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INTRODUCTION - Past achievements
Lasers have contributed enormously to the
advancement on evolution of medicine, taking
another step in the march towards and improved
therapeutic condition. The two most common and
conventional high-powered operatingroom lasers
are the Nd:YAG and CO2. Contact surgery tips
were developed for the Nd:YAG laser. These
synthetic sapphire tips fit on the end of the quartz
delivery fiber and serve as "laser scalpels". The
argon and frequency-doubled YAG-KTP lasers
both produce a green wavelength of light that can
be delivered through an optical fiber. The dye
laser has been used to remove kidney stones
lodged in the lower urinary tract. Researchers
found that the dye laser beam, delivered through an
optical fiber, can be focused on the stone. Diode
laser and H e - N e laser have been used in
biostimulation studies. In the past couple of years,
excimer lasers have gained publicity because of
their potential usefulness in medical application.
The great advantage of these short-pulse, highenergy lasers is their ability to ablate tissue with
minimum thermal damage. In spite of clinical trials
of various coronary laser angioplasty techniques
have already started and offered early results, an
efficacy of laser mass ablation on coronary

angioplasty against conventional balloon

angioplasty treatment have not been established

yet. The most of current procedure employ XeCl
pulsed laser ablation with the over-the-guidewire

for therapy and manipulatable angioscope for the
guidance tll t2l t3l.
The fundamental features of CO laser ablation are
non-toxic shockwave-free ablation due to the
absorption characteristics of water. Moreover, we
revealed that CO laser ablation has an affinity for
fatty plaque, in other words, it is able to realize
selective ablation against normal media tissue. The
measured vaporization rate by a unit laser
power(W) are O.63mgls and 0.35mg/s for the
yellow plaque and the normal artery wall,
respectively. This discrepancy between these
vaporization rates is attributed to high
concentration of lipids in atheroma, since lipids
have relatively low melting point than proteins.
The artificial red thrombus revealed the slowest
vaporrzation rate with drastic burning during laser
irradiation. Based on these experimental results,
we newly developed CO laser angioplasty system
for coronary angioplasty, which is composed of
the transportable medical CO laser, manipulatable
5F-5.5F angioscope laser catheter, flexible infrared
fiber cable and angioscope imaging/control
equipment.

Also, the author and his colleages have carried
out the thoracoscopic coagulation shrinkage of
blebs in treatment of spontaneaous pneumothorax
by CO laser [4]. Regarding the laser coronary
angioplasty, we have also investigated the acute
effect of short-term intimal heating by laser-heated
thermal balloon angioplasty in canine stenotic
femoral arteries in vivo [5].

RECENT DEVELOPMENTS

technique as a guidance. The complications which
are caused by shock-wave generation of these
pulsed laser ablation have been reported. To
obtain large ablation volume with preventing
vessel perforation, two major ways are
considerable. One idea is improvement of the

Er:YAG have an ablative effect with little thermal
damage. And also the Er:YAG offers a superior

other idea is precisely controlled targeting of laser
ablation with a single fiber cable. In this case, the
high manipulatability of the catheter tip with perfect
freedom should be developed. The author and his
colleagues have developed the CO laser ablation

Moreover, the 2.9 1tm output radiation can be
delivered through optical fiber. The most
applicable optical fiber for medical applications is
the silica glass fiber. There are two other
promising fibers. They are the chalcogenide glass
fiber for 5pm band and fluoride glass fiber for
3pm band. The chalcogenide glass fiber has
sufficient flexibility with small allowable bending
radius despite the fluoride glass fiber has better

multi-fiber-catheter, i.e. condensation of fiber
pixels in the catheter. However, this idea may not
become essential solution, because the ablation
direction is not consistent with center axis of the
lumen in particular for eccentric stenosis. The

Recently some. researchers use the
Er:YAG laser for clinics. Short pulses from the
cutting tool when longer pulses are
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mechanical properties than the chalcogenied in bulk
glass.
Furthermore, we should know the another
important characteristics of tissue interactions to
these infrared lasers. Ho:YAG laser ablation with
the contact irradiation method has been employed

for laser angioplasty and various other clinical
therapies due to the capability of the silica fiber
delivery and tissue ablation. Since the tissue
absorption coefficient is about 20cm- 1, the ablation

cavity was formed in the front of the fiber tip
during the Ho:YAG laser irradiation Despite the
ablation cavity is the part of the ablation
mechanism in the Ho:YAG laser ablation. the
excessive formation of the ablation cavity may
caused to the mechanical disruption of the tissue.

We have developed the monitoring system of
ablation cavity growth and extinction[6].

Recently, the various laser are applied to
prostatectomies to attain easy and safe treatment for

benign prostatic hyperplasia(BPH). The principles
of these therapy are mass reduction by laser
ablation coagulation by laser irradiation and mild
laser irradiation. All laser treatment for BPH are
almost same as the electrocautery due to thermal
treatment principle. To develop the new laser
treatment method excluding thermal change in the
prostate, we have the idea using the stress-wave
for the treatment of BPH. To generate strong
stress-wave for treatment, we employed pulsed
Ho:YAG laser. The small vessels, smooth
muscle, and adrenergic nerve in the prostate could
be damaged by the stress-wave which was induced
by pulsed Ho:YAG laser irradiation. We also
expected to treat functionally, due to stress-wave
damages of adrenergic nerves or receptors. We
aim to use the transperineal biopsy needle for the
laser treatment of BPH and have investigated the
histological examination of canine prostate which
was punctured by the biopsy needle and irradiated
using Ho:YAG laser via a silica fiber through the
needle [7].
To propose Tm:YAG laser LTK (Laser Thermal
Keratoplasty), we have compared the porcine
corneal coagulation depthes produced by Ho:YAG
and Tm:YAG laser irradiation in vitro.. The
corneal coaglation depthes were as thick as the
human corneal thickness (0.7 mm) for Ho:YAG
laser and less than that for Tm:YAG laser in the
case of single shot. The corneal coagulation
depthes were thicker than the penetration depth of
Tm:YAG laser. These results demonstrated the

capability

of Tm:YAG

endothelium injury.

FUTURE TRENDS
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laser LTK without

The remarkable advances and emerging
technologies have been appeared in research and
development of high-power diode laser. They
have already achieved the maximum output to
60W. Some manufactures developed the medical

on the tunable laser crystal,
titanium-doped sapphire. This medium iut.tt
in the range 650-1000 nm. Frequency-conversion
techniques, including a proprietary method of
systems based

extending the range in the infrared, are expected to
yield a device that tunes from 325-3000nm. This

widely tunable laser may be the basis for a
"universal" surgical tool that suits a variety of
applications. The Japanese manufacturer(IHl Co.
Ltd.) developed new tunable laser consisting of
YAG-OPO(Optical Parametric Oscillator) which
could tune from 4I0 - 2650nm. The f ree electron laser(FEl-) may also find use in the
future world of medicine. Several research efforts
are underway to determine the cellular effects of
the FEL beam.
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