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A review of current practice & a need for new ideas
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Introduction %

c Review of the diagnosis of NIHL

c Audiometric screening & legal triggers for action

c Case study: performance of PLH as a screening marker of
NIHL

c A review of digital algorithms for identifying NIHL

c Case study: performance of a locally modified digital algorithm

¢ Discussion



DIAGNOSING NIHL



Pathophysiology of NIHL (1)
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Pathophysiology of NIHL (2)

¢ Inner hair cells (IHC)
+ Single row.
+ General hearing
+ Best tested bmo
audiometry

c Outer Hair Cells (OHC)
+Three rows
+ Frequency analysis,
GLITHUHQWLDWH
can hear you, but |
FDOQITW XQGHUVW
+ Speech intelligibility
+ Best tested bmo oto-
acoustic emissions
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Pathophysiology of NIHL (3)

c A few minutes after exposure to
Impulse noise, edema of the
stria vascularis appears and
may persist for several days.

c Progresses to distortion of the
stereocilia of the inner and outer
hair cells to complete absence
of the organ of Corti and rupture
of 5H L VYV QuestidNr)
membrane.

Healthy OHC
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Criteria for diagnosing NIHL zACOEM (1) @

c Always sensorineural

c Typically bilateral

c J)LUVW VLIJQ LV 3 QRWFKLQJ" DW RU
8000Hz;

c The notch typically develops at one of these frequencies and, with
continued exposure, affects adjacent frequencies. This, together
with age-related hearing loss, may reduce the prominence of the
QRWFK ORRN DW SUHYLRXV DXGLRYV WR FRQ

+ The exact location (3kHz-6kHz) of the notch depends on multiple
factors including the freq of the damaging noise and the size of
the ear canal

+ In early NIHL, average thresholds at 0.5-3kHz > 3-6kHz, and
threshold at 8kHz is better than the deepest part of the notch (no
recovery at 8kHz in presbycusis)

y "’ﬁ AMERICAN COLLEGE OF
: ACOEM OCCUPATIONAL AND

JOEM » Volume 54, Number 1, January 2012 /. ENVIRONMENTAL MEDICINE



Criteria for diagnosing NIHL +tACOEM (2) ﬁ

c Noise alone does not cause loss of >70kdB in the high frequencic
and 40dB in the low frequencies (presbycusis can go beyond 70dB)

c Hearing loss from noise is rapid in the first 10-15 years of exposure,
then slows (presbycusis the other way around)

c Previously noise-exposed ears are not more sensitive to future noise
exposure

c Hearing loss does not continue after noise exposure has stopped

c Risk of NIHL is low below an exposure of 85dB(A)(TWA), but
Increases rapidly above that level

c Continuous exposure more is damaging than interrupted exposure
(no recovery time)

c Temporary Threshold Shift (TTS) is a risk indicator of permanent
NIHL if exposure is left unattenuated, and it always precedes
permanent NIHL.
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NIHL is sensorineural (affecting the hair cells in the inner ear);

Bilateral and symmetrical;

It develops gradually, but most rapidly in the first 10 years of exposure;

It starts in the higher frequencies (3000 —6000 Hz), ie. greater loss at these
frequencies than at 500 — 2000 Hz. Given stable exposure conditions, losses at 3000,
4000, and 6000 Hz will usually reach a maximal point in 10 to 15 years.

The greatest loss usually occurs at 4000 Hz. The audiogram has a characteristic “ski-
slope”™ appearance. This “notch™ at 4000 Hz deepens with additional years of
gxposure, but reaches a platean after about 15 1o 20 years of exposure. The high
frequency hearing loss wswvally averages 50 — 70 dB. With additional years of
exposure, there is some spread of hearing loss to the lower frequencies, but the
maximum loss at low frequencies is much less {usually not more than 2(} dB).
Presbycusis can eliminate this “notch” since it affects the higher frequencies.

After many vears {> 10 yrs) of high energy noise exposure the frequencies above and
below 4000 Hz show threshold changes and eventually may become a virtually
straight line, or be somewhat erratic.

Continuous noise exposure is more damaging than interrupted noise exposure which
allows the car a rest period.

Previous noise exposure does not make the ear more sensitive to future noise

exposure. As hearing threshold increases, the rate of loss decreases.

Speech discrimination is usually good (this is one of the reasons to test for Speech

Reception Threshold in cases suspected of pseundohypoacusis);

The loss stabilises when exposure is discontinued.
It almost never produces a profound hearing loss, Usvally low frequency limits are
about 40 dB and high frequency limits about 75 dB.




Criteria for NIHL +Worker Compensation Board Alberta Canada

To determine whether or not the configuration and progression of the hearing loss are
consistent with ONIHL, the WCB considers the following characteristics typical of ONIHL.:

« The hearing loss is sensorineural.
« The hearing loss occurs in both ears.
« The hearing loss is similar in both ears.

« The hearing loss is characterized by a notch from 3000-6000 Hz with normal hearing at
250-1000 Hz.

« The first sign of ONIHL is a “notching” of the audiogram at 3000, 4000 or 6000 Hz
with recovery of at least 15 dB in the higher frequencies.

« As exposure continues, the notch gradually deepens and widens.

« In the early stages of NIHL, the hearing loss has recovery (i.e. less hearing loss) in
the higher frequencies, in contrast to presbycusis, which produces a high-frequency
hearing loss in a down-sloping pattern without recovery at the higher frequencies.

« Noise exposure does not produce a loss greater than 40 dBHL in the lower frequencies.
« Noise exposure does not produce a loss greater than 75 dBHL at high frequencies.

« Hearing loss due to noise exposure increases most rapidly during the first 10-15 years of
exposure. The rate of hearing loss decelerates as the hearing thresholds increase.

» Noise induced hearing loss does not progress after noise exposure is discontinued.

Almost identical to the ACOEM Position Statement

« Word recognition is fairly good (greater than 75 per cent).



Pattern of NIHL
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Fig. 21-34. This represents the results of many employees who worked in the hazardous noise of
sawmills for a period of 25 to 30 years. The drop or notch at 4000 Hz deepens after 10 years of
exposure. As time passes, and without hearing protection, the notch grows wider and the hearing
impairment greater, finally interfering with the employee's ability to understand speech sounds.
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Steps to Diagnosis %

1. Try to limit doing audiograms to just those who are noise-
exposed (simplifies interpretation)

2. Audiogram normal / not ?

3. Abnormality work-related rmixed™ QRW VXUH (
related ?

4. Confirm work-relatedness:
+ Careful exposure assessment (at work / elsewhere)
+ Exclude other causes (may require diagnostic

audiogram, or ENT opinion)

5. If plausibly work-related :
+ How severe? (how deep is the notch?)
+ Getting worse? (deepening notch)
+ Reportable to Dept of Labour / DMR? (various criteria)
+ Meets criteria for compensation? (PLH shift)




LEGAL TRIGGERS FOR
ACTION



Overview of the legal triggers for action

OH&SA s24* & 25;
(prevention) £(1993)

General Admin Regs
(8)(1)(b)* & (8)(4); (prevention)
+(2003)

COIDA 11171; (compensation) +
(Nov 2001)

NIHL Regs (8)(3); (prevention)
+(2003)

SANS 10083:2013
(prevention & compensation)
(2013)

MH&SA (prevention) - (1996)

TAction based on the diagnosis of (or suspicion of) an
occupational disease

1Report to Chief Inspector - details spelled out in GAR (8)(4)

TAction based on the diagnosis of an occupational disease as
contemplated in section 25 of the OH&SA

1Report to Chief Inspector within 14 days of diagnosis

t 7KH SUHVHQFH RI 3SGLVDEOHPHQW"~ GHWF

calculated from losses at 0.5, 1, 2, 3 & 4kHz)
tAction based on PLH shift >10% from Baseline

TAction based on PLH shift >10% from Baseline (disablement)
Employer reports to the Provincial Director

TActions based on the contributions of the hearing thresholds
at 2, 3 and 4kHz to the PLH value (not on a PLH shift)

FAction based on PLH shift values of 3.2, 6.4 and 10%.

FAction based on PLH shift of > = 5%

TAction based on Standard Threshold Shifts (STS) (2,3 &
4kHz) against audiometric zero (milestone baseline)

5HIHUV WR DGGLWLRQDO GXWLHV IRU WKH HPSOR\HU Wdeotdds SR U W
ill to such a degree that he or she is likely either to die or to suffer a permanent physical defec t”~



SANS 1008: Assessment of periodic audiograms (1) @

c Periodic screening audiograms assessed for their
absolute values and compared with baseline (2
measurements)

+ The absolute contributions of the values at 2000,
3000 and 4000 Hz to the PLH zdetermines frequency
of testing (annual vs biennial)

+ The PLH-shift:

1Shifts of 3.2% - 6.4% = Intervention
1Shift of 6.4% - 10% = Advanced Intervention
1Shift of > 10% = Possible compensation



SANS 1008: Assessment of periodic audiograms (2)

18.5 Conduct periodic screening audiometry annually for a period of three years following baseline

testing. Following these tests, the frequency of testing should be determined as follows: Amdt 1

a) When any of the respective contributions to the PLH at any of the specified frequencies (see
table 1) are equalled or exceeded, annual routine screening audiometry should be conducted
and the possible reason for the loss should be investigated and recorded. Amdt 1

b) When, following the initial testing in (a), during two consecutive routine annual screening
audiometric tests, the contribution to the PLH at all of the relevant frequencies, was below
that specified in table 1, biennial routine audiometry may be conducted. The biennial routine
audiometry may be conducted until such time when the contribution to the PLH at any of the
specified frequencies is equalled or exceeded. In such event the annual testing in (a) should
be reinstated. Amdt 1

Table 1 — Contribution to the PLH at specified frequencies

1 2
Freql_":: ney Contribution to PLH
2000 0.8
3000 0,3

4 000 0,1




Summary: NIHL & SANS & PLH

PLH looks here (0.5-4kHz) SANS & STS looks NIHL happens
COID & SANS here (2-4kHz) here (3-6kHz)
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Fig. 21-34. This represents the results of many employees who worked in the hazardous noise of
sawmills for a period of 25 to 30 years. The drop or notch at 4000 Hz deepens after 10 years of
exposure. As time passes, and without hearing protection, the notch grows wider and the hearing
impairment greater, finally interfering with the employee's ability to understand speech sounds.



Implications of using PLH for identifying NIHL and a trigger for
action

AUDIOMETRY CASE STUDY 1



_caseoveven ]

c Standard periodic audiograms by registered audiometrists
were obtained for 2240 noise-exposed employees at a
company

c Each audio was interpreted by an Occupational Medicine
6SHFLDOLVW DQG UHYLHZHG E\ DW O
2+37TV

c Outcomes were classified as follows:

+ Normal

+ NIHL

T borderline (notch <25)
T mild (notch 25-40)

T moderate (notch 40-60)
T severe (notch >60)

+ Pre-existing NIHL (borderline tsevere)
+ Non-NIHL




Results (1)

Summary:

¥ Normal =34.1%
T NIHL = 44.5%
¥ Pre-NIHL = 1.8%

¥ Non-NIHL = 19.6%



Prevalence of NIHL (including pre-existing NIHL group) in the categories of PLH shift as prescribed
by SANS 10083

QRWFK ! GOL 2+6% V

SBHSRUWDEOH®

Note:

Summary:

94.6% of cases of NIHL were in the <3.2% (shift from baseline) group, which are below the
threshold for action under SANS 1008
82% of cases of NIHL were in the <1% (shift from baseline) group



Prevalence of NIHL (including pre-existing group) in the categories of PLH value
(not PLH shift)

Less dramatic than the PLH shift group, but still a clear message



PLH misses early NIHL

Hearing conservation programmes that use PLH cut-offs as triggers
for action will miss NIHL until it is moderate to severe; furthermore,
they will pursue non-occupational hearing loss and neglect
occupational hearing loss

The best mechanism for identifying early NIHL, currently, remains
Interpretation by a trained professional (OHP, OMP, audiometrist,
etc.)

2XU QDWLRQDO praxedtecC DUHEIKOBRPWLRQV DUH X
compensatory cut-offs as triggers for action

This has been recognised by the SANS technical committee xplans
to use threshold shifts instead.

There is no (nationally) agreed cut-off for what constitutes
SUHSRUW D B®OMH&SA 325



Alternatives to using PLH for identifying NIHL

DIGITAL ALGORITHMS FOR
IDENTIFYING NIHL



Are there ways to screen for the acoustic notch of NIHL using digital algorithms?

Advantages

c :LOO IODJ FDVHV RI 3SLOQWHUHVW’™ IRU UHIHU
to the OMP zoptimum use of time

c More objective than the human eye

c Can screen large numbers very rapidly

c Can be adjusted to increase /
decrease sensitivity & specificity









No notch
\ Notch

identified

Problems : Memory bias(noise exposure happened long ago), age factor
(presbycusis masks the notch), poor agreement as to what constitutes a
SQRWEFK”~



Notches occurred in both noise-exposed as well as non-noise
exposed zconcluded that screening for a notch had limited value as
a tool for population based prevalence testing



The predictive value of the acoustic notch was better



c Using the digital algorithms in population based settings
to identify people with NIHL is only modestly successful
(poor sensitivity & specificity for identifying NIHL)

c This does put a question on whether the acoustic notch
LV LOQOGHHG VI\QRQ\PRXV ZLWK 1,+/

c If we stick with the case definition as per the ACOEM,
which is significantly influenced by the presence of an
acoustic notch, and test the digital tool in an
occupational setting, how will it perform relative to a
human?



c Audiometric screening results from a company were exported to an
Excel spreadsheet with only demography (age, gender, place of
work), the measured thresholds & the PLH values (n=2014)

c A mechanism was built into the spreadsheet that enabled graphical
representation of the audio thresholds, for purposes of interpretation

c Audiograms were assessed for NIHL by an Occupational Medicine
6SHFLDOLVW 3UHIHUHQFH WHVW"’

c A formulae was used to identify an acoustic notch digitally (based on

the Coles formula);

[AVG thresholds at 1,2,3kHz and 6,8kHz ] £[AVG at 6,8kHz ] must be
> 3]

i WKH *QRWFK" IRU[ ZH VXEVWLWXWHG YD
they perform, eg 5kHz, 10kHz, 15kHz, etc)



Variations in depth of notch 0dB
Sensitivity

Specificity 45%

Positive Predictive Value 31%

Negative Predictive Value 99%

8dB
85%
84%
65%
94%

10dB
92%
66%
88%

15dB

27%
99%
88%
84%

The sensitivity increases as the depth of the required notch is reduced and

the specificity is the other way round
High levels of sensitivity & specificity can be obtained

The formula can be adjusted to the needs of the user (sensitivity vs

specificity)

Glossary:

Sensitivity: the ability of a test to correctly identify those with the disease
Specificity: the ability of the test to correctly identify those without the disease
Positive Predictive Value: proportions of positive results are true positive
Negative Predictive Value: proportions of negative results are true negative




c More testing needed to establish validity

(comparisons with audio interpretations of other
OH professionals)

¢ The digital tool will not replace the skilled
occupational health professional zitis intended
to be an adjunct and prompt to case finding
(especially in large worker populations)

c Is a useful tool to further test the performance of
PLH & STS against diagnosed NIHL



THANK YOU!



EXTRA SLIDES



Reporting NIHL

c Occupational Health & Safety Act (1993

+ (Focus is on incident & disease prevention)
+ Requirement placed on the professional, not the company




General Admin Regulations (2003)

+ Still consistent with the OH&SA
+ But onus to report is now on the company

/




Noise Induced Hearing Loss Regs (2003)

+ The regulations only prescribe reporting the compensatable




COIDA Instruction 171 (Nov 2001)




g bk wWhE

Intervention at PLH shifts of > 3.2% < 6.4%
. Employer to investigate & determine cause
nspect & check PPE for adequacy
nspect fit & use of PPE by employee
Retrain employee in Regulation 3
Document intervention & archive for 40
years




Intervention at PLH shifts of > = 5%

1. Same as Intervention SANS (as loss> 3.2%)
Employer to investigate & determine cause
Inspect & check PPE for adequacy

Inspect fit & use of PPE by employee

Retrain employee in Regulation 3

Document intervention & archive for 40 years

2. Reportlng
1. Complete DMR 90

a bk wbhPE



® oA W N

Intervention at PLH shifts of > 6.4% < 10%
Employer to investigate & determine cause-  must
Include re-test and otoscopy
Diagnostic test by audiologist to be considered
Inspect & check PPE for adequacy
Inspect fit & use of PPE by employee
Retrain employee in Regulation 3
Document intervention & archive for 40 years



Intervention at PLH shifts of >10%
c Re-test employee
c If > 10 PLH shift: remove employee from noise
c Refer to audiologist for diagnostic audiometry
c If > 10 PLH confirmed: refer to ENT or OMP
c It is recommended that employee is removed from
any noise zone
¢ Employer to investigate & determine cause
c Inspect & check PPE for adequacy
c Inspect fit & use of PPE by employee



Intervention at PLH shifts of >10%
f re-entry in noise zone: retrain Regulation 3
f continued loss: remove employee
nermanently from noise
Report to COIDA
Report to DME
Document intervention & archive for 40 years




