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The format ion  of lympho-venous  shunts following comple te  obst ruct ion to the lymphat ic  d ra in -  
age ~rom the hea r t  has  been demons t ra ted .  Lymph is shunted d i rec t ly  into the veins of  the 
hea r t  along the new channels.  The format ion  of d i rec t  connections between lymphat ics  and 
veins is  the resu l t  of growth of lymphat ic  cap i l l a r i e s  under  the conditions of s eve re  lymph 
s tas i s .  

The format ion  of lympho-venous  shunts has been re l iab ly  demons t ra ted  only a f t e r  exper imenta l  ob- 
s t ruct ion of the thorac ic  duct [1-6]. So far  as in t r amura l  lympho-venous  shunts a re  concerned,  this pheno- 
menon has not p rev ious ly  been demonst ra ted .  

EXPERIMENTAL METHOD 

Exper iments  were  ca r r i ed  out on adult mongrel  dogs anesthet ized by intravenous injection of 1% 
thiopental sodium. The anesthet ized animal  was intubated and maintained on control led resp i ra t ion .  Good 
acces s  to the base  of the hear t  was obtained by thoraco tomy in the fourth in te rcos ta l  space.  The p e r i c a r -  
dium was opened 1.5 cm an te r io r ly  to the phrenie  nerve.  Lymphat ic  dra inage in dogs in most  cases  is 
effected by two la rge  co l lec tors :  r ight  and left. Insufficiency of the lymphat ic  c i rcula t ion of the hear t  was 
produced by c rea t ing  a mechanical  obs t ruct ion to the flow of lymph along these col lec tors .  Each of them 
was l igated (the r ight  at the level  of the ascending aor ta ,  the left  on the left  sur face  of the pulmonary  trunk) 
by two si lk l iga tures  t ied 1-1.5 cm apar t .  The segments  of the v e s s e l s  between the l iga tures  were  excised 
together  with the p e r i v a s c u l a r  ce l lu la r  t i ssue.  The animals  were  sacr i f iced  5, 10, 15, 20, and 30 days 
a f te r  opera t ion (20 cases  al together) .  Immedia te ly  a f te r  death, modified blue G e r o t a ' s  mass  was injected 
into the lymphat ic  v e s s e l s  of the hear t .  Total  tangential  sect ions  of the ep iea rd ium toge ther  with the s tumps 
of the e f fe ren t  lymphat ic  v e s s e l s  were  then fixed in 10% neutra l  formalin ,  dehydrated,  and c leared  in methyl 
sa l icyla te .  These  sect ions  were  examined s te reoangioscopica l ly  by means  of the MBS-1 binocular  s t e r e o s -  
copic mic roscope .  

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

Macroscopic  and mic roscop ic  control  t es t s  conf i rmed the absence  of r e s to ra t ion  of the lymph d ra in -  
age in the zone of r e sec t ion  of the lymphat ic  ve s se l s .  

Changes d i scovered  in the lymphat ic  s y s t e m  of the hea r t  consis ted of dilatation of lymphat ic  ve s se l s  
of all ca l ibe r s ,  dilatation of p reex i s t ing  subepicardia l  cap i l la ry  networks with the fo rmat ion  of lacunae at 
p laces  where the cap i l l a r i e s  merged ,  deformat ion  of the outlines of the lymphatic  ve s se l s ,  the format ion  of 
v a r i c o s e  swellings of the i r  walls,  growth of lymphat ic  capi l la r ies ,  and the fo rmat ion  of lympho-venous  
shunts. 
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Fig. 1. Lympho-venous  shunts 15 (a) and 
20 (b) days af ter  operation.  L V - l y m p h a t i c  
vesse l ;  V - v e i n ;  LVS- lympho-venous  shunts. 
Combined injection o f  lymphat ics  (with 
G e r o t a ' s  mass ,  1:100) and veins with ink 
with mixing of inject ion media,  32 • 

Fig. 2. Format ion  of lympho-venous  
shunt f rom the paravenous  plexus of 
lymphat ic  cap i l l a r ies  (10 days af ter  
operation).  V)Vein; LC) lymphat ic  
capi l lary.  Injection with Gerota '  s 
mass ,  56 • 

The invest igat ion showed that  changes in the 
lymphatic s y s t e m  of the hear t  were  subject  to indi- 
vidual var ia t ions ,  although they were  s im i l a r  within 
the l imi t s  of one se r i e s .  

Of all the adaptive changes following obs t ruc -  
tion of the lymphatic  dra inage descr ibed  above, 
special  attention must  be paid to growth of lymphat ic  
capi l la r ies .  This began f rom the subepicardia l  
p lexuses ,  but with t ime  i t  sp read  everywhere .  The 

format ion  of new lymphat ic  cap i l l a r ies  took place  most  intensively f rom the s tumps of the divided col lec tors ,  
and also f rom lymphat ic  ve s se l s  accompanying veins.  This  p r o c e s s  was completed by the appearance  of 
d i r ec t  connections between the lymphat ic  and venous s y s t e m s  of the hear t .  

Four  types  of  shunts between lymphat ics  and veins were  detected (Fig. la) .  The f i r s t  type consis ted 
of communicat ions  between lymphat ic  cap i l la r ies  and veins through long o r  short ,  but thin cap i l l a r i es ,  de-  
fo rmed  in shape, with numerous  smal l  bends along the i r  course ,  some t imes  hel ical  in shape. As a rule  
communica t ions  of this  type occur red  between newly formed lymphat ic  cap i l l a r i e s  and v e r y  smal l  b ranches  
of  veins.  The second type consis ted of lympho-venous  anas tomoses  in the fo rm of smal l  t runks (Fig. lb),  
of  varying d iamete r ,  with funnel-shaped ends, one ar i s ing  f rom the wall of  a lymphat ic  co l lec tor  close to or  
alongside the stump of the divided lymphat ic  ves se l  or  f rom a la rge  ef ferent  lymphatic ,  the other  a r i s ing  
f rom the wall  of a re la t ive ly  wide venous trunk. The poss ibi l i ty  is not ruled out that  both these  types  of 
lympho-venous  shunts a re  different  phases  or  s tages  of the same  p roces s .  The thi rd  type of shunt was ob- 
s e rved  only in the zone of the p e r i v a s c u l a r  p lexuses  of lymphatic  cap i l l a r ies  (paravenous lymphat ic  capi l -  
l a r i e s  and vesse ls ) .  In such regions (Fig. 2), p ro jec t ions  f rom lymphat ics  located in the adventi t ia  of a 
blood ve s se l  (vein) l ie in v e r y  c lose  p rox imi ty  to the vesse l ,  apparent ly  adherent  to it and pe r fo ra t ing  i ts  
well. Contacts  between veins and lymphat ics  in these a r ea s  also va ry  in size.  Finally, the fourth type of 
connection (Fig. 3) between lymphat ics  and veins takes place through a cap i l l a ry  plexus,  smal l  in a r e a  and 
re sembl ing  the re te  mirabi le .  S t ruc tura l  changes i n  the archi tec tonics  of the lymphat ic  s y s t e m  of the hear t  
in the p r e s e n c e  of lymphat ic  s t a s i s  a re  in terconnected and, to some extent, interdependent.  

A d i rec t  re la t ionship is c l ea r ly  observed  between the degree  of dilatation and deformat ion  of the l y m -  
phatic v e s s e l s  and the intensi ty of growth of the lymphat ic  capi l la r ies .  Meanwhile, the re la t ionship between 
the degree  of these adaptive changes and the s ta te  of the lympho-venous  anas tomoses  is equally constant,  
but opposite in cha rac te r .  The more  intensively growth of the lymphat ic  cap i l la r ies  takes  p lace  in the  ear ty  
per iod,  the more  rapidly lympho-venous  shunts develop and, consequently,  the more  highly developed they 
are .  Extensive contacts  between veins and lymphat ics  reduce the seve r i ty  of s t a s i s  in the l a t t e r  ve s se l s ,  
leading to a subsequent  dec r ea se  in act ivi ty of growth of the lymphat ic  cap i l l a r ies  and cessa t ion  of fur ther  
deformat ion  of e f ferent  ve s se l s  and c a p i l l a r i e s .  In cases  when the fo rmat ion  of lympho-venous  shunts was 
stil l  in its ea r ly  s tages ,  changes in the lymphat ics  were  more  marked,  and pro l i fe ra t ion  of the cap i l la r ies  
took place  for  a longer  period,  so that the volume of newly formed s t ruc tu re s  was g r e a t e r  than in the p r e -  
ceding cases .  
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Fig. 3. Passage of Gerota's injec- 

tion mass from lymphatic into vein 
through newly formed network of 
lymphatic capillaries and lympho- 
venous shunt. Legend as in Fig. i, 
32 • 

To ver i fy  the exis tance  of d i rec t  communicat ions  between 
lymphat ics  and veins,  in a s e r i e s  of cases  the method of s imu]-  
taneous injection of lymphat ics  and veins with different  injection 
media  was used. As is usual,  the lymphat ic  System was injected 
with P r u s s i a n  blue in ch lo ro form (1 g/100 ml), while the veins 
were  injected with Stefanis ' s  yellow mass  or  with black ink. These 
combined injections conf i rmed the p r e sence  of lympho-venous  
shunts, because  the injection mass  c ros sed  f rom the veins into the 
lymphat ics  and vice ve r s a .  

A combinat ion of l igation and resec t ion  of p a r t  of the main 
ef ferent  co l lec tor  with the p e r i v a s c u l a r  ce l lu la r  t i s sue  i r r e v e r s i b l y  
dis turbed the dra inage of lymph f rom the hea r t  and led to s eve re  
regional  s t a s i s  of lymph in the organ.  This was respons ib le  for  the 
development  of a s e r i e s  of compensa to ry  and adaptive changes,  in 
the fo rm of dilatation and deformat ion  of all the components of the 
i n t r a m u r a l  lymphat ic  s y s t e m  of the hear t ,  with the fo rmat ion  of 
secondary  va r i co se  changes and induction of the p ro l i fe ra t ion  of 
lymphat ic  cap i l l a r ies .  

Growth of lymphat ic  cap i l l a r i e s ,  the mos t  un iversa l  and demons t ra t ive  morphological  manifes ta t ion 
of fa i lure  of the lymphat ic  circulat ion,  a s sumed  specia l  impor tance  in these cases  because  it gradual ly  led 
to the fo rmat ion  of d i rec t  connections between the lymphat ics  and veins,  which normal ly  do not exist .  The 
fo rmat ion  of Iympho-venous  shunts :must be regarded  as a quali tat ively new and impor tan t  s tage leading 
u l t imate ly  to the more  or  l e s s  complete  resolut ion of the lymphat ic  s tas i s .  
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