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OF M I C R O V E S S E L S  OF THE S U B C U T A N E O U S  A R E O L A R  

ARGON L A S E R  I R R A D I A T I O N  

B a r k o v s k i i ,  V.  I .  K o z l o v ,  UDC 615.849.19.015.4:612.135 
S a p r y k i n ,  a n d  G. M.  N i k o l ' s k a y a  

The effect of argon laser irradiation on the microvessels of the subcutaneous areolar tissue of 
the rabbit ear, mounted in a transparent chamber by Clark's method, was studied. The capil- 
laries and venules, in which dysfunctional changes wore found in the microcirculation, were 
most sensitive to argon laser irradiation. Besides destruction of the vessel walls and peri- 
vascular inflammation, active reorganization of the microcirculatory system and a redistribu- 
tion of the blood flow were observed under the influence of the laser beam. 

KEY WORDS: laser;  microcirculation; blood vessels .  

Lase rs  are  being used on an increasingly broad scale in clinical and experimental medicine. However, 
the action of l ase r  radiation on biological objects and, in particular,  on blood vessels  has not yet been ade- 
quately studied, although tissue coagulation has been shown to resul t  from exposure to the laser  beam [5-8]. 
Argon lasers ,  giving the principal radiation at wavelengths of 488.0 and 514.5 nm [2], have been found to be 
very effective for coagulating blood vessels .  The study of the effect of laser  beams on microcirculatory sys-  
tems is part icularly interesting and its biological importance continues to be widely discussed in the l i tera-  
ture  [1, 3, 4, 7, 8, 10, 11]. 

The object of this investigation was an intravital study of structural changes in the vessels  of the micro-  
circulatory system in response to the action of an argon laser  beam. 

EXPERIMENTAL METHOD 

Blood vessels  of the subcutaneous areolar  t issue of the rabbit 's  ear,  mounted in a t ransparent  chamber 
as in Clark's  method [9], served as the test  object. Experiments were carr ied out on eight rabbits with t rans-  
parent chambers made of titanium or stainless steel previously implanted in their  ear.  The blood flow in the 
microci rcula tory  system was fully res tored  5-6 days after implantation of the transparent  chamber, so that 
a systematic microscopic analysis could be made of the movement of blood in the microvessels .  Portions of 
the microci reula tory  system were drawn under the microscope and photomicrographs taken so that a complete 
picture of the angioarchitectonics could be compiled. 

The microvessels  were irradiated with an argon lase r  giving radiation with a wavelength of 514.5 nm 
and with a power of between 300 and 500 mW; the duration of irradiation was 0.2-0.5 sec and the diameter of 
the beam 100 ~. Arterioles,  capillaries, and venules were subjected to photocoagulation. For  this purpose 
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Fig. I. Localization and brood volume in microvessels after irradiation with argon laser: 
a) intravital photomicrograph, 25• b) intravital fluorescence microangiograph, 25• 
A) Arteriole; V) venule. Arrows indicate direction of blood flow. X) Point of laser ir- 
radiation. 

Fig .  2. Response  of venule  to l a s e r  i r r ad ia t ion  of d i f ferent  power ,  a) Dilatat ion 
of lumen  of venule  a f t e r  l a s e r  i r r ad ia t ion .  In t rav i ta l  pho tomicrograph ,  90x; b) 
fo rma t ion  of jux tamura l  t h rombus  in venule a f t e r  l a s e r  i r rad ia t ion  of higher  
power .  Iu t rav i t a l  pho tomicrograph ,  90x.  

the  l a s e r  beam,  under  the control  of a s l i t  l amp,  was focused on a pa r t i cu l a r  ves se l ,  a f t e r  which it was  i r r a d i -  
a ted.  The  accu racy  of d i rec t ion on the m i c r o v e s s e l  and the degree  of pa tency of the  vesse l  immedia te ly  a f t e r  
i r r ad ia t ion  were  de te rmined  by f l uo re scence  mic roang iography ,  following in t ravenous  injection of f luo resce in  
(Fig. 1). Changes  in the v e s s e l s  and mic roc i r cu l a t i on  of blood were  r e c o r d e d  by mic ro f i lming  with the MBB-1 
m i c r o s c o p e  2, 6, and 24 h and 2, 3, 4, and 5 days  a f t e r  i r r ad ia t ion  with the  l a s e r  beam.  
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Fig. 3. Changes in capillaries and surrounding tissues after argon laser irradia- 
tion. Intravital photomicrograph, 60• a) 30 rain, b) 2.5 days, c) 4 days after 
irradiation. 

EXPERIMENTAL RESULTS 

The results showed that during irradiation by a low-energy beam (pulse power 300 roW, duration 0.2 
sec) mainly dysfunctional changes were observed in the vessels, namely atony of the wall and dilatation of 
their lumen (Fig. 2a). With an increase in the power and duration of exposure (500 roW, 0.5 sec) coagulatory 
destruction of the vessel wall accompanied by the formation of a j uxtamural thrombus, narrowing the lumen 
of the vessel, was observed (Fig. 2b). Often microhemorrhages developed within a few hours around the ves- 
sel. Intravital microscopic observations showed that the arterioles were more resistant to laser irradiation 
than venules. However, with an increase in the power of irradiation thrombus formation also took place in 
the arterioles, with subsequent occlusion of their lumen and blocking of the blood flow. 

Closure of the lumen of the arterioles and venules was reflected in the general microcirculatory hemo- 
dynamics, with changes in the functional angioarchitectonics of the microcirculation. 

During the first day the direction and intensity of the blood flow in the capillary networks changed, re- 
flecting adaptive changes in the microcirculatory system due to blocking of the afferent and efferent pathways 
of the blood.  

F r o m  3 to 4 days  a f t e r  l a s e r  i r rad ia t ion  the t h r o m b i  f o rmed  in the v e s s e l s  w e r e  absorbed ,  the s t a s i s  
d i sappeared ,  and the na tura l  pa s sage  of blood along the m i c r o v e s s e l s  was gradual ly  r e s u m e d ,  slowly at  f i r s t ,  
but l a t e r  at  the no rma l  intensi ty .  In the case  of comple te  injury to a ves se l  by the l a s e r  beam,  para l l e l  col-  
l a t e r a l s  fo r  the inflow and outflow of blood fo rmed  in the cour se  of 2 o r  3 days.  F r a g m e n t s  of the cap i l l a ry  
s y s t e m  were  usual ly  used  as these  co l l a t e r a l s .  The  cap i l l a r i e s  under  these  c i r c u m s t a n c e s  were  dilated by 
the p r e s s u r e  of blood and the i r  d i a m e t e r  r eached  10-15 # .  

Dur ing  l a s e r  i r r ad ia t ion  of the cap i l l a r i e s ,  des t ruc t ion  of t he i r  walls  and the surrounding t i s sue  s t r u c -  
t u r e s  took place,  as a r e s u l t  of which local  m i c r o h e m o r r h a g e s  fo rmed  and s t a s i s  developed in the adjacent  
cap i l l a r i e s  (Fig. 3a). T h e s e  changes were  usually accompanied  by edema and neutrophi l ic  infi l trat ion,  and 
a f t e r  2.5-3 days gradual  d i s appea rance  of the sLasis and r e s u m p t i o n  of the blood flow were  obse rved  in indi- 
vidual cap i l l a r i e s  in the zone of i r r ad ia t ion  [Fig. 3b); the  t i s sue  edema was  cons iderab ly  reduced .  The t r a n s -  
cap i l l a ry  p a s s a g e  of blood was  r e s t o r e d  next day (Fig. 3e). 

On the  f i r s t  day a f t e r  i r r ad i a t i on  in v e s s e l s  c lose  to the s i te  of  appl icat ion of the l a s e r  beam,  inc reased  
adhesion of the ce l l s  to the ve s se l  wall  and inc reased  pe rmeab i l i t y  of the wall,  e spec ia l ly  in the pos tcap i l l a ry  
sect ion,  we re  obse rved .  Blocking of the blood flow in individual pa r t s  of the m i c r o c i r c u l a t o r y  s y s t e m  as a 
r e m d t  of l a s e r  i r r ad ia t ion  led to functional r ed i s t r ibu t ion  of the blood in the cap i l l a ry  networks ,  with sub- 
sequent  s t ruc tu ra l  changes in the ves se l  wal ls .  

The  r e s u l t s  ag ree  with those  obtained by other  w o r k e r s  [5, 6] who showed des t ruc t ive  changes in t i s sue s  
i r r ad i a t ed  by l a s e r s .  At the s ame  t ime,  ana lys i s  of  r e s p o n s e s  of the different  p a r t s  of the m i c r o c i r c u l a t o r y  
s y s t e m  to l a s e r  i r r ad ia t ion  showed that  the cap i l l a r i e s  a r e  the m o s t  sens i t ive  sect ion.  I t  is in the cap i l l a r i e s  
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that dysfunctional changes in the microcirculation are most clearly revealed, as atony of the vessel wails and 
increased juxtamural and adhesive effects. 

The comparatively rapid recovery of the blood flow in the capillary networks, which was back to its 
initial level after 3-4 days, demonstrates the relatively high powers of compensation and adaptation of the 
microcirculatory system in response to the action of the laser  beam. 

The biological effect of laser  irradiation on microvessels  thus is not merely one of destructive changes 
followed by perifocal inflammation. Its action is also largely determined by the fact that it causes structural 
changes in the microcirculatory system with a corresponding redistribution of the capillary blood flow in 
the t issue.  
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