

TINNITUS AND TBI RESEARCH

Tinnitus Within the
Context of Traumatic
Brain Injury and PTSD
By Marc Fagelson, PhD

If tinnitus has the potential to
change the way a person evaluates
their hearing, emotional state, and
outlook on life, then sudden onset
tinnitus has the potential to change
a person suddenly and substantially.
A person’s resilience and adaptability
may be profoundly challenged following
an event that produces tinnitus.
Tinnitus may be associated with
traumatic memories that superimpose
powerful negative emotions on the
tinnitus sound. Such memories and
emotions have the potential to amplify
the salience of a tinnitus experience
to the extent that neural networks
are activated by tinnitus in a manner
similar to the activation that would
be associated with overt threats or
psychological stress.
The experiences of some patients
with tinnitus resemble those of trauma
victims in the sense that the patients

must manage durable and negative
thoughts regarding their condition. In
such cases, interventions for trauma
victims focus on assessing and
challenging inaccurate beliefs regarding
the patient’s reactions to events and
memories that reinforce the affected
individual’s negative evaluations of the
world and of themselves. Psychological
interventions are intended to provide a
patient the lexicon and understanding
of their physical and mental state
through dialogue and counseling
centered upon the specific experiences
of the individual. Indeed, cognitive
behavioral therapy (CBT), which
targets patients’ unsound beliefs and
impressions, is the intervention with
the strongest evidence base, not
just for victims of trauma but also for
patients with tinnitus.1
Events that cause traumatic brain
injury (TBI) may result in sudden
onset tinnitus whose appearance and
effect go unrecognized in the short

“Compared to counseling of trauma
survivors, audiological rehabilitation and
associated counseling is in its infancy.”
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term, and with good reason, because
of the overarching/overwhelming
neurological outcomes of the injury.
Nevertheless, Fagelson reported
that patients with tinnitus and posttraumatic stress disorder (PTSD) were
twice as likely to experience sudden
onset tinnitus as were patients without
trauma diagnoses.2 Tinnitus may be
related to emotional and traumatic
memories of events that, even without
tinnitus, could have the potential to link
environmental events, smells, sounds,
and tactile sensations to reminders of
the trauma in affected patients.
Carlson et al. reviewed 32 studies in
which TBI was linked to PTSD diagnosis
in both civilian and military populations.3
The authors reported PTSD prevalence
rates of 0 to 89 percent in patients
with mild TBI (mTBI), 8 to 55 percent
in those with moderate TBI, and 0 to
19 percent in patients with severe
TBI. Other large-scale analyses, such
as those conducted by the RAND
Corporation, indicated PTSD prevalence
at 34 percent in patients with militaryrelated mTBI, and civilian prevalence
rates are 12 to 27 percent.4
Although triage following trauma
unfortunately may not address
tinnitus, Kreuzer et al. suggest
www.ATA.org
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tinnitus with a sudden onset
places an increased “burden”
on the patient relative to effects
of a gradual onset tinnitus.5 The
burden may not be readily apparent,
despite its involving psychological
and physiological mechanisms; after
all, tinnitus usually cannot be heard
outside its owner’s head.
Consider the possibility that
a person endures a TBI, and
upon regaining consciousness or
awareness, that individual suddenly
notices tinnitus. The notion of
traumatic reminders influencing
a person’s arousal and emotional
valence lay at the heart of counseling
approaches that prioritize enhancing
the patient’s understanding of
the features or details related to
the traumatic event, in addition to
recognizing their importance in real
time. Psychological interventions
intended to improve a patient’s
adaptability and resilience must
minimize the often-experienced fear
and arousal that accrue to events that
trigger traumatic reminders; such
approaches to management may be
adapted for use in other settings.
It may be useful, for example, to
consider tinnitus in a light similar to
that of other traumatic reminders and
to ensure that patients are provided
the means to navigate the events or
circumstances that challenge their
ability to cope with tinnitus.
Compared to counseling of trauma
survivors, audiological rehabilitation and
associated counseling is in its infancy.
When addressing management of
traumatic exposures’ durable effects on
patients, Brewin emphasized the value
of enhancing patients’ recognition and
understanding of trauma reminders
www.ATA.org

as means to improve coping and
resilience in the face of challenging
environments and circumstances.6
Previously, Brewin et al. proposed
a “dual representation theory” that
specified two types of memory stored
in “different representational formats.”7
Verbally accessible memory (VAM) was
specified as autobiographical memory,
a form of declarative memory, that
could be retrieved and edited and
that interacted with an individual’s
autobiographical knowledge base.
VAM could be put into words and
shared with others verbally; however,
the depth of such memories, their
completeness and accuracy, relies
upon limited-capacity processes,
such as attention. Because attention
would be adversely affected or
otherwise engaged during periods of
high arousal, a traumatic occurrence
demanding attention could impair the
consolidation, and ultimate utility,
of VAM.
Brewin further distinguished VAM
from situationally accessible memory
(SAM), the latter putatively associated
with “flashbacks” or dreams that
include elements of the traumatic
experience. SAM was thought to
arise from perceptual processing of
the traumatic scene or circumstance,
including “visuospatial information that
… received little conscious processing,”
as well as the affected individual’s
physical (autonomic, motor) response
to the trauma.8 It should be no surprise
that criteria for PTSD diagnoses
considered the physical effects (i.e.,
injury, uncontrollable shaking, vomiting)
of a traumatic exposure in addition
to psychological effects such as a
patient experiencing a dissociative
state. Brewin suggested that whereas



coherent narration characterized VAM,
recalled SAM would be associated
with descriptions of sensations – chills,
colors, smells – whose presence did
not readily serve the patient’s narrative
recall of a traumatic event.
It is worth considering, for the
audiologist, that tinnitus features,
such as onset, quality, and reactivity
to external sound, may not be well
understood or conceived of accurately
by patients. In either case, facilitating
the patient’s ability to recognize and
accept challenging aspects of tinnitus
should support their resilience and
coping in a manner not unlike that
observed for trauma survivors who
may be triggered by seemingly
innocuous environmental events.
Diamond et al. reviewed the
consolidation of memories associated
with traumatic events and, to a first
approximation, their model addressed
issues raised in Brewin’s prior analysis.9
Diamond’s review distinguished
activation of two structures typically
associated with the limbic system, the
amygdala and the hippocampus, during
and immediately following a traumatic
exposure. In summary, the authors
reported upon decades of animal and
human research that showed both
structures were involved in traumatic
and emotional memory consolidation.
Both structures displayed activity
consistent with long-term potentiation
(LTP), or learning, during traumatic
events; however, the time course

TINNITUS TODAY WINTER 2018

5



TINNITUS AND TBI RESEARCH

of their activation differed. Specifically,
both amygdala and hippocampus
responded vigorously at the onset of a
traumatic event, but inhibition of both
structures followed within seconds
to hours. The hippocampus activity
decreased first, or sooner, during
or following the event than did the
amygdala. Diamond et al. considered
the inhibition of LTP of both structures
as evidence of a time period during
which memory consolidation occurred.
The reviewers then considered that
different brain structures were likely
responsible for different aspects of
the resulting traumatic memory. The
hippocampus was associated with
declarative, narrative memory, essential
for VAM, while the amygdala was
associated with emotional memories
that would serve SAM. The disparate
time periods during which amygdala
and hippocampus are active might be
responsible, at least in part, for the
observation that trauma descriptions
are often disjointed, containing
snatches of narrative interspersed with
“holes,” or periods of time absent from
the patient’s recall.
In Brewin’s model, the trauma
survivor suffers in part from an inability
to respond reasonably to environments
or conditions that contain trauma
reminders or features. Affected
individuals benefit substantially from
interventions that focus on restoring, or
repairing, their narrative
abilities with
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reference to the trauma, its features,
and its durable effects. Several
strategies, such as CBT, acceptance and
commitment therapy, hypnosis, and
mindfulness meditation, among others,
can support the patient’s development
of or effectiveness in using narrative
devices to support coping.
Although drug therapies for some
patients may provide temporary relief,
it remains of great value to consider
the words of Anna O., who completed
years of intensive counseling and
therapy as she recovered from
debilitating anxiety and hallucinations
following the death of her father. It
was debated whether she suffered
from a psychological or a neurological
disorder, but in either case, as her
powerful aversions and fears were
discovered, discussed, and managed,
she found the strength to advocate
for others and to support what she
termed the “talking cure.”10 The
durable effects of trauma on her
ability to live a reasonable life were
addressed with words and ways of
thinking that she made her own, and
that she applied to her own narrative,
or VAM. Her recovery provided a
reminder that seemingly impossible
situations resulting from horrific
tragedies and abuses can be appraised
and reappraised by the victim in a
manner that fosters the ability to
coexist with the memories and their
intrusive nature. Such reappraisal, if
supported by understanding of tinnitus
mechanisms and triggers, could
benefit patients in
audiology clinics
as well.
The author
does not
make the

argument here that tinnitus contributes
to trauma or that tinnitus causes PTSD.
However, tinnitus and PTSD share
many attributes and mechanisms, with
a partial list that includes the following:
both are related to central nervous
system hyperactivity and neural circuits
associated with the salience of sensory
events; they affect concentration, sleep,
emotional valence, and hence quality
of life; drug administration produces
at best inconsistent outcomes; and
they are both invisible injuries whose
presence is often misunderstood or
doubted by others. Such overlapping
mechanisms and effects suggest that
tinnitus and PTSD have the potential
to be mutually reinforcing, similar to
the interactions between tinnitus and
depression, or tinnitus and anxiety.11, 12
We reported previously that patients
with PTSD and tinnitus rated their level
of handicap as greater than did patients
without PTSD.13, 14 Further, as indicated
above, the patients with trauma/TBI
histories were twice as likely to have
sudden onset tinnitus and three times
as likely to have tinnitus that got louder,
or changed for the worse, when the
patient was exposed to loud or sudden
(usually impulsive) noises (so-called
reactive tinnitus). Distress associated
with exposure to loud or potentially
loud sounds was pronounced;
patients with tinnitus and PTSD were
twice as likely as patients without
PTSD to report that sound tolerance
problems were more challenging
than their tinnitus, and all such
patients reported avoidance of social
situations as well as use of hearing
protection in environments that were
not uncomfortable for others. Given
the putative value of sound therapy in
tinnitus cases, patients with substantial
www.ATA.org
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sound intolerance present a challenge
for clinicians who must implement
audiological interventions available for
bothersome tinnitus.
Case reports illustrate the obstacles
faced by patients and clinicians when
tinnitus is associated with TBI and
traumatic exposures. The Mountain
Home VA Medical Center in Johnson
City, Tennessee, houses a tinnitus clinic
with more than 1,000 patients currently
enrolled. Nearly 35 percent of those
patients have service connection for
PTSD, meaning that they completed
a diagnostic battery of psychological
assessments that ultimately endorse
the diagnosis. One such patient’s
experience is both informative and,
in ways, encouraging as audiologists
and other professionals consider
intervention opportunities.
Mr. T was a Vietnam-era veteran who
suffered a close-range explosion during
basic training. The training exercise
employed live ammunition, and this
individual was accidentally put in harm’s
way by his squad leader. The event
nearly cost the man his life and resulted
in hearing loss, tinnitus, concussion,
and PTSD. His tinnitus was reportedly
unchanged from its initial, sudden
appearance, and when the patient was
seen for audiological examination, he
had not yet accessed services at the VA
for his mental health condition.
Pure-tone testing revealed
normal hearing through 1,000 Hz,
with a moderate high-frequency
sensorineural hearing loss, bilaterally.
Word recognition scores exceeded
80 percent, and immittance testing
indicated normal middle ear function.
The patient reported sound tolerance
issues that limited his ability to socialize
and to attend large functions with
www.ATA.org

family members and friends. Primary
tinnitus-related complaints included
sleep disturbance, concentration
problems, and communication
difficulties. The Tinnitus Handicap
Inventory (THI) was administered,
and a score of 54/100 recorded.15
Note that this patient was seen in the
clinic prior to the Tinnitus Functional
Index’s publication. Psychophysical
tinnitus matching was conducted as
were minimum masking levels, which
indicated that 48 dB white noise AD,
52 dB white noise AS, and 48 dB
white noise AU completely masked
the patient’s tinnitus. Pitch matching
and loudness matching of tinnitus
suggested a high-frequency (4 kHz)
tone-like tinnitus at less than 10 dB SL
with pure-tone thresholds at 4 kHz.
The patient was counseled
extensively regarding his audiometric
results, tinnitus mechanisms, and the
need to access interdisciplinary care
for his mental health concerns. In
order to address his main complaint –
sleep disturbance – a bedside masker
was demonstrated and ordered. He
was scheduled to return for hearing
aid selection and evaluation, and a
consult was sent to the psychology
section to enroll him in PTSD group
and individual sessions.
The bedside masker worked as
intended, and when Mr. T returned
for hearing aid appointments, he
reported improved sleep. His contact
with the providers in psychology was
admittedly difficult; however, he felt
the need to “stay with the program,”
to tell his story, and to listen to others
tell their stories despite the emotions
– anger, fear, hatred – that often
arose during sessions. He mentioned
that, during a group session, tinnitus



“… tinnitus and
PTSD share many
attributes and
mechanisms …”
increased substantially and contributed
to a strong feeling of stress and
frustration. He was reminded of
the likelihood that tinnitus can be
exacerbated by stress and that such
occurrences, although unsettling, were
not unusual. He was subsequently
fit with in-the-ear hearing aids and
completed hearing aid orientation.
Approximately six weeks later,
he returned to the clinic for tinnitus
follow-up. He reported consistent
and satisfactory sleep and, now more
importantly, improved communication.
The ability to interact with friends
and family was an unexpected
development for this patient, and the
increased level of social engagement
reduced tinnitus intrusiveness. He
was now aware that communication
problems, previously attributed to
tinnitus, were the result of hearing loss.
Psychophysical tinnitus testing was
repeated and revealed results nearly
identical to those reported above. The
only difference was a 2 dB decrease
in the minimum masking level when
the signal was presented diotically (i.e.,
noise the same level in both ears). In
other words, although his perception
of the tinnitus sound was essentially
unchanged, the disturbance produced
by tinnitus was markedly decreased.
Several factors must be considered:
The patient had hearing loss, and in
such cases, the audiologist should
TINNITUS TODAY WINTER 2018
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manage hearing loss prior to managing
tinnitus.16 Although we counseled prior
to hearing aid fitting, the fitting was part
of the management plan from initial
contact. The benefit of mental health
clinic intervention cannot be overstated
because the patient’s understanding
of his challenging symptoms, signs,
and negative thoughts were addressed
both by audiologists and psychologists.
The support from peers in the
counseling groups, family members,
and friends also contributed to the
veteran’s ability to reappraise tinnitus
and the response it produced, and all
such communication was of course
improved by hearing aid use.
Mr. T presented himself as “a
country boy,” someone who had not
traveled other than in the military, and
someone who had experienced an
admittedly informal relation with public
school throughout his early years. The
potential benefit of offering counseling
focused on tinnitus mechanisms,
hyperarousal, and limbic system activity
was therefore tempered given the
possibility that the patient would not
easily understand the material. Such
thoughts were immediately dismissed
because the patient was engaged,
provided comments, asked questions,
and expressed that on many occasions
his experience was consistent with
what he was learning in the clinic. This
case experience illustrates that tinnitus
expertise belongs to patients, in many

situations and of all backgrounds,
more thoroughly than it belongs to
practitioners.
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