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    PREFACE


  




  

    The field of pediatric medicine encompasses a rapidly expanding volume of information. This book has been prepared by a diverse group of authors from a range of pediatric subspecialists to create a platform to review the recent advances quickly and efficiently. With authors from pediatric subspecialties, duplication of the information was reduced to a minimum by integrating the chapters effectively. The authors clearly explain etiology, pathophysiology, and management of commonly encountered pediatric disorders.




    The book does not pretend to describe the all aspects of the management of the various problems discussed. Each contributor presented the scientific evidence and discussed the practice pathways to enhance effectiveness of readers in approaching commonly encountered medical problems in children. Concise information about the approach of pediatric subspecialists to common medical problems, that are frequently very complex, enhances the educational value of the book for everyone involved in the care of children.




    It is my hope that, by presenting the breadth and depth of many of the typical problems encountered while caring for children in an evidence-based format, Recent Advances in Pediatric Medicine; Synopsis of Current General Pediatrics Practice will become a valuable asset for the pediatric practitioner, specialists, medical students, and others involved in the care of children.




    A book like this is the result of the effort of many people. I am very grateful to my wife, Zerrin, for having gracefully accepted that many weekends were absorbed by the preparation of this book. Many thanks go to all authors trying the impossible and sparing time to write this book within their endless working schedule.




    

      Seckin Ulualp


      Division of Pediatric Otolaryngology


      Department of otolaryngology-Head and Neck Surgery


      University of Texas Southwestern Medical Center


      Children’s Health


      Dallas, Texas


      USA
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      Abstract




      This chapter discusses the difference between acute otitis media, recurrent otitis media, and otitis media with effusion as well as the etiology, epidemiology, diagnosis and treatment of the distinct diseases. New 2016 guideline updates on Otitis Media with Effusion from the American Academy of Otolaryngology are incorporated.
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      INTRODUCTION




      Ear infections are one of the most common reasons for which children seek the care of a pediatrician before the age of three [1]. Parents know that ear infections are common and attribute a multitude of symptoms to the ears- fever, fussiness, pulling at ears, delayed speech, failure to respond when called. Therefore, it is vital for every clinician to have a strong knowledge of how and why ear infections occur, what distinguishes different types of infections and what is the standard of care management for these infections.




      

        Definition




        Acute Otitis Media (AOM) is defined as inflammation of the middle ear associated with middle ear effusion [2]. It has a rapid onset and includes symptoms of pain and fever. The tympanic membrane (TM) may be erythematous and bulging outward from middle ear purulence or ruptured due to excessive middle ear positive pressure.




        Otitis Media with effusion (OME) is defined as middle ear effusion without acute inflammatory signs or symptoms [3-5]. This has a longer duration with gradual onset and includes symptoms of conductive hearing loss and speech delay. Signs




        include middle ear effusion with decreased tympanic membrane mobility and flat tympanogram.




        Therefore, acute otitis media (AOM) is a separate entity from otitis media with effusion (OME) even though both are forms of middle ear effusion [2].


      


    




    

      PATHOPHYSIOLOGY




      Middle ear disease stems from many interacting factors including anatomy, environment, infectious agents, and genetics.




      

        Anatomic Causes




        The middle ear is an air-filled space medial to the tympanic membrane and lateral to the inner ear [6]. It has a mucosal lining of respiratory epithelium and contains three bones that form a lever mechanism (malleus, incus, and stapes). This lever mechanism is important for the conduction of sound. If the mechanism is damaged or function is decreased, a conductive hearing loss may follow.




        The Eustachian tube (ET) plays an important role in middle ear pressure equalization and, therefore, middle ear disease [7]. The ET originates in the anterior middle ear space and courses anteriorly to empty into the lateral nasopharynx. The tensor veli palatini muscle controls opening and closing of the ET during swallow [6, 8, 9]. The Eustachian tube is essential to maintain a functional middle ear by providing ventilation, protection, and clearance. If any of these are impaired, otitis media may develop. Ventilation is the active process of regulating middle ear pressure which is accomplished by contraction of the tensor veli palatine during swallowing, jaw movements, and yawning [6]. This function is poor in children and improves with age [9]. Children who are prone to otitis media are more likely to have deficient active ET function versus children who are not [8]. Closure of the ET is a passive process which protects the middle ear from pharyngeal reflux [6].




        The Eustachian tube is lined with ciliated respiratory epithelium. Mucociliary clearance contributes to ET function by propelling mucus and fluid from the middle ear into the nasopharynx. Known disorders of mucociliary clearance lead to an increase in middle ear disease [6].




        The ET opens laterally in the nasopharynx and can be obstructed by midline adenoid growth or seeded by biofilm from chronic adenoiditis. Orientation of the ET affects reflux of fluid in the nasopharynx into the middle ear as well as drainage of fluid from the middle ear to the nasopharynx. In adults, the Eustachian tube empties into the nasopharynx at a 45 degree angle, while in children, this angle is closer to 90 degrees. In addition, any excess tissue in the nasopharynx can lead to ET obstruction (e.g. adenoid hypertrophy) and, in turn, middle ear disease.




        However, despite the common acceptance and logical association of ET dysfunction to middle ear disease, much controversy still exists on causal relationship [9].


      




      

        Environmental Causes




        

          Irritants




          Tobacco smoke is the leading preventable risk factor for the development of otitis media. Studies have consistently shown that tobacco smoke exposure, including second and third hand smoke, is associated with an increased incidence of otitis media and recurrent otitis media [10]. In addition, tympanic membrane perforation, cholesteatoma and other OME complications are increased in children exposed to smoke [11]. Suppression or modulation of the immune system, enhancement of the bacterial adherence factors, impairment of the mucociliary apparatus of the respiratory tract, or enhancement of toxins are suggested mechanisms related to tobacco smoke exposure [12].


        




        

          Daycare




          Daycare is a well-studied risk factor for recurrent AOM: children enrolled in daycare are twice as likely to have AOM due to increased exposure to bacterial pathogens and viral infections [13].


        




        

          Allergy




          Allergies are often blamed for middle ear effusion, and patients with skin test proven atopy and history of recurrent middle ear disease show resolution or significant improvement of middle ear disease after initiation of immunotherapy. This is explained by Th2 inflammatory response mediators (normally increased in the allergic response pathway) which have been found in the fluid of chronically diseased middle ears. No direct evidence exists linking ear disease and allergy at this time [14, 15].


        




        

          Breast Feeding




          Breast feeding may be a protective factor; lower rates of otitis media have been seen in breastfed children for the first 11 months of life. In addition, these children have been noted to have increased serum IgG which may protect against AOM [13].


        


      




      

        Infectious Causes




        Acute otitis media is the most common reason for an antibiotic prescription for pediatric patients in the United States; however, AOM is not always caused by bacteria.




        

          Viruses




          Viral causes of AOM (Table 1) account for only 10% of cases. However, 70% of AOM have viral isolates found in middle ear exudate. Recent evidence shows that viruses can lead to bacterial superinfection through inflammatory and anatomic pathways [16].




          

            Table 1 Common causal pathogens for acute otitis media [16, 17].




            

              

                

                  	Viruses



                  	Bacteria

                


              



              

                

                  	• Respiratory Syncytial Virus


                  • Coronavirus


                  • Adenovirus


                  • Human bocavirus


                  • Rhinovirus



                  	• Streptococcus pneumoniae


                  • Non-typeable Haemophilus influenzae


                  • Moraxella catarrhalis


                


              

            




          


        




        

          Bacteria




          Bacteria typically colonize the nasopharynx, but do not cause infection until a viral upper respiratory infection initiates it. See Table 1 for most common bacteria [17].




          The pneumococcal conjugate vaccines have led to an overall decrease in AOM episodes in vaccinated children. However, an increase has been documented in non-vaccinated strains of S. pneumoniae [17].




          In most cases of acute otitis media, bacteria can be cultured from the middle ear effusion. Because of difficulty isolating pathogens, OME was long thought to be a noninfectious or “sterile” process. Studies now show that bacteria are present in OME [18]. These bacteria are not in free planktonic form as in AOM, but in biofilm.




          A biofilm is defined as “a community of interacting bacteria attached to a surface and encased in a protective glycocalyx or matrix of exopolylsaccharides” [18]. The majority of bacteria in the body exist in a biofilm and are able to survive in environments that free (planktonic) bacteria cannot [19]. The bacteria have decreased oxygen and nutrient requirements, an increase in resistance genes, the ability of cell to cell signaling, and poor antimicrobial penetration [19].


        


      




      

        Genetic Causes




        

          Race, Ethnicities and Gender




          Studies have shown a difference in incidence/prevalence of OM based on race and ethnicities. Indigenous populations such as Australian Aborigines, Inuits, New Zealand Maoris, American Indians and Alaska natives are known to have high prevalence of otitis media [20-22]. Discrepancies in treatment have been shown also to be race related with children of minority less likely to receive broad spectrum antibiotics and more likely to have hospitalization from AOM complications [23].


        




        

          Heritability




          Heritability estimates of recurrent acute otitis media are 0.49 [24] and accounted for by differences in anatomy, genetic syndromes/alterations, and susceptibility to viruses and bacteria [25]. Twin studies have shown that the concordance of otitis media is around 0.9 in monozygotic twins and increases with age, while in dizygotic twins the concordance was 0.65 [25].


        




        

          Genetic Alterations




          Genetic susceptibility to otitis media is caused by alterations in genes coding for innate and adaptive immunity factors as well as random genetic alterations (Table 2) [26-29]. Immune involvement in genetic risk for OM is supported by increased rates of otitis media in patients with combined variable immuno- deficiency compared to normal population [30].




          

            Table 2 Genes associated with otitis media.




            

              

                

                  	Innate Immunity



                  	Adaptive Immunity



                  	Others

                


              



              

                

                  	• TLR2


                  • CD14


                  • MBL2


                  • SP-α1



                  	• IL-1β


                  • IL-8


                  • IL-10


                  • TGF-β1


                  • TNFα



                  	• MUSC5Ac


                  • CCR5


                  • PAI-1


                  • A2ML1

                


              

            




            

              TLR2 = toll-like receptor 2, CD14 = cluster of differentiation 14, MBL2 = mannose-binding lectin 2, SP-α1 = surfactant protein A 1, IL-1β = Interleukin 1 beta, IL-8 = Interleukin 8, IL- 10 = Interleukin 10, TGF- β1 = transforming growth factor beta 1, TNFα = tumor necrosis factor alpha, MUSC3Ac = muscarinic receptor Ac, CCR5 = C-C chemokine receptor type 5, PAI-1 = plasmin activator inhibitor 1, A2ML1 = alpha-2- macroglobulin-like 1.

            




          




          Mutations in genes related to innate immunity, adaptive immunity among others are associated with susceptibility to otitis media [26-28].




          

            Cleft Palate




            Ninety percent of children with cleft palate (prevalence 6/10,000 live births) will have chronic OME. The cause of OME is the Eustachian tube dysfunction accompanying the cleft palate [31].


          




          

            Down's Syndrome




            Eustachian tube dysfunction in patients with Down's Syndrome (prevalence 1/700 live births) is due to hypotrophy of the middle face and general musculature. Other associated features include narrow ear canal and hypertrophy of the nasopharyngeal lymphatic tissue [32]. The prevalence of OME in these patients is reported as 60-85% [33, 34].


          




          

            Primary Ciliary Dyskinesia




            Primary Ciliary Dyskinesia (PCD) is a rare autosomal recessive disorder with unknown prevalence which affects the motility of cilia. Because the middle ear mucosa is lined with ciliated epithelium, in those with PCD there is decreased mucous motility, increased stasis, increased infection, increased biofilm, and decreased hearing due to fluid collection. The use of tubes for treatment of OME is controversial in patients with PCD due to the persistence of tube otorrhea [35].


          


        


      


    




    

      ACUTE OTITIS MEDIA




      

        Definition




        Acute otitis media (AOM) is an infection of the middle ear space characterized by a neutrophil rich middle-ear effusion in conjunction with signs and symptoms of middle-ear inflammation [2]. Recurrent acute otitis media (RAOM) is defined as 3 or more episodes of AOM in 6 months, or 4 or more in 12 months [2].


      




      

        Epidemiology




        The average child will have had 1.7 episodes of AOM by the age of three. The incidence of AOM before three years is 50% [1, 13] and prevalence decreasing from 34% to 24% from 1997 to 2007. Rates of AOM remain highest in children younger than 3 years normally being found between ages 6-12 months [13]. Decrease in prevalence may be due to implementation of pneumococcal vaccine, decrease in smoke exposure, increase in breast feeding, or increase in stringent diagnostic criteria [2, 13].


      




      

        Clinical




        

          History and Physical




          The typical presentation of a child with AOM includes rapid onset of irritability, fever and ear pain [6]. In infants with symptoms of an upper respiratory infection, the probability of AOM is increased if the child attends daycare and parents are able to identify ear pain and cough. Ear pulling is not predictive of AOM [1].




          On physical exam the tympanic membrane is erythematous, bulging with fluid pressing the ear drum laterally. In some instances, thin yellow or green otorrhea may be present in the external auditory canal, which is associated with tympanic membrane perforation.


        




        

          Diagnosis




          Diagnosis of acute otitis media is made clinically with otoscopic examination and pneumatic otoscopy or tympanometry to verify middle ear effusion [33, 34].


        




        

          Complications




          Complications of ear infections are uncommon, but, due to the high prevalence of the disease, still seen by primary care providers. Complications can be divided into subgroups based on anatomy.




          Intratemporal complications (complications which remain confined to the ear) include common complications such as tympanic membrane perforation which occurs in 7% of acute infections, and rarer complications which include mastoiditis, labyrinthitis, vertigo, conductive or sensorineural hearing loss, cholesteatoma, facial nerve paralysis, ossicular discontinuity [6, 36, 37].




          Intracranial complications typically arise after mastoiditis and are more serious in nature [6]. These may include meningitis (most common), epidural or brain abscess, and dural sinus thrombosis.




          Long term complications of acute otitis media are few unless one of the above complications occurred [6]. A high number of AOM episodes has been associated with adult onset hearing loss [38].


        


      




      

        Treatment




        

          Acute Otitis Media, Single Episode




          Treatment options include symptomatic treatment alone, delayed antibiotic treatment and immediate antibiotic therapy. AOM is the most common reason that a child receives antibiotic therapy in the United States [39].




          Because 60% of AOM usually resolves in 24 hours without treatment, symptomatic treatment with acetaminophen or NSAIDs for mild pain and fever is an appropriate option for AOM with reevaluation in 48-72 hours [2, 39, 40]. A 48-72 hour observation prior to antibiotic dispensation in patients with non-severe AOM can be considered, which will in turn decrease medication side effects such as nausea, vomiting, and diarrhea [39]. In children without symptom resolution within 72 hours or worsening symptoms, antibiotics should be started [2, 40]. Antibiotics should be started at diagnosis for children with systemic symptoms, serious illnesses, or selectively in children less than 2 years of age with bilateral AOM or with otorrhea [2, 40]. Recommendations for antibiotic therapy is listed in Table 3 [40]. Five days of antibiotics will usually suffice for children 2 years or older, but it may be necessary to give up to 10 days if less than 2 years of age or with a tympanic membrane perforation [2]. Patients should be followed in 4-8 weeks to assess response to treatment.




          

            Table 3 Recommended antibiotics for treatment of acute otitis media [40].




            

              

                

                  	



                  	First-line Treatment



                  	Alternative

                


              



              

                

                  	Initial


                  Treatment



                  	Amoxicillin


                  or


                  Amoxicillin-


                  clavulanate



                  	• Cefdinir


                  • Cefuroxime


                  • Cefpodoxime


                  • Ceftriaxone

                




                

                  	
After


                  Treatment


                  Failure




                  	Amoxicillin-


                  clavulanate


                  or


                  Ceftriaxone



                  	• Ceftriaxone


                  • Clindamycin


                  • Clindamycin + 2nd or 3rd generation


                  cephalosporins

                


              

            




          


        




        

          Recurrent Acute Otitis Media




          Treatment options for recurrent otitis media include antibiotics, vaccination, and tympanostomy tubes. Vaccines administered during infancy can reduce the incidence of AOM. Tympanostomy tubes have been shown to be an effective treatment for recurrent otitis media [2, 3, 5, 41]. Recent 2016 guideline updates by the American Academy of Otolaryngology recommend ventilation tubes if bilateral or unilateral middle ear effusion is present at the time of assessment. If no middle ear effusion at the time of examination in either ear, observation for a 3-6 months period is recommended unless the patient is deemed high risk (history of autism, syndromic and craniofacial disorders, cleft palate, prior hearing loss, vision impairment, speech delay) [5].


        


      


    




    

      OTITIS MEDIA WITH EFFUSION




      

        Definition




        Otitis media with effusion (OME) is characterized by the presence of fluid in the middle ear without signs or symptoms of acute otitis media, such as fever and earache. Other names for OME include glue ear, serous otitis media, and ear fluid [33, 34].




        Chronic OME is middle ear effusion persisting for more than 3 months from date of onset or date of diagnosis [33, 34].


      




      

        Epidemiology




        OME is the most common cause of hearing impairment in children in developed countries with a prevalence of 80% before the age of 4 years. Half of these cases will resolve within 3 months and 95% within 1 year. Recurrence of OME present in 30-40% of children, yet only 10% will still have fluid 3 months after AOM [5, 42]. The incidence of OME per year is 2.2 million in the United States [33, 34]. Most cases of OME occur during the ages of 6 months to 4 years, with no predilection for race or gender.


      




      

        Clinical




        

          History and Physical




          Children with OME may present with conductive hearing loss, difficulties at school, behavioral issues, ear discomfort, recurrent AOM, or reduced quality of life [33, 34]. Children with OME lack the signs of acute inflammation found in AOM, such as fever, otalgia, otorrhea, and tympanic membrane erythema. However, these children may have decreased gross motor proficiency and behavioral problems such as distractibility, withdrawal, frustration, and aggressiveness.


        




        

          Diagnosis




          OME may present asymptomatically and serous middle ear fluid is difficult to distinguish with otoscopy alone as the appearance of the TM is affected by many factors. Adding pneumatic otoscopy to the exam can clarify the diagnosis by demonstrating decreased TM movement [33, 34]. If pneumatic otoscopy is inconclusive, tympanometry should be used.




          Formal audiometry should be performed in children with OME persisting for 3 months or longer or if high risk features present (TM retraction pockets, ossicular erosion, accumulation of keratin) [5, 33, 34].


        




        

          Complications




          In most cases, OME resolves spontaneously with no adverse outcomes. Potential short-term complications include hearing loss, speech delay, and problems in school. Long term sequelae include adult hearing loss, which is more common and more profound in those with a history of OME and cholesteatoma [38, 43].


        


      




      

        Treatment




        

          Acute Treatment




          

            Watchful Waiting




            After the diagnosis of OME has been established, the clinician should monitor the patient for 3 months. Parents should be informed that reduced hearing may be experienced while waiting for the effusion to resolve and techniques to optimize learning should be utilized [33, 34].




            If the effusion is still present after 3 months, watchful waiting may be continued if no symptoms of hearing loss are experienced. Surveillance should occur every 3 to 6 months [5].




            Unless other indications are present, nasal steroids, antibiotics, and antihistamines/decongestants are not recommended for the treatment of OME [33, 34].


          




          

            Autoinflation




            Autoinflation is a technique to reopen the Eustachian tube by forced exhalation against a closed mouth and nose or using a Politzer device. This could provide benefit if performed during the watchful waiting period due to low cost and no potential risks [44].


          


        




        

          Recommendations for Tympanostomy Tubes




          If fluid is present for 3 or more months, tympanostomy tubes may be recommended especially if hearing loss is present. Tympanostomy tubes may be considered before 3 months of watchful waiting for children at risk for developmental delays as additional hearing loss may have detrimental consequences [5, 33, 34].


        


      


    




    

      TYMPANOSTOMY TUBES




      

        Effectiveness




        Tympanostomy tube placement is the most common surgery performed in children [3]. For children with OME, tympanostomy tubes are more effective at decreasing hearing loss than other treatments in the first 6 months after placement [45]. No studies have been done to evaluate effects on speech, language, and development [46]. Tympanostomy tubes do not decrease overall prevalence of otitis media, but do decrease frequency of recurrent episodes, duration of the recurrent episodes, and increase the ease of treatment [47].


      




      

        Indications (Table 4)




        Recurrent acute otitis media [5, 40]:




        

          	Middle ear effusion (unilateral or bilateral) at time of assessment.




          	3 episodes in 6 months, or 4 episodes in 1 year with 1 episode in the preceding 6 months.


        




        Otitis media with effusion [5, 33, 34]:




        

          	Middle ear effusion for at least 3 months with complications (hearing loss, balance problems, poor school performance, ear discomfort, reduced quality of life)




          	High risk children (history of autism, craniofacial anomaly, cleft palate, syndrome, prior hearing loss, vision impairment, speech delay)


        




        

          Table 4 Current guidelines for tympanostomy tube placement [5, 33, 34].




          

            

              

                	Indications for Tympanostomy Tubes

              




              

                	Recurrent Acute Otitis Media



                	Otitis Media with Effusion

              




              

                	• Middle ear effusion at time of otolaryngologic assessment


                • 3 infections in 6 months


                • 4 infections in 1 year with 1 in last 6 months



                	• Middle ear effusion for ≥ 3 months with complications (hearing loss, balance problems, poor school performance, ear discomfort, reduced quality of life)


                • high risk children

              


            

          




        


      




      

        Complex Cases




        With all complex cases, a multi-disciplinary team should be utilized. For children with Down’s syndrome, important considerations include: severity of hearing loss, age, difficulty of insertion, risks, and likelihood of extrusion [48]. Cleft palate patients often have tympanostomy tubes placed at the same time as the palatal repair. However, individual circumstances may warrant insertion at initial lip repair surgery or suggest hearing aids as a better option [48]. Hearing aids play an important role in complex cases and may be a good alternative to surgical intervention.


      




      

        Complications




        

          Otorrhea




          Otorrhea, or drainage from the ear, is the most common complication after tube insertion. One fourth of patients will have drainage for more than two weeks after surgery and one third of patients will have recurrent episodes of otorrhea [49, 50].




          Otorrhea is caused by viruses in 20% and polymicrobial bacteria (including H. influenzae, S. aureus, P. aeruginosa) in 80% of cases [51].




          The most common treatments are oral or topical antibiotics, with other options including oral or topical steroids, aural toilet, and antiseptics. Pediatricians are more likely to give oral antibiotics, while otolaryngologists are more likely to give topical antibiotics [49, 52, 53]. Previously, it was believed there was no difference in resolution rates between oral and topical antibiotics. However, recent evidence suggests topical therapy is superior to oral [54].




          Half of children who have had tympanostomy tube placement will require the same procedure again [55]. The general approach is to perform adenoidectomy at the same time as second myringotomy. In children less than 4 years of age, new recommendations are to only perform adenoidectomy at this time if a distinct indication such as chronic adenoiditis or nasal obstruction exists. If the child is 4 years old or greater, a separate indication for adenoidectomy is not required [33, 34, 49].


        




        

          Myringosclerosis




          Myringosclerosis is a localized reaction of the tympanic membrane characterized by sclerosis, hyaline degeneration in the lamina propria, calcium and phosphate deposition, and is histologically similar to atherosclerosis [56]. It originates from inflammation in the middle ear- either from recurrent infections or tympanostomy tubes themselves, and is the most common long term sequela from tympanostomy tube placement [56-59]. Myringosclerosis rarely leads to hearing loss except in severe cases involving the entire tympanic membrane as well as the ossicles (known as tympanosclerosis). Tympanosclerosis may require surgical intervention.


        




        

          Tympanic Membrane Perforation




          Tympanic membrane perforation is found in 1% of children after tube extrusion. The percentage increases if the tubes have to be manually removed or if multiple sets of tubes have been placed [50, 60]. Perforations may require surgical repair by otolaryngologist with either myringoplasty or tympanoplasty depending on severity.


        


      




      

        Follow-up




        

          Appointments




          No agreement has been reached on timing of follow-up appointments, or whether the child needs to be seen at all. Most otolaryngologists do follow these children with an audiogram [61].


        




        

          Water Exposure




          In a 2016 Cochrane review, recommendations were made against otic water precautions for children with ear tubes [62]. Tube extrusion and hearing loss rates are unaffected by water precautions, but tube otorrhea may be slightly increased if no water precautions are followed [62, 63].


        


      


    




    

      CONCLUSION




      In conclusion, otitis media is a common process that all clinicians who see children will encounter. The disease is complex in origin with many contributing risk factors and causes. It is vital for clinicians to distinguish between recurrent acute episodes and chronic middle ear effusion as treatments are different. Work up should always include pneumatic otoscopy. Initial treatment of AOM may include watchful waiting for 48-72 hours. New recommendations indicate that placement of tympanostomy tubes should only be recommended if middle ear fluid is present in examination of children with ROM or if middle ear fluid is present for more than 3 months in OME.
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      Abstract




      Hearing loss has a significant impact on children’s ability to develop adequate language and communication skills and often interferes with educational performance as well as limits long-term employment opportunities. Hearing loss is categorized into three broad categories: Conductive, Sensorineural, and Mixed. Audiology workup aims to identify the category and the level of hearing loss; evaluation is divided into subjective and objective tests. Rehabilitation is available to almost all kinds and degrees of hearing loss if diagnosed and managed in a timely manner. For that, we need to increase the awareness of the families and health care providers as well about the screening programs and advocate its implementation in all maternity and child care centers. In this chapter, we discuss acquired and congenital causes of hearing loss. We will also address the diagnostic workup, and finally will discuss in detail the recent developments in pediatric hearing rehabilitation.
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      INTRODUCTION




      Pediatric hearing loss is the most common sensory deficit with an estimated incidence of 1-4 per 1000 newborns [1, 2]. Clinically, 20 dB HL in both ears is considered the normal hearing threshold for children, adolescents, and adults [1]. Any increase in the threshold level is regarded as hearing loss and is classified according to specified degrees of increase (i.e., mild (20 to 40 dB HL), moderate (41to 55 dB HL), moderately severe (56 to 70 dB HL), severe (71 to 90dB HL) and profound (91 to dB HL) as shown in Fig. (1). In a recent fact sheet, the WHO




      has estimated that about “360 million people worldwide have disabling hearing loss, 32 million (9%) of these are children” [3].
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Fig. (1))


      An illustration showing the levels of hearing loss.



      Hearing loss has a significant impact on children’s ability to develop adequate language and communication skills [4, 5]; and often interferes with educational performance as well as limits long-term employment opportunities [2]. This impact can be reduced by early diagnosis through neonatal hearing screening programs and childcare clinics, as well as providing adequate educational and social services to affected children and their families [6].




      Children diagnosed as clinically deaf have no or very little hearing, do not develop normal speech, and have no other recourse but to use sign language for communication. They may however, benefit from cochlear implants and develop variably normal speech if implanted during the speech development period, which is roughly before the age of five years [7]. However, “hard of hearing” children who suffer from mild to severe bilateral hearing loss develop spoken language and may benefit from hearing aids that amplify incoming sound signals [5, 7].




      In this chapter, we discuss acquired and congenital causes of hearing loss. We will also address the diagnostic workup, and finally will discuss in detail the recent developments in pediatric hearing rehabilitation.


    




    

      DEFINITIONS




      Hearing loss is caused by different etiologies affecting the external, the middle or the inner ear thus obstructing or damaging a part of the auditory system. The different types of hearing loss are categorized into three broad categories: Conductive, Sensorineural, and Mixed.




      Conductive hearing loss refers to an impairment of the conductive part (i.e., external and middle ears) of the auditory system in which the inner ear is usually normal, but air conducted sound is inadequately delivered or prevented from reaching the sensorineural apparatus of the inner ear in a normal way. Although sensitivity to sound is diminished, it may be perceptible if produced at a sufficient tone.




      In this form of hearing loss, the bone conduction threshold is normal (less than 20 dB HL) while the air conduction threshold is increased resulting in what is called an air/bone gap (ABG). By definition, an ABG of more than 15 dB HL averaged over 500, 1000 and 2000 Hz is considered a conductive hearing loss [8].




      Sensorineural hearing loss is associated with a pathological change, damage, or dysfunction in the structures within the inner ear or in the cochlear nerve. When the neural elements involved in the conduction or interpretation of nerve impulses originating in the cochlea are damaged or are dysfunctional, then either the perception or the interpretation of sound is impaired. The pure tone audiometry shows an increase of air and bone conductions thresholds (more than 20 dB HL), however, the ABG is less than 15 dB HL [8]. Sensorineural hearing loss may further divided into the following subcategories:




      

        	Sensory hearing loss occurs from an impairment confined to cochlea.




        	Neural hearing loss is related to the impairment of the cochlear nerve.




        	Central hearing loss (a rare occurrence of sensorineural) is a result of a deformity of the central nerve system rostral to the cochlear nerve.


      




      Mixed hearing loss refers to hearing loss of a mixed nature, conductive and sensorineural. On pure tone audiometry, air and bone conduction thresholds are greater than 20 dB with an ABG of 15 dB HL or more.




      Some forms of hearing loss may follow certain pattern according to the involved frequencies, such as low frequencies hearing loss (affecting selectively frequencies less than 500 Hz), mid frequencies or U-shaped hearing loss (from 500 to 2000 Hz) and High frequencies or sloping hearing loss (frequencies 2000-8000 Hz).




      Furthermore, hearing loss can be defined as temporary or permanent. Temporary hearing loss is most commonly of the conductive type (although not always), for example, otitis media with effusion and otosclerosis, which can be reversed spontaneously, medically or by surgical management. Permanent hearing loss on the other hand is not reversible and cannot be restored medically or surgically.




      Various forms of hearing loss can be bilateral or unilateral (asymmetrical hearing loss) affecting only one ear. Studies regarding Audiometric Asymmetric hearing loss define it as a difference of 15 dB HL or more in at least two frequencies with a pure tone average less than 20 dB HL of the better ear [8].




      Finally, hearing loss can be described as progressive if the hearing threshold deteriorates by greater than 15 dB HL within a 10-year period [8].


    




    

      AUDIOLOGY WORKUP




      

        Objective Tests




        

          1. Auditory Brainstem Responses (ABR)




          ABR test the auditory response to an external auditory stimulus. Results are plotted as waveforms representing the action potentials generated by the cochlear nerve up to the higher brain auditory centers (Fig. 2) [9, 10]. Five waveforms are described as early responses representing the auditory pathway and it correlates with the hearing sensitivity in the 1500-4000 Hz range:




          

            	Wave I originates from the cochlea and distal CN VIII.




            	Wave II originates from the proximal CN VIII.




            	Wave III is believed to correspond to cochlear nucleus in the brainstem.




            	Wave IV from the superior olivary complex.




            	Wave V originates from the inferior colliculus.


          


        




        

          2. Otoacoustic Emissions (OAE)




          OAE are produced by the contractile outer hair cells of the inner ear. Positive OAE test indicates a hearing level better than 30 dB HL [10-12]. OAE are most commonly used nowadays, among other indications, as a neonatal hearing-screening test for newborns [13].




          
[image: ]


Fig. (2))


          Normal looking auditory brainstem Response, Left ear in blue, Right ear in red.

        




        

          3. Immitancemetry




          

            	Tympanometry continuously records the middle ear impedance by modulating the air pressure in the sealed external auditory canal [10, 14]. Three finding can be described:



              

                	Type A: normal pressure.




                	Type B: middle ear effusion.




                	Type C: negative pressure.


              


            




            	Acoustic reflexes: measurement of the contractions of the stapedius muscle in response to high intensity volume, more than 80 dB HL. It is useful in locating site of pathology along the auditory pathway from the middle ear to the auditory brainstem.


          


        


      




      

        Subjective Tests




        Pure Tone Audiometry measures the hearing sensitivity at octave frequencies from 250 Hz to 8000 Hz. It is the most commonly used test to evaluate hearing threshold. An example of blotted audiogram result is shown in Fig. (3). This test requires cooperation of the child, which is difficult in young children. So, according to the age of the child, modified forms are used to evaluate his hearing level [8, 14].




        
[image: ]


Fig. (3))


        Examples of hearing loss blotted on audiogram, A: conductive hearing loss, B: Sensorineural hearing loss and C: Mixed hearing loss.



        

          	Behavioral Audiometry: for children less than 3 years of age.



            

              	Behavioral observational audiometry: for children less than 6 months of age. A skillful audiologist can detect the hearing impaired child.




              	Visual reinforcement audiometry: from 6 months to 3 years of age. In cooperative children, an audiogram can be obtained to determine the hearing level.


            


          


        




        

          	Conventional Audiometry:



            

              	Conditional play audiometry: for children between 3 and 5 years of age.




              	Pure tone audiometry and speech audiometry: for children more than 5 years of age.
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Fig. (4))


        A diagram showing the pediatric causes of hearing loss.


        BOR: branchio-oto-renales JLN: Jervell and Lange-Nielsen MELAS: Mitochondrial myopathy, encephalopathy, lactic acidosis MERRF: Myoclonic epilepsy with ragged-red fibers KS: Klinefelter

      




      

        HEARING LOSS ETIOLOGIES




        Causes of pediatric congenital hearing loss fall into two main categories: genetic and acquired (Fig. 4) [15-25]. Identifying the cause can be achieved in more than 50% of the cases. Proper diagnosis can provide the caregiver and the child’s family great support in planning appropriate rehabilitation, and anticipating the hearing sense prognosis. It is important to differentiate between acquired causes that occur during the prenatal period (i.e., as TORCHES infections), and perinatal period (i.e., Jaundice, prolonged NICU, etc.,) from truly occurring acquired postnatal causes (such as otitis media with effusion, trauma and meningitis) [26]. Almost half of the congenital hearing loss occurrences in children are acquired and may present with late onset with varying degrees, either pre or post lingual hearing loss [26].




        This classification is helpful to reach the proper diagnosis. However for management purposes, it is not as much helpful because many of those causes can present with different forms of hearing loss and consequently different treatment [15]. For example, Pendred syndrome (an autosomal recessive syndromic disease which accounts for 7.5% of all congenital hearing loss) may present with variable degrees of hearing loss from mild to profound, pre or post lingually [27]. Another example is Cytomegalovirus infection, which is the most common cause of non-genetic sensorineural hearing loss [28]. Only 10% are symptomatic at birth while the majority of infected children present with late onset mild to profound, unilateral or bilateral and pre- or postlingual hearing loss [29]. Consequently, when treating a hearing-impaired child, it is wise to consider the type and degree of hearing loss rather than the cause. However, the etiological workup provides as substantial role in preventive management such as in children with enlarged vestibular aqueduct (EVA). Once the diagnosis is made by high resolution CT scan (midpoint diameter more than 1.5 mm), parents are advised to keep the child away from contact sports because any head trauma might exacerbate the degree of hearing loss [30, 31].


      




      

        HEARING LOSS REHABILITATION




        Hearing rehabilitation is dependent on the severity and type of hearing loss rather than the etiology. The most common scenario in profoundly deaf children is when parents seek medical advice at approximately 3 to 6 months of age because the child is not responding to sounds stimuli. In milder forms or progressive forms of hearing loss, diagnosis might be delayed beyond that. Moreover, it is not uncommon to diagnose unilateral forms of hearing loss at toddler’s age because the child has normal contralateral hearing and acquire normal speech.




        For the child to develop normal speech it is important to have a normal or near normal auditory stimulation during the first 5 years of age, which is the speech acquisition period. Moreover, Children with profound sensorineural hearing loss have the maximum benefit if they were rehabilitated during the first 24 months of age [32, 33].


      




      

        Medical/Surgical Rehabilitation




        Conductive hearing loss due to otitis media with effusion, for example, can be corrected either medically (Antibiotics +/- corticotherapy) or surgically (transtympanic ventilation tubes +/- adenoidectomy) [34]. Other causes, such as juvenile otosclerosis are correctable surgically by stapedectomy [35]. External auditory canal (EAC) atresia traditionally is managed surgically by re-permeating the EAC. However, recently the rehabilitation may also be achieved surgically by bone conduction prosthesis such as bone-anchored hearing aids [36-38].


      




      

        Prosthetic Rehabilitation




        In cases where medical of surgical rehabilitation is not possible, hearing restoration can be achieved through three mechanisms:




        

          	Acoustical stimulation




          	Mechanical stimulation




          	Electrical / Electro acoustic stimulation


        




        Acoustical stimulation: Hearing aids, a medical device that delivers amplified acoustic signal to the ear, represent this mode of stimulation. It is the most common mode of hearing rehabilitation [39]. It works by amplifying acoustic signals through air conduction pathway. Recent model of hearing aids are powerful enough to fit for wide range of hearing loss up to severe degree. However it has some limitations such as: anatomical abnormality (EAC atresia), infections (chronic otorrhea), skin disorders (EAC eczema) and profound sensorineural hearing loss.




        Many styles of hearing aids are available and the choice of one style over another may depend on its functionality or for cosmetic reasons:




        

          	Behind the ear (BTE) aids.




          	In the ear (ITE) aids.




          	In the canal (ITC) aids.




          	Completely in the canal (CIC) aids.




          	For patients with special needs:


        




        

          	Body aids.




          	Eyeglass aids.


        




        Children who present with unilateral hearing loss (single sided deafness) may be aided through contralateral routing of signal (CROS) amplification. In this style, the child wears two hearing aids; the sound signal is received through the hearing aid of the deaf ear and rerouted through Bluetooth signal to the normal ear [40].




        

          Components and Function




          Basic components of most hearing aids include: a microphone, an amplifier, a receiver, battery, volume control and on-off switch (Fig. 5). The role of each structure is reported in Fig. (6).
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Fig. (5))


          Schematic drawing showing the components of the classical form of the hearing aid.
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Fig. (6))


          This diagram shows the function of the different part of the hearing aid.

        


      




      

        Mechanical Stimulation




        This mode of rehabilitation uses the bone conduction pathway for hearing restoration. In cases where acoustic stimulation (hearing aids) is not appropriate, mechanical stimulation through bone conduction is indicated [41-
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