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: Introduction: The accurate diagnosis of auditory nerve injury following cranial base
trauma, surgical intervention, or metabolic insult remains a formidable challenge in neurotology and
Dr. Praveen Prashant trauma medicine. Due to the con}plex anatomy of the te:mporall bone and the microscopic V-ulnerability

- of the eighth cranial nerve, traditional monotherapy diagnostic approaches frequently fail to capture
sodhi93@yahoo.com the full £ lar and : : . e
; - e full scope of neurovascular and structural damage. This systematic review, conducted in strict
Article History . accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Rec?lved: 05.01.2026 (PRISMA) guidelines, evaluates the synergistic clinical utility of combining Brainstem Auditory
Revised: Uiies Evoked Potentials (BAEP) with high-resolution computed tomography (HRCT) of the cranial base.
AccePted: 12.01.2026 By synthesizing data from over thirty peer-reviewed studies—spanning traumatic brain injury cohorts,
Published: 30.04.2026 intraoperative monitoring trials, and metabolic neuropathy investigations—this analysis demonstrates
. that dual-modality testing profoundly optimizes diagnostic accuracy. HRCT provides an unparalleled
Citations: macroscopic architectural roadmap, accurately identifying otic capsule violating fractures, ossicular
Pal S, Shelja, Prashant P. Systematic  chain disruptions, and pneumolabyrinth. However, HRCT remains blind to the physiological integrity
Review of Brainstem Auditory Evoked  of the neural tissues. BAEP serves as an essential functional complement, offering highly sensitive,
Potentials ~ Combined ~ with  High-  objective, real-time assessments of neural conduction from the distal cochlear nerve to the
Resolution  Cranial Base Computed mesencephalon. The integration of these modalities enables clinicians to precisely categorize the
Tomography in the Optimization of etiology of hearing loss, distinguishing between purely conductive non-neurological injuries, severe
Auditory Nerve Injury Diagnosis. J Surg  structural nerve avulsions, and elusive auditory nerve concussions. This diagnostic optimization not
Radiol, V5(4) 148-157 only refines prognostic stratification but also directly informs critical therapeutic algorithms,
including the timing of cochlear implantation, the management of labyrinthitis ossificans, and the
prevention of iatrogenic trauma during skull base surgery.
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INTRODUCTION Hlstlorlcally, the' gllnlcal diagnosis of .post—tralllme.ltlc
auditory nerve injury was fraught with ambiguity.

Clinicians relied heavily on bedside audiometric
evaluations, which are inherently limited by the patient's
level of consciousness, compliance, and the confounding
presence of middle ear effusions or hemotympanum.5
The advent of high-resolution computed tomography
(HRCT) revolutionized the structural assessment of the
temporal bone, allowing for the precise sub-millimeter
visualization of osseous fractures, ossicular dislocations,
and otic capsule violations.7 However, HRCT suffers
from a critical limitation: it provides purely
morphological data and is entirely blind to the functional
and physiological status of the microscopic neural
pathways. Consequently, a patient may exhibit a
radiologically pristine internal auditory canal while
harboring a completely non-functional, physiologically
severed auditory nerve due to microvascular ischemia or
axonal stretch injury.6

The vestibulocochlear nerve (Cranial Nerve VIII) is a
highly specialized, exquisitely sensitive neural structure
responsible for transmitting auditory and vestibular
signals from the inner ear to the brainstem. Its anatomical
course through the narrow, rigid confines of the internal
auditory canal (IAC) renders it uniquely susceptible to
mechanical shearing, tensile stress, and secondary
ischemic cascades during cranial base trauma.l
Epidemiological data drawn from massive trauma
registries, such as the analysis of 91,196 patients from
the Trauma Register DGU, underscores the significant
incidence of cranial nerve injuries in patients sustaining
moderate to severe head trauma.3 Within this subset of
injuries, temporal bone fractures account for a substantial
portion—nhistorically estimated at 14% to 22% of all
skull base fractures—and carry a high risk of profound
sensorineural hearing loss, vestibular dysfunction, and
facial nerve paralysis.4
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To bridge this diagnostic gap, neurotologists and
neurosurgeons have increasingly turned to objective
electrophysiological testing, specifically Brainstem
Auditory Evoked Potentials (BAEP). BAEP measures
the synchronized neural action potentials generated
along the auditory neuraxis in response to acoustic
stimulation, providing a real-time, functional map of the
auditory nerve and brainstem pathways.9 While highly
sensitive to neurophysiological disruption, BAEP cannot
visualize the anatomical cause of the disruption, such as
an impinging bone fragment or a concomitant
cerebrospinal fluid leak.6

The contemporary medical literature increasingly
suggests that the isolated use of either HRCT or BAEP is
insufficient for the comprehensive evaluation of complex

MATERIALS AND METHODS

auditory nerve injuries. The hypothesis driving modern

neurotological protocols is that the synergistic
combination of structural imaging (HRCT) and
functional electrophysiology (BAEP) creates a

comprehensive diagnostic matrix that maximizes both
sensitivity and specificity.5 This systematic review aims
to critically evaluate this dual-modality approach. By
aggregating and analyzing data across multiple
domains—including acute physical trauma,
intraoperative iatrogenic injury, and systemic metabolic
insults—this report delineates how the integration of
BAEP and cranial base HRCT fundamentally optimizes
the diagnosis, prognostic stratification, and subsequent
surgical management of auditory nerve injury.

This systematic review was designed and executed in strict adherence to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines to ensure a comprehensive, transparent, and reproducible methodology.
The primary objective was to evaluate the diagnostic accuracy, clinical utility, and prognostic value of combining BAEP

and HRCT in the assessment of auditory nerve injury.

Eligibility Criteria

The selection of studies for inclusion in this review was governed by the PICOS (Population, Intervention, Comparison,
Outcomes, Study Design) framework to maintain clinical relevance and methodological rigor.

PICOS Parameter Inclusion Criteria

Exclusion Criteria

Population

nerve injury due to

Patients of any age with suspected auditory
physical
intraoperative stress, or metabolic neuropathy.

Patients with pre-existing, non-
acquired congenital sensorineural
hearing loss without acute injury.

trauma,

Intervention Diagnostic

High-Resolution

evaluation utilizing Brainstem
Auditory Evoked Potentials (BAEP) and/or
Computed  Tomography

(HRCT) of the temporal bone.

Imaging modalities lacking sufficient
spatial resolution (e.g., standard low-
resolution CT) or  subjective
audiometry without objective
electrophysiology.

Comparison

approach.

Monotherapy assessment (HRCT alone or
BAEP alone) versus the combined diagnostic

Studies lacking comparative metrics
or baseline healthy controls where
applicable.

Outcomes Diagnostic

management changes.

sensitivity,
positive/negative predictive values, incidence
of structural vs. functional injury, and clinical

Studies reporting purely subjective
symptom resolution without objective
radiological or electrophysiological
data.

specificity,
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Study Design Randomized controlled

reviewed journals.

cohort studies, retrospective analyses, and [reviewed commentaries, and studies
systematic meta-analyses published in peer- [not available in established medicall

prospective [Unverified  pre-prints, non-peer-|

databases.

Information Sources and Search Strategy

An exhaustive literature search was conducted utilizing
the PubMed (MEDLINE) database to identify relevant
genuine scientific articles. The search strategy employed
a combination of Medical Subject Headings (MeSH) and
free-text keywords tailored to capture the full spectrum
of auditory nerve pathology and diagnostic modalities.
The primary search strings included permutations of
"Brainstem auditory evoked potential," "BAEP," "High-
resolution CT," "HRCT," "temporal bone fracture,"
"auditory nerve injury," "cochlear nerve trauma," and
"skull base fracture".®

To ensure a comprehensive capture of the mechanisms
of auditory nerve injury, the search was expanded to
include iatrogenic trauma scenarios and metabolic insults
using terms such as "intraoperative monitoring,"
"microvascular decompression," "cerebellopontine angle
surgery," "hyperbilirubinemia," and "diabetic
neuropathy".’ The search encompassed literature from
the foundational anatomical studies of Schuknecht in
1956 to contemporary deep-learning imaging protocols
published up to 2026."3

Study Selection and Data Extraction

Following the initial database query, all identified
citations were screened by title and abstract to remove
duplicates and broadly irrelevant publications. Full-text
articles of the remaining studies were subsequently
retrieved and subjected to rigorous evaluation against the

RESULTS

predefined eligibility criteria. Over 30 unique, peer-
reviewed articles were definitively included in the
qualitative and quantitative synthesis.

Data extraction was performed systematically, targeting
specific variables: primary author, publication year,
study design, patient demographics, sample size,
mechanism of injury, HRCT structural findings (e.g.,
otic capsule status, ossicular chain integrity), BAEP
electrophysiological metrics (e.g., wave latencies,
amplitudes, interpeak intervals), and the calculated
diagnostic accuracy metrics (sensitivity, specificity, odds
ratios).

Risk of Bias Assessment

To maintain the integrity of the synthesized conclusions,
the included studies were evaluated for methodological
quality and potential biases. Retrospective cohort studies
and diagnostic accuracy trials were assessed for selection
bias, ensuring that patient cohorts accurately reflected
the broader trauma or surgical populations. For instance,
studies investigating the incidence of temporal bone
fractures were scrutinized to ensure they included a
representative mix of high-velocity and low-velocity
trauma cases.* Meta-analyses included in this review,
such as those evaluating BAEP in microvascular
decompression, were noted to have utilized standardized
bias assessment tools like the Methodological Index for
Non-Randomized Studies (MINORS) to validate their
pooled estimates. '

Overview of Included Studies and Patient Demographics
The systematic literature synthesis yielded a robust array of studies encompassing diverse clinical scenarios that
result in auditory nerve injury. The data represents thousands of patients across varied demographics, ranging from neonatal

intensive care units to adult Level I trauma centers.

The investigations into physical trauma provided extensive cohorts. A major retrospective study from a Level I

trauma center in China analyzed 1,871 adults with traumatic temporal bone fractures over a nine-year period, providing
highly powered data on long-term audiometric outcomes based on otic capsule integrity.* The comprehensive Trauma
Register DGU analysis included 91,196 patients with moderate to severe head trauma, explicitly detailing the incidence
and mechanisms of cranial nerve injuries, including the vestibulocochlear nerve.? Specifically addressing the combined
diagnostic approach, Gu et al. (2022) provided a highly detailed analysis of 37 patients (21 males, 16 females, mean age
44.5 years) suffering from post-traumatic hearing impairment, directly comparing concurrent HRCT and BAEP findings.}
Beyond physical trauma, the review incorporated large-scale meta-analyses of iatrogenic auditory nerve injury
during cerebellopontine angle surgery. A diagnostic test accuracy meta-analysis included 693 patients across 15 studies
evaluating BAEP during vestibular schwannoma resection, while another systematic review incorporated 64 articles to
assess BAEP and Lateral Spread Response monitoring during microvascular decompression for hemifacial spasm.!®
Metabolic and pediatric trauma cohorts were also prominent, including a study of 561 children assessing bilirubin-induced
neurological damage to the auditory nerve and a study of 99 subjects (67 diabetic, 32 healthy controls) evaluating
subclinical central nervous system damage. '
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Outcomes of High-Resolution CT Monotherapy in Temporal Bone Trauma

High-resolution computed tomography is universally recognized as the optimal imaging modality for the initial
evaluation of acute temporal bone trauma.'® Utilizing thin-section axial and coronal reconstructions (frequently 1.0 mm to
1.5 mm slice thickness), HRCT excels in defining the complex macroscopic topography of skull base fractures.!®

The classical anatomical approach divided temporal bone fractures into longitudinal, transverse, and mixed
categories based on their relationship to the petrous ridge.” In earlier HRCT studies, such as the evaluation of 84 patients
by Aguilar et al., longitudinal fractures constituted the vast majority (63 cases), followed by transverse (13 cases) and
complex fractures.” Transverse and oblique fractures were historically noted to have a significantly higher association with
sensorineural hearing loss (62% and 27%, respectively) compared to longitudinal fractures (11%).2!

However, the contemporary literature definitively demonstrates that functional classification based on the
integrity of the otic capsule provides far superior prognostic value for auditory nerve survival.*

Fracture Incidence Rate Associated Prognostic
Classification Auditory Pathology Hearing OQutcome
Otic Capsule 86.4% to 93% Hemotympanu Excellent
Sparing (OCS) m, ossicular  chain functional recovery. Up
disruption, conductive t0 90.4% achieve >30 dB
hearing loss.* improvement;  38.5%
return to normal hearing
(PTA <25dB HL).*
Otic Capsule 7% to 13.6% Direct Extremely poor
Violating (OCYV) transection of  the prognosis. 0% of
cochlea, vestibule, or patients achieve
internal auditory canal. functional hearing
Severe sensorineural recovery or return to
hearing loss.* normal hearing
thresholds.*

Despite its precise anatomical mapping, HRCT exhibits severe limitations when utilized in isolation to determine
functional auditory nerve status. A pivotal retrospective review by Kahn et al. (2000) analyzing 105 patients at a Level I
trauma center demonstrated that routine HRCT yields minimal clinical utility for functional decision-making.!® The study
revealed a poor statistical association between specific HRCT fracture patterns and actual patient management decisions,
noting that HRCT complemented clinical decision-making in only 10% of cases.!® Furthermore, HRCT frequently
identified asymptomatic anomalies, such as asymptomatic carotid canal fractures in 9% of cases, which led to unnecessary
downstream procedures like angiography that ultimately offered no clinical benefit.!® The fundamental limitation
established by these findings is that HRCT cannot image the microscopic physiological state of the auditory nerve; it is
functionally blind to axonal stretch, cellular ischemia, and conduction blocks.

Outcomes of Brainstem Auditory Evoked Potential (BAEP) Monotherapy

To address the functional blind spots of structural imaging, Brainstem Auditory Evoked Potentials provide
objective, real-time data regarding the neural transmission along the eighth cranial nerve and the ascending brainstem
tracts.” The diagnostic power of BAEP relies on the precise evaluation of wave latencies, interpeak intervals (IPIs), and
wave amplitudes.'®

The primary waves utilized in the interpretation of auditory nerve dysfunction are Waves I, I11, and V.

® Wave I: Represents the initial depolarization of the distal auditory nerve (the eighth nerve compound action
potential). Abnormalities in the latency and amplitude of Wave I are highly sensitive indicators of distal nerve
avulsion or severe cochlear ischemia.®

® Wave III: Generated within the superior olivary complex. Prolongation of the I-III interpeak interval specifically
isolates conduction delays occurring within the auditory nerve itself, before the signal ascends higher into the
brainstem.’

® Wave V: Generated in the inferior colliculus. It is the most robust wave. A Wave V latency prolongation of 1.0
millisecond or an amplitude decrement of greater than 50% serves as a critical, standardized alarm criterion
indicating severe pathway disruption.!!

The diagnostic accuracy of BAEP is heavily supported by large meta-analyses evaluating intraoperative
monitoring during cerebellopontine angle surgery, where the auditory nerve is at profound risk of mechanical and thermal
injury.!! A systematic review of 64 articles evaluating microvascular decompression surgery demonstrated that BAEP
monitoring possesses an Area Under the Curve (AUC) of 0.911, with a pooled Odds Ratio (OR) of 7.99 for predicting
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postoperative hearing loss.!® In vestibular schwannoma resections, the complete loss of intraoperative BAEP responses
showed a high diagnostic specificity (0.79) and sensitivity (0.82) for predicting permanent hearing loss, with an overall
AUC of 0.88.!7 Another meta-analysis covering 2,540 cases confirmed that patients experiencing a complete loss of BAEP
response intraoperatively faced a diagnostic odds ratio (DOR) of 69.3 for permanent hearing loss, with a specificity
reaching up to 98%.%*

Beyond acute mechanical trauma, BAEP is exquisitely sensitive to metabolic and ischemic nerve injury. In a
clinical trial involving 67 diabetic patients and 32 controls, BAEP detected highly significant prolongations in the absolute
latencies of waves I, 111, and V, as well as the interpeak latencies, identifying subclinical damage to the auditory nerve and
brainstem long before structural changes or behavioral symptoms manifested.!” Similarly, in a retrospective study of 561
children with severe neonatal hyperbilirubinemia, BAEP successfully identified bilirubin-induced auditory nerve damage
in 35.3% of the cohort, proving crucial for predicting the occurrence of early neurological damage.!?

Synergistic Integration: Combined HRCT and BAEP Diagnostic Outcomes

The core hypothesis of this systematic review is that the combination of HRCT and BAEP overcomes the inherent
limitations of each respective monotherapy, resulting in a vastly superior diagnostic paradigm. This synergy is most
explicitly detailed in the retrospective clinical study conducted by Gu et al. (2022), which analyzed 37 patients suffering
from hearing impairment following cranial trauma.’

By subjecting the entire cohort to both diagnostic modalities, the researchers achieved a highly granular
stratification of auditory nerve injuries that would have been impossible with a single test. The overall BAEP positive rate
strongly correlated with the clinical severity of the injury; 100% of patients in the medium and severe injury groups
exhibited abnormal BAEP tracings, compared to only 27.27% in the low injury group.’ Notably, 100% of the abnormal
BAEP cases exhibited pathological alterations in the latency and amplitude of Wave I, underscoring the distal auditory
nerve's vulnerability to trauma.®

The combined diagnostic matrix revealed four distinct clinical phenotypes, profoundly impacting the
understanding of the patients' underlying pathology °:

Diagnosti
¢ Phenotype

Cohort
Percentage

BAEP
Status

HRCT
Status

Pathophy
siological
Interpretation

Confirme
d Neural Damage

54.05%
(20/37)

Positive
(Abnormal
latencies, loss of
waves)

Positive
(Skull base fracture,
oCV, IAC
involvement)

Definitive,
severe auditory
nerve injury. The
structural ~ fracture
identified on HRCT
corresponds
directly with the
physiological
conduction failure
recorded by BAEP.?

Non-
Neurological
Injury

27.03%
(10/37)

Negative
(Normal nerve
conduction)

Positive
(Visible  temporal
bone fractures)

The
auditory nerve is
functionally intact
despite physical
skull trauma.
Hearing loss is
entirely conductive,
driven by
mechanical
disruptions such as
ossicular chain
dislocation or
hemotympanum.®

152




How to Cite: Pal S, Shelja, Prashant P. Systematic Review of Brainstem Auditory Evoked Potentials Combined with High-Resolution Cranial
Base Computed Tomography in the Optimization of Auditory Nerve Injury Diagnosis. ] Surg Radiol, V5(4)148-157

2.70%
(1/37)

Auditory
Nerve Concussion

Positive
(Delayed or absent
potentials)

Microstruc
injury. The
kinetic energy
caused axonal
stretch or localized
ischemia within the
nerve, resulting in
physiological
failure without
macroscopic  bone
damage. HRCT
monotherapy
would miss this
injury entirely.’

Negative
bone
no

(Pristine tural
structure,

fractures)

16.22%
(6/37)

Mild /
Extraneural
Pathology

Negative

Minor
concussive  forces
or transient middle
ear effusions not
severe enough to
cause structural
fracture or objective
neural disruption.’

Negative

The statistical integration of these findings demonstrates that the rate of BAEP positivity was significantly higher
in the HRCT-positive group (66.7%) than in the HRCT-negative group (14.3%) (p < 0.05).> However, the identification of
the HRCT-positive/BAEP-negative cohort (27.03%) is critical; it proves that relying on a CT scan alone to predict nerve
injury results in a massive false-positive assumption of neural damage when the issue is merely conductive.® Conversely,
the BAEP-positive/HRCT-negative cohort proves that relying solely on structural imaging results in critical false negatives,
completely missing true cases of auditory nerve concussion.® The combination of the two modalities successfully captures

100% of the pathological variance.

DISCUSSION

The systematic aggregation of structural imaging data
and electrophysiological metrics provides profound
insights into the pathophysiology, diagnostic nuances,
and clinical management of auditory nerve injury. The
data clearly delineates that "injury" to the eighth cranial
nerve is not a singular binary event, but rather a complex
spectrum of mechanical and metabolic failures that can
only be accurately mapped through a multimodal
diagnostic approach.

Pathophysiology and Mechanisms of Auditory Nerve
Injury

The mechanisms driving auditory nerve injury are deeply
intertwined with the unique anatomy of the cranial base.
The temporal bone is a dense, pyramid-shaped structure
wedged between the sphenoid and occipital bones,
designed to withstand massive forces.?! However, the
presence of multiple foramina and the intricate hollow
cavities of the middle and inner ear create inherent
structural weaknesses.?! When high-velocity kinetic
energy—from motor vehicle collisions, assaults, or
severe falls—overcomes the bone's tensile strength,
fractures propagate along these paths of least
resistance. !’

When a fracture violates the otic capsule (an OCV
fracture), the physical disruption is catastrophic. The
fracture lines may directly transect the membranous
labyrinth or the internal auditory canal, leading to the
immediate mechanical severing (neurotmesis) of the
auditory and facial nerves.* This is clinically evident in
cases where patients present with immediate complete
deafness and profound House-Brackmann Grade V or VI
facial nerve paralysis.?® In such instances of avulsion, the
injury is irreversible. The HRCT will show the
destructive path of the fracture, and the BAEP will show
a complete flattening of the electrophysiological tracing,
starting with the loss of Wave I, indicating total failure
of the distal nerve.®

However, the pathophysiology of auditory nerve injury
extends far beyond simple mechanical transection. The
concept of "auditory nerve concussion," highlighted in
the combined diagnostic data (the BAEP-
positive/HRCT-negative cohort), is of paramount
importance.’ In closed head injuries characterized by
rapid deceleration, the brain parenchyma and the
brainstem shift within the cranial vault. The auditory
nerve, anchored at the brainstem and the fundus of the
internal auditory canal, is subjected to extreme tensile
and shear forces.® This stretching can cause neuropraxia
or axonotmesis—a disruption of the axonal myelin
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sheath and the axolemma ion channels—leading to a
severe conduction block.® Because the temporal bone's
structural integrity remains uncompromised, the HRCT
appears completely normal, yet the patient suffers from
profound sensorineural hearing loss.’

Furthermore, the auditory nerve and cochlea are highly
susceptible to secondary ischemic injury. The blood
supply to the inner ear is derived primarily from the
labyrinthine artery, an end-vessel lacking substantial
collateral circulation. Cranial trauma can induce severe
vasospasm, focal micro-hemorrhages, or thrombosis
within this delicate vascular network.” The resulting
hypoxia triggers a cascade of cellular apoptosis and
neural degeneration.” BAEP is exquisitely sensitive to
these early ischemic changes, often registering
pathological latency prolongations or amplitude drops
long before irreversible cellular death occurs.?’

This sensitivity to non-mechanical trauma is
corroborated by systemic metabolic studies. In severe
traumatic brain injury, the initial mechanical damage is
often exacerbated by secondary neurotoxic cascades.
Studies correlating BAEP outcomes with serum
biomarkers, such as S-100B proteins (a marker of glial
damage), demonstrate that BAEP alterations often
precede the elevation of S-100B and the appearance of
structural infarctions on CT scans.”’ The early
deterioration of evoked potentials serves as a highly
predictive indicator of ongoing secondary brain damage
and impending clinical decline.?” This principle is
identically mirrored in metabolic neuropathies. In
diabetic patients, chronic hyperglycemia induces
microvascular ischemia and advanced glycation end-
product deposition within the vasa nervorum of the
cranial nerves.! The resulting subclinical damage
manifests as highly significant prolongations in BAEP
interpeak  latencies, proving that  functional
electrophysiological testing captures cellular distress far
earlier than any imaging modality.!® Similarly, in
neonatal hyperbilirubinemia, unconjugated bilirubin
crosses the immature blood-brain barrier and selectively
deposits in the brainstem auditory nuclei and the eighth
nerve, causing direct cellular toxicity.!? Multivariate
prediction models indicate that abnormal BAEPs are the
primary indicators of this bilirubin-induced neurological
damage, operating entirely independently of structural
abnormalities. 2

Clinical Implications and Therapeutic Management
The precise diagnostic stratification achieved by
combining HRCT and BAEP fundamentally alters the
trajectory of patient care, directly influencing both
conservative management and highly invasive surgical
algorithms.

Optimizing Cochlear Implantation

One of the most critical clinical applications of this
combined diagnostic approach is determining a patient's
candidacy for cochlear implantation (CI) following
severe temporal bone trauma. Cochlear implants are
highly effective aural rehabilitation devices for patients
with profound sensorineural hearing loss, provided that

the auditory nerve itself remains functionally intact to
transmit the electrical stimulation to the brainstem.?®
When a patient presents with profound post-traumatic
deafness, HRCT is mandatory to assess the structural
integrity of the cochlea and to identify any otic capsule
violations.?” However, if HRCT identifies a fracture but
BAEP testing (or promontory stimulation testing)
confirms that the proximal auditory nerve and brainstem
pathways are functioning, the patient is an excellent
candidate for C1.28 Postlingually deafened patients who
suffer cochlear trauma but retain an intact auditory nerve
have been shown to perform exceptionally well with
implants, achieving open-set speech understanding
comparable to non-traumatic CI recipients.?
Conversely, if the combined evaluation reveals a double-
positive result—where HRCT shows an internal auditory
canal fracture and BAEP shows a complete absence of
all wave potentials, indicating total neurotmesis—
standard cochlear implantation is contraindicated.® In
these cases, the electrical signals cannot reach the brain,
and alternative strategies, such as an Auditory Brainstem
Implant (ABI), must be considered.?

The timing of surgical intervention is heavily dictated by
the HRCT findings. Otic capsule violating (OCV)
fractures carry a notoriously high risk of inducing
labyrinthitis ossificans—a pathological process where
the inflammatory response to trauma and hemorrhage
triggers the formation of dense new bone within the fluid
spaces of the inner ear.* Clinical tracking demonstrates a
9.1% incidence of labyrinthitis ossificans in OCV
fractures.* Once the cochlea ossifies, the surgical
insertion of a CI electrode array becomes extremely
challenging or impossible.”® Therefore, prompt
identification of an OCV fracture via HRCT, coupled
with confirmation of nerve viability via BAEP,
commands expedited cochlear implantation to secure the
electrode tract before obliterative ossification
permanently closes the window of opportunity.?

HRCT is also critical for identifying anatomical
anomalies that could lead to catastrophic surgical errors
during implantation. For example, a persistent Hyrtl's
fissure—an incomplete ossification leading to a
perilabyrinthine cerebrospinal fluid fistula—can result in
the inadvertent misplacement of the CI electrode array
entirely outside the cochlea and into the posterior fossa.*
Such severe medical errors are preventable only through
meticulous presurgical high-resolution imaging and the
concurrent use of intraoperative auditory nerve response
telemetry.*
Intraoperative
Trauma

The principles of combining structural awareness with
functional monitoring are deeply embedded in modern
skull base surgery. Procedures such as microvascular
decompression for hemifacial spasm or the resection of
vestibular schwannomas require the surgeon to operate
in the immediate vicinity of the delicate cranial nerve
complexes.!® During these procedures, the auditory
nerve is constantly at risk of iatrogenic trauma from

Neuromonitoring and Iatrogenic
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physical retraction, thermal energy from electrocautery,
or disruption of the tiny labyrinthine perforating vessels.’
In the surgical theater, the preoperative HRCT or MRI
serves as the structural map, guiding the anatomical
approach. Concurrently, continuous intraoperative
BAEP acts as the real-time physiological sentinel. As
demonstrated by extensive meta-analyses, the real-time
observation of the BAEP waveform allows the surgical
team to dynamically assess the stress being placed on the
auditory nerve.!” If the surgeon applies excessive
retraction, the resulting axonal stretch or ischemia will
immediately manifest as a prolongation in the Wave V
latency (the 1.0-millisecond alarm criteria) or a
precipitous drop in wave amplitude.!! This instantaneous
objective feedback allows the surgeon to pause, release
the retractor, or alter the surgical trajectory before the
transient neuropraxia transitions into permanent,
irreversible neurotmesis.!! The diagnostic accuracy of
intraoperative  BAEP changes is highly predictive;
patients who exhibit a complete loss of BAEP potentials
during surgery face an overwhelmingly high probability
(Specificity 0.79 to 0.98, DOR 69.3) of severe
postoperative hearing loss.!¢

Pediatric Traumatology and Systemic Evaluation
The application of this dual diagnostic paradigm extends
into neonatal and pediatric neurotology, addressing
unique traumatic etiologies. In cases of complicated
obstetric deliveries utilizing forceps assistance, neonates
can sustain severe compressive physical trauma to the
cranium and face.>* These extreme compressive forces
can result in a wide spectrum of anatomical injuries,
including localized skull fractures, ocular trauma, and
complex cranial neuropathies such as severe facial nerve
palsy and vestibulocochlear disruption.**

In evaluating these highly vulnerable pediatric patients,
conventional behavioral audiometry is impossible. Non-
enhanced HRCT is strictly utilized to identify life-
threatening  acute  bony injuries, intracranial
hemorrhages, or congenital otic capsular dysplasias.!
Simultaneously, BAEP is deployed to objectively
quantify the extent of the resultant neural deficit.® The
combined data provides neonatologists and pediatric
neurosurgeons with a definitive map of the injury,
allowing for accurate prognostic counseling of the
parents and the timely implementation of early
intervention rehabilitation protocols.!

Future Directions and Technological Advancements
As the fields of radiology and neurophysiology advance,
the tools utilized in this combined diagnostic approach
are undergoing rapid evolution. Deep-learning
algorithms and artificial intelligence are currently being
integrated into the analysis of high-resolution computed
tomography. For instance, self-supervised and weakly-
supervised learning models utilizing 3D T-distribution
loss functions are being developed to predict complex
mastoidectomy shapes and postoperative anatomical
contours directly from preoperative HRCT scans.!
These advanced computational models will significantly
enhance the structural mapping capabilities of HRCT,

minimizing the impact of metal artifacts and low signal-
to-noise ratios, thereby providing surgeons with
incredibly precise virtual navigation prior to entering the
temporal bone.'?

Concurrently, therapeutic advancements are pushing the
boundaries of auditory nerve regeneration. Pioneering
research into transcanal surgical approaches aims to
access the apical cochlear modiolus to deliver stem-cell-
based and gene therapies directly to damaged spiral
ganglion neurons within the human temporal bone.*® The
success of these highly advanced regenerative therapies
will rely entirely on the absolute precision of the
combined diagnostic evaluation. Clinicians will require
the sub-millimeter anatomical targeting provided by
HRCT (such as Cone Beam CT evaluations of
intramodiolar injections) paired with the ultra-sensitive
physiological monitoring provided by BAEP to track the
functional recovery of the regenerating neural
pathways.*

Furthermore, the diagnostic net is widening to include
emerging inflammatory and viral neuropathies. Recent
systematic literature reviews have identified severe
audiovestibular dysfunction as a prominent complication
of long COVID-19 syndrome, resulting in poorly
understood sensorineural hearing loss and vestibular
deficits.”” Similarly, rare inflammatory conditions such
as idiopathic hypertrophic pachymeningitis a thickening
and fibrosis of the dura mater—have been shown to
cause profound nerve entrapment within the internal
auditory canal, leading to secondary neuronal damage.*
In all these emerging clinical scenarios, the synergistic
application of structural high-resolution imaging to rule
out destructive lesions, combined with BAEP to quantify
the progressive neural decline, remains the foundational
diagnostic strategy.’’

Limitations of Current Evidence

While the combined application of BAEP and HRCT
represents the current gold standard in diagnostic
neurotology, the synthesized literature does present
certain limitations. A primary constraint is the
heterogeneity in the reporting of minor cranial nerve
concussions. Patients with low-impact head trauma and
transient hearing loss frequently do not undergo
extensive  diagnostic =~ workups, leading to an
underrepresentation of mild neuropraxic injuries in large
trauma registries.> Furthermore, while HRCT is excellent
for defining bony anatomy, the imaging of the soft tissue
of the auditory nerve itself remains challenging.
Magnetic Resonance Imaging (MRI), specifically
heavily T2-weighted 3D sequences (such as CISS or
FIESTA), provides superior visualization of the cranial
nerve bundles within the cerebrospinal fluid spaces of the
cerebellopontine angle.?® While HRCT is the primary
modality in acute trauma due to its speed and bone
resolution, high-resolution MRI serves as an essential
tertiary tool when internal auditory canal discontinuity or
complex soft-tissue neuromas are suspected long after
the initial injury.?® Future systematic reviews should
consider expanding the diagnostic triad to include
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advanced MRI sequences alongside HRCT and BAEP
for chronic trauma evaluations.

CONCLUSION

The intricate, heavily fortified anatomy of the cranial
base and the extreme microscopic vulnerability of the
vestibulocochlear nerve dictate that no single diagnostic
modality is sufficient for the comprehensive evaluation
of post-traumatic or metabolic hearing impairment. The
exhaustive systematic synthesis of the prevailing
neurotological, radiological, and surgical literature
definitively establishes that the combination of
Brainstem Auditory Evoked Potentials (BAEP) and
High-Resolution Computed Tomography (HRCT) of the
cranial base profoundly optimizes the diagnosis of
auditory nerve injury.5

High-resolution CT provides the essential macroscopic
architectural roadmap. It accurately differentiates
between otic capsule sparing and otic capsule violating
fractures, defines ossicular chain disruptions, and
identifies critical surgical landmarks and complications
such as pneumolabyrinth and persistent perilymphatic
fistulas.4 However, the fundamental limitation of HRCT
is its functional blindness; it cannot visualize the
physiological status of the neural tissues.6

BAEP flawlessly complements this structural deficit by
providing a highly sensitive, objective, real-time
assessment of neural conduction from the distal cochlea
to the mesencephalon.9 The dual-modality diagnostic
pathway allows clinicians to precisely categorize the
etiology of hearing loss, distinguishing with high
statistical confidence between purely conductive
mechanical injuries (HRCT positive / BAEP negative),
severe structural nerve avulsions (Double Positive), and
the historically elusive auditory nerve concussions
(BAEP positive / HRCT negative).5

This optimization of diagnostic accuracy transcends
academic classification; it directly dictates critical
clinical algorithms. It ensures that patients with purely
conductive deficits are managed appropriately, while
those harboring severe otic capsule violations are
expedited for cochlear implantation before the onset of
irreversible labyrinthitis ossificans.4 Furthermore, the
robust predictive value of BAEP in both the trauma
intensive care unit and the surgical theater underscores
its indispensability in tracking systemic neurotoxicity,
preventing iatrogenic trauma, and prognosticating long-
term neurological recovery.10 Ultimately, the seamless
integration of structural mapping via HRCT and
functional electrophysiological monitoring via BAEP
establishes the paramount standard of care in modern
neurotology,  maximizing diagnostic  precision,
streamlining therapeutic interventions, and substantially
improving long-term patient outcomes following severe
cranial base trauma.
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