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Blast Injury

Since the onset of recent wars

March 2010 (Iraq index) and April 2010 (Afghanistan index)
Brookings Institute report: total wounded: 37,272

According to the 2 reports: Nearly half of US military injuries
are due to blasts (some reports even higher)

A odistinct patter nod-swvival rate d
of combaitnjured, which includes those that have traumatic
brain injury (TBI) (Ling et al. 2009)
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Blast Injury: Organs Most Susceptible

Air-filled Organs
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Pressure gradients across the brain experienced in blast exposure are likely to produce tissue

responses that would result in 1) injury to axons, 2) bruising of the brain surface (contusion),
and 3) internal bleeding (subdural hemorrhage) from ruptured blood vessels.

Modeling fromChafiet al (2010) Biomechanical assessment of brain dynamic responses due
to blast pressure waves. Annals of Biomedical Engineering. 38(204490



Auditory Dystunction 1n Veterans

Auditory problems are among the top disabilities
reported by combat veterans

The longterm effects of blast exposure combined wit

noise exposure and aging is likely to result in greatel
need for rehabilitation

Need for identification and rehabilitation of Auditory
processing



VA Funded Research Study



Central Auditory Processing Disorders Associated

with Blast Exposure

Goals
1. To characterize the central auditory processing deficits in milit
postblast exposure

2. Which areas of the brain are more susceptible toiblsted
damage?

3. Which central tests maybe most useful in evaluating patients v
blastinjuries?



Study Design: Research Participants

WRAMC NCRAR
Blastexposed military Subjects with no exposure
Distance from the blast to blasts

exposure can vary
No more than mild TBI

Normal hearing to mild
moderate sensorineural
hearing loss

Follow up in one year

The subjects matched for
hearing, age and gender

Several controls will be
retested at NCRAR a
year after the initial
evaluation

Cohort to dateb5 subjects enrolled (4
females); age range~A (M: 28 years of age)
[23 normalsmatched]



Study Protocol

Speech in Noise and Competing Speech
QuickSIN
Dichotic Digits
Staggered Spondaic Words Test

Localization and Spatial Processing
BinauralMasking Level Differences

Temporal Modulation, Temporal Patterning and
Spectral Contrast

Gaps In Noise Test
Frequency Pattern Sequences Test Taber et al. 2005




Other Evaluations

Electrophysiologic Tests
Early auditory evoked potentials (ABR)
Late auditory evoked potentials
Distortion ProducODtoacoustimissions (DPOAES)

Questionnaires
Blast conditions
Tinnitus
Overall health condition
Dizziness



Survey Responses
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Military Service and Deployment

Branch of Deployment  Country Time tested Multiple
Service time postblast (most deployments
recent)
91 % Army Average 16 63%lraq Average 43%
months months
9%other Rangel-39 37% Rangel-11 11% didnot
months Afghanistaor months indicate

did not indicate

Distance from Lessthan 1 15 meters 5-10 meters 10 to >20 meters
Blast meter

Percentage 43% (n= 15) 26% (n=9) 14% (n=5) 17 % (n=6)
Nearly half indicate that they were hit by shrapnel or flying objects
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Other Facts

Protective gear

Helmet
69 %

Body Gear
69 %

Hit by flying objects In Vehicle

49%

49%

HearingProtection EyeWear

20 % (40 % if totals 40%
include

communication
headsets)

Serioushody Righthanded
injury/amputee

57% 86%
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Sell Assessment of Pre and Post-blast

Auditory Status

HearingLoss Hearing Balance Dizziness
prior to blast  changespost
blast
20% 71% 34% 45%
** Many are on
medications
and have limb
Injuries
Tinnitus prior to blast Tinnitus post-blast 20% of the
controls
29% (range mild) 2% report
Of those 57% rateheir tinnitus

tinnitus to be no problem to a
mild problem
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Audiograms tor Both Groups
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APD Tests



Study Order of Tests

Masking Level Difference
Gaps In Noise

Frequency Pattern Test
Staggered Spondaic Word
Dichotic Digits Test

This order based on previous research at the
NCRAR which indicated this would be more
resistant to fatigue effects.



Masking Level Ditterence (MLD)

Tests the integrity of the binaural processing system.
Sensitive to lesions of the superior olivary complex/brainstem.

Listener reports the presence or absence of 500 Hz@uee
presented in narrodwand masking noise in various of simal
noise ratios.

The signal is either{phase or oubfphase (re: the noise) between
the two ears.

Score reflects the difference between the dighalse ratio at
detection threshold for the two noise types.

Thresholds for the pure tones should be reduced (lower threshold
when the signal is eatphase (from the masker) at the two ears,
leading to @ositivedifference between thresholds.

This test should result in MLDs of 10 dB or higher.



Masking Level Difference (dB)
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Masking Level Difterences

Both groups perform with
published norms; but blast
exposed group showed mor
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Gaps 1 Noise (GIN)

Assesses temporal resolution.
Sensitive to lesions of cortex and corpusallosum.

A series of 6second long segments of white noise
presented.

Each noise segment contains O to 3 silent intervals
(gaps)z randomized in noise segments.

Subjects press a button whenever a gap Is detected.
Gap durations range from 220 milliseconds
Each ear Is tested separately.

Score reflects gap duration (in ms) at which gaps
can be accurately detected



GIN Preliminary Analysis

Both groups better than
pub. norms; blast poore
than matched controls
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Frequency Pattern Test (FPT)

Assesses temporal patterning ability

Sensitive to lesions of cortex, corpus callosum, and
brainstem.

Test items are sequences of three tone bursts that are
presented to each ear independently.

Described to subjects as
tones.

In each of the sequences, two tone bursts have the san
frequency, while the third tone is a different frequency.

Listener reports the order of the pitches on each
presentation.

Verbally repeating ohi gh¢
Score reflects percentage of numbers reported correctl
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Tests intehemispheric pathway integrity (corpus
callosum)

Each test item is made up of two spondees (one iIn
each ear).

Two syl | akloenpedneag®dnon
Two syl l ables are o0comg
Repeat in the exact order the words occurred.

Scores reflect the percentage of words incorrectly
l denti fied (onumber of



