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E l e c t r o n - m i c r o s c 0 p i c  invest igat ions showed marked  edema  and s c l e r o s i s  in the lymphat ic  
s y s t e m  and s t r o m a  of tho m y o c a r d i u m  in mi t ra l  s t enos i s ,  due to genera l  s t a s i s  of the lymph 
assoc ia t ed  with genera l i zed  venous hyper tension.  Changes in the pathways of the m i c r o c i r c u -  
la t ion and the attendant hypoxia play an impor tant  ro le  in the m e c h a n i s m  of the hear t  fa i lure  
in mi t ra l  s tenos is .  

Microscopic  invest igat ion of the myoca rd ium of pe r sons  dying f r o m  decompensat ion  of the hear t  fol -  
lowing rheumat ic  defects  r evea l s  more  or  l e s s  s eve re  s c l e r o s i s  and edema of the in ters t i t ia l  t i s sue .  It was 
shown prev ious ly  that in mi t ra l  s tenosis  the r ight  ven t r i cu la r  fa i lure  is followed by genera l ized  venous hy- 
pe r tens ion  and genera l  s t a s i s  of lymph [4]. It can accordingly  be postulated that m i c r o c i r o u l a t o r y  d i s tu r -  
bances ,  including s t a s i s  of lymph in the lymphat ic  cap i l l a r ies  and ve s se l s  of the myoca rd ium,  p l a y a n  irflpor- 
tant role  in the genes is  of the contract i le  weakness  of the m y o c a r d i u m  [3]. 

E X P E R I M E N T A L  M E T H O D  

The u l t r a s t ruc tu re  of the lymphat ic  cap i l l a r ies  of the left  vent r ic le  was invest igated in 15 patients  
with mi t r a l  s tenos is  in its var ious  s t ages .  During mi t r a l  c o m m i s s u r o t o m y  with a t r an sven t r i cu l a r  acces s  
a s t r i p  of m y o c a r d i u m  not more  than 0.5 m m  wide and thick was taken f r o m  the edges of the opera t ion 
wound. As a control  the u l t r a s t ruc tu re  of the m i c r o c i r c u l a t o r y  pathways of the normal  myoca rd ium of four  
pe r sons  killed in road  accidents  was invest igated (the ma te r i a l  was taken 1.5-2 h a f t e r  death). The pieces  
of t i ssue  were  fixed in the cold for  2 h in a 2% buffered  solution of o s m i u m  tetrox~de; they were  s ta ined with 
a 270 aqueous solution of uranyl aceta te  for  2.5 h, r insed  in suc rose  solution, dehydrated in increas ing  con-  
centra t ions  of ethanol,  and embedded in the epoxy r e s in  Epon 812. Af ter  po lymer iza t ion  the blocks were  
sharpened  by hand under the MBS-2 s t e r eoscop i c  b inucular  mic roscope .  Sections under 1 p in thickness 
were  cut on the LKB 8802A u l t r am i c ro t om e  f r o m  the whole a r e a  of the piece of the t i ssue  (1 ram2), applied 
to gr ids  coated with F o r m v a r  f i lm,  arid examined under the minimal  power of the UI~MV-100B e lec t ron  m i -  
c roscope .  To examine a lymphat ic  cap i l l a ry  its posi t ion was chosen in the block, which was then tapered  to 
a py ramid ,  and ul trathin sec t ions  were  cut to a thickness  of 400-600 A. The sect ions were  then t r ea t ed  
with lead ni t ra te  to reduce  con t ras t .  

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

The genera l  s t ruc tu re  of the lymphat ic  cap i l la r ies  of the myoca rd ium in mi t r a l  s tenosis  differs  
g rea t ly  f r o m  normal .  The m arked  to r tuos i ty  and cor rugat ion  of the walls  of the lymphat ic  cap i l l a r ies  were  
pa r t i cu l a r ly  pronounced (Fig. la) .  These  changes were  due to s eve ra l  causes :  in ters t i t ia l  edema ,  an in- 
c r e a s e d  number  of connec t ive - t i s sue  e lements  in the s t r o m a  of the myocard ium,  and hyper t rophy of the 
muscle  cel ls .  In some cases  the cor rugat ion  of the cap i l l a ry  wall  was so marked  that it was difficult to de-  
tect  the points of contact  between the endothelial  ce l l s .  The p e r i c a p i l l a r y  space  and the lumen of the l y m -  
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Fig. 1. Second Stage of mi t r a l  s tenosis  in a woman aged 36 y e a r s .  
cor ruga t ion  of wall  of lymphat ic  cap i l la r ies  and in ters t i t ia l  edema-. 
a) cor rugat ion  of walls  of lymphat ic  cap i l l a r ies  (LC), at its side a 
blood capi l la ry  (BC) with an e ry throcy te  (E) can be seen,  5500 • ; 
b) lumen of cap i l l a ry  and per icap[ l l a ry  space (PCS) contain identical  
prote in  subs t ra te ;  degenerat ive changes in mitochondria  (M) of 
endothelium, 11,000 •  

Fig. 2. Third s tage of mi t r a l  s t enos i s  in a woman aged 40 y e a r s .  
P a s s a g e  (arrow') of prote in  and debr is  into lumen of lymphat ic  
cap i l l a ry  (LC) through open junctions (J); a) passage  of prote in ,  
16,000 x ; b) passage  of pro te in  and vacuoles ,  10,000 •  

phatic cap i l la r ies  contained the s ame  prote in  subs t ra te  (Fig. lb).  Open contacts  (joints) between the endo- 
thelial  cel ls  through which m a s s e s  of prote in  pass  f r o m  the lumen of the lymphat ic  cap i l l a ry  into the in te r -  
s t i t ia l  space or  vice v e r s a  were  ve ry  f requent ly  seen.  The direct ion of the movement  of the prote in  (lymph) 
was difficult to de te rmine .  Only in a few spec imens  could the t r a n s p o r t  of the p ro t e in  subs t ra t e  be c l ea r ly  
seen  through the c losed junctions into the lumen of the lymphat ic  cap i l l a r ies  (Fig. 2a). The zones of many  
junctions s o m e t i m e s  were  more  complex:  s eve ra l  appendages were  in contact with the edges of a neigh-  
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Fig. 3. The fourth stage of mitral 

stenosis in a patient aged 34 years: 
open junction (J) between endothelial 
cells containing secondary lysosomes 
(L) and degeneratively changed mito- 
chondria (ND; 8,000 x. 

boring endothelial  cel l  o r  the junction between the endothelial  
ce l ls  was open and the appendages  did not make contact .  A 
f inely g ranu la r  mass  of prote in ,  debr i s ,  and vacuolated s t r u c -  
t u re s  pas sed  through the open junctions (Fig. 2b). 

The p e r i c a p i l i a r y  space  contained a g ranu la r  pro te in  
mass  - the in ters t i t ia l  fluid. This fluid displaced the colIagen 
f ibers  f a r  f r o m  the walls of the lymphat ic  cap i l l a r i e s ,  and only 
in a few places  were  the f ibers  close to the lymphat ic  capi l -  
l a r i e s .  In some places  the f ibe r s  appeared  to be connected with 
the outer  p l a s m a  m e m b r a n e  of the endothel ium of the lymphat ic  
cap i l l a r i es .  

A v e r y  cha rac t e r i s t i c  finding `was that the cy toplasmic  
ma t r i x  of the endothel inm of the lymphat ic  cap i l l a r ies  during 
hypoxia developing in assoc ia t ion  with a hear t  defect  was much 
dense r  e l e c t r o n - m i c r o s c o p i c a l l y  than in the normal  hear t .  
Meanwhile fewer  organotds;  micropinocytot ic  ves ic l e s ,  and vacu-  
olated s t r u c t u r e s  were  obse rved  in the m a t r i x  of these  ce l l s .  
"Swollen" mi toehendr ia  were  encountered.  The c i s t e rns  of the 
endoplasmic  r e t i c a l u m  were  dilated. The ma t r ix  of some  endo-  
theliaI  cei ls  was t rans lucent .  The Gotgi complex was c l e a r l y  
vis ible  in only a few endothelial  ce i ls ,  but its c i s t e rns  we re  
wider  than usuaIly.  In some cases  manifes ta t ions  of in te rcy to-  
p l a smic  edema  and degenerat ive  changes in the o rgane l l es ,  e s -  
pecia l ly  swelling of the mi tochendr ia ,  could be c l ea r ly  seen  
(Fig. lb).  

One c h a r a c t e r i s t i c  fea ture  was observed:  r e so rp t ion  of the e lements  of the d is in tegra ted  cel ls  by the 
lymphat ic  cap i l l a r i e s .  The en t ry  of debr is  into the lumen of the lymphat ic  cap i l la r ies  through the widely 
open contacts  between the endothelial  ce l l s  was vis ible  on these  e l ec t ron  mic rog raphs  (Fig. 2b). It was i m -  
poss ib le  to de te rmine  p r e c i s e l y  the cel ls  f r o m  which these e lements  came.  This debr is  was poss ib ly  f r o m  
the des t royed  endothelial  ce i ls  of the cap i l l a r i e s  t hemse lves ,  but it is more  l ikely  that ,  because  of the in- 
c reas ing  hypoxia, the ma t e r i a l  r e s o r b e d  was f r o m  dis t in tegra ted  his t iocytes  or  muscle  cel ls ,  located along-  
side the lymphat ic  cap i l l a r i e s .  

The second stage of mi t r a l  s tenosis  was c h a r a c t e r i z e d  by some  degree  of edema of the s t r o m a  and an 
inc rease  in the quantity of prote in  metabol i tes  enter ing the lumen of the lymphat ic  cap i l l a r i es ;  the lymphat ic  
cap i l l a r ies  were  dilated and fil led with lymph.  In s tage III of mi t r a l  s tenos is  the cell  o rgans l l e s ,  e spec ia l ly  
the mi tochendr ia ,  were  swollen, the mat r ix  of the endothelial  cel ls  was t rans lucent ,  and cell  debr is  was r e -  
so rbed  by the lymphat ic  cap i l l a r i e s .  In this s a m e  per iod  not only the lymphogenie  edema  but a lso  the s c l e -  
ros i s  star~ed to p r o g r e s s .  The p r o c e s s e s  of s c l e r o s i s  were  more  marked  st i l l  in stage IV. The pa r en -  
chyma (myecytes)  became  widely sepa ra t ed  f r o m  the blood and lymphat ic  cap i l l a r i e s ,  increas ing  the hypoxia 
and s t imulat ing f ibr i l logenes is .  Meanwhile s econda ry  l y s o s o m e s  of the phagocytoma and cy to lysosome type 
appeared  (Fig.3). This phenomenon has also been  noted by o ther  w o r k e r s  studying the u l t r a s t ruc tu re  of the 
m y o e a r d i u m  in pat ients  with mi t r a l  s tenosis  [1, 2, 5]. 

The e l e c t r o n - m i c r o s c o p i c  invest igat ions of the m y o c a r d i u m  in mi t ra l  s tenosis  thus show marked  
edema  and s c l e r o s i s  in the lymphat ic  s y s t e m  and s t r o m a  of the hear t .  These changes a re  due l a rge ly  to 
genera l  s t a s i s  of the lymph in connection with the genera l ized  venous hypertension.  Changes in the path-. 
ways of the mic roe i r eu la t ion  and the attendant hypoxia play an important  role  in the m e c h a n i s m  of hear t  
fa i lure  in mitral s tenos i s .  
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