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SUMMARY

Since 1960 when the first laser was
produced, different types of lasers were
developed and over one hundred of
them are actually used in medicine.
These facts makes very difficult for a
surgeon to optimally utilize different
types of laser in varying surgical cir-
cumstances, unless a laser expert is
actual'y participating in the procedu-
re. As this presence is impractical, if
not impossible in every case, we are
offering a computer program which
presents information in a flexible and
friendly way; it is self perfecting and
greatly expandable.

Key Words: Laser surgery - Expert
System.

INTRODUCTION

Soon after the first functioning laser
was presented by Theodore Maiman in
1960, a large number of lasers were
available for different uses 5.

Lasers were introduced early in
experimental > 16 medicine but was not
until 1972 that Isaac Kaplan % deve-
loped the first practical “light scalpel”,
the CO, Sharplan Surgical Laser. Since
then only eighteen years have passed
but over one hundred types of lasers
were introduced in medicine, and thou-
sands of lasers are actually used in
operating rooms in over one hundred
countries around the world.

We started our work in 1978 ® with
a CO, laser and since then we have
investigated with all major surgical la-

sers %11,17,19, 20 yhat ig . Arpon and
Neodimium-Yag along with CO., as
well as other medical lasers including
He-Ne, Diode, Gallium Arsenide and
Argon pumped Dye laser !- 3 12, 13,

Each one of these lasers offers dif-
ferent wavelengths that, depending
upon other laser parameters such as
power, focal point, etc., will react dif-
ferently in contact with the tissue % ¢,

At the same time, the optical and
caloric parameters of the tissues, as
are their colors, content of inorganic
material, refrigeration by their blood
supply, tissue density, ete., will modify
the effect of laser on them.

All these variables need to be des-
cribed in biophysical terms as: power
density, energy density, light extinction,
thermal degradation and thermal disten-
sibility, which depend on power me-
asured in Watts, energy in Joules, focal
Joules, focal point, caloric profiles, etc.

Unless the surgeon has a thorough
knowledge of these parameters, it is
impossible to operate correctly the la-
ser in real time without the help of a
laser expert on site.

The later is becoming impractical-if
not impossible, with the wide prolife-
ration of lasers in the operating room.

As it is not possible to offer this
widely variable information in the form
of a book or tables, we are presenting
an “expert” computer program of frien-
dly operation with an easy language,
which is self perfecting (learn from
experience) and expansible.

This program is to be used and
discussed by the surgeons prior or du-
ring the surgical procedure, along with
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the other surgical data, such as medi-
cal imaging, laboratory, patient history
and physical, etc.

MATERIAL AND METHODS

The software consists of a “she'l”
which once fed with information is ca
pable of informing the surgeon about
the type of laser, power setting and
time of use for any specific situation,
The lenguage used is Basic or Pascal
and can run with any PC or can bc
added as featurc to the laser equip-
ment.

The information to be introduced
in the shell are: 1) caloric profiles pro-
duced by each laser, with progressive
power setting and progressive time se-
ttings (eg. Nd-Yag, 1060nm, 5W, 1 sec.
to 10 sec.; then 10W, 1 sec. to 10 sec.
and so on until reaching 100W, 10 sec.).
The targets are, a) in vitro: bovine tis-
sue; b) animal experiments; ¢) surgical
procedures under expert control (Exam-
ples: bovine liver in vitro, porcine liver
on animal experiment, human liver biop-
sy in surgical procedure under expert
control). The different types of lasers
are shown in Table I.

Tabic 1. Different types of Laser used.

THE LASERS USED ARE:

CO, LASER 10W, CW*

Nd-Yag LASER 1060 nm, 100W. CW.
Nd-Yag LASER 1320 nm, 100W. CW.
ARGON LASER 5W. CW,.
ARGON LASER 10W. CW.

=
e

£

The temperatures are measured wi'h
fine thermocouples that measure tem.-
perature differential of 0.2 grades cen-
tigrade introduced in the tissue and the
caloric profile is produced by a compu-
ter program previously developed by
our group 4.

The number of tissue variables to be
analyzed are limited; i.e: Tissue Densi-
ty: above normal, normal, less than nor-
mal. The most important variables are
the type of tissue, temperature, color,
vascularity, density, distance to vita
structures and type of laser use: incision,
evaporation, etc.

Other information to be introduced
is: 2) Published information. Research,

CW means continnous wave

scientific work and experiences publi-
shed in the literature on the subject
and available by the usual international
scientific electronic links.

Also, every year the users experien-
ce —good and bad— with the set ot
parameters, and new information of
world literature will be reintroduced
to change the old knowledge. This fac*
transforms this expert system in self
perfecting.

The expert system has in fact a rule
construction analogous to Mycin 18 with
IF “event”.. THEN “action” rules that
are entered in fairly natural way as
may be seen in Table IL

Table IT.

EXAMPLE OF SET OF RULES OF THE EXPERT SHELL

IF THE TISSUE IS BRAIN

AND THE COLOR IS NORMAL

AND THE BLOOD SUPPLY IS NORMAL

AND THE DENSITY IS INCREASED

AND VITAL STRUCTURES ARE AT MORE
THAN 1 mm LESS THAN 2 mm

THEN A CO, LASER IS TO BE USED
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The knowledge base consists of a
range of different elements, includm‘g
“identifiers” (e.g. organs - diagnostic
attributes), “facts” (values which are
always true, e.g. laser power or wave
length), “rules” (Table II), “questions”
(the texts needed to extract informa-

tion from the eventual user, e.g. liver
irrigation: above normal, normal, belov::
normal, choose one) and “defaults
{ values used if information is not forth-
coming). '

Table TII shows an example of a
liver incision running.

Table III

e LT T TR e = LT U SR ST RS SO i ol s I ST

INPUT:
QUESTION:

Liver incision,

TYPE OF TISSUE:
A) Normal.

INPUT:

B) Cirrhotic.

C) Atrophic.

D) Local tumor (Hepatoma).
E) Chronic Hepatitis.

C (Atrophic)

QUESTION: Vascularity:

INPUT:

A) Highly vascular.
B) Moderatcly vascular,
C) Pocrly vascular.

B (M oderately vascular)

QUESTION: Type of laser action:

INPUT:

A) Incision,
B) Evaporation.
C) Resection.

A (Incision)

QUESTION: Margins free of vital organs:

A) more than | cm.
B) less than 1 ¢cm more than 1 mm
C) less than 1 mm.

INPUT: B (Less than 1 em more than 1 mm)
ANSWER: Nd-YAG — 60 w — non contact — advancing the
laser beam 1 c¢m each 2 seconds (120 J/cm?2).

INPUT: €0,? Ar?

ANSWER:  NoO.

INPUT: Why?

ANSWER:  Ar: Maximum penetration | mm, great
scattering, lesion more than 1 e¢m at edges.
CO,: Great precision, but poor hemostasia
(oniy seals vessels less than 1 mm),

INPUT: Experience.

ANSWER:

A comparative study between Nd-Yag and
conventional liver incision. Sultan et. al. Am. I. of
Surg. 19 (62-67) Nov. 1992, Less hemorrhage using
Nd-Yag. Less Post op. morbidity.
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DISCUSSION

Since the first specifically medical
application of Artificial Intelligence -
Mycin 1976 by Short'iffe, and the de-
velopment of its associated program
TEIRESIAS, great changes in hardware
and software technologies have helped
to develop the basic anatomy of an
expert medical system, separating its
knowledge base from the part of the
system that actually uses the knowledge
to solve problems - the so called “in-
ference machine”, in time the base of a
“Shell” program.

With its base, many medical expert
systems have been developed as CA-
DIAG-Oncocyn, PUFF, and others.

But only few expert surgical sys-
tems (Plastic surgery profiles, Ortho-
‘pedic surgery prosthesis fitting) 2, could
be developed, because of the obvious
need of special surgical dexterity.

The influence of physics and mat-
hematics in modern surgery (Laser
surgery, Radio surgery, Lithotripsy by
shock waves, and so on), makes indeed
necessary a larger and more complex
knowledge base for the surgeon, due
to the fast technological developments
that undergo continuous changes.

These facts make necessary the de-
velopment of an expert surgical system
to offer computer-based knowledge as-
sistance to the laser surgeon, been this
the first expert system on laser surgical
technics.

The system needs to be fully deve-
loped and practically tested, and im-
provements will necessarily came trough
its “learn from experience” capability.

RESUMEN

Desde que fue producido el primer
laser a principios de 1960, diferentes
tipos de laseres fueron desarrollados v
de éstos una centena son usados ac-
tualmente en medicina. Este. hecho ha-
ce que para el cirujano sea muy difi-
cultoso utilizar de manera 6éptima los
diferentes tipos de laseres, en variadas
circunstancias quirtrgicas, sin la asis-
tencia de un experto en laser durante
¢l procedimiento. Como esta presencia

es impractica, sino imposible, propone-
mos ofrecer un programa de computa-
cion, que brinde la informacién en for-
ma flexible y cémoda. El program:
serd perfectible y ampliamente expan-
dib’e.
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