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Abstract Lymphatic thrombosis is a rare occurrence, and although its frequency is likely under-
estimated, its burden remains substantially lower than that of venous or arterial
thrombosis. Current evidence suggests that despite measurable levels of fibrinogen,
von Willebrand factor and other coagulation factors in the lymph, fibrin generation is
substantially inhibited under physiological conditions, essentially making the lymph a
hypocoagulable biological fluid. Although factor Vlla-tissue factor-catalyzed activation
of factor X is possible in the lymph, fibrin generation is largely counteracted by the
unavailability of cell surface anionic phospholipids such as those physiologically present
on blood platelets, combined with only low levels of coagulation factors, and the strong
inhibitory activity of heparin, antithrombin, and tissue factor pathway inhibitor.
Enhanced fibrinolytic activity further contributes to reduce the development and
growth of lymph clots. Nevertheless, lymphatic thrombosis is occasionally detected,
especially in the thoracic duct, axillary, or inguinal lymphatics. Pathogenetic mecha-
nisms are supported by the release of thromboplastin substances from the injured
lymphatic endothelium accompanied by chronic obstruction of lymph flow in the
presence of a hypercoagulable milieu, thereby mirroring the Virchow triad that
otherwise characterizes venous thrombosis. In theory, any source of lymphatic vessel
occlusion, such as internal obliteration, external compression, or increased lymphatic
pressure, might predispose to localized lymphatic thrombosis. The leading pathologies
that can trigger thrombosis in the lymphatic vessels include cancer (due to external
compression, neoplastic obliteration of the lymphatic lumen by metastatic cells, or
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Historical Premise

Although it is clear that modern immunology had its origin in
the mid-17th century, the original discovery of the lymphatic
system is still largely debated.! Olaus Rudbeck, while dissect-
ing small animals as a young student at Uppsala University, is
believed to have been the very first scientist to describe the
lymphatic connection between the intestines and the circu-
lating blood, along with the direction of the flow in the
lymphatic system.> However, as Rudbeck published his own
discoveries, the Danish anatomist Thomas Bartholin reported
identical observations nearly simultaneously. Nevertheless,
Rudbeck charged Bartholin with predating this observation,
giving priority of discovery to the latter, with a 752-word
letter in Latin.’> While most studies in the 17th century
concerned the anatomical organization of the lymphatic
system, those in the following century were mainly planned
to elucidate its function. It is still surprising that another
dispute emerged a century later, in the late 1750s, between a
young Scotch medical graduate (Alexander Monro) and a
noted London anatomist (William Hunter), who both advo-
cated the paternity of the discovery of the function of the
lymphatic system. Even more interestingly, the priority
claims of both scientists were disputed by the earlier findings
of an Englishman (Francis Glisson) a full century before.*

Biology and Function of the Lymphatic
System

Two main components participate to form the lymphoid
tissue, namely the interrelated lymphoid tissue and the
lymphatic vessels. The former is mainly composed of lym-
phocytes and other blood cells, which can be structurally
organized in primary lymphoid organs such as bone marrow
and thymus, secondary lymphoid organs such as lymph
nodes, or in less organized lymphoid follicles within the
spleen, or representing the mucosa-associated lymphoid
tissue in the digestive tract, liver, lung, tonsils, Peyer patches,
adenoids, and skin.

The lymphatic system is formed by a complex network of
vessels (i.e., the “lymphatic vessels” or “lymphatics”), the
essential function of which is to carry a specific fluid called
“lymph” unidirectionally from the peripheral tissues to the
heart. Basically, the lymphatics can be divided into a periph-
eral compartment (i.e., from the interstitial space to and
within the nearest lymph node) and a central compartment
(i.e., efferent lymphatics, cisterna chyli, and thoracic duct).5
Although the general structure of the lymphatic vessels might
resemble that of blood vessels, there are several peculiarities
that differentiate the two. Basically, lymphatics are blind-
ending vessels with a single, nonfenestrated internal endo-
thelial cell layer, which is tailored to the absorption of fluid
and macromolecules, as well as to the transit of cells. Lym-
phatic vessels are typically characterized by an irregular and
wider lumen as compared with blood vessels, their endothe-
lium is attenuated, lies at the surface of an incomplete
basement membrane, is not invested by pericytes, and is
tightly anchored to the interstitial collagen by filaments.
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There are also overlapping intercellular junctions, formed
by the superimposition of adjacent endothelial cells, which
can be opened by increased interstitial fluid pressure to allow
the transit of fluid and molecules. These junctions are,
however, rapidly closed, thus preventing the retrograde
flow of molecules and fluids back into the interstitium,
once the fluid entering the lumen is in sufficient amount to
reduce the pressure gap.°

The endothelium layer is surrounded by smooth muscles,
which are arranged circularly around the endothelium. The
outermost layer is the adventitia, which consists of fibrous
tissue. In analogy with blood vessels, the smaller the caliber of
the vessel, the fewer the number of layers, so that the smallest
vessels (e.g., lymph capillaries, that are specialized to form the
lymph from the interstitial fluid) lack both a muscular layer
and adventitia, whereas the largest ones (e.g., lymphatics,
that are specialized to transport the lymph) are characterized
by a robust and thick wall.

Moreover, at variance with the cardiovascular system, the
lymphatic system is “opened,” and has no central propulsion
from the heart.® The movement of the lymph within the
vessels is hence facilitated by internal peristalsis of the
smooth muscle layer and the external compression due to
contraction of surrounding skeletal muscles and pulsation of
the near arteries (e.g., the spontaneous and rhythmic con-
traction of lower limb lymphatics allow the transport of 20 to
250 mL of lymph in a 70-kg man, daily).” The lymphatic
vessels are also equipped with a two-valve system. The
primary system, which is peculiar to initial lymphatics, is
located at the endothelium level and cooperates with the
secondary (classical) intralymphatic system to permit the
unidirectional flow during periodic compression and expan-
sion of lymphatics.?

The main function of the lymphatic system is to comple-
ment the blood vascular system by regulating tissue fluid
balance, facilitating interstitial protein transport, providing
essential immunological functions, and transport fat and
other components absorbed from the intestine.® The lymph
generated from the interstitial fluid within the lymph capil-
lary is mainly derived from permeated plasma proteins that
enter the interstitium, metabolic products of connective
tissue cells, and proteins synthesized and secreted by the
lymphatic endothelium. Nevertheless, lymphatic endothelial
cells are as heterogeneous as blood vascular endothelial
cells.’

The leukocyte count in the thoracic duct in healthy men
varies from 2 to 20 x 10° and consists almost totally of
lymphocytes (i.e., nearly 2 to 10 times the number of
lymphocytes that can be found in the peripheral blood),
whereas the number of erythrocytes is negligible under
physiological conditions, but might increase remarkably in
certain disorders characterized by marked capillary dam-
age and extravasation.'®'" The fluid, the macromolecules,
and the cells are transported to the lymph node system and
then—through the lymph vessels—to the right and left
thoracic ducts, before being reversed into the right or
the left subclavian vein, where the lymph is finally mixed
with the blood.



Hemostatic Properties of the Lymph

Studies on the hemostatic properties of the lymph are scarce
and mostly dated. This field has received poor attention due
to a variety of reasons, including objective difficulties in
collecting lymph fluid and the paucity of thrombotic and
hemorrhagic disorders involving lymphatic vessels. Although
the lymph is not completely devoid of hemostatic factors,
their relative content is substantially lower than that of the
blood and also varies widely according to the composition of
the interstitial fluid in the surrounding anatomic regions (e.g.,
thoracic duct lymph is enriched in several hepatic hemostatic
factors), as well as from the molecular weight of the molecule
(e.g., due to the dimension of the intercellular junctions, the
transit across the endothelial barrier is inversely correlated
with the mass of the protein).'?

One of this first studies designed to investigate the clotting
properties of the lymph was performed by Eugene L. Opie,
who observed that the coagulation of lymph is slow when
compared with that of blood, and attributed this to the scant
amount of “thrombokinase” (i.e., activated factor X) present in
the lymph, which is further unbalanced by the excessive
presence of antithrombin.'> Nevertheless, thrombosis within
lymphatic channels could be triggered by liberation of throm-
bokinase by the tissues in the wall of the lymphatic (e.g.,
following necrosis of cells in contact with the lymph stream),
or injection of bacteria (Bacillus pyocyaneus, Staphylococcus
pyogenes aureus) into the blood, or by infection of the tissues
in the neighborhood of the lymphatic channel. In 1914,
Howell obtained the lymph from anesthetized dogs by plac-
ing a cannula into the thoracic duct.'® In animals starved for
48 hours, whose lymph had little evidence of fat, clotting took
place from 10 to 20 minutes after sample collection. Con-
versely, in the lymph collected immediately from fed animals,
whose lymph appeared enriched in chyle fat, clotting was
achieved after 30 to 60 minutes in samples collected imme-
diately after feeding, whereas it required 1 to 3 hours in those
specimens collected 2 hours after feeding. No evidence of
thrombocytes (i.e., platelets) was reported in lymph.

In 1941, Brinkhous and Walker first reported that in dogs
the average prothrombin concentration is 51% of the plasma
concentration in thoracic duct lymph, but decreases to 8% of
the plasma concentration in the femoral lymph.'” Copley and
Lalich assessed the bleeding time in 25 men and compared it
with the “lymph time” (i.e., measuring the time of clotting of a
whitish flow which was observed alone or simultaneously
with the red flow after the incision of the thoracic duct),
failing to observe any apparent correlation between these
measures. Nevertheless, “lymph time” was always much
prolonged than the bleeding time.'®

In a further study, Fantl and Nelson introduced a cannula in
the thoracic duct of dogs, which were left without food for 5 to
12 hours.!” Blood was also obtained from the jugular vein.
The clotting times of lymph in silicone-coated tubes spanned
over a 16- to 300-minute range whereas considerably shorter
times (i.e., 6 to 12 minutes) were recorded when lymph was
collected in glass containers, thus suggesting that lymph does
not physiologically contain active thromboplastin. It was also
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observed that the clots did not retract in the lymph speci-
mens, a phenomenon that has been attributed to the lack of
thrombocytes in lymph. In most cases, however, the lymph
specimens exhibited a longer coagulation time than plasma
(e.g., therecalcification time was on average two times longer,
whereas the thrombin time was on average prolonged by
~14%). In agreement with previous studies, the activity of
prothrombin and the concentration of fibrin were both
reduced by ~40% in lymph as compared with plasma. Finally,
a test for fibrinolytic activity performed in lymph specimens
failed to show any fibrinolytic activity.

Blomstrand et al performed coagulation studies on plasma
and thoracic duct lymph collected after introduction of a
polyethylene catheter in two patients.18 The one-stage pro-
thrombin time was in both cases ~20% longer in lymph than
in plasma, whereas the recalcification time was 11 to 32%
shorter in the lymph. In one subject the prothrombin and
factor VII concentration of lymph was almost identical be-
tween lymph and plasma, whereas in the other patient it was
markedly reduced (i.e., 39% of the plasma value). Reduced
concentration of fibrinogen (37 and 46% in the two patients),
factor V (18 and 22%), factor VIII (69, only one patient
studied), and factor IX (85%, only one patient studied) were
consistently observed in lymph as compared with plasma.
Although the concentration of antithrombin was found to be
identical between lymph and plasma, plasminogen and pro-
activator activities of the lymph samples were 63 and 36%
lower than in plasma. The lymph samples contained no
antiplasmin and the so-called “antiactivator activity.” Finally,
the inhibiting effects of lymph on plasminogen activation by
streptokinase and urokinase were 0 to 58% and 15% (only one
patient studied) of those recorded in plasma, respectively.

It is also noteworthy that although platelets are absent
from the lymph, human thoracic duct lymph contains phos-
pholipid components similar to those present at the platelet
surface, although the relative distribution differs. Mayanskii
and Minnibaev performed experiments in dogs to compare
the coagulant capacity and fibrinolytic activity of blood and
lymph.'® In agreement with previous evidence, the time of
recalcification and the thrombin time of the lymph was
significantly increased, whereas the concentration of fibrin-
ogen and tolerance of heparin were reduced as compared
with blood. The fibrinolytic activity of the lymph was instead
remarkably higher than that observed in blood. Kuznik et al
also observed that lymph coagulation in dogs might occur
much more slowly than in blood, and this was attributed to
the low concentration of all coagulation factors and to an
increased level of heparin.?° The fibrinolytic activity of lymph
was also found to be higher than that of blood, probably due to
the low concentration of inhibitors of the fibrinolytic path-
way. Interestingly, it was suggested that the lymphocytes
present in the lymph were efficient surrogates of blood
platelets during lymph clotting. The hypocoagulability of
the lymph was also confirmed in animal models of hetero-
transfusion shock, whereby hypocoagulation and hyperfibri-
nolysis observed in blood was accompanied by
incoagulability of lymph, ultimately attributed to a sharp
increase of heparin.21
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Miiller and Danckworth investigated the presence of
coagulation factors in thoracic-duct lymph of dogs.?? The
coagulation activities were found to be substantially lower
than those typically measured in the plasma, that is, 30% of
factor I, 60% of factor II, 20% of factor V, 50% of factor VII, 30% of
factor VIII, 25% of factor IX, 70% of factor X, and 30% of factor
XIIL The concentration of antithrombin was also 60% of that of
plasma. Finally, platelets were completely lacking in thoracic
lymph. Garaev and Mirzabekova created an occlusion of the
femoral artery by ligation and investigated the coagulation of
blood and lymph. One day after occlusion, hypercoagulation
occurred in both blood and lymph. In the latter fluid, the
clotting time was reduced by 37 to 49%, whereas the pro-
thrombin time was shortened by ~26%. Heparin tolerance
and fibrinogen concentration were instead increased by 47 to
50% and 30 to 39%, respectively.

Le et al measured the concentration of a variety of hemo-
static factors in rabbit limb lymph, and compared it with that
present in plasma,?* observing that the relative content of
lymph was 28% for fibrinogen, 27% for factor X, 26% for
prothrombin, 17% for factor VII, and 8% for both factor V
and VIII. The concentration of lymph von Willebrand factor
(VWF) antigen, which is most probably produced by lymphat-
ic endothelial cells, was also very low (i.e., 5%, range 2 to 10%)
as compared with plasma, and mainly consisted in lower
molecular weight multimers. The concentration of the natu-
ral inhibitors was also markedly reduced as compared with
plasma (i.e., 40% for tissue factor pathway inhibitor [TFPI], and
38% for antithrombin), whereas fibrin degradation products
(FDPs) were virtually unmeasurable. Interestingly, lymph
fibrinogen was however clottable.

More recently, Miller et al collected peripheral afferent
lymph by cannulation of a collecting vessel in healthy men.?
Both activity and concentration of most clotting factors were
confirmed to be dramatically reduced in lymph as compared
with plasma. In particular, the percentages in lymph as
compared with plasma were 5% activity and 26% antigen
for fibrinogen, 47% antigen and 50% activity for prothrombin,
21% antigen and 4% activity for factor V, 29% activity and 13%
antigen for factor VII, 4% activity for factor VIII, 13% activity
and 9% antigen for factor IX, 25% activity and 28% antigen for
factor X, 49% antigen for factor XII, and 12% antigen for VWF.
As regards the natural inhibitors, the percentages in lymph as
compared with plasma were 43% activity and 4% antigen for
TFPI, 65% antigen for antithrombin, 24% antigen for protein C,
11% antigen for protein S, 55% for a-2 antiplasmin antigen,
and 9% for a-2 macroglobulin. The plasma D-dimer assay
averaged 187 fibrin equivalents/mL, whereas the lymph
concentration exceeded 1250 fibrin equivalents/mL in 90%
of subjects (i.e., more than fivefold higher in lymph than in
plasma). Interestingly, the ratio between plasma and lymph
for activated factor VII and for the TFPI-Xa complex was
remarkably high, being 2.21 and 1.45, respectively.

Interesting results emerged from a recent proteomics
analysis of normal ovine lymph by protein chip technology,
surface-enhanced laser desorption/ionization time-of-flight
mass spectrometry (SELDI-TOF-MS), two-dimensional poly-
acrylamide gel electrophoresis (2-DPAGE), and mass spec-
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trometry (MS). Overall, SELDI-TOF-MS analysis showed three
exclusive protein peaks only contained in lymph, and five
exclusive protein peaks only contained in plasma. As regards
the hemostatic factors, the lymph contained peaks attribut-
able to fibrinogen a- and B-chains, fibrinogen YA-chain, a2-
macroglobulin, plasminogen, prothrombin, a2-antiplasmin,
and antithrombin.?® A further study focused on the proteo-
mic evaluation of postshock mesenteric lymph, revealed the
presence of protein released from tissue injury, depletion of
protective protease inhibitors, increased lipid carriers as well
as depletion of coagulation factors.?”

As the results of previous studies that have assessed the
fibrinolytic properties of the lymph were rather contradictory,
Laschinger et al investigated whether lymphatic endothelial
cells in culture might be capable of producing plasminogen
activators and their inhibitors.”® Analysis by reverse fibrin
autography from lymphatic endothelial cells revealed the
presence of three bands with molecular weight of 110, 60,
and 50 kDa, which were identified with tissue plasminogen
activator (tPA) and plasminogen activator inhibitor type 1 (PAI-
1) complex, tPA and PAI-1, respectively. Treatment with hu-
man tumor necrosis factor-a (TNF-a) resulted in a three- to
sevenfold increase in the amount of PAI-1, and in a fourfold
increase of the amount of tPA-PAI-1 complexes, whereas tPA
production was decreased by 80% from the baseline. No
urokinase type plasminogen activator (uPA) activity could
be, however, identified in both control and TNF-« treated cells.

Leak et al also investigated the role of the lymphatic endo-
thelium on the regulation of endogenous fibrinolytic activity,2®
by studying in particular the effects of various agonists on the
production of tPA and PAI-1 by the lymphatic endothelium.
Fibrin autography demonstrated that a plasminogen-depen-
dent fibrinolytic activity occurs at molecular weight of 110, 65,
and 55 kDa bands, which have been identified with the tPA-PAI-
1 complex, tPA and uPA, respectively. The analysis of the lymph
also showed a lytic activity for a 110 kDa band, which is
consistent with the generation of complexes between tPA
and PAI-1. The use of various agonists to stimulate lymphatic
endothelium also triggered a remarkable increase of both tPA
and PAI-1 mRNAs. Overall, these findings suggest that both tPA
and PAI-1 are effectively produced and released by the lym-
phatic endothelium, and that fibrinolytic activity is present in
the lymph and might play a crucial role in the regulation of
endogenous fibrinolytic activity within the lymphatic vascular
lumen for the maintenance of lymph fluidity.

As regards lymphoid germinal centers in human lymph
nodes, Yamakawa et al identified 19 blood coagulation factors
and fibrinolysis factors by immunohistochemistry.3® Most of
these factors (i.e., high-molecular-weight kininogen, kallikre-
in, factors XII, X, V, II, XllIa, XIIIs, plasminogen, tPA, and PAI-1)
were detected within lymphoid germinal centers. Although
VWEF, factor I, protein C, tetranectin, antithrombin, type 2-
plasminogen activator inhibitor, and «2-plasmin inhibitor
were almost entirely lacking in germinal centers, they were
however detectable in vascular wall and lumen. Similar
results were obtained by Kudo et al, who localized 15 blood
coagulation factors in the germinal centers of human Peyer
patches.31 Although factor VIII, a-thrombin, and fibrinogen
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Figure 1 Difference of hemostatic properties between blood and lymph.

were hardly evident in the germinal centers, the majority of
clotting factors including kallikrein, high-molecular-weight
kininogen, factors XII, X, IX, VII, V, XIlla, and XIIIb, prothrom-
bin, antithrombin, and inactive a-thrombin were instead
detectable.

Taken together, this evidence suggests that despite a mea-
surable concentration of fibrinogen, fibrin generation is how-
ever inhibited under physiological conditions in the lymph. In
particular, although a factor Vlla-tissue factor-catalyzed extra-
vascular activation of factor X might be theoretically possible
in the lymph, fibrin generation would be however limited by
the unavailability of cell surface anionic phospholipids (i.e.,
those physiologically present on platelets in blood) which
would therefore support only minimal activation, insufficient
levels of factor VIII and V, as well as by the strong inhibitory
activity of heparin, antithrombin, and TFPI (=Fig. 1). In
agreement with this hypothesis, the unusual observation of
remarkably increased concentrations of D-dimer in the lymph
in the study of Miller et al has not been attributed to degrada-
tion of polymerized fibrin, rather to the cross-linking of intact
fibrinogen molecules in the interstitial fluid by transglutami-
nases, which are then degraded by plasmin or other enzymes
with release of dimeric D-domains that are also measured as
D-dimer with certain immunoassays.

Pathogenesis of Lymphatics Occlusion and
Thrombosis

According to the data discussed in the previous paragraph,
the onset of thrombosis such as that typically occurring in

venous>273 and arterial vessels is less likely, although

still possible, in the lymphatic system (=Table 1). Lymphatic
thrombosis occasionally occurs in the thoracic duct, axillary
lymphatics, or inguinal lymphatics, especially in the uterine
tract during puerperal fever. Nearly 100 years ago, Opie
postulated that thrombokinase released by the injured lym-
phatic endothelium would provide a favorable condition to
thrombosis within lymphatic channels, when accompanied
by chronic obstruction to lymph flow and a hypercoagulable
milieu." This would thereby mirror the typical elements of
the Virchow triad that also characterize venous thrombosis,
with the only difference that occlusion of the vessel generally
anticipates the onset of thrombosis in the lymphatic sys-
tem.>? The essential contribution of endothelial cell injury has
also been demonstrated in the pathogenesis of lymphatic
thrombosis associated with Brugia malayi.38

An elegant study performed by Fader and Ewert, who
examined by scanning electron microscopy the lymph throm-
bi in cats experimentally infected with this pathogen, re-
vealed the presence of a multitude of morphological forms of
thrombi.® It was also observed that thrombi undergo a
maturation process characterized by three subsequent
phases. In phase I the thrombus mainly consists of erythro-
cytes encased in fibrin, in phase Il the thrombi are then
characterized by the appearance of phagocytic cells and
fibroblasts on their surface whereas, and in the third phase,
the thrombi surface only consists of fibroblasts and endothe-
lial cells originated from the vessel wall. Lymphatic thrombo-
sis is less clinically severe than arterial or venous thrombosis,

35-37
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Table 1 Leading Pathologies Associated with the Onset of Lymphatic Thrombosis

Cancers

Infections

e Chlamydia trachomatis

e Mycobacterium tuberculosis
¢ Treponema pallidum

e Streptococcus pyogenes

e Lymphatic filariasis (Wuchereria bancrofti, Brugia malayi, and Brugia timori)

Congestive heart failure

Chronic edema and inflammation of the distal lower limb

Complications of central venous catheterization and coronary artery bypass grafting

Thoracic outlet syndrome

Amyloidosis

and the abrupted part of the thrombi is usually retained
within the regional lymph nodes.

Lymphedema

Lymphedema is typically sustained by a lymphatic dysfunc-
tion caused by mechanical obstruction or destruction of the
lymphatic wall, and causes an abnormal accumulation of
interstitial fluid containing high-molecular-weight proteins.
As a consequence, edema develops. Chronic stasis of lym-
phatic vessels also predisposes to substantial inflammatory
and architectural modifications, frequently characterized
with an increase in the number of fibroblasts, adipocytes,
and keratinocytes in the edematous tissues.*% In protracted
lymph stasis, lymphatic segments still contract as they are
stretched by high lymph volume, but the gradually worsening
lymphatic valve insufficiency along with the ineffectiveness
of the contractions become progressively ineffective in uni-
directionally propelling the lymph.’

Lymphedema can essentially be classified as primary or
secondary. The former entails three major forms according to
the depending on age at presentation (i.e., congenital lymph-
edema, lymphedema praecox, and lymphedema tarda). Con-
genital lymphedema accounts for 10 to 25% of all primary
cases, occurs more frequently in the lower extremity, is often
bilateral and is characterized by an anaplastic pattern without
subcutaneous lymphatic trunks but with normal dermal
plexus. Lymphedema praecox is the most frequent form (65
to 80% of all primary lymphedema cases). Nearly 70% of cases
are unilateral, with a net prevalence of the left lower extrem-
ity. The histological analysis is consistent with a hypoplastic
pattern, with a substantial reduction of caliber and number of
lymphatic vessels. Lymphedema tarda (also known as Meige
disease), is the less frequent form, accounting for less than
10% of cases. The histological pattern is characterized by
hyperplasy, with tortuous lymphatics increased both in cali-
ber and number, frequently accompanied by incompetent
valves.*0

At variance with primary lymphedema, the secondary
cases are due to an identifiable cause, which variably com-
promise the function of lymphatic vessels. The lymphatic

Seminars in Thrombosis & Hemostasis ~ Vol. 38 No. 2/2012

obstruction causes accumulation of interstitial fluid, massive
dilatation of the remaining outflow tracts, and valvular
incompetence, which reverse flow from subcutaneous tissues
into the derma. Protracted lymphedema is associated with
fibrosis of the vessels and might trigger the formation of
fibrinoid, obliterant thrombi within the lumen. The most
frequent cause of secondary lymphedema is represented by
injury or dissection of regional lymph nodes caused by
surgery, radiation, infection (e.g., filariasis), tumor invasion
or compression, vein stripping, peripheral vascular surgery,
lipectomy, burns, insect bites, and cellulitis commonly asso-
ciated with diabetes.*° It has also been demonstrated that
there is a high prevalence (i.e., up to 25%) of protein-losing
enteropathy (PLE) in patients who have undergone surgery
for complex congenital heart disease, and that physical
lymphatic obstruction plays an important, and previously
unrecognized, role in the development of PLE in these
patients.*!

Treatment options of lymphedema are very limited and
usually entail physiotherapeutic interventions that reduce
the volume of edema, but can only ensure a limited relief, and
does not enable freedom from the occurrence of irreversible
fibrosis.*0

Lymphatic Thrombosis

Theoretically, any known cause of lymphatic vessels occlusion
due to internal obliteration, external compression or increased
lymphatic pressure (i.e., poor venous function, trauma, shock,
or cardiac disease) might predispose to localized lymphatic
thrombosis (=Fig. 2). Venous thrombosis is a well-recognized
complication of cancer.*? The “passive” contribution of the
lymphatic system to the metastatic dissemination of cancers is
well recognized, as most metastasis initially spread through
the lymphatic vessels and the relative degree of lymph node
involvement in cancer patients is still considered among the
leading criteria for staging and defining the prognosis. Al-
though the main mechanism of metastatization involves pas-
sive dissemination of cancer cells through the lymphatic
vessels, emerging evidence has been provided that enlarged
lymphatic vessels and lymphangiogenesis (i.e., newly formed
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lymphatic vessels), along with angiogenesis in the peritumoral
areas of several cancers might also play an essential role in
cancer spread.®

Different mechanisms might contribute to the onset of
lymphatic thrombosis or occlusion in cancer patients, includ-
ing external compression from the tumor mass, neoplastic
obliteration of the lymphatic lumen by metastatic cells, or
lymphatic dysfunction after lymph node removal. Surgical
(sentinel) lymph node dissection in patients with malignan-
cies, especially those with breast cancer, is probably the most
common cause of lymphatic thrombosis, as reported in
several studies.***> The pathogenesis involves lymphove-
nous damage, hypercoagulation of the lymph, superficial
venous and lymphatic stasis as well as disorders and injuries
of tissues as a result of the disruption of superficial lym-
phatics and vessels during dissection.*®

The most common clinical sign of lymphatic thrombosis in
breast cancer patients is the appearance of cording, that is,
tender cord-like structures either on the chest wall, in the
axilla, or down the inner aspect of the arm.*’ In the lower limb
the prevalence of lymphedema varies according to the type of
primary cancer and the extent of the resection.*® The meta-
static obliteration of lymphatic drainage is typically observed
in breast cancer patients and, less frequently, in those with
other tumors such as Hodgkin disease, non-Hodgkin lympho-
ma, malignant melanoma, Kaposi sarcoma, and seminoma.*®

Lymphatic filariasis is reported to be the most prevalent
cause of secondary lymphedema worldwide (especially in
sub-Saharan Africa, India, Southeast Asia, parts of South
America, the Caribbean, and the South Pacific), even though
it only develops in a minority of the over 120 million filariasis
patients. The causative agents are the filarial nematodes
Wuchereria bancrofti, B. malayi, and B. timori*® The patho-
genesis of lymphatic filariasis is the presence of adult worms
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in the lymphatic system. Lymphatic vessel dilation is the early
event following antigenic stimulation, which takes place
while the adult worm is still alive. The death of the worm,
either spontaneous or as a consequence of the therapy, then
triggers an inflammatory reaction which leads to the devel-
opment of granulomas characterized by macrophages, plas-
ma cells, eosinophils and neutrophils. Obliteration of the
lymphatic lumen by thrombi and the accompanying inflam-
matory response triggered by the nematode infection is a
major factor in the pathogenesis of lymph stasis in this
disorder.®® Additional fungal, bacterial and viral infections
such as Chlamydia trachomatis, Mycobacterium tuberculosis,
Treponema pallidum, or Streptococcus pyogenes may cause
cellulitis or progressive lymphatic destruction, which spo-
radically predispose to thrombosis of lymph vessels.>°

Another important pathology that might be associated
with development of clot in the lymph is congestive heart
failure, which determines a gradual increase in venous pres-
sure that is then followed by a rise in capillary pressure and
filtration, as well as extravascular fluid accumulation. In heart
failure patients, reabsorption of interstitial fluid is progres-
sively abolished. As venous congestion grows, edema accu-
mulates at a rate which would only be limited by compliance
of the interstitial space and lymphatic flow. The possibility to
increase the flow of lymph under high pressure to balance
extravascular fluid accumulation is however impeded, espe-
cially in the thoracic duct, due to the increased local resis-
tance at the thoracic duct-jugular vein junction. Accordingly,
stasis of lymph and development of clots in the thoracic duct
has been described in patients with congestive heart
failure.>’->2

Lymph clot might also develop in patients with chronic
venous failure, chronic edema and inflammation of the distal
lower limb. Olszewski investigated 153 patients with
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protracted lymph stasis of the lower limb due to lymphatic
damage from soft tissue bacterial inflammation of mechani-
cal trauma of soft tissues and bones.” Newly formed lymph
nodes could be detected in 10 and 25% of patients with
postinflammatory and posttraumatic lymph stasis, respec-
tively. Histological evaluation revealed various architectures,
including lymph node structure without differentiation into
cortical and medullary areas, follicle-like structure within
dilated lymph vessels as well as lymph clots in the dilated
lymphatic vessel, mainly composed of organized lymphoid
structures containing also lymphocytes and dendritic cells.
Recurrent cellulitis may also obliterate lymphatic vessels,
especially in the limbs.*®

Additional sporadic cases of lymphatic thrombosis have
been reported in the current literature. Spontaneous lym-
phatic thrombus formation was described by Chan et al in
protein C/factor XI double-deficient mice.>> Moskalik et al
showed that irradiation with neodymium laser, which is
successfully applied to the treatment of slightly elevated
skin melanoma, caused necrosis of melanoma, epidermis,
and dermis. In particular, foci of laser destruction were
characterized by the presence of stasis, thrombosis, and
coagulation of blood and lymphatic vessels.>*

Some additional cases have been then described, whose
common denominator was the injury of thoracic duct or its
tributaries or thrombosis in the confluence of the jugular and
left subclavian veins, which would thereby obstruct the
drainage of the thoracic duct, generate lymph stasis, and
trigger lymph clotting. These include complications of central
venous catheterization,> coronary artery bypass grafting,®
and thoracic outlet syndrome.”’ Finally, intrinsic amyloid
obstruction of the lymphatics has been occasionally reported
in patients with amyloidosis.”®

Conclusions

Lymphatic thrombosis is a rare occurrence. Although its
frequency is much lower than that of venous or arterial
thrombosis, its real prevalence is likely to be largely under-
estimated. For this reason, as well as for objective difficul-
ties in collecting lymph for coagulation studies and the
uncertain therapeutic approach, lymphatic thrombosis has
been somehow overlooked in the recent literature. Further
experimental and clinical studies are indeed required to
understand the pathogenetic mechanisms of this challeng-
ing pathology, as well as its real prevalence and optimal
therapeutic strategy.

References

1 Ambrose CT. Immunology’s first priority dispute—an account of
the 17th-century Rudbeck-Bartholin feud. Cell Immunol 2006;242
(1):1-8

2 Eriksson G. [Olaus Rudbeck as scientist and professor of medicine].
Sven Med Tidskr 2004;8(1):39-44

3 Ambrose CT. Rudbeck’s complaint: a 17th-century Latin letter
relating to basic immunology. Scand ] Immunol 2007;66(4):486-
493

Seminars in Thrombosis & Hemostasis ~ Vol. 38 No. 2/2012

4 Ambrose CT. The priority dispute over the function of the lym-

phatic system and Glisson’s ghost (the 18th-century Hunter-

Monro Feud). Cell Immunol 2007;245(1):7-15

Olszewski WL. The lymphatic system in body homeostasis: physi-

ological conditions. Lymphat Res Biol 2003;1(1):11-21, discussion

21-24

Pepper MS, Skobe M. Lymphatic endothelium: morphological,

molecular and functional properties. J Cell Biol 2003;163

(2):209-213

Olszewski WL. Contractility patterns of normal and pathologically

changed human lymphatics. Ann N Y Acad Sci 2002;979;52-63,

discussion 76-79

Schmid-Schonbein GW. The second valve system in lymphatics.

Lymphat Res Biol 2003;1(1):25-29, discussion 29-31

Lee S, Choi I, Hong YK. Heterogeneity and plasticity of lymphatic

endothelial cells. Semin Thromb Hemost 2010;36(3):352-361

10 Ross MH, Furth ], Bigelow RR. Changes in cellular composition of
the lymph caused by ionizing radiations. Blood 1952;7(4):
417-428

11 Bierman HR, Byron RL Jr, Kelly KH, et al. The characteristics of
thoracic duct lymph in man. J Clin Invest 1953;32(7):637-649

12 Siflinger-Birnboim A, Del Vecchio PJ, Cooper JA, Blumenstock FA,
Shepard JM, Malik AB. Molecular sieving characteristics of the
cultured endothelial monolayer. J Cell Physiol 1987;132(1):
111-117

13 Opie EL. Thrombosis and occlusion of lymphatics. ] Med Res
1913;29(1):131-146

14 Howell WH. The coagulation of the lymph. Am ] Physiol
1914;35;483-491

15 Brinkhous KM, Walker SA. Prothrombin and fibrinogen in lymph.
Am | Physiol 1941;132;666-669

16 Copley AL, Lalich JJ. Bleeding time, lymph time, and clot resistance
in men. ] Clin Invest 1942;21(2):145-152

17 Fantl P, Nelson JF. Coagulation in lymph. ] Physiol 1953;122(1):33-
37

18 Blomstrand R, Nilsson IM, Dahlback O. Coagulation studies on
human thoracic duct lymph. Scand ] Clin Lab Invest 1963;15;
248-254

19 Mayanskii DN, Minnibaev MM. A comparative study of the clotting
power of the blood and lymph. Bull Exp Biol Med 1966;62;
1097-1098

20 Kuznik BI, Budazhabon GB, Tsybikov NN. [Comparative character-

istics of blood and lymph clotting and fibrinolytic activity]. Fiziol

Zh SSSR Im I M Sechenova 1979;65(6):867-871

Kuznik BI, Mishchenko VP, Budazhabon GV, Tsybikov NN. [Effect of

intravenous infusions of thrombin and heterogenous blood on

lymph coagulability]. Fiziol Zh SSSR Im I M Sechenova 1976;62

(10):1460-1465

22 Miiller N, Danckworth HP. [Coagulation properties of the extra-
vascular fluid. I. Coagulation factors in thoracic-duct lymph]. Z
Lymphol 1980;4(1):11-17

23 Garaev GS, Mirzabekova FI. Changes in blood and lymph coagula-
tion accompanying acute lower limb arterial occlusion. Bull Exp
Biol Med 1990;109;332-333

24 Le DT, Borgs P, Toneff TW, Witte MH, Rapaport SI. Hemostatic
factors in rabbit limb lymph: relationship to mechanisms regulat-
ing extravascular coagulation. Am | Physiol 1998;274(3 Pt 2):
H769-H776

25 Miller GJ, Howarth DJ, Attfield JC, et al. Haemostatic factors in
human peripheral afferent lymph. Thromb Haemost 2000;83
(3):427-432

26 Leak LV, Liotta LA, Krutzsch H, et al. Proteomic analysis of lymph.
Proteomics 2004;4(3):753-765

27 Peltz ED, Moore EE, Zurawel AA, et al. Proteome and system
ontology of hemorrhagic shock: exploring early constitutive
changes in postshock mesenteric lymph. Surgery 2009;146(2):
347-357

€]

(o))

~

]

=}

2

=



28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Laschinger CA, Johnston MG, Hay B, Wasi S. Production of
plasminogen activator and plasminogen activator inhibitor by
bovine lymphatic endothelial cells: modulation by TNF-alpha.
Thromb Res 1990;59(3):567-579

Leak LV, Saunders M, Day AA, Jones M. Stimulation of plasminogen
activator and inhibitor in the lymphatic endothelium. Microvasc
Res 2000;60(3):201-211

Yamakawa M, Takagi M, Tajima K, et al. Localization of blood
coagulation factors and fibrinolysis factors within lymphoid ger-
minal centers in human lymph nodes. Histochemistry 1991;96
(2):123-127

Kudo S, Yamakawa M, Imai Y, Tsukamoto M. Localization of blood
coagulation factors in the germinal centers of human Peyer’s
patches. Histol Histopathol 1992;7(2):175-181

Lippi G, Franchini M. Pathogenesis of venous thromboembolism:
when the cup runneth over. Semin Thromb Hemost 2008;34
(8):747-761

Favaloro EJ, McDonald D, Lippi G. Laboratory investigation of
thrombophilia: the good, the bad, and the ugly. Semin Thromb
Hemost 2009;35(7):695-710

Lippi G, Franchini M, Favaloro EJ. Unsuspected triggers of venous
thromboembolism—trivial or not so trivial? Semin Thromb He-
most 2009;35(7):597-604

Favaloro EJ, Lippi G, Franchini M. Coagulopathies and thrombosis:
usual and unusual causes and associations, part IIl. Semin Thromb
Hemost 2010;36(1):1-5

Lippi G, Favaloro EJ, Franchini M. Coagulopathies and thrombosis:
usual and unusual causes and associations, part IV. Semin Thromb
Hemost 2011;37(3):175-180

Lippi G, Franchini M, Targher G. Arterial thrombus formation in
cardiovascular disease. Nat Rev Cardiol 2011;8(9):502-512
Fader R, Ewert A, Folse D. Thrombus formation in lymphatic vessels
associated with Brugia malayi. Lymphology 1984;17(1):3-9
Fader RC, Ewert A. Evolution of lymph thrombi in experimental
Brugia malayi infections: a scanning electron microscopic study.
Lymphology 1986;19(4):146-152

Shin WS, Rockson SG. Animal models for the molecular and
mechanistic study of lymphatic biology and disease. Ann N Y
Acad Sci 2008;1131;50-74

Meadows ], Gauvreau K, Jenkins K. Lymphatic obstruction and
protein-losing enteropathy in patients with congenital heart
disease. Congenit Heart Dis 2008;3(4):269-276

Franchini M, Montagnana M, Favaloro EJ, Lippi G. The bidirectional
relationship of cancer and hemostasis and the potential role of
anticoagulant therapy in moderating thrombosis and cancer
spread. Semin Thromb Hemost 2009;35(7):644-653

43

a4

45

46

47

48

50

51

52

53

54

55

56

57

58

Hemostatic Properties of the Lymph Lippi et al.

Paiva DM, Leite IC, Rodrigues VdeO, Cesca MG. [Associated factors
of lymphedema in breast cancer patients]. Rev Bras Ginecol Obstet
2011;33(2):75-80

de Kroon KE, Roumen RM. [Diagnostic image (184). Two women
with painful bands after axillary lymph node removal. Lymphatic
thrombosis and fibrosis]. Ned Tijdschr Geneeskd 2004;148
(15):729

Marcus RT, Pawade ], Vella E]. Painful lymphatic occlusion follow-
ing axillary lymph node surgery. Br ] Surg 1990;77(6):683
Moskovitz AH, Anderson BO, Yeung RS, Byrd DR, Lawton TJ], Moe
RE. Axillary web syndrome after axillary dissection. Am | Surg
2001;181(5):434-439

Keeley V. Classification of lymphoedema. In: Twycross R, Jenns K,
Todd ], eds. Lymphoedema. Oxford: Radcliffe Medical Press; 2000;
22-43

Robless P, Lim ], Geroulakos G. Lymphoedema. Surgery 2010;
28;268-272

Pfarr KM, Debrah AY, Specht S, Hoerauf A. Filariasis and lymphoe-
dema. Parasite Immunol 2009;31(11):664-672

Allen EV, Ghormley RK. Lymphedema of the extremities: etiology,
classification and treatment; report of 300 cases. Ann Intern Med
1935;9;516-539

Dumont AE, Clauss RH, Reed GE, Tice DA. Lymph drainage in
patients with congestive heart failure. comparison with findings in
hepatic cirrhosis. N Engl ] Med 1963;269;949-952

Witte MH, Dumont AE, Clauss RH, Rader B, Levine N, Breed ES.
Lymph circulation in congestive heart failure: effect of external
thoracic duct drainage. Circulation 1969;39(6):723-733

Chan JC, Ganopolsky ]G, Cornelissen I, et al. The characterization of
mice with a targeted combined deficiency of protein ¢ and factor
XI. Am | Pathol 2001;158(2):469-479

Moskalik KG, Alexeeva LN, Novik VI, Demin EV, Kozlov AP. Mor-
phological changes in human skin melanoma treated by high-
energy pulsed neodymium laser radiation. ] BUON 2011;16
(2):341-344

Hinckley ME. Thoracic-duct thrombosis with fatal chylothorax
caused by a long venous catheter. N Engl J] Med 1969;280
(2):95-96

Narayan P, Rahaman N, Molnar TF, Caputo M. Chylothorax follow-
ing cardiac surgery caused by unusual lymphatic anatomy. Asian
Cardiovasc Thorac Ann 2007;15(5):e58-e59

Maldonado F, Hawkins FJ, Daniels CE, Doerr CH, Decker PA, Ryu JH.
Pleural fluid characteristics of chylothorax. Mayo Clin Proc
2009;84(2):129-133

Baim S, Samuelson CO, Ward JR. Rheumatoid arthritis, amyloid-
osis, and chylous effusions. Arthritis Rheum 1979;22(2):182-185

Seminars in Thrombosis & Hemostasis ~ Vol. 38 No. 2/2012

221



