Expiratory Positive Airway Pressure (EPAP) ExVent 
are not known, but require further study. The objectives 
of the present retrospective study are to evaluate the long 
term complications and adverse effects associated with 
this combination therapy. A real-life survey of subjective 
improvements in patients prescribed combination therapy 
with O2Vent Optima MAD and ExVent was conducted to 
evaluate demographics, duration of use, frequency of use, 
complications and adverse events.

Methods
Device overview

The ExVent is an oval-shaped, passive, flapper-type valve 
that can be inserted into the extended anterior airway inlet of 
the O2Vent Optima (Figure 1). When the patient is breathing 
through the airway, the valve fully opens during inspiration 
(Figure 2a) and closes upon expiration, with airflow directed 
through “holes” in the flapper valve, resulting in increased 
EPAP (Figure 2b). The ExVent is secured to the O2Vent 
Optima by a retention clip that allows for the easy removal 
of the ExVent accessory if desired. The ExVent is a single-
patient, multiple-use device.

Study design
A retrospective survey was conducted of all patients who 

received O2Vent Optima MAD and ExVent in Canada and 
Australia since 2019. Data collected included: demographics, 
duration and frequency of use, daytime sleepiness, reported 
snoring, sleep satisfaction, morning and daytime functioning, 
daytime tiredness/fatigue and bed partner’s sleep interruption. 
The questionnaire consisted of questions that required binary 
responses and also questions with response on a 4-point 
Lickert’s scale. The manufacturer’s database of approximately 
4,500 patients established in 2019, identified 480 patients who 
had previously agreed to participate in future surveys and had 
their contact information available. The study coordinator 
obtained a verbal consent to participate and the survey was 
conducted as Quality Improvement Project by the respective 
clinical facilities. The participants were previously diagnosed 
with mild to moderate OSA (defined as AHI 5-29) during a 
Level I polysomnographic (PSG) study and were prescribed 
and fitted with the novel Oral appliance O2Vent Optima and 
ExVent. The inclusion criteria included current use of O2Vent 
Optima therapy with or without the ExVent accessory. The 
subjects were excluded from participating in the study if they 
did not pursue oral appliance therapy, stopped therapy or had 
changed therapy to another device such as CPAP. The study 
participants were asked questions pertaining to their snoring, 
sleep quality, daytime functioning, overall satisfaction 
with therapy and their partner’s sleep quality. The study 
coordinator asked the participants to recall their sleep quality 
prior to initiating therapy with O2Vent Optima and ExVent, 
and their present status. The responses were then recorded for 
each item of the questionnaire, tabulated and analyzed.

Statistical analysis
All data are summarized descriptively. Categorical 

variables are summarized as frequency and percentage, and 
continuous variables are summarized as the number and 
mean, paired-sample t-tests were used to test for significant 
changes across time. Means and standard deviations were 
analyzed and were interpreted for the t-test analyses and 
significance was assumed at an alpha value of 0.05.
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Results
O2Vent data repository from 2019 onwards was reviewed 

and individuals who were prescribed O2Vent Optima and 
ExVent and whose contact information was available were 
selected. Out of 480 evaluable, 168 (35%) responded and 
agreed to participate in the survey. 31 (18%) stopped using 
oral appliance and were not included in the survey. Out of 
137 (81%) survey participants, 118 (86%) were still using 
ExVent Accessory, 92% medium strength (yellow color). 
Mean duration of O2Vent Optima and ExVent use was 
2.7±0.9 years, the 91% participants used the device most 
nights and 86% used the device for >6 hours/night. 96% of 
the participants reported improvement in daytime sleepiness 
from moderate/severe to none/mild (p<0.05). (Table 1)

The subjects reported that 56% used morning aligner and 
74% performed regular jaw exercises. After 4 weeks of the 
device use, excessive salivation was reported (12%, p<0.05), 
tooth and jaw pain were reported occasionally (8%, p<0.05), 
tooth movement was none (0%, p<0.05). Gum or tongue 
bruises were not reported (0%, p<0.05). TMJ pain/stiffness 
was reported (5%, p<0.05). Change in bite or occlusion 
leading to discontinuation was none (p<0.05), temporary 
chewing difficulties were seen in 24%, (p<0.05); however, 
did not lead to discontinuation of therapy. Dry mouth was not 
reported (0%, p<0.05). Difficulty to insert or remove ExVent 
valve (0%, p<0.05), difficulty breathing (0%, p<0.05), 
Malfunctioning or dislodgement of ExVent valve (0%, 
p<0.05). Participants reportedly valued their device (94%) 
and benefited with ExVent (100%). (Table 2) 

Figure 1: The ExVent is inserted into the O2Vent optima anterior 
airway opening.

Figure 2a: During inspiration, the ExVent valve is open.

Figure 2b: During expiration, the ExVent closes to create EPAP.

Number of eligible patients to participate 480

Numbers of patients could be contacted 168 (35%)

Patients who stopped using appliance 31 (18%)

Patients participated in the Survey 137 (81%)

Patients still using ExVent 126 (92%)

Duration of use (mean years) 2.7±0.9

Mean use frequency (most nights) 124 (91%)

Average nightly use of device (>6 hrs.) 117 (86%)

ExVent accessory strength (Medium/yellow) 126 (92%)

Age (years) 54.8±12.5

Sex (M/F) 78/59

Previous CPAP use 14 (10.2%)

Baseline ESS 12.6±2.1

Baseline AHI 17.6±5.9

Baseline Severity of OSA  

      Mild 24%

      Moderate 62%

      Severe 14%

Baseline Lowest SpO2 85±4.2%

Mean Duration of O2Vent Optima Use  
(>6 hours/night) 91±3.5%

Table 1: Participant characteristics
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Adverse Events On therapy with O2Vent Optima and ExVent
 Number of Responses out of a total of 137

I use a morning aligner after the OA use:  

           None of the time  26

           Some of the time 67

           Most of the time 44

I exercise my jaws and/or massage the jaw muscles:  

           None of the time  26

           Some of the time  79

           Most of the time 32

I developed excessive salivation 4 weeks after OAT use:  

           None of the time 121

           Some of the time 36

           Most of the time 0

I developed Tooth and or jaw pain 4 weeks after the OAT use:  

           None of the time  126

           Some of the time  11

           Most of the time 0

I noticed Tooth movement/s after the OAT use:    

           No      137

           Yes 0

I developed gum or tongue bruises after the OAT use:  

           None of the time  137

           Some of the time  0

           Most of the time 0

I developed TMJ pain or stiffness 4 weeks after the OAT use:  

           None of the time  130

           Some of the time 7

           Most of the time 0

I noticed change in my bite or occlusion after OA use:  

           None of the time  137

           Some of the time  0

           Most of the time 0

I noticed chewing difficulties after the OA use:  

           None of the time  134

           Some of the time  33

           Most of the time 0

I developed dry mouth after the OA use:  

           None of the time  137

           Some of the time  0

           Most of the time 0

I developed difficulty sleeping after the 4 weeks of OA use:  

           None of the time  137

           Some of the time  0

           Most of the time 0

I use ExVent accessory with OA:  

Table 2: Sleep quality and daytime functioning with O2Vent Optima and ExVent therapy.
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and lower dental arches in order to maintain protrusion, and 
jaw resistant counter forces to persist in its initial position. 
A 21-year follow-up study on the monitoring of MAD side 
effects confirmed that there are significant and progressive 
dental changes with the prolonged use of MAD but skeletal 
or postural changes were insignificant [37]. A qualified MAD 
provider should be able to individually assess each patient, 
choose the best MAD and adjust it in order to evaluate and 
minimize its side effects.

The current literature, although rife with descriptions of 
the side effects, is lacking in the clarification of causative 
factors and methods to minimize these adverse effects. 
Available studies suggest that side effects may be related 
to the oral appliance design, materials, and extent of 
mandibular advancement. The long-term studies describe 
a progressive increase in occlusal side effects with ongoing 
use of OAT protrusion [32,33]. Our retrospective study 
showed that majority of the patients prescribed O2Vent 
Optima and ExVent accessory were compliant, demonstrated 
no significant complications and only minor adverse effects 
with the combination therapy. The TMJ pain and stiffness, 
and chewing difficulties persisted for more than 4 weeks; 
however, these did not lead to discontinuation of therapy. 
Specifically, the ExVent accessory was not associated with 
accidental dislodgement or breathing difficulties. Many of 
the MAD adverse events were associated with older bulky 

Discussion
Mandibular advancement devices (MAD), while effective 

in ameliorating the respiratory events of OSA, often cause 
alterations in occlusal (tooth) contacts and mandibular 
positioning as well as other side effects. The occlusal side 
effects from long-term therapy may result in poor patient 
compliance and patient drop-outs. The side effects resulting 
from MAD treatment are of short- and long-term nature. 
Short-term effects are generally mild, transient, and occur 
within 6 months of MAD application. Such effects, usually 
manageable by a sleep-trained dental professional, include 
excessive salivation, dry mouth, teeth discomfort, gums 
irritation, headaches, and temporomandibular joint and 
masticatory muscles discomfort [24-26]. The long-term side 
effects occurring beyond the 6 months after the initiation of 
treatment have a poor prognosis and are most often related to 
the occlusal changes [33,34].

Hence, knowledge of the possible side effects of these 
devices on occlusion is necessary for a successful treatment 
of OSA. Many studies have concluded that long-term therapy 
with mandibular advancements significantly decreased the 
overjet and overbite as compared to the baseline values 
[35]. Ringqvist et al. reported small and insignificant dental 
changes and no difference between any variables of the 
two controlled interventions studied [36]. Dental changes 
develop as a result of the MAD exerted forces on the upper 

           None of the time  0

           Some of the time  10

           Most of the time 127

I found it difficult to insert or remove the ExVent valve:  

          None of the time  137

          Some of the time       0

          Most of the time 0

I use ExVent accessory and noticed difficulty breathing:  

          None of the time 137

          Some of the time  0

          Most of the time 0

The ExVent valve malfunctioned:  

          None of the time 137

          Some of the time      0

          Most of the time 0

I noticed accidental dislodgement of ExVent valve:  

          None of the time  137

          Some of the time      0

          Most of the time 0

I have benefited from the use of ExVent valve:  

          Yes 137

          No 0
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