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Table 2.
Mean ratings and standard errors of the mean for each mode, noise level, and at each anatomic
position. Ratings correspond to excellent (4), good (3), fair (2), poor (1), or simply noise (0).

Acoustic Mode

| Anatomic Position Mean Rating SE
Cardiac, Parasternal 3.4 0.18
Cardiac, Apical 3.6 0.11
Pulmonary, Midclavicular 3.8 0.09
70 dB Pulmonary, Midaxillary 3.8 0.09
Pulmonary, Posterior 4.0 0.00
Cardiac, Parasternal 2.0 0.24
Cardiac, Apical 2.6 0.18
Pulmonary, Midclavicular 3.2 0.17
90 dB Pulmonary, Midaxillary 3.2 0.17
Pulmonary, Posterior 3.2 0.17
Cardiac, Parasternal 0.6 0.18
Cardiac, Apical 0.6 0.18
Pulmonary, Midclavicular 1.0 0.20
110dB Pulmonary, Midaxillary 1.4 0.18
Pulmonary, Posterior 1.0 0.14

Doppler Mode
Anatomic Position Mean Rating SE
Cardiac, Parasternal 2.6 0.23
Cardiac, Apical 3.4 0.27
Pulmonary, Midclavicular 3.4 0.18
70 dB Pulmonary, Midaxillary 3.6 0.11
Pulmonary, Posterior 3.0 0.24
Cardiac, Parasternal 2.6 0.18
Cardiac, Apical 3.4 0.27
Pulmonary, Midclavicular 2.8 0.17
90 dB Pulmonary, Midaxillary 3.4 0.18
Pulmonary, Posterior 3.4 0.11
Cardiac, Parasternal 2.2 0.26
Cardiac, Apical 2.6 0.33
Pulmonary, Midclavicular 2.2 0.30
110dB Pulmonary, Midaxillary 2.8 0.33
Pulmonary, Posterior 2.2 0.30

Discussion

Digital recordings

Digital recordings for the NIS acoustic mode at 70 dB visually demonstrate discernable
peaks of desired signal plus noise among a background of ambient noise for both heart and
breath sounds. These discernable peaks are lost among ambient noise at the 110 dB extreme. The
Doppler mode preserves these visual peaks, even at the 110 dB extreme for both heart and breath
sounds (figures 9 and 11). The NIS is designed to be used without such a visual output, however.
What remains of paramount importance to the end-user clinician is whether these signal peaks
represent clinically useful information.
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Signal-to-noise ratios

For heart sounds, the signal-to-noise ratio of the acoustic mode trended in a downward
fashion with increasing ambient noise crossing zero at approximately 95 dB. Heartbeat signals
were not audibly discernable by the investigator at or above 100 dB in the acoustic mode. The
Doppler mode preserved signal-to-noise ratios of approximately 20 dB among the range of
ambient noise from 70 to 110 dB.

For breath sounds, the signal-to-noise ratio of the acoustic mode did not trend in a
downward fashion as expected. However, breath sound signals were not audibly discernable by
the investigator at or above 105 dB in the acoustic mode. Again, the Doppler mode preserved
signal-to-noise ratios of approximately 20 dB among the range of ambient noise from 70 to 110
dB.

It should be noted that the signal (both acoustic and visual) for breath sounds was observed
to be highly dependent on inspiratory/expiratory effort on behalf of the subject (physiologic
signal source). Deeper breaths with rapid flow rates generated louder signals (though this is no
different than auscultation with a traditional stethoscope). Although the subject was instructed to
maintain consistency as much as possible throughout the testing, the lack of a downward trend
observed in signal-to-noise ratio for the acoustic mode likely represents an unconscious increase
in subject effort (e.g., chest wall excursion, tidal volume of breath, and flow rate) with increased
ambient noise. Without precise spirometry accompanying this data, however, this remains
uncertain.

Qualitative assessment

Even with only five evaluators, the analysis suggests relatively good consistency among
raters. The discord between Rater 1 and the remaining four should be noted. We have no reason
to explain such difference. Increasing sample size would increase statistical power and perhaps
improve consistency.

Evaluators supplied subjective data regarding quality and clinical usefulness of the audible
signal in the specified noise environment with an overall impression of excellent (4), good (3),
fair (2), poor (1), or simply noise (0). In the acoustic mode, mean ratings at all anatomic
positions were of at least “fair” quality and clinical usefulness at 70 dB and 90 dB for both heart
and breath sounds. In the Doppler mode, mean ratings of all anatomic positions were of at least
“fair” quality and clinical usefulness at 70 dB, 90 dB, and 110 dB for both heart and breath
sounds. Mean ratings in Doppler mode were highest for the apical position for heart sounds and
the midaxillary position for breath sounds. This corresponds with the primary author’s
experience as well, and can be explained anatomically whereby intercostal spaces are larger and
the ultrasonic carrier wave is less likely to be reflected back off of the ribs.

Evaluator comments regarding experience with the device were solicited (appendix B).
These comments acknowledge the distinct difference in audible returns of the Doppler mode
from that of a traditional stethoscope. This reinforces the requirement for education and operator
training, yet comments generally support that clinicians can learn to recognize and interpret these
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sounds with training and practice.

Conclusions

Noise can render traditional clinical auscultation devices useless, and a need exists for a
capability to defeat such noise and preserve this vital clinical tool. The NIS has demonstrated the
potential to serve this need.

The “noise-immune” dual-function stethoscope represents a viable answer to the need for
clinical auscultation in high ambient noise environments. Preliminary testing has validated the
preservation of adequate signal-to-noise ratios and of at least “fair” clinical quality to
approximately 90 dB in the acoustic mode and 110 dB in the Doppler mode, whereas a
conventional acoustic stethoscope is limited to 80-85 dB. Furthermore, the Doppler ultrasonic
carrier wave may present unique diagnostic information in quiet conditions that is not readily
available by means of a traditional stethoscope.

Recommendations

Testing and evaluation of the NIS prototype devices to date have verified the ability to
function (preserve signal-to-noise ratio) in high ambient noise conditions in controlled
environments. Future testing should include applications in real-world noise environments
including fixed-wing and rotary-wing aircraft, ground evacuation vehicles, crowd conditions,
emergency departments and intensive care units, space vehicles, submarines, and others.

Furthermore, NIS testing has only included small numbers of research clinicians and small
numbers of test subjects. What remains unknown is the diagnostic potential of the NIS under
conditions of human pathology. Future evaluation strategy and research must include a large-
scale qualitative diagnostic assessment of effectiveness with a clinician cohort representative of
future end-user clinicians (e.g., trauma physicians, physician assistants, nurses, medics, flight
surgeons and flight medics, internists) under conditions of human pathophysiology (e.g.,
pneumo- and hemothorax, thoracic trauma, pneumonia, arrhythmias, valvulopathy, heart failure,
endotracheal tube misplacement).
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NIS Clinician Evaluation

CLINICAL EVALUATION OF THE NOISE-IMMUNE

STETHOSCOPE (NIS)
HGU-56/P Flight Helmet w/CEPs Acoustic Testing

This evaluation is to be completed following your orientation with the NIS device provided by
the AST engineer, and you have had some time to practice in “quiet” conditions. Mark your
overall impression (Excellent, Good, Fair, Poor, or simply Noise) of your ability to perceive
distinct heart or breath sounds. Record any comments on the quality of the signal at the various
ambient noise levels and anatomic locations (comments NOT required). Conduct your
auscultation as you would with a traditional stethoscope in a clinical scenario. Spend no more
than approximately 20 seconds listening at each location (you will NOT be timed).

70 dB — ACOUSTIC MODE
CARDIAC, LEFT/RIGHT PARASTERNAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

CARDIAC, APICAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT MID-CLAVICULAR
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT MID-AXILLARY
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT POSTERIOR MID-LUNGFIELD
Excellent ; Good ; Fair ; Poor ; Noise

Comments:
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90 dB — ACOUSTIC MODE
CARDIAC, LEFT/RIGHT PARASTERNAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

CARDIAC, APICAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT MID-CLAVICULAR
Excellent ; Good ; Fair ; Poor ; Noise
Comments:

PULMONARY, LEFT/RIGHT MID-AXILLARY
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT POSTERIOR MID-LUNGFIELD
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

110 dB — ACOUSTIC MODE
CARDIAC, LEFT/RIGHT PARASTERNAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

CARDIAC, APICAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT MID-CLAVICULAR
Excellent ; Good ; Fair ; Poor ; Noise
Comments:

PULMONARY, LEFT/RIGHT MID-AXILLARY
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT POSTERIOR MID-LUNGFIELD
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

24



70 dB — DOPPLER MODE
CARDIAC, LEFT/RIGHT PARASTERNAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

CARDIAC, APICAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT MID-CLAVICULAR
Excellent ; Good ; Fair ; Poor ; Noise
Comments:

PULMONARY, LEFT/RIGHT MID-AXILLARY
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT POSTERIOR MID-LUNGFIELD
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

90 dB — DOPPLER MODE
CARDIAC, LEFT/RIGHT PARASTERNAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

CARDIAC, APICAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT MID-CLAVICULAR
Excellent ; Good ; Fair ; Poor ; Noise
Comments:

PULMONARY, LEFT/RIGHT MID-AXILLARY
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT POSTERIOR MID-LUNGFIELD
Excellent ; Good ; Fair ; Poor ; Noise

Comments:
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110 dB - DOPPLER MODE
CARDIAC, LEFT/RIGHT PARASTERNAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

CARDIAC, APICAL
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT MID-CLAVICULAR
Excellent ; Good ; Fair ; Poor ; Noise
Comments:

PULMONARY, LEFT/RIGHT MID-AXILLARY
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

PULMONARY, LEFT/RIGHT POSTERIOR MID-LUNGFIELD
Excellent ; Good ; Fair ; Poor ; Noise

Comments:

Please provide any other comments or suggests on the design of the device (e.g., were the
buttons easy to use? Was the requirement for use of US gel acceptable? Do you feel confident in
your ability to use the device to auscultate normal physiologic heart/lung sounds? At what sound
levels?)
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Appendix B.

Qualitative Assessment User Comments.
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Ease of use of the device:

Easy to use.

Easy to use, not much to it.

Buttons poorly positioned, not comfortable grip. Small and don’t make intuitive sense.

Requires lot of US gel—Ilikely need to carry several tubes.

Dark in back of aircraft makes direction finding difficult.

Acoustic use @ 90 dB or higher is very difficult if at all possible. Doppler mode is

great—some sites harder to get than others. Device was very easy to use once sites were

established.

e Buttons were easy to use except for the fact that to keep the US transducer in the correct
alignment, the buttons are not under my thumb.

e US gel is acceptable—it would be best if you could listen for carotid sounds since during

enroute care flights, the neck would be exposed & you would decrease the risk of

hypothermia by keep the torso wrapped. For lung sounds, you would of course need to

unwrap the patient.

Ergonomically challenging—need better “feel.”

The acoustic mode was pretty much unusable above 90 dB except for breath sounds.

US was excellent except for L parasternal sounds, possibly because of techniquie.

110 good only for heart sounds.

Recommendations for training:

e Need CD with pathology and hands on training.

e Users would need a lot of training, esp with changing between modes and in high noise
environments.

e Hands-on training is important. A DUD will not help until the user is able to use with a
subject.

o [ felt there was a fairly easy learning curve.
1 hour fairly adequate.

Which anatomical sites were best?

Heart—apical for best sound.

Cardiac—apical & pulmonary—mid-axillary.

Breath sounds more difficult to hear in upper lobes.

Doppler mode best at apical location.

Mid-axillary and posterior lung fields, esp in high noise environment.

Correlation of Doppler returns with physiologic sounds:

I feel I would need more experience with the device for that.

Once I was used to what normal sounds like there was no issue.

Doppler corresponds best with lung movement and cardiac sounds (in lower dB).
Heart sounds are not physiologic (3-4 part beat instead of 2).

Breath sounds mirror bronchial breathing which is pathological.

Potential applications:

e Would like to see if carotid sounds worked and if it could diagnose an avascular limb.
Emergency Department; in flight (fixed and RW); other high noise (industrial medical)
applications & even non medical apps, i.e. industrial/automotive where small U/S device
would help with assessment of equipment.

28



Recommendations and improvements:

Needs a lanyard and a holster for combat use.

Software apps that isolate & enhance cardiac & pulmonary sounds, esp. in Doppler mode.
Bell is large, pediatric size may be better to allow auscultation of carotid and lung apex.
Small screen may help to give visual of heart beat.

Would like visual U/S.
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ABS
APA
AST

BMI

CEP

dB

CI
GIPOS
Hz

NIS

SBIR
SPL

UsS
USAARL
USASAM
A%

Acronyms
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Aeromedical Physician Assistant

Active Signals Technologies, Inc., Linthicum Heights, MD
Body Mass Index (kg/m?)

Communications Ear Plug

Decibel

Confidence Interval

Graphical Interactive Processing of Speech (software package)
Hertz (frequency per second)

Noise Immune Stethoscope

Small Business Innovative Research

Sound Pressure Level

Ultrasound

US Army Aeromedical Research Laboratory, Ft. Rucker, AL
US Army School of Aviation Medicine, Ft. Rucker, AL
Volts
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