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Abstract
Background Insertion of ventilation tubes (VTs) in the tympanic membrane is one of the most common ambulatory
surgeries performed on children. Postoperative care may continue for two or more years and is today mostly done by
otolaryngologists. Controls by general practitioners (GPs) may represent a su�cient level of health care regarding
clinical outcome, but there exist no evidence-based guidelines concerning the level of expertise for this task. Aim To
evaluate whether postoperative care after surgery with VTs performed by GPs represent a su�cient alternative to
otolaryngologists.

Methods/design Randomized controlled trial including patients from seven hospitals in all four Regional Health
Authorities in Norway. A total of 400 children aged 3-10 years will be randomized to postoperative care by either
otolaryngologist or their regular GP after surgery with VTs in the tympanic membrane. Two years after surgery we will
compare hearing thresholds, middle ear function, complication rate, health related quality of life as well as the
guardians’ evaluations of the postoperative care.

Discussion Results from the ConVenTu study are expected to contribute with knowledge necessary to develop evidence-
based guidelines regarding the level of expertise for safe postoperative care for children after surgery with VTs.

Background
Otitis media with effusion, de�ned as middle-ear effusion without acute signs of infection, is the major cause of
acquired hearing problems in children (1). Some of the affected children need surgery to reduce ear complaints and to
improve hearing, middle ear function and health-related quality of life (HRQoL) (2). During surgery a small incision is
made in the tympanic membrane to drain the �uid from the middle ear. Then a tiny ventilation tube (VT) (also called
tympanostomy tube or grommet) is placed in the opening to keep the middle ear ventilated and prevent �uid from
accumulating again. Surgery with VTs is one of the most common ambulatory surgeries performed on children (3). In
Norway, about 6700 children undergo surgery annually (4).

Postoperative care may continue for two or more years to “assure that the tubes are functional, hearing loss has been
corrected, and potential complications are properly diagnosed and managed” (5). A meta-analysis concluded, however,
that sequelae after VTs are generally transient (otorrhea) or cosmetic (focal atrophy, tympanosclerosis) (6). Nevertheless,
VTs that are not spontaneously rejected within two-three years are recommended to be removed surgically to avoid
persistent perforations (7, 8).

Despite the large annual number of surgeries with VTs, there exist no evidence-based consensus regarding frequency
and the level of expertise su�cient for the postoperative controls (8–10). A Dutch study found that most postoperative
controls did not lead to any clinical interventions and therefore questioned the need for regular follow-ups (11). The
Swedish Council on Health Technology Assessment completed a systematic literature review focusing on the
documentation of VT treatment, but did not reach a conclusion regarding optimal postoperative care of healthy children
with inserted VTs (9). The Norwegian Society of Otorhinolaryngology, Head- and Neck Surgery recommends that
postoperative care is performed by otolaryngologists (7). Consequently, otolaryngologists are doing most of the
postoperative controls in Norway, but occasionally this is done by GPs (12).

In a previous study we have reported no difference in hearing thresholds and middle-ear function two years after VT
surgery between children receiving postoperative care by otolaryngologists and by their regular GPs (13). However, the
low sample size and lack of randomization did not allow �nal conclusions on whether postoperative care performed by
GPs represent a safe alternative to otolaryngologists regarding clinical outcome. Moreover, we did not examine
complication rate, HRQoL of the children or the guardians’ evaluations of the postoperative care.
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To con�rm or reject previous �ndings with a higher level of scienti�c evidence, we decided to carry out a larger,
randomized controlled trial. The goal of our new study “Control of Ventilation Tubes” (ConVenTu) is to increase
knowledge about which professional level in the healthcare system is su�cient for performing safe postoperative care
of otherwise healthy children after surgery with VTs. The primary outcome measure is hearing thresholds measured two
years after surgery, and we will compare children that receive postoperative care by otolaryngologists and by their GPs.
We will also compare middle ear function, complication rate, HRQoL of the children and guardians’ evaluations of the
postoperative care. Results from our study can be utilized for deriving evidence-based clinical practice guidelines, and it
is our intention to come up with recommendations for su�cient postoperative care after surgery with VT.

Methods
Study design and setting {5d, 8, 9}

The ConVenTu study is a multicenter, randomized controlled trial conducted in clinical settings in seven hospitals
located in all four Regional Health Authorities in Norway. The postoperative care is committed by either an
otolaryngologist at the hospital where they had VT surgery, or by the patients regular GP. A �owchart of design and
timeline in the study is presented in �gure 1, and a SPIRIT schedule of enrolment, interventions, and assessments in
�gure 2.

The Department of Otolaryngology, Head and Neck Surgery at St. Olavs hospital is the main investigator site and
coordinator of the study. The study is performed in collaboration with the Norwegian University of Science and
Technology (NTNU). The project team leader and main project coordinator have regularly communication and study
visits have been performed at all study sites. In addition, meetings with all study sites are held annually or more
frequently.

Eligibility criteria {10}

Eligible to participate are children, age 3-10 years, where VTs are placed in one or two ears. Exclusion criteria are
cognitive impairment, medical syndromes or other coexisting severe disease, severe neurogenic hearing loss in at least
one ear (> 50 dB hearing thresholds in at least one frequency 0.25 - 4.0 KHz), or no comprehension of Norwegian
language.

Randomization {11a, 16a, 16c}

After surgery with VTs the study participants are randomized to receive postoperative care by an otolaryngologist or by
their regular GP (Figure 1). The allocation ratio is 1:1. Randomization is done by the project coordinator within each
study center, using the ‘WebCRF’ software developed at Unit for Applied Clinical Research at The Faculty of Medicine and
Health Sciences, NTNU. The design is block randomization with varying size of blocks, strati�ed on study center.

Procedures for postoperative controls {6b, 11a}

Children randomized to postoperative care by otolaryngologists will get an appointment at 6, 12 and 18 months after
surgery, to re�ect the existing management of these patients. Postoperative care by GPs will be on the demand of the
guardians and latest 18 months after surgery (Figure 1). If needed, as judged by the GP, the children will be referred to an
otolaryngologist.

Guardians of children randomized to the GP group will receive written information on when to contact their GP; for
instance, if the child has otorrhea, persistent reduced hearing, or otitis media. The GPs have received information about
the study and a procedure for postoperative care and how to treat the most common complications. This includes
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referral to otolaryngologist if the VTs have not been spontaneously rejected within 18 months. In addition, a procedure
for handling of complications is enclosed in the discharge report after surgery, so it is available at point-of-care.

Assessment of clinical and sociodemographic factors {18a}

All participants will be evaluated with audiological tests and questionnaires before and two years after surgery. The
audiological tests include audiometry and tympanometry. Results from at least three of the pure tone thresholds in dB at
0.5-1-2-4 kHz form the pure tone average (PTA). Hearing thresholds is measured by pure tone audiometry; play
audiometry is used if needed. Two years after surgery all participants will be examined by an otolaryngologist.
Complications during the postoperative period will be registered by carefully examining the patient record.

Sociodemographic information is assessed at enrollment. At the end of the follow-up period the guardians evaluate the
postoperative care. Both before and two years after surgery the guardians are asked to complete questionnaires
regarding their perception of the child’s HRQoL (see secondary outcome).

Each study center has a local coordinator responsible for a Case Report Form to ensure complete recording of individual
data.

Outcomes {12}

Comparison of PTA in dB between the randomized groups two years after surgery is de�ned as primary outcome.

The following clinical and sociodemographic factors are considered as secondary outcomes:

1. Middle ear function assessed with tympanometry and otomicroscopy (14)

2. Complication rates

3. Disease speci�c HRQoL by the otitis media questionnaire for children (‘OM8-30’) (15)

4. Generic HRQoL by ‘PedsQL’, based on proxy-report (participants aged 3-8 years) or by adolescent self-report (8-12
years) and ‘SDQ-Nor’ (16, 17)

5. Guardians evaluation of the postoperative care

The secondary outcome measures no. 1-2 act as surrogate markers for possible reduced hearing in the future.
Complications after insertion of VTs include otorrhea, occlusion of tubes, premature extrusion, persistent perforation in
the tympanic membrane, retraction pocket and cholesteatoma (5, 6, 18). The secondary outcome measures no. 3-5 is
assessing the risks and bene�ts of postoperative care and important for patient-centered care.

Participant timeline {13}

[Figure 1]

[Figure 2]

Sample size and power {14}

We have de�ned a clinically relevant difference of PTA as 5 dB, and the study is designed to detect a difference in PTA of
5 dB or more. Accordingly, we have set <5 dB as equivalence margin. To avoid an incorrect conclusion about no
difference between the groups (Type II error), the power of the tests for detecting a difference of ≥5 dB must be high
(≥90 %, error margin <10 %). To detect an absolute difference in PTA between the groups of 5 dB (with standard
deviation of 10 dB in each group), with a signi�cance level of 5% (two-sided test), and a power of 90 (95) %, a total of 85
(105) participants in each group is needed. With an additional 15 % added for dealing with potential skewly distributed
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variables, and further 20 % for potential dropouts during the follow-up period, we are left with a sample size of 118 (145)
participants in each group. To maintain power in analysis strati�ed for seven study centers (6 additional parameters in
model if included as categorical variable), sample size needs to be increased further. We will therefore include 200
participants in each of the two randomization groups (Figure 1).
Statistical analysis {20a, 20c}

The analyses will be performed according to intention-to-treat. A general linear model and/or a linear mixed model
(LMM) will be applied to compare PTA and mean change in PTA after two years. Similar methods will be applied for
other relevant variables that are measured on a continuous scale (HRQoL). Log-transformation, or non-parametric
methods, may need to be considered. Generalized linear mixed model for categorical data, and/or McNemar’s test is
relevant for analyzing changes in categorical, dichotomous outcome variables. A Chi-square test is relevant for
comparing the two study groups with respect to number of complications during postoperative care. Equality between
the two treatment groups will be evaluated in terms of the magnitude of observed differences (point and interval
estimate).

Discussion
Insertion of VTs is among the most common surgical procedures in childhood (3). The total amount of postoperative
controls generated for these patients and the lack of evidence concerning which level in the health care system to handle
the postoperative care necessitates the pragmatic design of this study. Possible disadvantages of postoperative care
carried out by GPs could be lack of knowledge and equipment, and failure to handle possible complications. On the
other hand, possible bene�ts could be shorter travelling distance and increased �exibility of time point of controls for the
patients and guardians. It is therefore important to evaluate whether postoperative care performed by GPs represent a
su�cient alternative to otolaryngologists concerning clinical outcome.

One of the major bene�ts with this multicenter RCT is that it is designed to be comprehensive enough to detect a
clinically relevant differences in hearing thresholds (≥ 5dB), middle ear function and complication rates. Another bene�t
is that the evaluation also includes the guardians’ evaluation of the postoperative care and HRQoL of children through
standardized questionnaires. The age range of the participants is from 3–10 years. The reason for not including younger
children are the di�culties of getting reliable audiological tests prior to surgery.

The ethical concerns in this study are related to whether children that are randomized to postoperative care by GPs may
be at risk of poorer clinical outcome. Therefore, all participants are thoroughly examined two years after surgery. There is
no summoning to postoperative controls in general practice, so there is a risk that guardians do not book an
appointment when needed despite the information given. However, in our previous study with similar design, a lack of
attendance in the GP group was not a problem (13). Moreover, children with severe neurogenic hearing loss or other
severe coexisting diseases are excluded from the study. If the GP �nds that the child needs to see an otolaryngologist, he
or she will refer the child. In Norway, nearly every citizen has an appointed regular GP (19) and therefore the guardians
will know which GP to contact. The Ethical Committee that reviewed the study did not have any comments on this
procedure.

Trial Status
This trial started inclusion of study participants in August 2017 and the recruitment period is estimated to be three years.
A challenge in the study has so far been slow recruitment of participants; we are considering prolonging the data
recruitment period to reach our target of 400 participants. The follow up period is two years, and the data collection
phase are expected to be completed in fall 2022. All personnel who have contributed signi�cantly with the planning and
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performance of the study may be included in the list of authors in according with the Vancouver rules (20). The results
of this study will be submitted for publications in peer reviewed journals and communicated to the participants and the
Ethics Committee according to EU and national regulations. It is our intention to come up with recommendations for
su�cient postoperative care after surgery with VTs.

Abbreviations
VT: Ventilation tube

GP: General Practitioner

HRQoL: Health-related quality of life

Declarations
Acknowledgements

The staff of the Departments of Otolaryngology at the study sites are highly acknowledged for participating in the trial.

Authors’ contributions {31b}

BA, AHN, ASH, and WMT conceived and designed the study. GA performed the sample size calculation. BA wrote the �rst
draft of the manuscript. BA, AHN, ASH, GA, SN, and WMT

contributed to the writing and review of the manuscript and approved the

�nal version. All named authors adhered to the authorship guidelines for Trials and have agreed to publication. No
professional writers were involved in this manuscript.

Funding {4}

The study is supported by The Joint Research Committee between St. Olavs Hospital and the Faculty of Medicine, NTNU
(Felles forskningsutvalg) and The Liaison Committee for Education, Research and Innovation, The Central Norway
Regional Health Authority (Samarbeidsorganet).

The funding body has no role or ultimate authority in the design of the study and collection, analysis, and interpretation
of data and in writing the manuscript.

Availability of data and material {29, 31c}

The datasets generated during and/or analysed during the current study are not publicly available due Norwegian
regulations concerning sensitive data but are available from the corresponding author on reasonable request.

Ethics approval and consent to participate {19, 24, 26a, 27}

This study was reviewed and approved by the Regional Committee for Medical and Health Research Ethics (REC) in Mid-
Norway (2015/902). The study will be conducted according to the Declaration of Helsinki and ICH-Good Clinical Practice
guidelines and follow the CONSORT rules (21, 22). Protocol modi�cations will be reviewed by REC and Clinical Trials.
Processing of personal study data will be done according to procedures approved by the data protection o�cial at each
study center.



Page 7/10

Guardians must give written informed consent on behalf of themselves and their children in order to participate. In
addition, children 8 years and older will by informed of the study.

Consent for publication {32}

Not applicable

Competing interest {28}

The authors declare that they have no competing interests.

Author details

Bjarne Austad, MD PhD (1,2)

Ann Helen Nilsen, R.N. MSc (3)

Prof Anne-So�e Helvik, R.N. Dr.Philos (1)

Prof Grethe Albrektsen, Cand.Scient, Dr.Philos (1)

Prof Ståle Nordgård, MD Dr.Med (3,4)

Wenche Moe Thorstensen, MD Ph.D (3,4)

1. of Public Health and Nursing, Norwegian University of Science and Technology (NTNU)

2. Øya Medical Centre, Trondheim

3. of Otolaryngology, Head and Neck Surgery St.Olavs Hospital, Trondheim

4. of Neuromedicine and Movement Science, NTNU

Authors’ information

BA is a general practitioner, WMT and SN are otolaryngologists, GA a professor in medical statistics, and AHN and ASH
are registered nurses.

References
1. Browning GG, Rovers MM, Williamson I, Lous J, Burton MJ. Grommets (ventilation tubes) for hearing loss

associated with otitis media with effusion in children. The Cochrane database of systematic reviews.
2010(10):CD001801.

2. Khanna R, Lakhanpaul M, Bull PD, Guideline Development G. Surgical management of otitis media with effusion in
children: summary of NICE guidance. Clin Otolaryngol. 2008;33(6):600-5.

3. Rosenfeld RM, Schwartz SR, Pynnonen MA, Tunkel DE, Hussey HM, Fichera JS, et al. Clinical practice guideline:
Tympanostomy tubes in children. Otolaryngol Head Neck Surg. 2013;149(1 Suppl):S1-35.

4. Vonen B. Dagkirurgi i Norge 2013-2017 [Ambulatory surgery in Norway 2013-2017]. Ministry of Health and Care
Services and Northern Norway Regional Health Authority; 2018. Report No.: 978-82-93141-34-1.

5. Isaacson G. UpToDate: Overview of tympanostomy tube placement, postoperative care, and complications in
children UpToDate2019 [cited 2019 Nov 8]. Available from: https://www.uptodate.com/contents/overview-of-

https://www.uptodate.com/contents/overview-of-tympanostomy-tube-placement-postoperative-care-and-complications-in-children?search=tympanostomy%20tubes&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1


Page 8/10

tympanostomy-tube-placement-postoperative-care-and-complications-in-children?
search=tympanostomy%20tubes&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1.

�. Kay DJ, Nelson M, Rosenfeld RM. Meta-analysis of tympanostomy tube sequelae. Otolaryngol Head Neck Surg.
2001;124(4):374-80.

7. Norsk forening for otorhinolaryngologi hode- og halskirurgi [Norwegian Society of Otorhinolaryngology Head and
Neck Surgery]. Veileder for øre-nese-halsfaget [Guideline for Otorhinolaryngology and Head & Neck Surgery] 2011
[cited 2019 Nov 8]. Available from: http://legeforeningen.no/Fagmed/Norsk-Forening-for-Otorhinolaryngologi-Hode--
og-Halskirurgi/Veileder-for-ore-nese-halsfaget/Otologi/Sekretorisk-otitt/.

�. Derkay CS, Carron JD, Wiatrak BJ, Choi SS, Jones JE. Postsurgical follow-up of children with tympanostomy tubes:
results of the American Academy of Otolaryngology-Head and Neck Surgery Pediatric Otolaryngology Committee
National Survey. Otolaryngol Head Neck Surg. 2000;122(3):313-8.

9. Statens beredning för medicinsk utvärdering [The Swedish Council on Technology Assessment in Health Care].
Rörbehandling vid in�ammastion i mellanöret [Tympanostomy tube insertion for otitis media in children]. En
systematisk litteraturöversikt. Stockholm: SBU; 2008. p. 78-84.

10. American Academy of Pediatrics. Follow-up management of children with tympanostomy tubes. Pediatrics.
2002;109(2):328-9.

11. Spielmann PM, McKee H, Adamson RM, Thiel G, Schenk D, Hussain SS. Follow up after middle-ear ventilation tube
insertion: what is needed and when? J Laryngol Otol. 2008;122(6):580-3.

12. Austad B, Hetlevik I, Bugten V, Wennberg S, Olsen AH, Helvik AS. Implementing guidelines for follow-up after surgery
with ventilation tube in the tympanic membrane in Norway: a retrospective study. BMC Ear Nose Throat Disord.
2013;13:2.

13. Austad B, Hetlevik I, Bugten V, Wennberg S, Olsen AH, Helvik AS. Can general practitioners do the follow-ups after
surgery with ventilation tubes in the tympanic membrane? Two years audiological data. BMC Ear Nose Throat
Disord. 2014;14(1):2.

14. Onusko E. Tympanometry. Am Fam Physician. 2004;70(9):1713-20.

15. Dakin H, Petrou S, Haggard M, Benge S, Williamson I. Mapping analyses to estimate health utilities based on
responses to the OM8-30 Otitis Media Questionnaire. Quality of life research : an international journal of quality of
life aspects of treatment, care and rehabilitation. 2010;19(1):65-80.

1�. Reinfjell T, Hjemdal O, Aune T, Vikan A, Diseth TH. The Pediatric Quality of Life Inventory (PedsQL) 4.0 as an
assessment measure for depressive symptoms: a correlational study with young adolescents. Nordic journal of
psychiatry. 2008;62(4):279-86.

17. Eilertsen ME, Rannestad T, Indredavik MS, Vik T. Psychosocial health in children and adolescents surviving cancer.
Scand J Caring Sci. 2011;25(4):725-34.

1�. Rosenfeld RM, Schwartz SR, Pynnonen MA, Tunkel DE, Hussey HM, Fichera JS, et al. Clinical practice guideline:
tympanostomy tubes in children. Otolaryngol Head Neck Surg. 2013;149(1 Suppl):S1-S35.

19. Forskrift om fastlegeordning i kommunene [Regulations on regular general practitioner scheme in the
municipalities], FOR-2012-08-29-842 (2013).

20. International Committee of Medical Journal Editors. De�ning the Role of Authors and Contributors [Available from:
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/de�ning-the-role-of-authors-and-
contributors.html.

21. CONSORT - transparent reporting of trials [cited 2019 Nov 8]. Available from: http://www.consort-statement.org/.

22. European Medicines Agency. Human regulatory. Good clinical practice [cited 2019 Dec 5]. Available from:
https://www.ema.europa.eu/en/human-regulatory/research-development/compliance/good-clinical-practice.

https://www.uptodate.com/contents/overview-of-tympanostomy-tube-placement-postoperative-care-and-complications-in-children?search=tympanostomy%20tubes&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
http://legeforeningen.no/Fagmed/Norsk-Forening-for-Otorhinolaryngologi-Hode--og-Halskirurgi/Veileder-for-ore-nese-halsfaget/Otologi/Sekretorisk-otitt/
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.consort-statement.org/
https://www.ema.europa.eu/en/human-regulatory/research-development/compliance/good-clinical-practice


Page 9/10

Figures

Figure 1

Flowchart

Figure 2

Schedule of enrolment, interventions, and assessments. *PTA=Pure Tone Average, dB=decibel, HRQoL=Health Related
Quality of Life, OM8-30, PedsQL, SDQ-Nor: see manuscript
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