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Elisabetta Weber, MD,1 Margherita Aglianò, MD,2 Eugenio Bertelli, MD,1 Guido Gabriele, MD,3

Paolo Gennaro, MD,3 and Virginia Barone, PhD1,i

Abstract

Secondary lymphedema of the extremities affects millions of people in the world as a common side effect of
oncological treatments with heavy impact on every day life of patients and on the health care system. One of the
surgical techniques for lymphedema treatment is the creation of a local connection between lymphatic vessels
and veins, facilitating drainage of lymphatic fluid into the circulatory system. Successful results, however, rely
on using a functional vessel for the anastomosis, and vessel function, in turn, depends on its structure. The
structure of lymphatic collecting vessels changes with the progression of lymphedema. They appear initially
dilated by excess interstitial fluid entered at capillary level. The number of lymphatic smooth muscle cells in
their media then increases in the attempt to overcome the impaired drainage. When lymphatic muscle cells
hyperplasia occurs at the expenses of the lumen, vessel patency decreases hampering lymph flow. Finally,
collagen fiber accumulation leads to complete occlusion of the lumen rendering the vessel unfit to conduct
lymph. Different types of vessels may coexist in the same patient but usually the distal part of the limb contains
less affected vessels that are more likely to perform efficient lymphatic–venular anastomosis. Here we review
the structure of the lymphatic collecting vessels in health and in lymphedema, focusing on the histopathological
changes of the lymphatic vessel wall based on the observations on segments of the vessels used for lymphatic–
venular anastomoses.
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Introduction

Lymphatic vessels, due to the difficulty of identifying
them in common hematoxylin–eosin stained sections,

have long been neglected. New interest in this field started
three decades ago with the discovery of two specific growth
factors, vascular endothelial growth factors C and D and of
their receptor, namely VEGFR3, and of specific markers in
particular Prox1, LYVE1, and D2-40 that allowed expansion
of knowledge in lymphatic vessels.1,2

Since then, the lymphatic system in health and disease has
become a hot topic in vascular research. The main pathology
affecting the lymphatic system is lymphedema, a chronic,
progressive, and invalidating condition that affects millions
of people in the world, most commonly as the consequence of
oncological treatments involving lymph node removal and/or
radiotherapy. The interruption of physiological lymph flow
causes the accumulation of a protein-rich interstitial fluid that
in turn triggers inflammation, fat deposition, and fibrosis.3 If
collateral lymphatics do not compensate for the injury, these
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pathological changes worsen fluid accumulation, which fur-
ther impairs lymphatic function in a positive feedback loop.

Studies on the inflammatory nature of lymphedema in
mouse models have implicated CD4+ T cells in the inflam-
matory responses leading to lymphedema.4,5 Similar changes
were seen in human specimens collected from patients with
breast cancer-related lymphedema, where the number of
tissue-infiltrating CD4+ T cells was positively correlated
with disease severity.6

The traditional therapeutic approach consists in manual
drainage and constant use of compressive garments. In those
patients who no longer benefit from decongestive therapy, the
surgical approach may be of use in reducing the edema and
avoiding its progression.7 Among the various surgical treat-
ments now available, lymphatic–venular anastomoses (LVA)
represents a natural way of draining lymph into the circula-
tory system.8 During this mini-invasive surgery, it is easy to
obtain a short segment of the lymphatic collecting vessel
chosen for the anastomosis to analyze its structure providing
precious insights into the pathophysiological modifications
that occur in lymphedema.

Organization of the Lymphatic Vessel Tree

The lymphatic vasculature starts with blind-ended initial
lymphatics in the connective tissue surrounding blood ves-
sels.9,10 Initial lymphatics have a thin wall composed only of
endothelial cells laying on a discontinuous basement mem-
brane and connected to the extracellular matrix, by anchoring
filaments made of fibrillin.11,12 Stress within the interstitium
creates radial tension on the anchoring filaments, locally in-
creasing the luminal volume of the lymphatic capillary.13

This creates a slight and temporary pressure difference,
driving interstitial fluid into the lymphatic capillary. Initial
lymphatic endothelial cells have a typical oak-leaf shape with
overlapping flaps sealed on their borders by ‘‘buttons.’’14

Fluid entry seems to occur in the junction-free region at the
tip of the flap that may open and close to allow fluid entrance
without disrupting junctional integrity. Initial lymphatic
vessels merge into precollectors, sparsely wrapped by lym-
phatic muscle cells15,16 and precollectors drain into collect-
ing vessels that have a continuous muscular coat and are
divided by unidirectional valves into pumping units called
‘‘lymphangions.’’9,10,17 In addition to their intrinsic con-
tractility, lymph collectors respond to mechanical stimuli in
the surrounding environment: arterial pulsations, skeletal
muscle contraction, and respiratory movements form an
‘‘external pump’’ that contributes to lymph progression.3

After the filter of regional lymph nodes, where microor-
ganisms and antigens enter in contact with immunocompe-
tent cells for immune surveillance, lymph reaches the major
lymphatic trunks that will eventually drain into the large
veins at the base of the neck. Interstitial fluid, therefore, ul-
timately returns to blood. The presence of lymph nodes along
lymphatic routes provides the lymphatic vasculature with a
critical role in adaptive immune responses and removal of
substances that might cause harmful reactions. Lymph carries
immune cells, such as dendritic cells, that have engulfed and
processed antigens for immune presentation in the lymph
node, along with lymphocytes.18

In addition to its roles in the maintenance of interstitial
fluid homeostasis and immune surveillance, the lymphatic

system plays a critical role in regulating transport of dietary
lipids to the blood circulation.10 Recent study in the past two
decades has identified important new roles of lymphatics,
associating defects in lymphatic vasculature with obesity,
cardiovascular diseases, neurological disorders, and Crohn’s
disease.19

Lymphedema

Lymphedema consists in an abnormal accumulation of
interstitial fluid and macromolecules due to malformations of
the lymphatic system (primary lymphedema) or to external
causes disrupting a previously normal lymphatic system
(secondary lymphedema). Primary lymphedema is a rare
condition mainly affecting the lower limbs. The genetic
mutations causing primary lymphedema are beyond the
scope of this review.20 Secondary lymphedema may be the
consequence of trauma, infections, and, in tropical countries,
filariasis.

Its most common cause in industrialized countries is,
however, surgical ablation of lymph nodes in oncological
therapy, particularly when followed by radiotherapy. Obesity
increases the risk of developing secondary lymphedema.21

Experimentally induced obesity impairs lymphatic function
by increasing perilymphatic inflammation and altering lym-
phatic endothelial cells gene expression.

Once lymphedema is established, the accumulation of
protein-rich interstitial fluid causes chronic inflamma-
tion, adipose tissue hypertrophy, and eventually fibro-
sis.3,22 Protein-rich interstitial fluid constitutes a perfect
growth media for bacterial proliferation, predisposing the
subject to infections that, in turn, aggravate the edema and
trigger fibrosis. It is well known that under an inflammatory
environment, lymphatic vessels undergo pronounced enlarge-
ment and display increased leakiness. Drainage performance is
influenced by various signals, including VEGF-C/VEGFR-3
signaling as well as inflammatory mediators such as tumor
necrosis factor-a, interleukin-1b, nitric oxide, histamine, and
prostaglandins.22

Mast cells, which are in proximity of lymphatic vessels,
synthesize, store, and release various inflammatory and va-
soactive mediators essential for the regulation of lymphatic
vascular functions. In response to inflammatory signals, ac-
tivation of mast cells can trigger adaptive immune responses
by dendritic cell-directed T cell activation and, through the
secretion of various mediators, influence lymphatic perme-
ability, contractility, as well as perilymphatic inflammatory
cell accumulation.23

The edema is initially soft and pitting but, with time,
collagen fiber deposition causes induration and pitting is no
longer present.8,24 The affected limb enlargement causes
disfigurement with heavy consequences on every day’s
life in terms of psychological impact, functional impair-
ment, and invalidity. Patients need constant decongestive
lymphatic therapy including manual drainage, compressive
garments, exercise, and meticulous skin care. Surgical ther-
apeutic approaches include excisional procedures aimed at
removal of excessive tissue and fat and physiological pro-
cedures (lymph node transfer and LVA) that promote lymph
drainage.25

Although excisional procedures are beneficial, they may
result in the destruction of remaining lymphatics and poor
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cosmetic results. Vascularized lymph node transfer consists
in transferring lymph nodes from an unaffected donor site to
the affected limb. The transferred lymph nodes may act as a
sponge or a pump to absorb the lymphatic fluid or stimulate
the formation of new lymphatic channels by secreting growth
factors or they may simply bridge the gaps between func-
tional lymphatic vessels.25,26

As early as in 1977, O’Brien et al.27 opened the way to
LVA by creating anastomoses between lymphatic ves-
sels and superficial large veins. These pioneer results were
promising but compression of the vein by interstitial fluid
sometimes caused increased hydrostatic pressure in the vein
and blood retrograde flow into the lymphatic vessel with
thrombosis and obstruction of the anastomosis. Since there
may be a lower pressure in smaller venules than in larger
veins, using small venules as recipient vessels decreases
the risk of occlusion of the anastomosis due to venous
backflow.24

LVA are performed with a super-microsurgical mini-
mally invasive technique under local anesthesia between
lymphatic vessels with a diameter <0.8 mm and adjacent
venules of similar dimensions.8,28,29 Since destruction of
smooth muscle cells and occlusion of lymphatic vessels
start at the proximal level of the limbs and progress to the
distal end, the preferential site for LVA is the distal part of
the extremities.30 The timing of the degeneration of smooth
muscle cells in the wall of lymphatic vessels, however,
may not correspond to the duration of edema and it is worth
trying to perform anastomoses also in long duration ede-
mas. Clinical improvement is often obtained even with a
single anastomosis.

To perform LVA, it is necessary to obtain a detailed map of
the lymphatic vessels and of the adjacent veins. For many
years, lymphoscintigraphy has been the gold standard im-
aging technique in lymphedema.31 Radiation exposure, long
examination time needed, and the possibility of life-
threatening complications, such as pulmonary embolism,
have limited its clinical applicability: indocyanine green
fluorescence (ICG) lymphography is now preferred32 due to
its safety, low cost, high resolution, and real-time imag-
ing.33,34 ICG is intraoperatively injected subcutaneously in
the interdigital spaces. It rapidly binds to plasma proteins and
generates an infrared near fluorescence that allows accurate
visualization of lymphatic vessels with the photo dynamic
eye. The only disadvantage of ICG is that penetration of the
near infrared rays is limited to 2 cm from the skin surface.33

This renders the technique unsuitable for follow-up control of
the performed anastomosis in time unless the lymphatic
collecting vessel used for the anastomosis was very superfi-
cial. Moreover, if the anastomosis was successful, as soon as
the tracer reaches the vein, it is rapidly washed out, in other
words the lymph course may be visualized only as far as the
anastomosis. The ICG staging includes the linear pattern,
more frequently found in early stages of lymphedema and
dermal backflow typical of the more advanced stages.35

Biopsies of lymphatic vessels selected for LVA show no al-
terations of the wall in linear pattern, whereas endothelial
disruption, loss of smooth muscle cells, and accumulation of
collagen fibers are frequent in the more advanced patterns.

Magnetic resonance lymphangiography with the con-
trast agent gadolinium has recently emerged as a simple
and minimally invasive method for assessing lymphatic

disorders.36 It has high resolution and allows to evaluate
the preservation of the lymphatic pump, a prerequisite
to perform functional LVA.

Histology of Normal Collecting Vessels

The wall of collecting vessels has three layers: intima,
media, and adventitia similarly to that of blood vessels but
with no distinct boundaries. The intima is made of a single
layer of endothelial cells, and, unlike in the arteries, there is
no internal elastic lamina. The media contains extracellular
matrix with collagen and elastin fibers with varying propor-
tions of smooth muscle cells.37 Lymphatic smooth muscle
cells form two layers38: a thick inner layer with predomi-
nantly longitudinal orientation and a thin outer layer with
predominant circular orientation (Fig. 1).

The functional importance of the lymphatic muscle layer is
that it establishes both vessel tone and rapid phasic contrac-
tions that allow lymph progression.39 These rapid large-
amplitude spontaneous contractions of collecting lymphatic
vessels are driven by an intrinsic electrical pace-making ac-
tivity.40 They play a crucial role in moving lymph uphill
against gravity in the extremities. Contractions of the lym-
phangion muscle coat induces an increase in the local lymph
pressure, closure of the upstream valve to prevent backflow,
and opening of the downstream valve to allow ejection of
lymph in the following lymphangion.17

Valves are made of two leaflets with a thick buttress or
base and a thinner free edge (Fig. 2). Each leaflet has a
connective tissue core rich in elastic and collagen fibers
covered in endothelium as previously described in pre-
collectors.15 Valve regions are mostly free of lymphatic
muscle cell coverage.41 Interestingly during development,
the regions at which valves will form are also devoid of
lymphatic muscle cells.42 Initiation of valve formation during
development is marked by the appearance of a cluster of
cells, often near vessel branch points, where shear stress is
higher, that exhibit high levels of the transcription factors
PROX1, FOXC2, and of the upstream regulator GATA2.43,44

These factors are also required for valve maintenance. The
shear stress-activated ion channel PIEZO1 is a key regulator
in valve formation: the process of protrusion in the valve
leaflets, collective cell migration, actin polymerization, and
remodeling of cell junctions was impaired in a mouse model
lacking PIEZO1 in endothelial cells with the result of a dra-
matic reduction in the number of lymphatic valves.45 Mutations
in PIEZO1 were identified in patients suffering from lymphe-
dema associated with pleural effusions and ascites.46 Petrova
et al.43 showed that Foxc-2 inactivation leads to agenesis of
valves in lymphatic vessels in mice and to lymph reflux.

The same gene defect and defective valves, accompanied by
abnormal recruitment of mural cells also to the valve regions,
underlie the clinical manifestations of lymphedema dis-
tichiasis in humans. Several other molecules play an important
role in valve formation, among them the connexin family
proteins that, by forming gap junctions, allow collective be-
havior of cells.47 Connexin 47 mutations increased risk for
secondary lymphedema after breast cancer treatment and
support the hypothesis that genetic susceptibility is an im-
portant risk factor for developing secondary lymphedema.48

The fat-rich adventitia contains several blood microvessels
(Fig. 3) that in the intervalvular portions, where the muscle
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coat is thicker, penetrate among the lymphatic muscle
cells.37,38 Vasa vasorum sometimes extend even to the sub-
endothelial space as shown in bovine mesenteric lymphatics49

and in superficial collecting lymphatics of human thigh.50

Although the relevance of arterial vasa vasorum in athero-
sclerosis has been recently reviewed51 and their density corre-
lated with the formation of atheromatous plaques, it is yet
unknown whether the rich supply in vasa vasorum of the
lymphatic collecting vessel wall may influence their alterations
in lymphedema. This interesting topic requires further studies.

Histology of Lymphatic Collecting Vessels
in Lymphedema

The first study on the histological changes of lymphatic
collecting vessels in lymphedema is that of Mihara et al.52

These authors studied segments of collecting vessels taken at
time of LVA from patients affected by secondary lymphe-
dema of the lower limb and classified lymphatic collecting
vessels in four histological types of increasing gravity: nor-
mal, ectasis, contraction, and sclerosis. The first histological
change, corresponding to the ectasis type, interestingly ap-
pears before the onset of lymphedema. Removal of draining
lymph nodes in fact causes an increase in endolymphatic
pressure accompanied by dilatation of the vessel lumen and
thinning of the wall.

Endothelial cells flatten, smooth muscle cells change
from the contractile to the synthetic state, and collagen
fibers become thin and elongated. With the continuing in-
crease in pressure inside them, the vessels change to the
contraction type and some smooth muscle cells proliferate

FIG. 2. Semithin section (a; scale bar 100 lm) and transmission electron microscopy (b) of a valve (scale bar 5 lm). The
valve leaflets are made of a connective tissue core covered on both sides by endothelial cells. At the valve buttress (*), the
inner muscular coat is disrupted whereas the outer (o) circular layer is still present.

FIG. 1. Semithin sections stained with toluidine blue of two superficial lymphatic collecting vessels of the human thigh
(a, b); scale bar 100 lm. (c, d) Enlargements of the same vessels showing the two different layers of the media: the inner (i)
longitudinal and the outer (o) circular layer. Scale bar 50 lm.
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and migrate directly beneath the endothelium secreting
collagen fibers. Contraction type vessels have a thickened
wall and a narrowed lumen. The next step is the sclerosis
type: cell junctions between endothelial cells become
loose, lymph leaks outside, smooth muscle cells decrease
in number, and collagen fibers increase. The lumen be-
comes markedly narrowed and eventually completely oc-
cluded (Fig. 4).

Ogata et al.53 analyzed smooth muscle cells in lymphatic
vessels of lymphedematous legs evaluating the expression of
a-smooth muscle actin (a-SMA) and of the smooth muscle
myosin heavy chain (MyHC) isoforms SM1 and SM2.
Compared with normal lymphatic vessels that have a thin
wall with 1–3 layers of smooth muscle cells, the walls of
lymphatic vessels from lymphedematous legs are thick, with
3–10 rows of smooth muscle cells in the media.

In analogy with what happens in atherosclerosis, smooth
muscle cells are also present in the subendothelial region
particularly in the more obstructed vessels. In the more ad-
vanced stages of disease, SM2 levels are markedly reduced,
suggesting smooth muscle cell phenotypic modulation from
the mature contractile state to the synthetic state. The cause of
this shift might be the disturbances in lymphatic flow that
occur early in lymphedema.

Flow disturbances may also cause endothelial cell dys-
function. Endothelial cells are connected by continuous
zipper-like junctions made of junctional proteins, including
VE-cadherin.14 Interestingly it has been reported that

lymphatic-specific deletion of VE-cadherin in a knockout
mouse model causes chylous ascites,54 suggesting that VE-
cadherin may regulate lymphatic permeability. Recently,
ex vivo experiments showed that disruption of VE-cadherin in
collecting lymphatic vessels significantly increased lym-
phatic permeability, indicating that VE-cadherin is required
for ensuring barrier function in the lymphatic vasculature,
and that its disruption would likely lead to the extravasa-
tion of most fluids and solutes into the interstitium, causing
edema.55

Mihara et al.52 reported that the expression of the endo-
thelial marker podoplanin progressively decreases from ec-
tasis to contraction to sclerosis type vessels. At variance with
these authors, we, however, found that the expression of this
marker was variable and unrelated with the vessel type or the
stage of lymphedema.56 In some collecting vessels, podo-
planin was uniformly present, whereas in others its expres-
sion was markedly reduced regardless of any clinical
correlate (clinical stage, duration of disease, and morpho-
logical type of vessel) and of lumen patency. We even found
vessels with a sclerosis morphology and a podoplanin-
positive endothelium (Fig. 5A).

Besides changes in smooth muscle cells and in endothelial
cells, long-term lymphatic overload can also induce patho-
logical changes in the surrounding adipose tissue, with hy-
pertrophic adipocytes surrounded by thick collagen fibers and
interstitial fluid. Adipose stromal cells that in normal con-
ditions contribute to tissue homeostasis and repair, decrease

FIG. 3. Semithin sections stained with toluidine blue. (a) Network of blood microvessels surrounding this lymphatic
collecting vessel of the human thigh. Scale bar 100 lm. (b) Vasa vasorum (arrows) penetrate deep into the media of this
vessel reaching as far as the subendothelial space. Scale bar 50 lm.

FIG. 4. Masson’s trichrome staining, red: lymphatic muscle cells, blue: collagen fibers. (a) Ectasis type vessel: the lumen
is dilated and the wall is thin; (b) contraction type vessel: the lumen is restricted, and the wall is mainly made of lymphatic
muscle cells stained red by Masson’s trichrome; (c) sclerosis type vessel: the lumen is almost completely occluded, the
inner longitudinal layer of the media is stained blue by Masson’s trichrome, whereas the outer circular layer is stained in
red. Scale bar 100 lm.
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in lymphedema; inflammatory macrophages increase, and
anti-inflammatory macrophages decrease.57 Taken together,
these findings indicate that lymphatic overload in the lym-
phedematous limb leads in time to chronic tissue inflamma-
tion, progressive fibrosis, impaired homeostasis and repair
capacity, and immunological dysfunction.

A marked wall thickening in most of the collecting lym-
phatic vessels analyzed was reported both in primary and in
secondary lymphedema.56

The wall thickening was due to smooth muscle cells hy-
perplasia in the contraction type and to collagen deposition in
the sclerosis type. In whatever way it is generated, wall
thickening may decrease the vessel responsivity to the me-
chanical stimuli of the surrounding environment, such as the
‘‘external pump.’’3 Moreover, wall thickening influences
vessel patency (the ratio between the lumen and the whole
vessel area), which directly affects the amount of lymph that
can be transported. Patency is reduced not only in vessels of

the sclerosis but also in those of the contraction type, sug-
gesting that both types may hamper lymph flow and thus
induce lymphedema worsening.56

Possibly, valve incompetence may also play a role in
lymphedema. No direct evidence of valve morphological
defects has been reported to date in human patients with
either congenital or secondary lymphedema.58 In ectasis type
vessels, luminal dilatation might lead to valve incompe-
tence.59 In contraction and sclerosis type vessels, the wall
thickening present also at the valve buttress might hamper the
lymphangion pumping (Fig. 5C).

Similarly, lumen reduction also occurs in resistance ar-
teries in essential hypertension. It is not, however, associated
with wall thickening.60 This process, called eutrophic inward
remodeling, is due to repositioning of vascular smooth
muscle cells around a smaller luminal diameter. If insuffi-
cient to achieve compensation, wall hypertrophy occurs. The
purpose of inward remodeling in small arteries would be to

FIG. 5. (A) Serial sections of the same sclerosis type vessel of the superior limb. (a) Masson’s trichrome, the lumen is
almost completely occluded and split in two. (b) Immunohistochemical staining with the endothelial marker podoplanin
shows positive endothelial cells lining both lumens. Scale bar 100 lm. (B) A sclerosis type vessel of the inferior limb with
an almost completely occluded lumen. (a) Masson’s trichrome: the inner longitudinal layer of the media is stained blue, the
outer circular layer is stained red. (b) Immunostaining for a-SMA: both the inner longitudinal and the outer circular layer of
the media are positive for this smooth muscle cell marker. (c) Immunostaining for the differentiated smooth muscle cell
marker MyH11: the inner longitudinal layer is negative, the outer circular layer is positive. Scale bar 100 lm. (C) Masson’s
trichrome stain of a valve in a contraction (a) and a sclerosis (b) type vessel.
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protect downstream arterioles and capillaries from elevated
blood pressure. In the lymphatic system, capillaries are up-
stream of collecting vessels, and this may account for the
differences in their adaptation to increased intraluminal
pressure.

The cellular population of the media has been frequently
reported positive for the smooth muscle cell marker a-SMA.
Since a-SMA may also be expressed by other cell types in-
cluding myofibroblasts, this suggests that myofibroblasts
may be responsible for the collagen deposition that leads to
the sclerosis type. Indeed, fully differentiated smooth muscle
cells positive for both MyHC and a-SMA were always visible
in the outer circular layer, whereas the inner circular layer
(Fig. 5B) contained cells that were sometimes positive for
both markers and sometimes positive for a-SMA but negative
for MyHC.56,61

The a-SMA+-MyHC- cells might be modulated smooth
muscle cells that have switched from a contractile to a syn-
thetic state or myofibroblasts that may originate not only
from smooth muscle cells but also from endothelial cells
through endothelial–mesenchymal transition triggered by
inflammation. In agreement, Asano et al.61 reported an in-
crease of the inflammatory cytokine tumor necrosis factor-a
in the wall of collecting vessels of primary lymphedema.

Chronic inflammation is presumed to initiate lymphedema
clinical progression. Macromolecules not efficiently drained
by lymphatic vessels in fact accumulate in the interstitium,
inducing an inflammatory reaction that triggers fibroblast
recruitment.1 Activated fibroblasts synthesize collagen fibers
that further entrap the lymphatic vessels in a self-
perpetuating cycle. This vicious cycle will cause lymphede-
ma progression until interrupted.

The schematic drawing in Figure 6 recapitulates what
happens in lymphedema: at early stages the lumen is patent
and the vessel wall is thin (ectasis type). With disease pro-
gression, the patency is reduced, and the vessel wall becomes
thick due either to smooth muscle cells hyperplasia (con-
traction type) or to collagen deposition (sclerosis type).
Smooth muscle cells of a contraction type vessel may also
switch to the synthetic state and deposit collagen fibers, the
vessel thus becomes a sclerosis type vessel. Myofibroblasts,
evidenced by a-SMA immunostaining in the subintimal

layer, may also account for this collagen deposition. Notably
the outer circular layer of smooth muscle cells is preserved
even in sclerosis type vessels.

Overall, after an initial dilatation, the progression of
lymphedema causes lymphatic muscle cells proliferation as
an adaptive mechanism to force lymph flow interruption.
When hyperplasia of lymphatic muscle cells restricts the
lumen however, the resistance to lymph flow increases. The
lymphatic muscle cells’ switch to the synthetic state and/or
the transformation of endothelial cells into myofibroblasts
leads to increased collagen deposition. The lumen is thus
further restricted and lymph flow hampered. Interrupting this
vicious cycle appears imperative. The realization of LVA in
the distal part of the affected limb is effective in draining part
of the lymph into small caliber veins and may greatly im-
prove the patient’s quality of life.

A dilated ectasis type vessel or a contraction type with a
not yet restricted lumen, when available, would probably
carry more lymph than an almost obstructed vessel. It would
be interesting to evaluate whether regression from one type to
the other, for instance from the contraction to the ectasis or
normal type, may occur after releasing the trigger of external
pressure exerted by edema on the vessel wall. This evaluation
would probably be possible only with ICG lymphography or
magnetic resonance lymphangiography preoperatively and at
different postoperative time points.

Disease Specifity in Lymphedema

The here reported data mainly concern cancer-related
secondary lymphedema, in which the different types of col-
lecting lymphatic vessels (i.e., ectasis, contraction, and
sclerosis) have been associated with different clinical stages,
suggesting that collecting lymphatic vessels gradually
transformed from one type into the next.52,56 Interestingly, in
our casuistry, we noted that in primary lymphedema, unlike
secondary lymphedema, most of the vessels are of the scle-
rosis type, and the contraction type vessel is very rare.56

A possible explanation for this difference could be that
patients with prolonged disease and early onset (primary
lymphedema) might establish compensatory physiological
mechanisms.

Lymphatic vessel dilatation is an early event in filariasis-
related lymphedema62 and, at variance with cancer-related
lymphedema, is maintained throughout the disease course. It
initiates when the adult worms are still alive and the offspring
larvae are released causing antigenic stimulation. The death
of worms, their toxins, and phagocytic uptake of degenerate
larvae increase inflammation and trigger innate immunity
with the release of inflammatory cytokines and lym-
phangiogenic molecules. Secondary infections exacerbate
the situation. Insufficient lymph transport leads to fluid ex-
travasation and lymphedema.

Further lymphatic remodeling includes collateral formation,
fibrosis, and extensive infiltration of immune cells. In the wall
of these dilated lymphatic vessels, areas of fibrosis alternate
with areas of muscle hyperplasia, leading to valve damage and
lymph backflow. Interestingly, gene variants in the genes that
are important in valve formation and maintenance have been
found in patients affected by lymphatic filariasis,63,64 sug-
gesting that these genes, together with immune responses, may
contribute to lymphedema susceptibility.

FIG. 6. Schematic drawing of the histopathological
changes of the lymphatic wall in lymphedema.
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Growing evidence also indicates a connection between
lymphatic dysfunction and obesity.65 It is well known that
obesity is a risk factor for secondary lymphedema, but more
recently it has also been shown that extreme obesity can
cause lymphedema in the absence of other risk factors.66 As
the amount of adipose tissue increases, lymphatic vessels
may become dysfunctional, possibly because of compression
and/or inflammation.

Obesity-induced pathological changes in the lymphatic
system result, at least in part, from the accumulation of in-
flammatory cells around lymphatic vessels, leading to im-
paired lymphatic collecting vessel pumping capacity, leaky
initial and collecting lymphatics, alterations in lymphatic
endothelial cell gene expression, and degradation of junc-
tional proteins.67 Obese mice were shown to have impaired
lymphatic transport and decreased dendritic cell migration to
lymph nodes,68 and in a mouse model of diet-induced lym-
phedema, obese mice were shown to have impaired lym-
phatic function associated with increased inflammation,
fibrosis, and adipose tissue deposition.69

All types of lymphedema are strictly associated with in-
flammation. Common pathological features are vessel
dilatation (at least initially) and valve incompetence, but fur-
ther research is needed on the histological changes of lym-
phatic collecting vessels, particularly in obesity-associated
lymphedema.
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50. Aglianò M, Sacchi G, Weber E, Pucci AM, Comparini L.
Vasa vasorum of superficial collecting lymphatics of hu-
man thigh. Lymphology 1997; 30:116–121.

51. Zhao SB, Belhoul-Fakir H, Jansen S, Hamzah J, Mishani S,
Lawrence Brown M, et al. Major gaps in human evidence
for structure and function of the vasa vasora limit our un-
derstanding of the link with atherosclerosis. J Anat 2021;
238:785–793.

52. Mihara M, Hara H, Hayashi Y, Narushima M, Yamamoto
T, Todokoro T, et al. Pathological steps of cancer-related
lymphedema: Histological changes in the collecting lym-
phatic vessels after lymphadenectomy. PLoS One 2012; 7:
e41126.

53. Ogata F, Fujiu K, Koshima I, Nagai R, Manabe I. Pheno-
typic modulation of smooth muscle cells in lymphoedema.
Br J Dermatol 2015; 172:1286–1293.

54. Yang Y, Cha B, Motawe ZY, Srinivasan RS, Scallan JP.
VE-cadherin is required for lymphatic valve formation and
maintenance. Cell Rep 2019; 28:2397–2412.

476 WEBER ET AL.



55. Jannaway M, Scallan JP. VE-cadherin and vesicles differ-
entially regulate lymphatic vascular permeability to solutes
of various sizes. Front Physiol 2021; 12:687563.

56. Barone V, Borghini A, Tedone Clemente E, Aglianò M,
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