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Abstract

Many issues concerning sudden sensorineural hearing loss (SSNHL) remain unresolved. An especially troublesome and un-
charted field is SSNHL in children. The aim of the present literature review was to recognize, critically evaluate, and synthe-
size knowledge on pediatric SSNHL derived from available studies. Articles published between 2000 and 2016 in the English
and Polish languages were investigated. Included in the analysis were studies examining children and adolescents <18 years
or, in the case of comparative studies of children and adults, reports which treated the younger age group as a separate enti-
ty. An increase in the attention given to pediatric SSNHL could be observed over the last 16 years. Due to substantial differ-
ences in approach found in the analyzed articles, it was impossible to conduct a meta-analysis and provide descriptive statis-
tics. The average age of the investigated children was 12 years. There was no difference in SSNHL prevalence between either
gender. Unilateral cases were much more common than bilateral, and no preponderance for left or right ear was noted. The
most common factors accompanying SNSHL were tinnitus and vertigo; the most common proposed etiologies were idiopath-
ic and viral infections. There were two main treatment types: steroids (oral, intratympanic, intravenous) and hyperbaric ox-
ygen therapy. Depending on the treatment protocol, the rate of complete recovery ranged from 9 to 57%. The most common
positive prognostic factors were mild degrees of hearing loss, occurrence of tinnitus, and early treatment onset, whereas bilat-
eral hearing loss and vertigo were found to be negative prognostic factors.
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SORDERA SUBITA EN NINOS: REVISION BIBLIOGRAFICA
Resumen

Numerosos aspectos relacionados con la hipoacusia neurosensorial subita (HNS) en nifos siguen siendo poco claros. Este
problema concierne sobre todo a los nifios. El objetivo de esta revision bibliogréfica es una evaluacion critica, asi como un in-
tento de sintesis de las contribuciones cientificas contemporaneas sobre HNS en esta categoria de edad. Se han analizado ar-
ticulos cientificos en polaco y espaiol del periodo 2000-2016. En la revision se han incluido los trabajos en los cuales se pre-
sentaron los resultados de estudios en nifios y adolescentes menores de 18 afos, asi como articulos comparativos que analizan
los resultados infantiles tratando los nifios como un grupo de estudio aparte. Recientemente se ha podido observar cada vez
mas interés en el tema de HNS en los pacientes més pequenios. Por las diferencias significantes entre metodologias y métodos
de evaluacion aplicados por varios autores, ha sido imposible realizar el metaanalisis. Por este motivo, se ha optado por ele-
gir la estadistica descriptiva. La media de edad de los nifios que se presentaron con HSN fue de 12 afios. No se observaron di-
ferencias en cuanto a la incidencia de HNS dependiendo del género. Fueron mucho mis frecuentes los casos de HNS unila-
teral que de la bilateral, sin embargo no se observaron mas casos del oido izquierdo o derecho. Los sintomas mas frecuentes
coexistentes con la pérdida auditiva eran los tinnitus y el vértigo. Como etiologias mas comunes se indicaron los casos idio-
paticos y las infecciones virales. En los articulos analizados aparecian dos principales tipos de tratamiento: el esteroideo (via
oral, intratimpdnica, intravenosa) y el tratamiento en cdmaras hiperbdricas. Dependiendo del plan de tratamiento aplicado,
se observaba recuperacion total de los umbrales auditivos en 9-57% de los nifios. Como factores prondsticos positivos se han
propuesto: un grado mds leve de pérdida auditiva, la coexistencia de tinnitus y la introduccion temprana del tratamiento, en
cambio como factores prondsticos negativos: la perdida auditiva bilateral y el vértigo.

Palabras clave: sordera neurosensorial stbita ¢ ninos e revision bibliografica

© Journal of Hearing Science® - 2016 Vol. 6 - No. 4 9
DOI: 10.17430/902762



Review papers ¢ 9-18

BHE3AITHAA I/TYXOTA Y I[ETEVI - OB30OP JINTEPATYPBI
W3noxxenune

bonpiroe komm4ecTBo BOIPOCOB, KaCaMIMXCA BHE3ATHONM HEPOCEHCOPHO TYTOYXOCTH IIPONO/KAET OCTaBaThCSA He-
AcHbIM. JlaHHaA mpo6JieMa KacaeTcs B 4acTHOCTHU jeTeil. Llenbio HacTosero o63opa muTepaTyphl ABIAETCA KPUTH-
YecKasi OL[eHKa U ITOIbITKA CHTe3a COBPEeMEHHbIX HayYHBIX IYOIMKALIUII Ha TeMY BHE3aITHOI HEelIPOCEHCOPHOIL TYTo-
YXOCTU B JAaHHOJI BO3PAcTHOI rpynne. bolmy nmpoaHanusupoBaHbl HayYHble CTaTbM, HamyucaHHble B 2000-2016 rT. Ha
TTOTTbCKOM 1 QHITIMIICKOM sA3bIKe. B 0630p 6bUIM BKIIIOUEHBI PAOOTHI, B KOTOPBIX IIPECTaB/IeHbI Pe3y/IbTaThl ICCTIEN0Ba-
HMI1 ieTell M MOJIOJEeXXK! B BO3pacTe HipKe 18 j1eT, a TakoKe CpaBHUTE/IbHbIE CTaTbM, aHAIM3UPYIOL/e PE3yIbTaThl JeTel
KaK OTJebHOJ MCCIelyeMol Ipynbl. B mocmegHye rofpl HaG/I0eTCA pacTyLuii MHTEpeC K TeMe BHe3aITHOI HellpoceH-
COPHOJ TYTOYXOCTH! Y CaMbIX Ma/IEHbKNX MAIIEHTOB. B CBA3YM CO 3HAUMTEbHBIMM Pa3INIMAMI B METOJONIOTUY U CIIO-
co6ax OIIeHKM Pe3y/IbTaTOB, VICHONb3YIOIINXCA PAa3HBIMIU ABTOPAMI, MeTaaHaIN3 O6bUI HeBO3MOXKeH. 1o aTol mprymHe
ObUIO IPUHATO pellleHNe 0 BIOOpe OMMCaTeNbHON CTaTUCTUKN. Bo3pacT mereii, o6pamjaBmmxca K Bpady ¢ BHE3aIIHOII
HEPOCEHCOPHOIT TYTOYXOCTbIO, COCTAB/IAI B cpefeM 12 meT. He 6bU1a 06Hapy)KeHa pasHMIIA B YaCTOTE IIOSBIEHNS
BHe3aIIHOJ HelIPOCEHCOPHOI TYTOYXOCTH! Y fieTell pasHoro 1mosa. Cirydan ofHOCTOPOHHEl BHE3AITHO HelIpOCEeHCOPHOI
TYTOYXOCTU MME/INM MECTO 3HAYMTEIbHO Yallle, HEXXENN JBYCTOPOHHEN, OJHAKO HET Pas/INyMii B OTHOIIEHMI JaCTOThI
CITydaeB MOTepM CAyXa B MPaBOM Vau 1eBoM yxe. CaMbIMI YaCTBIMM CMMIITOMAaMU, COMMyTCTBYIOIIMMY ITOTepe CIIyXa,
SIBJLUIACH LIYM B yIIaX U TOIOBOKPY)KeHIsI. B KauecTBe Hanbo/Iee paciipoCTpaHEHHOI STHOMIOIMN YKa3aHbl MAMOIATH-
YecKue CIyday M BUPYCHble MHPeKIMn. B aHamMsupyeMbIX CTaThAX IPeCTaBIeHbI Ba OCHOBHBIX BUJA JIEUCHNA: CTe-
poupHoe (epopanbHOe, BHyTpubapabaHHOE U BHYTPUBEHHOE) U IMIlepbapuyecKkas oKCureHauuA. B saBucumocTy ot
VICIIOJIb30BAHHOTO MPOTOKOIA JIEYE€HNsI TIOTHOE BOCCTAHOBJIEHNE TIOPOTOB CIBIIINMOCTY MIMENIO MECTO y 9-57% pereii.
B kauecTBe IMOTIO>KUTEbHBIX IPOTHOCTIYECKNX (HaKTOPOB IPE/IOXKEHDI O0JIee MATKas CTelleHb MOTePH CIyXa, COMyT-
CTBYIOIIMII IIYM B YIIAaX U paHee BHeAPEHIe JIeYeHNs, B TO BpeMsA KaK OTPUIaTe/IbHBIMM IPOTHOCTUYECKMMH (aKTO-
paMI CIMTAIOTCA IBYCTOPOHHSAA IOTEPS C/TyXa U TOTOBOKPY>KEHUS.

KnroueBble cToBa: BHE3aIIHAsA He]?[poceHcopHaa TYTOYXOCTDb e IETU o 063013 JINTEPATYPbI

NAGLY NIEDOSLUCH ODBIORCZY U DZIECI - PRZEGLAD LITERATURY
Streszczenie

Wiele kwestii dotyczacych naglego niedostuchu czuciowo-nerwowego (NNCN) pozostaje nadal niejasnych. Problem ten doty-
czy w szczegolnosci dzieci. Celem niniejszego przegladu literatury jest krytyczna ocena oraz préba dokonania syntezy wspol-
czesnych doniesien naukowych na temat NNCN w tej grupie wiekowej. Analizie poddane zostaly artykuly naukowe z lat 2000-
2016 r. w jezyku polskim oraz angielskim. Do przegladu wlaczono prace, w ktdrych przedstawiono wyniki badan nad dzie¢mi
i mlodzieza ponizej 18 r.z., jak rowniez artykuly poréwnawcze analizujace wyniki dzieci jako osobng grupe badawczg. W ostat-
nich latach mozna zaobserwowac¢ rosnace zainteresowanie tematem NNCN u najmlodszych pacjentéw. Ze wzgledu na znaczne
réznice w metodologii i sposobach ewaluacji wynikow stosowanych przez roznych autoréw, niemozliwe byto przeprowadze-
nie metaanalizy. Wiek dzieci zglaszajacych si¢ z NNCN wynosil §rednio 12 lat. Nie stwierdzono réznic plci w czestosci wy-
stepowania NNCN. Jednostronne przypadki NNCN byly znacznie czestsze niz obustronne, nie wystepowala jednak réznica
w przewadze przypadkow ubytku w prawym lub lewym uchu. Najczestszymi objawami wspolwystepujacymi z ubytkiem stu-
chu byly szumy uszne oraz zawroty gtowy. Jako najbardziej powszechne etiologie wskazano przypadki idiopatyczne oraz in-
fekcje wirusowe. W analizowanych artykutach wystepowaly dwa podstawowe rodzaje leczenia: sterydowe (ustne, dobgbenko-
we oraz dozylne) oraz leczenie komorg hiperbaryczng. W zaleznosci od zastosowanego protokotu leczenia, calkowity powrot
progow slyszenia wystepowat u 9 do 57% dzieci. Jako pozytywne czynniki prognostyczne zaproponowano fagodniejszy sto-
pient ubytku stuchu, wspotwystepowanie szuméw usznych oraz wezesne wdrozenie leczenia, natomiast jako negatywne czyn-
niki prognostyczne obustronny ubytek stuchu oraz zawroty glowy.

Stowa kluczowe: nagta gtuchota czuciowo-nerwowa o dzieci « przeglad literatury

Background

Although many articles concerning sudden sensorineural
hearing loss (SSNHL) exist in the literature, it still remains
a condition with more questions than answers. Many issues
remain unresolved: establishing an evidence-based defi-
nition of the disease and determining its etiology, choos-
ing the most effective management protocol, and evalu-
ating treatment outcomes [1]. An especially troublesome
and uncharted field is SSNHL in children. It is widely
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accepted that hearing impairment in a child may lead to
significant social [2], behavioral [3], and mental [4-7]
problems and, consequently, constitute a burden for the
whole family. Therefore, in the case of acute hearing loss,
special efforts should be undertaken to prevent children
from suffering permanent hearing loss by providing the
best possible treatment options.

Currently applicable guidelines and review articles are
based on studies which cover, almost exclusively, adult
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patients [1,8—11]. Even the most recent articles which dis-
cuss SSHL in children, along with other possible causes of
acquired hearing loss, contain data derived mostly from
adults [12]. The aim of this pediatric SSNHL review is to
recognize, critically evaluate, and synthesize knowledge
derived from the literature. By doing this, our aim is to
ensure a better understanding of SSNHL in children and
initiate discussions concerning this neglected problem. In
this review, special emphasis is placed on:

o SSNHL definition,

« sociodemographic data and accompanying symptoms,
o the course of diagnosis,

» SSNHL etiology,

« hearing loss and audiogram type classifications,

o treatment types,

o the effectiveness of methods selected for treatment,

¢ treatment outcomes,

« follow-up schedules,

« negative and positive prognostic factors.

Material and methods

Due to the paucity of literature concerning pediatric SSN-
HL, we decided to include in the review all types of arti-
cles, the only exclusion being case reports, which we con-
sider have methodological limitations such as an inability
to generalize the findings [13]. Articles reported in English
and Polish were investigated. We included in the analysis
studies carried out between 2000 and 2016 which gave in-
formation about both previous and most recent findings.
Two main interventions were of interest: steroids (sys-
temic, intratympanic, and intravenous) and hyperbaric
oxygen therapy, which also feature in the adult literature.

According to The United Nation Convention on the Rights
of the Child, “a child means every human being below the
age of eighteen years unless, under the law applicable to
the child, majority is attained earlier” [14]. However, dif-
ferent authors use various age criteria while evaluating
SSNHL “in children” around the world. Not to miss any
important data, studies with individual exceptions of pa-
tients over 18 years of age were also included in the anal-
ysis. In case of comparative studies between children and
adults, articles which treated children under 18 years of
age as a separate group were admitted. Key words select-
ed for each search were, in English, “sudden deafness”,
“sudden sensorineural hearing loss”, and “children”; and,
in Polish, “nagla gtuchota”, “nagly niedostuch czuciowo-
nerwowy’, and “dzieci”.

The following electronic databases known for their med-
ical and scientific value were used to find relevant liter-
ature: PubMed, ScienceDirect, Embase, Medline, Web
of Science, and Google Scholar. Reference lists of every
matching article found were scanned to avoid losing any
important item. Articles eligible for review were selected
first by screening the title. Then, every abstract was careful-
ly studied to confirm the eligibility criteria. Construction
of a database of all articles admitted for full-text screen-
ing was done with the help of Zotero, an open-source ref-
erence management software used to build bibliographies.
Duplicates were removed.

Skarzynski et al. — Sudden sensorineural hearing loss...

Using the English key words, a total of 2963 articles were
found: PubMed (482), ScienceDirect (2006), Embase (233),
Medline (28), and Web of Science (139). When we per-
formed a second search using Polish key words in Google
Scholar, there were an additional 245 articles. After careful
examination of titles and abstracts, 61 articles were accept-
ed for further examination, and after removal of duplicates,
there were 13 articles on pediatric SSNHL, 12 in English
and 1 in Polish, which were admitted for full-text analysis

Results

Table 1 lists the 13 publications in chronological order,
giving details of authors, publication year, language, ob-
servation time, the number of investigated children, and
the study’s country of origin. A growing interest in pedi-
atric SSNHL can be observed over the last 16 years. The
SSNHL studies were carried out in South Korea [15,16],
Turkey [17,18], France [19], Germany [20], Greece [21],
Poland [22], USA [23], Serbia [24], Israel [25], and China
[26]. Due to substantial differences in scientific approaches
found in the analyzed articles, it was not possible to con-
duct a meta-analysis. The number of children in each study
ranged from 12 to 136, providing 526 examined cases in
total. All articles used a review of retrospective medical
records. Ten articles considered SSNHL only in pediatric
patients [17-23,25-27], two articles [15,16] were compar-
ative studies between adults and children, and one article
was a review presenting additional original data on pedi-
atric SSNHL etiology and recovery [24].

SSNHL definition

The most common definition of SSNHL encountered in
the pediatric literature covers three main components: the
time of occurrence, the magnitude of hearing loss, and the
number of affected frequencies. The majority of authors
(in 11 of 13 articles) defined SSNHL as a hearing loss 230
dB HL, developing within 3 days, and affecting at least 3
contiguous frequencies [15,17-19,21-27]. However, some
considerable discrepancies between studies were identi-
fied. In three articles the term “sudden hearing loss” (SHL)
[19,21,24] was used to describe the above-mentioned cri-
teria and Na et al. [15] utilized the term “sudden deaf-
ness”. Chung et al. [16] did not specify the time-frame for
developing SSNHL; Inci et al. [17] and Kizilay and Koca
[18] limited their audiological description of SSNHL ex-
clusively to idiopathic cases. The definition of SSNHL was
completely passed over in the study of Chen et al. [20].

There is still no standard definition of SSNHL. Accord-
ing to the Clinical Practice Guideline developed by the
American Academy of Otolaryngology — Head and Neck
Surgery (AAOHNS), SSNHL is a subtype of sudden hear-
ing loss (SHL). Whereas SHL is a broad concept charac-
terized by acute onset (within 3 days), resulting in a sub-
jective feeling of hearing deterioration in one or both
ears, the definition of SSNHL is based on more detailed
audiological criteria: i.e., a hearing level impairment of
230 dB HL compared to the non-affected ear, involving
at least 3 contiguous frequencies, and originating from
an anomaly of the cochlea, auditory nerve, or structures
in the higher auditory pathway. In the Clinical Practice
Guideline, the authors favor one more subset of SSNHL

11
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Table 1. Articles discussing pediatric SSNHL in order of year of publication

No. Authors Publication year Language Country Obsteirr::tion (numb':‘f(t)?rci:l“ KT
1 Roman et al. 2001 English France 1990-99 12
2 Chen et al. 2005 English Germany 2000-03 14
3 Psarommatis et al. 2009 English Greece 2002-07 48
4 Narozny et al. 2010 Polish Poland 2004-08 17
5 Inci et al. 2011 English Turkey 2000-08 43
6 Tarshish et al. 2013 English USA 2007-12 20
7 Na et al. 2014 English South Korea 2003-12 87
8 Jﬁgjr:fg;z:gga 2014 English Serbia 2000-13 59
9 Chunget al. 2015 English South Korea 2007-13 37
10 Pitaro et al. 2016 English Israel 2003-14 19
11 Dedhia and Chi 2016 English USA 2000-13 20
12 Lietal. 2016 English China 2008-15 136
13 Kizilay and Koca 2016 English Turkey 2004-15 14

Table 2. Data, in order of publication year, on children’s ages (in years), gender, laterality of SSNHL, and selected accom-

panying factors (number of cases) identified in the pediatric SSNHL literature

— Age Mean Gender Laterality of SSNHL Other symptoms
[N age male female  unilateral bilateral tinnitus vertigo

Roman et al. 3-14.5 9.5 6 6 NP NP 4 1
Chen et al. 9-18 15 9 5 14 0 6 NP
Psarommatis et al. 4-14 9.05 19 29 NP NP NP NP
Narozny et al. 8-17 14.7 NP NP NP NP NP NP
Inci et al. 5-15 11.14 30 13 36 7 22 NP
Tarshish et al. 0-24 11.41 12 8 11 9 9 9
Na et al. 0-15 12.5 48 39 80 7 NP NP
Jecmenica et al. NP NP NP NP 16 32 NP NP
Chung et al. 6-18 14.3 19 18 37 0 16 6
Pitaro et al. 7-18 14 9 10 18 1 14 3
Dedhia and Chi 1-18 11.25 10 10 12 8 11 4
Lietal 2-18 11.7 NP NP 106 15 NP NP
Kizilay and Koca 6-15 10.1 5 9 12 2 3 2
Total 0-24 12.05 167 147 342 81 85 25

NP — data not provided.

- idiopathic sudden sensorineural hearing loss (ISSNHL),
which is of unknown cause despite thorough examina-
tion [1]. The audiometric description of SSNHL used in
most studies examined in this literature review was con-
sistent with the definition utilized by AAOHNS. Howev-
er, different names for the same phenomenon were given
by different authors. Also, the definition of the investigat-
ed condition was not always provided. Flexibility or in-
terchangeable use of the term “sudden deafness”, “acute
hearing loss”, “sudden sensorineural hearing loss”, etc., or

12

even avoiding its definition, can often lead to substan-
tial misunderstanding, such as in the case of differenti-
ating between non-organic (also called psychogenic) vs.
organic hearing loss and sudden sensorineural vs. mixed
or conductive hearing loss. Establishing standard, clear,
and transparent definitions of different types of hearing
loss would benefit many areas of research. The definition
of SSNHL is a core concept on which a whole study de-
pends. Use of standard terms allows homogenous groups
of patients to be created, meta-analysis of findings from
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different, yet comparable studies, to be made, and desired,
specific-theme articles to be identified.

Sociodemographic data and accompanying
symptoms

Most authors reported the incidence of SSNHL as 5-20 per
100 000 overall [17-20,22,27], making no distinction be-
tween adults and children. Such data was also provided in
the Clinical Practice Guideline on Sudden Hearing Loss
developed in 2012 by the American Academy of Otolar-
yngology — Head and Neck Surgery [1]. Studies published
in the last two years [16,25,26] mainly cite the Alexan-
der and Harris results [28], where the incidence of SSN-
HL was established as 27/100 000 in general, and showed
that morbidity increased with age from 11/100 000 (chil-
dren under 18 years old) to 77/100 000 (people over 65).
Table 2 shows a summary of age, gender, laterality of SS-
NHL, and selected accompanying factors derived from
the pediatric literature.

Diagnostic process

The main part of the diagnostic protocol was pure-tone
audiometry (PTA), used in almost every article under re-
view. A general diagnostic protocol concerning pediatric
SSNHL was proposed by Jecmenica and Bajec-Opancina
(although it was not specified whether the authors used
this protocol in their own study). The protocol included
medical history taking, otorhinolaryngology examination
with otomicroscopy, establishment of hearing threshold,
subjective or objective audiometry, vestibular testing, ex-
amination by an ophthalmologist and pediatrician, specific
laboratory analysis (serological testing for rubella, paroti-
tis, CMV, herpes simplex virus, syphilis, toxoplasma gondi,
hormone test of thyroid function, urine analysis), genetic
counselling, and neuroradiological examination with CT
and MRI. Unfortunately, no protocol referral was provid-
ed, so it is uncertain if the data was based on the creator’s
own experience or other sources.

Different diagnostic protocols were used in the articles
under review here, and discrepancies were apparent in
studies focused on either idiopathic or specific etiology
cases. For example, Dedhia and Chi [27] presented the
viewpoint that it could be potentially beneficial to obtain
both CT and MRI scans in children suspected of SSNHL.
The authors stated that there are some anomalies which
can be detected exclusively with CT or MRI, such as with
two patients who had an enlarged vestibular aqueduct on
CT scan but no correlating enlarged endolymphatic sac
on MRI. Such an approach was not used in other stud-
ies under review. Additionally, in a study conducted by
Li et al. [26], some laboratory findings (such as level of
WHOC, platelet, homocysteine, alkaline phosphatase, pos-
itive CMV IgG antibody, fibrinogen, and some immuno-
logic indicators) were closely related to pediatric SSNHL.
The authors state that their results support the view that
several important clinical indicators can help in the diag-
nosis and treatment of SSNHL. Also, the recent findings
by Lee et al. [29] on the role of neutrophil-to-lymphocyte
ratio (NLR) suggest that NLR might be a possible indica-
tor of pediatric SSNHL. Regrettably, omitting the explana-
tion for why certain examinations of individual children

Skarzynski et al. — Sudden sensorineural hearing loss...

are chosen creates a large research gap. Selective investi-
gations can potentially lead to bias in reporting outcomes.

Eligibility criteria

In the majority of articles, inclusion and exclusion crite-
ria were rarely identified [21,23-25]. The main focus was
placed on children’s ages, consistency with the audiologi-
cal definition of SSNHL confirmed by PTA, and exclusion
of outer and middle ear diseases [15,17,18,22,27]. In some
articles, a limited time between SSNHL onset and the be-
ginning of treatment was also considered an eligibility cri-
terion, such as 8 days in the study by Roman et al. [19], 10
days by Narozny et al. [22], or 14 days by Chen et al. [20].
The explanation for the chosen timeframe was not provid-
ed. Laboratory and radiological findings were also used
to select material [16,19,20]; in one study, they were also
accompanied by genetic and hearing screening tests [26].
The most accurate eligibility criteria were found in Roman
et al. [19] and Li et al. [26]. Other authors did not give a
strict definition and did not clarify how or why cases were
included or excluded from their studies. Again, there was
generally no explanation for choice of participants’ ages,
time elapsed from the SSNHL onset, or preceding events.
Lack of clear eligibility criteria and relying solely on audi-
ometric description of pediatric SSNHL introduce uncer-
tainty, especially if specific conditions such as non-organ-
ic hearing loss, multiple sclerosis, auditory neuropathy, or
central processing disorders (which, in fact, are not acute,
but progressive entities) are excluded from analysis.

SSNHL etiology

Table 3 shows that only 7 of 13 articles provided data on
possible pediatric SSNHL etiology. Discrepancies in for-
mulation of definitions, eligibility criteria, and diagnostic
protocols across the articles resulted in large inconsisten-
cies in specific etiologies and their prevalence (e.g. a dif-
ference of greater than 70% in the prevalence of idiopath-
ic SSNHL). Due to differences in methodology, diverse
etiologies were identified and the prevalence of identified
SSNHL causes was also discrepant. Although the most
commonly reported etiology in children was idiopathic
SSNHL, as in adult cases [1], other causative factors dif-
fered significantly.

Hearing loss and classification of audiogram curve
type

Classifications of both hearing level and audiogram
curve type were available in two studies [15,26]. The de-
gree of hearing loss alone was provided in four articles
[18,21,23,27], and the category of audiogram curve was
exclusively studied in four articles [16,17,19,20]. The main
audiometric curve types were “ascending” (also called ris-
ing), when the average loss at 0.25 and 0.5 kHz was 20 dB
higher than the average loss at 4 and 8 kHz; “descending”
(also called downward), when the average loss at 4 and 8
kHz was 20 dB higher than the average loss at 0.25 and
0.5 kHz; and “flat”, when the difference in hearing loss did
not exceed 20 dB between any frequencies.

Regarding the degree of hearing loss and classification,
only Li et al. [26] used the generally accepted Grades of
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Table 3. The possible etiologies of SSNHL Numbers in brackets show number of children (or affected number of ears) and

percent. The order of the table is in year of publication

Author

Possible pediatric SSNHL etiology (number of children/percent)

Psarommatis et al.

non-organic (26/57%)

idiopathic (16/35%)

large vestibular aqueduct syndrome (2/4%)
acoustic trauma (2/4%)

multiple sclerosis (1/2%)

herpes virus infection (1/2%)

Tarshish et al.

viral infection of unknown type (12/60%)
unknown (2/17%)

late presentation of congenital cytomegalic virus (1/8%)

noise-related (1/8%)

non-organic (1/8%)

large vestibular aqueduct syndrome (1/8%)
Epstein—Barr virus infection (1/8%)

ototoxic exposure (1/8%)

inflammatory cerebrovascular incident (1/8%)

Jecmenica et al.

meningitis (17/29%)
psychogenic (14/24%)

ototoxic drugs (9/15%)
idiopathic (4/7%)

parotitis (3/5%)

acoustic trauma (2/3%)

large vestibular aqueduct syndrome (2/3%)
Mondini dysplasia (2/3%)
cytomegalic virus (2/3%)
common cavity syndrome (1/2%)
palsy of facial nerve (1/2%)
fracture of temporal bone (1/2%)
iatrogenic trauma (1/2%)

Pitaro et al. idiopathic (14/74%)

others (not specified) (5/26%)

Dedhia and Chi unknown (6/30%)

viral (6/30%)

large vestibular aqueduct syndrome (4/20%)
absent/hypoplastic cochlear nerve (1/5%)

Meniere’s disease (1/5%)

autoimmune (1/5%)

perilymphatic fistula (1/5%)

Li et al. no obvious factor (95 ears/63%)
epidemic mumps (13 ears/9%)
upper respiratory infection (29 ears/19%)

fatigue (6 ears/4%)

traumatic injury (5 ears/3%)

others (3 ears/2%)

Kizilay and Koca idiopathic (11/79%)

mumps (3/21%)

Hearing Impairment from WHO [26]. Other authors used
different audiometric criteria, probably based on their own
experience. Audiometric frequencies chosen for assessing
pure-tone average for pre- and post-treatment periods were
also diverse. It was especially puzzling when authors men-
tioned an ascending or descending audiogram curve type,
with the biggest hearing loss at perhaps low (0.25-0.5 kHz)
or high frequencies (4-8 kHz), and yet used in their post-
treatment evaluation a pure-tone average based only on
medium frequencies (i.e. 0.5, 1, 2, or 3 kHz). Categories
of hearing recovery used to measure treatment outcomes
also diverged in all reviewed studies. Such an approach
creates a huge difficulty in comparing results.
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Treatment types

The most common treatment was steroids, used in 11 of
the 13 articles studied. There were three ways of adminis-
tration: oral, intratympanic (IT), and intravenous. Hyper-
baric oxygen therapy (HBOT) was used in three studies
[17,22,26], in each case complementary to the drug ther-
apy. However, a detailed description of the treatment pro-
tocol was given only in the study of Narozny et al. [22].
The authors qualified children for the therapy according to
the European Committee for Hyperbaric Medicine Guide-
lines (indication type 2). The number of HBOT sessions
ranged from 1 to 30 (median 15). Data on how treatment
regimen or medication dose was chosen were not provid-
ed in many articles. There were studies in which even the
name, dose, or administration protocol of a drug were
not given. The approach to diverse treatment regimens
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Table 4. Outcomes of pediatric SSNHL treatment based on pre- and post-treatment PTA measurements. Order of the
table is in year of publication

. Number Number
Author Hearing recovery category of children e p— Percent
Total hearing recovery NP 4 28.5%
Roman et al.* Partial hearing recovery NP 4 28.5%
Absence of recovery NP 6 43%
Complete hearing recovery 8 8 57%
Chen et al.” Partial hearing recovery 5 5 36%
Absence of recovery 1 1 7%
Hearing returned to normal or significant hearing 7 NP 41%
recovery
Narozny et al. Hearing recovery 5 NP 29.5%
Absence of recovery 5 NP 29.5%
Complete recovery NP 8 16%
Significant recovery NP 10 20%
Inci et al.*
Mild recovery NP 9 18%
No recovery NP 23 46%
Complete recovery 47 NP 54%
Partial recovery 4 NP 4.6%
Na et al.*
Slight improvement 19 NP 21.8%
No improvement 17 NP 19.6%
. With recovery 48 81%
Jecmenica and
Bajec-Opancina Without recovery 11 23%
Complete recovery 18 NP 46.6%
Partial recovery 4 NP 10.8%
Chung et al.*
Slight recovery 5 NP 13.5%
No recovery 10 NP 27%
Complete improvement of hearing 3 NP 16%
Pitaro et al. Partial hearing recovery 9 NP 47%
No improvement 6 NP 37%
Complete hearing recovery NP 14 9.3%
Partial recovery NP 15 9.9%
Lietal
Slight recovery NP 28 18.5%
No recovery NP 94 62.5%
Complete recovery 3 NP 21.5%
Kizilay and Koca Partial recovery 0 NP 0%
Unchanged hearing loss 11 NP 78.5%
NP — data not provided; * — only ISSNHL cases included.
© Journal of Hearing Science® - 2016 Vol. 6 - No. 4 15

DOI: 10.17430/902762



Review papers ¢ 9-18

Table 5. Positive and negative prognostic factors in pediatric SSNHL recovery. Table is in order of publication year

Author Positive prognostic factors Negative prognostic factors

Roman et al. ¢ Mild or moderate HL ¢ Severe hearing loss

e Tinnitus on SSNHL onset * Downward audiometric curve
Inci et al. « Vertigo at initial presentation

* Delayed treatment onset

Na et al. e Mild HL « Severity of hearing loss (the more severe the worse)
Chung et al. Univariate analysis

e Early treatment onset

e Tinnitus on SSNHL onset

Multivariate analysis

e Tinnitus on SSNHL onset

« Early treatment

« Initial audiometric threshold (the lower the better)
Li et al. Univariate analysis Multivariate analysis

 Unilateral HL
« Early onset of treatment

¢ Bilateral hearing loss
« Severe-profound hearing loss

« Initial degree of hearing loss (the milder the better)

e Ascending audiogram

* Present ABR waves and DPOAEs
Multivariate analysis

e Tinnitus on SSNHL onset

« Early treatment

¢ Female gender

differed between authors. Dedhia and Chi [27] presented
a skeptical approach towards HBOT in children. However,
Narozny et al. [22] published results suggesting there was
a beneficial effect of this complementary therapy. HBOT
was also used in two different studies conducted by Inci
et al. [17] and Li et al. [26], but the authors did not refer
to its separate usefulness or positive or negative effects.

Treatment effectiveness measurement methods and
outcomes

All authors evaluated treatment outcomes based on pure-
tone averages, although different frequencies were evalu-
ated. The methods used to measure treatment effective-
ness also differed significantly between studies. Roman et
al. [19] distinguished 3 types of hearing recovery: “total
hearing recovery” (hearing recovery of 90-100%), “par-
tial hearing recovery” (11-89%), and “absence of recov-
ery” (0-10%). Chen et al. [20] described “complete hearing
recovery” as the same hearing level as in the non-affected
ear, and “partial hearing recovery” as recovery of at least
10 dB at three frequencies. Narozny et al. [22] speak of
“hearing returned to normal level”, “significant hearing
recovery” (hearing recovery >25 dB), “hearing recovery”
(10-25 dB), and “lack of hearing recovery” (<10 dB). Inci
et al. [17] divided hearing recovery into “complete recov-
ery” when hearing thresholds changed less than 20 dB at
all frequencies, “significant recovery” when average hear-
ing threshold gain was more than 30 dB, “mild recovery”
when average hearing threshold improved by 11-29 dB,
and “no recovery” when gain in average hearing threshold
was 0-10 dB. Jecmenica and Bajec-Opancina [24] differ-
entiated two categories of patient: those with and without
recovery, but data on audiological or other classifications
used to assign patients to one or other of the groups was
not provided. Na et al. [15] reported four types of hearing
recovery: “‘complete recovery”, “partial recovery”, “slight
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improvement”, and “no improvement”. Patients from the
first three types were classified as “recovered”, but no fur-
ther audiological criteria were given. Chung et al. [16] de-
scribed “complete recovery” as final hearing level less than
25 dB HL; “partial recovery” as final hearing level from
25 to 45 dB HL; “slight recovery” as final hearing over 45
dB HL with hearing gain of 215 dB; and “no recovery”
as final hearing level over 75 dB HL with hearing gain of
<15 dB. In the study, complete recovery plus partial re-
covery were considered as “recovery’, whereas slight re-
covery and no improvement were classified as “no recov-
ery”. Pitaro et al. [25] defined “complete improvement of
hearing” as a hearing level the same as in the non-affect-
ed ear, “partial hearing recovery” as an improvement of
more than 10 dB at one or more frequencies, and “no im-
provement” when there was no change in the audiogram
following treatment. According to Li at al. [26], “complete
hearing recovery” was a pure-tone average improvement of
less than <25 dB; “partial recovery” was an improvement
of over 30 dB; “slight recovery” an improvement of 15-30
dB; and “no recovery” meant hearing recovery of less than
15 dB at the final follow-up. Overall recovery rates were
calculated based on patients from the complete, partial,
and slight recovery groups. Kizilay and Koca [18] divid-
ed patients into “complete recovery” (same hearing lev-
el as in the non-affected ear), “partial recovery”, and “un-
changed hearing loss” Psarommatis et al. [21] provided
no information on treatment effectiveness or outcomes
of hearing recovery. Tarshish et al. [23] did not include a
description of hearing recovery; however, changes in the
PTA for the right and left ear separately were presented
in tabular form. Dedhia and Chi [27] claimed to achieve
“improvement” in 4 of 8 patients treated with steroids, but
no data on hearing recovery was provided. As a summa-
ry, the outcomes of pediatric SSNHL treatment based on
pre- and post-treatment PTA measurements according to
different authors are presented in Table 4. Considering the
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proposed criteria, overall total/complete recovery ranged
from 9 to 57%. On the other hand, absence of recovery
was noted in 7-78% of cases.

Treatment complications

Only 4 of 13 articles provided information about treat-
ment complications, and all 4 were attributed to steroid
administration. Based on their results, no serious adverse
events were seen in the pediatric population in general.
Further, it was stated that even if a complication did oc-
cur, it was linked to the specific condition of the patient
or subsided after modification of the treatment protocol
or termination of therapy.

Follow-up schedules and prognostic factors

Follow-up schedules together with follow-up time were
poorly described and differed significantly between stud-
ies, so it is not clear if treatment regimens were sufficient
to maintain therapeutic effects over an extended period.
Table 5 shows the positive and negative prognostic factors
for hearing recovery in pediatric SSNHL identified in the
literature. The substantial differences in diagnostic and
treatment protocols used by different authors could have
created discrepancies in identified prognostic factors. Ac-
tually, the only consistent factor between authors was the
degree of hearing loss, with all concluding that the mild-
er the degree of hearing loss, the better was the progno-
sis for hearing recovery.
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Conclusions

As long as 10 years ago clinicians dealing with pediatric
SSNHL emphasized the need for prospective, placebo-con-
trolled trials on different types of treatment for children.
The absence of data on spontaneous recovery in this group
of patients was also emphasized [20], supporting the need
to develop better disease-focused management protocols.
The majority of authors are in agreement that improper-
ly diagnosed and treated pediatric SSNHL may have a
negative impact on children’s language and psychological
development [15,18,23,25,26]. Lack of standardization of
approaches to the diagnosis and management of SSNHL
leaves children without appropriate health care. As evi-
dent from this literature review, current data concerning
pediatric SSNHL is inconsistent and sometimes mutual-
ly exclusive. For the sake of improving auditory science,
the definition of sudden sensorineural hearing loss, sud-
den deafness, acute hearing loss, and sudden sensorineural
hearing loss should be clarified and specified. Prospective
longitudinal studies — with strict eligibility criteria, clear
methodology, and thorough diagnostic and treatment pro-
tocols — are needed in order to provide evidence-based,
reliable knowledge on which future guidelines on pediat-
ric SSNHL can be based.

Conflict of interest
None.

Funding

This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-prof-
it sectors.

1. Stachler RJ, Chandrasekhar SS, Archer SM, Rosenfeld RM,
Schwartz SR, Barrs DM et al. Clinical practice guideline: Sud-
den hearing loss. Otolaryngol Head Neck Surg, 2012;146: 1-35.

2. Theunissen SC, Rieffe C, Netten AP, Briaire JJ, Soede W, Kou-
wenberg M et al. Self-esteem in hearing-impaired children:
The influence of communication, education, and audiologi-
cal characteristics. PLoS One, 2014; 9: €94521.

3. Theunissen SC, Rieffe C, Kouwenberg M, De Raeve L], Soede
W, Briaire JJ et al. Behavioral problems in school-aged hear-
ing-impaired children: The influence of sociodemographic,
linguistic, and medical factors. Eur Child Adolesc Psychiatry,
2014; 23: 187-96.

4. Kobosko J. [Mental health problems of the deaf, hard of hear-
ing and hearing children from the general population in their
parents’ reports]. Now Audiofonol, 2012; 1: 56-66 [in Polish].

5. Theunissen SCPM, Rieffe C, Kouwenberg M, Soede W, Bri-
aire JJ, Frijns JHM. Depression in hearing-impaired children.
Int J Pediatr Otorhinolaryngol, 2011;75: 1313-17.

6. Fellinger J, Holzinger D, Sattel H, Laucht M, Goldberg D. Cor-
relates of mental health disorders among children with hear-
ing impairments. Dev Med Child Neurol, 2009; 51: 635-41.

7.  Walker R. Child mental health and deafness. Paediatr Child
Health, 2013;23: 438-42.

8. Kuhn M, Heman-Ackah SE, Shaikh JA, Roehm PC. Sudden
sensorineural hearing loss: A review of diagnosis, treatment,
and prognosis. Trends Amplif, 2011;15: 91-105.

9. Sliwiiska M. Kryteria oceny slyszenia u 0séb wykonujacych
prace wymagajaca dobrej sprawnosci stuchu. Otorynolaryng-
ologia, 2013; 12(3): 105-11 [in Polish].

10. Buda K, Daroszewska M, Ciesielska N, Sokotowski R, Ferenc S,
Sysakiewicz M et al. The guidelines of the European Society of
Hyperbaric Medicine, the Society of Underwater and Hyper-
baric Medicine and the National Health Fund Polish Repub-
lic on a hyberbaric oxygen therapy (HBOT) in 2013. ] Health
Sci, 2013; 3(9): 125-34.

11. Plaza G, Durio E, Herrdiz C, Rivera T, Garcia-Berrocal JR.
Consensus on diagnosis and treatment of sudden hearing loss.
Acta Otorrinolaringol Esp (Engl Ed), 2011; 62: 144-57.

12. Kenna MA. Acquired hearing loss in children. Otolaryngol
Clin North Am, 2015; 48: 933-53.

13. Nissen T, Wynn R. The clinical case report: A review of its
merits and limitations. BMC Res Notes, 2014;7: 264.

14. Convention on the Rights of the Child [Internet]. Download-
ed 2016 Sep 19, available from: http://www.ohchr.org/en/pro-
fessionalinterest/pages/crc.aspx.

15. Na SY, Kim MG, Hong SM, Chung JH, Kang HM, Yeo SG.
Comparison of sudden deafness in adults and children. Clin
Exp Otorhinolaryngol, 2014;7: 165-69.

17

© Journal of Hearing Science® - 2016 Vol. 6 - No. 4
DOI: 10.17430/902762



Review papers ¢ 9-18

16.

17.

18.

19.

20.

21.

22.

18

Chung JH, Cho SH, Jeong JH, Park CW, Lee SH. Multivari-
ate analysis of prognostic factors for idiopathic sudden sen-
sorineural hearing loss in children. Laryngoscope, 2015;125:
2209-15.

Inci E, Edizer DT, Tahamiler R et al. Prognostic factors of
sudden sensorineural hearing loss in children. ] Int Adv Otol,
2011;7: 62-6.

Kizilay A, Koca CF. Pediatric sudden sensorineural hearing
loss. ] Craniofac Surg, 2016;27: 364-66.

Roman S, Aladio P, Paris ], Nicollas R, Triglia JM. Prognostic
factors of sudden hearing loss in children. Int J Pediatr Otorhi-
nolaryngol, 2001;61: 17-21.

Chen Y-S, Emmerling O, Ilgner ], Westhofen M. Idiopathic
sudden sensorineural hearing loss in children. Int J Pediatr
Otorhinolaryngol, 2005;69: 817-21.

Psarommatis I, Joannis P, Kontorinis G, et al. Pseudohypacu-
sis: The most frequent etiology of sudden hearing loss in chil-
dren. Eur Arch Otorhinolaryngol, 2009; 266: 1857-61.
Narozny W, Kot ], Kuczkowski J, Sicko Z, Stankiewicz C. Hi-
perbaria tlenowa u dzieci z naglym niedostuchem czuciowo-
nerwowym. Otolaryngologia, 2010;9(1): 30-35 [in Polish].

23.

24.

25.

26.

27.

28.

29.

Tarshish Y, Leschinski A, Kenna M. Pediatric sudden sensori-
neural hearing loss: Diagnosed causes and response to inter-
vention. Int J Pediatr Otorhinolaryngol, 2013; 77: 553-59.
Je¢menica J, Bajec-Opancina A. Sudden hearing loss in chil-
dren. Clin Pediatr (Phila), 2014;53(9): 874-78.

Pitaro J, Bechor-Fellner A, Gavriel H, Marom T, Eviatar E. Sud-
den sensorineural hearing loss in children: Etiology, manage-
ment, and outcome. Int J Pediatr Otorhinolaryngol, 2016;82:
34-37.

Li FJ, Wang DY, Wang HY, Wang L, Yang FB, Lan L et al. Clin-
ical study on 136 children with sudden sensorineural hearing
loss. Chin Med ] (Engl), 2016; 129: 946-52.

Dedhia K, Chi DH. Pediatric sudden sensorineural hearing
loss: Etiology, diagnosis and treatment in 20 children. Int J
Pediatr Otorhinolaryngol, 2016; 88: 208-12.

Alexander TH, Harris JP. Incidence of sudden sensorineural
hearing loss. Otol Neurotol, 2013; 34: 1586-89.

Lee JS, Hong SK, Kim DH, Lee JH, Lee HJ, Park B et al. The
neutrophil-to-lymphocyte ratio in children with sudden sen-
sorineural hearing loss: A retrospective study. Acta Otolaryn-
gol (Stockh), 2017; 137(1): 35-38.

© Journal of Hearing Science® - 2016 Vol. 6 - No. 4
DOI: 10.17430/902762



