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PHYSICAL ACOUSTICS OF
ULTRASOUND-ASSISTED

High-intensity ultrasound capable of cavi-
tating a liquid is an accepted tool in a number
of areas of clinical medicine. Tt is currently
used for lithotripsy,' 1. 24 7 cataract extrac-
tion with phacoemulsification,? %" surgery
{harmonic scalpels),® * and, of particular in-
terest for this article, ultrasound-assisted li-
poplasty (UAL).L 1t 18 ©-50 The general use-
fulness of ultrasound in medicine is probably
caused by the ability of the bubbles that it
generates to damage® tissues by strongly fo-
cusing the input acoustic energy to the vol-
ume of a cell.

ENERGY FOCUSING IN CAVITATION

When the amplitude of a sound wave in a
liquid is above the cavitation threshold of
approximately 1 atm, gas bubbles are created.
Although the size of these bubbles is much
smaller than the wavelength of sound, they
nevertheless interact strongly with the sound
wave. Figure 1 shows the measured response
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of an isolated bubble in water to a sound
field. When the sound pressure is more nega-
tive than the static pressure in the liquid, the
bubble grows, slowly absorbing energy from
the diffuse sound field.> % 2. % 31 The amount
of energy, Eyuum., stored in the bubble at the
end of its expansion (when its speed is mo-
mentarily zero) is given by the mechanical
work necessary to expand the bubble against
the external laboratory pressure P, of approxi-
mately 1 atm:

Ebubble P Pﬂ % TrRSmax

where R,.. is the maximum radius of the
bubble. Typically, R..« is approximately 50
pm, so that Epuee is approximately 1 erg. Half
a cycle later, the net pressure on the bubble is
large and compressive, causing a “runaway
collapse” of the bubble, first studied theoreti-
cally by Rayleigh® * in 1917 in connection
with damage to ship propellers. This run-
away collapse is arrested only when the gas
inside of the bubble is compressed to the
density of a solid. At this moment, when the
minimum, radius is attained, the acceleration
of the bubble wall is approximately 102 g,
and the stored energy is delivered to a local-
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Figure 1. Radius as a function of time for a single acoustically driven gas bubble in water. The dots
represent data measured by a light-scatiering technigue and the sclid line is a theoretical prediction
of the Rayleigh-Plesset theory for acoustically driven bubbles. The driving acoustic pressure (P,)
responsible for forcing the bubble is also shown. Ry is the radius of the bubble when P, is zero. The
oscillations of this bubble repeat at 33 kHz. A, R, = 4 pm, P, = 1.5 atm. B, Detall of the after-ringing
of the bubble following the runaway collapse. The maximal radius of this bubble is approximately 65
pm and the minimal, or collapse, radius {not resolved here) is approximately 0.5 um; so the bubble
volume is imploding by a factor of over 1 million. R, = 4.0 um, P, = 1.5 atm.
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ized area near the bubble in a brief subnano-
second burst.®® Key to the usefulness of cavi-
tation is the remarkable coincidence that size
of the region of maximum energy focusing is
comparable to the size of a cell; that is, both
the minimum bubble radius® and the size of
a cell are measured in pm.

When spread out over the 4-cm wavelength.
of a 30-kHz sound wave, an erg is a negligible
amount of energy. But when focused on the
collapsed volume of a bubble, which is ap-
proximately 1 pm in radius, the energy den-
sity becomes 10" erg/cm?, which is equiva-
lent to a stress of 10° atm. This is an order of
magnitude greater than the stress variation of
0.25 atm required to lyse a micron-sized cell. -
%% These huge energy densities are created
on a time scale of nanoseconds, leading to
power densities of 10 W/cm? Though not
fully proven, this energy-focusing process is
probably responsible for the therapeutic ac-
tion of ultrasound. The physical acoustic basis
for this process is discussed here in more de-
tail.

After the bubble rebounds from its mini-
mum volume, its speed again is zero at the
top of its first afterbounce at a radius of ap-
proximately 10 pm. Comparing the energy
stored in the bubble at this point

Eousoie = Py % (10 }Lm)s = (.004 erg

to the energy it had absorbed from the sound
field during the expansion (1 erg) shows that
the bubble collapse returns to the liquid, in a
brief instant, 99% of the energy that was taken
from the sound field. The energy is delivered
to the region via three primary mechanisms
(which are not completely independent of
each other, as is discussed later): (1) the emis-
sion of a flash of broad-band, ultraviolet light,
a phenomenon known as sonoluminescence
(SL)** % 1% (2) generation of on outgoing
acoustic “shock” wave in the liquid around
the bubble® ' %; and (3) a focusing of stress,
which is promptly converted to heat within a
few radii of the minimum bubble size. For
medical applications, the localized stress
heating is the dominant effect.

The spectral distribution of the light pulse
emitted by the collapsing bubble is shown in
Figure 2% The presence of large amounts of

energy in the ultraviolet range is a general
indication that the interior of the bubble is
extremely hot. During the collapse of the bub- -
ble, the gas inside the bubble is heated
through adiabatic compression and possibly
imploding shock waves. Matching the light
from the hot gas to thermal emission models
indicates temperatures in the range 30,000 to
100,000° K. The conversion of the diffuse
sound energy into the highly energetic ultra-
violet photons is a focusing of energy density
spanning 12 orders of magnitude.* Despite
this tremendous energy density concentra-
tion, this light carries away only approxi-
mately 107% of the energy absorbed by the
bubble during its expansion. Although not all
acoustically driven bubbles emit light (be-
cause of a limited range of bubble sizes,
acoustic amplitudes, liquid hosts, and gas sat-
uration levels that must be achieved), it is a
robust phenomenon occurring in a wide vari-
ety of settings. Figure 3 shows spectra of light
emitted from bubbles isolated in the center of
a sealed container, on the surface of a solid
boundary,® and generated spontaneously in
a Venturi tube flow. By replacing the air that
is normally dissolved in the water with xenon
gas,” we find that light is emitted from bub-
bles created at the tip of a UAL device op-
erating at therapeutic ampiitudes. This light
is easily visible to the unaided eye. Photo-
graphs of this phenomenon appear in Figure
4, and the spectral distribuiion of the light in
Figure 5. All of the specira are similaz, indicat-
ing the presence of a universal effect.

The rapid change in bubble volume during
the Rayleigh collapse is a strong source of
acoustic radiation. This outgoing acoustic
pressure pulse has been experimentally ob-
served for an isolated bubble in water by
high-bandwidth needle hydrophones® near
the bubble and by shadow graph optical tech-
niques.” If the time dependence of the bubble
radius is given by R(#), and p is the ambient
density of the water, then the pressure of the
outgoing sound wave is proportional to the
second derivative of the volume® with re-
spect to time, or:

= Ha_ 2 T
Pscatlered(t) p af (R R)

The overdot indicates a time derivative. For
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Figure 2. Spectrum of light emitied from a single acoustically driven air bubble in water. The flash of
fight is emitted during the 50 to 200 picoseconds when the bubble is at its minimal radius. The
ultraviolet spectrum indicates that the bubble is hotter than the surface of the sun.

the Rayleigh collapse, a good approximation
for the speed of the bubble wall is:
iz

5 2P 0 Rmﬂx
R=— [0l
3p ( R )
so that we find for the scattered sound ampli-
tude as a function of sound frequency:

Pscaltered(m) o 14'(‘-0”5

which means that the bubble converts the
pure sinusoidal driving tone into a wide band
emission of sound. The power radiated is pro-
portional to the square of the amplitude.
Thus, the frequency dependence of acoustic
radiation from the collapsing bubble is pro-
portional to 1/@?*”® and extends to at least 3
GHz (based on energy considerations).
Sound waves with frequencies of less than
10 MHz propagate with little attenuation
through water and thus leave the region near
the bubble. These waves remove approxi-

mately 0.1 erg, or 10% of the stored energy in
the bubble, and have been seen experimen-
tally as a spherically expanding pressure
pulse of a few atmospheres of amplitude and
duration of 10 ns to 100 ns approximately 1
mm. from the bubble. That tissue damage will
result from such a pulse is unlikely.

The scund energy with frequencies of ap-
proximately 100 MHz is quickly converted to
heat by viscous effects in water within a few
microns of the bubble. The enormous acceler-
ations that lead to these highest frequency
components of the radiation last only a few
nanoseconds. Thus, the cavitation bubble is
transducing approximately 85% of the energy
absorbed from the sound field, 0.85 erg, into
heat within a 10-wm® volume of liquid in
just a few nanoseconds. This highly localized
acoustic stress, which in turn generates a
rapid heating near the acoustically driven
bubble, probably leads to tissue damage.
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Figure 3. Spectrum of light emitted from xenon bubbles in various settings: Venturi cavitation (50
mm Hg, 28°C), surface-bubble sonoluminescence {SL) (300 mm Hg, 12°C), single-bubble SL in
ethanol (325 mm Hg, —12°C), and single bubbie SL in water {3 mm Hg, 20°C). The pressure values
refer o the partial pressure of xenon dissolved in the liquids. All data are acquired with the same
equipment (10 nm full width at half maximum resolution} and are corrected for graiing and detector
responses. The Veniuri data are multiplied by an arbitrary factor for graphical presentation.
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Figure 5. Spectrum of the light emitted by the bubble collapse at the tip of the Mentor 4-mm
diameter sofid bail ultrasound-assisted lipoplasty device. Front panel power was set to 65%
and the water is maintained at 16°C. Data are an average of 16 scans with resolution 10 nm
full width at half maximum and have been cotrected for the response of the spectrometer and
detector. The naturally occurring air was removed from the water, which was then saturated
with xenon. :
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The heating from a single acoustically
driven bubble may be compared with the
heating caused by the uniform viscous damp-
ing of the driving sound wave. Kirchoff’s law
for the decay of sound gives for the driving
sound a direct conversion to heat per acoustic
cycle® of

AQ ~ —E Y N @)

For typical acoustic pressure, amplitudes, F’,
of 1 atm (P’ = pwvu, where v is the velocity
amplitude of the sound wave); acoustic wave-
length, A, of 6 cm in water; bulk viscosity, ¢,
of 0.1 poise; speed of sound, #, is 1.2 X 10°
cm/'s; acoustic period, T, of 40 ps; the direct
viscous attenuation of the driving sound
yields a heating of 10-° erg into full volume
of (A/2)%, or 107° erg/cm.’ The collapse of a
single 50-pm bubble, on the other hand, de-
livers approximately 1 erg to a few microns,
or, as mentioned earlier, an energy density of
10" erg/em?®, a tremendous focusing of heat
above and beyond the value attributed to the
usual sonic friction.

Figure 6 schematically shows a summary of
the energy balance of an acoustically driven
bubble. The energy is injected into the system
at the ultrasonic frequencies of tens of kHz.
In addition to the energy carried away from

the bubble as light, sound, and heat from
decay of the high-frequency sound, other loss
mechanisms include the viscous damping of
the collapse of the bubble (accounting for ap-
proximately 0.03 Eyupi} and the viscous
damping of the elastic rebound after the col-
lapse seen as the after-ringing of the bubble
(approximately 0.01 Eyuppe)-

PHYSICAL ACOUSTICS OF
ULTRASQUND-ASSISTED
LIPOPLASTY DEVICES

Ultrasound-assisted lipoplasty is a clinical
medical procedure to which the analysis of
the energy balance of acoustically driven cavi-
tation bubbles is relevant. The acoustic prop-
erties of the Countour Genesis System (Men-
tor Corporation, Norwell, MA) (27.1 kHz)
and the Lysonix 2000 Ultrasonic Suxgical Sys-
tem (Lysonix, Inc., Carpinteria, CA} (22.5
kHz} have been characterized with the intent
of determining the role of cavitation bubbles
in their mechanism of action. Unless other-
wise specified, data refer to the Mentor appa-
ratus. '

These devices use piezoelectric ceramic
transducers inside a handpiece to generate ul-
frasonic energy that is coupled to the patient
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Figure 6. Energy transduction in a collapsing bubble.
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through a long (several acoustic wavelengths),
titanium probe. Some of the probes are hollow
(in which case they are known as cannulas) to
allow for the removal of soft tissue via suction
coincident with the application of ultrasound.
The longitudinal vibration of the tip of the
probe in a fluid is a dipole source of acoustic
radiation. If Ax is the peak displacement am-
plitude of a sphere of radius R {approximating
the probe tip) undergoing harmonic motion,
then at a position r (bold denotes vectors mea-
sured from the center of the sphere) the devia-
tion of the pressure from ambient caused by
the radiated acoustic wave is given as
(kr — 1)
(2 — 2iR —~ °R?)

R34 ; .
bP(f) = purhx o dr @ Ryt
where d is a unit vector along the direction
of the tip vibration and k is the wave number
of the sound wave, given through the disper-
sion relation w/k = ¢, with ¢ being the speed
of sound in the medium (1481 m/s for water)
and i = {~1. The displacement field of the
imposed sound field is assumed to vary as
(Ax)exp(—iwt), where  is the drive frequency

divided by 2w The electronics driving the
transducers use feedback in such a way as to
maintain a constant tip displacement ampli-
tude Ax for a given user front panel setting
under varying tip-loading conditions. There-
fore, the physical acoustic properties of the
device are fully specified by determining the
tip amplitude and frequency. The authors
have measured the tip displacement of these
devices using several independent methods:
microphone, hydrophone, cavitation thresh-
old, and laser vibrometer.

A microphone {Bruel and Kjaer 4138, Co-
penhagen) was used to measure the acoustic
radiation pressure in air. At 100% drive using
the Lysonix device, a pressure amplitude of 1
kPa was measured at a distance of 0.5 cm.
Using the appropriate material parameters for
air, this indicates a peak-to-peak amplifude of
80 m.

Using a calibrated hydrophone, the pres-
sure amplitude of the sound radiated from a
UAL probe immersed in water as a function
of distance from the tip along the direction of
vibration was measured (Fig. 7). For direc-
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Figure 7. Acoustic pressure amplitude measured by a 1 mm home-made piezoeleciric
hydrophone (calibrated against a Bruel and Kjaer 8103 hydrophone) as a function of
distance from a 4 mm diameter solid probe tip ulirasound-assisted lipoplasty device
immersed 1 c¢m {fixed and the hydrophone was moved) in degassed water and
operated at 20% power. Alsc shown is a 1/® fit to the data.
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tions along the length of the probe, the earlier
dipole radiation formula reduces to

~ oA o L

8P(r) =~ pwAx 2 (2)
for R
in the near field range kr <<<C 1. From the data
in Figure 7, we see that for r = 5 mm, we
measure a 3P of approximately 0.8 atm. This
gives a tip displacement, Ax, of 20 pm (40 pm
peak to peak) at a 20% user power setting.
Calibration by this technique was not possible

at higher drive amplitude because cavitation

would interfere with the sound.

Consistency of these measurements is seen
by a simple consideration of cavitation. In tap
water naturally saturated with air, a pressure
swing of approximately 1 atm is required to
induce cavitation events. With the UAL de-
vice tips immersed in ordinary tap water, the
authors increased the drive amplitude until
the “ping” of individual cavitation events be-
came just detectable. This level is the cavitation
threshold and is typically very nearly 1 atm. It
was observed at drive levels of approximately
20% for these devices. The front panel power
setting was found to be quite linear (by the
laser vibrometer method), and, therefore, the
authors concluded that 100% power settings
will be approximately 5 atm (near the probe)
from this measurement technique.

Perhaps the most direct way to measure
the motion of the tip of the UAL probes is
optically. The authors used a laser Doppler
velocemeter (Polytec Vibrometer OFV-302,
Waldbronn, Germany) to make noncontact
measurements of the tip displacement of the
Mentor UAL device both in air and immersed
in water. The laser vibrometer measures dis-
placement of a surface by analyzing optical
interference between a laser beam reflected
from the surface and a reference laser beam.
Figure 8 shows the results for various tips
in air and in water. The peak measurable
amplitude in water was increased by degas-
sing (removing naturally occurring air dis-
solved in the water) for some data.

The results of all the measurement methods
were consistent {at 100% power, tip displace-
ment is 100-200 um peak to peak), but the
laser vibrometer method is the most precise.
It shows that for 100% drive, the Mentor de-
vice delivers a 60-um amplitude (120 pm

= 2 mm and wavelength 5.5 cm and r

peak to peak) motion at 27.1 kHz, which re-
sults in acoustic pressure amplitudes in the
range of a few atmospheres (or 2-3 W acous-
tic power) delivered to the aqueous medium.
These uniform pressures are not enough to
cause damage to tissue but are just right for
the generation and subsequent excitation of
cavitation bubbles, _

Although the authors have the opinion that
lysing is caused by cavitation at the surface
of the probe, the acoustic shear layer at the
side surfaces of the probe is also sirong
enough to lyse cells.* % At a boundary, a
source of sound creates a shear motion in
addition to the usual, well-known bulk or
compressive motion. The shear motion drops
to zero amplitude (from the 60-pm value
mentioned eatlier) over a distance given by
the viscous penetration depth:

1/2
o~ ()
P

where m, p, o are the fluid viscosity, density,
and angular frequency of sound. The penetra-
tion depth is approximately 3 pm, much less
than the wavelength of sound, which is ap-
proximately 6 cm. There is a focusing of stress
by the decay of the shear layer given by the
factor of merit, A/8. The sudden dropoff cre-
ates a large surface shear tension:

0. = @2 (pn)"HAx)dy

where Ax, d; are the tip displacement ampli-
tude and cell size. Typically, o, is approxi-
mately 25 erg/cm?, which is larger than re-
quired to lyse cells® % ¥ {most cells have
lysis tensions in the range 0.1 erg/cm?). By
determining whether the UAL devices main-
tain the ability to cut fissue at drive levels
significantly lower than that which generates
cavitation, the relevance of the shear layer
stress could be determined potentially. The
authors” device encountered mechanical in-
stabilities that triggered a fault system and
deactivated the machine when loaded at such
low-drive seitings.

Another means of action of strong sound
fields is tissue fragmentation.”® This action is
similar to ultrasonic drilling? and is probably
most relevant to phacoemulsification.

A significant souxce of complications for
UAL is heating from the tip. The authors have
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Figure 8. Laser vibrometer measurements of the tip displacement for two different probes
on the Mentor ultrasound-assisted lipoplasty device as a function of power setting both in air
and immersed in water. Degassing the water allowed higher drive powers to be achieved
before cavitation caused the measurement technigue to fail. A, Four-mm bullet tip 1 cm into
water. B, Three-mm solid sphere tip 2.5 ¢m deep. Triangfe = air; circle = water.
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used a noncontact, infrared pyrometer to
measure the temperature of the tip under var-
ious conditions to attempt to learn the source
of the heating. At 85% powez, in air, the tip
was heated to approximately 7°C above ambi-
ent temperature and leveled off to a constant
temperature after approximately 2 minutes
(Fig. 9). The authors then repeated the mea-
surement with the entire handpiece inside a
vacuum chamber at 110 mTorr pressure, with

the pyrometer viewing the probe tip through
a KCl window. In this case, the tip was heated
to greater than 15°C in approximately 3 mi-
nutes and did not level out. For operation in
ambient conditions, air contact cools the
probe. Rapid heating occurs when the probe
encounters a solid object. To simulate this
effect, a 1-mm drop of 5-minute epoxy was
applied fo the probe tip on the opposite side
viewed by the pyrometer and cured approxi-
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Figure 9. A and B, infrared pyrometer measurements of the temperature of a 4-mm
diameter bullet tip of an ultrasound-assisted lipoplasty probe (Mentor} under various
conditions. A, Top fine = 80% acoustic drive in ait, a drop of epoxy applied to the
probe; Middle fine = 90% acoustic drive in air; botiom line = ambient conditions.
B, UAL device inside a vacuum chamber, viewed with infrared pyrometer through a
KCI window. Top ling = 85% drive, 0.1 mm Hg; Middle fine = 85% drive, 760 mm

Hg; boftorn fine = no drive, 760 mm Hg.
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mately 10 minutes. Anything more substan-
tial would trip the electrenic shutoff circuits.
A 50°C temperature increase occurred in ap-
proximately 3 seconds, after which the epoxy
was flaked off and then the probe cooled until
it reached the same steady temperature (7°C
above ambient) that was previously mea-
sured for operation in air. No tremendous
heating occurs as a result of the internal stress
of the probe, but the friction with a solid
generates great heat. The usual mode of oper-
ation for the probe is in water, and so the
authors measured the temperature of 13.6 g
of water with a thermocouple, while a 4-mm
bullet tip was immersed 25 mum and operated
at 40% power. In this case, a steady rise of
water temperature of approximately 40°C oc-
curred in approximately 3 minutes (Fig. 10).
Whether this heating is caused by viscous
damping of the shear layer near the probe or
the heat transduced by cavitation bubbles is
not known.

475

The cavitation produced by the UAL
probes in water generate two types of bubble
formation in the vicinity of the probe: (1}
on the forward-facing and backward-facing
surfaces is a sheath of bubbles and (2) stream-
ing away from the tip of the probe one also
finds a distribution of bubbles. To determine
which bubbles oscillate at high amplitude, the
authors replaced the air dissolved in the wa-
ter with xenon. For reasons that are not un-
derstood, xenon is an extraordinary indicator
of strong bubble collapse, emitting visible
light under such conditions. Figure 11 shows
the intensity of light detected by a photomul-
tiplier tube as a function of user-determined
power setting for air-saturated and xenon-
saturated water. The light from the xenon
water {unlike the air water) is easily visible
to the eye (see photographs in Fig. 4). The
xenon-saturated water allowed the authors to
observe that the bubbles on the forward-fac-
ing and backward-facing sides of the tip light
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Figure 10. Temperature of 13.6 g of water as a function of time measured with a thermocouple while
operating a 4 mm diameter bullet tip immersed 25 mm of an ultrascund-assisted lipoplasty probe
{Mentor) at 40% power. At this power level, a full cavitation cloud is created.
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Figure 11. Infensity of light emitted from cavitation at the tip of an ultrasound-assisted
lipoplasty probe as a function of power setting for air and xenon-saturated water measured
with a photomultiplier tube (PMT) terminated in 10 Kohms. The nofse curves are measured
by placing a piece of cardboard between the PMT and the probe tip; these measurements
agree with the dark current specifications (2nA). The number of photons per second
indicated is calculated from specified gain and responsivity of the PMT as well as the solid
angle collected. Sofid circle = xenon-saturated water; friangle = air-saturated water; open

circle = xenon-noise; square = air-noise.

up but that the streaming bubbles do not
give off light. The authors conclude that the
effective cavitation occurs at the tip and that
the streaming bubbles do not deliver much
stress to the system. Use of the tip to break
up fat tissue in commercially available bacon
only occurred when contact was made with
the tip. The authors saw no damage from the
streaming type of bubbles. The next step in
this investigation is to make direct measure-
ments of the dynamics of the bubbles driven
near the surface of the probe tip.

The spectrum of the light emitted from the
water saturated with xenon was measured
(see Fig. 5) to be strongly ultraviolet. The
light from the air-saturated water (as is more
interesting from a clinical application per-
spective) was too dim to resolve spectrally
with the apparatus. (It could be resolved with
a gated image-intensified charge coupled de-
vice for spectrometer readout.) Nevertheless,

the anthors could establish that the medically
relevant system of air-saturated water did
generate light at a level that was down by a
factor of 300 from the xenon water. In other
SL systems, air and xenon have similar spec-
tra, and one would expect that to be the case
here as well. The authors did verify the pres-
ence of light with wavelength between 200
nm and 250 nm by using such a bandpass
filter between the probe tip and the photo-
multiplier tube.

CONCLUSION AND SAFETY ISSUES

The acoustic fields generated by the UAL
devices create phenomena, such as SL, that
are currently under investigation as forefront
areas of research in physics. The intensity of
SL from tap water that is excited with a UAL
device corresponds to a flux of approximately
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3 X 10° photons per second. The photons
originate in a thin sheath of bubbles on the
forward and backward surfaces of the probe-
tip of the UAL device. The authors believe
that these bubbles are hemispheric, with the
flat side following the surface of the probe.
Powerful bubble implosions that maintain
hemispheric symmetry have been photo-
graphed in similar geometries (Fig. 12).

Let us now consider the relevance of these
findings to the issue of the safety of UAL
devices.® # The concern is whether a proce-
dure that uses this device can cause damage
to DNA in living cells. Two possible channels
have been discussed: (1) x-rays from SL and
(2) free radicals. With regard to x-rays, no
evidence shows that the SL hot spot also em-
its x-rays. It has not yet been ruled out, but
such a discovery (x-rays from SL) would con-
stitute a tremendously great scientific ad-
vance. Such an advance would lead to all
sorts of therapeutic uses for sound. To invoke
such a dreamed-for discovery as the basis for
a safety caution on UAL seems far-fetched.

Free-radical production is, however, the ba-

sis for a rational debate about the safety of
UAL. The ultraviolet photons produced can
interact with water to make peroxide, which,
in principle, can cross cell walls to create free
radicals and cause DNA damage.> > > The
maximum quantities of peroxide that is dealt
with in a given 1-hour procedure can be esti-
mated by assuming that each photon creates
one peroxide molecule. Thus, a procedure cre-
ates approximately 100 picomoles. Does such
a potential density of free radicals pose any
danger? Many issues come to play here, not
the least of which is the absence of a cancer
warning on bottles of peroxide. The body has
evolved strong defenses against peroxide and
the damage it would do. Especially notable
are the peroxisomes and the peroxide-neu-
tralizing enzymes that they produce? % 4
Experiments in vitro clearly show DNA dam-
age caused by peroxide,® but this may be a
classic example of the difference between in
vitro and in vivo, in which specific feedback
loops come into response.

It would be unfortunate if the debate about
UAL safety took place at the expense of ef-
forts to define its clear clinical advantages

over suction-assisted lipoplasty. And in the
wider sense, it would be unfortunate if these
issues hindered the development of new ap-
plications for ultrasound in medicine.
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