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Abstract

Background: It has been reported that in prelingually deafened adults there is maturation of the late latency response (LLR)
after rehabilitation using cochlear implants. Other evidence suggests that the auditory system, like any other sensory system,
receives multimodal stimulation, a factor which could help the auditory system mature even in the absence of any auditory in-
put. The current study was done on two prelingually deaf adults who had not received rehabilitation, and their latencies were
within the normal mature range, suggesting their auditory cortex responses were maturely developed prior to rehabilitation.

Material and methods: Two male participants took part in the study: one was 21 years old and the other was 36, and both
had congenital profound hearing loss. Using pure tone thresholds obtained earlier, a strong class hearing aid (Siemens Infiniti
Pro SP) was programmed using NOAH software and fitted to the right ear using the NALNL-1 fitting formula. As an objec-
tive measure of verification of hearing aid effect, auditory P1, N1, P2, and N2 were recorded using the free-field facility avail-
able in the THS SmartEP system: a 1000 Hz pure tone was presented at 70 dB SPL (30 dB SL) and 50 dB SPL (10 dB SL) from
a loudspeaker at a distance of 1 m and 45° angle.

Results: The latencies of P1, N1, P2, and N2 for both participants were recorded for 70 and 90 dB HL; all latencies were well
within normal limits.

Conclusions: The results indicate that, with adequate amplification, a mature response from the auditory cortex can be ob-
tained even in adults who have profound hearing loss and who have been deprived of auditory stimuli since a prelingual age.
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LOS POTENCIALES AUDITIVOS EVOCADOS DE CORTEZA AUDITIVA EN LOS
ESTADOS DE UNA LATENCIA ALTA EN DOS ADULTOS CON SORDERA PRELINGUAL

Resumen

Introduccion: Tras la rehabilitacion asociada al uso de los implantes cocleares, en adultos con la sordera prelingual, se observa
el desarrollo de una respuesta auditiva de latencia tardia (LLR - late latency response). Otras pruebas sugieren que el sistema
auditivo, como cualquier otro sistema de drganos sensoriales, recibe la estimulacion multimodal- un factor que podria ayu-
dar al sistema auditivo en su desarrollo incluso en el caso de la ausencia de la informacion auditiva. El estudio ha sido reali-
zado en dos adultos con la sordera prelingual, que no habian sido rehabilitados, y la latencia aparecia en el rango normal para
su edad, lo que indica que las respuestas auditivas de corteza auditiva estaban bien desarrolladas antes de la rehabilitacion.

Materiales y métodos: En el estudio participaron dos hombres, de 21 y de 36 afios. Los dos tenian una profunda pérdida audi-
tiva congénita. Utilizando el estudio anterior de los umbrales auditivos, se ajustaron los audifonos de alta potencia (Siemens In-
finiti Pro SP) mediante el software NOAH. El dispositivo se coloco en el oido derecho utilizando la férmula NAL NL-1. Como
una forma objetiva para verificar el efecto del funcionamiento del audifono, se ha hecho la grabacion de los potenciales P1, N1,
P2 y N2 en las condiciones del campo abierto en el sistema IHS SmartEP: sonido de la frecuencia de 1000 Hz fue transmitido
con la intensidad de 70 dB (30 dB SL) y 50 dB SPL (10 dB SL) a través de un altavoz colocado a 1 metro y con el angulo de 45°.

Resultados: Las latencias de los potenciales P1, N1, P2 y N2 | para ambos participantes del estudio fueron registrados para 70
y 90 dB HL; todas las latencias han salido dentro de la norma.

Conclusiones: Los resultados muestran que con un refuerzo adecuado, las respuestas desarrolladas de la corteza auditiva pueden
aparecer incluso en adultos con una pérdida auditiva profunda, que no presentan estimulos auditivos desde la etapa prelingual.

Palabras clave: factores de edad e correccion de la pérdida auditiva « potenciales auditivos evocados
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C/IYXOBBIE BbI3BAHHBIE IIOTEHIIVIAJIBI OT CJIYXOBOV KOPBI ITPU
BbICOKOW JIATEHTHOCTHU ¥V IBYX B3POCI/IbIX C ITPEJIMHTBAJIbBHON
TYTOYXOCTBIO

N3noxxenune

BBepmenne: Y B3pOC/IbIX /NI C IIPETNHIBAIBHOM ITTYXOTON MOC/Ie peabuInTanuy, CBI3aHHO C MICITO/Ib30BaHMeM Y/IN-
TOYHBIX MMIIIAHTATOB, Pa3BUBaeTCs AIMHHOMATeHTHBI 0TBeT (LLR - late latency response). [Ipyrue naHHbIe CBURETENIb-
CTBYIOT O TOM, YTO CIIyXOBas CUCTeMa, KaK U jio6as fpyrasd cUCTeMa OpraHOB YyBCTB, IIOJIy4aeT MY/IbTMMOJA/TbHYIO
CTUMYIALMIO — GAKTOP, KOTOPBIIL MOXET CIIOCOOCTBOBATh Pa3BUTUIO CTIYXOBOI CUCTEMBI JaXKe B CIy4ae OTCYTCTBUS
cnyxoBoit nHpopmanmu. ViccnegoBaHue ObUTO IPOBEREHO HA [IBYX NMUIAX C IPEIMHIBATBHONM ITTyXOTON, KOTOPbIe He
ObUIV peabUIUTHPOBaHBI, a JIATEHTHOCTD MOSBM/IACh B HOPMaJIbHOM JIJIA MX BO3pacTa 06béMe, 4TO YKa3bIBaeT Ha TO,
YTO CITyXOBBIE€ OTBETBI OT CIyXOBOJ KOPbI OBUIM XOPOLIO Pa3BUTHI 0 peaOMIMTaLN.

Marepuan u MeTOfbI: B ncciegoBaHmy NPUHSAIN yIacTye [BOe MY>KYMH B Bospacte 21 u 36 met. O6a mMenu BpOXXAEH-
HYIO ITTyOOKYI0 TYyroyXxocTb. C y4éTOM pe3yIbTaTOB NPOBEJEHHOTO paHee MCCIeSOBaHUS IIOPOTOB CIIBIIIMMOCTH, OBIT
ogo6paH CTyX0BOIT annapaT BbICOKOI MomHocTH (Siemens Infiniti Pro SP) ¢ momolupio mporpaMMHOTo o6ecredeHns
NOAH. Ox 6511 pasMeliéH B mpaBoM yxe mpy nomoiu ¢opmynst NAL NL-1. B kauecTBe 06beKTMBHOTO CIIOCO0a Be-
pudukanny spdexTa geitcTBUA CIyXOBOro anmapara OblIa IpoBefeHa 3amuch noreHiyanos P1, N1, P2 u N2 B ycro-
BMsAX cBo6ogHOro nons B cucreme IHS SmartEP: 3Byk wactoroit 1000 Iy mogaBancsa ¢ mHTeHCcHBHOCTBIO 70 1B (30 b
SL) u 50 o5 SPL (10 nb SL) yepe3 [uHaMUK, pa3MeIIEHHBI HAa pacCTOSIHUU 1 M 1of;, yriom 45°.

Pesynprarer: JlatreHTHOCTM noTeHIManoB P1, N1, P2 u N2 st 060MX y4aCTHUKOB ObUIN 3aperuCTpUpOBaHbl Jist 70 u
90 nb HL; Bce mateHTHOCTM OBUIN B HOPME.

BbIBOI[bI: PeSyTII)TaTbI II0Ka3bIBalOT, YTO IIPM COOTBETCTBYIOIIEM YCMIEHMN Pa3BUTbIE OTBETHI OT CHYXOBOﬁ KOpbI MOTYT
IIOABUTDHCA JaKe'y B3pOCIIbIX C I‘J'IY6OKOI7[ TYTOyXOCTbIO, Y KOTOPBIX OTCYTCTBYIOT CJIYXOBbIE€ MMITYJIbCBI C IIPE/INTHTBA/Ib-

HOro nepuopa.

KnaroueBble ctoBa: BO3pacTHbIE (l)aKTOpr * KOppeKIMsA TYTOYXOCTI o CITyXOBbI€ BbI3BaHHbI€ ITIOTEHIIVAIbI

SLUCHOWE POTENCJALY WYWOLANE Z KORY SLUCHOWE] U DWOCH 0SOB
DOROSEYCH Z GRUCHOTA PRELINGWALNA

Streszczenie

Wprowadzenie: U osob doroslych z gluchotg prelingwalng pézna odpowiedz latencyjna (LLR - late latency response) rowija
sie po rehabilitacji zwiazanej z uzywaniem implantéw §limakowych. Inne dowody wskazuja na to, ze system stuchowy, jak kaz-
dy inny system narzadéw zmystu, odbiera stymulacj¢ wielomodalna - czynnik, ktéry méglby pomdc systemowi stuchowemu
rozwijaé sie nawet w przypadku braku informacji stuchowej. Badanie zostato przeprowadzone na dwoch osobach z gluchota
prelingwalna, ktore nie bylty rehabilitowane, a latencja pojawila si¢ w zakresie normalnym dla ich wieku, co wskazuje, Ze stu-
chowe odpowiedzi z kory stuchowej byly dobrze rowinigte przed rehabilitacja.

Materiat i metody: W badaniu wziglo udzial dwéch mezczyzn w wieku 21 i 36 lat. Obaj mieli wrodzony gleboki niedostuch.
Korzystajgc z wczeénijszego badania progow styszenia, dopasowano aparat stuchowy duzej mocy (Siemens Infiniti Pro SP) za
pomoca oprogramowania NOAH. Umieszczono go w prawym uchu przy pomocy formuty NAL NL-1. Jako objektywny spo-
sob weryfikacji efektu dzialania apartu stuchowgo, dokonano zapisu potencjaléw P1, N1, P2 i N2 w warunkach wolnego pola
w systemie IHS SmartEP: dzwiek o czestotliowsci 1000 Hz zostat podany z natezeniem 70 dB (30 dB SL) i 50 dB SPL (10 dB SL)
przez glo$nik umieszczony w odlegtosci 1 m i pod katem 45°.

Wryniki: Latencje potencjaléw P1, N1, P2 i N2 dla obu uczestnikéw zostaly zarejestrowane dla 70 i 90 dB HL; wszystkie la-
tencje byly w normie.

Wnhnioski: Wyniki wskazuja, ze przy odpowiednim wzmocnieniu, rowiniete odpowiedzi z kory stuchowej moga pojawié
si¢ nawet u 0s6b dorostych z glebokim niedostuchem, u ktérych nie ma bodzcéw stuchowch od okresu prelingwalnego.

Stwowa kluczowe: czynniki wiekowe « korekta niedostuchu e stuchowe potencjaly wywolane
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Background

Various researchers have reported that CAEP latency de-
creases and amplitude increases as a function of age, at
least until age 10, so it can be used as a tool to assess au-
ditory maturation. Investigators tend to agree that infants’
responses are dominated by a large positive peak around
200 to 300 ms, and as they get older there is a decrease in
P1 latency and newer peaks emerge [1]. Studies agree that
the development of the central auditory system is mould-
ed by acoustic experience [2-6]. Since the auditory system
of the congenitally deaf individual does not have any in-
put, the shaping of the auditory system through experience
does not occur and the normal adaptation to the acoustic
environment does not take place [4,7].

In congenitally deaf people it is possible they may receive
synaptic connections from the visual system to cortical lan-
guage areas, and this may lead to suppression of projections
from the auditory system due to lack of acoustic stimula-
tion. Studies on animals have reported that a significant de-
crease is apparent in the mean amplitude of gross synap-
tic currents and of individual synaptic connections in the
primary auditory cortex [8]; in congenitally deaf cats there
is less synchronous activation of the cortical column [9-
11]. However, there appear to be no studies in the litera-
ture which evaluate auditory cortical maturation in con-
genitally deafened adults, and this prompted us to test the
assumptions that have been formulated based on findings
in animals and children.

Case presentation

Two male participants were part of the study: case 1, 21
years old, and case 2, 36 years old, both with congenital
profound hearing loss. The participants did not report any
middle ear pathology or other neurological conditions.
There was no history of otological complaints such as ear
infections and they had never undergone ENT surgery. The
participants had no speech since childhood and commu-
nicated mainly using gestures. There was no family histo-
ry of hearing loss. The participants had been exposed to
a brief period of hearing aid use for around a month dur-
ing which they were prescribed with a strong class body
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Figure 1. Unaided and aided audiogram of participant 1

level hearing aid with V cord. However, since there was
little benefit from amplification, they discontinued us-
ing it and did not use any amplification devices after that.

Investigations

A calibrated pseudo two-channel audiometer (GSI-61,
Grason Stadler Inc., USA) was used to estimate hear-
ing thresholds using a stimulus delivered to the subjects
through TDH-50P earphones and a Radioear B-71 bone
vibrator. A GSI Tympstar middle ear analyzer was used
to evaluate middle ear function. Outer hair cell function
was recorded using an Echoport ILO292 (Otodynamics
Ltd, UK) using v.6 software. All tests were carried out in
a sound-treated room with permissible background noise
level [12].

Pure tone audiometry revealed bilateral symmetric pro-
found hearing loss with PTA >90 dB HL. Tympanometric
results revealed an A-type tympanogram along with the ab-
sence of an acoustic reflex in either ear, suggesting normal
middle ear function. Distortion product otoacoustic emis-
sions were absent in both ears for F2 frequencies between
0.5 and 6 kHz. Auditory brainstem responses showed an
absent bilateral wave V peak at 90 dB nHL, confirming
the diagnosis of the pure tone audiogram.

Using the pure tone thresholds obtained earlier, a strong
class hearing aid (Siemens Infiniti Pro SP) was pro-
grammed using NOAH software and fitted to the right
ear using the NALNL-1 fitting formula. An aided audio-
gram was done to estimate the pure tone thresholds af-
ter hearing aid fitting, and the thresholds were within the
speech spectrum for both participants (Figures 1 and 2).

As an objective measure of hearing aid verification, audi-
tory P1-N1-P2-N2 was recorded using the free-field facil-
ity available in the IHS SmartEP system. A 1000 Hz pure
tone was presented at 70 dB SPL (30 dB SL) and 50 dB
SPL (10 dB SL) from a loudspeaker at a distance of 1 m
and 45° angle. Gold cup electrodes were placed between
Cz-Al, while the forehead served as ground. The recorded
EEG was filtered online between 1 and 30 Hz. The latency
and amplitude of P1, N1, P2, and N2 obtained from both
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Figure 2. Unaided and aided audiogram of participant 2
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Table 1. Latencies of P1, N1, P2, and N2 at 90 dB HL and 70 dB HL for two subjects

Latencies (ms) Participant 1

Latencies (ms) Participant 2

Peak
90 dB HL 70dB HL 90 dB HL 70dB HL
P1 98.0 79.8 81.2 84.0
N1 126.0 131.6 107.8 107.8
P2 161.0 175.0 155.4 142.8
N2 256.2 249.2 292.6 309.4
x10¢
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Figure 3. Aided long latency response of participant 1
participants are shown in Table 1 and in Figures 3 and 4.
It is clear that CEAP components, especially P1 and N1,

are within the normal latency range.

Discussion and conclusion

In the literature, changes in CEAP latency have been used
as an index of auditory cortical maturation. The literature
shows that lack of auditory stimulation at an early age ham-
pers the maturation of cortical structures (as reflected by
CEAPs), even if hearing aid management is provided at a
later age. However, the ceiling age of this phenomenon is

44

msec

unclear [1,13-16]. From our case study of two individu-
als, it is clearly possible to obtain a mature response from
the auditory cortex (as reflected by CEAPs) even in adults
who have been acoustically deprived (from a prelingual
age to the time of testing).

This observation raises many questions scientifically and
clinically. First, why should older children or adults acquire
a normal CEAP, but not children without amplification?
There are two main schools of thought regarding cortical
reorganization, and one indicates that auditory deprivation
leads to ‘decoupling’ of the secondary auditory cortex from

© Journal of Hearing Science® - 2015 Vol. 5 - No. 1
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Figure 4. Aided long latency response of participant 2

the primary auditory cortex, leading to decreased cogni-
tive modulation of higher-order auditory function [17].
Nevertheless, these studies did not comment on prima-
ry cortex reorganization, just implications about reduced
processing of information in the auditory cortex due to
deprivation. Indirect evidence from the somatosensory
system indicates that if the cortex is not stimulated for a
period, other strongly stimulated sensory regions will take
over the region through the phenomenon of cross-modal
reorganization [18]. Studies in the field of visual process-
ing using fMRI and MEG also suggest that visual stimuli
might activate the auditory cortex in deaf subjects [19,20].

It is possible there is something like a ‘waiting period’ dur-
ing which the structures connected anatomically to oth-
er structures preserve their integrity. However, once this
period is crossed (due to cortical decoupling), neighbour-
ing structures that are already mature innervate not just
the secondary cortex but possibly even primary auditory
cortical neurons. Thus, when the anatomically intact con-
nection from the central auditory pathway to the cortex is
activated through amplification at a later age, there is the
possibility of recording an adult-like N1 latency and am-
plitude, as found in our study.

© Journal of Hearing Science® - 2015 Vol. 5 - No. 1
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Secondly, what do normal N1-P2 responses indicate in a
long-deprived individual? Although the latency and mor-
phology are normal, it might reflect the maturation of cor-
tical neurons even when there is a lack of auditory stim-
ulation. It is believed that a critical age21 is important for
successful rehabilitation, and that individuals receive min-
imal benefits after this age. However, this assumption has
not been tested on older children and adults who never
received any amplification. Thus, this hypothesis, most-
ly based on animals and the younger hearing impaired,
should be tested before extrapolating it to the adult pop-
ulation. There is evidence from the literature which sug-
gests there can be a mixed representation of both audito-
ry and visual areas in the adult brain. Furthermore, recent
evidence suggests that an auditory stimulus can produce
evoked potentials over the visual cortex, strongly indicat-
ing that prelingually deaf adults also might show mature
auditory responses due to multimodal representation in
the auditory and visual cortex.

Pockett and colleagues [22] conducted a study to deter-
mine whether unimodal auditory stimuli evoke event-re-
lated potentials in brain areas normally designated as the
visual cortex. The ERPs were measured from six neurologi-
cally normal adult humans and one epileptic adult human,
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and the results were that unimodal auditory stimuli can
evoke ERPs in the visual cortex. Burdo and colleagues [23]
studied maturation of the LLR in 45 hearing-impaired in-
dividuals grouped homogenously into five groups, one of
which included prelingually deaf adults who received im-
plants as adults. The maturation of the LLR, even at the 3
month following cochlear implantation, showed a normal
N1-P2 latency, which contradicts general findings in the
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