11

Lymphology 8 (1975) 11-15
© Georg Thieme Verlag Stuttgart

Contribution to the Solution of the Question of Lympho-venous
Anastomoses in Heart of Dog

0. Elitka, M. Eliskova

Anatomical Institute, Charles_University, U nemocnice 3, Prague 2, Czechoslovakia
Head: Prof. R. Cihak, DrSc. -

Summary

The efferent lymphatic vessels of the heart were ligated in 35 dogs and afterwards the systems of lymphatic
and blood vessels were filled with various media by injection. Twelve of these dogs were sacrificed 30 min.
after ligature and the remaining 23 dogs were left to survive for two to 132 days.

After acute ligature of lymph routes, no lymphatic anastomoses could be found. In the protracted experi-
ment, lympho-lymphatic anastomoses had developed between the interrupted trunks and very thin ones at
the sites of adhesions between the epicardium and pericardium by the seventh to 14th day. In five out of
23 dogs, lymphovenous anastomoses of a calibre of 40-60 um. were found between the seventh and 28th

day after ligature. After one month, these LVA could no longer be found. Both forms of anastomoses, i.e.
lympho-lymphatic and lymphovenous, may be present at the same time. The mutual relationship between

these forms was discussed in the paper.

Most papers on lymphatic vessels of the heart deal with the occurrence of lymphatic vessels in
the heart of man and various mammals and the relations between the lymphatic networks of
the myocardium, the endocardium and the subepicardial networks (1, 4, 6, 8, 9, 10, 14, 17).
The lymphatic vessels of the cardiac valves are subject of number of papers (2, 3, 13, 17). An-
other group of authors have dealt with the changes in lymphatic vessels under pathological
conditions in man and in experiments on animals (4, 5, 10, 13-15, 18-21, 24, 27).

In the last decade attention has been concentrated on the evidence of lymphovenous anastomo-
ses (LVA) in the heart. The opinions as to their existence differ: Some authors deny the pre-
sence of LVA under normal conditions (Johnson et Blake, in man, 1968). Another group of
authors confirm their presence. Among them are Vajda et al. (1972) who described numerous
LVA in the epicardium of man and hog; in hog, Johnson et Blake (1968) also described LVA.
A third group of authors found LVA in the heart under altered circulatory conditions: Zerbino
et Gavri§ (1970) showed that LVA usually existed in obstruction of lymph in the canine heart.
Because of the contradictions in these opinions, the authors of this communication have asked
themselves the question, as to whether or not and under what conditions do LVA develop in
the heart of dog.

Material and Method

In 35 dogs patent blue was injected after thoracotomy carried out under general anaesthesia

in order to demonstrate the course of the lymphatic vessels of the heart. Then the main lym-
phatic trunks in the cardiac atria, the aorta and the truncus pulmonalis (Fig 1) were ligated
and severed. The dogs were divided into two groups: one of the acute and the other of the
chronic experiment. The animals of the acute group (dogs 1-12) were sacrificed 30 min. after
ligation of the lymphatic vessels. Immediately after death, a mixture of India ink and 4% gela-
tine was injected into the lymphatic vessels demonstrated by patent blue. The lymphatic vessels
were filled with a pressure of 30-100 mm H,0; when pressure rose to more than 260 mm H,0,
damage to lymph vessels and extravasation occurred. Approximately in one half of the heart
specimens, this injection was supplemented by an intravenous injection of 6% gelatine contain-
ing a pigment dye. In the chronic experiment (dogs 13-35) the animals were left to survive liga-
tion of lymphatic trunks for 2 to 132 days. After certain intervals some of the animals were
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Fig. 1 Course and site of ligature of cardiac lymphatic

trunks

a) site of truncus lymphaticus cordis dexter ligature

b) site of truncus lymphaticus cordis sinister ligature

c¢) shunt between right and left truncus lymphaticus
cordis

d) anterior lymph nodes of the mediastinum

e) aorta

f) truncus pulmonalis

g) superior vena cava

sacrificed and the cardiac lymphatic vessels,
demonstrated by patent blue, were injected
India ink plus 4% gelatine (13 specimens) or
a mixture of UF lipiodol plus Gerot’s mass
(10 specimens). Out of a total of 23 heart
specimens, in nine even the arteries and veins
were injected gelatine plus pigment dye or a
mixture of filtrated barium plus minium in
gelatine. The method of injecting lymphatic
vessels with Gerot’s mass into the interstice
was used in four heart specimens and was
abandoned as unsuitable for the given investi-
gation (see discussion). After injection the
specimens of heart of both groups were fixed
in formol and clarified according to Spalte-
holtz. The specimens with lymphatic vessels
injected with UF lipiodol wer X-rayed prior
to fixation.

Observations

In the group of acute experiments (12 dogs)

penetration of gelatine plus India ink into the
venous bed was never observed after direct in-
jection of the mixture into the subepicardial
lymphatic vessels. Neither did it happen in the
reversed procedure, i.e. after injection of
coronary arteries and veins; the mixture did
not penetrate into the lymphatic vessels, al-
though the capillary network was well filled.
From these findings, the following conclusion
may be drawn: In normal heart no lympho-
venous anastomoses are present. In direct in-
jection of lymphatic vessels, the injected sub-
stance spreads from the apex towards the
base of the heart; in retrograde injection, the
Iymphatic vessels are not filled at all because
of the well functioning valves, and if the pres-
sure increases, the wall bursts and extravasa-
tion takes place.

In the second group of 23 dogs surviving liga-
ture of the cardiac lymphatic trunks for 2-132
days, the following changes were observed:
The subepicardial lymphatic vessels were dilat-
ed, varicose and tortuous. By the second or
third day even some of the side branches of
main trunks were partly filled after retrograde
injection. This collateral filling of the lym-
phatic network was the rule in all cases ob-
served. The shunts between lymphatic trunks
and their branches were made visible (between
the anterior and posterior left and those of
the right truncus). The collateral between the
right and left truncus lymphaticus, running
across the origin of the truncus pulmonalis
(Fig. 1) was obviously thickened. Between the

Fig. 2 Newly developed lympho-lymphatic anasto-
moses between the stumps of the truncus lymphaticus
cordis sinister, of 100 pm. calibre. Clarified specimen
14 days after ligature.
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a

Fig. 3 Lymphovenous anastomosis, SO um. in calibre, in a clarified specimen on seventh day after ligature
of lymphatic trunks.

seventh and 14th day lympho-lymphatic anastomoses started to develop between the regions
below and above the ligation, first as a network of thin, later of thick vessels (Between the
aorta and the truncus pulmonalis (Fig. 2). Slight diffuse permeation of patent blue was also ob-
served from the seventh day after operation in the disrupted adhesions of the pericardium with
the epicardium. This also suggested that new lymphatic shunts had developed. Lympho-lym-
phatic anastomoses linked up with lymphatic vessels running towards the anterior mediastinal
and tracheobronchial nodes. In five heart specimens (7, 7, 12, 14, 28 days after ligation) shunts
between lymphatic vessels and a vein were observed. Their presence was already signified

7

a S - ’ b
Fig. 4 Lymphovenous anastomosis in the shape of a loop, of 30 um. calibre, clarified specimen on 14th day
after ligature of lymphatic trunks.
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in direct injection of lymphatic vessels by the permeation of the injected mass into the vein.

In clarified specimens direct anastomoses between lymphatic vessels and veins were found,
branching off the lymphatic vessels as an arch opening into a vein running deeper (Figs. 3 and
4). Some of the arched anastomoses split up into smaller branches, approximately 20 um. in
calibre, most of them running straight for a distance of 40 to 60 um. LVA were most frequent-
ly found on the anterior aspects of ventricles. Lymphovenous anastomoses appeared in the heart
specimens seven to 14 days after ligation of lymphatic trunks, in one case they persisted up to
28 days. In cases, lasting more than one month, lymphovenous anastomoses were no longer
found; the number of anastomoses was limited in each specimen (see discussion). At the same
time, in three out of the five specimens referred to above, lympho-lymphatic anastomoses were
found on the seventh, 14th and 28th day after ligation of lymphatic trunks. Appraisal of all
chronic experiments revealed that lympho-lymphatic anastomoses had not developed but in two
heart specimens (7th and 12th day) and were only found in cases in which lymphovenous ana-
stomoses had developed.

Discussion

As has been shown by the papers of Johnson et Blake (68) and Vajda et al (72), LVA are found
in the normal heart of hog. The opinions of these authors differ in the question as to whether
or nor LVA exist in man, the former denied their existence, while Vajda et al. described them
as frequent structures, 1060-500 and even 700 um. thick. When comparing the findings in the
two papers with those of the present investigation in acutely stenosed lymphatic vessels of the
canine heart, it may be said that in the normal heart of dog there are no LVA. Zerbino et
Gavris (70) reported that they always found lymphovenous anastomoses in the canine heart
after ligation of lymphatic vessels. Evidence of this is also furnished by the retrograde permea-
tion of the injected substance from the veins into the lymphatic bed. Data referring to the dura-
tion of development and persistence of LVA have not been reported on, nor has there been
made any mention in the paper of the development of lympho-lymphatic anastomoses. It emer-
ges from the experiments of the present investigation that LVA were found in five out of 23
dogs (21,7%) in chronic occlusion of lymph routes. They were found from the seventh day
after ligature together with developing lympho lymphatic anastomoses. No LVA were found by
retrograde injection of the lymphatic network from the venous bed. Because of the calibres of
LVA it must be assumed that the technical conditions did not permit to determine their exact
number. In clarified specimens, approximately six anastomoses were found in the subepicardial
network of the ventricles. The authors do not agree with the opinions of Zerbino et Gavri§ who
described LVA in the canine heart as multiple and common structures. Both Zerbino et Gavri§
and Vajda et al. never reported on the number of anastomoses. When observing the injected
specimens, the error arising from the close neighbourhood of lymphatic vessels and veins, cross-
ing each other frequently, should be avoided, and only by meticulous appraisal after dissection
from all sides can it be ascertained whether or not these are LVA.

In agreement with other authors (Patek, 1939; Bradham, 1970 and Suschko, 1950) the authors
of this communication do not consider evidence of LVA furnished by injection into the inter-

stice as convincing, because puncture and pressure during injection lead to damage to the walls
of blood vessels and permit the substance to escape into the veins.

It should be assumed that development of LVA is indirectly dependent on the deveIopment of
lympho-lymphatic anastomoses. If lympho-lymphatic anastomoses have developed by the seventh
day, a substituting drainage of lymph and the interstitial fluid via the LVA is not required and
LVA do not develop. If, however, the drainage of lymph via the lympho-lymphatic anastomoses
is insufficient, both forms of lymph drainage may exist simultaneously. This is borne out by

the cases of the three out of five heart specimens with LVA referred to above. Rusznyak et al.
(1957) produced the clinical picture of myocardial infarction in dog by ligature of the cardiac
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lymphatic trunks; within five days the pathological signs receded in the ECG. This recession is,
according to these authors, due to the development of lympho-lymphatic anastomoses. Vajda

et al., on the other hand, explained the normalization of the ECG by the presence of permanent
LVA. According to the opinion of the authors of this communication, the picture of myocardi-
al infarction should never develop in the presence of permanent and thick -LVA (as described

by Vajda et al.) after occlusion of the lymphatic trunks. It may be assumed that development
of lympho-lymphatic anastomoses only takes place under possible simultaneous development of

lymphovenous anastomoses during the week in which the ECG changes recede.
The authors thank Mrs. A. Holubona and Mrs. B. Jirova for the technical assistance.
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