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Background: Non-invasive, easy-to-use bedside tools to estimate prognosis in
unresponsive patients with postanoxic brain injury are needed. We assessed the
usefulness of otoacoustic emissions as outcome markers after cardiac arrest.

Methods: Distortion product otoacoustic emissions (DPOAE) and transient evoked
otoacoustic emissions (TEOAE) were measured in cardiac arrest patients whose
prognosis was deemed to be poor following standard neurological assessment (n = 10).
Ten patients with myocardial infarction without prior loss of consciousness served as
controls.

Results: Compared to controls with myocardial infarction, cardiac arrest patients with
poor neurological prognosis had significantly less often preserved DPOAE (9.2 vs. 40.8%
positive measurements; OR 0.15 (CI 0.07-0.30); p < 0.0001). Partially preserved DPOAE
were noted in 4 cardiac arrest patients. TEOAE were not statistically different between
the two groups.

Conclusions: Despite their convenience, otoacoustic emissions cannot be used as
reliable prognostic markers in cardiac arrest survivors. This is because we identified 4
cases with partially preserved otoacoustic emissions in a sample of 10 unresponsive
post-cardiac arrest patients whose neurological condition was so poor that active
treatment was withdrawn. However, we suggest that future research should address
if decaying outer hair cell function over time may serve as a proxy for evolving ischemic
brain damage.

Keywords: anoxic-ischemic encephalopathy, brain edema, cardiac arrest, prognostication, outcome

INTRODUCTION

Otoacoustic emissions are small sounds generated by the outer hair cell activity in the cochlear
and can be measured in the ear canal of healthy people. These sounds are by-products of active
processes in the cochlea, in which motility of the outer hair cells adjusts the basilar membrane
and amplifies weak sounds. Although they do not contribute to hearing, otoacoustic emissions are
clinically important because they allow evaluation of the integrity of outer hair cell function and
the cochlea. They are therefore routinely assessed for evaluation of hearing, including screening in
newborns.
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Otoacoustic Emissions in Cardiac Arrest

A pre-neuronal phenomenon, otoacoustic emissions are
unaffected by sedation; they can be assessed non-invasively at
the bedside using an automated hand-held device; costs are low;
and analysis does not require elaborate data post-processing
(Figure 1) (1, 2). These are all features of a convenient candidate
biomarker for prognostication following anoxic brain injury.
However, the usefulness of otoacoustic emissions as prognostic
markers after cardiac arrest is unknown.

The intention of this exploratory study was to compare
otoacoustic emissions in patients from the extreme sides of the
clinical spectrum, that is, cardiac arrest with poor neurological
prognosis (fatal cerebral anoxic-ischemic injury) on one side and
myocardial infarction without loss of consciousness on the other
(no cerebral anoxic-ischemic injury).

We hypothesized that otoacoustic emissions would be
absent in comatose cardiac arrest patients with irreversible
anoxic-ischemic encephalopathy but relatively preserved in
neurologically normal patients with myocardial infarctions and
without prior loss of consciousness.

METHODS

We assessed distortion product otoacoustic emissions (DPOAE)
and transient evoked otoacoustic emissions (TEOAE) in both
ears of 10 consecutive unresponsive cardiac arrest survivors
in whom a decision had been made to withdraw treatment
based on standardized neurological assessment, including
neuroimaging, electroencephalography, median nerve sensory

evoked potentials, and serum biomarkers, > 72h after target
temperature management and tapering of sedation. DPOAE and
TEOAE, as well as auditory brainstem response audiometry, were
assessed within 3 h prior to extubation and palliation. Ten age-
and sex-matched patients with myocardial infarction without
prior loss of consciousness served as controls.

Otoscopy and tympanometry was performed prior to testing
of otoacoustic emissions in order to exclude obstruction of
the ear canal and middle-ear effusion. Otoacoustic emissions
were assessed using OAE Titan (®Interacoustics, Middelfart,
Denmark) and TEOAE were recorded using AccuScreen
(®Otometrics, Taastrup, Denmark), as described earlier (1).
Briefly, a sensitive, low noise microphone is sealed in the external
ear canal and an acoustic stimulus is delivered. The sound in
the external ear canal that is elicited in response to the acoustic
stimulus is recorded by the microphone (Figure 1).

Odds ratios were calculated and the level of statistical
significance was set to p < 0.01. The Ethics Committee of the
Capital Region of Denmark (De Videnskabsetiske Kommiteer—
Region Hovedstaden, Hillerad, Denmark) approved the study
and waived the need for written consent because risks were
deemed negligible (reference j.nr. H-17038640).

RESULTS

Following cardiac arrest with severe anoxic-ischemic brain
injury, TEOAE were present in 2 out of 20 measurements (i.e., 2
out of 10 cases; mean age 63.2 & 12.6 years; 2 females). Following
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FIGURE 1 | This figure shows a screenshot depicting a schematic overview of distortion product otoacoustic emissions (DPOAE) of the right ear of a healthy
volunteer. DPOAE were present at 1, 2, 3, 4, and 6kHz (but not 1.5 kHz). Otoacoustic emissions were assessed with the OAE Titan (PInteracoustics, Middelfart,
Denmark), an automated handheld device. The procedure takes less than 2 min. dB SPL - decibel sound pressure level; kHz —1,000 Hertz.

Frontiers in Neurology | www.frontiersin.org

September 2018 | Volume 9 | Article 796


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Kondziella et al.

Otoacoustic Emissions in Cardiac Arrest

TABLE 1A | Contingency table showing the frequency of present vs. absent
distortion product otoacoustic emissions (DPOAE) in patients following cardiac
arrest (cases), respectively, myocardial infarction without loss of consciousness
(controls).

DPOAE present DPOAE absent Total Percent
Cases iR 109 120 9.2%
Post-cardiac arrest
patients (n = 10)
Controls 49 71 120 40.8%

Myocardial infarct
patients (n = 10)

DPOAE were significantly less frequent after cardiac arrest (9.2 vs. 40.8%; OR 0.15 (CI
0.07-0.30); p < 0.0001).

TABLE 1B | Summary of individual results from cardiac arrest patients (cases) and
patients with myocardial infarction but normal consciousness (controls).

Preserved responses
after cardiac arrest
(n = 10 cases)

Preserved responses
after myocardial
infarction (n = 10

controls)

Auditory brainstem rl; 21 3rl; &rl; 6rl; 7rl; 8rl;
response audiometry 10r
45 dB nHL
TEOAE 1r; 8 2r,l; 3l,r; 6r,l; 8r; 10r;|
DPOAE 1 kHz 6l 21; 5l,r; 7r; 8r; 10|
DPOAE 1.5 kHz 1r; 81; 6l 2r,l; 3r,l; 5rl; 6r,l; 8rl; 9r;

10r,
DPOAE 2 kHz 1r, 61, 7r 2r; 3rl; 4r; 5r; 6l,r; 8r,l;

9r; 10!

DPOAE 3 kHz il 3r,l; 6r; 7rl; 8rl; 9r;10r
DPOAE 4 kHz 1r; 6r 3rl; 4r; 7rl; 8r; 9r
DPOAE 6 kHz

Only preserved responses are listed. Auditory brainstem responses could not be acquired
in 8 controls due to excessive facial hair growth (patient 4), signal loss for technical reasons
(patient 2), and complaints of lightheadedness (patient 9), respectively. DPOAE, distortion
product otoacoustic emissions; |, left ear; r, right ear; TEOAE, transient evoked otoacoustic
emissions; numbers denote individual patients. dB nHL, decibel normalized hearing level.

myocardial infarction without loss of consciousness, TEOAE
were noticed in 9/20 measurements (5/10 controls; mean age 66.5
&+ 8.3 years; 2 females).

DPOAE (which are frequency-specific) were present in 11/120
measurements after cardiac arrest (4/10 cases) and in 49/120
measurements following myocardial infarction (9/10 controls).

Compared to myocardial infarct patients with preserved
consciousness, cardiac arrest patients had significantly less often
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Thus, their usefulness as part of a multimodal approach,
including serial measurements, should be further investigated.
Decaying outer hair cell function over time may serve as a proxy
for evolving ischemic brain damage.

AUTHOR CONTRIBUTIONS

DK: study concept, acquisition of data, analysis and
interpretation, writing of the manuscript, critical revision
for important intellectual content, and approval of final
manuscript. AJ, TH, and MB: acquisition of data, critical
revision for important intellectual content, and approval of
final manuscript. JK: study concept, acquisition of data, analysis
and interpretation, critical revision for important intellectual
content, and approval of final manuscript.

3. Ong CJ, Dhand A, Diringer MN. Early withdrawal decision-making in
patients with coma after cardiac arrest: a qualitative study of intensive care
clinicians. Neurocrit Care (2016) 25:258-65. doi: 10.1007/s12028-016-0275-5

4. Beuchat I, Solari D, Novy J, Oddo M, Rossetti AO. Standardized
EEG interpretation in patients after
with other prognostic predictors. Resuscitation
doi: 10.1016/j.resuscitation.2018.03.012

Correlation
126:143-6.

arrest:
(2018)

cardiac

Frontiers in Neurology | www.frontiersin.org

September 2018 | Volume 9 | Article 796


https://doi.org/10.1007/s12028-016-0275-5
https://doi.org/10.1016/j.resuscitation.2018.03.012
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Kondziella et al.

Otoacoustic Emissions in Cardiac Arrest

10.

. Crepeau AZ, Britton JW, Fugate JE, Rabinstein AA, Wijdicks EF.

Electroencephalography in survivors of cardiac arrest: comparing pre-
and post-therapeutic hypothermia Eras. Neurocrit Care (2015) 22:165-72.
doi: 10.1007/s12028-014-0018-4

. Velly L, Perlbarg V, Boulier T, Adam N, Delphine S, Luyt C-E,

et al. Use of brain diffusion tensor imaging for the prediction of
long-term  neurological outcomes in patients after cardiac arrest:
a  multicentre, international, prospective, observational, cohort
study. Lancet Neurol. (2018) 17:317-26. doi: 10.1016/S1474-4422(18)
30027-9

. Mattsson N, Zetterberg H, Nielsen N, Blennow K, Dankiewicz ], Friberg H,

et al. Serum tau and neurological outcome in cardiac arrest. Ann Neurol.
(2017) 82:665-75. doi: 10.1002/ana.25067

. Zang Z, Wilkinson AR, Jiang ZD. Distortion product otoacoustic emissions

at 6 months in term infants after perinatal hypoxia-ischaemia or with a
low Apgar score. Eur ] Pediatr. (2008) 167:575-8. doi: 10.1007/s00431-007-
0511-2

. Jiang ZD, Zhang Z, Wilkinson AR. Distortion  product
otoacoustic emissions in term infants after hypoxia-ischaemia.
Eur ]  Pediatr. (2005) 164:84-7.  doi: 10.1007/s00431-004-

1569-8

Mietzsch U, Parikh N, Williams A, Shankaran S, Lasky R. Effects of
hypoxic-ischemic encephalopathy and whole-body hypothermia on neonatal
auditory function: a pilot study. Am ] Perinatol. (2008) 25:435-41.
doi: 10.1055/5-0028-1083842

11.

Olzowy B, von Gleichenstein G, Canis M, Mees K. Distortion
product otoacoustic emissions for assessment of intracranial
hypertension at extreme altitude?. Eur ] Appl Physiol. (2008) 103:19-23.
doi: 10.1007/s00421-007-0666-6

. Voss SE, Horton NJ, Tabucchi THP, Folowosele FO, Shera CA. Posture-

induced changes in distortion-product otoacoustic emissions and the
potential for noninvasive monitoring of changes in intracranial pressure.
Neurocrit Care (2006) 4:251-7. doi: 10.1385/NCC:4:3:251

. Williams MA, Malm J, Eklund A, Horton NJ, Voss SE. Distortion product

otoacoustic emissions and intracranial pressure during CSF infusion testing.
Aerosp Med Hum Perform. (2016) 87:844-51. doi: 10.3357/AMHP.4572.2016

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewer CD and the handling editor declared their shared affiliation.

Copyright © 2018 Kondziella, Jensen, Hjuler, Bille and Kjaergaard. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Neurology | www.frontiersin.org

September 2018 | Volume 9 | Article 796


https://doi.org/10.1007/s12028-014-0018-4
https://doi.org/10.1016/S1474-4422(18)30027-9
https://doi.org/10.1002/ana.25067
https://doi.org/10.1007/s00431-007-0511-2
https://doi.org/10.1007/s00431-004-1569-8
https://doi.org/10.1055/s-0028-1083842
https://doi.org/10.1007/s00421-007-0666-6
https://doi.org/10.1385/NCC:4:3:251
https://doi.org/10.3357/AMHP.4572.2016
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Otoacoustic Emissions for Outcome Prediction in Postanoxic Brain Injury
	Introduction
	Methods
	Results
	Discussion
	Author Contributions
	References


