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Cortipatia bilateral secundaria a
factores adversos durante el
periodo neonatal

Bilateral cortipathy secondary to adverse
factors during the neonatal period

RESUMEN

La hipoacusia adquirida durante eventos adver sos
en el periodo neonatal no ha sido esclarecida en su
totalidad.

Objetivo: Determinar el sitio de lesiéon auditiva en
un grupo de nifios escolares con hipoacusia sensorio-
neural e historiadeingreso a una unidad de cuidado
intensivo neonatal (UCIN).

Material y métodos: Se estudiaron a 12 nifios con
una edad promedio de 9.3 # 2 afios, mediante
audiometria detonos puros, timpanometria, pruebas
de SISl y deterioro del umbral tonal. Se
documentaron algunas variables asociadasalesion
auditiva en nifios con historia de UCIN.

Resultados: El promedio diasdeestanciaenla UCIN
fuede 22 + 10 dias, la edad gestacional al nacer fue
de 32.2 + 2 semanas, con peso de 1,552 + 795 g.

El grado de hipoacusia documentado en la muestra
fue severo, laprueba de S 9, fuepositivaenel 70%
de las frecuencias analizadas y las pruebas del
deterioro del umbral tonal resultaron negativas. Los
factores de riesgo para hipoacusia documentados
en la muestra en orden de frecuencia fueron:
exposicion a amikacina, seguido de aplicacion de
furosemidae, e hiperbilirrubinemia neonatal.

Conclusiones: Los resultados del presente estudio
son sugestivos de una cortipatia bilateral con lesion

alacélulaciliadadel 6rgano de Corti, posiblemente
por exposicion a farmacos ototdxicos.

Palabrasclave: Audiometria. Hipoacusia sensorio-
neural. Prueba de SISl. Ototdxicos.

(*) Instituto Nacional de Perinatologia.

ABSTRACT

The hearing loss acquired during adverse eventsin
the neonatal period has not been entirely clarified.

Objective: To determine the site of auditory lesion
in a group of school children with sensory-neural
hearing loss and history of being in a neonatal in-
tensive care unit (NICU).

Material and methods: Twelve school children were
studied with a mean age of 9.3 + 2 years, pure tone
Audiometry, tympanometry, SS9 Test and Tone De-
cay Test were done. Some variables associated to
auditory lesions were documented in children dis-
charged from NICU.

Results: The average stay in the NICU was of 22 +
10 days; mean gestational age at birth was 32.2 + 2
weeks and a weight of 1552 + 795 g.

The hearing loss observed in our sample was severe
degree, the SIS test was positive in 70% of the ana-
lyzed frequencies and the Tone Decay tests were
negative.

The most frecuent audiologic risk factors, docu-
mented in the sample were exposure to amikacyn fol -
lowed by furosemide application, and neonatal
hyperbilirrubinemia.

Conclusions: The results of the present study are
suggestive of a bilateral cortipathy with lesion tothe
hair cell of the organ of Corti, possibly due to expo-
sition to ototoxic drugs.

K ey wor ds: Audiometry. Sensorineural hearingloss.
SISI Test. Ototoxic drugs.
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INTRODUCCION

Fué ha finales de la década de los 70 cuando
Shulman y Galambos sefialan a los recién nacidos
egresados de las Unidades de Cuidados Intensivos
Neonatales (UCIN), como grupo de alto riesgo para
presentar hipoacusia. Reportando hipoacusiaen 1 de
cada 50 recién nacidos egresados de unaUCIN.( 1)

En nuestro pais la frecuencia de hipoacusia en
nifios con historia de cuidado intensivo neonatal se
haestimado con variacionesquevan del 6 al 13%.(2)
L ahipoacusiaadquiridadurante eventos adversos en
el periodo neonatal no ha sido esclarecida en su
totalidad, considerandose de etiologiamultifactorial.

Algunos estudios de seguimiento audiol 6gico en
nifios hipoactsicos con historia de haber estado en
cuidadosintensivos neonatal , reportan lapresenciade
hipoacusia sensorio - neural bilateral de grado severo
aprofundo, con predominio de lesion en frecuencias
agudas en el 95% de los casos, sugestiva de
ototoxicidad por aminoglucdsidos 0 una neuropatia
secundariaahiperbilirrubinemia, y que se acomparfian
dedisfuncion vestibular hastaen el 80% delos casos.(
2-8)

Toda audiometria es diagndstica en cuanto
contribuye a determinar €l sitioy grado delalesion
auditiva. La relacion entre los umbrales de
conduccién por via aérea y via 6sea, por giemplo,
constituyen una de las bases principales para
diferenciar a las pérdidas auditivas conductivas de
las sensorio-neurales.

Lostreslugares donde se asientan los trastornos
del sistema auditivo periférico son: € oido medio,
lacocleay € VIII nervio. Estos comparten todas o
algunasdelascaracteristicas siguientes: a) Deterioro
en la habilidad del sujeto para responder a los
estimul os sonoros o percibir sefial es complgjas como
el lenguaje, b) distorsion, c) adaptacion anormal, y
d) sintomas ipsilaterales.

Estas caracteristicas suelen explorarse con sefiales
de pruebautilizando tonos sinusoidal es. Las pruebas
audiol 6gicas conocidas como supraliminares
constituyen evaluaciones psicoacusticas Utiles para
diferenciar trastornos auditivos a nivel delacoclea

(sensoriales) de los del nervio auditivo (neurales).
Los objetivos del presente estudio son:

1) Determinar € sitio de lesion auditiva en un
grupo de nifios escolares con hipoacusia sensorio-
neural e historia de haber estado en la unidad de
cuidadosintensivos neonatal ; determinar si lalesion
se localiza en céclea, o corresponde a una afeccion
en la primera porcion del nervio auditivo (retro-
coclear).

2). Intentar correlacionar alosfactores deriesgo
audioldgico implicados, con €l sitio de lesion.

MATERIAL Y METODO

En un estudio prospectivo, de cohorte transver-
sal, descriptivo y analitico se incluyeron a nifios en
edad escolar, con historia de Cuidados Intensivos
Neonatales, que presentaban hipoacusia bilateral de
tipo sensorio- neural, pertenecientesaunaclinicade
seguimiento pediatrico para el recién nacido de alto
riesgo neurol égico en laciudad de México D.F.

Criterios de exclusion: Antecedentes de
hipoacusia familiar, infecciones materno fetales del
1° trimestre del embarazo (toxoplasmosis, rubéola,
citomegalovirus, herpes, sifilis.), Padecimientos
genéticos asociados con hipoacusia, y patologia de
oido medio a momento del estudio.

Se inform6 alos padres acerca de |0s propésitos
del estudioy beneficios esperados delainvestigacion.
Se solicité consentimiento informado.

Para descartar la patologia de oido medio, los
nifios se estudiaron con un oto-microscopio Carl-
ZeissOPMI-9F-125, y unatimpanometria, lacual
debiaregistrar unacurvatipoA segiin laclasificacion
de Jerger (9,10) con variacion de presion de-150 a
+50 decapascal (daPa), complianciade0.3a1.3ml.

Paralatimpanometriael tono de pruebautilizado
fue de 226 Hertz + 3%, 85 decibeles (dB) rango de
presion: -600 a +300 (daPa), exactitud de 10%.
Rango de compliancia 0.1 a 5.0 ml, exactitud + 5%
0 0.1 ml. Se utilizé un impedanciometro marca
Interacustics modelo MT-10, con calibracion, ANS
3.60-1989.
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Se les practicod audiometria de tonos puros
determinando via aérea y via 6sea, con método
audiométrico convencional. Se considerd audicion
normal a umbral igual o menor a 20 decibeles. El
criterio de hipoacusia sensorio - neural se considero
al encontrar tanto la via aérea como la via ésea
descendidas y superpuestas la una sobre la otra.

La pérdida auditiva se clasifico en grados al
promediar las frecuencias de 500, 1000 y 2000 Hz:
Superficial de25—-40dB, mediade 45-60 dB, severa
de 65-90 dB y profunda a mas de 95 dB.

Se utilizé un audiémetro clinico marca Grason-
Stadler GSI 61 Welch Allyn Company de doscanales
con calibracion ANSI S3.6-1989; 1 SO 389; UL 544.
Audifonos (THD-50P equilibrado), vibrador 6seo B-
71 colocado en region frontal. Para el
enmascaramiento auditivo contralateral seuso ruido
blanco con sincronia automética a 10 decibeles por
debajo del nivel auditivo delafrecuenciaanalizada.

La audiometria se realizé dentro de una camara
amortiguada sonicamente, de 2 m2,

Se efectuaron dos pruebas supraliminares de
acuerdo a grado de hipoacusia:

Prueba de SISI, del inglés short increment
sensibity index o indice de sensibilidad de
incrementos cortos, lacual consiste en que cadacinco
segundos aparece un incremento de un decibel du-
rante 200 milisegundos en el auricular del oido a
explorar.

Paraddjicamente los pacientes que presentan
patologiacoclear pueden detectar mejor |os pequefios
incrementos deintensidad anivel es de sensacion més
baj os (reclutamiento) quelos pacientes con audicion
normal o los que tienen patol ogias ubicadas en otras
partes del sistema auditivo (11,12).

Procedimiento:

Usando Audifonos THD 50 Py € audiometro
clinico previamente descrito el cual cuenta con
dispositivos especiales para esta prueba
psicoacUstica, se establecié € umbral auditivo del
oido bajo examen.

Se indica a nifio antes de examinarlo que
escucharaun sonido constante y que ocasional mente
ocurriraun pequefio incremento en laintensidad. El
cual deberasefialar pulsando un interruptor manual.

Se familiariza al nifio para que responda con
incrementos notorios deintensidad proporcionandole
pruebas de practicacon 5dB, y 2 dB.

Una vez comprendido el procedimiento, se
presentaun tono continuo delafrecuenciaanalizada,
en €l oido bajo examen a 20 dB, por arriba del um-
bral tonal y cada cinco segundos, se introduce un
incremento de 1 dB al tono presentado en formacon-
tinuapor unlapso de 200 milisegundos. Se presentan
20 incrementosde 1 dB, y sepide al nifio que sefiale
todas las veces que se detecte el incremento.

Después de la quinta, décima y decimoquinta
presentaciones, el incremento seomitié o elevo a5dB
como verificacion de la validez de las respuestas y
para asegurarse de que no existian “condiciones
ritmicas’.

Se registro por el explorador cada respuesta
correctay cadarespuestaequivocada. Lapuntuacion
de la prueba SISI aparece en la pantalla del
audiémetro entanto por ciento. Larespuestacorrecta
para cada incremento de 1 dB fué valorada con un
5%.

Se analizaron las frecuencias de 1000, 2000,
3000, y 4000 Hz en cada oido, cuando el grado de
pérdida auditivalo permitia.

Interpretacion de los resultados en la prueba de
SISI: el promedio en el rango de 0 a 20% fué
determinado como negativo. De 25 a 65% fué
cuestionable o dudoso. El promedio de 70 a 100%
fue considerado como positivo, caracteristico de
casos con disfuncién coclear. El resultado de la
prueba SISl es positivo en los trastornos coclearesy
negativo en los trastornos del V111 nervio.

El segundo examen supraliminar estuvo
representado por: El deterioro del umbral tonal o
Tone Decay con modificacion Carhart (1957).

L os pacientes con patologia retrococlear del oc-
tavo nervio craneal manifiestan una “adaptacién
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auditiva anormal” o un “cambio temporal del um-
bral auditivo” en respuesta a la presentacion de un
tono sinusoidal continuo, siendo este un indicador
de patologia retrococlear. Es un fenémeno de
atenuacion de la sensibilidad, y su recuperacion es
inmediatas se suspende €l estimulo ( 13).

Procedimiento:

Una vez establecido €l umbral auditivo para e
oido bajo examen usando audifonos THD-50P y
tonos sinusoidales.

Se exploraron las frecuencias de 500 1000 y
2000Hz. en cada oido, con 5 dB por arriba del um-
bral auditivo.

Se indica a nifio que presione el interruptor
manual tan pronto se oiga un tono, y que libere e
interruptor manual sélo cuando el tono sevuelvain-
audible.

Seinicia e examen con un tono continuo y con
interrupciones aleatorias, con unaintensidad 20 dB
por arribadel umbral auditivo parapresentar un caso
mas facil de escuchar y asegurar lacomprension de
la prueba.

Unavez comprendido el procedimiento, apenas
responda el paciente, se inicia el cronometraje
presionando el boton crondmetro en el audiometro.
Si el tono, estimulo de prueba es percibido durante
un minuto, se termina la prueba. Si el nifio indica
gue no escucha é estimulo tonal antes del minuto,
se aumenta laintensidad en 5 dB sin interrumpir el
tono, regresando acronometrar a0y siguiendo hasta
cronometrar 1 minuto, paraterminar la exploracion
en dichafrecuencia

La prueba Tone Decay debera ser negativa en
los trastornos cocleares y positiva en |os trastornos
del VIII nervio, se considerd coclear si e declive no
excediade 30 dB y dd VIII nervio s € declive
excedia de 30 dB.

Las anormalidades del Tone Decay sefialan
asociacion con lesion retrococlear y pueden ser
observadas en casos de degeneracion neural .

Se documentaron las siguientes variables

descriptivas de | os respectivos expedientes clinicos:

Diasde estanciaenlaUCIN, dias de ventilacion
mecanica, edad gestacional, peso al nacer.

En blsqueda de variables asociadas a lesion
auditiva en nifios egresados de una UCIN se
documentan las siguientes (Tabla 1).

Para el andlisis estadistico de los datos se
utilizaron medias, desviaciones estandar, porcentajes,
pruebas con T de Student. Con un intervalo de
confianza del 95%.

Los datos fueron procesados en el programa
estadistico SPSSversion 10.0 paraWindows® ( 14).

RESULTADOS

Se estudiaron a 12 nifios con una edad promedio
de 9.3 £ 2 afios. Ocho del sexo masculino y cuatro
del femenino.

El promedio dias de estanciaen laUCIN fue de
22 * 10 dias, 11 nifilos ameritaron ventilacion
mecanica durante un promedio de 10 + 8 dias.

Once sujetos fueron prematuros y uno de
termino, la edad gestaciona promedio a nacer fué
de32.2+ 2 semanasy el peso de 1,552 + 795 gramos.
Lacalificacion deapgar a nacer fué en promedio de
4 a minuto 'y 6 alos cinco minutos.

Los factores de riesgo audiolégico fueron
muiltiplesenlamuestracon un promedio de 4 factores
por nifio evaluado: L os doce nifios estudiados habian
recibido amikacina via intravenosa, 10 recibieron
furosemida, 9 presentaron hiperbilirrubinemia neo-
natal, con bilirrubinas indirectas promedio de 13.1
+8.5 mgrs/dl, 4 nifios habian ameritado de
exanguinotransfusion, 7 presentaron asfixia, 6
hemorragia intraventricular, 2 meningitis neonatal
y 2 circulacion fetal persistente.

El grado de hipoacusia documentado en la
muestra (24 oidos) fué en promedio severo.

Laaudiometriadetonos purosen lasfrecuencias
analizadas no mostré diferencias significativas en-
tre & genero masculino y el femenino. Sin embargo
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Tabla 1.

Variables asociadas a la lesion auditiva Sensorio-Neural en nifios
egresados de UCIN y su posible fisiopatologia

Asfixia severa:(15,16)
Hipoxia coclear y de nicleos cocleares

Hiperbilirrubinemia neonatal :(17)
Dafio a nuicleos cocleares y/o ganglio espiral al nivel del tallo cerebral.

Aminoglucésidos: (18,19)

Las moléculas del aminoglucésido pueden interactuar con los fosfolipidos presentes en las células
ciliada del érgano de Corti y €l aparato vestibular produciendo dafio irreversible. Los recién nacidos
especia mentelos prematurostienen bajafiltracion glomerul ar resultando en unaelevada concentracion
de aminoglucdsido, potenciando reacciones de nefro y ototoxicidad; la coclea en mamiferos es méas
sensitiva al dafio ototéxico durante su maduracién anatomicay funcional que en los adultos.

Se hareportado susceptibilidad genética para la ototoxicidad por aminoglucdsidos.

Furosemida:(20,22)
Edema en estria vascular, cambios hidro-€electroliticos en liquidos | aberinticos.

Hemorragia subependimariaintraventricular:(23)

Episodios de hemorragia dentro de compartimientos del oido interno (modolius, ductococlear,
hemorragia via capsula 6ticay retrograda via vena coclear).

Meningitis neonatal :(24)

reaccion inflamatoria meningea que se extiende a través del ducto coclear o del conducto auditivo
interno hacialacdclea, generando laberintitis supurativao neuritisdel V111 par craneal . Tromboflebitis
sépticay/o vasculitis de los vasos queirrigan el oido interno. Dafio hipoxico del V11 par secundario
alainfeccion o aumento de la presion intracraneana.

L aberintitis serosa

Circulacion fetal persistente:(25) Morbilidad neonatal con alta asociacién de asfixia severa.

Hipoxia coclear y de nicleos cocleares.

la comparacion de frecuencias medias entre oido
derecho vs. izquierdo resulto con diferencias
significativas con P < 0.05 enlasfrecuencias de 125,
250, y 500 hertz, con mayor grado de hipoacusia en
oidos izquierdos en las frecuencias bajas, y sin
diferencias significativas en lasfrecuencias de 1000,
2000, 3000, 4000, y 8000 hertz.

Se readlizaron 63 evaluaciones con la prueba de
SISl resultando 44 (70%) positivas, 5 (8%) dudosas,
y 14 (22%) negativas.

En la prueba Tone Decay se realizaron 58
evaluaciones, resultando negativas en el 100% de
losensayosy sinevidenciadedeclive. Losresultados
de laaudiometriatonal y pruebas supraliminares se
presentan en lastablas 1y 2.

DISCUSION

Los resultados del presente estudio son
sugestivos de una cortipatia bilateral conlesién ala
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Tabla 2.
Resultados de la audiometria tonal (24 oidos analizados)
Frecuencias analizadas en Hertz

125 250 500 1000 2000 3000 4000 8000
Media de umbral 32+24 40+25 52+26 75+31 85+22 91+26 95+25 100+23
auditivo. Oido Derecho
Media de umbral auditivo 42+22 56+23 62+27 73+30 78+30 90+23 100+23 102+22
Oido izquierdo
Diferencia de medias 0.05* 0.01* 0.03* NS NS NS NS NS

Oido derecho vs. izquierdo

Desviacién estandar.
Valor de P<0.05 t de Student
NS= No significativo

célulaciliadadel érgano de Corti con predominio en
la region basal, lo anterior se deduce a encontrar
reclutamiento positivo en el 70% delasevauaciones
y mayor grado de lesion en frecuencias altas, a la
vez que no se documentaron datos de lesion
retrococlear, utilizando la prueba del deterioro del
umbral tonal.

Las variables de riesgo para hipoacusia
documentadas en la muestra, destacan en orden de
frecuencia la exposicion al antibiotico
aminoglucosido amikacina seguido delaaplicacion
del diurético furosemida. Los antibioticos
aminoglucosidos y la furosemida se conocen como
farmacos potencialmente cécleo-toxicos y han sido
descritos como posibles causas de hipoacusiaen los
recién nacidos egresados de las UCIN ( 2, 8 ).

Lasimetria de lesion auditiva en las frecuencias
de 1000 a 8000 Hertz entre oidos derechos e
izquierdos documentada en la muestra se sumaala
sospecha de lesién auditiva secundaria a oto-
toxicidad. La percepcién psicoacustica de la atura
tonal esta representada en el audiograma por las
frecuencias en Hertz, esta tiene una distribucion
espacia alo largo del ducto coclear, y es conocida
como escala anatomica de frecuencias o
citococleograma. Los agentes que afectan regiones
especificas del ducto coclear se expresara

funcionalmente como pérdida de umbrales que
afectan selectivamente el espectro auditivo
representado en el audiogramay como pérdida de
células ciliadas en € citococleograma( 26 ).

La propiedad de afectar predominantemente las
frecuencias agudas se hadescrito paraagentes como
laamikacina (2, 8).

La tercera variable en orden de frecuencia la
ocupd lahiperbilirrubinemianeonatal. Lahipoacusia
documentada en nifios con antecedente de
hiperbilirrubinemiaesbilateral sensorio neural y mas
severaen las frecuencias agudas. Wolf 1967 estudio
tres pares de huesos temporales de recién nacidos
con eritroblastosis fetal (hiperbilirrubinemia) y
encontré organos de Corti normales pero algunos
cambios degenerativos en €l ganglio espiral. La
hiperbilirrubinemia ocasionara lesion de la via
auditivaanivel retrococlear en el tallo cerebral(17).
Se ha sugerido que la hipoacusia secundaria a este
factor constituye unamanifestacién de encefal opatia
hiperbilirrubinemica. Sin embargo en el presente
estudio no encontramos datos de |l esi 6n retro-cocl ear.

Aunque tedricamente posible, lablUsquedade una
asociacion entrelos diferentes trastornos neonatal es
y lapresenciadelesion posterior, model o de nuestro
estudio, hace necesario considerar los siguientes
puntos: Los neonatos gravemente enfermos que




Tabla 3

Resultados de las pruebas supraliminares (24 oidos analizados)
2000 3000 4000

Frecuencias analizadas en Hertz 1000
SISI Oido derecho

Positivo 6 7
Dudoso
Negativo 3 0

SISI Oido izquierdo

Positivo 6
Dudoso 1 0
Negativo 3

Frecuencias analizadas en Hertz 500 1000

Tone Decay oido derecho

Positivo 0 0
Negativo 10 10
Tone Decay Oido izquierdo

Positivo 0 0
Negativo 10 10

ameritan ingresar a una UCIN, dificilmente cursan
con un trastorno Unico a que se pueda atribuir
directamente la causa de lesion. La secuela se
manifiesta como un proceso evol utivo, es decir, una
secuencia 0 un conjunto de estadios que son
consecuenciadel dafio neurol gico o sensorial, como
condicidn necesaria, €l agente agresor no estaactivo,
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Bilateral cortipathy secondary
to adverse factors during

the neonatal period

Cortipatia bilateral secundaria a factores
adversos durante el periodo neonatal

ABSTRACT

The hearing loss acquired during adverse eventsin
the neonatal period has not been entirely clarified.

Objective: To determine the site of auditory lesion
in a group of school children with sensory-neural
hearing loss and history of being in a neonatal in-
tensive care unit (NICU).

Material and methods: Twelve school children were
studied with a mean age of 9.3 + 2 years, pure tone
Audiometry, tympanometry, SS9 Test and Tone De-
cay Test were done. Some variables associated to
auditory lesions were documented in children dis-
charged from NICU.

Results: The average stay in the NICU was of 22 +
10 days; mean gestational age at birth was 32.2 + 2
weeks and a weight of 1552 + 795 g.

The hearing loss observed in our sample was severe
degree, the S 9 test was positive in 70% of the ana-
lyzed frequencies and the Tone Decay tests were
negative.

The most frecuent audiologic risk factors, docu-
mented in the sample were exposure to amikacyn fol -
lowed by furosemide application, and neonatal
hyperbilirrubinemia.

Conclusions: The results of the present study are
suggestive of a bilateral cortipathy with lesiontothe
hair cell of the organ of Corti, possibly due to expo-
sition to ototoxic drugs.

K ey wor ds: Audiometry, Sensorineural hearing loss,
SISI Test, Ototoxic drugs.

(*) Instituto Nacional de Perinatologia.

RESUMEN

La hipoacusia adquirida durante eventos adversos
en el periodo neonatal no ha sido esclarecida en su
totalidad.

Objetivo: Determinar el sitio de lesion auditiva en
un grupo de nifios escolares con hipoacusia sensorio-
neural e historiadeingreso a una unidad de cuidado
intensivo neonatal (UCIN).

Material y métodos: Se estudiaron a 12 nifios con
una edad media de 9.3 + 2 afos, mediante
audiometria de tonos puros, timpanometria, pruebas
de SISl y deterioro del umbral tonal. Se
documentaron algunas variables asociadas a lesion
auditiva en nifios con historia de UCIN.

Resultados: El promedio diasdeestanciaenla UCIN
fue de 22 + 10 dias, la edad gestacional al nacer fué
de 32.2 + 2 semanas, con peso de 1552 + 795 g.

El grado de hipoacusia documentado en la muestra
fuésevero, lapruebade 39, fuépositivaenel 70%
de las frecuencias analizadas y las pruebas del
deterioro del umbral tonal resultaron negativas. Los
factores de riesgo para hipoacusia documentados
en la muestra en orden de frecuencia fueron
exposicion a amikacina, seguido de aplicacién de
furosemide, e hiperbilirrubinemia neonatal.

Conclusiones: Los resultados del presente estudio
son sugestivos de una cortipatia bilateral con lesion
alacéulaciliada del 6rgano de Corti, posiblemente
por exposicion a farmacos ototoxicos.

Palabrasclave: Audiometria, Hipoacusia sensorio-
neura. Pruebade SIS|. Ototoxicos.




INTRODUCTION

At the end of the 1970's, Shulman and Galambos
reported that newborns discharged from the neona-
tal intensive care unit (NICU) constitute a high risk
of hypoacusis (sensoryneural hearing 10ss) group, be-
cause 1 out of every 50 of them suffered this distur-
bance.(1)

In Mexico, it has been estimated that the inci-
dence of sensoryneural hearing lossin children with
history of treatment in NICU fluctuates between 6%
and 13%.(2) The acquired hypoacusis caused by ad-
verse events during the newborn period has not been
clearly defined, and its ethiology is considered mul-
tifactorial.

Some studies of audiologic surveillance in
hypoacusic children treated previously in the NICU
report serious to deep bilateral sensoryneural hearing
loss, with predominance of thelesion inthe acute fre-
quency range in 95% of the cases, fact suggestive of
aminoglycoside ototoxicity or neuropathy secondary
to hyperbilirubinemia, that is accompanied by vesti-
bular disfunction in up to 80% of the cases.(2-8)

The audiometry is always diagnostic, because it
contributes to determine the place and the degree of
auditive lesion. The relation between the thresholds
of bony and air conduction, for example, constitutes
one of the main bases to distinguish between the
conductive and the sensoryneural hearing losses.

Thethree placesin which the peripheral auditive
system disturbances are located are: middle ear, co-
chlea and VIII crania nerve. These locations have
in common all or some of the following features. a)
deterioration of the ability of the subject to respond
to sound stimuli or to perceive complex signals as
those of speech, b) distortion, ¢) abnormal adapta-
tion, and d) ipsilateral symptoms. These features are
generally explored using test signals by means of
sinusoidal tones.

The audiologic tests known as supraliminal are
useful psychoacoustic eval uationsto distinguish be-
tween the auditive disturbances at cochlear (sensory)
and auditive (neural) nerves levels.

The main objectives of this study were:

1) To determine the place of the auditive lesion
inagroup of school-age children with sensoryneural
hypoacusisand previous hospitalizationinthe NICU,
as well asits location at the cochlea or in a corre-
spondent site at thefirst portion of the auditive nerve
(retrocochlear).

2) To attempt the identification of a correlation
between de auditiverisk factorsimplied with the lo-
cation of the lesion.

MATERIAL AND METHOD

A prospective, transversal, descriptive and ana-
lytic study was performed with school-age children,
from a newborn high risk surveillance clinic of
Mexico City, previously treated in the NICU and
suffering sensoryneural bilateral hypoacusis.

The criteriaof exclusion were history of familial
hypoacusis, maternofetal infections during the first
trimester of pregnancy (toxoplasmosis, rubella, cy-
tomegalovirus, herpes, syphilis), illnessesrelated to
hypoacusis and pathology of medium ear when the
study was being done.

Parents were informed about the objective of the
study and the expected benefits, and their written
informed consent was obtained.

In order to exclude the pathology of medium ear,
the children were studied with aCarl-ZeissOP MI-9
F-125 otomicroscope, and a tympanometry which
should register an A type curve according to Jerger
classification9,10 with pressure variation from -150
to +50 decapascals (daPa) and compliance from 0.3
to 1.3 ml.

For the tympanometry, the test tone used was of
226 Hertz + 3%, 85 decibels (db) and pressure range
of -600 to +300 daPaand precision of 10%. The com-
pliance range was of 0.1 to 5.0 with a precision of
also + 10% or 1 ml. An Interacoustics
impedancemeter model MT-10 with ANSI 3.60-1989
calibration was used.
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Puretone audiometry was practiced to al patients
determining air and bony conduction with aconven-
tional audiometric method. A normal auditive func-
tion was considered when the threshold was < 20
decibels. The case was diagnosed as one of
sensoryneural hearing loss or hypoacusis when de-
creased and superimposed air and bony conductions
were found.

The sensoryneural hearing losswas classified by
grade obtaining the average of 500, 1,000 and 2,000
Hz: it was considered superficia when therangewas
from 25to 40 dB, mean when the range was from 45
to 60 dB, severe when the range was from 65 t0 90
dB, and deep when it was > 95 dB.

To obtain the measurements, a two channel
Grason-Stadler GSI 61 Welch Allyn Company clini-
cal audiometer with ANSI S3.6-1989, 1SO 389, UL
544 calibration was used with earphones (THD-50P
equilibrated) and a B-71 bony vibrator applied over
the frontal region. For the auditive contralateral
masking, a target sound with automatic synchrony
at 10 decibels bellow the auditive level of the ana-
lyzed frequency was employed.

The audiometric study was performed inside a
sonic muffled chamber of 2 m? of capacity.

Two supraiminal test were done, according to
the hypoacusis level:

Short Increment Sensitivity Index (SISl) test. In
this test, an increase of 1 decibel during 200 milli-
seconds is produced each five seconds in the ear-
phone of the side being tested.

Paradoxically, patients with cochlear pathology
can detect better thelittleintensity increasesat lower
sensoria levels (recruiting) than those with normal
hearing or with disturbances located at other levels
of the hearing system.(11,12)

PROCEDURE

The auditive threshold of the ear under examina
tion was established by means of THD 50P earphones
andtheclinical audiometer previoudly described, that

is equipped with special devices for this psychoa-
coustic test.

1. The child istold, before being examined, that
he will perceive a sustained sound with occasional
small intensity increments, which he must indicate
activating a hand switch.

2. Thechild isfamiliarized with the procedurein
order to respond to the notorious intensity increases
by means of practice tests of 5 and 2 dB.

3. Once the child has understood the procedure,
a 20 dB sustained tone of the analyzed frequency is
presented to the ear under investigation above the
tonal threshold and, each five seconds, an increment
of 1 dB isintroduced at the same tone continuously
during a200 milliseconds period. Twenty increments
of 1 dB are presented, and the child is asked to indi-
cate all the times he notices the increment.

4. After the 5th, 10th and 15th presentations, the
mentioned increment was omitted or increased to 5
dB as a means to verify the validity of the answers
obtained, and to become sure that there were no
"rhythmic conditions."

5. The examiner registered each right and wrong
answer. The obtained punctuation of the SISI test
appears in the audiometer monitor screen as a per-
centage. Each right answer to the 1 dB increase was
considered with a value of 5%.

6. The 1,000, 2,000, 3,000 and 4,000 Hz frequen-
cies in each ear were analyzed when permitted by
the auditive loss degree.

Interpretation of SIS| test results. Themean range
of 0to 20% was considered negative, between 25 to
65% limitsit was considered doubtful, and the aver-
age from 70 to 100% was qualified as a positive re-
sult characteristic of cochlear dysfunction cases. The
result of SISI test is positive in cochlear ailments
and negative in VIII cranial nerve disturbances.

The second supraliminal exam was represented
by tonal threshold deterioration, or tone decay, with
Carhart modification (1957).
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Patients with retrocochlear pathology of eight
crania nerve exhibit an "abnormal auditive adapta-
tion" or a"temporal change of auditivethreshold" as
a response to the presentation of a sinusoidal con-
tinuous tone, indicative of retrocochlear pathology.
It is an attenuation sensitivity phenomenon, and its
recovery occurs immediately when the stimulus is
interrupted.(13)

Procedure

1. Theauditivethreshold for the ear under study by
means of THD 50P earphones and sinusoidal
tonesis established.

2. The500, 1,000 and 2,000 Hz frequencies are ex-
plored in each ear, with 5 dB above the auditive
threshold.

3. Thechildisaskedto activate continuoudy the hand
switch as soon as he perceivesatone, and to inter-
rupt it only when the tone becomes inaudible.

4. Theexaminationisstarted with acontinuoustone
and random interruptions, with an intensity of 20
dB abovethe auditive thresholdin order to present
amore easily heard sound and to guarantee the
understanding of the test.

5. Oncethe procedureis understood by the child,
just when his or her response is obtained, the time
counting is activated by pressing the chronometer
button mounted in the audiometer. If the tone used
as the test stimulus is heard during one minute, the
study isfinished. If the child indicates that he or she
doesn't hear thetonal stimulus before the minute has
elapsed, the intensity is increased in 1 dB without
changing the tone, restarting in O the chronometer
count again during another minute in order to termi-
nate the examination at that frequency.

The tone decay test must be negative in cochlear
disturbances and positivein those of the VI1I1 cranial
nerve; it was considered cochlear if the decay did
not exceed the 30 dB limit and of the VIII cranial
nerve if this decay exceeded that limit.

The abnormalities of tone decay indicate an as-
sociation with retrocochlear lesion, and can be ob-
served in case of neural degeneration.

In each clinical chart the following descriptive
variables were observed: days of stay in the NICU,
days under mechanical ventilation, gestational age
and newborn weight. In table 1 the variables associ-
ated with auditivelesion of children discharged from
the NICU are found.

Means, standard deviations, percentagesand Stu-
dent t tests were used for the statistical analysis of
obtained data, with determination of the 95% confi-
dence level.

Thesedatawere analyzed with the statistical com-
puter program SPSSversion 10.0 for Windows®©.(14)

RESULTS

Twelve children (8 of them malesand 4 females)
9.3 + 2 years of age were studied.

The average stay in the NICU was of 22 + 10
days, and 11 children required mechanical ventila-
tion during 10 + 8 days.

Eleven of the cases were premature and the lat-
ter wasborn at term, with an average gestational age
of 32.2 + 2 weeks and an average weight of 1,552 +
795 g. The average Apgar score after birth was 4 at
the first minute and 6 at five minutes.

The audiologic risk factors of this sample were
multiple, with an average of four factors per evalu-
ated child: the 12 studied children had received in-
travenous amikacin, 10 had received furosemide, (9)
experienced neonatal hyperbilirubinemia with a
mean indirect bilirubin measurement of 13.1 + 8.5
mg/dl, 4 required exchange transfusion, 7 suffered
from asphyxia, 6 experienced intraventricular hem-
orrhage, 2 presented neonatal meningitis and in 2
there was persistant fetal circulation.

The confirmed average sensoryneural hearing
lossin this sample (24 ears) was severe.

The pure tone audiometry in the analyzed fre-
guencies did not show significative differences be-
tween both genders. However, the comparison of the
mean frequencies between the right and the left ear
showed significative differenceswith P< 0.05inthe
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Table 1

Variables associated with sensoryneural auditivelossin children
discharged from NICU and their possible physiopathology

Severe asphyxia (15,16)
Cochleaand cochlear nuclei hypoxia.

Newborn hyperbilirubinemia (17)
Lesion of cochlear nuclel and/or spiral ganglion at brain stem level.

Aminoglycosides (18,19)

The aminoglycoside molecules can interact with the phospholipids present in the ciliated cells of
Corti's organ and the vestibular apparatus producing irreversible damage. Newborns, specially the
premature, have alow glomerular filtration rate that produces high concentrations of aminoglycosides,
that potentiate nephro- and ototoxicity responses; the cochleain mammals is more sensitive to oto-
toxic damage during its anatomic and functional maturation than in the adult animal.

Genetic susceptibility to ototoxicity caused by aminoglycosides has been reported.

Furosemide (20-22)
Produces edema in vascular striae, with hydroelectrolitic changes in labyrinthine fluid.

Intraventricular subependimary hemorrhage (23)

Hemorrhage crisisinside the compartments of inner ear (in modiolus, cochlear duct, viaotic capsule,
retrograde via cochlear vein).

Neonatal meningitis (24)

Meningeal inflammatory response extended over the cochlear duct or inner auditive duct to the co-
chlea, producing suppurativelabyrinthitis or neuritis of the V111 cranial nerve. Septic thrombophl ebi-
tisand/or vasculitis of blood vessels of the inner ear.

Hypoxic damage of VIII nerve secondary to infection or increase of intracranial pressure.
Serous labyrinthitis.

Persistant fetal circulation (25)

Newborn congenital disturbance associated with severe asphyxia. Cochlea and cochlear nerves hy-
poxia.

frequenciesof 125, 250y 500 Hz, with sensoryneural
hearing loss of higher degree in left earsin the low
frequencies and without significative differencesin
those of 1,000, 2,000, 3,000, 4,000 and 8,000 Hz.

Sixty three SISl test eval uationsweredone, 44 (70%)
positive, 5 (8%) doubtful and 14 (22%) negative.

With the tone decay test 58 evaluations were
done, al of them with negative results and without

signs of decay. In tables 1 and 2 the results of tonal
audiometry and supraliminal tests are presented.

DISCUSSION

The results of this study suggest a bilateral
cortipathy with lesion of the ciliated cells of Corti's

organ, predominantly in basal region. This conclu-
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Table 2.

Results of the tonal audiometry (24 ear s analyzed)

Analyzed frecuenciesin Hertz

125 250 500 1000 2000 3000 4000 8000
Mean of auditive threshold 32+24  40+25 52+26 75+31 85+22 91+26 95+25  100+23
Right ear
Mean of auditive threshold 42+22  56+23 62+27 73+30 78+30 90+23 100+23 102+22
Left ear
Difference of means 0.05* 0.01* 0.03* NS NS NS NS NS

Right vs. left ear

+ = Standard deviation.
*P < 0.05, Student t.
NS = Not significant.

sion was based on the positive recruitment found in
70% of the evaluationswith the higher lesion degree
in the high frequencies, and on the absence of
retrocochlear lesion signs after the tonal threshold
deterioration test.

In regard to the proved risk hypoacusis variables
in this sample, in frequency order stood out the ex-
posureto the aminoglycoside antibiotic amikacin and
the administration of the diuretic furosemide. Both
types of medications are considered potentially
cochleotoxic, and have been mentioned as possible
causes of sensoryneura auditivelossin the newborns
discharged from the NICU. (2,8)

The symmetry of the auditive lesion in the 1,000
to0 8,000 Hz between | eft and right ears demonstrated
in this sample increases the suspicion of secondary
auditive lesion to ototoxicity. The psychoacoustic
perception of tonal height is represented in the au-
diogram by the frequenciesin Hz, has a spatial dis-
tribution along the cochlear duct and is known as
the anatomic frequencies scale or cytocochl eogram.
The agents that affect specific regions of cochlear
duct are functionally expressed as losses of thresh-
oldsthat affect selectively the auditive spectrum rep-
resented in the audiogram and as a loss of ciliated
cells in the cytocochleogram.(26) The property to
affect predominantly the acute frequency of agents
as amikacin has been described. (2,8)

Thethird variable in order of frequency was the
neonatal hyperbilirubinemia. The hypoacusis docu-
mented in children with history of hyperbilirubine-
miais sensoryneural bilateral and most severeinthe
acute frequencies. In 1967, Wolf studied three pairs
of temporal bones of newborns with fetal
erithroblastosi s (hyperbilirubinemia), and found nor-
mal Corti organs but some degenerative changesin
the spiral ganglion. The hyperbilirubinemiawill pro-
ducein these cases lesion of the auditive pathway at
retrocochlear level inthebrain stem. (17) It hasbeen
suggested that the hypoacusis secondary to this fac-
tor constitutes a manifestation of encephal opathy
caused by the hyperbilirubinemia. However, in this
study no retrocochlear lesion signs were found.

Although theoretically possible, the search of an
association between the different neonatal distur-
bances and the presence of posterior lesion, that was
the model in this study, makes it necessary to take
into account the next facts: the severely sick new-
borns that need to be hospitalized in the NICU do
not evolve necessarily with an isolated disturbance
to which the lesion cause could be attributed. The
sequel is manifested as an evolutive process, that is
to say, a sequence or a series of stages produced by
the neurological or sensory damage as a necessary
requirement, and the causal agent is not active or
can't be identified.(27) The newborn period during




Tabla 3

Results of supraliminal tests (24 ear s analyzed)
2000 3000 4000

Frecuencias analizadas en Hertz 1000

SIS, right ear

Positive 6 7
Doubtful

Negative 3 0
SISl left ear

Positive 6

Doubtful 1 0
Negative 3
Analyzed frevuenciesin Hertz 500 1000
Tone decay, right ear

Positive 0 0
Negative 10 10
Tone decay, |eft ear

Positive 0 0
Negative 10 10

which the auditive lesion occur is considered as a
critical period, i.e., in other groups of age and clini-
cal situations this morbidity is not found or, in any
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