
 

Researchers develop new method for
mapping the auditory pathway
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Segmentation of the subcortical auditory regions at group and individual levels.
Subcortical auditory regions are exhibited as red areas in the schematic diagrams
and dotted lines in T1w images and st-DEC-TDI maps. All images are in the
axial plane. Schematic diagrams for the CN, SOC, and IC were redrawn from 
Moore, 1987 and for the MGB from Duvernoys Atlas of the Human Brain Stem
and Cerebellum (2009). Group-level segmentation was performed in the study-
specific template averaged from all 10 normal-hearing controls. Images from
one normal hearing control (male, 32 months old) and one profound SNHL
patient (male, 32 months old) were selected to show individual-level
segmentation. CN, cochlear nucleus; ICP, inferior cerebellar peduncle; PBB,
ponto bulbar body; VSN, trigeminal spinal nucleus; VST, trigeminal spinal tract;
IO, inferior olive; SOC, superior olivary complex; ML, medial lemniscus; MCP,
medial cerebellar peduncle; IC, inferior colliculus; CIC, commissure of IC; LL,
lateral lemniscus; PAG, periaqueductal gray; MGB, medial geniculate body;
LGB, lateral geniculate body; SC, superior colliculus; RN, red nucleus; SN,
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substantia nigra; CST, corticospinal tract; St-DEC-TDI, short-tracks directionally
encoded color track density imaging; SNHL, sensorineural hearing loss. Credit: 
eLife (2023). DOI: 10.7554/eLife.85983

Researchers have developed a non-invasive method for mapping the
human auditory pathway, which could potentially be used as a tool to
help clinicians decide the best surgical strategy for patients with
profound hearing loss.

The findings, published in eLife, highlight the importance of early
interventions to give patients the ability to hear and understand speech,
so that their auditory-language network can develop properly and their
long-term outcomes are improved.

Sensorineural hearing loss (SNHL) occurs when the sensitive hair cells
inside the cochlea are damaged, or when there is damage to the auditory
nerve which transmits sound to the brain. A person with profound
hearing loss is typically unable to hear any sounds, or at best, only very
loud sounds. Congenital SNHL, or hearing loss that is present from birth,
has increased in prevalence over the past two decades, from 1.09 to 1.7
cases per 1,000 live births.

The sound of speech is carried through the brain by nerve fibers in
regions known as the auditory pathway, and are processed in a region
called the language network. In cases of congenital SNHL, the lack of
speech inputs reaching the language network may hinder its proper
development, leading to poorer spoken language skills.

Currently, the primary treatments for profound SNHL are cochlear and
auditory brainstem implantation, where a device is used to stimulate the
peripheral cochlea or the central cochlear nucleus, respectively. Both
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techniques can partially restore hearing in patients, but their language
development outcomes can vary. This is especially true for patients with
inner ear malformations (IEM) or cochlear nerve deficiencies (CND),
which contribute to 15–39% of congenital SNHL cases.

"Where SNHL is caused by CNDs and/or IEMs, there is a great deal of
uncertainty around the best method of treatment. This is due to the
difficulty of assessing the condition of the cochlear nerve and
distinguishing between certain types of IEM, both of which impact
surgical decision making," says senior authors Hao Wu, a professor and
Chief Physician specializing in Otolaryngology at Shanghai Ninth
People's Hospital, Shanghai Jiao Tong University School of Medicine,
China.

Wu also serves as the Hospital Administrator and the Clinical and
Academic Lead for the department. "We therefore need a more
effective method for mapping the auditory pathway and diving deeper
into how IEMs and CNDs affect the development of the auditory-
language network."

In their study, professor Wu's team investigated the auditory and
language pathways in 23 children under the age of six. They included 10
children with normal hearing, and 13 with profound SNHL. In the latter
group, seven children had received cochlear implantations, two had
received auditory brainstem implantations, and four were candidates for
auditory brainstem implantations.

The human auditory pathway is difficult to investigate non-invasively
due to its delicate and intricate subcortical structures located deep within
the brain. To navigate this, the team developed a new methodology to
reconstruct the pathway. First, they segmented the subcortical auditory
structures using track density imaging, which are reconstructed from a
specific type of MRI scan and provide much greater detail and
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information on the structural connectivity of the brain.

This allowed them to delineate the cochlear nucleus and the superior
olivary complex of the auditory pathway. They then tracked the auditory
and language pathways using a neuroimaging technique called
probabilistic tractography, which uses the information from an MRI scan
to provide the most likely view of structural brain connectivity. Next, the
team conducted a fixel-based analysis to assess the density and cross-
section of the nerve fibers in the auditory and language pathways.

This combined methodology allowed them to investigate three key areas
to inform surgical decision making: the condition of the nerve fibers in
the auditory-language network of children with profound SNHL; the
potential impact of IEMs and CNDs on the development of the network
before surgical intervention; and the relationship between the pre-
implant structural development of the network and the auditory-language
outcomes following implantation.

The team's observations revealed a lower nerve fiber density in children
with profound SNHL, in comparison to those with normal hearing. This
reduction was most pronounced in two regions of the inferior central
auditory pathway, as well as the left language pathway.

In addition, the findings revealed that the language pathway is more
sensitive than the central auditory system to IEMs and/or CNDs,
implying that the structural development of the language pathway is
more negatively impacted by the condition of the peripheral auditory
structure. However, the authors caution that further study is required to
validate this finding. As it is more difficult to image the central auditory
pathway than the language pathway, this difference could have arisen
due to the limitations of current neuroimaging technologies.

The authors say the study is also limited by a relatively small cohort of
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patients and an incomplete genetic dataset, so more studies with a more
diverse patient population will also be needed. But with further
validation, they add that the methodology could be used more widely for
informing decisions in treating profound SNHL.

"Our study introduces a new pipeline for reconstructing the central
auditory pathway, and proposes an initial framework for a
comprehensive presurgical evaluation to inform surgical decisions in
treating SNHL," concludes Hao Wu. "We hope our methods can be used
in wider clinical settings in future to decide on early interventions for
children with profound SNHL, in order to improve their post-surgery
outcomes."

  More information: Yaoxuan Wang et al, Impact of inner ear
malformation and cochlear nerve deficiency on the development of
auditory-language network in children with profound sensorineural
hearing loss, eLife (2023). DOI: 10.7554/eLife.85983
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