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Doppler-Sonography e
Museumn

Diagnostic ultrasound gained new perspectives
from the use of “Doppler-Sonography”, named
after the Austrian physicist Christian Doppler
(1803 - 1853). He discovered that the frequen-
cy of waves — including sound waves — will shift,
when the origin of the waves and the observer
will move relative to one another,

For example, if a source of sound of a constant
pitch is moving towards an observer, the sound
seems higher in pitch, whereas if the source is
moving away, it seems lower.

Correspondingly, the frequency of diagnostic
ultrasound (about 1 - 20 MHz) will change to a
higher or lower pitch when reflected or scattered
at moving corpuscular elements within a living
body, especially blood cells.

Examining blood vessels with 2 — 8 MHz ultra-
sound, the shift between emitted and reflected
sound waves is approximately in an audible range
of 50 Hz - 20 kHz. Knowing the frequency shift
and the angle of insonation, one can calculate the
velocity of the blood flow.

Principle of Doppler-sonography

Variations between systolic and diastolic blood
flow patterns are specific for certain blood vessels.
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For example, if a source of sound of a constant

pitch is moving towards an observer, the sound

seems higher in pitch, whereas if the source is
Christian Doppler moving away, it seems lower.

Correspondingly, the frequency of diagnostic
ultrasound (about 1 — 20 MHz) will change to a
higher or lower pitch when reflected or scattered
at moving corpuscular elements within a living
body, especially blood cells.

Examining blood vessels with 2 — 8 MHz ultra-
sound, the shift between emitted and reflected
sound waves is approximately in an audible range
of 50 Hz - 20 kHz. Knowing the frequency shift
and the angle of insonation, one can calculate the
velocity of the blood flow.

Principle of Doppler-sonography

Variations between systolic and diastolic blood
flow patterns are specific for certain blood vessels.
A change of these proportions or a very high or
very turbulent flow indicate a vessel stenosis.

A missing ultrasound Doppler shift would be
typical for an occlusion. In veins not only the
spontaneous but also the augmented flow patterns
are relevant — for instance after compression of
more distant veins.

Experienced sonographers make their diagnoses
by listening to the ultrasound Doppler-flow signals.
Continuous-wave Doppler-sonographv (about 1978) Naciimentation either as a graphical curve or, after
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First Medical Applications @ German

Museum

Douglass Howry The “gun turret scanner” 8-scan image of the neck
D. Howry (Denver) was the first pioneer, who in the water almost to the tip of the nose. The
in 1952 presented twodimensional ultrasound Scanner repeatedly made semicircles around the

images in cooperation with the engineer R. Bliss patient .

The examination was carried out with the patient  Together with Joseph Holmes he examined
sitting in a water-filled tub. For examinations of mainly the organs of the andomen, the liver, the
the neck the patient therefor hat to be immersed  spleen, the kidneys and the urinary bladder.

lan Donald First contact-compound-scanner. The probe was Twins
moved by hand in direct contact to the skin

J. Donald (Glasgow) constructed the first Donald diagnosted twins, triplets, hydramnios
contact-compound-scanner in 1957. and fetal anomalies (hydrocephalus).

Instead of immersing the patient in water, ultra- He propagated the use a full bladder as an

sound gel war placed between the transducer acoustic window. The contact-compound-scanner

:md the body. Now the ultrasound probe could became the basis for large-scale use of diagnostic
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From Bistable Images
to Gray Scale

Further technical improvements, as electronic

focusing of the ultrasound beam, suppression of
artifacts, digitalization, harmonic imaging and the
ever increasing speed of data processing redulted in

a remarkable improvement of the image quality

The integration of the Doppler-technique into the
B-mode image leads to duplex- and triplex tech-
niques. The 3D- and 4 D-depictions and the develop-
ment of contrast agents characterize the standards

of the beginning of this century.
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From Compound Scanning
to Real Time

Originally, the compound scanners had
disadvantages: A rather complex tech-
nique for the correct arrar

echoes was needed and -

real time-viewing was pc

movements of the patient or the
scanned produced severe artif
Furthermore the imag

nually operated compc

were hard to reproduce

vantages were partially ow

the development of automatic

These mechanical or electronic devices
worked faster and the results were better
reproducible.

The first commercially available real time-
scanner was the Vidoson (Siemens). The
pulses of two or three rotating transdu-
cers within a water path were reflected
by a parabolic mirror, leading to 15 cm of
parallel shifting of the ultrasound beam.

Compound scan, gray scale (1976)

Real time (Combison 100, Kretz). 1980

Twrins (bistable compound scam

The real time technique made its
way, finally, because of its
automatic, reproducible and fast
image construction. Dynamic
examinations enabled quick
examinations and direct obser-
vation of movements.
The further technical develop-
ment lead to mechanical and
electronic scanners with parallel
or sector scanning, which are still

in use today.
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@ Advanced Technology
Laboratories

First Pulsed

Doppler Prototype
1966

«  First functional ultrasonic pulsed Doppler system
»n Baker and Dennis Watkins. of the Center for Bio

+  Built by De

University of Washington

+ Lead to the ATL \lARKIpuhd[)oﬂiﬂ\m-M-ﬂ
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ADR 2130 Ultrasound System
1976

ADR 2140 Ukrasound System
1977
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ADR 4000
Ultrasound System
1982
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The MARK Ili
Ultrasound System
1978
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SONORAY UL TRASONIC ANIMAL

| specifically for measuring solt tissues o8 amimals
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Pioneers
of Medical Ultrasound Unvoam,

Ultrasound
Museum

K.Th. Dussik The machine, constructed by Dussik and his brother Hypersonogram

of the 3" ventricle

K. Th. Dussik, neurologist in Vienna, was the first  sides of the skull in fixed relations. The intensity
physician, who tried to use ultrasound for diagnostic  of the signal was recorded on a film

purposes in medicine. By moving the probe line by line across the skull
In 1942 he published a method of depicting the a two-dimensional image was created, giving
cerebral ventricles named “hypersonography* information about changes in absorption of ultra-
Transmitter and receiver were placed at opposites sound (in analogy to classical x-ray ).
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A-scan of the bladder, Ulluiound velocity In ditferent soft tissues

G. Ludwig before (above) and after miction

around 85%

ported an accuracy of

In 1949 G. Ludwig (Pennsylvania) presented the Ludwigre

A .ran- in vivo.
i—stan f 3 nulse-echo-device (echo-ran Anthar one of his import,nt_wqﬁs.\: b
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[ 1964
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First Commercial Real Time
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