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e Ultrasound (in tissue)

— velocity of propagation c varies between different
tissues

— Acoustical impedance Z = poc

— Interface boundary

Tissue 1 (Z;)  Tissue 2 (Z,) Interface Reflection

Soft tissue — Soft tissue

Soft tissue — Bone
Soft tissue — Gas




e Ultrasound ( In tissue)

— absorption (necessary for tissue heating)
» Ultrasound energy converted to heat as it passes through tissues
» Absorption greater at higher frequencies
» Important principle for therapeutic ultrasound

— scattering (some needed for image production)

Incident Beam

Attenuation

Absorption
+

Scatter

Absorption” =
60-80% -

HEAT




e 12 (Imaging)
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With vibrations of less intensity the destruction is less
complete, 1 blood count made at the enil of each 15 seconds
of exposure showing that the percentage destroyed decreases,
a point being reached at which no further destruction occurs
unless the intensity of the radiation is augmented. This
mneans of course that some of the corpuscles, the recently
formed ones perhaps, are more hardy than those of greater
age. Small fish and frogs are killed by an exposure of one
or two minutes, an observation also made by Langevin at
Toulon with his Poulsen arc oscillator (see Plate VIII.)
Mina nralace cancitive. a twentv-iminute exnosure not resulting
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Time/temperature relationship

t=1 fpal

TD .= 3 R“ Tt

t=0

TD,; is the thermal dose in equivalent minutes at 43°C, T, is the
mean temperature during time, and R =0.5 for temperature above
43 "C and R=0.25 for temperature below 43 C.

S.A. Sapareto and W.C. Dewey. Thermal dose determination in
cancer therapy. Int.J.Radiat.Oncol.,Bio.,Phys. 1984; 10, 787-800



Thresholds for thermal damage
In tissue

Relative thermal sensitivity in terms of equivalent minutes at 43C

Dewey, IntJ Hypertherm1994; 10(4): 457-483



— Low level temperature rise causes no
irreversible damage (Physio)

— Arrest of cell reproduction occurs if temp >
43° C (‘hyperthermia’ or ‘thermotherapy’)

— Rapid thermal toxicity (coagulative necrosis)
if temp >56" C (for 1s) ——HIFU



Thermal therapies ....

"Those diseases that medicines do not cure are
cured by knife. Those that the knife does
not cure, are cured by fire, and those that

fire does not cure must be considered
incurable”

Hippocrates (400 B.C.)




439C or equivalent for 60 mins

This introduces the concept of "thermal dose”



Figure 2.1 Survival curves showing the respon| g iMerelt temneratiree

Survival curves
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Cancer treatment with Ultrasound (Hyperthermia)
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Ficure 14. Comparison of results of three types of treatment (with one untreated control
group) on 120 rats inoculated subcutaneously with Walker carcinoma. The animals were
divided into four groups of thirty animals each.
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E. K. Orenberg et al.
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= Complex, and unpredictable

=>» Mechanical damage

=>» Tissue vibrate

=» Stable cavitation and inertial cavitation

= Dependent on frequency, negative
pressure amplitude and intensity

= May damage tissue
= May enhance heating
=>May aid imaging
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Ultrasouna (Intensity or

oIR QB!

~0.02W Tissue information
Without biological effect

THERAPY:
Deliberate (beneficial)
biological effect
(reversible or irreversible)
Functional modification

200w SURGERY:
Cell killing

10,000 times more energy



Table 14.1 Output characteristics of ultrasound devices

Equipment Frequency Typical Typical duty Power external probes intra-cavitary probes
Type range (MHz)  source area factor (mW) Spatial peak, peak negative spatial peak, peak negative
(mm?) temporal average acoustic temporal average  acoustic pressure
Intensity lspra pressure p° intensity lspta p
(mW cm?) (MPa) (mW cm?) (MPa)
Diagnostic
Pulse-echo
B-mode 1-20 100-3000 0.001 4-256(64) 1-1330(175) 0.45-5.54(2.09)  0.8-284(64.60) 0.66-3.5(2.32)
M-mode 1-20 100-3000 0.001 0.5-213(46) 4.2-6.04(127) 0.45-5.54(2.09)  2.0-210(62.7) 0.66-3.5(2.32)
Doppler
Fetal heart detector ~ 2-4 100 1 5-30 0.01
Pulsed Doppler  5-10 100 0.01 11-324(144) 36-9080(1570) 0.67-5.32(2.18)  97.1-1440(747) 0.97-3.53(2.26)
Colour flow 5-10 100 0.01 35-295(138) 21-2150(429) 0.46-4.25(2.41)  0.97-3.53(2.26) 1.14-3.04(2.47)
Therapeutic
Physiotherapy
Continuous wave 0.75-3 300 1 0-15000
Pulsed 0.75-3 300 0.2 0-3000 500 0.5
Surgery 0.5-10 5000 1 200000 5

Source: from Henderson et al.(1995) and Whittingham (2000).
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