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Overview

Measurement of Hematocrit

— Link to Acoustic Attenuation

— Difficulties in making nhon -invasive
measurements

Improving signal correlation to improve attenuation
measurements

— Unigque cross -correlation technigue

— Transducer pinhole mask

Future Efforts
— Pulsatile flow system
— Blood mimicking fluid ( Orgasol )




Hematocrit: Conventional Techniques

STS-32 Crew
Uses US for
Diagnostics

Hematocrit refers to the amount of red
blood cells (and their size) in whole blood

— Important in continuing health
monitoring (of astronauts) and
evaluating acute trauma

— Accepted Practice: Blood draw, blood
IS centrifuged, expressed as a
percentage by volume (Volume
Concentration)

“Non-invasive ” methods

— Optical assessment of hemoglobin (in
vitro or in vivo thru micro  -vasculature)
using NIRS that is correlated to
hematocrit

— Suffers from sensitivity to skin
pigmentation (Melanin), sensor
placement, and calibration

— Assumptions relating hemoglobin to
HCT can fail




Hematocrit: Relation to Ultrasound Attenuation

Since 1953 acoustic characteristics of US
have been known to vary with hematocrit

Relating “backscatter signal ” Is
complicated by several factors

— Spectral broadening and signal
speckle

— Much of this results from mixing of
single and multiple scatter signals
Proposed Approach

— Hypothesis: Single scatter attenuation
more closely correlated to hematocrit

— Unique Cross -Correlation Technigue _‘"0 )

Tissue

To Filter the Signal (NASA Developed) [

— Addresses spectral broadening
and signal speckle

— Suppress signal degradation from
multiple scatters

— Increase signal to noise ratio




Ultrasound Attenuation Across Artery
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Single Scatter Attenuation = = Total Attenuation

Single — scatter attenuation is linear and much less noisy!




Proof of Concept

* Proof of Concept
— Isolate a correlated signal analogous to a single s  catter signal
» 2 Pinhole mask technique
— Cuts down on the noise by looking at correlated par ts of the sig nal
—Incoherent background is not correlated spatially
—Return signal has 2 components
— single scatter signal which correlates with hct
— multiple scatter which is uncorrelated (background noise)

Pinhole Interference Test Pinhole Masks with 100um/div Reticle
Configuration (Side View)




Multiple - Scatter Suppression by Cross
Correlation

correlation sensor

Transducer signal
contains
interference term
proportional to
correlation of field

v at the two pinholes

/

single scatter mask

two-pinhole transducer

For mc < d < sc, single scattered ultrasound is correlated and
multiple scattered ultrasound is uncorrelated

Performing two-point detection, multiple scatter can be suppressed if the
separation of the two-points is larger than the multiple-scatter conerence area




Correlation Sensor Testing

- Simple test of interference with coherent beam illuminating sensor,
transducer output should have cosine form with period equalto | /d
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incident angle (units of A/d)




Experimental results

e | =150 microns (10 MHz frequency) and d = 500 microns

Fundamental period of
fringes (i.e. fringe spacing)
Is| /d=0.30radians = 17

degrees
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* Fringe contrast (i.e. height) decreases with increasing
angle due to finite size of pinholes




Future Efforts

In vitro, In vivo, & Computational Testing
In-House Doppler System and Tissue Mimicking Phantom
—Blood mimicking fluid ( Orgasol )
— Mitigate Tissue Attenuation, vessel location and Sm all Sample Ar ea
Acoustic field modeling
— Physics linked to pulsatile blood flow and RBC pack ing through C FD
techniques
— Evaluate the significance of RBC packing factor and elucidate
sampling locations

Ultrasound Transmitter and Receiver
Probes in line with Flow Phantom

Doppler Ultrasound
Mainframe & Oscilloscope




Questions







Extras

Try to isolate a spectrum of correlated signal( a
similar type of signal ie signal with similar
properties)

Signal associated with individual single
scatterers(RBC 's)

Treat multiple signal scatterers as noise to filter
out

Return signal has information from individual(

single) rbc’s and other multiple rbc(packed )
reflections

—2 types of signals

—Single scatter ( correlated similar
properties)

—Multiple scatter( uncorrelated filtered as
noise)




extras

 Trying to show that we can move towards a non
Invasive measurement of hct using this simple
technigue

Isolate a correlated signal that is analogous to th
correlated signal we expect from  rbc’s and by
doing so eventually measures hematocrit

This technique has been proven to work with
optical systems for doing exactly what we are

trying to do which is to separate the signal
between single scatter and multiple scatters in a
colloid suspension

Advantage
o Simple

« May be possible to add on to an existing system
with soft ware update




Science Knowledge:

BMFE and Acquisition Testing

Objective to test the feasibility of using reduced scatter conce ntrations of the BMF fluid to investigate the relat ion
between Doppler measured attenuation and scatter co  ncentration a s an analog to blood hematocrit measurements.
-Obtained, ensemble averaged, Doppler signal reading s from three concentrations and three physiological

significant volume flow rates (steady).

-Single -Gated and Multi -Gated Data were obtained. Thus far only data fromt wo concentrat ions have been processed.
-The following figures illustrate the success of our Internationa | collaboration and illustrate the general observat ions
of the current effort.
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Observations of Testing

The system gives a consistent and repeatable Dopple  r signal at e ach specific depth and with various transducers.
The signal strength appears to be sufficient within the range of BMF mixtures utilized (0%, 25% and 50% diluted from
standard mix).

Doppler power return signal varies with depth and h as a characte ristic distribution across the artificial vessel.

Calculated attenuation has been found to have a dep  endence on th e scatter concentration AND flow condition. This
supports our suppositions regarding the significanc e of both the flow conditions and the scatter level to hematocrit
measure.




Doppler Ultrasound Mainframe
& Oscilloscope

_ : Ultrasound Transmitter and Receiver
Pulsatile Pump B Probes in line with Flow Phantom




Pinhole Masks with 100um/div Reticle Pinhole Interference Test Configuration
(Top View)

Centrifuge to measure
BMF concentrations

Pinhole Interference Test
Configuration (Side View)




PULSATILE FLOW DATA [to be added]




Questions







