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A study of t i s sue  heal ing (l iver,  kidney, and lungs) a f t e r  in jury by a CO~. l a s e r  b e a m  revea led  
no marked  leukocytic inf i l t rat ion of t i s sues  bo rde r ing  on the injury.  The absence  of in f lam-  
ma to ry  changes during healing is evidence that r e so rp t ion  of injured t i s sues  and pro l i fe ra t ion  
of t i s sue  cel ls  accompanied  by inf lammat ion  are  re la t ive ly  independent p r o c e s s e s  and do not 
consti tute a single pathogenetic chain of r epa i r .  
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The use  of l a s e r s  in modern  medicine and biology has opened up wide p rospec t s  for  the study of some 
biological  effects  a r i s ing  as  a resu l t  of the act ion of the l a s e r  b e a m  on t i s sues .  One such effect  is the absence  
of any marked  leukocytic inf i l t ra t ion in t i s sues  borde r ing  on those  which have been injured,  and this  effect  is 
obse rved  throughout the per iod of healing. Judging f r o m  data in the l i t e ra tu re ,  this effect  is not found constant-  
ly: some worke r s  [1, 4] obse rved  it in human skin following the use  of a neodymium l a s e r  with pulsed type of 
action. Others  [4, 7, 8] obse rved  the appea rance  of leukocytic inf i l t ra t ion in the skin a f t e r  exposure  to l a s e r s  
of this  type. The act ion of the CO 2 l a s e r  b e a m  ("light scalpel")  in the  expe r imen t s  of Khromov et al. [6] was ac -  
companied by the development  of focal  leukocytic inf i l t ra t ion in the t i s sues  of the l iver ,  kidney, and spleen. 
Z i m m e r m a n n  and K r a u s h a a r  [9] r e sec ted  a pole of the kidney in dogs and rabbi t s  by a CO 2 l a s e r  b e a m  and failed 
to mention the absence  of leukocytic inf i l t ra t ion in t i s sues  borde r ing  on the injury,  although i ts  absence is  c l e a r -  
ly v is ib le  f r o m  the photomicrograph  accompanying  the paper .  Golevnya [3] and Galankin et al. [2] found no leu-  
kocytic inf i l t rat ion a f te r  marg ina l  r e sec t ion  of the cat l iver  by a CO 2 l a s e r  beam.  

The objects  of the p re sen t  invest igat ion were:  1) to r ep roduce  the phenomenon of non inf lammatory  hea l -  
ing of t i s s u e s  in s e v e r a l  o rgans  of  the r a t  a f t e r  in jury  by a CO 2 l a s e r  beam;  2) to a s s e s s  the degree  of  o rgan -  
specif ic i ty  of this  phenomenon. 

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on 36 male  r a t s  weighing 100-120 g. Operat ions  were  p e r f o r m e d  on 
animals  in three  s e r i e s ,  each containing eight r a t s ,  by means of a focused CO~ l a s e r  b e a m  with a power  of 200 
W: in the an imals  of  s e r i e s  I, the lingual lobe of the l iver  was r e sec ted ,  in the r a t s  of s e r i e s  II, a n a r e a  of kid- 
ney with a volume of about 4 m m  3 was cauter ized ,  and in the r a t s  of s e r i e s  III the upper  lobe of the left lung was 
resec ted .  The animals  of th ree  control  s e r i e s ,  each containing four r a t s ,  were  subjected to mechanica l  in jury  
to the i r  organs:  in s e r i e s  I the lingual lobe of the l iver  was r e sec ted  by scalpel ,  a f te r  which the t i s sue  was 
sutured to stop bleeding; in s e r i e s  II the same  manipulat ion was done on kidney, with r e sec t i on  of the lower  
pole; in s e r i e s  III the upper  lobe of the lung was r e sec t ed  by means  of a scalpel .  The r a t s  were  killed at  d i f fe r -  
ent t imes  - up to 25 days la ter .  All opera t ions  were  p e r f o r m e d  under  e the r  anes thes ia  and asep t ic  precaut ions  
were  taken,  but not s t r ic t ly .  

E X P E R I M E N T A L  R E S U L T S  

Healing of the t i s sues  in the r a t s  injured mechanica l ly  (by means  of a scalpel)  conformed to the c t a s s i ca l  
notions of the bas ic  fea tures  of wound healing. F o r  ins tance ,  by the end of the f i r s t  day the injured t i s sue  of each 
organ (liver,  kidney, lung) began to be separa ted  f r o m  the deeper ,  uninjured t i s sues ,  by a commencing  l ayer  of  
leukocytic infi l trat ion.  The intensi ty  of inf i l t rat ion inc reased  during the next few days - until the 6th-Sth day, 
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Fig. 1. Healing of t i s sue  a f t e r  r e sec t ion  by sca lpe l  (a) and l a s e r  b e a m  (b, c, d). H e m a -  
t o x y l i n - e o s i n :  a) bo rde r  of the l iver  on 2nd day a f t e r  resec t ion ;  l ayer  of leukocyt[c infi l -  
t ra t ion  can be seen (arrow), 200 • b) bo rde r  of l ive r  on 4th day a f t e r  r esec t ion  by l a s e r  
beam;  leukocytic inf i l t ra t ion of necro t rc  t i s sue  absent  (t); l ayer  of  pa ra l l e l  f ib roblas t s  
v is ib le  on boundary between injured and uninjured t i s sue ,  250 x;  c) b o r d e r  of lung r e sec t ed  
by l a s e r  b e a m  on 3rd day a f t e r  operat ion;  l aye r  of necro t ic  t i s sue  (1) on r e sec t ion  s u r -  
face has no leukocytic inf i l t rat ion;  underlying layer  of lung t i s sue  has  col lapsed;  boundary 
between injured and p r g s e r v e d  t i s sue s  indicated by ar row.  Magnifying glass ;  d) b o r d e r  of 
kidney r e sec t ed  by l a s e r  b e a m  on 3rd day a f t e r  operat ion;  l ayer  o f  necro t ic  t i s sue  (1) on 
r e sec t ion  su r face  has no leukocytic inf i l t rat ion;  boundary  between injured and p r e s e r v e d  
t i s sues  indicated by a r row.  Magnifying glass .  

and m a s s i v e  des t ruc t ion  of the leukocytes  contributed to l iquefaction of the necro t ic  t i s sues  and the i r  subse-  
quent absorpt ion.  Af te r  about the 6th-10th day, this  i n f l a m m a t o r y  liquefaction reached  i ts  peak, and s t imula -  
tion of connec t ive - t i s sue  cel ls  was obse rved  in the zone boundering on the injured t i s sues .  As a r e su l t  of  c o m -  
plet ion of absorp t ion  and continued pro l i fe ra t ion  of f ib roblas t s  and collagen format ion,  heal ing of the sur face  
of the wound ended with the fo rmat ion  of a l ayer  of  f ibrous t i s sue  by the 23rd-25th day a f t e r  the operat ion.  The 
appearance  of leukocytic inf i l t ra t ion toward the end of the 1st o r  beginning of the 2nd day af ter  the opera t ion 
signified that heal ing of the wound would follow i ts  o rd ina ry  s tandard course  (Fig. la) .  

In the expe r imen t s  with r e sec t ion  of the organs  by a CO~. l a s e r  beam,  the phenomenon of non inf lamma-  
t o r y  t i s sue  heal ing was reproduced.  The course  of healing of the l a s e r  wound differed f r o m  the o rd ina ry  cour se  
of heal ing in many  r e spec t s .  Under the influence of a focused beam,  as a resu l t  of t h e r m a l  in jury  a thin l ayer  
of necro t ic  t i s sue  was formed.  This  l aye r ,  because  of the shor t  durat ion of act ion of the l a s e r  beam,  had a d i s -  
t inct  boundary with the under lying t i s sues .  Somet imes  the boundary consis ted of 3-5 l aye r s  of cel ls  distended 
with bubbles,  th is  appearance  being due to instantaneous fo rmat ion  of s t e a m  within the cel ls .  On the boundary 
with the uninjured t i s sue s  no leukoeytic inf i l t ra t ion was presen t .  The p roce s s  of heal ing of the l a s e r  wound as  
obse rved  in th ree  organs  of the r a t  (l iver,  kidney, and lung) showed absence  of a leukoeytic reac t ion  to t i s sue  
nec ro s i s  at al l  s tages  of  r e p a i r  and in all  these  o rgans  (Fig. lb ,  c, d). I t  can thus be ooneluded that  the phen-  
omenon of noninf lammatory  t i s sue  heal ing is  independent of o rgan - spec i f i c  fea tures ,  but is a s soc ia t ed  with the 
c h a r a c t e r  of the necro t ic  t i s sue  fo rmed under  the influence o f l a s e r  radiation.  Besides  the absence  of any 
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marked leukocytic infiltration on the boundary between the injured and uninjured t issues,  activation of connec- 
t ive-t issue cells could be observed in the early stages of healing: by the 3rd or  4th day not only had they ap- 
peared in large numbers, but in some places they were arranged in parallel  rows, resembling properly formed 
connective tissue (Fig. lb), lyingouthe surface of the preserved tissue. Above this layer there was a s t ructure-  
less necrotic mass, not undergoing leukocytie liquefaction , but gradually shrinking after  the operation. Heal- 
ing ended with the formation of an even layer of fibrous tissue by the 18th-20th day, sometimes incorporating 
products of tissue combustion - regions Of "soot" surrounded by multinuclear Cells, and compact masses of 
s tructureless  tissue, surrounded by fibroblasts, lay here and there on the surface. The course of healing after  
exposure to the CO 2 laser  beam was the same in all the organs studied: liver, kidney, lung. 

Tissue injury by a CO S laser  beam thus does not lead to the development of marked leukocytic infil tra- 
tion in tissues bordering on the injured tissues. Healing without inflammatory changes (leukocytic infiltration) 
after laser  irradiation is not a t issue-specific phenomenon but evidently depends on the nature of the tissue 
rendered necrotic by the Iaser beam. The phase of inflammatory liquefaction of the necrotic t issues is not in- 
variably found during healing. Inflammatory liquefaction of  necrotic t issues and proliferation of cells during 
regeneration are not pathogenetic links in a single chain but are relatively autonomous in character.  
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