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Summary

Experimental impairment of cardiac lymph flow in
dogs produced histologic and electrophysiologic
changes in the heart. Interstitial edema, lipid swel-
ling of myofibrils, dilatation of lymph vessels, and
fibrinoid degeneration of small coronary arteries oc-
curred in and near the sinus node and the atrioven-
tricular conduction system. On electrical stimulation
of the heart, significant shortening of the atrial and
ventricular effective refractory periods, increases in
the sinus node recovery time and in the atrioventri-
cular conduction time, and ventricular extrasystoles
and ventricular fibrillation were observed. Many of
these EKG changes are similar to those observed in
sick sinus syndrome in man. An attempt was made
to create dynamic lymphatic insufficiency by rapid
electrical stimulation of the heart. EKG abnormali-
ties observed in these cases could be prevented by
intravenous injection of calcium dobesilate.

Although it is over 300 years since Rudbeck
described the subpericardial lymphatics (1),
the functions of the cardiac lymphatic sys-
tem are not yet fully understood. Experimen-
tal interruption of cardiac lymph flow by liga-
tion of the lymphatics and the lymph nodes
of the heart has resulted in disorder of the
cardiac microcirculation accompanied by in-
terstitial edema, myocardial damage, and elec-
trocardiographic changes such as transient
bradycardia, extrasystoles, and anomalies of
repolarization — the condition known as acute
lymphostatic cardiomyopathy (2—5). Whether
however, the cardiac arrhythmia is in fact
caused by the mechanical impairment to car-
diac lymph flow remains to be demonstrated.

In previous experiments, Solti et al. (5) re-
ported on a hypothesis that rapid electrical

stimulation of the heart might cause a dyna-
mic insufficiency of the cardiac lymph system,
since ultrastructural studies in these animals,
besides nonspecific focal myocardial necrosis
and interstitial edema, revealed dilated lympha-
tics, as well. Though this remains a hypothesis
and repeated studies must be performed to
confirm these findings, the authors also ob-
served EKG changes similar to those found

in acute cardiac lymphostasis.

The purpose of the research now reported was
to identify, in animal experiments, the morbid
histologic changes associated with lymphostatic
cardiomyopathy and the effects of these changes
on the formation and conduction of the cardiac
impulse and the pacemaker function of the
sinus node.

To prevent cardiac arrhythmias observed after
rapid electrical stimulation of the heart, a pre-
liminary study of the effect of calcium dobe-
silate! was also performed. This drug is claimed
to improve microcirculation, decreasing intersti-
tial edema (7, 8). .

Methods

In 26 mongrel dogs of both sexes, anesthetized
with intravenous pentobarbital and ventilated
mechanically with room air by a Harvard respi-
rator and a cuffed endotracheal tube, a thora-
cotomy was performed via the fourth left inter-
costal space. The heart was stimulated electri-
cally by two unipolar electrodes attached to
the epicardial surfaces of the right atrium and
right ventricle using a Medtronic 5837 impulse
generator and a Medtronic 5325 programmable
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electrical stimulator. Patent Blue dye was inject-
ed subepicardially in multiple sites to visualize
the major lymph vessels and lymph nodes of
the heart. The cardiac and pretracheal nodes
were ligated several times after meticulous dis-
section together with all of the visible afferent
and efferent lymph ducts. Lymph drainage to-
wards the right lymphatic duct was especially
carefully followed and ligated. The left thora-
cic duct was also ligated at the upper thorax.

The sinus-node recovery time (SNRT) was de-
termined by rapid electrical stimulation of the
right atrium. For corrector measurements of
sinus node pacemaker function, the corrected
sinus-node recovery time (CSNRT), that is, the
SNRT — the sinus cycle length (9), was also
calculated.

The arrhythmic property of the heart was in-
vestigated by measuring the atrial and ventri-
cular effective refractory periods (AERP and
VERP) by programmable coupled stimulation.

The atrioventricular and intraventricular con-
duction times were monitored by repeated
electrocardiographic measurement of the P-Q
distance and the length of the QRS complex.
To detect latent conduction disorder, rapid
electrical stimulation (160 to 240 per minute)
of the right atrium was also performed.

Fig. 1 Dog heart 24 hours after liga-
tion of cardiac lymph nodes. Lymph
vessels dilated and their endothelial
cells edematous. Despite edema of the
subendothelial space, collagen fibers
are still visible. L = lumen of lymph
vessel. E = endothelium of lymph ves-
sel. CM = cardiac muscle. Co = colla-
gen fibers (x 24 000)

The electrical stimulation thresholds of the right
atrium and right ventricle were monitored at
regular intervals by means of the impulse gene-
rator.

All electrophysiologic investigations were done
before and immediately after lymph node liga-
tion and at a second thoracotomy performed
between 3 and 6 days after the first. The ani-
mals were then killed and specimens of cardiac
tissue taken for examination by light and elec-
tron microscopy.

Cardiac lymph node ligation was done in an

additional six dogs not submitted to electro-

physiologic studies. Cardiac tissue for histolo-
gic examination was taken from all these ani-
mals before ligation, from two of them imme-
diately after ligation, from two 24 hours after
ligation and from two 48 hours after ligation.

Cardiac overdrive to a heart rate of over 180
beats per minute was induced by electrical
stimulation in six mongrel dogs, three of which
had received 50 to 75 mg/kg of calcium dobe-
silate per kg by intravenous injection in one
bolus. Electrocardiographic records were made
4 hours after in all of the animals.

Statistical analysis of the experimental data
was by the Student’s one-sample 7 test.
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Results

Histologic studies

Changes in the myocardium and in the small
coronary arteries after ligation of the cardiac
lymph nodes were seen under light and elec-
tron microscopy. Interstitial edema and dila-
tation of lymph vessels accompanied by ede-
ma of their lining endothelial cells, fibrinoid
degeneration in the wall of small coronary
arteries, although visible immediately after
ligation, were most striking 24 hours later.
Swelling of myofibrils with lipid droplets at-
tached to the mitochondria was noted in spe-
cimens taken 24 to 48 hours after the crea-
tion of lymphostasis. These changes were pres-
ent in the sinus node, the atrioventricular con-
dution system, and adjacent areas (Figs. 1 —4).

Electrophysiologic studies

Significant shortening of the AERP and the
VERP (Fig. 5) indicated increase in the irrit-
ability and the arrhythmic property of the
atria and ventricles and prolongation of the
stimulation period of the heart. There was
significant prolongation of the CSNRT (by
almost 30 %). Prolongation of the atrioventri-
cular conduction time (P—Q) suggested slow-
ing of impulse conduction and elevation of
the heart’s electrical stimulus threshold. The
appearance of sinoatrial block and latent
atrioventricular block (Fig. 6) indicated dis-

187

Fig. 2 Dog heart 24 hours after cardiac
lymph node ligation. Fibrinoid degene-
ration of a small coronary artery, narrow-
ing of its lumen, and edematous swelling
of its endothelial cells. E = endothelial
cells, CM = cardiac muscle, D = degene-
ration (x 24 000)

ordered conduction, and the development of
extrasystoles indicated the arrhythmic proper-
ty of the heart (Fig. 7). The wandering of the
P-wave and the development of escape rhythm
(junctional coronary sinus rhythm) pointed to
disturbance in impulse formation at the sinus
node.

Rapid electrical stimulation of the heart for
4 hours showed abnormalities of rhythm in-
cluding bursts of tachyarrhythmia and hetero-
topic and ventricular extrasystoles in the un-
treated animals (Figs. 8 and 9) and practical-
ly normal electrocardiographic tracings in the
animals that had received calcium dobesilate
(Fig. 10).

Discussion

Experimental interruption of the cardiac lymph
vessels caused much controversy in recent years,
especially because of differences in opinions
concerning the drainage pathways of the cardiac
lymph system. The right lymphatic duct is the
main collecting channel of the canine cardiac
lymph, however, connecting channels towards
the thoracic duct were described, as well (10).
Both left and right coronary lymphatics should
be interrupted and the cardiac, tracheobron-
chial and posterior mediastinal lymph nodes
should be ligated several times. Lymph drain-
age from the sinoatrial node leads partly to
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Fig. 3 Dog heart 48 hours after cardiac
lymph node ligation. Edema between
the cardiac myofibrils. CM = cardiac
muscle. M = mitochondrium (x 36 000)

Fig. 4 Dog heart 48 hours after cardiac
lymph node ligation. Lipid droplets
next to myofibrils. CM = cardiac muscle.
M = mitochondrium. Li = lipid droplets
(x 36000)

Fig. 5 Effect of ligation of cardiac lymph nodes in
dog on the A.E.R.P. (atrial effective refractory per-
iod), V.E.R.P. (ventricular effective refractory per-
iod), C.S.N.R.T. (corrected sinus-node recovery time),
and P-Q (atrioventricular conduction time). Changes
are expressed as percentages of the base value. Note
shortening of A.E.R.P. and V.E.R.P., prolongation
(by almost 30%) of C.S.N.R.T, and prolongation of
the P-Q interval
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Fig. 6 Increase in sinus-node recovery
time after ligation of cardiac lymph
nodes in dog. At the conclusion of elec-
trical stimulation of the heart (J) the
first P wave appears late. Einthoven bi-
polar extremity lead |1. Paper speed =
25mm per second
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Fig. 8 Tracing four hours after rapid electrical stimulation (overdrive) of dog heart. Untreated
animal. Atrioventricular block and ventricular fibrillation. External pacing () was necessary to
restore sinus rhythm. Einthoven bipolar lead |. Paper speed = 25mm per second
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Fig. 9 Tracing four hours after rapid electrical stimulation of dog heart. Untreated animal. Ventri-
cular extrasystoles and ventricular fibrillation. Einthoven bipolar lead |. Paper speed = 25 mm per second
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Fig. 10 Practically normal tracing four hours after rapid electrical stimulation of dog heart. Animal pretreated
with calcium dobesilate (CD)

the inferior tracheobronchial nodes and partly  That the characteristic histologic changes in
through the left coronary lymphatics to the the heart that have been designated acute lym-
cardiac lymph node (11). phostatic cardiomyopathy can be produced in
The difficulties in creating long-lasting lymph dogs by experimental ligation of the main car-
stasis are obvious and the problems are similar ~ diac lymph ducts and lymph nodes has been
to those observed during the attempts to create ~ confirmed in the work described here. These

extremital lymphedema in dog. Fast regenera-  findings support the previous works of Foldi
tion of the lymph vessel, opening up of new et al. (2), Miller (3), Kline et al. (4), Symbas
collaterals and possible lymphovenous anasto- €t al. (12) and Sun and Lie (13).

moses successfully contribute to diminish Although the morbid histologic effects of
lymph stasis. chronic obstruction to cardiac lymph flow
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in the dog are also well documented [endo-
cardial fibrosis by Kline et al. (4) and by Mil-
ler et al. (14) and valvular thickening by Sym-
bas et al. (12)], there are few accounts of
these effects in man.

Two patients with marked ventricular endo-
cardial fibroelastosis and evidence of obstruc-
tion of cardiac lymphatic vessels reported by
Kline et al. (15) lend support to the hypothe-
sis primarily derived from dog experiments,
that chronic impairment of the cardiac lymph
flow leads to endocardial fibroelastosis.

Further studies are necessary to explain the
lack of lymphostatic cardiomyopathy in car-
diac transplants; however, lymphatics during
transplantation are only transected and not
ligated, thus lymph drainage is not complete-
ly occluded. Rapid regeneration of lymphatics
and the development of lymphovenous ana-
stomoses can diminish lymphatic stasis in the
late postoperative period.

The electrophysiologic changes found in acute
cardiac lymphostasis in our experiments point
to the close relationship between the cardiac
lymph system and the conduction system of
the heart (16—18). EKG changes in acute car-
diac lymphedema were described by Foldi et
al. (2), Rusznyak et al. (19) and Jacobs et al.
(20), as well. However, we agree with Miller
(21) that canine EKG changes should be in-
terpreted with much caution and results should
be repeatedly evaluated under strictly similar
conditions.

The electrophysiologic findings in experimen-
tally induced cardiac lymph flow impairment
closely resemble those of the sick sinus syn-
drome in man. The sick sinus syndrome (22),
one of the commonest cardiac arrhythmias, is
characterized by dysfunction of the sinus
node and disordered atrial impulse conduction.
Its most constant sign is SNRT prolongation
(22). Other features are sinus bradycardia,
sinoatrial block, latent disorder of atrioventri-
cular conduction, premature systoles, extra-
systoles, and wandering pacemaker. Its most
common cause is fibrosis. It has been report-
ed as a sequel to surgical procedures on the
heart (5, 23—26) in which the risk of trau-
ma and obstruction to lymph vessels is also
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evident. These vessels may be occluded by li-
gation and interstitial edema resulting from
tissue injury at perfusion may interfere with
lymph flow. Sick sinus syndrome with pro-
longed SMRT appeared during the immediate
postoperative period in all of the 26 patients
operated on by Solti et al. (26) for atrial sep-
tal defect, and persisted in 10 of the patients.

Though there is no evidence that lymphatic
occlusion alone causes sick sinus syndrome in
man, in the majority of reported cases the si-
nus node artery was intact in iatrogenic sick
sinus syndrome and edema and/or hematoma
caused reversible changes in the pacemaker
function of the heart (26). Rossi (27) report-
ed a patient who died from atrioventricular
block and the necropsy revealed sclerosis of
the atrioventricular node; lymph vessels show-
ing dilatation or proliferative lymphangitis
were observed within the fibrous strands. It
was postulated that the cause of the damage
to the conducting system and of the heart
block in this case was chronic proliferative
lymphangitis.

Further studies are necessary to prove the
role and importance of the cardiac lymph
system in the electrophysiologic changes ob-
served by Solti et al. (6) after rapid electrical
stimulation of the heart. It is noteworthy that
in our preliminary study arrhythmic changes
could be prevented by calcium dobesilate.

Though our studies suggest that calcium dobe-
silate is beneficial in cardiac arrhythmias caused
by rapid electrical stimulation of the heart,

the cause and the mechanism of action is still
unclear and warrants further investigation.
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