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Abstract
Objectives:  To  provide  an  overview  of  the  main  evidence-based  recommendations  for  the  diag-
nosis of  hearing  loss  in  children  and  adolescents  aged  0---18  years.
Methods:  Task  force  members  were  educated  on  knowledge  synthesis  methods,  including  elec-
tronic database  search,  review  and  selection  of  relevant  citations,  and  critical  appraisal  of
ritten  in  English  or  Portuguese  on  childhood  hearing  loss  were  eligible
n  College  of  Physicians’  guideline  grading  system  and  the  Ameri-
Diagnosis;
Intervention

selected studies.  Articles  w
for inclusion.  The  America

can Thyroid  Association’s  guideline  criteria  were  used  for  critical  appraisal  of  evidence  and
recommendations  for  therapeutic  interventions.
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Results:  The  topics  were  divided  into  2  parts:  (1)  treatment  of  sensorineural  hearing  loss:
individual hearing  aids,  bilateral  cochlear  implants,  cochlear  implants  in  young  children,
unilateral  hearing  loss,  and  auditory  neuropathy  spectrum  disorder;  and  (2)  treatment  of  con-
ductive/mixed  hearing  loss:  external/middle  ear  malformations,  ventilation  tube  insertion,  and
tympanoplasty  in  children.
Conclusions:  In  children  with  hearing  loss,  in  addition  to  speech  therapy,  Hearing  AIDS  (HAs)  or
implantable  systems  may  be  indicated.  Even  in  children  with  profound  hearing  loss,  both  the
use of  HAs  and  behavioral  assessments  while  using  the  device  are  important.
© 2022  Published  by  Elsevier  Editora  Ltda.  on  behalf  of  Associação  Brasileira  de  Otorrino-
laringologia  e  Cirurgia  Cérvico-Facial.  This  is  an  open  access  article  under  the  CC  BY  license
(http://creativecommons.org/licenses/by/4.0/).
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ewborn  hearing  screening  programs  have  diagnosed  pro-
ound  sensorineural  hearing  loss  in  the  first  few  months  of
ife.  Initiating  auditory  rehabilitation,  including  the  use  of
earing  AIDS  (HAs)  before  6  months  of  age  has  significantly

mproved  vocabulary,  speech  intelligibility,  general  language
bility,  and  socioemotional  development.1,2 Early  Cochlear
mplantation  (CI)  improves  auditory  processing  skills.3

Children  who  undergo  cochlear  implantation  early  in  life
ay  achieve  similar  verbal  language  skills  to  those  with  nor-
al  hearing.4,5 In  addition,  when  compared  to  unilateral  or

equential  surgery,  simultaneous  bilateral  cochlear  implan-
ation  improves  auditory  performance,  auditory  pathway
evelopment  in  the  brain  and,  consequently,  spoken  lan-
uage  acquisition.6 Cochlear  implantation  in  the  first  year
f  life  has  been  associated  with  age-appropriate  language
ains,  while  comparatively  poorer  developmental  outcomes
ave  been  observed  in  children  undergoing  surgery  later  in
ife.7 After  1  year  of  age,  hearing  gains  decrease  as  the
hild’s  age  at  the  time  of  surgery  increases.  Colletti  et  al.8

ound  evidence  of  additional  benefits  when  cochlear  implan-
ation  is  conducted  before  6  months  of  age.

Although  age  at  the  time  of  cochlear  implantation  may
ave  only  minor  long-term  effects  on  general  language
nderstanding,  it  has  a  lasting  effect  on  more  specific  and
omplex  skills  within  the  domains  of  phonetics,  expressive
ocabulary,  grammar,  and  semantics.  These  skills  depend  on
he  functional  specialization  of  certain  networks  in  the  brain
hat  are  triggered  by  sensory  input  during  early  sensitive
eriods  of  neuronal  development.8

The  use  of  HAs  and  CIs  early  in  life  has  rehabilitated  many
hildren,  who  were  able  to  acquire  near-normal  language.
he  effectiveness  of  these  interventions  is  influenced  by
actors  such  as  maternal  education  level,  duration  of  daily
evice  use,  and  nonverbal  intelligence.9

Maximizing  hearing  in  each  ear  optimizes  oral  language
evelopment.  Device  options  for  children  with  bilateral  sen-
ory  hearing  loss  include  HAs,  CIs,  and  a  combination  of  both
bimodal  stimulation).
nilateral  sensorineural  hearing

nilateral  sensorineural  hearing  loss  affects  approximately
%  of  the  population  and  is  less  related  to  aging  than  bilat-

t
f
f

19
ral  hearing  loss.  Its  prevalence  ranges  from  0.3  to  1  per
000  newborns.  Approximately  3%---6%  of  school-age  children
ave  some  degree  of  unilateral  hearing  loss.10

Children  with  Single-Sided  Deafness  (SSD)  often  struggle
ith  speech  perception  in  noise  and  sound  localization  due

o  lack  of  binaural  auditory  input.  This  outcome  has  been
ssociated  with  the  absence  of  binaural  hearing  effects,
uch  as  the  squelch  effect,  the  head  shadow  effect,  and  bin-
ural  summation.  SSD  has  implications  for  children’s  speech
anguage  development,  cognition,  and  quality  of  life  and
auses  psychosocial  and  behavioral  difficulties.11

Spatial  perception  is  multisensory.  The  auditory  system
lays  an  important  role  by  continuously  detecting  sounds  in
he  environment,  helping  with  spatial  localization.  Auditory
pace  constructs  are  complex  and  depend  on  the  interaction
ith  signals  that  dynamically  change  in  terms  of  frequency

pectrum,  intensity,  and  time.  The  more  complex  the  envi-
onment  is,  the  more  these  signals  interact  and  overlap.12

Hearing  does  not  involve  only  sound  detection  and
wareness,  but  also  the  management  of  these  complex
nteractions  to  provide  meaning  to  these  signals.  The  audi-
ory  system  is  quite  sophisticated  in  fully  managing  the
coustic  information  presented  to  the  ears  in  dynamically
hanging  environments.  Listeners  can  rapidly  process  this
nformation  to  identify  acoustic  stimuli,  selectively  attend-
ng  to  signals  of  importance  while  suppressing  competing
ignals.13

Spatial  hearing  depends  on  the  processing  of  monaural
nd  binaural  hearing  cues.  Although  monaural  stimulus  pro-
ides  important  information  and  contributes  to  the  ability  to
etermine  the  distance  of  a  sound  source,  binaural  hearing
lays  a  much  larger  role.  The  integration  of  acoustic  infor-
ation  from  both  ears  is  essential  for  spatial  hearing  and
rovides  critical  information  for  speech  processing,  local-
zation,  differentiation  of  auditory  streams,  and  perception
f  fused  sounds.  Binaural  hearing  gives  rise  to  a  wide  array  of
uditory  phenomena  due  to  the  integration  and  processing
f  differences  in  arrival  time  and  intensity  between  the  sig-
als  at  the  two  ears.  The  interaural  timing  difference  is  the
ifference  in  arrival  time  for  a stimulus  to  reach  both  ears,
eing  greatest  for  low  frequency  signals  below  1000  Hz.14

When  a  sound  is  presented  to  a  listener,  the  ear  closest  to

he  signal  of  interest  will  detect  that  sound  before  the  ear
arthest  from  the  signal.  Likewise,  the  interaural  level  dif-
erence  dictates  that  the  ear  closer  to  a  stimulus  will  receive

1
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 more  intense  signal  compared  with  the  contralateral  ear.14

he  head  acts  as  a  physical  barrier  to  sounds,  resulting  in
n  attenuation  of  the  signal  in  the  ear  not  directed  at  the
ource.  The  acoustic  shadowing  of  the  head  varies  according
o  signal  frequency  and  position.15

Animal  studies  have  evaluated  the  effects  of  unilat-
ral  hearing  loss  during  development  on  different  levels  of
he  auditory  system  ----  morphology,  connectivity,  and  the
esponse  properties  of  neurons.  There  was  weakening  of  the
epresentation  of  the  deprived  ear  and  a  strengthening  of
he  representation  of  the  intact  ear  in  the  cortex.16

onductive/mixed  hearing  loss

icrotia  and  congenital  aural  atresia  are  malformations  that
ccur  in  approximately  1  in  10,000---20,000  live  births.  They
re  usually  unilateral,  with  a  predilection  for  the  right  ear,
nd  are  more  common  in  boys  than  in  girls  (2.5:1).  The  inner
ar  and  its  function  are  often  preserved  but  can  be  affected
n  10%---20%  of  cases.17

The  mean  incidence  of  acute  otitis  media  is  10.8  new
pisodes  per  100  person-years,18 but  it  has  declined  in
igh-income  countries  due  to  vaccination  and  adoption  of
uidelines  with  strict  diagnostic  indications.19 Treatment
ncludes  analgesics,  antipyretics,  and  antibiotics  (if  neces-
ary).  Tympanostomy  Tube  Placement  (TTP)  is  indicated  for
anagement  of  serious  complications,  such  as  mastoiditis,
eripheral  facial  paralysis,  meningitis,  petrositis,  sigmoid
inus  thrombosis,  and  brain  abscess.

Approximately  98.7  million  people  have  otitis  media-
elated  hearing  loss,  according  to  the  World  Report  on
earing,20 which  shows  an  incidence  of  chronic  otitis  media
f  4.76%,  approximately  30  million  cases/year,  and  a  preva-
ence  of  approximately  200  million  cases  globally.  Of  these,
2.6%  occur  in  children  under  5  years  of  age.  Otitis  media  is
ne  of  the  main  causes  of  hearing  loss  in  childhood  and,
lthough  the  incidence  of  infections  decrease  with  age,
earing  loss  can  persist.

Chronic  suppurative  otitis  media  leads  to  some  degree
f  hearing  loss  in  50%  of  cases  due  to  tympanic  membrane
erforation  and  changes  in  the  ossicular  chain  (conductive
earing  loss),  hair  cell  damage  caused  by  recurrent  infec-
ions  (sensorineural  hearing  loss),  or  mixed.21

bjective

his  systematic  review  have  the  purpose  to  provide  an
verview  of  the  evidence-based  recommendations  for  the
reatment  of  hearing  loss  in  children  and  adolescents  aged
---18  years.

ethods

etween  April  28  and  29,  2022,  a  task  force  consisting  of
tolaryngologists,  otology  specialists,  Brazilian  Society  of
tology  (Sociedade  Brasileira  de  Otologia,  SBO)  directors,

nd  some  SBO  members  met  (in  person  and  remotely)  to
iscuss  the  topic  of  this  guideline.  Each  participant  in  this
eeting  was  tasked  with  giving  a  15-min  evidence-based  lec-

ure  on  one  of  the  suggested  topics.  After  the  lecture,  the

a

l
g

19
J.  Lavinsky  et  al.

articipants  discussed  the  topic  until  reaching  a  consensus.
ach  author  was  asked  to  write  a  text  with  the  current  lit-
rature  on  the  topic,  based  on  evidence  and  containing  the
lements  discussed  during  the  meeting.  A  rapporteur  pre-
ared  the  final  text,  which  was  reviewed  by  4  additional
oauthors  and  the  Brazilian  Journal  of  Otorhinolaryngology
BJORL)  editor.

This  guideline  is  not  intended  to  be  a  substitute  for  indi-
idual  professional  judgment.  Physicians  should  always  act
nd  decide  in  a way  that  they  believe  is  best  for  their
atients,  regardless  of  guideline  recommendations.  They
hould  also  operate  within  their  scope  of  practice  and  in
ccordance  with  their  training.  The  guidelines  represent  the
est  judgment  of  a  team  of  experienced  physicians  address-
ng  the  scientific  evidence  for  a  given  topic.

The  grading  system  of  the  American  College  of  Physi-
ians  (ACP)  was  used  in  this  guideline,  relating  to
ritical  appraisal  and  recommendations  on  therapeutic
nterventions22 (Tables  1  and  2).  An  important  component
f  this  guideline  was  judged  to  be  critical  appraisal  of  diag-
ostic  testing  studies.  However,  the  ACP  guideline  grading
ystem  was  not  designed  for  this  purpose.23---25

The  American  Thyroid  Association  (ATA)  created  a  diag-
ostic  test  appraisal  system  that  included  consideration  of
he  following  methodological  elements:  consecutive  recruit-
ent  of  patients  representative  of  clinical  practice,  use

f  an  appropriate  reference  gold  standard,  directness  of
vidence  (target  population  of  interest,  testing  procedures
epresentative  of  clinical  practice,  and  relevant  outcomes),
recision  of  diagnostic  accuracy  measures  (confidence  inter-
als  for  estimates  such  as  sensitivity  and  specificity),  and
onsistency  of  results  across  studies  using  the  same  test  that
as  also  used  in  this  guideline24 (Tables  3  and  4).

reatment of bilateral sensorineural hearing
oss

he  use  of  HAs  and  CIs  early  in  life  has  rehabilitated  many
hildren,  who  were  able  to  acquire  near-normal  language.
he  effectiveness  of  these  interventions  is  influenced  by
actors  such  as  maternal  education  level,  duration  of  daily
evice  use,  and  nonverbal  intelligence.9

Maximizing  hearing  in  each  ear  optimizes  oral  language
evelopment.  Device  options  for  children  with  bilateral  sen-
ory  hearing  loss  include  HAs,  CIs,  and  a  combination  of  both
bimodal  stimulation).

earing  AID

n  children  with  mild-to-moderate  bilateral  sensorineural
earing  loss,  the  use  of  HAs  should  be  considered.  In  the  case
f  severe-to-profound  hearing  loss,  HAs  may  be  insufficient
or  rehabilitation,  and  CIs  should  be  considered.  Regard-
ess  of  the  degree  of  hearing  loss,  HAs  should  be  the  first
herapy  to  be  considered,  even  in  children  with  profound
earing  loss,  before  a  surgical  procedure  is  indicated.  It
hould  be  noted  that  speech  assessment  and  speech  therapy

re  extremely  important  for  children  using  these  devices.

Despite  treatment,  children  with  mild-to-severe  hearing
oss  using  HAs  have  poorer  receptive  and  expressive  lan-
uage  performance,  as  well  as  less  vocabulary  compared

2
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Table  1  Interpretation  of  the  American  College  of  Physicians’  guideline  grading  system  (for  Therapeutic  Interventions).

Recommendation Clarity  of
risk/benefit

Implications

Strong
recommendation

Benefits  clearly
outweigh  harms
and  burdens,  or
vice  versa.

Patients:  most  would  want  course  of  action;  a  person  should  request
discussion  if  an  intervention  is  not  offered.
Clinicians:  most  patients  should  receive  the  recommended  course  of  action.
Policymakers:  the  recommendation  can  be  adopted  as  policy  in  most
circumstances.

Weak
recommendation

Benefits  closely
balanced  with
harms  and
burdens.

Patients:  many  would  want  course  of  action,  but  some  may  not;  the  decision
may depend  on  individual  circumstances.
Clinicians:  different  choices  will  be  appropriate  for  different  patients;  the
management  decision  should  be  consistent  with  patients’  preferences  and
circumstances.
Policymakers:  policymaking  will  require  careful  consideration  and  stakeholder
input.

No recommendation  Balance  of
benefits  and  risks
cannot  be
determined.

Decisions  based  on  evidence  cannot  be  made.

Table  2  Recommendations  (for  Therapeutic  Interventions)  based  on  strength  of  evidence.

Recommendation  and
evidence  of  quality

Description  of  supporting  evidencea Interpretation

Strong  recommendation
High-quality  evidence RCT  without  important  limitations  or

overwhelming  evidence  from  observational
studies.

Can  apply  to  most  patients  in  most
circumstances  without  reservation.

Moderate-quality
evidence

RCT with  important  limitations  or  strong
evidence  from  observational  studies.

Can  apply  to  most  patients  in  most
circumstances  without  reservation.

Low-quality evidence  Observational  studies/case  studies.  May  change  when  higher-quality  evidence
becomes  available.

Weak recommendation
High-quality  evidence  RCT  without  important  limitations  or

overwhelming  evidence  from  observational
studies.

Best  action  may  differ  based  on
circumstances  or  patients’  values.

Moderate-quality
evidence

RCT with  important  limitations  or  strong
evidence  from  observational  studies.

Best  action  may  differ  based  on
circumstances  or  patients’  values.

Low-quality evidence  Observational  studies/case  studies.  Other  alternatives  may  be  equally
reasonable.

Insufficient  Evidence  is  conflicting,  of  poor  quality,  or
lacking.

Insufficient  evidence  to  recommend  for  or
against.
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This description of supporting evidence refers to therapy, ther
evidence is different for diagnostic accuracy studies. RCT, Random

ith  children  with  normal  hearing.26 The  worse  the  hearing
eficit,  the  worse  the  outcome.  Higher  maternal  education
evels  and  nonverbal  intelligence  skills,  early  and  prolonged
A  use,  and  greater  auditory  residual  hearing  are  associated
ith  better  linguistic  outcomes.

ochlear  implant
he  CI  is  an  implantable  prosthesis  that  provides  sound  infor-
ation  to  patients  with  severe-to-profound  sensorineural

earing  loss  and  no  functional  gain  with  HAs.  It  is  the  most
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tic strategy, or prevention studies. The description of supporting
 Controlled Trial.

uccessful  sensory  prosthesis  in  the  world.27 The  CI  has  an
xternal  component  (processor)  composed  of  a  microphone,
peech  processor,  and  stimulator  and  an  internal  component
omposed  of  a  receiver  and  an  electrode  array.  These  com-
onents  communicate  via  frequency-modulated  waveforms
hrough  intact  skin.

The  sound  is  captured  by  the  microphone  on  the  external
omponent,  selected,  and  encoded  by  the  processor.  The

nformation  is  then  sent  to  the  transmitter,  which  sends  the
ncoded  sounds  to  the  internal  component.  The  electrodes
enerate  electrical  impulses  that  depolarize  the  auditory
erve  fibers.

3



V.A.  Silva,  H.F.  Pauna,  J.  Lavinsky  et  al.

Table  3  Interpretation  of  the  American  Thyroid  Association  guideline  for  diagnostic  tests.

Recommendation  Accuracy  of  diagnostic
information  versus  risks  and
burden  of  testing

Implications

Strong
recommendation

Knowledge  of  the  diagnostic
test  result  clearly  outweighs
risks  and  burden  of  testing  or
vice  versa.

Patients:  in  the  case  of  an  accurate  test  for  which  benefits
outweigh  risks/burden,  most  would  want  the  diagnostic  test  to
be offered  (with  appropriate  counseling).  A  patient  should
request discussion  of  the  test  if  it  is  not  offered.  In  contrast,
for a  test  in  which  risks/burden  outweigh  the  benefits,  most
patients  should  not  expect  the  test  to  be  offered.
Clinicians:  in  the  case  of  an  accurate  test  for  which  benefits
outweigh  risks/burden,  most  patients  should  be  offered  the
diagnostic  test  (and  provided  relevant  counseling).  Counseling
about  the  test  should  include  a  discussion  of  the  risks,
benefits,  and  uncertainties  related  to  testing  (as  applicable),
as well  as  the  implications  of  the  test  result.  In  contrast,  for  a
test in  which  risks/burden  outweigh  the  perceived  benefits,
most patients  should  not  be  offered  the  test,  or  if  the  test  is
discussed,  the  rationale  against  the  test  should,  for  the
particular  clinical  situation,  be  explained.
Policymakers:  in  the  case  of  an  accurate  test  for  which
benefits  outweigh  risks/burden,  availability  of  the  diagnostic
test should  be  adopted  in  health  policy.  In  contrast,  for  a  test
in which  risks/burden  outweigh  the  perceived  benefits,  some
restrictions  on  circumstances  for  test  use  may  need  to  be
considered.

Weak
recommendation

Knowledge  of  the  diagnostic
test  result  is  closely  balanced
with  risks  and  burden  of
testing.

Patients:  most  would  want  to  be  informed  about  the
diagnostic  test,  but  some  would  not  want  to  seriously  consider
undergoing  the  test;  a  decision  may  depend  on  the  individual
circumstances  (e.g.,  risk  of  disease,  comorbidities,  or  other),
the practice  environment,  feasibility  of  optimal  execution  of
the test,  and  consideration  of  other  available  options.
Clinicians:  different  choices  will  be  appropriate  for  different
patients,  and  counseling  about  the  test  (if  being  considered)
should  include  a  discussion  of  the  risks,  benefits,  and
uncertainties  related  to  testing  (as  applicable),  as  well  as  the
implications  of  the  test  result.  The  decision  to  perform  the
test should  include  consideration  of  the  patients’  values,
preferences,  feasibility,  and  the  specific  circumstances.
Counseling  the  patient  on  why  the  test  may  be  helpful  or  not,
in her/his  specific  circumstance,  may  be  highly  valuable  in  the
decision-making  process.
Policymakers:  policymaking  decisions  on  the  availability  of  the
test will  require  discussion  and  stakeholder  involvement.

No recommendation  Balance  of  knowledge  of  the
diagnostic  test  result  cannot

Decisions  on  the  use  of  the  test  based  on  evidence  from
scientific  studies  cannot  be  made.
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be  determined.

The  cochlear  implantation  procedure  is  safe  if  per-
ormed  by  experienced  surgeons.  There  may  be  minor
e.g.,  superficial  skin  infection,  hematoma)  or  major
e.g.,  device  malfunction  requiring  revision  surgery,  facial
erve  paralysis,  need  for  device  explantation)  postopera-
ive  complications.28 Overall,  complication  rates  reported
n  the  literature  range  widely  from  1%  to  5%  for

ajor  complications  and  from  4.5%  to  15%  for  minor

omplications.29
b
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Before  CIs  were  made  available,  only  approximately  50%
f  children  with  severe-to-profound  bilateral  hearing  loss
sing  HAs  were  able  to  acquire  spoken  language  compared
ith  children  with  normal  hearing.30 The  CI  has  allowed
any  children  with  severe-to-profound  bilateral  hearing  loss

o  achieve  age-appropriate  expressive  and  receptive  lan-
uage  skills  when  they  enter  elementary  school.  However,

etween  30%  and  50%  of  children  do  not  achieve  age-
ppropriate  spoken  language  skills,  even  in  the  presence  of
actors  that  support  successful  speech  development.4,31
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Table  4  Recommendations  (for  Diagnostic  Interventions)  based  on  strength  of  evidence.

Recommendation  and
evidence  of  quality

Methodologic  quality  of  supporting  evidence  Interpretation

Strong  recommendation
High-quality  evidence  Evidence  from  one  or  more  well-designed

nonrandomized  diagnostic  accuracy  studies  (i.e.,
observational----cross-sectional  or  cohort)  or
systematic  reviews/meta-analyses  of  such
observational  studies  (with  no  concern  about
internal  validity  or  external  generalizability  of  the
results).

Implies  the  test  can  be  offered  to
most  patients  in  most  applicable
circumstances.

Moderate-quality
evidence

Evidence  from  nonrandomized  diagnostic
accuracy  studies  (cross-sectional  or  cohort),  with
one or  more  possible  limitations  causing  minor
concern  about  internal  validity  or  external
generalizability  of  the  results.

Implies  the  test  can  be  offered  to
most patients  in  most  applicable
circumstances  without  reservation.

Low-quality evidence  Evidence  from  nonrandomized  diagnostic
accuracy  studies  with  one  or  more  important
limitations  causing  serious  concern  about  internal
validity  or  external  generalizability  of  the  results.

Implies  the  test  can  be  offered  to
most  patients  in  most  applicable
circumstances,  but  the  utilization  of
the test  may  change  when
higher-quality  evidence  becomes
available.

Weak recommendation
High-quality  evidence  Evidence  from  one  or  more  well-designed

nonrandomized  diagnostic  accuracy  studies  (i.e.,
observational----cross-sectional  or  cohort)  or
systematic  reviews/meta-analyses  of  such
observational  studies  (with  no  concern  about
internal  validity  or  external  generalizability  of  the
results).

The  degree  to  which  the  diagnostic
test is  seriously  considered  may
differ  depending  on  circumstances  or
patients’  or  societal  values.

Moderate-quality
evidence

Evidence  from  nonrandomized  diagnostic
accuracy  studies  (cross-sectional  or  cohort),  with
one or  more  possible  limitations  causing  minor
concern  about  internal  validity  or  external
generalizability  of  the  results.

The  degree  to  which  the  diagnostic
test is  seriously  considered  may
differ  depending  on  individual
patients’/practice  circumstances  or
patients’  or  societal  values.

Low-quality  evidence  Evidence  from  nonrandomized  diagnostic
accuracy  studies  with  one  or  more  important
limitations  causing  serious  concern  about  internal
validity  or  external  generalizability  of  the  results.

Alternative  options  may  be  equally
reasonable.

Insufficient Evidence  may  be  of  such  poor  quality,  conflicting,
lacking  (i.e.,  studies  not  done),  or  not  externally
generalizable  to  the  target  clinical  population
such that  the  estimate  of  the  true  effect  of  the
test  is  uncertain  and  does  not  permit  a  reasonable

Insufficient  evidence  exists  to
recommend  for  or  against  routinely
offering  the  diagnostic  test.
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conclusion  to  be  made.

Age-appropriate  language  acquisition  in  children  with  CIs
as  been  associated  with  higher  levels  of  nonverbal  intel-
igence  and  maternal  education,  higher  levels  of  residual
earing  after  surgery,  early  intervention,  a  focus  on  auditory
nd  oral  instruction,  and  the  use  of  novel  speech  proces-
or  technologies.31 Although  improved  school  performance

nd  quality  of  life  have  been  described  in  children  receiv-
ng  a  CI,32 CI  users  have  shown  long-term  educational  and
ccupational  levels  significantly  lower  than  the  population
verage.33
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Bilateral  -implants  are  the  most  viable  option  for  ver-
al  language  development.34 Surgery  may  be  simultaneous
r  sequential.  The  interval  between  the  first  and  sec-
nd  implant  procedures  must  be  minimal  to  allow  the
evelopment  of  bilateral  skills.  Thus,  in  case  of  sequen-
ial  cochlear  implantation,  the  need  to  quickly  implant

he  second  ear  (which  must  occur  within  6  months  of  the
rst  implantation)35 should  be  discussed  with  the  family,
nd  a HA  should  be  used  in  the  nonimplanted  ear  until
urgery.36
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V.A.  Silva,  H.F.  Pau

Several  factors  influence  the  frequency  with  which  chil-
ren  with  CIs  use  their  device  ----  degree  of  sensorineural
earing  loss,  duration  of  CI  experience,  age  at  the  time  of
urgery,  and  hearing  gain  with  CI.37,38 Other  important  varia-
les  include  maternal  education  level,  presence  or  absence
f  developmental  disability,  age,  and  social  pressure.38

Studies  comparing  the  benefits  of  bimodal  devices  and
ilateral  CIs  on  oral  language  skills  (receptive  or  expres-
ive  language)  suggest  that  children  with  profound  bilateral
earing  loss  should  undergo  bilateral  cochlear  implantation.
hildren  with  thresholds  close  to  70  dB  in  one  ear  and  pro-
ound  hearing  loss  in  the  contralateral  ear  may  benefit  from
imodal  stimulation.  However,  they  should  be  closely  mon-
tored  due  to  the  risk  of  worsening  hearing  in  the  ear  using
he  HA.36,39

ochlear  implantation  in  young  children

arly  access  to  hearing  is  critical  for  brainstem  auditory
ystem  development.  The  lack  of  auditory  stimulation  may
ffect  neural  development,  causing  serious  long-lasting
ffects  on  auditory  development,  language  acquisition,  and
ognitive  skills.6,40 Likewise,  unilateral  auditory  stimula-
ion  may  cause  asymmetric  development  and  compromise
ow  the  auditory  system  responds  to  subsequent  CI  stim-
lation  in  the  contralateral  ear.41 It  has  been  shown  that,
lthough  early  simultaneous  bilateral  cochlear  implantation
romotes  increased  symmetric  development  of  the  hearing
athways  compared  with  unilateral  or  sequential  cochlear
mplantation,  cortical  processing  of  sounds  still  will  not  be
ormal.42

Better  linguistic  outcomes  may  be  expected  for  chil-
ren  who  undergo  early  bilateral  implantation.43 Therefore,
arly  simultaneous  cochlear  implantation  is  likely  to  be
he  best  intervention  to  promote  oral  language  develop-
ent  for  children  with  profound  hearing  loss.44 The  decision

s  to  whether  perform  sequential  or  simultaneous  bilat-
ral  cochlear  implantation  is  affected  by  numerous  factors
nd  differs  according  to  each  health  service  and  country.
n  Brazil,  simultaneous  bilateral  cochlear  implantation  has
een  the  standard  treatment  since  2014  for  children  with
rofound  deafness.

Additional  intraoperative  care  is  required  for  patients
ounger  than  12  months.  Pediatric  patients  have  significan-
ly  lower  blood  volume  compared  with  the  adult  population.
n  children  younger  than  12  months,  the  total  systemic  blood
olume  is  approximately  80  mL/kg.  Minor  blood  losses  in  the
ediatric  population  can  have  catastrophic  effects.  Blood
osses  <10%  in  this  population  can  lead  to  hypovolemia.3,45

leeding  from  emissary  veins  and  bone  marrow  oozing  from
he  temporal  bone  are  the  main  sources  of  blood  loss  dur-
ng  pediatric  cochlear  implantation.46 Meticulous  hemostasis
hould  be  maintained  throughout  the  cochlear  implanta-
ion  procedure  in  children  younger  than  12  months  to  avoid
otential  complications.

Although  the  cochlea  and  facial  recess  are  adult  size
t  birth,  changes  occur  in  facial  nerve  position  and  mas-

oid  pneumatization  during  childhood.  In  children  younger
han  12  months,  there  is  lateral  and  superficial  displace-
ent  of  the  facial  nerve  and  semicircular  canals,  as  well  as

nderdevelopment  of  the  mastoid  tip.3,47 To  prevent  injuries
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uring  cochlear  implantation  in  children  younger  than  12
onths,  in  addition  to  careful  identification  of  the  facial

erve,  the  incision  should  not  approach  the  tip  of  the  mas-
oid.

The  skin  of  children  younger  than  12  months  is  signifi-
antly  thinner  than  the  skin  of  adults.  Musculocutaneous
aps  should  be  manipulated  with  caution.4,46 Skull  thick-
ess  of  younger  pediatric  patients  may  be  less  than  a  few
illimeters.  Dura  mater  exposure  during  pocket  creation

n  the  temporal  bone  cortex  has  already  been  demon-
trated  to  reduce  tension  on  the  flap  and  improve  aesthetic
utcomes.48 However,  receptors  have  become  increasingly
hinner,  rendering  this  action  unnecessary.  Given  that  the
kull  develops  over  time  and  may  cause  migration  of  the
nternal  component,  the  device  must  be  well  positioned,
nd  the  pocket  creation  must  be  well  made.4,46

ecommendations
egardless  of  the  degree  of  hearing  loss,  HAs  must  be  the
rst  therapy  to  be  considered,  even  in  children  with  pro-
ound  hearing  loss  (Strong  recommendation  ----  High-quality
vidence).

Auditory  rehabilitation  should  be  bilateral  and  conducted
s  early  as  possible.  Cochlear  implantation  should  preferably
e  performed  before  1  year  of  age  in  children  with  congen-
tal  sensorineural  hearing  loss  (Strong  recommendation  ----
igh-quality  evidence).

Children  should  undergo  simultaneous  cochlear  implan-
ation  (Strong  recommendation  ----  Moderate-quality  evi-
ence).

Cochlear  implantation  in  children  younger  than  1 year  is
afe  and  effective.  The  rates  and  nature  of  major  and  minor
omplications  are  comparable  to  studies  of  older  children
nd  adults  (Strong  recommendation  ----  Moderate-quality  evi-
ence).

nilateral  hearing  loss

atients  with  profound  unilateral  hearing  loss  or  SSD  have
ufficient  hearing  for  communication  but  struggle  with  sound
ocalization  and  speech  intelligibility  in  noise.  This  nega-
ively  impacts  development  and  may  cause  delayed  speech
cquisition,  poor  school  performance  in  up  to  59%  of  chil-
ren,  and  behavioral  changes.49

Although  the  negative  implications  of  SSD  are  clear,  chil-
ren  affected  by  this  condition  often  have  a  delay  between
iagnosis  and  intervention  compared  with  those  with  bilat-
ral  sensorineural  hearing  loss.50 Late  diagnosis  may  occur
ue  to  progressive  losses  or  false  negatives  in  hearing
creening.  The  information  conveyed  to  parents  of  chil-
ren  with  SSD  regarding  treatment  options  varies  greatly,
nd  physicians  often  minimize  the  negative  impact  of  this
ondition  on  development,  leading  to  uncertainty  in  clinical
ecision-making.50 Children  with  SSD  respond  to  sounds  in
heir  better  ear  and,  although  language  development  may
e  delayed,  they  often  communicate  effectively  in  some
ituations.51
After  diagnosis,  the  school  must  provide  special  assis-
ance  by  placing  the  child  in  the  front  rows,  with  their  better
ar  facing  the  teacher.  Speech  therapy  should  be  conducted
f  language  development  is  delayed.
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In  recent  years,  treatment  options  for  unilateral  hear-
ng  loss  have  increased.  In  addition  to  HAs  for  partial  losses
nd  Contralateral  Routing  of  Signal  (CROS)  systems  for  SSD,
ther  rehabilitation  options  include  Bone-Anchored  Hear-
ng  Systems  (BAHSs)  and  CIs.  The  benefit  of  using  a  device
implantable  or  not)  should  be  considered  when  treating
hese  children.

earing  AIDS  and  Bone-Anchored  Hearing  Systems
mportantly,  these  treatment  options  do  not  provide  any
inaural  hearing  benefits.  This  means  that  speech  discrimi-
ation  in  noisy  environments  and  sound  localization  remain
argely  impaired.52

Traditional  options  for  auditory  rehabilitation  redirect
ound  from  the  affected  ear  to  the  normally  functioning
ide.  Amplifiers  with  a  CROS  system  have  long  been  used
o  redirect  sound  from  the  diseased  ear  to  the  hearing  ear.

 microphone  is  placed  on  the  deaf  side  to  capture  sound
nd  transmit  it  (currently  wirelessly)  to  the  receiver  on  the
earing  side.  Despite  being  an  option,  the  use  of  this  device
s  limited  by  its  high  cost.  However,  using  a  receiver  on  the
earing  ear  may  not  be  an  option  for  some  patients,  as  it
isrupts  natural  hearing  acoustics,  reducing  access  to  some
ounds  or  modifying  monaural  level  cues  on  which  single-
ided  listeners  become  dependent.53

BAHSs  are  an  alternative  in  which  a  microphone  placed
n  the  external  processor  captures  sound  and  transmits  it
o  the  temporal  bone  and  inner  ear  via  bone  conduction.
his  allows  the  hearing  ear  to  remain  open  and  unoccluded
hile  maintaining  monaural  spectral  cues.  In  addition  to

equiring  surgery,  a  limitation  of  bone  conduction  stimula-
ion  for  SSD  treatment  is  the  reduced  signal  level  that  may
ccur  as  it  travels  through  the  skull,  particularly  in  high  fre-
uencies.  BAHSs  are  more  effective  than  HAs  with  CROS  for
ound  discrimination  in  noise  and  quiet.54 Patients  may  have
mproved  speech  discrimination  in  noise,  with  results  rang-
ng  from  −3.8  to  −4.8  dB  signal-to-noise  ratio,  depending  on
he  location  of  the  sound  source.55

BAHS  users  often  experience  reduced  hearing  benefit  and
ain  over  time.  The  discontinuation  rate  of  BAHS  use  over

 period  of  50  months  reached  14%,  approximately  3%  per
ear.56 The  expectations  and  prejudices  of  patients  with  SSD
hould  be  established  before  the  BAHS  procedure,  especially
egarding  percutaneous  systems.

Counseling  (habits,  work/social  environment,  expecta-
ions)  and  extensive  preoperative  testing  with  a  soft  band
AHS  may  help  patients  understand  their  expectations.  The
hoice  of  the  most  suitable  device  must  be  determined  by
he  physician,  who  will  discuss  the  clinical  advantages  and
isadvantages  of  the  devices  with  the  patient  and  their
amily  after  collecting  all  qualitative  and  quantitative  data
erived  from  a  complete  audiologic  evaluation.

ochlear  implant
he  CI  is  a  treatment  option  for  patients  with  SSD.  It

estores  hearing  in  the  affected  year  and  may  provide
ome  hearing  benefits  that  have  not  been  identified  with
ROS  and  BAHS  use.  Patients  with  SSD  using  a  CI  reported

mprovements  in  speech  perception  in  the  affected  ear,
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earing  in  noisy  environments,  and  sound  localization  com-
ared  with  those  who  did  not  receive  any  treatment57,58 or
eceived  other  devices.59 However,  children  with  congeni-
al  SSD  may  present  with  anomalies  of  the  eighth  cranial
erve,  such  as  hypoplasia  or  aplasia  of  the  cochlear  nerve,60

hich  have  been  considered  contraindications  to  cochlear
mplantation.61 Thus,  MRI  should  be  conducted  in  the  pre-
perative  evaluation  of  patients  with  SSD.

Hearing  outcomes  of  CI  users  with  SSD  are  not  the  same
s  those  of  children  with  normal  hearing.  Study  outcomes
ary  greatly,  especially  due  to  the  duration  of  auditory
eprivation.12,57 Speech  perception  is  poorer  than  normal
uditory  performance.62 Although  significantly  improved,
ven  in  noisy  environments,63 sound  localization  is  still  not
ompletely  normal.64 Young  children  typically  spend  a  lot  of
ime  in  noisy  environments,  and  subtle  hearing  difficulties
ay  have  an  extensive  negative  impact.65 In  addition,  such
ifficulties  may  demand  a  greater  listening  effort,  which,  in
urn,  could  lead  to  higher  rates  of  fatigue  and  behavioral
roblems,  as  seen  in  some  children  with  SSD.66 Likewise,
ncreased  listening  effort  and  language  problems  also  occur
n  children  with  mild  bilateral  sensorineural  hearing  loss.67

mproving  speech  perception  in  children  with  SSD  by  using
Is  may  reduce  listening  efforts  and  assist  in  language  pro-
essing.  This  would  explain  why  children  with  SSD  seem  to
enefit  from  early  cochlear  implantation  regarding  language
evelopment.68

A  systematic  review  published  in  2020  evaluated  119
hildren  and  showed  that  most  of  them  (79.6%)  had
mproved  speech  perception  in  noise  after  cochlear  implan-
ation,  which  was  clinically  significant.11 However,  the  same
mprovement  was  not  observed  in  all  analyzed  studies.
ochlear  implantation  after  4  years  of  age  and  high  preva-

ence  of  hearing  loss  caused  by  CMV  were  associated  with
egative  CI  results.

Prolonged  auditory  deprivation  negatively  affects  CI
esults.  Based  on  the  maturation  of  the  auditory  pathway,
he  estimated  sensitive  period  for  treatment  is  from  3  to  4
ears  of  age.40 Early  intervention  should  be  conducted  dur-
ng  sensitive  periods  of  auditory  cortex  development.69,70

ther  hearing  solutions  have  limited  utility  in  pediatric  pop-
lations  and,  in  most  cases,  cannot  be  easily  implemented
efore  5  years  of  age,  when  most  of  the  auditory  develop-
ent  has  already  occurred.  Unlike  redirection  (with  CROS

r  BAHS),  the  CI  provides  stimulation  from  both  auditory
athways.  The  CI  may  serve  as  an  important  and  benefi-
ial  alternative,  allowing  early  intervention  and  providing
dditional  cues  during  the  critical  phase  of  development,
efore  auditory  deprivation  causes  permanent  changes  in
he  CNS.35,70

Children  with  SSD  were  reported  to  use  their  CIs  between
 and  12  h  per  day,  similarly  to  bilateral  CI  users.37,71 Sub-
ective  benefit  has  been  observed  between  4-month  and
.5-year  follow-ups.37 There  is  evidence  that  a  sensitive
eriod  of  intervention  may  play  an  important  role  in  long-
erm  outcomes  and  success  of  cochlear  implantation  in
hildren  with  SSD.70,72 Animal  models  point  to  the  negative
onsequences  of  untreated  asymmetric  hearing  on  auditory

evelopment.  Electrical  stimulation  combined  with  speech
herapy  may  restore  the  binaural  auditory  system.73
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ecommendations
hildren  with  asymmetric  loss  should  receive  early  treat-
ent,  given  that  they  develop  an  aural  preference  for  the

earing  ear  from  an  early  age,  which  is  difficult  to  reverse
nd  interrupts  their  potential  to  develop  binaural  hearing
Strong  recommendation  ----  Moderate-quality  evidence).

Achieving  binaural  hearing  is  always  the  goal,  as  it  is
he  most  physiological  path  for  CNS  development  (Strong
ecommendation  ----  Moderate-quality  evidence).

BAHSs  are  more  effective  than  HAs  with  CROS  for  sound
iscrimination  in  noise  and  quiet  in  patients  with  SSD  (Weak
ecommendation  ----  Low-quality  evidence).

Children  older  than  3-years  gain  little  benefit  from
ochlear  implantation  in  congenital  unilateral  hearing  loss
Strong  recommendation  ----  Low-quality  evidence).

The  contralateral  ear  should  always  be  reassessed  for  the
isk  of  hearing  loss  (Strong  recommendation  ----  Low-quality
vidence).

uditory  neuropathy  spectrum  disorder

he  multidisciplinary  team  should  observe  some  conditions
hen  treating  patients  with  ANSD.  Treatment  depends  on

he  severity  of  the  impairment  and  is  defined  according
o  each  case.  The  goal  is  to  restore  auditory  skills  with
earing  devices.  Among  available  devices,  HAs,  frequency
odulation  or  similar  systems,  and  CIs  are  the  most  rele-

ant  ones.  The  literature  shows  an  advantage  of  CIs  over
As.74

Some  studies  have  produced  different  results  with
ochlear  implantation  in  25%  of  cases,  which  are  depen-
ent  on  patient  conditions  such  as  presence  of  residual
earing,  age  at  the  time  of  cochlear  implantation,  duration
f  sound  deprivation  before  cochlear  implantation,  cogni-
ive  aspects,  and  factors  related  to  socioeconomic  status
nd  anatomic  morphology,  especially  of  the  cochlear  and
ochlear  nerves.75---77 Patients  with  ANSD  experience  signif-
cant  advantages  when  using  CIs  compared  with  HAs,  but
hey  have  poorer  responses  regarding  open-set  speech  per-
eption  compared  with  patients  with  CIs  with  a  pure  tone
udiogram  of  sensorineural  hearing  loss.78

CI  users  have  significantly  improved  speech  perception
nd  auditory  performance.  Even  those  with  the  worst  results
how  a  50%  improvement  in  the  recognition  of  disyllabic
ords  in  audiologic  tests  after  cochlear  implantation,  as  well
s  greater  ease  of  phone  use  and  improved  speech  under-
tanding  in  background  noise,  especially  for  adults.79,80

The  CI  may  provide  positive  results  even  when  the  lesion
ite  seems  to  involve  the  auditory  nerve.  Molecular  markers
an  be  of  great  assistance  when  making  the  final  treatment
ecision.  The  table  below  lists  the  genetic  markers  associ-
ted  with  better  or  worse  CI  outcomes  in  ANSD.

Table  8  shows  the  genes  identified  to  cause  ANSDs  and
xpected  CI  outcomes  (adapted  from  Shearer  et  al.)75 (see
ppendix).

In  addition  to  the  use  of  hearing  devices,  auditory  training
hould  be  conducted  and  focus  on  maximizing  the  signal-to-

oise  ratio  ---  improving  speech  perception  in  noise  with  or
ithout  the  use  of  a  frequency  modulation  or  similar  system

--  always  providing  adequate  counseling  and  defining  the  lim-
tations  that  are  more  closely  related  to  either  postsynaptic

w
m
t
t
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r  CNS  lesions.  Fig.  1  shows  an  algorithm  for  rehabilitation
f  patients  with  ANSD.

CI candidates  present  with  variations  in  auditory  nerve
unction  during  response  to  electrical  stimulation  from
he  CI.  Assessing  the  integrity  of  the  spiral  ganglion  and
ochlear  nerve  has  become  an  important  focus  in  pre-
icting  CI  outcomes.  Many  studies  have  attempted  to
etermine  whether  CI  might  benefit  patients  with  auditory
europathy.  Auditory  neuropathy  was  initially  considered  a
ontraindication  to  CI.  However,  after  the  initial  reports  of
uccessful  cochlear  implantation  in  these  patients,  larger
tudies  have  been  conducted  and  observed  that  patients
ith  ANSD  may  benefit  from  cochlear  implantation  depend-

ng  on  the  lesion  site  (whether  they  have  neuropathy  or
ynaptopathy).75,81

Precisely  determining  the  site  of  the  lesion  causing
europathy,  by  using  molecular  diagnosis  combined  with
lectrophysiologic  data  from  electrocochleography  as  well
s  intraoperative  Electrical  ABR  (EABR),  may  help  pre-
ict  postoperative  CI  outcomes  and  may  assist  in  the  final
reatment  decision.82,83 Due  to  the  extreme  genetic  het-
rogeneity  of  deafness,  adequate  studies  require  a  large
umber  of  patients.  Thus,  any  study  intended  to  report
esults  for  patients  with  ANSD  and  CI  must  include:  (1)  a
etailed  clinical  history  of  the  patient,  with  family  history
f  neuropathy,  vision  loss,  or  vestibular  disorders.  (2)  Audi-
logic  data  on  the  degree  of  hearing  loss,  age  at  the  time
f  hearing  loss  onset,  speech  recognition  tests  in  quiet  and
oise.  (3)  Electrophysiologic  data  from  OAE,  ABR,  EABR,
nd  electrocochleography  (cochlear  microphonics,  summa-
ion  potential,  auditory  nerve  neurophonic  potential,  and
daptation.  (4)  Implanted  CI  device  and  type  of  stimulation.
5)  Post-implantation  outcome  measures  with  word  recogni-
ion  scores  in  quiet  and  noise.  (6)  Molecular/genetic  data.

Another  concerning  aspect  is  that  OAE  response  dimin-
shes  over  time  and  eventually  disappears  in  approximately
0%---30%  of  patients.84 Due  to  the  limitations  of  newborn
earing  screening,  molecular  genetic  testing  has  become  an
mportant  tool  in  the  screening  of  newborns,  children,  and
dults  who  are  candidates  for  cochlear  implantation.  Several
eafness-causing  genes  have  known  effects  on  the  mesen-
ephalon  and  auditory  cortex,  including  DFNB59,  CACNA1D,
nd  KCNQ4.85

ecommendations
ven  in  patients  with  mutations  affecting  the  auditory
erve,  cochlear  implantation  may  still  be  recommended  due
o  better  hearing  outcomes  for  most  patients  (Strong  recom-
endation  ----  Moderate-quality  evidence).
The  lesion  site  is  not  the  only  determinant  of  CI  outcome.

n  addition  to  clinical  factors  such  as  type  and  duration  of
eafness,  molecular  and  physiologic  factors  that  may  sug-
est  the  status  of  the  cochlea,  synapse,  spiral  ganglion,  and
uditory  nerve  should  also  be  considered  to  provide  the  best
ossible  outcomes  for  patients  (Strong  recommendation  ----
ow-quality  evidence).

When  conducting  the  initial  evaluation  of  a  patient

ith  suspected  auditory  neuropathy,  the  possibility  of  a
olecular  diagnosis  should  be  considered  in  addition  to  elec-

rophysiologic  assessment  and  therapeutic  tests  in  speech
herapy,  as  well  as  a  multidisciplinary  discussion  involving
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ig.  1  Algorithm  for  rehabilitation  of  patients  with  auditory  

NSD, auditory  neuropathy  spectrum  disorder;  CI,  cochlear  imp

peech  therapists  and  geneticists  (Strong  recommendation
---  Low-quality  evidence).

vidence-based treatment of conductive
earing loss

hildren  with  external/middle  ear  malformations

urgical  correction  of  these  malformations  is  one  of  the
ost  challenging  procedures  in  otolaryngology.  The  goals  of

he  procedure  are  to  restore  hearing  and  create  an  exter-
al  auditory  canal  that  remains  patent  and  infection-free.86

owever,  achieving  these  goals  is  often  hampered  by  post-
perative  complications,  such  as  external  auditory  canal
estenosis  (revision  surgery  may  be  necessary  in  25%---36%  of
ases).  Conductive  hearing  loss  is  the  most  common  cause
f  deafness  among  these  patients,  occurring  in  up  to  33%
f  cases.  In  addition  to  these  sequelae,  peripheral  facial
aralysis,  graft  lateralization,  and  chronic  infection  may
lso  occur.87,88

The  Jahrsdoerfer  grading  system  is  often  used  to  classify
atients  before  surgery.89 In  this  grading  system,  patients
eceive  a  score  of  1---10  according  to  physical  examination
nd  temporal  bone  CT  findings.  The  preoperative  score  is
orrelated  with  the  degree  of  success  that  can  be  expected
rom  the  operation.  A  score  of  5  or  less  disqualifies  the
atient  for  surgery,  as  the  risks  of  surgery  outweigh  the
otential  benefits.90

The  hearing  gain  varies  depending  on  the  severity  of  the
iddle  ear  malformation  and  the  presence  of  concomitant

alformations  in  the  inner  ear.  Usually,  surgical  correction

s  indicated  only  in  patients  who  have  small  malformations
ssociated  with  a  favorable  anatomy  of  the  temporal  bone.90

he  use  of  HAs  is  only  possible  for  patients  undergoing

r
a

m

19
pathy  spectrum  disorders.  ABR,  auditory  brainstem  response;
 CN,  cranial  nerve;  HA,  Hearing  AID.

urgery  who  had  no  external  auditory  canal  stenosis,  thus  not
eing  a  good  option.  For  other  patients,  there  are  alterna-
ive  solutions  for  hearing  rehabilitation,  such  as  implantable
ystems.91

BAHSs  represent  a  revolution  in  the  treatment  of  patients
ith  middle  ear  malformations,  regardless  of  the  integrity
r  mobility  of  the  ossicular  chain,  with  a  low  complication
ate.  Multiple  physiologic  mechanisms  contribute  to  hearing
ia  bone  conduction.  Sound  energy  is  transmitted  by  skull
one  vibrations  directly  to  the  cochlea,  bypassing  the  middle
ar.  Traveling  waves  propagate  along  the  basilar  membrane
nd  stimulate  the  cochlear  nerve.  BAHSs  can  be  divided  into

 types:92

Nonsurgical  ---- bone  vibrators  that  can  be  mounted  on
 behind-the-head  band  (Baha  SoundArc;  Cochlear  Ltd.,
ydney,  Australia),  elastic  band  (Softband  ----  Oticon  A/S,
morum,  Denmark;  Cochlear  Ltd.,  Sydney,  Australia),  adhe-
ive  adapter  (ADHEAR;  MED-EL,  Innsbruck,  Austria),  teeth
Sonitus  SoundBite  System),  or  auditory  canal  (TransEar).

Percutaneous  ----  Stimulus  occurs  via  a  skin-penetrating
butment  coupled  to  a  sound  processor  (Baha  Connect  ----
ochlear  BAS,  Gothenburg,  Sweden;  and  the  Ponto  system

---  Oticon  Medical  AB,  Askim,  Sweden).
Transcutaneous  ----  a  titanium  plate  is  implanted  in  the

emporal  bone  and  a  processor  is  coupled  to  a  magnet  that
ransmits  sound  through  intact  skin  (Baha  Attract  ----  Cochlear
AS,  Gothenburg,  Sweden;  and  Sophono  ----  Medtronic,  Jack-
onville,  FL).

Active  transcutaneous  ----  an  active  implant  is  placed
nder  the  skin  and  muscles  of  the  temporal  bone  and  com-
unicates  with  the  external  sound  processor  wirelessly  via
adiofrequency  (Bonebridge  ----  MED-EL,  Innsbruck,  Austria;
nd  Osia2  ----  Cochlear  BAS,  Gothenburg,  Sweden).

The  indication  criteria  are  as  follows:  (a)  unilateral
ixed  hearing  loss:  bone  conduction  threshold  ----  65  dB

9
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V.A.  Silva,  H.F.  Pau

percutaneous),  55  dB  (Osia2),  and  45  dB  (Bonebridge).  (b)
peech  intelligibility  index  greater  than  60%  for  open-set
ecognition  of  monosyllabic  words  without  HA.  (c)  Profound
nilateral  hearing  loss:  contralateral  ear  with  audiometric
hresholds  within  the  normal  reference  range.  (d)  Symmet-
ic  bilateral  conductive  or  mixed  hearing  loss:  interaural
ifference  between  mean  bone  conduction  thresholds  at
00,  1000,  2000,  and  3000  Hz  must  not  exceed  10  dB  and  be
ess  than  15  dB  at  all  frequencies.  Bilateral  implantation  is
ossible.  (e)  Asymmetric  conductive  or  mixed  hearing  loss:
deally,  BAHS  should  be  placed  only  unilaterally  (on  the  side
ith  better  bone  conduction).

Children  under  5  years  of  age  or  patients  with  contraindi-
ations  to  surgery  should  use  nonsurgical  implant  systems,
o  be  decided  based  on  physician  and  family  preferences.
rom  this  age  onward,  BAHSs  or  active  middle  ear  implants
an  be  used.

The  indication  of  the  type  of  implantable  BAHS  depends
n  the  experience  of  the  medical  team.  Advantages  of  per-
utaneous  systems  include  rapid  surgery  (even  in  malformed
kulls),  increased  bone  conduction  amplification  capacity,
ew  intraoperative  complications,  and  smaller  artifacts  in
RI  which  can  be  performed  in  up  to  3.0  Tesla  scanners.
owever,  patients  using  these  systems  have  aesthetic  com-
laints  due  to  abutment  exposure,  in  addition  to  the  risk  of
kin  complications  and  osseointegration  failure,  especially
n  young  children.92,93

Active  transcutaneous  systems  have  the  benefit  of  keep-
ng  the  skin  intact,  being  more  aesthetically  acceptable  for
atients,  and  providing  good  hearing  gain,  despite  being
maller  than  percutaneous  systems.  To  indicate  BAHSs,  it  is
mportant  to  note  that  bone  conduction  thresholds  should  be
valuated  and  that  they  are  normally  preserved  in  patients
ith  microtia.  Disadvantages  include  reduced  bone  conduc-

ion  amplification  capacity,  prolonged  operative  time,  and
arger  artifacts  in  MRI  which  can  be  performed  only  in  1.5
esla  scanners.

Since  2009,  the  Vibrant  Soundbridge® (VSB)  hearing
evice  (MED-EL,  Innsbruck,  Austria)  has  been  used  in
atients  with  external  or  middle  ear  malformations.94 The
mplanted  portion  of  VSB  consists  of  a  receiver  coil,  a
onductive  beam,  and  a  Floating  Mass  Transducer  (FMT).95

nitially,  the  FMT  was  coupled  only  to  the  long  process  of  the
ncus.  Currently,  new  couplers  allow  the  FMT  to  be  placed
n  the  short  process  of  the  incus,  stapes  superstructure,  and
ound  window.96 VSB  model  503  supports  up  to  1.5  Tesla
RI,97 whereas  earlier  models  are  incompatible  with  MRI.
one  conduction  thresholds  to  indicate  VSB  in  conductive
earing  loss  are  45  dB  (500  Hz),  50  dB  (1000  Hz),  and  65  dB
2000  and  4000  Hz).96

Surgery  must  be  performed  by  experienced  otologists
nd  in  patients  with  a  favorable  anatomy  due  to  the  high
evel  of  difficulty  and  risk  of  serious  complications.  The  usu-
lly  anomalous  split  facial  nerve  configuration  makes  access
ifficult  (even  using  intraoperative  monitoring),  and  obliter-
tion  of  the  round  window  may  lead  to  surgical  failure.98,99
ecommendations
astoid  CT  and  MRI  are  not  required  early,  especially  in
nilateral  malformations  (Weak  recommendation  ----  Low-
uality  evidence).

A
4
l
c

20
J.  Lavinsky  et  al.

Children  under  5-years  of  age  should  use  nonsurgical
mplant  systems.  From  this  age  onward,  BAHSs  or  active
iddle  ear  implants  can  be  used  (Strong  recommendation

---  Moderate-quality  evidence).
The  indication  of  an  implantable  system  should  be  dis-

ussed  with  the  family,  which  should  be  informed  by  the
urgeon  of  the  benefits  of  and  contraindications  to  each
ystem  (Weak  recommendation  ----  Low-quality  evidence).

ympanostomy  Tube  Placement

ympanostomy  Tube  Placement  (TTP)  is  one  of  the  most
ommon  surgical  procedures  performed  in  children.  A  venti-
ation  tube  is  placed  in  the  tympanic  membrane  to  ventilate
he  middle  ear.  Otitis  media  is  one  of  the  most  prevalent
onditions  in  childhood,  responsible  for  a  large  number  of
rimary  care  visits.100 Over  the  last  10  years,  pneumococcal
accination  has  reduced  the  indications  for  TTP  in  children
ith  Acute  Otitis  Media  (AOM).101 However,  in  the  United
tates,  in  2014,  approximately  9%  of  children  under  17  years
f  age  underwent  TTP,  in  addition  to  25%---30%  of  children
ith  recurrent  otitis.102

cute  otitis  media
he  mean  incidence  is  10.8  new  episodes  per  100  person-
ears,18 but  it  has  declined  in  high-income  countries  due  to
accination  and  adoption  of  guidelines  with  strict  diagnostic
ndications.19

Treatment  includes  analgesics,  antipyretics,  and  antibi-
tics  (if  necessary).  TTP  is  indicated  for  management  of
erious  complications,  such  as  mastoiditis,  peripheral  facial
aralysis,  meningitis,  petrositis,  sigmoid  sinus  thrombosis,
nd  brain  abscess.

Recurrent  AOM  is  defined  as  the  occurrence  of  3  or  more
ell-documented  and  distinct  episodes  of  AOM  in  a  6-month
eriod  or  4  or  more  episodes  of  AOM  in  a  12-month  period
hat  includes  at  least  1  episode  in  the  preceding  6-months.
TP  should  not  be  performed  in  children  with  recurrent
OM  without  middle  ear  effusion.  However,  the  American
cademy  of  Otolaryngology-Head  and  Neck  Surgery  (AAO-
NS)  guidelines  include  the  following  exceptions:103 (1)
hildren  with  a  history  of  a  severe  episode  or  persistent
OM.  (2)  Presence  of  immunosuppression.  (3)  Presence  of
OM-related  complications.

TTP  may  also  be  an  option  for  children  with  antibiotic
llergy  or  intolerance.103

titis  media  with  effusion
titis  Media  with  Effusion  (OME)  is  defined  as  the  presence
f  fluid  in  the  middle  ear  without  signs  or  symptoms  of  acute
nfection.  Chronic  OME  occurs  when  effusion  persists  for  3-
onths  or  longer  from  the  date  of  onset  (if  known)  or  from

he  date  of  diagnosis  (if  onset  is  unknown).
OME  is  a common  condition,  affecting  90%  of  children

efore  the  age  of  5-years.104 It  may  occur  as  a  result  of
ustachian  tube  dysfunction,  during  upper  respiratory  tract
nfection,  or  after  the  inflammatory  process  of  AOM.103
lthough  OME  resolves  spontaneously  in  most  cases,  up  to
0%  of  patients  have  repeated  episodes,  and  10%  of  episodes
ast  1-year  or  longer.105 The  prevalence  of  OME  is  higher  in
hildren  with  Down  syndrome  or  cleft  palate.106,107
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OME  persisting  for  3-months  or  longer  has  been  associ-
ted  with  hearing  loss,  balance  disorders,  reduced  quality
f  life,  and  poor  school  performance.100 Given  the  potential
mpact  of  OME  on  child  development,  minimizing  practice
ariations  in  treatment  has  been  a  topic  of  discussion  in
he  latest  guidelines.  Children  younger  than  6-months  are
xcluded  from  almost  all  guidelines  and  randomized  trials
ecause  evidence  is  extremely  limited  and  their  treatment
equires  individualized  decision-making  based  on  specific
linical  circumstances.103 Children  considered  at  risk  for  lan-
uage  developmental  difficulties  are  those  with  a  diagnosis
uch  as  ASD,  blindness  or  hearing  impairment  regardless  of
ME,  and  syndromic  hearing  loss,  and  those  with  cleft  palate
r  delayed  neuropsychomotor  development.103,104

There  is  a  strong  recommendation  for  the  use  of  pneu-
atic  otoscopy  in  the  diagnosis  of  OME.  In  addition,  patients
ith  hearing  loss,  otalgia,  or  both  should  be  assessed  with
neumatic  otoscopy  to  rule  out  OME.100 However,  equipment
s  not  readily  available  in  the  offices.  Diagnosing  the  pres-
nce  of  chronic  OME  is  imperative  due  to  its  negative  effect
n  auditory  and  speech  development  and  on  the  tympanic
embrane,  potentially  leading  to  the  formation  of  tympanic

etraction  pockets  and  cholesteatoma.108

If  the  diagnosis  remains  uncertain  after  pneumatic
toscopy,  tympanometry  should  be  performed  (strong
ecommendation).103,108 At-risk  children  should  be  identi-
ed  and  evaluated  for  the  presence  of  OME.  This  evaluation
hould  be  repeated  at  12  and  18  months  of  age.  However,
f  healthy  children  present  with  OME,  it  is  strongly  rec-
mmended  that  they  be  reevaluated  after  3-months  from
he  diagnosis  of  OME  given  the  natural  history  of  OME
pontaneous  resolution.  Up  to  90%  of  OME  cases  resolve
pontaneously  within  3-months.103

Current  guidelines  do  not  recommend  the  use  of  systemic
r  topical  intranasal  steroids,  antibiotics,  antihistamines,
r  decongestants  in  the  treatment  of  OME  due  to  a  lack
f  evidence  showing  their  effectiveness  compared  with
lacebo.103,109,110 However,  patients  with  concomitant  aller-
ic  rhinitis  may  benefit  from  intranasal  steroids,  which  may
ecrease  the  inflammatory  component  in  the  airway  that
ontributes  to  the  presence  of  OME.111 Although  an  associa-
ion  between  allergy  and  OME  has  been  suggested,  evidence
f  a  direct  causal  relationship  is  lacking.19 Maneuvers  such  as
alsalva  can  help  unclog  the  Eustachian  tube,  but  evidence
s  still  lacking.108

The  latest  AAO-HNS  recommendations  for  TTP  in  children
ged  6-months  to  12-years  were  published  in  2022.103 Middle
ar  effusion  is  common  in  children  after  upper  respiratory
ract  infections.  The  increased  risk  of  infections  in  young
hildren  is  partly  explained  by  their  immature  immune  sys-
em  and  Eustachian  tube  ventilation  dysfunction  caused,  in
art,  by  its  more  horizontal  position.112 The  AAO-HNS  guide-
ines  state  that  OME  of  less  than  3-months’  duration  does
ot  qualify  as  an  indication  for  TTP.103 Exception  includes
reviously  defined  at-risk  children.

An  observational  surveillance  interval  of  3---6-months
hould  be  established  in  children  with  OME  in  order  to  iden-
ify  one  of  the  following  disease  courses:  (a)  OME  resolves

pontaneously.  (b)  Hearing  loss  is  detected.  (c)  Abnormali-
ies  of  the  tympanic  membrane  or  middle  ear  are  suspected
r  observed.
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This  surveillance  interval  allows  clinicians  to  reevaluate
hildren  for  surgical  intervention,  avoids  complications,  and
llows  for  ongoing  family  counseling.  Pediatricians  should
e  aware  of  these  recommendations  to  ensure  adequate
reatment  for  children.

Age-appropriate  hearing  evaluation  should  be  performed
hen  a  child  becomes  a  candidate  for  TTP.  Establish-

ng  the  auditory  threshold  and  identifying  the  presence
f  a concomitant  sensorineural  component  helps  clinical
ecision-making  about  the  need  for  surgery.  Children  with
entilation  tubes  should  be  reevaluated  every  3-months.

According  to  the  AAO-HNS  guidelines,  indications  for  TTP
nclude103: (a)  bilateral  OME  for  3-months  or  longer  with
ocumented  hearing  loss.  (b)  Unilateral  or  bilateral  OME
or  3-months  or  longer  with  symptoms  that  include  ear  dis-
omfort,  vestibular  problems,  behavioral  issues  (including
oor  school  performance),  and  reduced  quality  of  life.  (c)
ecurrent  AOM  and  unilateral  or  bilateral  OME  at  the  time  of
ssessment.  (d)  At-risk  children  with  unilateral  or  bilateral
ME  who  are  believed  to  have  a  low  probability  of  sponta-
eous  resolution,  or  the  presence  of  OME  for  3-months  or
onger.

When  TTP  is  recommended  for  children  under  4-years
f  age,  adenoidectomy  should  not  be  performed  simulta-
eously  unless  there  is  a  clear  indication  for  this  surgical
rocedure,  such  as  chronic  adenoiditis  or  nasal  obstruction
aused  by  adenoid  hypertrophy.  However,  in  children  aged
-years  or  older,  adenoidectomy  with  TTP  is  recommended
or  the  treatment  of  OME.103,108 Adenoidectomy  has  shown

 protective  effect  only  in  children  older  than  4-years.113

TTP  has  been  shown  to  be  effective  at  reducing  the
revalence  of  chronic  OME,  improving  hearing  and  positively
ffecting  child  quality  of  life.103

Several  ventilation  tubes  are  available  on  the  market,
nd  the  choice  of  tube  type  should  be  made  in  the  clin-
cal  context  of  the  treatment  strategy  for  the  individual
hild.  Ventilation  tubes  such  as  Paparella  can  extrude  within
---12  months,  compared  with  Armstrong  tubes  which  gener-
lly  extrude  within  9---14  months.  Long-term  tubes  are  those
asting  up  to  2  years.108 The  clinician  should  not  place  long-
erm  tubes  as  initial  surgery  for  children  who  meet  criteria
or  TTP  unless  there  is  a  specific  reason  based  on  a  need  for
rolonged  middle  ear  ventilation.

Perioperative  education  and  family  counseling  are
ssential  in  the  care  of  these  patients  and  allow
aregivers  to  assess  the  expected  duration  of  tube  func-
ion,  recommended  follow-up  schedule,  and  detection  of
omplications.103 One  of  the  most  common  complications
s  otorrhea  (generally  transient),  occurring  in  up  to  26%  of
hildren  with  a  ventilation  tube.114 In  uncomplicated  cases,
he  use  of  ear  drops  alone  is  recommended.  Local  drug
oncentration  levels  in  ear  drops  are  1000  times  higher  than
hose  of  the  same  oral  antibiotic.108 These  medications  are
ffective  against  Pseudomonas  aeruginosa  and  penicillin-
esistant  Staphylococcus  aureus, with  systemic  antibiotics
eing  limited  to  immunocompromised  children  or  those  with
cute  complications,  such  as  cellulitis  of  adjacent  skin  and
oncurrent  bacterial  infection  of  the  paranasal  sinuses  or

harynx.  However,  ear  drops  should  not  be  used  indiscrimi-
ately.

Other  reported  complications  of  TTP  are  obstruction
7%),  premature  extrusion  (4%),  granulation  tissue  (4%),  and

1
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Table  5  Treatment  recommendations  for  children  with  hearing  loss.

Hearing  loss  Severity  Treatment  Notes

Bilateral
sensorineural

Mild  HA
Moderate  HA
Severe  HA  or  CI
Profound  HA  or  CI

Unilateral
sensorineural

Mild HA
Moderate  HA
Severe  HA/CROS  system/BAHS/CI
Profound  CROS  system/BAHS/CI  If  indicated,  CI  surgery  should

be performed  early  in
congenital  loss.

Conductive/mixed Microtia/EAC
stenosis

Age <5  years  ----
non-implantable  BAHS
Age ≥5  years  ----  implantable
BAHS
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HA, Hearing AID; CI, cochlear implant; CROS, Contralateral Routing
System.

isplacement  to  the  middle  ear  (0.5%).  Myringosclerosis  and
he  associated  minimal  effects  on  hearing  may  account  for
he  long-term  sequelae  of  TTP.  Tympanic  membrane  perfo-
ations,  which  may  require  repair,  are  observed  in  a  mean
f3%  of  children  after  TTP.115

Water  precautions  in  children  with  ventilation  tubes
hould  not  be  routinely  encouraged  unless  there  is  otalgia
rom  water  exposure  (river,  pond,  or  swimming  pool),  deep
ea  diving,  or  presence  of  otorrhea.116

ecommendations
hildren  with  OME  should  be  evaluated  periodically.  TTP  is
ot  indicated  for  all  cases  with  a  less  than  3-month  diagnosis
Strong  recommendation  ----  Low-quality  evidence).

Adenoidectomy  is  not  indicated  for  children  under  4-
ears  of  age  unless  there  are  respiratory  symptoms  (Strong
ecommendation  ----  Low-quality  evidence).

Patients  with  recurrent  AOM  have  no  indication  for
outine  TTP  (Strong  recommendation  ----  Moderate-quality
vidence),  with  exceptions.

There  are  no  swimming  restrictions  for  children  with
entilation  tubes  (Strong  recommendation  ----  Low-quality
vidence).

The  use  of  ear  drops  in  children  with  ventilation  tubes
hould  include  careful  consideration,  and  they  cannot  be
outinely  used  (Strong  recommendation  ----  Low-quality  evi-
ence).

ympanoplasty  in  children  with  simple  chronic
titis media

pproximately  98.7  million  people  have  otitis  media-related
earing  loss,  according  to  the  World  Report  on  Hearing,20

hich  shows  an  incidence  of  chronic  otitis  media  of  4.76%,

pproximately  30  million  cases/year,  and  a  prevalence  of
pproximately  200  million  cases  globally.  Of  these,  22.6%
ccur  in  children  under  5-years  of  age.  Otitis  media  is  one
f  the  main  causes  of  hearing  loss  in  childhood  and,  although

C
B
a
i

20
gnal; EAC, external auditory canal; BAHS, Bone-Anchored Hearing

he  incidence  of  infections  decrease  with  age,  hearing  loss
an  persist.

Chronic  suppurative  otitis  media  leads  to  some  degree
f  hearing  loss  in  50%  of  cases  due  to  tympanic  membrane
erforation  and  changes  in  the  ossicular  chain  (conductive
earing  loss),  hair  cell  damage  caused  by  recurrent  infec-
ions  (sensorineural  hearing  loss),  or  mixed.21

In  cases  of  chronic  otitis  media  with  tympanic  membrane
erforation,  tympanoplasty  with  or  without  ossicular  recon-
truction  is  the  treatment  of  choice  and  aims  to  eradicate
he  infection,  close  the  tympanic  perforation,  and  restore
earing  if  possible.  A  systematic  review  showed  that  there
s  improvement  in  hearing  acuity  for  7  in  every  10  patients
ndergoing  tympanoplasty.117 Surgical  success  rates  in  adults
ange  from  60%  to  99%,  whereas  in  children  these  rates  range
rom  35%  to  94%,21 opening  up  a  discussion  on  which  factors
ould  be  related  to  the  surgical  prognosis:  Age;  Site  of  per-

oration;  Contralateral  ear;  Otorrhea;  Graft  type;  Surgical
echnique.

ge
mmune  system  immaturity,  Eustachian  tube  angle  and
ength,  recurrent  upper  respiratory  tract  infections,  and
ostoperative  care  are  factors  suggesting  that  age  may
e  associated  with  the  surgical  success  of  tympanoplasty,
ut  no  statistically  significant  difference  has  been  observed
hen  comparing  ages  4---16  years.21,118---120

ite  of  perforation
lthough  anterior  perforations  have  been  considered  a  poor
rognostic  factor,  due  to  low  vascularization  and  more  diffi-
ult  access,  recent  studies  have  produced  different  results
nd  no  longer  report  the  site  of  perforation  as  a  determinant
f  poorer  outcomes.21,118
ontralateral  ear
ecause  Eustachian  tube  function  is  difficult  to  measure,
ssessment  of  the  contralateral  ear  has  been  suggested  for
ts  evaluation.  A  normal  contralateral  ear  is  a  good  prog-
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ostic  factor  for  the  surgical  outcome  of  tympanoplasty,
ut  when  altered  with  tympanic  membrane  perforation
r  retraction,  it  is  not  necessarily  indicative  of  poor
rognosis.21,119 In  these  cases,  tympanoplasty  should  be
eferred  until  the  age  of  7-years,  when  the  anatomy  of  the
ustachian  tube  becomes  more  satisfactory.121

torrhea
reoperative  dry  ear  time  has  long  been  debated  as  a  prog-
ostic  factor  in  tympanoplasty.  Some  authors  have  reported
etter  results  with  dry  ears  within  at  least  3-months  of
urgery,  whereas  others  have  observed  no  difference  with
et  ears  for  a  period  closer  to  the  procedure  date.21,118,121

raft  type
ecause  cartilage  grafts  are  often  thick,  their  use  may
e  disregarded  due  to  the  possibility  of  not  improving  or
orsening  hearing  acuity,  although  this  fact  has  not  been
bserved.  The  use  of  temporalis  fascia,  perichondrium  or
artilage  grafts  has  produced  no  significant  difference  in  the
esults  of  perforation  closure  or  audiometry.21,119,121 Because
artilage  is  thicker  and  tends  to  resist  resorption,  it  should
e  the  preferred  graft  material  in  cases  where  there  are
igns  of  an  acute  inflammatory  process  intraoperatively.121

urgical  technique

nderlay,  overlay,  or  inlay
hen  comparing  the  surgical  results  for  closure  of  a

ympanic  membrane  perforation  and  the  air-bone  gap,
here  is  no  significant  difference  in  the  choice  of  lateral
overlay),  medial  (underlay),  or  perforation  (inlay)  graft
lacement.21,119 However,  in  cases  where  only  myringotomy
s  indicated,  with  no  need  for  a  tympanomeatal  flap,  the  use
f  a  butterfly  cartilage  graft  in  the  inlay  technique  has  short-
ned  operative  time  and  reduced  procedure-related  costs  by
5%.122

ndoscopic  vs  microscopic
he  use  of  endoscopic  approaches  in  ear  surgery  has  become

ncreasingly  common,  leading  to  less  invasive  procedures
ith  transcanal  access  and  reducing  recovery  time  and,

ometimes,  procedure-related  costs.  Another  benefit  is
uperior  visualization  of  the  tympanic  cavity,  enabled  by  the
se  of  wide-angle  lenses.  However,  the  unique  anatomic  fea-
ures  of  the  pediatric  ear  should  be  considered.  Although
he  tympanic  membrane  in  children  is  adult  size  at  birth,
ts  angle  and  the  length  and  size  of  the  internal  acoustic
eatus  differ  significantly.123 Regarding  the  surgical  results

or  both  perforation  closure  and  audiometry,  no  differences
ave  been  observed  between  the  use  of  microscopic  and
ndoscopic  tympanoplasty  in  children.123,124

earing  threshold
he  impact  of  hearing  loss  and  the  potential  complications
esulting  from  recurrent  middle  ear  infections  are  well

nown,  especially  in  childhood.  For  these  reasons  and  in
iew  of  the  available  literature,  it  can  be  concluded  that
he  treatment  of  chronic  otitis  media  with  tympanic  mem-
rane  perforation  (tympanoplasty  with  or  without  ossicular

20
gology  2023;89(1):190---206

econstruction)  should  be  started  as  soon  as  possible,  tak-
ng  into  account  the  age  of  the  child,  status  of  the  ear  and
ustachian  tube,  and  the  technique  with  which  the  surgeon
eels  most  comfortable.

ecommendations
here  is  no  level  of  evidence  to  contraindicate  tym-
anoplasty  considering  only  the  age  of  the  child  (Insuffi-
ient).

Tympanoplasty  performed  in  subtotal  perforations  or  in
hildren  with  an  altered  contralateral  ear  are  more  likely  to
ail  (Weak  recommendation  ----  High-quality  evidence).

There  is  no  consensus  on  the  time  required  for  dry  ear
efore  indicating  surgery  (Insufficient).

The  type  of  graft  used  (inlay  cartilage  vs  underlay  tempo-
alis  fascia)  does  not  change  the  outcome  of  tympanoplasty
Strong  recommendation  ----  High-quality  evidence).

onclusion

reatment  may  include  only  speech  therapy  in  children  with
 normal  audiogram  who  present  only  with  a  delay  in  speech
evelopment.  In  children  with  hearing  loss,  in  addition  to
peech  therapy,  HAs  or  implantable  systems  may  be  indi-
ated.  Even  in  children  with  profound  hearing  loss,  both  the
se  of  HAs  and  behavioral  assessments  while  using  the  device
re  important.

Children  with  unilateral  hearing  loss  deserve  special
ttention  and  should  be  treated  accordingly.  This  document
as  provided  an  overview  of  the  problems  that  unilateral
earing  loss  can  cause  and  the  importance  of  binaural  hear-
ng.  It  is  up  to  the  medical  team  to  decide  whether  to  refer

 patient  with  profound  congenital  deafness  for  cochlear
mplantation,  BAHS,  or  HA  with  CROS,  but  it  is  important  to
mphasize  that  cochlear  implantation  has  better  outcomes
f  performed  early.  Therefore,  even  in  children  with  mild-to-
oderate  unilateral  sensorineural  hearing  loss,  HAs  should
e  offered  through  the  Brazilian  public  health  system  to
revent  CNS  alterations  that  might  be  permanent.

Considering  that  children  with  hearing  loss,  regardless  of
everity,  may  also  have  visual  impairment,  early  ophthalmo-
ogic  evaluation  is  imperative.

Table  5  shows  treatment  recommendations  for  children
ccording  to  the  type  and  severity  of  hearing  loss.
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