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 Are improvements are possible in diagnostic

capabilities of ultrasound systems due to an
increase in acoustic output beyond the ~1°

bioeffects threshold and the FDA 510(k)

guidelines for maximum SPTA intensity

(720 mWcm2) and MI (1.9)?

» Most arguments are detailed in NCRP
Report 113, NCRP, Bethesda, 1992 and

NCRP Report 140, 2002, in press.

Acoustic Waveform

after linear and nonlinear propagation

Pressure at Focus

Pressure at TD Face
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Expected Fmage or Doppler Signal I'mprove

gl
=mentsfrom Inareased Ultrasonic Output

A. Maximum Depth of Imaging or of Doppler
Signal Acquisition (effective penetration)

B. Possible changein effective penetration from an
increasein output power.

C. Effectsof Increased Power and I ntensity on

Other Image and Signa Quality Measures

D. Conditionsin which Increased Power Will Not

Yield Improved Diagnostic | nformation

Expected Image or Doppler

Signal I mprovements from
I ncreased Ultrasonic Output

A. Calculation of maximum Depth
of Imaging or of Doppler Signal

Acquisition (effective penetration)

decibels)

Reflector Depth
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Reflecting Amplitude | Energy Ratio
interface R=(P./P) (R)

Muscle-blood

Soft tissuewal 0.0023

[Skinandbone | 064 | 041 |
09995 | 999 |

P>d d O C
Ba 0 e
Backsc. facto dB O log S
080 DICa 9 diameter, 8 d
ocal leng ansguce

Quantity |Blood Brain Liver Spleen
S (cm/sr) |1.8 x 10-6|7.2 x 10-5| 8.7 x 10-4 | 6.6 x 10-4

cl 0 .23 x 10-4 3.3 x 10-4|1.2 x 10-4
c2 2.2 x 10-8| 0.6 x 10-6 | 0.2 x 10-4| 0.2 x 10-4
n 4 4 3 3
S, (dB) -81 -65 -54 -55

ﬁ

— o

Amplitude attenuation coef., a

Attenuation of A=-2afz,,in dB

D =lossin sensitivity at
depths away from focal

point
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ATTENUATION COEFFICIENTS, a,
at1 MHz

13-26

04-0.7

Smooth Muscle 0.2-0.6

Clutter noise

Revised

Dynamic

Range
Summary

Revised 2002,
from Kossoff,
1976.
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Total Dynamic Range, R,

e Sum (in dB) over all loss mechanisms:
— attenuation, A,

—the signal | oss from weak scattering (relativeto a
perfect reflector), S,

— correction for transducer response off-focus, D
— ratio of the minimum detectabl e signal under ideal
noise conditions, to that typical at max imageable

depth, N
» = - total dynamic range, -R,

« Ry=-(A +S+D+N).

« With A = e242 = 2af7_(dB)

* The effective penetrationis

* Z,=(Ry*D+N+S)/(2af)
» Given known data, one can estimate the

maximum imaging distance in various
tissues.

Depth of Penetration,

* Z,=(Ry+D+N+S))/(2af)
e a=-.5dB cmrMHz%, assumed global

dynamic range R,=120 dB, N =12 dB
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Measured effective penetration for

Doppler & pulseecho US scanners

Boote and Zagzebski (1988) and Carson (1986)

ange in effective penetration

rom increased peak output power

Increase in power and intensity by an amount Al (dB) the
global dynamic range, R, could be R+ Al. Then:

Az, = Al (2af).

For 0.5 dB cm!MHZz1 one way liver attenuation, 3 MHz
frequency and adoubling of intensity (3 dB increase),

Az, =3(dB)/ (1 (dB cmMHz?Y) x 3 (MHz)) =1cm.

For a maximum imaging depth of 14 cm, the
percent change in imaging depth is 7%.

€. Effectsol-Increased k=Power=and

Intensity on Other Quality M easures

ft intensity can f} resolution from higher frequency. The
global dynamicrangeis f to R=R, + Al,

Thenf, goesto f + Af, and S, is | by much larger AS, by
it’s strong frequency dependence of

S+AS=10log[L @ (¢, +c(f +A )

When solve for Af given Al,

(2az,) Af - (Al-S) =101log[L Q (c, +c(f +Af) )]
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At Al =3dB, at 3 MHz

and a=0.5dB cmIMHZz1
Beam

Af Organ Width ResVol

8% liver -8% -22%
26% blood -26%  -59%

ft f can {} contrast between many tissues,
because of enhanced attenuation shadows and

differing frequency dependencies of scattering.

f} TA output power instead of

peak intensity or pressure

 Can use as proportionate increase in:

—frame repdtition rate (shorter exam
times or capture of faster motions,

more complete coverage, visua avg'g)

—No. of transmit focal zones
—No. of pulses averaged over aline

(improved SNR)

D. Conditionswh 1} Power

Don’t Yield { Dx Information

eLimit on useful peak power and intensity:

«From unnecessary scanner limits. E.g., feed

through of output power produces a corresponding
increasein noise

*Body-produced, output-dependent noi se sources,
e.g., echoes from strong reflectors not i n expected

beam path, from reverberation, multi ple scattering,
phase aberration and refractive and diffractive

beam dispersa

*Pressure saturati on from nonli near propagation
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Acoustic Waveform

after linear and nonlinear propagation

Pressure at Focus

Pressure at TD Face

Beam Dispersal by Phase Abaration

Artifactual echoes from dispersed beam hitting wrong targets not
ameliorated by increased peak output.

Phase aberration and other beam dispersal also produces signal
loss which can be compensated by increased output, nonlinear
effects not as bad with dispersed, (lower pressure) beams.

Observations Concerning theIntensities
and Powers Needed to Obtain Certain Image

Quality or Diagnostic Accuracy

A. Comparisons Between Maximum Outputs

of Existing Systems and Calculations of
Intensities Expected to Achievea Given

Performance at the Focal Planes of Those
Systems
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FAGN FC ULTRASOUND

OUTPUT DATA -- AIUM, 2002

* Reports on equipment specificaions
—To the AIUM from individual manufacturers.

—From U.S. FDA, CDRH 510(k) applications,

approved
* 1100 tables for specified combinations of

transducer and operating mode, up to 393/

scanner model

Calculated, needed intensity, from

eguation 9.8 of NCRP Report 113 (1992)

leqc IS needed
inten. inH,O
K isaconstant

Fis focal length
dis beam diameter
f the frequency

athe assumed
For constant f No. (~ truein this ool

system), d? = a constant/f, so:

Reported |, vS. Calculated (or

"Needed") relative |,

% 2.5 MHz

9 3.5 MHz

+ 5 MHz

© 7 MHz

4 Pulse Doppler

A Color Flow

Calculated Relative |,
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Equipment Featuresfor
Reduction of Intensity and

Power

A. One Knob Recommendation

B. Multiple Recelve Lineson a
Single Transmit Pulse -

Explososcan.

Conclusions:

- In many circumstances, with well designed

equipment, an increase in acoustic output
will lead to increased capability for acquiring

diagnostic information.
- Thus, a ceiling on exposure parameters at

or near current maximum levels should result

in aloss of future diagnostic capability.
- Not known is the fraction of images or

diagnoses affected by changesin maximum
outputs.

Conclusions/Observations

While much damage could be done by denying

patients the best possible diagnosis by
unnecessary limits on acoustic output, there is

also a desire by much of the medical community
for a class of ultrasound equipment that can be

presumed to be quite safe under essentially any
operating conditions.

High speed 3D cardiac imaging, e.g., will place
demands on surface heating limits.
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Conclusions:

» The improvement in resolution with
increased power can be significant, while the
improvement in penetration is a small

percentage of the increasein power. 1n some

cases, the improved performance will be
worth some risk. This suggests that at least
some classes of ultrasound systems should be

allowed higher output settings, even above an

expected 1 - 2°C rise, but with a clear
indication of the risks.
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Typical Output Summary Table

Trans. Op. Mode

LP13 10MHz B Mode

LP13 10MHz |CFM +B

Wo(TIB) |WOo(TIC) [zsp(MI)

17.5 17.5

42,33 47,45
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