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sUMMARY 

Since 1960 when (he first laser was 
1)rodlleed, diI!en-nt types of lasers were 
dcvelopcd and over one hundred ol 
theni are actually used in medicine. 
Thcse Faets makes very difficult for a 
surgeon t() optimally utilize different 
types of laser in varying surgical cir-
unistancc's, unless a laser r'xpert is 

actual'v pa]ticipating in the pr()Ccdu-
re. As this presence is impractical, if 
not impossible in everv case, we are 
ol fering a computer prograin which 
presents information in a flexible and 
lricndlv way; it is self perfecting and 
greativ expandable. 

Key \Vords: Laser surgcry - Expert 
Systenl. 

1 NTRODUCTION 

SOOIL after (he first functioning laser 
vas presented by Theodore Maiman in 
1960, a large numbcr of lasers were 
available for clifferent uses 5.  

Lasers were iiitrodiiccd early in 
experimental 7, 16 medicine but was not 
iintil 1972 that Isaac Kaplan 15  deve-
oped tiie first pi'actical "11ghz scaipel", 
the CO2  Sharplan Surgical Laser. Since 
(lien oniy eigbteen ycars have passed 
lot over one huncired tvpcs of lasers 
were introduced in medicine, and thou-
sands of lasers are acftally used in 
operating rooms in over one huncired 
countries around the world. 

Wc started our work in 1978 1  with 
a CO2  laser and since then ve have 
investigated with ah major surgical la- 

sers 11, 17, 19, that is, Argon and 
Neodimiurn-Ya., a:ang with CO2, as 
wehl as other medical lasers including 
He-Nc. Diode, Gallium Arseriide and 
Argon pumped Dye laser L3-12,13. 

Each one of these lasers offers dif-
ferent wavel engths that, depending 
uposi othcr laser parameters such as 
power. focal point, etc., will react clit-
fereiitiv in contact with the tissue 4, 6 

At the sanie time, the optical and 
caloric paranieters of the tissucs, as 
are their coloi's, content of inorganic 
material, refrigeration hy their bhood 
supplv, tissue dcnsity, etc., svi11 niodifv 
(he effect of laser on them. 

Al! these variables need to he des-
cribed in hiophysical terms as. power  
(lensity, energy densitv, light extinction, 
thermal degradation and thcrmal disten-
sibihity, which depend on power mc-
asurc'd in Watts, encrgy in Joules, focal 
Joules, focal point, caloric profiles, etc'. 

T.Jnless the surgeon has thorough 
knowledg(,  of these pararneters. it is 
iinpossibic to operate correcthy the h-
ser in real time without the help of a 
laser expert on site. 

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

As it is not possihle to offer this 
widelv variable information in the form 
of a 1)00k or tables. we are prescnting 
ari "expert" computer prograrn of frien-
(11v operation with an easy language, 
which is se]f perfecting (Icaro froto 
c'xperiencc) aun expansible. 

This pro gram is to he used and 
discussed by the surgeons prior or do-
ring the surgical procedure. along with 
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the other surgical data, such as medi-
cal imaging. laboratory, patient history 
aid physieal. etc. 

MATERIAL AND METHODS 

f1i&• software consists of a 
vhich once fed with information is ca 
pable of informing the surgeon about 
the type of laser, power setting and 
tinje of use for arly specific situatipu. 
The Lenguage used is Basic or Pasea¡ 
arl(l can run with any PC or can be 
adde(! as feature to the laser equip-
ment. 

The information to be introduced 
iii the shell are: 1) caloric profiles pro-
ducecl by each laser, with progressive 
pow'er sctting and progressive time s 
ttirigs (cg. Nd-Yag, 1060nm. 5W, 1 sec. 
to 10 sec.; then 10\V, 1 sec. to 10 sce. 
and so on until reaching 100W, 10 sec.). 
The targets are, a) in vitro: bovine tis-
sue; b) animal experiments; c) surgica] 
procedures under expert control (Exarii-
pies: bovine liver in vitro, porcino liver 
on animal experinient, human liver biop-
sy in surgical procedure under expert 
control). The clifferent typ(-s of laser 
are shown in Table 1. 

Table 1. flifferent ¡ypes of Laser used. 

'FUE LASERS USED ARE: 

A CO. LASER 10W, C\V 
A Nd-Yag LASER 1060 nm, 100W. CW. 
A Nd-Yag LASER 1320 iim, 100W. CW. 
A ARCON LASER 5W. CW. 
A ARCON LASER 10W. CW. 

CW 1111-.111S colitifli 1()115 55d5'(' 

'[hi' t(:'1111)(i:itUl1'S are incasured w' h 
hne thermocouples that measurc tem-
peratuic (liffcrential of 0.2 grades cen-
tigrade introduced in the tissue and the 
ealoric profile is produced by a compu-
ter prograni previotisly developed by 
(11 11-  group I4• 

Tlic number of tissue variables to be 
analvzed are limited; Le: Tissue Densi-
ty: aboye normal, normal. Iess than nor-
ma]. The rnost important variables are 
the type of tissue, temperature, color, 
vascularity, density, distance to vita) 
structures and type of laser use: incision, 
t'vaporation, etc. 

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

scientific work and cxperiences publi-
shed in the literature on the subject 
and available by the usual international 
scientific eleetronic Iinks. 

Also, every year the users experien-
cc —good and b;d— with the set ot 
parametc'rs, and new information of 
world literature will be reintroduccd 
to change the oid knowledge. This fac 
transforins this expert system in self 
p rfecting. 

The expert system has in fact a rule 
construction analogous to Mycin 18  with 
IF "event"...THEN "action" rules that 
are entered in fairlv natural wav as 
inav be seeit in Table Ir. 

Table ti. 

EXAIPLE OF SET OF RULES OF THE EXPERT SILL 
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 CO2  LASER IS TO BE USED 
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The knowledge base consists of a 
range of different elements, including 
identifiers' (e.g. organs - cliagnostic 

attribntes), "facts" (values which are 
always true. e.g. laser power or wav(,  
length). "rules" (Table II), "questions" 
(the texts needed to extract informa- 

tion from the eventual user, e.g. liver 
irri(3,atiori: aboye normal, normal, below 
normal, choose one) and "defaults" 
valucs used i  information is not forth-

corning). 
Table III shows an exarnple of a 

1 ¡ver inciSiOn running. 

Table Hl. 

INPUT: 1 iver incisión. 
QuEsrlor'J: '1'PE OF iISS(JE 

Normal. 
Cirrhotic. 
Atrophic. 
Local lLimur (Hepatoma). 
('hronic Hepatitis. 

INPUT- U (Atrophk) 
QUESTJON: Vascolarity: 

1-ligh1y vascular. 
Moderately vascular. 
Pocrly vascular. 

INPUT: B (Moderaelv vascular) 
QL'ESTION: Type of laser action: 

lr.cision. 

Evaporation. 
U) Resection. 

INPUT: A (Incision) 
QUESTION: Margins free of vital organs: 

more (han 1 cm. 
less than 1 cm more (han 1 mm 
less than 1 mm. 

INPUT: B (Less than 1 cm more than 1 mm) 
ANSWER: Nd-YAG - 60 sv - non contact - advancing the 

lascr heam 1 cm each 2 seconds (120 .1/cm2). INPUT: CO? Ar? 
ANSWER NO. 
INPUT: Why? 
ANSWER; Ar: Maximum penctration 1 mm, great 

scaltering. Jesion more (han 1 cm at edges. 
CO.,: Great precision, but poer hemostasia 
(orily scak vessels less than 1 mm). 

INPUT: Experience. 
ANSWER: A coniparative study between Nd-Yag and 

conventional liver incision. Sultan ct. al. Am. J. of 
Sur". 19 (62-67) Nov. 1992. Less hemorrhage using 
Nd-Yag. Less Post op. morbidity. 
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DISCUSSION 

Since the first specifically medical 
appicatioIi of ArtiicaI Intelligence - 

\Ivcin 1976 by Short1 iffe, and the de-
o'ioprncnt of its associatcd prograni 

'i'iHES [AS, great cbangcs in hardware 
and software technologies have helped 
tu clevelop the basic anatoniy of an 
expert medical systcrn, separating its 
knowledge base from the part of the 
svstem that actually uses thc knowledge 
to solve problcms - the so called 'rin-
1 c'rcnc'e machinc'", in time the base of : 
"ShP" program. 

With its base, many medical expert 
systems have hc'en developed as CA-
1) IAC-()ncocvn, 1? UFF, and others. 

BuL onlv few expert surgical sys-
toins (Plastic surgery prof iles, Ortho-
pcdic' surgery prostbc'sis litting) 2  could 
he developed, hecause of the obvious 
neeci of special surgical dexterity. 

Tlie influencc' of physics and mat-
henialies in nioderu surgery (Laser 
surgery, Radio surgerv. Lithotripsy by 
shock waves, and so on), makes indeed 
iiecessary a larger and more cornplex 
knowledge base for the surgeon, dtie 
to the fast technological clevclopments 
that undergo contnuous changes. 

Tliese facts make necessary the de-
vcloprncnt 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 
trchnies. 

The system nceds to be fully deve-
loped anci practically tested, and im-
provcrnc'nts vill necessarily carne trough 
its "learn froto experience" capabilitv. 

RESUMEN 

Desde que fue producido el primer 
laser a principios de 1960, diferentes 
tipos de laseres fueron desarrollados y 
de éstos,  tiria centena son usados ae-
tnalmentc en mcdcina. Este hecho ha-
ce que para el cirujano sea muy difi-
cultoso utilizar de manera óptima los 
diferentes tipos de laseres, en variadas 
circunstancias quirúrgicas, sin la asis-
tencia do' uit experto en laser durante 
el proc'ecliiiiieiito. Corno esta presencia 

es impróctica. sino imposible., propone 
IbIS (1) i't'i'r un programa de computa-
ción, que brinde la información en for-
ma flexible y cómoda. El progranti 

perI c'ctilile y ampliamente cxpan-
olihe. 
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