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Editorial on the Research Topic

Alterations in the Sound Localization Pathway Related to Impaired

Cocktail-Party Performance

Binaural and spatial hearing allows us to localize the source of a sound and to function in
complex acoustic environments. In noisy environments we typically focus on one sound source,
e.g., our conversation partner, and ignore background noises. The sound localization pathway in the
auditory brainstem contributes to this ability by associating various competing sounds with their
respective spatial channel. Normal hearing humans andmany animals can localize and discriminate
sound sources with a precision of just a few degrees. This is accomplished by comparing the
interaural time difference (ITD) and interaural intensity difference (IID) that a sound creates
between the two ears, which vary systematically with the location of the sound source in space. Even
small alterations in this brainstem circuit can have major effects on one’s ability to function in an
acoustically busy environment. This special edition highlights some of these alterations in animal
models and human subjects and discusses medical conditions associated with impaired hearing
in noise.

DISORDERED SOUND LOCALIZATION PERFORMANCE AND

MECHANISMS

Importantly, the alterations discussed here affect central neural circuits and are not dependent
on decreased ability to detect sounds; in many cases, however, a patient might experience both
peripheral and central hearing loss. A combination of alterations along the ascending auditory
pathway makes diagnosis and treatment of this condition very challenging. A review by Gallun
discusses the clear need for better diagnostic tools, including behavioral and neurophysiological
tests to determine the specific alterations in any particular case.

Koerner et al. show the dependence and variance of physiological and behavioral measurements
in a common form of age-related hearing loss alters CNS binaural circuits. Affected listeners
have clinically normal hearing thresholds but struggle to understand speech in background noise.
Alterations in the binaural system of these listeners cause impaired processing of temporally
fast and precise binaural cues that can be detected with electrophysiological measurements that
are directly related to the behavioral ability to decode binaural cues correctly. This suggests
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that non-invasive physiological tests can potentially be used to
quantify behavioral difficulties in affected listeners.

The ability to localize sounds is also severely disrupted
in autism spectrum (ASD) disorder and inherited forms of
intellectual disability such as Fragile X syndrome (FXS). FXS
is caused by loss of Fragile X Mental Retardation Protein,
FMRP, an mRNA-binding protein that controls translation and
also regulates neural excitability by binding ion channels (Wu
and Kaczmarek). An overwhelming majority of patients with
FXS and ASD are hypersensitive to auditory stimuli and have
difficulty in distinguishing speech sounds from background
noise. As reviewed by Rotschafer, these abnormalities of auditory
processing can often be detected by electric and magnetic signals
recorded from the cerebral cortex of humans.

One of the biological factors altered in ASD may be the speed
and precision at which auditory brainstem neurons propagate
action potentials. Using a mouse model of FXS, Lucas et al.
demonstrate that in the medial nucleus of the trapezoid body,
a key brainstem relay for transmission of both IID and ITDs,
loss of FMRP reduces both the diameter of axons and the
thickness of the myelin sheath. A complementary computational
investigation by Li et al., modeled such changes in myelin
thickness and conduction velocity in a brainstem network. They
analyzed firing patterns in response to sinusoidal tones and
natural sounds and calculated tuning curves for ITDs in the
medial superior olive, where the timing of inputs from the two
ears is compared. The combined experimental/computational
studies make a strong case that, by reducing the rate at which
auditory information is propagated through the brainstem,
impaired myelination disrupts accurate comparisons of ITDs
in FXS.

In addition to genetic mutations, experiencing incorrect
binaural cues during development may impair the high level
of precision required for sound localization. The finding
that abnormal early sound experiences can result in binaural
neurons that incorrectly code for spatial location even in
adulthood (Thornton et al.), underscores the importance of early
interventions to hearing loss.

MODULATION OF BRAINSTEM CIRCUITRY

IN COMPLEX ACOUSTIC ENVIRONMENTS

Wu and Kaczmarek review the modulation of potassium
channels in auditory brainstem neurons in response to changes
in the auditory environment. They describe how insights into the
role of specific channels have come from human gene mutations
that impair localization of sounds in space. Additionally, they
review how short-term and long-term modulation of channels
maximizes the extraction of auditory information. Among these
channels is the Kv3.3 potassium channel, which is further
discussed by Middlebrooks and Waters who describe a family
with a Kv3.3 mutation. The affected family members exhibited
severe loss of sensitivity for ITDs and ILDs, which almost
certainly degrades their ability to segregate competing sounds in
the real-world.

Middlebrooks and Waters further review the mechanisms
by which human and animal listeners segregate competing
sequences of sounds from sources separated by as little as
10◦. Neurons in the auditory cortex tend to synchronize
selectively to one of two such competing sequences. The ability
to spatially resolve these stimuli depends on the binaural and
monaural acoustical cues provided in the various experimental
conditions. This contrasts with a different measure of sound-
source localization, the minimum audible angle, which is
constant across those conditions, suggesting that the central
spatial mechanisms for stream segregation differ from those for
sound localization.

Finally, Auerbach and Gritton review studies of the variety of
different adaptive mechanisms by which information is extracted
from complex acoustic and highly variable listening conditions.
These mechanisms include both “bottom-up” gain alterations in
response to changes in environmental sound statistics as well
as “top-down” mechanisms that allow for selective extraction of
specific sound features in a complex auditory scene. The review
concludes with an examination of how hearing loss interacts with
these gain control mechanisms.

In summary, this special edition highlights the importance of
the auditory brainstem sound localization circuit in extracting
sound source locations in space using a specialized area of the
brain that is fine-tuned for temporal precision. Importantly,
this circuit is functionally involved in disordered spatial
hearing in complex conditions such as FXS, ASD, and aging
among others.
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