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Objective

The main goal of this study Is to investigate whether extended
high-frequency (EHF) thresholds can more accurately predict
guick speech-in-noise (QuickSIN) performance in ears with
normal conventional high-frequency pure-tone averages
(HFPTA at 1, 2, 3, & 4 kHz) and preserved NU-6 word
recognition in quiet (WRQ).

Introduction

Conventional pure-tone audiometry by air conduction tests
frequency ranges from 250-8000 Hz, and word recognition in
quiet (WRQ) has been considered to be a “gold standard” in
hearing assessment for decades. This range is clinically
relevant because it corresponds to typical speech frequencies
(Kapul et al., 2017). However, conventional testing misses
Important speech information, as hearing sensitivity can reach
up to 20 kHz in young people with normal hearing (Lough &
Plack, 2022).

To develop a more comprehensive understanding of thresholds
across all hearing frequencies, EHF testing should be
Implemented alongside conventional testing to assess the full
range of hearing thresholds, as EHFs determine hearing
thresholds between 9 and 16 kHz. EHF testing is an emerging
clinical tool important for sound localization, speech perception
IN noise, tinnitus, and loudness perception, and has been
shown to be more sensitive than conventional frequencies In
detecting early signs of cochlear damage from ototoxicity,
aging, and noise-induced hearing loss (Lough & Plack, 2022).

Word recognition in quiet (WRQ), using monosyllabic words, Is
routinely used to assess a patient’s performance in real-life
situations (Fitzgerald et al., 2023). WRQ and conventional
frequency hearing thresholds are limited in characterizing
hearing ability, as individuals with similar audiograms at
conventional frequencies can show markedly different
performance in noise (Fitzgerald et al., 2023; Moore et al.,
2014; Wilson et al., 2007).

One of the most common concerns of people with hearing loss
IS understanding speech In noisy environments, and WRQ
tests have little relevance to real-world communication abllities
(Smith et al., 2024; Fitzgerald et al., 2023). Instead, speech-in-
noise (SIN) testing Is shown to be a better predictor of patient
performance than WRQ testing alone (Smith et al., 2024).

Studies have shown that SIN testing Is a stronger predictor of
real-world hearing difficulty compared to WRQ tests, and the

difference that can emerge that wouldn’t otherwise be caught
by conventional testing (Wilson, 2011; Fitzgerald et al., 2023)

Methodology

Subjects:

A total of 593 adults with normal conventional HFPTA were
used for this study. Overall, 1095 ears were included In this
study. Participants were adults aged 18—-82 years, with a
mean age of 45.0 = 13.4 years. Age was modeled
categorically, with 407 ears from adults aged 18—39 years,
520 ears from adults aged 40-59 years, and 168 ears from
adults aged 60 years and older. This retrospective analysis
Included ears with normal conventional high-frequency
hearing, defined as HFPTA <25 dB HL, where HFPTA was
calculated from thresholds at 1, 2, 3, and 4 kHz. Extended
high-frequency pure-tone average EHFPTA was calculated
from thresholds between 9 and 16 kHz. Analyses focused on
ears with preserved word recognition in quiet, defined as
WRS 276%, with excellent WRS defined as 288%. QuickSIN
was analyzed continuously as SNR loss in dB and
categorically as mild SNR loss or worse 23 dB and moderate
SNR loss or worse =7 dB.

Procedure:

Thresholds were obtained by means of an automated fix-
frequency Bekesy method with a 1-dB step size at
conventional frequencies from 250-8000 Hz and EHF from 9-
16kHz using Madsen®Astera2 - Clinical Audiometer with
Sennheiser HDA 300 circumaural earphones. For patients
who did not respond to EHFs, the maximum output of the
audiometer for each channel was assigned.

Data Analysis

The primary predictors of the study were EHFPTA and its
relationship to QuickSIN performance. Bayesian linear and
logistic regression models evaluated whether EHFPTA
predicted QuickSIN outcomes after adjustment for HFPTA,

WRS and aae aroniin
VWRS, and age group.

Results

A. QuickSIN increases modestly with poorer EHF hearing 100
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Results (cont.)

Among ears with normal HFPTA, WRS, and QuickSIN data,
1,108 ears had excelent WRS and 34 ears had good WRS.
Despite excellent WRS, 62.8% of ears had QuickSIN SNR loss
=3 dB, and 25.7% had QuickSIN SNR loss =27 dB. Among ears
with good WRS, 91.2% had QuickSIN SNR loss =3 dB and
76.5% had QuickSIN SNR loss =7 dB. In Bayesian models
restricted to ears with normal HFPTA and WRS =76%, each 10
dB worsening in EHFPTA was associated with increased odds of
QuickSIN SNR loss = 3 dB, OR =1.12, 95% credible interval
[1.01, 1.24]). EHFPTA showed a weaker association with

moderate-or-worse QuickSIN

oss =27 dB, OR =1.05, 95%

credible interval 0.94-1.17. When QuickSIN scores were
modelled as a metric outcome, EHFPTA showed a modest
positive association with SNR loss, 3 = 0.18 dB per 10 dB
EHFPTA worsening, although the credible interval included zero.
Adding EHFPTA modestly improved prediction beyond HFPTA,
WRS, and age group.

To Summarize:

B. QuickSIN impairment occurs despite good/excellent WRS

Age group

Even though participants may have conventionally normal
HFPTA and WRS, 62.8% of ears showed an SNR loss >3 dB,
while 25.7% had an SNR loss >7 dB. For participants with
good WRS scores, 91.2% had SNR losses >3 dB and 75.6%
had SNR losses >7 dB.

Ears with normal HFPTA and WRS = 76% showed that each
10 dB worsening in EHFPTA was associated with increased
odds of QuickSIN SNR loss 23 dB, OR = 1.12 (95% credible
interval [1.01-1.24]) when using Bayesian models

EHFPTA showed a weaker association with moderate or
worse QuickSIN loss =27dB OR = 1.05, 95% credible interval
0.94-1.17

As a metric outcome, EHFPTA showed a positive association
with SNR loss, 3 = 0.18 dB per 10 dB EHFPTA worsening
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Figure 1: EHFPTA and QuickSIN outcomes in ears with normal HFPTA and preserved WRS. Among ears with HFPTA <25 dB HL and WRS =76%, poorer
extended high-frequency hearing was associated with modestly poorer speech-in-noise performance. Panel A shows QuickSIN SNR loss as a function of
EHFPTA, stratified by age group. Panel B shows the percentage of ears with QuickSIN SNR loss 23 dB and =7 dB by age group. Panel C shows Bayesian
posterior-predicted probability of QuickSIN SNR loss 23 dB across EHFPTA values after adjustment for HFPTA, WRS, and age group. EHFPTA provided modest
additional information for identifying mild speech-in-noise impairment despite normal HFPTA and preserved WRS.

Conclusion

« Conventional audiograms and WRS scores may not
capture speech-in-noise deficits

 EHF hearing provides a small but clinically relevant
contribution to identifying mild (=23 dB) QuickSIN
Impairment

* Incorporating EHF testing was most predictive of hearing

oss for those who are 40-59 years old, but only provides a

ittle bit of predictive information for the other age groups

« Higher EHF average thresholds were associated with
greater SNR loss

« EHFPTA adds modest but meaningful information for
iIdentifying mild speech-in-noise difficulty when
conventional HFPTA is normal, and WRS remains good or
excellent. For more moderate speech-in-noise impairment,
age and WRS appear more influential.

These findings support the use of EHF testing as an adjunct
measure In patients with preserved conventional audiometric
and word-recognition performance but suspected speech-in-
noise difficulty.
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