Chapter 1
A General Outline of the Cardiac Lymphatic
System
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Abstract The lymphoid system is a collection of freely permeable, thin-walled
vessels dispersed throughout the entire body. Lymphatic vessels preserve circula-
tory homeostasis by clearing blood capillary ultrafiltrate along with excess protein
from the interstitium and delivering them back to the venous circulation. Very little
is known about the lymphatic system as it relates to the heart, and therefore, the
subject is often neglected in textbooks. Many pathological conditions have been
linked to obstruction of lymph flow and even, in rare cases, to cardiac lymphoma.
The aim of this chapter is to review the anatomy of cardiac lymphatics based on
current literature and emphasize the clinical significance of the system.
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Introduction

The lymphoid system is a collection of freely permeable, thin-walled vessels dis-
persed throughout the entire body [1, 2]. The capillary-like lymphatic vessels begin
as blind sacs in the interstitial space and have three main functions [1-4]. First, the
lymph vessels preserve circulatory homeostasis by clearing blood capillary
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Fig. 1.1 A schematic representation of the lymphatic drainage of the heart

ultrafiltrate along with excess protein within the interstitium and delivering them
back to the venous circulation [3, 4]. This clear, protein-rich fluid found in lymphat-
ics is known as lymph [1, 4]. Second, lymphoid tissue in the intestinal tract aids in
nutrition by absorbing digested fat [3]. Third, lymph vessels play a primary role in
defense. Foreign antigens, bacteria, and lymphocytes found in the interstitium drain
with the lymph to regional lymph nodes and trigger activation of the immune sys-
tem [3]. The diagnosis, prognosis, and treatment of many diseases, not withholding
malignancies, require thorough knowledge of lymph circulation and drainage.
There are very few studies in the literature on the cardiac lymphatics in particular,
and in fact, any mention of cardiac lymph drainage in textbooks is rare. This study
focuses on lymphatics as they relate to the heart.

Lymphatics in the heart can be divided into three categories based on their size:
minute valveless capillaries, medium lymphatic collecting vessels (usually valve-
less), and large valved lymphatic trunks [5]. In general, lymph flows from the sub-
endocardium outward toward the subepicardial lymphatic plexus [1, 6, 7]. These
plexuses feed into larger lymphatic vessels that follow the path of the main coronary
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blood vessels in the anterior and posterior interventricular grooves and the coronary
sulcus (Fig. 1.1) [1, 5, 7]. Kline [5] observed that these lymphatic vessels within the
epicardium resembled white bands. Many pathological conditions have been linked
to obstruction of lymph flow and even, in rare cases, to cardiac lymphoma [8—10].
The aim of this chapter is to review the current literature associated with the cardiac
lymphatic system, with an emphasis on its clinical significance.

History

Many authors credit Rudbeck as the first researcher to bring attention to the lym-
phatics in the heart [11, 12]. In 1653, Rudbeck [13] described the subepicardial
lymph vessels of a dog, as reported by Patek [12]. The heart of a dog is often used
as a surrogate model for the human heart when studying lymphatics because the two
are nearly identical in anatomy [14]. Since Rudbeck, several anatomists have stud-
ied these lymphatics in more detail. According to Bradham et al. [15], Nuck discov-
ered several decades later that mercury could be introduced directly into the cardiac
lymph vessels. In 1924, Aagaard [16] discovered lymphatic plexuses in the suben-
docardial, myocardial, and subepicardial tissue layers after injecting dye into the
heart muscle. In 1939, Patek [12] substantiated this finding using India ink. Patek
[12] observed that lymph is drained outward in valveless channels from the suben-
docardial plexus through to the myocardial plexus and subepicardial plexuses and is
finally collected into a large single trunk draining the entirety of the heart [12]. The
following year, Drinker et al. [17] cannulated a major efferent lymphatic trunk to
measure the flow, pressure, and composition of lymph leaving the heart.

Since 1940, several studies have confirmed these preceding basic anatomical
findings. In 1966, Johnson and Blake [18] utilized hydrogen peroxide to distend the
lumens of the cardiac lymphatic vessels and blood capillaries in an effort to investi-
gate morphological differences, and in the process they demonstrated a vast net-
work of subendocardial and subepicardial lymphatics [18]. In a study involving
mongrel dogs, Bradham et al. [15] confirmed that a vast network of lymphatics is
ubiquitous in the ventricular myocardium, even more so on the left side (Fig. 1.2).
In 1982, Miller [19] outlined the path of cardiac lymph drainage from the major
collecting trunks to the mediastinal lymph nodes, with the lymph finally emptying
into the thoracic duct.

Embryological Studies

With his study of embryos and fetuses of humans, Kampmeier [20] utilized vital
dye to show that lymph vessels of the heart originated from two plexuses. The first
plexus began in the right ventricle, followed the right coronary artery proximally,
ascended between the aorta and pulmonary trunk, and finally drained into the
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Fig. 1.2 A schematic representation of the right lymphatic drainage of the heart

upper thoracic duct adjacent to the left jugular lymph sac. The second plexus was
observed to originate in the left ventricle, course proximally along with the left
coronary artery, and drained into the right jugular sac (deriving from the pretra-
cheal plexus) [20]. Kampmeier [20] inferred that these discrete efferent lymphatic
paths persisted in adults. However, Feola et al. [21] disagreed with this conclu-
sion. In their study, seven out of nine cadaveric specimens exhibited the left and
right major lymphatic trunks unifying as one main lymphatic vessel superior to the
heart [21]. In one of the earliest studies on lymphatic origin, Cash [22] demon-
strated in embryo pigs that there is initially one large lymphatic plexus covering
the entire surface of the heart, with vessels penetrating and networking deeper
during late development.

In animal studies, the atrioventricular (AV) valves of both adult dogs and puppies
have been observed to have lymphatic capillaries [23]. The capillaries visualized in
the adults were more developed, which supported the theory that lymphatic vessels
of the heart continue to develop into adulthood [23]. In contrast, human cardiac
lymphatics have been demonstrated to conclude development in early stages of fetal
growth [24].
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The Subendocardial Plexus

As stated above, the network of lymphatic vessels in the subendocardium are
extensive [18]. Uhley et al. [25] observed the branches of these vessels crossing at
myriad angles. It has been reported that small lymphatic capillary systems, such as
the subendocardial plexus, originate from the blood endothelium and basement
membrane and are observed as sizeable dilatations [26]. Lupinski [26] approxi-
mated that 1,300 blood capillaries drain into each lymphatic capillary. As discussed,
lymph flow in the heart progresses outward from the subendocardial plexus to the
myocardial plexus [12]. Lupinski [26] opined that there is no clinical significance to
this pattern of outward flow.

Myocardial Plexus

Studies detailing the myocardial plexus are scarce. Anatomy and pathology text-
books forego the topic all together [27], or else only note that they exist [1].
Nevertheless, Bullon and Huth [28] described the intricate anatomy of lymphatic
vessels in the myocardium. They found that myocardial lymphatic capillaries were
sparse compared to blood capillaries, and it was noted that a continuous basal mem-
brane was absent [28]. Bullon and Huth [28] suggested these lymphatics possessed
the ability to adjust immediately to an increased functional load as a result of the
multitude of cellular junctions encompassing the vessels. In addition to blood capil-
laries, Bullon and Huth [28] reported that the basement membranes of nerves, fibro-
cytes, and myocytes were in direct contact with the adjacent myocardial lymphatic
vessels.

Recent research by Lupinski [26] has expanded on prior knowledge of the myo-
cardial lymphatic plexus. He described the numerous lymphatic capillaries as
“basket-like” and confirmed they are positioned adjacent to blood capillaries in the
interstitium [26]. Lymph from the myocardial plexus collects into channels, which
drains to the subepicardial plexus via channels in the connective tissue septum [26].

Subepicardial Plexus

Patek [12] discovered the subepicardial plexus network of lymphatic capillaries,
with accompanying collecting channels between the myocardial and epicardial
muscle layers, by injecting India ink into the subepicardium. According to Patek
[12], lymphatics can be classified into five types that are determined by the region
being drained. The first type includes all of the lymphatics initially flowing into the
capillary plexuses, and the second type involves the lymphatic vessels that make up
the capillary plexus. As the diameter of the lymphatic collecting vessels increase,
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the type numbers increase correspondingly with type five being the largest lym-
phatic trunk [12]. Patek’s [ 12] results were substantiated by Johnson and Blake [18],
in humans, as well as in other species. In addition, Johnson and Blake [18] observed
the efferent lymphatic vessels flowing into larger lymphatic trunks in the AV grooves
and finally emptying within the main lymphatic collecting trunk of the heart. More
recent studies also support their findings [26].

Pericardial Lymphatics

Prior to 1977, the consensus was that the right lymphatic duct drained the majority
of cardiac lymph. However, Leeds et al. [29] observed multiple pathways of lym-
phatic drainage from the parietal pericardium into both the right and thoracic lym-
phatic ducts of canines using radiolabeled lymph. Following the canine pericardial
lymph drain more proximally, Miller et al. [30] showed the lymphatic ducts empty-
ing into the left and right upper mediastinal nodes and further to the parasternal
internal thoracic chain of lymphatics bilaterally.

In humans, lymph in the pericardial space has been shown to drain by several
different pathways [31]. Anteriorly, lymph from the upper aspect drained toward the
phrenic neurovascular bundle, turned superiorly to the brachiocephalic veins, and
ultimately emptied into both anterior mediastinal lymph nodes (Fig. 1.1). Lymph
from lower regions either drained toward the phrenic neurovascular bundle and then
moved inferiorly to enter the diaphragm or coursed ventrally, entering the preperi-
cardial lymph nodes at the juncture between the diaphragm and pericardium.
Laterally, lymph from the upper aspect of the pericardium mostly flowed superiorly
into the peribronchial and tracheobronchial lymph nodes. The lower part mirrored
that of the anterior pericardial space. A posterior part of the lateral pericardium
drained to a chain of lymph nodes ventral to the esophagus and dorsal to the inferior
vena cava. Lymphatics from the posterior pericardium, including the cupula, ulti-
mately drained superiorly to the tracheobronchial lymph nodes. Finally, lymph from
the diaphragmatic pericardium followed several different pathways. The right side
drained into the right pericardial lymph node, the ventral aspect into the prepericar-
dial nodes, and the central aspect into the posterior mediastinal or tracheobronchial
lymph nodes (Figs. 1.2 and 1.3) [31]. In addition, Eliskova et al. [31] observed a
second layer of lymphatics within the adipose and areolar tissues.

Lymphatics of the Cardiac Valves

The presence of lymphatics within AV valves is a point of contention [32]. However,
Miller et al. [33] demonstrated lymphatic vessels in the valves of live canines. In
1988, Noguchi et al. [23] utilized various methods, including light and electron
microscopy, to substantiate this finding. Within the atrial region of the leaflets of all
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Fig. 1.3 A schematic representation of the left lymphatic drainage of the heart

the valves, especially the mitral valve, they discovered subendocardial lymph-filled
capillaries. Noguchi et al. [23] found the majority of the lymphatic vessels of the
leaflets were more proximal, diminishing as they approached the free border. The
following year, Ichikawa et al. [34] observed the lymphatic vessels originating as a
single endothelial cell projecting into the chordae tendineae from the papillary mus-
cles. Miller et al. [33] suggested that it is highly probable that the pathways of
lymphatics of the AV valves are connected with the corresponding aortic and pul-
monary valves.

Right-Sided Cardiac Lymphatic Pathways

Riquet and Hidden [35] investigated lymphatics of the right atrium and ven-
tricle in cadaveric specimens. After dye was injected at the right cardiac bor-
der, they observed lymph flow to the main right efferent lymphatic collecting
vessel and continue superiorly toward the left anterior mediastinal lymphatic chain.
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Riquet and Hidden [35] introduced dye within the interventricular groove and
observed it drain into the thoracic duct, passing through the right paratracheal
lymph nodes on the way. Prior to this study, it was demonstrated that the right
subendocardial aspect of the ventricular septum contained the more substantial
lymphatic network [36].

Left-Sided Cardiac Lymphatic Pathways

Studying the left side of the heart as well, Riquet and Hidden [37] again utilized
dye, this time within the left principal efferent ducts. They demonstrated lymph
traversing the pulmonary trunk posteriorly and draining into the right pretracheal
lymphatic chain, eluding the left side of the heart. Dye was also reported to enter the
right principal collecting trunk on several occasions, but generally, variations of the
left side are less frequent than the right [37]. Eliskova et al. [38] found similar
results in Macaque monkeys.

Atrial Lymphatics

Previously, many were unable to detect lymph capillaries in the atria. More recent
studies utilizing light and electron microscopy have shown scant lymphatics in the
subepicardium of atria [39, 40]. Marchetti et al. [40] opined that lymphatic vessels
have only been noted in the subepicardium of the atrium as a consequence of its
very thin walls.

Ventricular Lymphatics

As one would expect, lymphatic vessels in the ventricles are consistent with the
organization of subendocardial, myocardial, and subepicardial plexuses, as noted
above [36, 41]. In a study in canines, Uhley and Leeds [42] showed that papillary
muscles contained an extensive lymphatic system. Burch et al. [43] suggested
that disruption of the lymphatics in papillary muscles would cause derangement
of the mitral valvular complex and therefore malfunction of the mitral valve.
Uhley and Leeds [42] observed an intricate reticulation of lymph capillaries artic-
ulating the surface of both papillary muscles of the mitral valve. In addition, they
demonstrated thin spikes of lymphatic vessels projecting down the chordae ten-
dineae [42].
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Lymphatics Related to the Cardiac Conduction System

Studies have shown a significant anatomical association of the lymphatic capillaries
in the subendocardium with the right bundle branch [25]. Uhley et al. [25] suggested
that pathology related to cardiac lymph flow may delay or even block conduction
along the fascicle, with an endpoint of fibrosis. Uhley et al. [25] speculated that the
AV node region drained lymph from the inferior part of the chambers on the right side
of the heart. They proposed that damaged tissue released large amounts of potassium
that could reach the AV node in this fashion and disrupt its extracellular environment,
which could explain the transient manifestations of AV conduction delays associated
with an inferior infarction [25]. Uhley et al. [25] also described an anterior septum
infarction leading to potassium-rich lymph draining to the right bundle, delaying con-
duction and creating the possibility of a complete bundle branch block.

Golab [44] demonstrated that lymph originating in the conduction system
drains via the myocardial plexus. He found that most of the lymphatics from the
AV node emptied directly into the main left lymphatic trunk and the majority of
lymph collected from the sinoatrial node flowed directly into the main right lym-
phatic trunk [44].

Etiology and Sequelae of Disruption to Cardiac Lymph Flow

As stated above, lymphatics play a key role in clearing protein-rich fluid from the
interstitium [3, 4]. Inhibition of lymph flow elsewhere in the body can lead to seri-
ous complications, and it is no different in the heart. Disruption of cardiac lymphat-
ics was shown to cause subsequent build up of excess interstitial fluid and proteins
[45]. This lymphedema has been found to initiate many pathological processes,
such as interstitial fibrosis and pericardial effusion, thus impairing cardiac function
[46, 47]. It is important to consider the etiology and sequelae of the obstruction of
lymph flow in the heart because they are clinically significant.

The literature supports many different sources of impairment to lymph flow,
which could be roughly separated into pathological and iatrogenic origins. We pro-
pose the pathological causes could be further divided into three groups: those caus-
ing lymph stasis due to decreased myocardial contractility, those causing lymphatic
obstruction by compression of the vessels, and those damaging lymphatics through
inflammation and fibrosis.

The flow of cardiac lymph is completely dependent on the contractions of the
heart [3, 7, 48]. Myocardial ischemia, increased superior vena caval pressure, ven-
tricular fibrillation, and pulmonary artery hypertension have all been shown to
decrease cardiac contractility and are associated with compromised cardiac lymph
flow [5, 19, 49]. In contrast, Feola et al. [50, 51] noted an increase in lymph flow
following acute myocardial ischemia in canines. They suggested cardiac lymphatics
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were essential in the reduction of ischemic damage by decreasing interstitial edema
and anaerobic tissue metabolites [50, 51]. Cui [52, 53] also supported the benefits
of improved cardiac lymph flow ensuing myocardial infarction.

Tumors of the heart have also been shown to disrupt lymph flow by mechanical
compression of the vessels. It was reported that metastatic cardiac tumors were a
more common cause of mass effect on lymphatics [49]. Primary cardiac tumors, as
discussed later, are rare.

Another source of injury to lymphatics is inflammation. Lupinski [54] reported
on mediastinal lymph nodes that were damaged after infection, causing blockage of
distal lymph flow, and injury to the cardiac lymphatic vessels. The author suggested
rheumatic arteritis, endocarditis, syphilis, and tuberculosis as sources of inflamma-
tion. On the other hand, the reverse has also been shown to be true. Maurice et al.
[55] argued that impaired lymph drainage renders the heart more susceptible to
inflammation and infection. Miller [14] provided support to this study and added
that cardiac lymphedema predisposed the tissue to fibrosis and fibroelastosis.
Several studies, human and animal, have substantiated the idea of lymphatic obstruc-
tion initiating a cascade of significant fibroblastic proliferation leading to endocar-
dial and interstitial fibrosis [5, 56-59].

Many have commonly accepted that the mediastinal lymphatics are nonessential
with no harmful consequences to their abolition, but the proposed evidence has
opposed that theory. Several cardiac surgical procedures, such as valve replacement
and cardiac transplant, result in removing or scarring of mediastinal and intratho-
racic lymphatic vessels [46]. Lupinski [26] described the destruction of cardiac
lymphatic vessels during open-heart surgery as a result of cross-clamping. The
ramifications of cardiac lymphatic obstruction have been thoroughly outlined above.
Kong et al. [59] suggested lymphatic obstruction is rarely avoidable in cardiac
transplantation and that the root of allograft failure was a result of injury to the
myocardium from the obstruction. Mehlhorn [48] reported that dysfunction of the
left ventricle and myocardial edema after surgery contributed to the compromised
lymphatic flow.

Lymphoma of the Heart

Malignant cardiac lymphoma is an infrequent, but significant cause of cardiac lym-
phatic obstruction. The heart is not often initially involved at the time of diagnosis,
but metastases of lymphomas to the heart have been observed in 20 % of cases,
based on autopsy reports [8, 9, 60]. The prevalence of primary cardiac lymphoma is
extremely low, constituting only 1.3 % of all heart tumors and 0.5 % of all extra-
nodal lymphomas [61]. Primary cardiac lymphoma is commonly defined as a non-
Hodgkin lymphoma presenting exclusively in the heart, or having the majority of
the tumor mass in the heart or pericardium [8, 60]. Jeudy et al. [61] suggested that
an increasing prevalence of cardiac lymphomas in transplant recipients and acquired
immunodeficiency syndrome patients is a result of the Epstein-Barr virus.
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Cardiac lymphomas are most commonly found in, but are not limited to, the right-
sided chambers of the heart [8, 60], and the most common sign observed with the
lymphomas are pericardial effusions [9]. Because patients with severe disease can be
asymptomatic, and clinical suspicion is usually low with imaging findings being
nonspecific, cardiac lymphomas tend to be more advanced at the time of diagnosis
and therefore are generally associated with a poor prognosis [9, 60, 62]. Widespread
dissemination and underlying immunodeficiency also add to the grave outcome [9,
60]. Polychemotherapy including anthracycline was shown to increase survival, with
combination radiation and chemotherapy being the most effective [60].

Conclusion

In spite of the fact that most textbooks neglect the subject, the cardiac lymphatic
system may play a significant role in the pathophysiology of many diseases.
Furthermore, a clear understanding of the anatomy and physiology of cardiac lym-
phatics may be an important part of successful thoracic operations including
improved postoperative outcomes. Although further studies are required, the authors
hope this distillation of current knowledge serves as an overview of the cardiac
lymphatic system for both the morphologist and the clinician.
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