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Risk of occurrence and recurrence of otitis media with effusion in children suffering from cleft palate
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Introduction

Otitis media with effusion (OME) is a high prevalent pediatric disease that is often wrongly considered to be benign. In fact, it has been widely demonstrated that OME has both shortand long-term negative impacts on audition, language/cognitive development, and quality of life [START_REF] Klopp-Dutote | Tympanostomy tubes for serous otitis media and risk of recurrences[END_REF]. Moreover, OME can lead to severe complications or sequelae, such as tympanic retraction pockets, ossicular defects, tympanosclerosis, and middle ear cholesteatoma.

The condition is particularly frequent in children with cleft palate (CP), with an incidence of around 90% in the literature [START_REF] Flynn | The high prevalence of otitis media with effusion in children with cleft lip and palate as compared to children without clefts[END_REF][START_REF] Sheahan | Incidence and outcome of middle ear disease in cleft lip and/or cleft palate[END_REF][START_REF] Paradise | The universality of otitis media in 50 infants with cleft palate[END_REF][START_REF] Phua | Middle ear disease in children with cleft palate: protocols for management[END_REF]. This is probably because of anatomical abnormalities in the velar muscles responsible for opening the auditory tube (e.g. the tensor veli palatini and levator veli palatini). Moreover, the recurrence of OME in children with CP appears to be frequent, and may even occur as late as 10 to 12 years of age [START_REF] Sheahan | Middle ear disease in children with congenital velopharyngeal insufficiency[END_REF].

Furthermore, there is no international consensus on the management of OME in children suffering from CP. Some physicians routinely perform prophylactic TT placement at the time of palate repair [START_REF] Valtonen | Long-term clinical, audiologic, and radiologic outcomes in palate cleft children treated with early tympanostomy for otitis media with effusion: a controlled prospective study[END_REF][START_REF] Tunçbilek | Audiologic and tympanometric findings in children with cleft lip and palate[END_REF], whereas others adopt a more conservative approach by inserting TTs only when the signs and symptoms of OME are present [START_REF] Shaw | Conservative management of otitis media in cleft palate[END_REF][START_REF] Maheshwar | Use of hearing aids in the management of children with cleft palate[END_REF][START_REF] Robinson | The effect of palate repair on otitis media with effusion[END_REF].

The objective of the present cohort study of 123 children with CP was to identify (i) CPrelated risk factors for bilateral TT placement, and (ii) risk factors for the recurrence of OME in this population.

Material and methods

Ethical considerations

The study was performed in compliance with good clinical practice and was approved by the local institutional review board.

Study design

This was a retrospective, single-center cohort study of all children treated for CP in a French university medical center between January 1 st , 2004, and December 31 st , 2010. The follow-up period ended on December 31 st , 2017, and therefore the duration of follow-up per patient ranged from 7 to 13 years. All the participants had undergone CP surgery in the medical center's maxillofacial surgery department and had received otologic care in the ENT and head & neck surgery department.

Inclusion criteria

All children with a CP (according to the Veau classification), including a soft palate cleft (Veau I), soft and hard palate cleft (Veau II), unilateral lip and soft and hard palate cleft (Veau III) and bilateral lip and soft and hard palate cleft (Veau IV) were eligible for inclusion in the study.

Exclusion criteria

Children with a history of cleft lip (in the absence of CP) were excluded from the study.

Children lost to follow-up (defined by the absence of post-surgical follow-up for at least 6 months) were also excluded.

Surgical management of CP

In our university hospital's maxillofacial surgery department, the surgical procedure of choice is usually a two-stage hard palate closure [START_REF] Neiva | Calvarial periosteal graft for second-stage cleft palate surgery: a preliminary report[END_REF]. All procedures were performed by two experienced maxillofacial surgeons. The first stage (lip and soft palate closure) was performed between the ages of 3 and 6 months. In cases of unilateral cleft lip and palate, the lip was closed using the Tennison Randall procedure [START_REF] Randall | A triangular flap operation for the primary repair of unilateral clefts of the lip[END_REF]. In cases of bilateral cleft lip and palate, the Delaire [START_REF] Delaire | Les trois fibromuqueuses palatines. Leur rôle dans la croissance du maxillaire. Déductions thérapeutiques dans la chirurgie des divisions palatines [The 3 palatine fibromucous membranes. Their role in maxillary growth. Therapeutic role in surgery of the palatine shelves, French][END_REF] technique was used. The intravelar veloplasty technique developed by Sommerlad was used for soft palate closure [START_REF] Sommerlad | A technique for cleft palate repair[END_REF]. The size of the remaining hard palate then spontaneously recedes, which thus facilitates less invasive second-stage hard palate cleft repair. Nevertheless, when the residual palatal cleft was larger than 15 mm, the second-stage palate repair included a calvarial periosteal graft so that the mucoperiosteum remained intact [START_REF] Neiva | Calvarial periosteal graft for second-stage cleft palate surgery: a preliminary report[END_REF]. After surgery, the children were followed up by a multidisciplinary team every 12 months until they had stopped growing.

ENT care

The diagnosis of OME was based on the presence of an effusion behind the tympanic membrane lasting more than three months, as demonstrated by both otoscopy and tympanometry or by otoscopy alone.

Tympanostomy tube placement was indicated in the following cases: OME lasting for at least 3 months; conductive or mixed hearing loss of more than 30 dB HL in the better of the two ears; conductive or mixed hearing loss (air-bone gap > 10 dB) combined with delayed speech acquisition due to another cause; the presence of posterior mesotympanic membrane retraction associated with OME; and recurrent acute otitis media in children under the age of 3 years (at least 3 episodes over a period of 6 months or at least 4 episodes per year).

Adenoidectomy was never performed. Children without OME were followed up for at least one year in the ENT department. Children who underwent at least one TT placement had a follow-up ENT consultation at least every 6 months.

The TT retention time was defined as the time between TT placement and TT expulsion, as noted during follow-up consultations. If the TT retention time differed from one ear to another, the average of the two values was used in the statistical analysis.

The indications for TT removal were a TT retention time of more than 2 years, TT impairment (an encrusted or blocked TT), and TT-related complications (otorrhea, granuloma, or major pars tensa perforation).

Study objectives

The study's primary objective was to identify risk factors for the occurrence of OME necessitating a TT placement. The following putative risk factors were studied: gender, age at the first CP surgical procedure, the presence of polymalformative syndrome, and the type and severity of the CP.

The study's secondary objective was to identify risk factors for the recurrence of OME. The following putative risk factors were studied: gender, age at the first TT placement (TT1), the TT1 retention time, the type of TT1 (a Shepard grommet-type or a T-Tube), and the type and severity of CP.

Statistics

With regard to the characteristics of the study population, quantitative variables were described as the mean ± standard deviation (range), and qualitative variables were described as the frequency [95% confidence interval (CI)]. We first used univariate logistic regression models to screen for risk factors for the recurrence of OME. Next, a multivariate logistic regression model was built with all the variables found to be significant (p<0.2) in the univariate analyses. Odds ratios (ORs) were calculated with their 95% CI. An intermediate analysis was not performed. For the primary objective, the threshold for statistical significance was set to p<0.20 in the univariate analyses and p<0.05 in the multivariate analysis. For the secondary objective, the threshold for statistical significance in two-tailed tests was set to p<0.05.

Results

One hundred and forty-five children underwent an initial surgical procedure for CP. Twentytwo were lost to follow-up, and so 123 children (66 males and 57 females) were included in the study (Table 1). The mean duration of follow-up was 104.28 months (i.e. 8 years and 9 months).

Among the 66 children with complete CP, there were 30 bilateral cases (Veau IV) (45.5%) and 36 unilateral cases (Veau III) (14 (21.2%) right-side and 22 (33.3%) left-side). One hundred and six children (86.18%) underwent two surgical procedures. Of these, 49 (46.2%) had a calvarial periosteal graft. The mean age at the time of the first-and the second-stage surgical procedures was 4.89 months and 23.97 months respectively.

The mean age at the first ENT consultation was 14.53 months. On the basis of this consultation, 40 children (32.5%) did not have otitis of any type, 76 children (61.8%) were diagnosed with OME, and 7 were diagnosed with acute otitis media (5.7%).

The mean age at first TT placement was 26.43 months. Ninety-eight children (79.7%) had at least one bilateral TT placement. The OME recurred in 42 children (34.15%) and thus necessitated at one additional TT placement. Ten children had 3 or more TT placements. All the data on TT placements are summarized in Table 2. Additionally, data on children having undergone at least one TT placement versus children who did not undergo TT placement are summarized in Table 3. The risk factors for a first TT placement are indicated in Table 4. In a multivariate analysis, the need for two surgical procedures was the sole statistically significant risk factor for a first TT placement. Indeed, the need for a surgical procedure multiplied the risk of undergoing a first TT placement by a factor of 0.16 (i.e. a reduction of 84%, in other words; Table 4).

The risk factors for OME recurrence after a first TT placement are indicated in Table 5. In a multivariate analysis, a low TT retention time was significantly associated with OME recurrence; the longer the retention time for the first TT placement, the lower the risk of OME recurrence. Indeed, the mean retention time for the first TT placement was 22.95 months in children with recurrent OME and 33.86 months in those with no recurrence (p=0.02; CI 95% = [4.01; 17.8]).

Discussion

Children with CP have an abnormally high chance of developing OME and its complications, due to a putative impairment of the velar muscles and thus a major anatomic defect of the auditory tube; prevalence values of up to 90% have been reported in early studies, [START_REF] Paradise | The universality of otitis media in 50 infants with cleft palate[END_REF][START_REF] Stool | Unexpected ear disease in infants with cleft palate[END_REF][START_REF] Dhillon | The middle ear in cleft palate children pre and post palatal closure[END_REF][START_REF] Soudijn | Cleft palates and middle ear effusions in babies[END_REF].

Recently, a prospective, longitudinal study of children between the ages of 1 and 5 years found that the overall prevalence of OME was 75% in children with CP versus 19% in children without CP [START_REF] Flynn | The high prevalence of otitis media with effusion in children with cleft lip and palate as compared to children without clefts[END_REF]. In the present study, the prevalence of OME in children with CP was 80%. Surprisingly, the frequency of TT placement in children with CP varies greatly from one series to another (from 17% to 98% in the literature, and 80% in this series) [START_REF] Sheahan | Middle ear disease in children with congenital velopharyngeal insufficiency[END_REF][START_REF] Shaw | Conservative management of otitis media in cleft palate[END_REF][START_REF] Maheshwar | Use of hearing aids in the management of children with cleft palate[END_REF][START_REF] Reiter | Repaired cleft palate and ventilation tubes and their associations with cholesteatoma in children and adults[END_REF][START_REF] Kuo | Grommets for otitis media with effusion in children with cleft palate: a systematic review[END_REF], and appears to be rather low when compared with the high observed prevalence of OME in this population. Atypically, Szabo et al. reported a very high TT placement rate (98%) in a series of 86 children with CP [START_REF] Szabo | Treatment of persistent middle ear effusion in cleft palate patients[END_REF].

There are several possible explanations for this disparity. Firstly, the pathophysiology of OME is complex and can involve many different factors -notably inflammatory factors [START_REF] Blanc | Management of otitis media with effusion in children. Société française d'ORL et de chirurgie cervico-faciale clinical practice guidelines[END_REF]. Velar muscle impairment is probably a factor but is unlikely to be the main cause. Secondly, the management of OME varies from one country to another and even from one ENT department to another because a validated, international, specific consensus on OME in children with CP is currently lacking. At best, the guidelines on OME issued by learned societies have a few paragraphs on children with CP [START_REF] Blanc | Management of otitis media with effusion in children. Société française d'ORL et de chirurgie cervico-faciale clinical practice guidelines[END_REF][START_REF]Surgical Management of Otitis Media With Effusion in Children. Clinical guidelines[END_REF][START_REF] Rosenfeld | Clinical Practice Guideline: Otitis Media with Effusion (Update)[END_REF][START_REF] Rosenfeld | Clinical practice guideline: Tympanostomy tubes in children[END_REF][START_REF] Heidemann | Danish guidelines on management of otitis media in preschool children[END_REF][START_REF] Ito | Clinical practice guidelines for the diagnosis and management of otitis media with effusion (OME) in children in Japan, 2015[END_REF].

Many aspects of the management of OME in children with CP are subject to debate [START_REF] Bruce | The management of Otitis Media with Effusion in children with cleft palate (mOMEnt): a feasibility study and economic evaluation[END_REF], including the indication for TT placement, the optimum age at first TT placement, the type of TT (grommet-type or T-Tube), the impact of CP on the occurrence and recurrence of OME, the follow-up, and risk factors for OME recurrence. Many of these aspects are interrelated.

Most guidelines recommend TT placement if OME persists for more than 3 months and is associated with a documented hearing impairment -although the latter can be difficult to assess in young infants or babies. It is important to bear in mind that TT placement might not be a systematic requirement in non-complicated cases of OME. Indeed, in the absence of a tympanic membrane alteration or hearing impairment, OME might only warrant watchful waiting -even in children with CP.

When TT placement is indicated, the rule appears to be "the earlier, the better". In the present series, the mean age at first TT placement was 26.43 months; for practical reasons (one session under general anesthesia for two surgical procedures), this coincided with the age at hard palate closure. In other studies, children with CP underwent TT placement even earlier (from 6 to 9.6 months) [START_REF] Valtonen | Long-term clinical, audiologic, and radiologic outcomes in palate cleft children treated with early tympanostomy for otitis media with effusion: a controlled prospective study[END_REF][START_REF] Kim | Evaluation of Ventilation Tube Placement and Long-term Audiologic Outcome in Children With Cleft Palate[END_REF][START_REF] Lehtonen | Middle ear findings and need for ventilation tubes among pediatric cleft lip and palate patients in northern Finland[END_REF]. In fact, a large, nationwide survey performed in the UK in 2015 (the MOMENT study) revealed great disparities in the management of OME in children with CP; TT placement was generally very infrequent, and was never performed systematically at the time of hard palate closure [START_REF] Bruce | The management of Otitis Media with Effusion in children with cleft palate (mOMEnt): a feasibility study and economic evaluation[END_REF].

Although OME per se appears to have a minor impact on the acquisition of spoken language and reading in children and is not particularly associated with other developmental problems [START_REF] Blanc | Management of otitis media with effusion in children. Société française d'ORL et de chirurgie cervico-faciale clinical practice guidelines[END_REF], the situation is different for children with CP. Particularly in preschool children with CP, OME can be associated with delayed speech acquisition and articulation disorders [START_REF] Blanc | Management of otitis media with effusion in children. Société française d'ORL et de chirurgie cervico-faciale clinical practice guidelines[END_REF][START_REF] Roberts | Otitis media, hearing loss, and language learning: controversies and current research[END_REF]. In general (and probably more so in children with CP), the placement of TTs can restore normal hearing (when the tubes are correctly placed and remain patent) and prevent the recurrence of OME (after they fall out or are removed) and the development of cholesteatoma [START_REF] Blanc | Management of otitis media with effusion in children. Société française d'ORL et de chirurgie cervico-faciale clinical practice guidelines[END_REF]. Hence, TT placement might be broadly indicated in both preschool and older children with CP, as is the case in our department. However, excessively early TT placement (before 18 months) might significantly increase the risk of OME recurrence [START_REF] Ahn | Clinical manifestation and risk factors of children with cleft palate receiving repeated ventilating tube insertions for treatment of recurrent otitis media with effusion[END_REF][START_REF] Boston | Incidence of and risk factors for additional tympanostomy tube insertion in children[END_REF]. Together with technical reasons (e.g. TTs can be difficult to insert into the small ears of babies or young infants), this is why we rarely perform TT placement in children under the age of 18 months.

When considering all types of TT, all types of CP and the various surgical procedures, the frequency of OME recurrence in children with CP ranges from 26.8% to 59.5% [START_REF] Valtonen | Long-term clinical, audiologic, and radiologic outcomes in palate cleft children treated with early tympanostomy for otitis media with effusion: a controlled prospective study[END_REF][START_REF] Iwaki | Timing for removal of tympanic ventilation tube in children[END_REF]. In the present series, the mean number of TT placements per child was 1.23; this compares with values of 1.7 for Szabo et al. [START_REF] Szabo | Treatment of persistent middle ear effusion in cleft palate patients[END_REF], 1.8 for Smith et al. [START_REF] Smith | The effect of the palatoplasty method on the frequency of ear tube placement[END_REF] and 2.93 for Imbery et al. [START_REF] Imbery | Long-Term Otologic and Audiometric Outcomes in Patients with Cleft Palate[END_REF]).

Forty-two children (34.14%) underwent two or more TT placements.

Our results showed that the need for 2 surgical procedures for CP was a risk factor for OME necessitating TT placement (p=0.001). More, a short first TT retention time was significantly correlated with OME recurrence (p=0.006). One might assume that the wider the CP, the greater the risk of OME occurrence or recurrence. However, the situation may not be that simple. In the present study, the relationship between two surgical procedures for CP and the development of OME applied to all types of CP. Moreover, there was no difference between unilateral CP and bilateral CP. Likewise, Kuscu et al. (who suggested performing CP surgery early, at between 6 and 12 months) did not find a difference in OME occurrence according to the type of CP type; the researchers suggested that early surgical closure of a CP is the key to avoiding OME in this population [START_REF] Kuşcu | The effect of early routine grommet insertion on management of otitis media with effusion in children with cleft palate[END_REF]. In contrast, Ahn et al. reported a significant higher rate of TT placement in children suffering from complete CP [START_REF] Ahn | Clinical manifestation and risk factors of children with cleft palate receiving repeated ventilating tube insertions for treatment of recurrent otitis media with effusion[END_REF].

With regard to the recurrence of OME, the initial TT retention time appears to have a major influence; the longer the retention time, the lower the risk of recurrence. In a study of 213 children with CP and TT placement (140 with a single placement and 73 with more than one placement), Ahn et al. showed that the mean first TT retention time was significantly higher in the single-placement group (12.7 ± 9.6 months) than in the multiple-placement group (10.5 ± 6.5 months; p<0.05) [START_REF] Ahn | Clinical manifestation and risk factors of children with cleft palate receiving repeated ventilating tube insertions for treatment of recurrent otitis media with effusion[END_REF]. In our series, the mean first TT retention time (until exclusion or removal) was 29.18 months (i.e. 2 years and 5 months). This value was higher than in Ahn et al.'s series because we used T-tubes in most of cases; Ahn et al. used Shepard grommet-type TTs, which tend to be extruded earlier [START_REF] Ahn | Clinical manifestation and risk factors of children with cleft palate receiving repeated ventilating tube insertions for treatment of recurrent otitis media with effusion[END_REF][START_REF] Iwaki | Timing for removal of tympanic ventilation tube in children[END_REF]. However, given that the choice of TT depends on the surgeon's and parents' preferences, we did use grommet-type TTs for first-line treatment of some cases.

The length of follow-up is another important factor in OME recurrence, which can happen as late as 12 years of age [START_REF] Sheahan | Middle ear disease in children with congenital velopharyngeal insufficiency[END_REF]. Hence, studies with a relatively short follow-up period might underestimate the OME recurrence rate. For our group of children with CP, the mean age at the first ENT consultation was 14.53 months. We always provided frequent follow-up (i.e. consultations at least every six months) and so relatively few patients were lost to follow-up (15.2%). The mean length of follow-up in our series was 8 years and 9 months; this compares with values of 4 years for Flynn et al. [START_REF] Flynn | The high prevalence of otitis media with effusion in children with cleft lip and palate as compared to children without clefts[END_REF], 5 years for Szabo et al. [START_REF] Szabo | Treatment of persistent middle ear effusion in cleft palate patients[END_REF], and 6 years for Valtonen et al. [START_REF] Valtonen | Long-term clinical, audiologic, and radiologic outcomes in palate cleft children treated with early tympanostomy for otitis media with effusion: a controlled prospective study[END_REF]).

For children with CP, there is still no clear consensus on the management of OME in general and the indications for TT placement in particular. It is important to consider the risk-benefit ratio. Some researchers [START_REF] Paradise | The universality of otitis media in 50 infants with cleft palate[END_REF][START_REF] Valtonen | Long-term clinical, audiologic, and radiologic outcomes in palate cleft children treated with early tympanostomy for otitis media with effusion: a controlled prospective study[END_REF][START_REF] Hubbard | Consequences of unremitting middle-ear disease in early life. Otologic, audiologic, and developmental findings in children with cleft palate[END_REF] still recommend systematic "prophylactic" TT placement in all children with CP because the TT might optimize air flow in the middle ear and thus reduce further complications. Others researchers (such as Tunçbilek et al. [START_REF] Tunçbilek | Audiologic and tympanometric findings in children with cleft lip and palate[END_REF]) consider that OME in children with CP is similar to OME in children in general, and so should be treated according to the general guidelines issued by learned societies [START_REF] Blanc | Management of otitis media with effusion in children. Société française d'ORL et de chirurgie cervico-faciale clinical practice guidelines[END_REF][START_REF]Surgical Management of Otitis Media With Effusion in Children. Clinical guidelines[END_REF][START_REF] Rosenfeld | Clinical Practice Guideline: Otitis Media with Effusion (Update)[END_REF][START_REF] Rosenfeld | Clinical practice guideline: Tympanostomy tubes in children[END_REF][START_REF] Heidemann | Danish guidelines on management of otitis media in preschool children[END_REF][START_REF] Ito | Clinical practice guidelines for the diagnosis and management of otitis media with effusion (OME) in children in Japan, 2015[END_REF]. However, Shaw et al. [START_REF] Shaw | Conservative management of otitis media in cleft palate[END_REF] and Merrick et al. [START_REF] Merrick | Incidence of secretory otitis media following functional repair of cleft palate[END_REF] considered that (i) TT placement alone does not prevent OME recurrence, (ii) TT-related complications are frequent and problematic, and (iii) TT placement might be indicated in cases of persistent OME after successful CP repair surgery [START_REF] Shaw | Conservative management of otitis media in cleft palate[END_REF][START_REF] Merrick | Incidence of secretory otitis media following functional repair of cleft palate[END_REF].

On one hand, the overall results of the present study could be interpreted as argueing in favor of early TT placement (first-line T-Tubes) in cases of OME in children with CP; this might extend the TT retention time and thus lower the risks of (i) OME recurrence, (ii) the need for multiple TT placements, and (iii) damage to the tympanic membrane and the middle ear. On the other hand, and if one consider middle ear function and Eustachian tube function as a continuum over time (with normalization during adolescence), TT placement later in childhood would be associated with a lower probability of multiple TT placements. In other words, in cases of non-complicated OME in young children with CP, a "watchful waiting" follow-up strategy might first be indicated -at least up to the age of 12. A first TT placement at older age might lower the risk of subsequent repeat placements (thanks to maturation of the middle ear) and thus reduce the likelihood of middle ear complications or sequelae due to multiple TT placements. In conclusion, OME in a child with CP should be managed on a "case by case" basis. It is important to bear in mind that the main goal of OME management in children with (or without) CP is to treat OME effectively (in particular in the event of impaired hearing) and avoid complications associated with OME (or even with the TT).

Conclusion

The management of OME in children with CP is subject to debate. Particular attention should be paid to severe palate impairments necessitating at least two surgical procedures for CP closure, since these children are more likely to develop OME requiring TT placement. Longterm TT (T-tube) placement at the age of 18-24 months might be indicated because a short retention time is the main risk factor for the recurrence of OME after an initial TT placement.

Long-term follow-up of children with CP (up to the age of 12 years) is important for detecting late OME recurrence and preventing complications. 

Number of TT placement(s) per child

  

	Total population = 123 children	Number	Frequency
	Gender		
	-Male	66	53.7%
	-Female	57	46.3%
	Cleft palate type		
	-Soft palate only (Veau I)	5	4.1%
	-Hard and soft palate (Veau II)	52	42.3%
	-Lip, hard and soft palate (Veau III & IV)	66	53.7%
	Polymalformative syndrome	39	31.7%
	Cleft palate treatment		
	• Number of surgical procedures		
	o 1	17	13.8%
	o 2	106	86.2%
	• Use of calvarial periosteal graft	49	46.2%
	-0	25	20.3%
	-1	56	45.5%
	-2	32	26%
	-≥ 3	10	8.1%

Table 1 :

 1 Characteristics of the study population

		Multivariate analysis
	p value	p value

* The odds ratio [95%CI] is quoted for factors with p<0.05.

Table 5 :

 5 Risk factors for the recurrence of OME after a first TT placement
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TT1= first bilateral TT placement; TT2=second bilateral TT placement