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Abstract 

Objectives 

The objective of this study was to establish whether autoinflation was an effective 

intervention in a paediatric audiology service. The aims were to evaluate whether there was 

improvement in hearing thresholds following introduction of an autoinflation device, and 

whether there was a reduction in further audiology follow-ups, and in referrals to an ear, nose 

and throat specialist for consideration of ventilation tube insertion. 

Design 

This was a pragmatic retrospective study with historical controls using a paired 

availability design at a single paediatric audiology service in England.  

Participants 

All children seen in the clinic over a two-year period who were aged between 3 and 

11 years and who had a type B tympanogram in at least one ear were included. The Otovent 

autoinflation device was available as a treatment option over the second year (Cohort B) but 

not the first (Cohort A). There were 976 children included in the study: Cohort A comprised 

513 children, Cohort B comprised 463 children.  

Results  

There was a statistically significant improvement in hearing thresholds in Cohort B 

compared to Cohort A, however the improvements were clinically minimal with small effect 

sizes. There was no significant difference in improvement of tympanometry results between 

the two cohorts. Significantly more children in Cohort B (autoinflation group) were referred 

to an ear, nose and throat specialist after their second appointment compared to Cohort A.  
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Conclusions 

It was feasible to introduce autoinflation into the care pathway, however there was no 

evidence of clinically meaningful improved outcomes for patients. 
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Key points 

 Autoinflation using a nasal balloon is a low-cost intervention which may promote 

resolution of otitis media with effusion. 

 A recent NICE technical briefing suggested that autoinflation be used as a first-line 

option for glue ear during or after a watchful waiting period to help avoid the need for 

grommet surgery.  

 We conducted a clinical evaluation of an autoinflation device to find out whether it 

improved hearing thresholds in a typical paediatric audiology clinic.  

 There were clinically minimal improvements in hearing thresholds in the autoinflation 

group compared to controls, and significantly more children from the autoinflation 

group were referred to an ear, nose and throat specialist.  

 The introduction of the autoinflation device was feasible and acceptable to patients, 

parents, and audiologists, however, we did not feel that it was helpful enough to 

continue to offer it to all patients with otitis media with effusion.   
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Introduction 

Otitis media with effusion (OME) is characterised by fluid collection in the middle 

ear in the absence of acute infection. Conductive hearing loss is the main symptom and may 

be persistent or recurrent (1). Spontaneous resolution is common, however recovery is 

unpredictable and some children may experience significant impact on their speech 

perception, language development, educational outcomes, behavioural development and 

quality of life (2–6). 

A period of watchful waiting is the usual course of action following OME diagnosis. 

Ventilation tube (VT) insertion is a common surgical intervention for children with persistent 

OME. However, there is little evidence of long-term benefit with no difference in hearing 

levels seen in those with VTs compared to controls at 12 and 18 months post-surgery (7). 

Autoinflation using a nasal balloon is a low-cost intervention which may promote 

resolution of OME during the watchful waiting period. A recent randomised controlled trial 

(RCT)  showed that autoinflation was an effective method of clearing middle ear effusion, as 

shown by improvement in tympanometry results, in children age 4-11 years at one and three 

months compared to standard care alone in a primary care setting (5). However, it is hearing 

loss, rather than OME in isolation, that is known to affect language and social development 

(4), and it has been suggested that audiometric assessment completed over a specific time 

period should be the primary outcome in assessing OME (7).  

A systematic review evaluating the use of autoinflation for hearing loss in children 

with OME (8) suggested that it does not improve audiometry thresholds. However, study 

groups were small, which is particularly problematic considering the high spontaneous 

resolution rate. Adherence to using autoinflation was also variable (9,10). Parental perception 

of the device is that it is acceptable and appealing to children, and that it is possible to adhere 

to the treatment regimen by making the nasal balloon part of a child’s daily routine (11).  
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A recent National Institute for Health and Care Excellence (NICE) technical briefing 

(12) examining the effectiveness of the Otovent (ABIGO Medical, Askim, Sweden) for OME 

suggested that autoinflation be used as a first-line option for glue ear during or after the 

watchful waiting period to help avoid the need for grommet surgery. Whilst RCTs are the 

“gold standard” for establishing efficacy and safety of new interventions they may not be 

representative of patient populations and routine clinical practice due to necessarily strict 

inclusion/exclusion criteria (13). RCTs also have extra resources for ensuring high levels of 

treatment compliance which are rarely available in clinic. The recent RCT (5) took place in a 

primary care setting and measured outcomes on tympanometry rather than the more clinical 

relevant outcome of hearing.  

Here, we performed an analysis to establish whether autoinflation using the Otovent 

device led to an improvement in hearing thresholds in children with glue ear, and whether 

there was a reduction in further audiology follow-ups, and in referrals to an ear, nose and 

throat (ENT) specialist. 

Materials and Methods 

Study design and setting 

The study took place at the Royal Berkshire Hospital NHS Foundation Trust (RBFT). 

This was a pragmatic retrospective study with historical controls using a paired availability 

design (14). This design reduced the possibility of selection bias as all eligible patients were 

compared in the period analysed, whether they received the device or not. 

Ethical considerations 

This study was categorised as a clinical service evaluation by the research and 

development department. Formal research ethics committee approval was therefore not 

required and it was not necessary to obtain written consent from patients or carers.  
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Participants 

All children seen in the RBFT children’s hearing assessment clinic between 23 

February 2017 and 22 February 2019 who were aged between 3 and 11 years and had a type 

B tympanogram with normal ear canal volume in at least one ear were included in the 

analysis. Reasons for exclusions and numbers are shown in Figure 1. The final group for 

analysis comprised 976 patients. Two cohorts were identified: Cohort A (n=513) were 

between 23 February 2017 and 22 February 2018 and Cohort B (n=463) were seen between 

23 February 2018 and 22 February 2019. Autoinflation was available as a treatment option 

for Cohort B and not for Cohort A.  

Procedures 

All children received routine care including history taking, otoscopy, tympanometry, 

and pure tone or play audiometry at each appointment. For children identified with OME, at 

least one period of watchful waiting was arranged with a follow-up appointment scheduled 

between three and six months depending on parental report, audiometry results and whether 

OME was unilateral or bilateral. Children with persistent bilateral OME and a hearing level 

in the better ear of 25–30 dB HL or worse averaged at 0.5, 1, 2 and 4 kHz were offered a 

choice between referral to ENT for consideration of surgical intervention (15) or temporary 

hearing aids.  

Children in Cohort B were also offered an Otovent care pack. A care pack was not 

offered for children with a latex allergy, children who already had ventilation tubes, or 

children with active ear infections. The care pack consisted of an Otovent, a patient 

information leaflet (Using the Otovent – departmentally written and reviewed by the hospital 

patient panel), reward stickers and chart. Audiologists gave information about autoinflation 

by either demonstrating themselves, showing a video in clinic, or showing the instructions on 

the patient information leaflet. Patients could accept or decline the device at the appointment. 
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Patients were advised to use the device as specified by the manufacturers i.e. three times a 

day for the first week, then twice a day after that until the follow up appointment. 

Information was collected about reasons audiologists did not offer the Otovent. Parents of 

children who had received an Otovent pack were asked brief questions at the follow up 

appointment about compliance and issues with the device. All patients were either 

discharged, referred to ENT, or had a further appointment arranged in audiology.  

Data Analysis and Missing Data 

The study had a paired availability design i.e., all children who met the clinical 

criteria for receiving an Otovent were included in the analysis (not just those who received it) 

in order to reduce selection bias. However, results were also analysed for those who 

consistently used the device in order to see whether compliance affected the outcomes.  

McNemar’s test was used to evaluate change in tympanometry between the two time 

points for each group. An improvement in tympanometry was defined as a change from type 

B tympanogram to type A, As or C. Difference-in-difference (DiD) analysis (16) was used to 

measure the impact of the Otovent compared to standard care alone and regression modelling 

was used to examine differences between groups. Paired t-tests were applied to examine the 

difference in hearing thresholds over time. Regression modelling was used to evaluate 

differences between groups. Reduction in the number of audiology follow-ups and ENT 

referrals was evaluated using chi-square testing.  

There were significantly more missing values for Cohort B at 0.5 and 2 kHz PTA at 

the second appointment compared to Cohort A (see Supplementary table A) and it was 

concluded that data were unlikely to be missing at random. Therefore, missing values were 

not replaced. To mitigate data loss, analyses included all the available data where possible.  
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Results 

Participant characteristics and between group comparisons are shown in Table 1. Sex, 

age and tympanometry type were not significantly different between groups. Hearing 

thresholds were significantly poorer at all frequencies on the right and two frequencies on the 

left for Cohort B compared to Cohort A. The interval between appointments was significantly 

shorter for Cohort B compared to Cohort A. However, the differences were clinically 

minimal (maximum difference in hearing threshold was 2.48 dB) and small effect sizes were 

observed. 

Four children were reported to have latex allergy and therefore were not offered the 

Otovent. The Otovent was offered to and accepted by 331 families. One hundred thirty-two 

children who had an appointment in 2018-19 did not receive an Otovent. Reasons for this 

included parents feeling their child would not be able to use the device, lack of stock at 

outstation clinics, clinician forgetting, and lack of time in the appointment. Of the 331 

children who received the Otovent, 54 did not use it, 54 used it sporadically and 156 used it 

consistently. Information was not collected for the remaining 67. The majority of audiologists 

(83%) demonstrated the device by showing the available video.  

Group Differences 

Hearing thresholds 

Results of audiometry at both time points are shown in Figure 2. There was 

significant improvement across frequencies (p<.001) between the two time points for each 

group with a mean improvement of 5.36 dB HL for Cohort A and 6.27 dB HL for Cohort B. 

Results of regression modelling are illustrated in Table 2 and show significantly greater 

improvements in hearing threshold in Cohort B at 2 kHz (p=.032) and 4 kHz (p=.020) on the 

right compared to Cohort A. This significant difference was maintained at 4 kHz (but not 2 
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kHz) on the right when considering only those who were consistent users of the Otovent in 

Cohort B (see Supplementary table B). Significantly more children met the NICE criteria for 

surgical consideration at the second appointment in Cohort B (19%) compared to Cohort A 

(12%; χ2=4.55, p=.033). 

Tympanometry 

McNemar’s test showed that there was a significant improvement in middle ear 

function between the first and second appointments as determined by change from type B 

tympanogram to type A, As or C in both groups (p<.001 for both groups).  DiD analysis 

suggested that improvements were greater in the control group compared to the Otovent 

group (see Table 3). Results of regression modelling showed that there was no significant 

difference between groups when comparing rates of improvement for tympanometry. There 

was no substantial change in the results when evaluating only those who were consistent 

users of the Otovent in Cohort B.  

Further Appointments 

There was no significant difference between groups in the number of children who 

were seen for further audiology appointments (Cohort A: 50.5%, Cohort B: 52.3%; p=.645). 

However, significantly more children in Cohort B were referred to ENT following their 

second appointment in comparison to Cohort A (Cohort A: 15.6%, Cohort B: 29.6%; 

p<.001).  

Issues with Device 

Verbal comments from children and parents were recorded for 238 patients. Ninety-

one parents or children reported that they had no problems using the device. Thirty reported 

that it was difficult to use the device at first but got easier with time. Difficulties inflating the 

balloon were reported for 55 children and pain or discomfort was reported for 16 children. 
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Other issues included the child having nasal congestion or other illness, the family having 

difficulties finding time to use the device, the child refusing or being scared to try, and the 

device getting lost.  

Discussion 

Our primary goal was to assess whether there was a difference in improvement in 

hearing thresholds in the autoinflation group compared to controls. We found significant 

improvements between first and second appointments across frequencies in both groups 

which was as expected given that OME is frequently a self-limiting condition with resolution 

rates of 56% by 3 months (17). Although there was significantly greater improvement in the 

autoinflation group at some frequencies, the improvements were less than 2 dB HL, which is 

not clinically significant, and effect sizes were small. Previous studies have suggested that 

autoinflation does not significantly improve hearing thresholds compared to controls (10,18) 

and although our study does suggest a significantly greater improvement at some frequencies 

for our autoinflation cohort, the functional gain was minimal.  

No significant difference in improvement in tympanometry was observed between the 

two cohorts. This is in contrast to an RCT which showed significantly more improvement in 

tympanometry results for an autoinflation group compared to controls (5). There may be 

several reasons for this. Firstly, there was a longer time period between the first and second 

appointments in the current study. As the spontaneous resolution rate of OME increases over 

time (17), it may be that any short term advantage of autoinflation was lost over a longer time 

period. Secondly, the compliance rate for the current study was lower compared than the 

RCT (5) and, as all eligible children were included in the primary analysis, this may have led 

to an underestimation of the effect of autoinflation. However, further analysis evaluating only 

children who were consistent users did not substantially change the results. The compliance 
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rates in the current study are similar to another study (10) and may more accurately reflect 

use of the device in a clinical setting outside of an RCT. 

Significantly more children in the autoinflation group were referred to ENT compared 

to controls. This may have been due to there being significantly more children in the 

autoinflation group who met the NICE criteria for consideration for surgery at the second 

appointment. However, only 19% of the autoinflation cohort met the NICE criteria whereas 

29.6% of the cohort were referred to ENT. It is speculated that at least some of these 

additional referrals may have been due to the possibility that both parents and audiologists 

were less likely to find a further period of watchful waiting acceptable as an intervention had 

taken place and had not resulted in resolution of the child’s OME.  

Limitations 

This study has several limitations. This was a retrospective evaluation with historical 

controls and therefore risked selection bias. There was also more missing data than may be 

anticipated in other study designs such as RCTs. However, the aim was to obtain information 

about how effective autoinflation was in a typical paediatric audiology clinic. A paired 

availability design was used in order to reduce selection bias, and a full calendar year per 

cohort was evaluated in order to control for known effects of seasonality in OME (19). A 

further possible issue was that the cohorts differed significantly on several variables at the 

first appointment meaning that it is difficult to say that the two groups were drawn from the 

same population. However, the sample size was large (976 children), and therefore small 

differences became significant. For example, there was a significant difference in interval 

between appointments but this was around 10 days and is unlikely to have had a large impact 

on resolution rates.  
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Conclusion 

This study found that introducing autoinflation into a paediatric audiology clinic for 

the management of OME is feasible and acceptable to children, parents and audiologists. 

Although there were significantly greater improvements in hearing thresholds in the 

autoinflation cohort compared to controls, these were not clinically meaningful, and there 

were no significant improvements in tympanometry and significantly more children in the 

autoinflation group were referred to ENT. Our data do not support routine use of the Otovent 

device in children who present with OME. It is possible that some subgroups will benefit 

from this device, and future studies may look to define such cohorts.  
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Table 1 Participant characteristics and between group comparisons 

 Cohort A 

(n=513) 

Cohort B 

(n=463) 

    

Variable M (SD) M (SD) Statistic p Effect size 95% CI 

Sex 234F:279M 201F:262M χ2 = 0.48 .490 1.12 - 

Age at appointment 1 (years) 5.26 (1.49) 5.38 (1.71) t =-1.31 .191 -0.08 [-0.32, 0.06] 

Age at appointment 2 (years) 5.71 (1.53) 5.88 (1.70) t=-1.56 .120 -0.10 [-0.37,  0.04] 

Interval between appointments (months) 4.54 (1.95) 4.20 (2.03) t=2.07 .040 0.13 [0.01, 0.52] 

Right tympanometry type A:As:B:C 58:7:399:49 41:6:376:40 χ2 = 3.62 .306 1.36 - 

Left tympanometry type A:As:B:C 62:7:397:47 35:8:375:45 χ2 =5.95 .114 1.48 - 

Right ear hearing thresholds       

500 Hz (dB HL) 27.39 (10.26) 29.02 (11.05) t=-2.22 .027 -0.15 [-3.64, -0.13] 

1000 Hz (dB HL) 25.27 (11.02) 27.09 (11.91) t =-2.34 .020 -0.16 [-3.35, -0.29] 

2000 Hz (dB HL) 17.09 (11.28) 18.97 (12.01) t =-2.11 .035 -0.16 [-3.64, -0.13] 

4000 Hz (dB HL) 23.51 (13.44) 25.99 (13.49) t =-2.68 .008 -0.18 [-4.30, -0.66] 

Left ear hearing thresholds       

500 Hz (dB HL) 26.37 (10.85) 28.47 (10.44) t =-2.84 .005 -0.20 [-3.55, -0.65] 

1000 Hz (dB HL) 25.17 (11.90) 26.79 (11.08) t =-2.05 .040 -0.14 [-3.17, -0.07] 

2000 Hz (dB HL) 17.77 (11.86) 18.74 (10.47) t =-1.14 .255 -0.09 [-2.66, 0.70] 

4000 Hz (dB HL) 24.41 (13.32) 25.54 (13.02) t =-1.24 .214 -0.09 [-2.91, 0.65] 



 19 

All comparisons on scale data were t tests. Group comparisons on sex and tympanometry type were done using chi-square tests (one-sided). 

Significant comparisons (p < .05) are shown in boldface. Effect size = Cohen’s d for t tests, and odds ratio (OR) for chi-square tests. CI = 

confidence interval.   
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Table 2 Regression modelling for audiometry improvements over time 

 Cohort A 

(n=513) 

Cohort B 

(n=463) 

  

 Reduction in threshold 

over time (dB HL) 

Reduction in threshold 

over time (dB HL) 

Beta (SE) p 

Right ear hearing thresholds     

500 Hz 5.18 5.62 -0.7 (0.8) .373 

1000 Hz 5.67 6.05 -0.6 (0.8) .484 

2000 Hz 4.28 5.95 -1.9 (0.9) .032 

4000 Hz 6.05 7.42 -2.2 (0.9) .020 

Pure tone average 5.29 6.26 -0.9 (0.8) .265 

Left ear hearing thresholds     

500 Hz 4.72 5.18 -1.4 (0.7) .053 

1000 Hz 5.60 7.01 -1.0 (0.8) .225 

2000 Hz 4.99 5.54 -0.9 (0.9) .275 

4000 Hz 6.36 7.41 -1.4 (0.9) .121 

Pure tone average 5.42 6.28 -1.0 (0.8) .180 

SE = standard error. Significant comparisons (p < .05) are shown in boldface.  
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Table 3 Tympanometry resolution by cohort 

 Cohort A 

(n=513) 

Cohort B 

(n=463) 

   

Variable n (%) n (%) DiD OR (95% CI) p 

Right tympanic resolution  203 (51%) 187 (50%) -2.2 0.81 (0.36-1.8) .608 

Left tympanic resolution  194 (49%) 164 (44%) -5.2 0.95 (0.44-2.05) .893 

Tympanic resolution defined as change from type B to A, As or C. DiD = difference-in-difference analysis. OR = odds ratio. 
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Supplementary table A PTA missing data and between group comparisons 

 Cohort A 

(n=513) 

Cohort B 

(n=463) 

χ2 p 

 n (%) n (%)   

Appointment 1     

Right ear pure tone thresholds     

500 Hz 22 (4%) 28 (6%) 1.55 .213 

1000 Hz 3 (0.6%) 1 (0.2%) 0.81 .368 

2000 Hz 89 (17%) 102 (22%) 3.39 .066 

4000 Hz 2 (0.4%) 4 (0.9%) 0.90 .344 

Left ear pure tone thresholds     

500 Hz 25 (5%) 27 (6%) 0.44 .506 

1000 Hz 5 (1%) 2 (0.4%) 1.01 .316 

2000 Hz 92 (18%) 102 (22%) 2.56 .109 

4000 Hz 3 (0.6%) 5 (1%) 0.73 .392 

Appointment 2     

Right ear pure tone thresholds     

500 Hz 4 (0.8%) 17 (3.7%) 9.67 .002 

1000 Hz 2 (0.4%) 0 (0%) 1.81 .179 

2000 Hz 22 (4%) 46 (10%) 11.97 <.001 

4000 Hz 0 (0%) 1 (0.2%) 1.11 .292 

Left ear pure tone thresholds     

500 Hz 1 (0.2%) 10 (2%) 8.43 .004 

1000 Hz 2 (0.4%) 0 (0%) 1.81 .179 

2000 Hz 22 (4%) 47 (10%) 12.73 <.001 

4000 Hz 1 (0.2%) 2 (0.4%) 0.45 .504 

Group comparisons were done using chi-square tests (one-sided). Significant comparisons (p 

< .05) are shown in boldface. 
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Supplementary table B Regression modelling for pure tone audiometry improvements over time for Cohort B consistent use group 

 Cohort A 

(n=513) 

Cohort B consistent users 

(n=156) 

  

 Reduction in threshold over 

time (dB HL) 

Reduction in threshold over 

time (dB HL) 

Beta (SE) p 

Right ear pure tone thresholds     

500 Hz 5.18 5.48 -0.6 (1.1) .574 

1000 Hz 5.67 6.33 -0.6 (1.1) .572 

2000 Hz 4.28 5.28 -1.2 (1.3) .356 

4000 Hz 6.05 8.20 -2.7 (1.4) .045 

Pure tone average 5.29 6.77 -0.7 (1.1) .521 

Left ear pure tone thresholds     

500 Hz 4.72 6.03 -1.6 (0.9) .069 

1000 Hz 5.60 7.86 -2.1 (1.1) .070 

2000 Hz 4.99 6.19 -1.7 (1.2) .174 

4000 Hz 6.36 7.87 -1.8 (1.3) .166 

Pure tone average 5.42 7.30 -1.7 (1.1) .124 

SE = standard error. Significant comparisons (p < .05) are shown in boldface. 
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