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INTRODUCTION

In the last few years there has been a dramatic growth in the use of optics and lasers in medicine. This includes
the development of new laser surgical applications in the treatment of gastrointestinal, gynecologic, ocular,
otolaryngeal and respiratory diseases, among others. New lasers such as the excimer and free electron (FEL) are
being explored for medical applications. Finally, new medical devices are being developed for phototherapy
applications and for moitoring biological functions, while new optical techniques are being explored for noninva-
sive diagnosis of ocular and oncological diseases. Some of these new developments were discussed at this
conference.

The conference was divided into two sessions and a panel discussion.

SESSION 1, MEDICAL LASERS: ~ Applications, Tissue Effects, and Delivery Systems. :

SESSION 2, OPTICAL RADIATION: Materials Characteristics, Propagation in Tissue, and Diagnostic
‘Techniques.

PANEL DISCUSSION: _ Need for the Clinician in the Device Design Process.

The first session provided papers on new technological developments in the application of lasers in medicine.
This included the discussion of new laser devices such as applications with a hand-held surgical CO; laser, and-
the possible application of a new instrument in angioplasty, as well as new laser surgery delivery systems. The
remaining papers were concerned with laser beam/tissue interactions and experimental applications of Iasers in
medicine, i %

The second session provided papers on the charactenzatlon of the optlcal properties of tissues and photo-
sensitizing drugs, diagnostic evaluation of human lenses, and image analysis of ocular lesions.

The panel discussion at the conclusion of the meeting addressed the need for the clinician in the device-design
process, medical device regulatory issues, and the role of governments in the development of medical devices. An
excellent exchange of information and ideas was carried out between clinicians, physicists, design engineers,
manufacturers, regulators, and basic scientists. Many interesting issues were’ reviewed.

Significant new advances, devices, and mformatlon were described at thls confergneekit is anticipated that the
_ growth in new applications of optics, devices, and laser technology in medicine Will continue to accelerate as
more attention is focused on this area. M uch remains to be learned about the optical properties of tissue and laser
beam/tissue interactions. We expect to follow th|s growth in knowledge and new apphcatuons in future
conferences.

Robert J. Landry :
Center for Devices and Radlologlcal Health, FDA

David SImevy
U.S. Army Environmental Hygiene Agency

Robert Scott .
Pacific Institute for Laser Optics and Technology
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Fritz A. Brauer : A s An Overview

étgieEéogemlno e A Optics and Lasers in Medicine

Oceanside, CA 92054

Speech, Thursday, January 23, 1986 at
the INTERNATIONAL SPIE CONFERENCE . 2
Los Angeles, California

~Ladies and Gentlemen,

<~

The year 1986 marks the twenﬁéeth'anniversary of the use of

the laser in clinical medicine..

This light ray, since Flash Gordon, has:been the favorite
subject of science fictien.' It was hailed as the magic weapon,
~but.also as the magic cure for man& diseasel. This is no longer
a fantasy. We have the SDI program and we also see multi-
disciplinafy laser. clinics. The non-contact laser beam performs
surgery with significhnély reduced trauma and bleeding and has °
actueily changed treatment requiring hospitalization to ambula-
_tory surgery. LASER MEDICINE today stands fcr BETTER HEALTH CARE

at LOWER COST.

Today, I am going to offer a_broad overvie& of medical laser
';echnology...principal applicatione, market opportunities, and
where the'indﬁstry has been...and where I believe it's headed. I
have wrestled with the future of this industry for more than a
decade and I will quickly take you through a capsule history of

medical laser development.

2/ SPIE Val 605 Optical snd Laser. Technology in Medicine (1986)
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Research on the effect of laser beams on living organishs
began in the eariy sixties with rubyvlasers. Documented success
in_sﬁrgiéal applications, however, did not come until the late 7
sixties when argon and CO2 surgical systems becaﬁe éommerdia11§”~
available. My mentor and friend, Dr. Thomas Polanyi, then at
American Optical, developed the first coz surgical‘SYStem; and
Dr. Geza Jako at Boston University used it for the first time.
And what a system it was! His famous A0 100, like the eérl& com- ' .
puters, was large and unwieldy, to say the ieast. It was appro-
priately nicknamed "The Teléphone Booth." It was a monster--but'

it worked.

Since those early days of the Telephone Booth, the pace of
research, triai, and clinical success accelerated fhfough the
nineteen sevenﬁies ananow, by 1986; laiérs have éstaﬁlished a
permanent position in medicine=and‘surgery. The laser is the
modality of choice in many ségcific procedurgs;' And, with pro-
.fessionél respectability, has come widespread use and an emerging
support industry. Today, the medical laser market is approaching

the critical mass necessary for rapid and sustained gtoﬁéh.
. ¥

A brief discussion of the current array of laser types helps

in formulating a perspective on the 'industry.

First, tti Argon la&er. This laser produces a low-power

blue-green beam which passes through clear tissue (such as the

SPIE Vol. 605 Optical and Laser Technology in Medicine (1986) / 3 *
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cornea of the eye), but which coagulates red tissue (such as

vessels in the back of the eye).

Argon's most important applications are in-ophthaimoloqy,
its early acceptancezand widespread use makipg\it the-most;prevaf?
;én; type of surgical laser sgsfem today--a case of good medicine
.and good economics_achieving rapid :eéoqnition b§ p:actitioners

and patientsSalike.

The;e are-;oughly three‘timqs,as many 1as¢rs in use today-
for ophthalmic appliéations as for all dther uses in medicine
.combined. Sales of Argoh lasers, however, could slow down if the
more effigieﬂ; and powerful frequency doubled NA:YAG laser tékes-.
its pléce. In frequency-doubled_fo:m, the Nd:YAG has :a wave-
length of}53§_nm in1§he green portion}of thé.visibie spectrﬁm.
This is close to the Argon 1ésér!$ waveiength,awith the
capability of delivering much ‘higher pbwer. 4
sdarn rE Bak B o 25 s £ ugr gL 18 inagn sy [ med
_ The, Carbon Dioxide, laser, is the -laser -of choicer Whﬁrﬁ‘f’r i
ultra-precise C'Qntr;o]:qu the: 5133@ rang lateral aexteent of: tissue
destrucfion.is necessary,bgﬁgh’as-iﬁ"neuro-surgery. The Céz :
laSer;Sfinfra;g¢_be§¢,;§‘;eag;;miabqophad{by~wat§r-and most other
liquids, making if ideéi fbgACutang.pr.vaporization of tissues
throughout the body. ‘A noted laser speciélist'has said, "For
precise tissue destruqtiog,~§he COZ laser has;hd equal in any
vothef sufgical device~eye;-invented.u The CO2 laser is the

ultimate bloodlesé, precision, nonfsteel scalpel."
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éetween'now.and 1990, it is predicted that the co, laser
will be the fastest growing'laser type; This is due to its
numerous applications in microscopic and endoscopic--kEYHOLE—-
surgery, and its ramifications in terms of non-traumatic, ambula-
tory medicine and the resulting impact on medical economics. |

The development of a suitable optical fiber which w1ll
transmit the co, laser's infrared beam w1ll widen the scope of
applications tremendously. However, a non-toxic, really flexible

fiber has not been developed as of today. '

The pulsed Nd: YAG laser will be the third most important
type by the end of this decade. For the moment however, it is
still used under IDE from the FDA. At this time, 28 companies
have entered the market, several have received final FDA approval
for their ophthalmic laser, and othersﬂw1llusure1yvfollow.

Therehis also a fast_crowing market.inléw;NdEfAG lasers for, e
surgical applications;vand_severalfcompanies_have;received‘IDE.
approval from the FDA. The important uses of the'Nd:YAq are in
coagulatory applications. At its-near-infrared wavelenqth-of
1.06 microns, it penetrates deep into soft.tissues and because
it can be transmitted through quartz optical fibers, delivery of

the beam to the operating site is very easy



A newly developed beam delivery device for the CW-YAG laser
is a contact ceramic probe. This heat-resiStant qﬁartz scalpel
comes in contact with a selected:volume'of'tissue, for example a
tumor, and will vaporize it. Adjacent tissue will not be |
effected. The non-contact technique can he applled next and will
form a thick sealed-off scar. The combination of these two
methods are very promising and have also brought down the

requlrement of applied laser energy.

Other laser types include the Dye.laser which is capable'of.
contihuous wave output at different wavelengths, but presently
very expensive_(pumped by an Argon-ioﬁ‘iaserf. -?otential in the
market is high, because of applications in Photo-Radiation

Therapy, which I will discuss in more detail later.

Excimer lasers are high power laeers which are consideied;by
many to "usher in the next wave of medical laser applicatione in
ophthalmology."” Its great potential is-in'the performance of
Radial-Keratotomy. This procedure‘couid obsolete most contact

lenses and glasses.

An Excimer laser is produced by coﬁbining argoh;'kryptoh,ror
xXenon, with a halogen gas such as flﬁoriae or chlofide.' The
resulting beam has a very shortAwaveleﬁéﬁh in the'ultfaviolet. o
spectral region.. It can be focused to very emall spot sizes (40
microns is routine). Its other pr1nc1pal surglcal advantage is

that it has no effect on tlssue surroundlng the po;nt of contact

=
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with the beam. There is no'adjacent tissue damaged by thermal
effect. Experimentation is in the initial stages only. These
lasers are bulky, complex, and expensive--they are also very
powerful and need taming before they are suitable for routine
medical work. ' ' | e

In sum, medical lasers, regardless of type, are less inva-

sive, non-traumatic, provide for quick healing, ambulatory, and

cost-effective medicine.

When all is said and done, the fact remains that baSic laser
;technology has been well-established for some time and is not '
"really a new story.. Ergonomically deSigned, smaller systems-~
such as those being developed around sealed-off CO2 technology--
will probably parallel the evolution of the microprocessor in
terms of steady reductionSuin size‘and scale. In lasers, the
excitement is in the development of delivery systems'that can
bring the beam to the tissue Site in the neatest, fastest,
safest, and most efficient manner. pelivery is everything in
keyhole surgery for abdominal, thoracic, rectocolon, cardio-
vascular, and a host of other\procedures. Bleeding ulcers, espe-
cially prevalent in high-anxiety env1ronments such as the trading

floor pictured here, can be eaSily accessed in this keyhole pro-
' cedure. The traditionally complex and costly heart bypass
operation may be replaced by precisely-aimed lasers blasting

" through blocked arteries.
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The United States is the land of phySical fitness. Jogging,
aerobics,'and squat Jumps, not to mention old football injuries
sustained in high school are often the cause of knee injuries.A
Just seven weeks before winning the Gold Medal, this woman had a
knee operation: Mary Lou Retton, one of an astounding 280,000
victims of knee injuries each year. Arthroscopic procedures will
soon be made'infinitely simpler and far less traumatic by a laser
directed through an arthroscopic attachment. The range of surgi-

cal laser applications is, to say the least, widefopen.

To put the laser market in perspective, a few key pOints

should be underscored. I have said that the medical laser market
is approaching critical mass necessary for rapid growth. But

reaching that point has been arduous. For years, laser tech-

nology was a case of solutions chaSing problems. As in the earlyr

3 s~ 54 ",!.' 3
days of industrial ‘laser applications, medical lasers have been

unprofitable. To be profitable, it had to be}shownithat the
laser was a cost-effective replacement for cold steel--the
scalpel--which after all, has been the prererred surgical tool
.since the Middle Ages. One has to be very conVinCing to get a
doctor to replace a ten~dollar scalpel with a $20 000 piece of |

v

_ equipment! To accomplish this, a massive profeSSional education
effort‘is taking place. Only the oompanies with suffiCient
muscle could do this. Johnson & Johnson, Cooper LaserSonics, and
Coherent have spent millions of dollars over the past few years p
in educating medical professionals on the_viabilitywof lasers:as

a cost-effective surgical tool. ' The industry has had to prove

8 / SPIE Vol. 605 Optical and Laser Technology in Medicine (1986)



“that acceptance of:the'new technologf,'in addition to fosteriné
| better economics, also meant better medicine--better post-
operative recovery, fewer problems, and reduced risks.

As aIWafs, the economic imper;tive dictates whether the
chips will fall in favor of one technology;or'another. ‘With the
soaring.health.care costs'over”the 1ast twenty years, .the Federal
government recognized the need to tdke action that would force.
nealth care providers to reconsider and reorder priorities in
determining appropriate"treatment.liThis Federal government man-
date called for deregulation, reduced cost of Medicare, payment
on a per case basis, efficient treatmént, and shorter hoSpital
stay. Prospective'payment is tied to ‘467 specific diagnosis-
related groups--DRé's--into which ell medical procedures heve to
fit. For each DRG, there is a fixed'rate of payment. 'To main-
tain profitability, hospitals are now'forced to seek costisaving
tecnnoloqies. DRG's create demand fofjthe appropriate technology
rather than‘any technology at any cost. Medical lasers fit the
'nationelly mandatec'prospective payment’ model perfectly. Ac-
cording to Forbes maqazine, "No more' of this buying'a piece of
equipment just because it's the newest thing. Hospitalsvare
going to have to buy equipment to process a lot of patients
quickly and easily. Medicel equipment:makers'yhose products have -

clear cost-effectiveness will do best: fautomated~laboratory'
ltesting equipment and surgicalﬁlasers, for eXample."’ The leser's
 burgeoning role in fostering better medicine and better economics

is propelling the industry to the fore.

.
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Data on market share and market size is noﬁoriously incon-
sistent from source to source. The potential of the industry has
drawn a considerable number of market research firms to publish

data based on a somewhat thin understanding.

' i_am.now‘going to provide you with figures I 'have generated
which owe as much to‘hénQS-on marketAexperieﬁqe and proximiﬁy ﬁo
the actipn as they do to arms-length @emog:aphic surveys.

As you see from this-chart, ﬁhe U.S.,ma;ket will triple iq
the five-yéar period 1984-88. Ophthalmic and non-oph;halmic,éur-
gipal sales are approximately equal in the U.S. by 1985. After
that, tﬁe,nqn-ophthalmic'sales will increase ;t a considerably
faster rate. .?y,19sq,_thé,ratio will be 3:1 in faVor‘of.non-

[

ophthalmic. . § o

Ana il - - ot

algt el (YIS LLIABD L1

LA & o -

Today, the United States represents more than 50% of the
world market now, a share that is predicted to fise through the
remainder of this decade. As an_international‘manager.for vari-
ous laser comﬁénies,_I grew to understand the complexities of
éerving the‘world market, a market that is frﬁgmen:ed by defini-
tion. Although the world market will remain strongland grow
steadily, there are complicating factors which:make quahtifica;
~tion difficult. Many countries havg nitionali;;d health services
where politics intrude into the purchasing decision. Each

country .is, in effect, a separate small market. and, therefore,
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