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Abstract

Background. One still encounters opinion that hearing loss with high-pitch notched audio-
gram is invariably due to noise-induced hearing loss. This paper tests this misapprehension.
Methods. A study was conducted of patients identified in a prospective manner with notched
audiograms but no history of noise exposure occurring in an otolaryngological practice over a
20-year period.
Results. A cohort of 26 hearing loss patients, in whom notched audiograms were not asso-
ciated with historical evidence of noise exposure, was documented.
Conclusion. The findings confirm that a notched audiogram is not pathognomonic of noise-
induced hearing loss.

Introduction

In the clinical and medicolegal practice of otolaryngology, one continues to encounter, at
times, the opinion that a high-pitch notched audiogram is invariably due to a noise-
induced hearing loss.

It had been the author’s past observation that, in some patients presenting with such high-
pitch notched audiograms, no causative noise exposure could be identified. This subsequently
led to the current study objective to identify any such patients in a prospective manner.

Materials and methods

This prospective study was undertaken over a period of 20 years in the author’s private
otolaryngological practice that served urban and regional patients.

Patients presenting because of hearing loss or tinnitus (and occasionally only other
otological presenting symptoms) underwent assessment by history, physical examination,
appropriate audiometry and with further investigations as pertinent. Those with sensori-
neural hearing loss featuring high-pitch notched audiograms underwent a comprehensive
history to identify any possible past noise exposure. Occupational, domestic, leisure and
recreational history was also sought to identify any feasible noise exposure.

Any conceivable historical evidence of past ear or head trauma, acoustic trauma, oto-
toxic drug exposure, family history and ear disease or surgery was also pursued.

The described cohort represents those patients in whom no underlying noise exposure
cause for a sensorineural hearing loss with a high-pitch notched audiogram was found.

Results and analysis

Twenty-six patients were identified with the criterion of sensorineural hearing loss featur-
ing a high-pitch notched audiogram, in the absence of any history of noise exposure.

No conductive component to the hearing loss was identified in any case. Masked
thresholds were obtained when indicated. The consequent pure tone audiometric data
are shown in Table 1.

Twenty-one patients (81 per cent) were male and five (19 per cent) were female. Ages
ranged from 22 to 77 years, with a mean of 54 years. All had bilateral hearing loss. Twelve
patients (46 per cent) had 15 dB or greater notch asymmetry. A family history of hearing
loss was noted in six patients (23 per cent).

Discussion

This study identified 26 patients with sensorineural hearing loss featuring a high-pitch
notched audiogram but no history of noise-induced hearing loss. The underlying cause
of such presentation has been a longstanding enigma, at times being erroneously attrib-
uted to noise exposure even without any history of such.1 It is widely accepted that a diag-
nosis of noise-induced hearing loss cannot be made on the basis of the audiogram
alone,1–5 but it is not uncommon in otolaryngological practice to encounter such errone-
ous opinions.
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Table 1. Audiograms of patient cohort with high-pitch notch but no noise exposure

Case Age (years)

Right ear frequency (kHz) Left ear frequency (kHz)

0.25 0.5 1 2 3 4 6 8 0.25 0.5 1 2 3 4 6 8

1 54 15 15 15 10 45 65 55 15 20 15 20 40 80 60

2 52 15 15 10 20 60 55 60 10 15 10 15 75 70 40

3 60 10 5 15 30 50 85 75 10 5 25 30 60 90 80

4 52 5 5 5 20 50 20 10 10 10 10 15 55 35 10

5 52 10 0 10 20 35 25 20 0 0 10 5 35 25 0

6 73 35 40 35 25 55 35 40 35 35 20 55 75 55 55

7 50 15 15 15 10 30 0 5 10 10 10 10 40 30 25

8 60 10 5 15 45 75 80 65 10 5 10 35 70 70 60

9 49 20 30 30 25 55 60 60 20 25 25 35 65 75 60

10 48 15 10 20 20 60 50 30 15 10 20 30 50 60 40

11 56 10 15 10 10 60 75 70 25 30 25 30 40 70 55

12 47 25 25 20 30 35 25 20 10 20 15 35 50 35 30

13 77 20 20 25 25 65 80 70 25 25 15 25 70 90 100

14 58 10 10 10 0 40 55 45 40 10 5 10 10 30 50 30 20

15 34 5 10 15 15 10 70 60 50 5 10 20 15 15 55 40 25

16 59 10 10 10 25 25 35 55 50 5 10 10 15 25 30 45 45

17 55 5 5 5 0 0 0 25 10 10 15 10 10 20 30 35 25

18 44 5 5 15 5 5 40 50 25 5 5 10 5 20 60 60 35

19 64 10 5 15 10 40 50 35 30 25 20 20 25 40 60 55 55

20 62 5 5 0 0 40 40 50 20 10 5 5 0 30 30 40 25

21 51 5 5 15 15 15 25 10 20 5 5 10 15 25 40 30 30

22 54 0 0 5 0 20 30 30 20 5 5 0 0 40 40 55 40

23 61 15 15 20 20 35 80 100 85 15 10 15 10 40 75 90 70

24 48 15 20 15 25 30 85 75 70 15 25 20 15 60 70 90 70

25 22 20 15 15 25 20 30 45 15 15 5 15 30 30 35 50 20

26 56 20 20 15 15 20 25 55 55 15 20 10 5 25 45 70 55

Data represent hearing levels in decibels (International Organization for Standardization)
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There have been a few past reports of high-pitch notched
audiograms in the absence of a history of noise exposure, mostly
based on retrospective, non-clinical analysis of questionnaires,
without the benefit of a detailed clinical history collected in a
prospective manner. Lie et al.6 used data based on audiograms
and questionnaires from a large population of hearing loss
patients who were originally part of the Nord-Trøndelag
Health Study. They found audiometric notches occurring in
both noise-exposed and non-exposed residents. Nondahl
et al.7 used data from a population questionnaire-based study
of older adults designed to evaluate published algorithms for
identifying notched audiograms. In addition, they found that
11 per cent of participants had no history of exposure to
noise. Osei-Lah and Yeoh8 retrospectively reported a group of
patients attending an audiovestibular clinic with high-frequency
audiometric notches that were not attributable to noise exposure.

Audiograms notched at 4 kHz have been described in asso-
ciation with clinical events such as viral infections,9 barotrauma,
closed head injury, labyrinthitis, perilymph fistula,4 ototoxins,5

and neonatal jaundice with kernicterus.10 Notches on audio-
grams at 6 kHz may be artefactual.11 Genetic causes, seen as
familial high-pitch notched audiograms in the absence of
noise exposure, have been demonstrated in two studies,12,13 in
addition to other observations.14–16

In considering the cause of these high-pitch notched audio-
grams, one could entertain the possibility that a history of past
noise exposure may have simply been forgotten by patients.
Whilst otic trauma and acoustic trauma events may be single
and forgotten, noise-induced hearing loss is a gradual process,
requiring a long time of repeated exposure, rather than a single
or few salient events.2,17–19 The benefit of this prospective clin-
ical study has been the ability to thoroughly question the
patient about possible past noise exposure at the time of clin-
ical assessment; thus, it is very unlikely that a history of
repeated causal exposure to noise over a long period of time
leading to noise-induced hearing loss was not detected.

• Patients with noise-induced hearing loss often have a high-pitch notched
audiogram

• There is an opinion that such a notch is pathognomonic of noise-induced
hearing loss

• A prospective study was designed in an otolaryngological practice
• This study identified a group of patients where no noise exposure history
was associated with such a notch

• The findings confirm that a notched audiogram is not pathognomonic of
causal noise exposure

The concept of susceptibility (‘soft’ and ‘hard’ ears) does show
variation in the effect of noise-induced hearing loss on ears.20–23

However, as noted in the previous paragraph, this still requires a
history of repetitive exposure over a long period of time that is
unlikely to elude a detailed history in a prospective study, and
no such history of repetitive noise exposure was found in this
group. Such a concept of higher susceptibility does not therefore
seem a tenable explanation in this group with high-pitch notched
audiograms and a lack of any history of progressive noise
exposure.

Conclusion

This paper presents a prospective study over a 20-year period
of a cohort of patients with hearing loss, with a high-pitch

notched audiogram, in whom there was no evidence of a
noise-induced cause. The findings confirm that a notched
audiogram is not pathognomonic of causal noise-induced
hearing loss.

References

1 Sataloff R, Sataloff J. Diagnosing occupational hearing loss. In: Sataloff R,
Sataloff J, eds. Occupational Hearing Loss, 2nd edn. New York: Marcel
Dekker, 1993;373

2. Australian Society of Otolaryngology – Head and Neck Surgery.
Guidelines for Evaluation of Occupational Noise Induced Hearing Loss
(ONIHL) of Gradual Process, 2nd edn. Sydney: Australian Society of
Otolaryngology – Head and Neck Surgery, 2009

3 Dobie R. Medical-Legal Evaluation of Hearing Loss, 2nd edn. New York:
Delmar Cengage, 2001;280

4 Colvin I, Luxon L. Clinical diagnosis of noise-induced hearing loss. In:
Luxon L, Prasher D, eds. Noise and its Effects. Chichester: John Wiley
and Sons, 2007;219

5 Luxon LM. The clinical diagnosis of noise induced hearing loss. In: Prasher
D, Luxon LM, eds. Advances in Noise Research, Vol. 1: Biological Effects of
Noise. London: Whurr Publishers, 1998;83–113

6 Lie A, Engdahl B, Hoffman HJ, Li CM, Tambs K. Occupational noise
exposure, hearing loss, and notched audiograms in the HUNT
Nord-Trøndelag hearing loss study 1996–1998. Laryngoscope
2017;127:1442–50

7 Nondahl DM, Shi X, Cruickshanks KJ, Dalton DS, Tweed TS, Wiley TL
et al. Notched audiograms and noise exposure history in older adults.
Ear Hear 2009;30:696–703

8 Osei-Lah V, Yeoh LH. High frequency audiometric notch: an outpatient
clinic survey. Int J Audiol 2010;49:95–8

9 Sataloff J, Vassallo L. Head colds and viral cochleitis. Arch Otolaryngol
1968;19:56–9

10 Sataloff R, Sataloff J. Diagnosing occupational hearing loss. In: Sataloff R,
Sataloff J, eds. Occupational Hearing Loss, 2nd edn. New York: Marcel
Dekker, 1993;382, 384

11 Lutman ME, Qasem HYN. A source of audiometric notches at 6 kHz. In:
Prasher D, Luxon L, eds. Advances in Noise Research, Vol 1: Biological
Effects of Noise. London: Whurr Publishers, 1998;170–6

12 Klockhoff I, Lyttkens L. Hearing defects of noise trauma type with lack of
noise exposure. Scand Audiol 1982;11:257–60

13 Oluwole M, Irwin J. Hereditary sensorineural hearing loss mimicking
noise-induced hearing loss. J Audiol Med 1996;5:9–20

14 Anderson H, Wedenberg E. Genetic aspects of hearing impairment in chil-
dren. Acta Otolaryngol (Stockh) 1970;69:77–88

15 Fisch L. The etiology of congenital deafness and audiometric patterns. J
Laryngol Otol 1955;69:479–93

16 Huizing EH, van Bolhuis AH, Odenthal DW. Studies on progressive her-
editary perceptive deafness in a family of 335 members. Acta Otolaryngol
(Stockh) 1966;61:35–41, 161–7

17 Dobie R. Medical-Legal Evaluation of Hearing Loss, 2nd edn. New York:
Delmar Cengage, 2001;138, 160

18 Colvin I, Luxon L. Clinical diagnosis of noise-induced hearing loss. In:
Luxon L, Prasher D, eds. Noise and its Effects. Chichester: John Wiley
and Sons, 2007;210

19 Sataloff R, Sataloff J. Diagnosing occupational hearing loss. In: Sataloff R,
Sataloff J, eds. Occupational Hearing Loss, 2nd edn. New York: Marcel
Dekker, 1993;371

20 Dobie R. Medical-Legal Evaluation of Hearing Loss, 2nd edn. New York:
Delmar Cengage, 2001;158

21 Prasher D. Clinical diagnosis of noise-induced hearing loss. In: Luxon L,
Prasher D, eds. Noise and its Effects. Chichester: John Wiley and Sons,
2007;127

22 Colvin I, Luxon L. Clinical diagnosis of noise-induced hearing loss. In:
Luxon L, Prasher D, eds. Noise and its Effects. Chichester: John Wiley
and Sons, 2007;201

23 Sataloff R, Sataloff J. Diagnosing occupational hearing loss. In: Sataloff R,
Sataloff J, eds. Occupational Hearing Loss, 2nd edn. New York: Marcel
Dekker, 1993;378

1266 P J Moore

https://doi.org/10.1017/S0022215123000774 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215123000774

	The high-pitch notched audiogram: a cohort of patients without causative noise-induced hearing loss
	Introduction
	Materials and methods
	Results and analysis
	Discussion
	Conclusion
	References


