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Foreword

Lower extremities do not only allow the upper part of the body containing
heart, lungs, and alimentary tract to be transferred from one place to another,
but they also carry our brain where it commands. We live longer, our brains
work longer, our legs become worn out. Mentally fully capable older indi-
viduals become home-, chair-, bed-confined. Sick legs eliminate them from
professional and social life. Any new information on diagnosis and treatment
of diseases of lower extremities is desperately needed—not only for educa-
tion of medical professionals but also for patients, who are often the earliest
“diagnosers” of this illness. One of the pathological conditions affecting
human legs is edema. Of course, edema is only a symptom of an ongoing
process in soft and hard tissues of the limb. Hundreds of millions of people
around the world either already suffer from pathological events in their
extremities or will suffer in the future. Each pathological process in the limbs
involves the lymphatic system. The lymph system is a regulatory and defence
organization regulating water and chemical environment of cells, partici-
pates in healing and defends against penetrating microorganisms. There are
pathological factors specifically damaging the limb lymphatic system, but
this system may also be adversely affected by diseases specific for other
tissues (e.g. vein, tendons, ligaments, bones and nerves). The book Lymphe-
demaby Lawrence L. Tretbar, Cheryl L. Morgan, B.B. Lee, Simon J. Simonian,
and Benoit Blondeau gives a comprehensible insight into all aspects of the
lymphatic system under physiological and pathological conditions. The
authors are authorities in the field of lymphology and phlebology and
managed to present their knowledge in a most condensed fashion. The book
has been written in simple language and can be useful even for those who
are far away from clinical medicine. Multiple color figures do not only per-
fectly illustrate what happens to the extremity in case of damage of the
lymphatics and lymph nodes, they are so expressive that having seen them
no professional or patient would neglect early limb swelling and postpone
referring to or seeing a specialist.

Waldemar L. Olszewski
Professor of Surgery
Former President, International Society of Lymphology



Preface

Lymphology is finally recognized by American medicine as a distinct medical
specialty. Its acceptance has no doubt been hastened by a more complete
understanding of the embryologic and microscopic changes found in lym-
phatic diseases. Technologic advances (e.g., scanning electron microscopy or
lymphangioscintigraphy) have also contributed to our understanding of the
lymphatic system.

As an increasing amount of knowledge emerges from the study of the
lymphatics, it is clearly apparent that the venous system is intimately associ-
ated with it. This fact is readily observed by the authors.

Members of the public, as well as health professionals, are looking for new
and reliable information on lymphedema. As cancer survivors age, their risk
of developing lymphedema increases. Unfortunately, one common source of
information, the Internet, may present information that is incomplete, mis-
leading, inadequate, and often inappropriate.

Using evidence-based sources and their own extensive clinical exper-
ience, our authors have assembled an impressive amount of clinical and
research material. They have created a pool of information that should help
us form a more unified concept of the lymphatic system, and its many
aberrations.

One goal of this book is to provide some simple guidelines for the physi-
cian who must direct and follow the patient’s progress during treatment of
lymphatic or venous disorders. This requires a basic understanding of the
vascular disorders, available interventions and the need for life-long
follow-up.

Another goal is to inform a knowledgeable public that lymphedema
is a problem that can be treated—successfully. No longer should a person
accept the concept that lymphedema is something they “must learn to live
with.”

It is our collective experience that patients who face this complex, po-
tentially disfiguring and disabling medical problem achieve superior out-
comes when managed by a knowledgeable physician and an experienced
therapist. They also demonstrate greater adherence to the recovery
program.

Lastly, only through the concerted efforts of the “team,” physicians, thera-
pists, and patients, can the insurance carriers be convinced that people with

vii
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lymphatic diseases deserve the same economic support as those with other
vascular diseases.

My gratitude to the authors, especially Dr. Cheryl L. Morgan, for their
contributions, and to Emily Iker, MD, for the use of her many photographs.

Lawrence L. Tretbar
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1

Structure and Function of

the Lymphatic System

Lawrence L. Tretbar

Early Investigations

Like many anatomical discoveries, the early
anatomists described the lymphatic system in
morphologic terms. Little was recognized about
the function of the system until some centuries
later.

The visibility of the blood circulatory system
made it an easy system to study and encouraged
early investigators to examine it thoroughly. Nev-
ertheless, many curious anatomists recognized
the differences between the blood circulatory
system and the lymphatic system.

Hippocrates described “chyle” in the intestinal
tract. Of interest, too, is his equation of lymphatic
states with emotional states. He described 3 lym-
phatic temperaments: phlegm (lymph and chyle),
yellow bile, and black bile (1,2).

Similarly, during the Middle Ages “physiks,” i.e.
academic physicians, promulgated the concept of
4 “humors” within the body: blood, black bile,
yellow bile, and phlegm. According to this belief,
if you had too much phlegm you became phleg-
matic, too much black bile caused melancholy, and
an excess of yellow bile made you to feel bilious.
An overflow of blood allowed you to become san-
guine, clever, and thoughtful. We still talk about
humors, for example one may be in a good or bad
humor. We still describe pulmonary mucous as
phlegm. While the descriptive terms phlegmatic,
sanguine, bilious, and melancholy are perhaps
archaic, they nevertheless remain a part of our
language.

During the early 17th century, Aselli pointed
out the differences between lymph vessels and
veins and was the first to describe the lacteals,
“venae albae et lacteae,” or white and milklike
veins (3,4). He died before publishing his findings,
but fortunately 2 colleagues proceeded to publish
them in 1627, a year after his death (5) (Figure
1-1).

A young Swedish anatomist, Rudbeck, further
identified the nature of the lymphatic system. He
recognized it as a distinct system, separate from
the blood circulatory system, that ultimately
drains its contents into the upper veins (6,7).

During this period of discovery, Harvey, a
former student of Fabricius in Padua, defined the
blood circulatory system. However, his major pub-
lication in 1628, a year after Aselli’s, made no
mention of the lymphatics and only described the
circulation of blood through its various compart-
ments (8,9). Later, he did make many comments
on the findings of other anatomists regarding
their contributions to lymphatic research.

The English school of investigation provided
other contributions to the understanding of the
lymphatics. The Hunter brothers in London estab-
lished the Anatomy School on Windmill Street
(10) (Figure 1-2).

Mascagni, a professor of anatomy in Siena,
created and published a magnificent compendium
of work in 1787. It contributed enormously to the
understanding of the lymphatic system, especially
its anatomy. Its illustrations are as useful today as
they were then (11) (Figure 1-3).
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Ficure 1-1. (A) Gaspar Aselli (1581-1626), age 42 years. (B) The fron-
tispiece of Aselli's posthumously published dissertation shows the
expected array of cherubs and armless angels. Note the image below
the inscription; it is the same as T Il shown in (C), but rotated coun-
terclockwise and flopped left to right. This beautifully illustrated
manuscript reveals in vivid detail the many contributions of the lym-
phatics to the body’s circulation—the many intestinal lacteals and
their joining lymphatic vessels. They were drawn from canine dissec-
tions, as attested by the multiple lobes of the liver. Peyer patches had
not yet been described. (C) The first 3 plates show the intestine and
its mesenteries. The final illustration shows the relationship of the
lymph channels with the liver; its lobes and gall bladder are well
depicted. These are probably the first anatomic illustrations to be
published in color. These reproductions are from the original poly-
chrome woodcuts, the portrait from a copperplate etching. Fold lines
are evident from hundreds of years of use. (Image courtesy the Clen-
dening History of Medicine Library, University of Kansas Medical
Center.)
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FiGure 1-2. (A) William Hunter wrote that the lymphatic
system created a “grand system for absorption, in men
and quadrupeds.” He combined the lacteals and lym-
phatics under the term “absorbent vessels,” a common
belief at the time. (B) John Hunter was probably more
interested in “osteology” than circulation, but he had
many thoughts about his and other’s investigations. This
classic etching reveals him as a thoughtful author. Of
interest is the image of the skeleton of the famed Irish
giant James Byrne, in the upper right. The skeleton is still
on display in the Royal College of Surgeons” museum in
London. (Photos courtesy the Royal Society of Medicine,
London.)
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FIGURE 1-3. Paulo Mascagni (1755-1815) published this magnifi-
cent group of illustrations, a result of his meticulous dissections.
(A) The frontispiece is of a classical nature and less ornate than
earlier forms. (B) This illustration demonstrates the spectrum of
lymphatic structures—peripheral lymphatics joining lymph nodes,
intestinal lymphatics, and multiple valves within the vessels. The
cylindrical structure is a pipette used to intubate and opacify lymph
channels. (Image courtesy the Clendening History of Medicine
Library, University of Kansas Medical Center.)

Lymphatic Embryology

The embryonic development of lymphatics was
studied extensively during the beginning of the
last century. Since then, however, this field of
exploration has advanced slowly because of
the lack of specific lymphatic markers, and
because the issue of histogenetic origin remains
controversial.

In the early 1900s, Sabin introduced a now
widely accepted theory of lymphatic development.
Her experimental evidence suggested that lym-
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phangiogenesis parallels that of the venous system.
She proposed that isolated primitive lymph sacs
bud from endothelial cells during the sixth to
seventh week of gestation and appear in the neck
as extensions of the anterior cardinal veins (12).
These primordial lymph sacs coalesce to form a
large jugulo-axillary sac that eventually becomes
the thoracic duct. Continued proliferation and
segregation of distal lymphatic structures begins
about the 10th week of gestation. Functional
lymph nodes first appear in the axillae and in the
primitive thymus and spleen at about the sixth
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week. Valves in superficial and deep lymphatics
are seen during the fifth month.

Configuration of the
Lymphatic System

The term microcirculation generally refers to the
distal-most portion of the circulatory system,
arterioles, capillaries, and venules. Capillaries are
composed of a single layer of endothelial cells,
many of which are separated by a cleft or pore.
Precapillary sphincters, formed by a thin layer of
muscle, help regulate the flow of blood into the
capillary bed and the egress of fluids from them
(11,13). Capillaries are the site of fluid, nutrient,
and waste exchange.

Unlike blood vessels, the peripheral lymphatics
are dead-ended. They originate in the distal-most
tissues of the skin, muscles, visceral organs, lung,
and intestine. Most lie within the neurovascular
bundle that contains nerve elements, arteries,
veins, and lymphatics. Therefore, lymph flow is
centripetal, i.e. from distal to proximal (11,13-15)
(Figure 1-4).

The lymphatic transport system is generally
divided into 3 categories:

FIGURE 1-4. Three levels of lymphatic collectors are represented in
this drawing. The upper layer is the skin with the originating, dead-
ended collectors. In a normal situation, they are almost empty as
they transport lymph. Subcutaneous tissue lies beneath the skin,
and its own collecting systems carry the fluid to the fascia and
muscles below. (lllustration by LL Tretbar.)
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+ the superficial system that drains the skin and
subcutaneous tissues

+ the deeper subfascial system that drains muscles,
joints, synovial sheaths, and bones

+ the visceral system that drains the small intes-
tine, spleen, liver, thymus, and lungs

Lymphatic vessels are not normally present in
avascular structures such as the epidermis, hair,
nails, cartilage, and cornea, or in some vascular-
ized organs like the brain and retina (13,15-19).

From their distal origins, the lymphatics con-
tinue as 2 distinct structures: transport vessels
and solid organs. Collecting vessels transport
lymphatic fluid to lymph nodes and ultimately to
the neck veins (15,16,19,20).

Prelymphatic Tissue Channels

Prelymphatic channels are the original part of the
lymph-collecting system. Although these tiny vas-
cular structures contain no endothelium and are
not usually considered lymphatic channels, they
direct interstitial fluid to the capillaries (16,17).

Lymph Capillaries

Capillaries are valveless and lined with a single-
cell layer of continuously overlapping endothelial
cells. Reticulated, filamentous, fibrous strands
anchor the capillary to the surrounding tissue
fibrils. They play an important role in regulating
fluid flow into and out of the capillary by alterna-
tively stretching and relaxing (13,14,18). This
structure makes the capillary quite permeable; it
permits the absorption and drainage of enormous
quantities of protein-rich lymph from the extra-
cellular spaces. Lymphatic capillaries have been
improperly called terminal lymphatics; they origi-
nate in the periphery, rather than terminating
there (18,19,21).

Lymph Precollectors

Sometimes considered the initial lymph vessel,
the precollectors contain 1 or more layers of
muscle cells. They are singly or doubly valved
(bicuspid), may contain collagenous fibers, and
are dispersed from 6 to 20cm apart. Their main
function is to initiate flow through the chain of



lymphatic structures, whereas valves maintain
centripetal flow (14,17,19).

Lymph Collectors

At this level, collectors represent the main trans-
port mechanism for lymph and begin to resemble
other vascular structures. Their walls are com-
posed of an endothelial-lined intima, a media
composed of muscle cells and collagen fibers and
an adventitia of collagen fibers that extend into
the perivascular tissues. Vasa vasora, the tiny
blood vessels that nourish the lymphatic tissues,
begin to emerge (15,19,20).

The lymph vessel lying between valves is called
a lymphangion. Liberally supplied with sympa-
thetic and parasympathetic nerves, lymphangions
form a unique muscular unit that initiates spon-
taneous contractions (20-26) (Figure 1-5).

Peyer Patches

Another unique situation occurs within the small
intestine. In the submucosa of the distal ileum,
the lining is a velvety surface of villi—millions of
fingerlike projections that increase the total
surface area. Peyer patches form the lymphatic
interface of the mucosa with the products of diges-
tion. After the digestion of fat, these substances
in the form of chylomicrons, e.g. free fatty acids,

FIGURE 1-5. A lymphangion is seen between 2 valves. Lymphatic
valves are similar to venous valves in their construction and func-
tion. Unlike venous structures, the lymphangion creates spontane-
ous contractions that propel the lymph toward the next valve or
lymph node. (Modified and redrawn from Casteviholz A., Lymphol-
ogy 31(3):101-118, computer enhanced to improve visual clarity.)

L.L. Tretbar

FIGURE 1-6. Peyer patches are easily seen within the small intes-
tine in this illustration. A unique component of the lymphatic
system, they provide another method for the body to absorb fats.
(Netter medical illustrations, used with permission of Elsevier. All
rights reserved.)

cholesterol, phospholipids, and lipoproteins, are
absorbed into the lymphatics, where the fluid is
called chyle (20,21,26). The lymphatic vessels con-
ducting lymph from the intestinal mucosa to the
mesenteric nodes are known as lacteals, a term
which suggests milk; in an early observation in a
well-fed dog, the vessels appeared milky, thus the
term lacteal (20). Any surgeon who has had to
operate on an accident victim in the middle of the
night recognizes the milky lacteals, opacified by
late-evening snacks of fast foods (Figure 1-6).

Lymph Ducts

The ducts are the largest of the transport struc-
tures and mimic other vascular structures in their
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complexity. As these structures progress proxi-
mally, the space between valves increases, the
tunica media thickens, and nerve endings increase
(19,20,26).

As described above, lymph flow begins in tiny
peripheral vessels and then proceeds to the nearest
lymph node. From the medial foot and leg, the
superficial lymphatics travel up the long saphe-
nous vein to nodes in the popliteal space and the
larger superficial nodal groups in the inguinal
area. Lateral foot and leg lymph proceeds to the
popliteal nodes (19,20,25,26).

Deeper lymphatics follow the blood vessels to
end in the deep popliteal nodes. Of clinical interest
are the lymph vessels that bypass the inguinal
nodes and follow the sciatic nerve to the deep iliac
nodes. These alternate routes permit lymph to be
redirected when one system is nonoperative
(15,20,22).

From the pelvic and lumbar nodal system,
lymph is carried to the cisterna chyli, a large col-
lecting basin situated in front of the first or second
lumbar vertebra. It is the confluence of the many
lymph channels from the lower extremities and
continues cephalad as the large thoracic duct, the
final pathway for transport of lymph into the neck
veins. The intercostals and many other interven-
ing lymph channels join the thoracic duct along
the way (20,22,26) (Figure 1-7).

Lymph Nodes

Most people are familiar with lymph nodes
because they become palpable when inflamed.
Structurally, the node is kidney shaped and
encompassed by a fibrous capsule containing col-
lagen and single smooth muscle fibers. Many
afferent lymph vessels enter the convex surface.
Internally, trabeculae surround lymph sinuses
where afferent collectors direct the influx of lymph
to different parts of the sinuses, i.e. marginal,
intermediate, and terminal. The concave surface is
the hilum, where 1 and occasionally 2 efferent
lymph channels direct lymph to the next set of
nodes. Arterioles and venules enter and exit the
node only at the hilum, as do tiny nerve fibers
(19,21,23,26).

Lymph nodes are arranged in chains or groups
and number as many as 600 to 700, most found in
the abdominal and neck areas (13,26).

FIGURE 1-7. Mascagni provides another view of the lymphatics’
pathways. This beautiful and anatomically correct illustration
includes the pelvic distribution of multiple channels, nodes, the
cisterna chyli, and the thoracic duct with its intercostal channels
emptying into the subclavian veins. (Courtesy the Clendening
History of Medicine Library, University of Kansas Medical Center.)

Wastes filtered by the nodes may consist of
unwanted substances like high molecular proteins,
fats, cellular debris, foreign organisms, viruses,
and bacteria.

Large concentrations of macrophages, plasma
cells, and lymphocytes within the nodal system
initiate an immune response that Kkills live
microbes and destroys other noxious substances.
Lymph nodes produce lymphocytes and encour-
age their maturation along with reticuloendothe-
lial cells, for example monocytes. Some lympho-
cytes remain in the node, whereas those passing
through the node increase with the addition of
those formed in the node and those contributed
by the arterial and venous flow through the node
(19,21,23,26).

Lymph is concentrated in the node, where
almost half of its volume is removed by venous



FIGURE 1-8. This familiar view of a lymph node shows the many
afferent lymph vessels entering the node. Generally, there is
1efferent channel leaving the node, but there may be more. Arte-
rioles and venules enter and exit only at the hilum. (lllustration
modified from Schaeffer JP, ed, Morris” Human Anatomy, 11th ed.
New York: Blakiston Company; 1953.)

flow. Slight pressure on the lymphatics, such as
manual lymph drainage, further stimulates flow
and therefore the production of lymphocytes (23)
(Figure 1-8).

Functions of the Lymphatic System

Two or three major functions are attributed to the
lymphatic system: the transport of lymph from
the periphery of the body to the large veins of the
neck; the maintenance of homeostasis, i.e. the
balance of fluid volumes, pH, and electrolytes; and
the regulation of immunity (22,26).

Interstitial Fluid/Edema

Lymph formation begins in the interstitial
(intercellular) space, the space between somatic

L.L. Tretbar

cells. Fluid leaks from blood capillaries, filling
the interstitial space. Most of the fluid is reab-
sorbed into the venules or the initial lymphatics
(16,24).

Interstitial fluid is usually colorless and often
considered serum, that is, blood without red blood
cells and platelets. Its contents vary with different
conditions, but in general it contains about 96%
water plus these other items, proteins, lipids, car-
bohydrates, enzymes, glucose, urea, hormones,
dissolved gases (carbon dioxide, oxygen), cells
(lymphocytes, macrophages), unwanted toxins,
bacteria and viruses, cellular debris, and other
bodily wastes. Colloids are present as well—
sodium, potassium, chloride, calcium, phospho-
rous, magnesium, and zinc or copper—in about
the same concentrations as in plasma. When inter-
stitial fluid finally enters an initial lymph capillary,
it becomes lymph (16,21,23,24).

Edema is a condition in which the amount of
interstitial fluid increases and the area becomes
swollen with excess fluid. Factors that increase
fluid discharge from the arteriovenous capillaries,
such as trauma or infection, or that decreases its
reabsorption into the lymphatics can cause edema
(23,24).

Fluid Exchanges

According to Starling hypothesis, transport of
fluids or particles through capillary filters depends
on 4 variables: capillary blood pressure, intersti-
tial tissue pressure, intravascular colloidal osmotic
pressure (capillary), and extravascular colloidal
osmotic pressure (tissue). It is important to under-
stand the basic concepts of fluid and solute
exchange between the arteriovenous circulation
and the lymphatic system (18,25).

Diffusion

Many gases and solutes (dissolved solids) cross
the arterial-capillary wall by diffusion, either
through the endothelial cell wall or through struc-
tural clefts and pores. Diffusion is a passive process
in which molecules move from an area of greater
concentration to an area of lesser concentration.
The type of diffusion usually depends on whether
the gas or solute is lipid-soluble. Gases like O, or
CO, are highly fat soluble and diffuse easily
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through the endothelial cell wall (18,23,24). Water-
soluble substances, such as water, glucose, amino
acids, and ionized substances, are not fat-soluble
and must therefore pass through the intercellular
clefts.

The process of diffusion is effective and effi-
cient over short distances but less so at greater
distances. When edema is present, the dis-
tance between cells increases and the transfer of
nutrients and gases becomes more difficult
(18,23).

Osmosis

Although diffusion accounts for much of the
body’s fluid exchange, osmosis remains the most
important method of fluid transfer. Osmosis is the
movement of fluid across a semipermeable mem-
brane (the cell wall). A semipermeable membrane
allows the passage of some molecules through it
but not others. The movement of water is due to a
difference in solute concentration, from an area of
higher water concentration (less solute) to one of
lower water concentration. The process is similar
to diffusion, except that it is water and a few small
molecules which pass through the membrane,
rather than the opposite (19).

Two principal forces, hydrostatic pressure
and osmotic pressure, regulate osmosis. Hydro-
static pressure is an external force transmitted to
the blood vascular capillaries and the lymphatic
capillaries. Arterial blood pressure, intrinsic
lymphatic pressure, and gravity are the major
hydrostatic forces applied to the 2 systems. Hydro-
static pressure in the initial lymphatics is negative,
usually —5 to —6 cm water, and +6 cm in the kidney
(23,24,26).

Osmotic pressure is determined by the type and
amount of solute, especially protein, present in the
fluid. The term osmotic pressure is misleading,
because the “pressure” is actually a force attracting
fluid through the membrane to the area of greater
concentration; the greater the solute concentra-
tion, the greater the osmotic pressure. Osmotic
pressure is also known as oncotic pressure
(15,21,23).

In the physiologic state, it is estimated that
between 2 to 4L of interstitial fluid are filtered
each day and returned via the lymphatics to the
neck veins (23).

Lymph transport away from the interstitial
space depends on a number of factors: local lym-
phatic contractions, contractions of adjacent
muscles, arterial pulsations, changes in intraab-
dominal and thoracic pressures, and mechanical
stimulation (16,23,25).

Spontaneous Contractions

Unlike the blood vascular system, in which the
heart provides most of the propulsive force for
circulation, the lymph system has its own distinct
mode of propulsion. Lymph fluid is propelled by
spontaneous segmental contractions within the
lymphangion, the lymph channel between valves.
The number of contractions within the lymphan-
gion average about 6 to 15 per minute. Spontane-
ous contractions of the lymphangion can be
augmented by external pressure, arterial pulsa-
tions, exercise, muscular contractions, and inspi-
ration, among multiple other factors. As lymph
enters the subclavian vein, where flow is rapid, a
siphoning effect may also contribute to lymph
movement (25,26).

Immune System

Every day the body is bombarded by thousands of
foreign substances that try to gain entrance. The
three major portals of entry into the body are the
skin, the intestinal tract, and the lungs. Other
internal products may appear as foreign sub-
stances to the body as well, for example cancer
cells. Foreign materials become antigens, usually
proteins, which incite an immune response that
protects the body from these foreign invaders
(23,27).

Natural, Nonspecific Immunity

Macrophages are mature monocytes and make up
5% to 10% of lymph. If there is infection or in-
flammation, other cellular elements may appear,
including mast cells, eosinophils, granulocytes,
platelets, and occasionally red blood cells.
Macrophages and monocytes are part of the
mononuclear phagocyte system, once known as
the reticuloendothelial system. They destroy many
foreign substances by phagocytosis (literally,
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eating cells) and by secreting enzymes destructive
to the antigen. They maintain a portion of the
nonspecific immune system, the system that does
not adapt to different antigens (17,27,29).

Specific Immunity

Many other cellular products make up lymph.
Lymphocytes are the most abundant cell, repre-
senting about 80% to 85%, whereas they encom-
pass only 20% to 40% of the blood’s white cells.
Found in both blood and lymph, they contribute
to immune and phagocytic activities. Two types of
lymphocytes develop: B cells that mature in the
bone marrow, and T cells that mature in the
thymus.

B cells are present in the germinal centers of
lymph nodes and are found frequently in bone
marrow and the spleen. When an antigen enters
the body, B cells produce noncellular antibodies,
or immunoglobulins, which contribute to the
immune defense. Both cellular and noncellular
substances complement the primary natural
immune system (17,23,28).

When activated by a foreign substance, B cells
may divide into 2 other types of cells: plasma cells
and memory cells. Plasma cells are those that
produce antibodies (immunoglobulins). Memory
cells are what their name implies—they act as a
memory of previous antigen invasions and protect
the body for many years from the antigen, e.g.
tetanus or small pox (17,18,23).

T cells are also found in blood (80% to 85%
of lymphocytes), lymph nodes, the thymus,
and the spleen. They, too, produce subsets of
cells. Generally, they assist B and other T cells by
aligning antigens in proper order for destruction.
There are memory cells in this group as well
(18,19,23).

Antibodies

Numerous stimuli cause lymphocytes to produce
antibodies. A number of antibodies, or immuno-
globulins, circulate within the vascular systems
and may deactivate antigens or tag them for later
destruction. Immunoglobulin G (IgG) is the main
immunoglobulin of the body; others include IgM,
IgA, IgD, and IgE. All have rather specific duties
within the immune system (17-19,23,29).

L.L. Tretbar

Summary

Anatomically, the lymphatic system consists of
multiple channels that begin in the periphery of
the body, run through a series of lymph nodes,
and return lymph to the venous system. In the
normal state, the lymphatic system equilibrates
the flow of interstitial fluid and mediates the many
immune elements for the protection of the inter-
nal systems.
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Differential Diagnosis of Lymphedema

Simon J. Simonian, Cheryl L. Morgan, Lawrence L. Tretbar, and Benoit Blondeau

Pathophysiology of Edema

As described in chapter 1, there is always fluid
within the interstitial space, the space between
tissue cells. The amount of fluid depends on 2
factors: the amount introduced into the interstitial
space, and the amount removed from it. Fluid
enters the space from arterioles and venules; some
returns to the venules, and the remainder is taken
up by the lymphatics. In the normal physiologic
state, entrance and exit are approximately equal,
so that tissues retain their usual morphologic
appearance and function (1,2).

Edema (swelling) develops when the volume of
interstitial fluid increases, either from increased
inflow or decreased outflow, or both (3).

Lymphatic Causes of Edema

Primary Lymphedema

Primary lymphedema results when the lymphat-
ics do not or cannot propel the lymph in adequate
amounts, and the fluid sequesters within the inter-
stitial or lymphatic spaces. It develops from an
alteration or deficiency within the lymphatic col-
lecting or transport systems. Primary lymph-
edema often occurs in the lower extremities, and
affects women more than men (4-6). Many lym-
phatic malformations are described in chapter 4;
a few are briefly reviewed below:

+ Milroy disease (hereditary lymphedema type I)
is a familial congenital disease and appears at or
soon after birth (7,8) (Figure 2-1).
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+ Meige disease (hereditary lymphedema type II)
developslater, e.g. at puberty, often after a minor
injury, and causes foot and ankle swelling. Girls
are affected more often than boys (9,10).

+ Lymphedema praecox, another term for the
2 syndromes described above, has an early
onset up to age 35 years (10,11).

+ Lymphedema tardum is similar to praecox, but
has an onset after age 35 years (10,11).

+ Lymphangiomas are congenital, benign, often
cystic malformations of the lymphatics and may
be associated with other vascular malforma-
tions (4,12).

Secondary Lymphedema

Secondary lymphedema is swelling that follows
some other incident or event, such as infection or
injury (12,13).

Infection

« Filariasis, the most common cause of secondary
lymphedema in the world, affects patients who
have lived in or traveled in areas endemic with
the disease; the worm’s larvae migrate to the
lymphatics, causing obstruction and damage
(13,14) (Figure 2-2).

 Recurrent cellulitis, e.g. erysipelas, is acute and
unilateral in the affected limb, often entering
skin from a fungal skin infection (15,16).

+ Lymphogranuloma venereum, a sexually trans-
mitted disease, caused by chlamydia, often with
enlarged inguinal lymph nodes.

« Scrofula, old term for tuberculous lymph nodes
of the neck.
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FIGURE 2-1. (A) An example of Milroy disease, the right leg of this
2-year-old baby has been swollen since birth. (B) This woman had
mild swelling of the legs noted at age 10 years. The swelling was
progressive until her lymphedema was finally diagnosed and
treated at age 36. Dermal backflow is more prominent in the right
leg, but is present in both (see Figure 2.8). The feet show the
typical changes of lymphedema—swelling of the toes and feet,
with deep flexion creases. (Photos courtesy Emily Iker.)

Inflammation

* Any of a group of non-infectious diseases
causing edema, pain, or erythema.

+ Systemic lupus erythematosus

+ Rheumatoid arthritis, which may have com-
bined muscle pump failure due to fixation and
stiffening of the joints.

+ Psoriatic arthritis

+ Chronic dermatitis

+ Retroperitoneal fibrosis

+ Panniculitis

+ Systemic diseases, e.g. Grave’s disease, myxedema

+ podoconiosis, elephantiasis caused by silica
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crystal absorption into the foot with lymphatic
damage (Figure 2-3)

Cancer Treatment and Other Types
of Trauma

+ Any treatments, whether surgical or irradiation,
can interrupt the normal flow of lymph, that
results in the accumulation of lymph, i.e.,
lymphedema.

+ Lymphadenectomy, or surgical excision of the
inguinal, iliac, or auxiliary lymph nodes, the
most common non-infectious cause worldwide,
especially following breast cancer treatment, of
chronic unilateral swelling (17).

+ Nonsurgical trauma, e.g. radiation therapy to
lymph node groups, may cause chronic unilat-
eral swelling.

+ Surgery of the prostate, uterus, or cervix may
cause bilateral swelling.

+ Recurrent and metastatic malignancy.

+ Hodgkin and non-Hodgkin lymphoma.

+ Reconstructive arterial surgery, e.g. saphenous
vein harvest for coronary artery bypass

FIGURE 2-2. Filariasis, as seen in this man’s legs, is endemic in
Haiti and many other countries. (Photo courtesy CL Morgan.)
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FIGURE 2-3. (A) Although the swelling in this patient’s hands is
mild, it nevertheless represents myxedema. (B) Her feet begin to
show typical changes of lymphedema, with deepening of the
flexion creases and swelling of the toes. (Photos courtesy CL
Morgan.)

FIGURE 2-4. (A) This 46-year-old woman had surgery and radia-
tion for uterine cancer. Lymphedema in her left leg is confirmed
by the lymphoscintigram, which shows marked dermal backflow.
(B) In another patient, the right greater saphenous vein was har-

S.J. Simonian et al.

vested for a coronary artery bypass; lymphatic damage caused
later lymphedema. Here the left leg shows the changes of chronic
venous insufficiency with hyperpigmentation, slight edema, and
hyperkeratosis. (Photos courtesy Emily Iker.)
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+ Factitious, self-inflicted trauma, e.g. constrict-
ing alimb with a rubber band to induce swelling
(18).

+ External injury to the body, e.g. an auto accident
(Figure 2-4)

Other Causes of Edema

Chronic Venous Insufficiency

As explained in chapter 1, properly functioning
venous and lymphatic systems help maintain a
balance between interstitial and lymphatic fluid. A
change in one system affects the other (12,19-22).

With venous disease in the legs, there is usually
chronic damage to the veins and their valves.
The result of valve failure is continuing reflux
(backward flow of blood), increasing pressure on
normal veins and damage to the surrounding
tissues and lymphatic structures—chronic venous
insufficiency (4,20,22). (See chapter 7 for more
information.)

Hypoalbuminemia

Reduced blood concentration of proteins, espe-
cially albumin, reduces osmotic (oncotic) pressure
and the reabsorption of interstitial fluid into the
venous capillaries. Swelling is usually chronic,
often bilateral (12,17).

+ Excessive loss of albumin, glomerulonephritis,
nephrotic syndrome, extensive burns.

+ Malabsorption syndromes, inadequate ab-
sorption of protein, steatorrhea syndromes,
protein calorie malnutrition, starvation, e.g.
Kwashiorkor.

+ Inadequate synthesis of albumin, cirrhosis, liver
failure.

Drug-induced Edema

Several medications can cause or contribute to
edema, complicating diagnosis (12,17,18). They
include:

+ hormones, estrogens, testosterone, corticoste-
roids, progesterone, and androgens

« antihypertensives, guanethidine, B-adrenergic
blockers, calcium channel blockers, clonidine,
hydralazine, methyldopa, minoxidil, reserpine,
and labetalol

15

+ nonsteroidal anti-inflammatory drugs, (NSAIDs)
+ antidepressants, e.g. trazodone

+ hypoglycemics, e.g.  pioglitazone and
rosiglitazone
+ cytokines: GM-CSF, G-CSF, 1II-4, II-2,
Interferon-a
+ chemotherapeutics, e.g. cyclophosphamide,
cyclosporine, mitramycin, and cytosine
arabinoside

+ antiviral, e.g. acyclovir

Differential Diagnosis of Edema

The differential diagnosis of edema requires a
thorough historical review, physical examination,
evaluation of treatment response, and occasion-
ally special laboratory investigations. The exami-
nation report should include a diagram of the
limb or affected area and standard measurements,
e.g. limb circumference. Staging using these crite-
ria is discussed in chapter 3.

Duration and Distribution

If the duration of the swelling is short, perhaps hours
or days, and it is unilateral and painful, an acute
processis suggested: deep vein thrombosis, cellulitis,
abscess, ruptured Baker cyst, trauma, muscle com-
partment syndrome, ruptured gastrocnemius
muscle, or reflex sympathetic dystrophy (12,18).

If the onset is gradual and progressive, over a
period of weeks or months, and it is unilateral and
painless, a chronic process is suggested: chronic
venous insufficiency, post-thrombotic syndrome,
lymphedema, (primary or secondary type), exter-
nal venous compression, arteriovenous fistula,
Klippel-Trenaunay syndrome, and soft-tissue or
vascular tumors (12,17).

If the onset is gradual and progressive and
swelling is bilateral, possible causes include:
congestive heart failure, glomerulonephritis, the
nephrotic syndrome, hypoproteinemia, drug reac-
tions, cirrhosis of the liver, pretibial myxedema,
constrictive pericarditis, lower limb dependency
syndrome, lipedema, bilateral chronic venous
insufficiency, bilateral lymphedema, or a malig-
nancy in the pelvis, abdomen, or the retroperito-
neal space. Advanced prostate carcinoma can
cause lymphatic obstruction and bilateral leg
edema, as can ovarian carcinoma or other pelvic
tumors (12,17,18).
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FIGURE 2-5. Superficial venous insufficiency caused these advanced cutaneous complications—edema, pigmentation, eczema, and
ulceration. (Photos courtesy LL Tretbar.)

Dermatologic Changes

Skin changes are common with many types of
swelling (22,23). They include:

venous hypertensive pigmentation due to hemo-
siderin deposition, eczema, atrophie blanche
(white atrophy), lipodermatosclerosis, or ulcer-
ation (Figure 2-5)

taut skin, the inability to pinch a fold of skin
at the base of the second toe (Kaposi-Stemmer
sign), or prominent skin creases in the feet
hyperkeratosis or papillomatosis (a warty skin
texture)

cellulitis, especially when recurrent (Figure
2-6)

Diagnostic Laboratory Tests for
Systemic Disease

The cardiopulmonary system is evaluated
with chest x-rays, electrocardiograms, and
echocardiograms.

Kidney and liver functions are assessed with
standard blood testing, which should include
the blood albumin concentration.

Thyroid function is also tested with standard
blood tests, e.g. T3, T4.

Testing for Venous Disease

« different non-invasive and invasive tests are
used to evaluate the veins for blood clots and
function

+ D-dimer, blood testing for deep vein
thrombosis

« ultrasonographic imaging, to assess the deep,
perforator, and superficial venous systems of the
legs for evidence of old deep vein thrombosis
and for the degree of valvular incompetence and
reflux (Figure 2-7)

+ contrast venography, to check for the presence
of pelvic or abdominal thrombus

+ computed tomography (CT) to check for pelvic
pathology, especially malignancies and retro-
peritoneal fibrosis

« assessment of the ankle-brachial pressure index
(ABPI), which is useful in determining arterial
insufficiency in the legs of older patients and
diabetics; compression therapy may worsen
peripheral arterial disease.

Testing for Lymphedema

Lymphangioscintigraphy is the best laboratory
test for lymphedema. A radioisotope-labeled
colloid is injected into the web space between the
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FIGURE 2-6. This man suffered a right deep vein thrombosis 12
years before this photograph was taken. There is marked hyper-
pigmentation, eczematoid changes in the calf with white atrophy,
and small ulcerations on the ankle. Little edema had developed.
(Photo courtesy LL Tretbar.)

FIGURE 2-7. Duplex ultrasonography is noninvasive, safe, and
reproducible; it s relatively inexpensive and exhibits a high degree
of accuracy. (Photo courtesy LL Tretbar.)
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FIGURE 2-8. Lymphangioscintigraphy remains the basic test for
assessing lymphatic function within the extremities. (A) This
normal scan at 20 minutes demonstrates bilateral proximal flow of
colloid that opacifies the inguinal, iliac, and axillary nodes and
liver. (B) At 40 minutes, most of the tracer has dissipated. When
the test is abnormal (see Figure 2-4), dermal backflow can be seen
as the tracer leaks from the lymphatics. (Photos courtesy BB Lee.)

first and second toes. Using a gamma camera, the
colloid movement is measured as it travels toward
the proximal lymph nodes (24-26) (Figure 2-8).
Slow progress of the radioisotope, compared with
the normal lower limb, suggests hypoplasia of the
peripheral lymphatics, asin primarylymphedema.
If the radioisotope escapes from the main lymph
channels, especially into the skin, it is called
dermal backflow. This finding suggests lymph
reflux, often seen in secondary lymphedema with
proximal lymph obstruction.

Lymphangiography is another option that is
rarely used today. This test uses radio-opaque lipi-
odol injected directly into a peripheral lymph
vessel; x-rays monitor its proximal progress. This
test is used for planning surgical lymphovenous
anastomoses and for research purposes (27,28).

Both computed tomography (CT) and magnetic
resonance imaging (MRI) show a typical sub-
cutaneous honeycomb pattern in lymphedema, but

S.J. Simonian et al.

not in other edemas. Of the 2, MRI is the superior
test, as it also detects excess fluid (Figure 2-9).

Lipedema

In determining lipedema, an MRI will show that
the soft-tissue swelling consists only of fat. The
peripheral lymphatics are normal; there is no
honeycomb appearance, and subcutaneous edema
is absent. However, late lymphatic changes may
develop (27) (Figure 2-10).

FIGURE 2-9. In the (A) sagittal view and (B) axial view of the lower
extremities, an MRI shows an extensive honeycombed pattern in
the soft tissue, a hallmark of chronic lymphedema not found in
other edemas. Here the muscle compartment is unchanged,
although it may be enlarged in the postthrombotic syndrome.
MRIs can also provide quantitative assessment of lymphedema
volume. (Photos courtesy BB Lee.)
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FIGURE 2-10. (A) Lipedema is characterized by a swelling of the
hips and legs, but usually with none in the feet. In this case, a
lymphoscintigram was normal. The fatty changes developed over
a number of years; the feet are beginning to show lymphedema-
tous changes, e.g. deep flexion creases and swelling of the dorsum
and toes. (Photo courtesy Emily lker.) (B) This woman’s legs were
normal until she had a car accident that traumatized them. The
lipedema developed only in her legs; the torso and feet were
spared. An ulcer that formed after a recent infection is seen on her
left leg. (Photo courtesy CL Morgan.) (C) Diagnosis is difficult in
this case: the feet are reasonably normal, but there are changes
in the lower calves that suggest venous insufficiency. Extreme
obesity is apparent as well, with a panniculus hanging below the
patient’s clothing. This patient deserves a complete evaluation
that should include lymphangioscintigraphy. (Photo courtesy LL
Tretbar.)
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Summary

Information obtained from clinical and labora-
tory testing can help determine the probable cause
of edema. Clinical evaluation with a thorough
medical history is usually sufficient, as laboratory
testing (e.g. lymphangioscintigraphy, MRI) is not
always available. As accurate diagnosis is impor-
tant, so that an appropriate treatment program
can be planned and expectations of the treatment
can be reviewed with the patient.
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Classification and Staging of Lymphedema

Cheryl L. Morgan and B.B. Lee

Introduction

Although there have been numerous international
attempts to classify and stage lymphedema, there
is no single method that provides a comprehen-
sive view of the disease that defines its etiopatho-
physiology or describes the significant overlap
between the recorded stages. Not only is the
process of classification and staging deficient, it is
confusing to many physicians because the defini-
tions and terminology differ widely.

Therefore, the authors propose a method of
staging that includes the spectrum of identifiable
disease processes, defined not only by physical
changes but also by their etiopathophysiology.
Further, an improved method of staging should
coalesce research, and help advance educational
programs for the health professionals.

This chapter presents some of the controversial
aspects of current staging methods and a new pro-
posed staging system for lymphedema. However,
until a consensus is reached for the adoption of a
more standardized approach, the current staging
systems may be used.

Condition

When evaluating a swollen limb or tissue, first its
condition, the general type of change in the tissue,
is described. This may be a cursory look at the
swelling, or a more specific and thorough descrip-
tion of the overall changes that cause it to differ
from the normal limb or tissue. One traditional

idea is that lymphedema is a simple accumulation
of fluid or lymph in the tissues; we now know,
however, that the development of lymphedema
represents a dynamic, actively changing process.
Chroniclymphedema can no longer be considered
a benign, static condition, but is a progressive and
degenerative disease (1,2). This demands that all
changes in the tissues be acknowledged, not just
the swelling.

The importance of accurate staging is obvious—
without proper intervention at the appropriate
time, the condition is destined to develop serious
complications (3). Improved classification and
staging standards can better identify these com-
plications and determine the most useful inter-
ventions, all of which depend on the general
health, age, and medical history of the patient.

Classification

Currently, the classification of lymphedema is
defined by the origin of the condition, i.e. primary
or secondary (4). It must be remembered that clas-
sification of lymphedema is not a staging tech-
nique. This system (of classification) is used
internationally and meets the authors’ present
expectations.

Primary Lymphedema

Simply defined primary lymphedema results from
any deficiency of proper lymphatic development
that cannot be attributed to injury, trauma, illness,
treatment, or disease, e.g. medication, radiation, or
phlebolymphedema (4-6).

21
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Depending on the patient’s age when clinical
symptoms manifest, primary lymphedema has
traditionally been classified into 2 groups:
lymphedema praecox becomes evident early,
and up until age 35 years; lymphedema tardum
develops at or after age 35. There is some suspi-
cion that lymphedema tardum may be a second-
ary lymphedema; often there is little evidence of
congenital defects to ascertain its etiology (4,6)
(see chapter 4).

Primary lymphedema can also be categorized
as congenital or hereditary forms. Hereditary
forms are familial and may be traced. The con-
genital form represents a birth defect in the lym-
phatic system caused by a genetic abnormality
during embryogenesis. Using this classification,
the true congenital type is limited to only a frac-
tion of primary lymphedemas that are apparent
at birth. Not all lymphedemas presenting at birth
are a consequence of a genetic abnormality (7);
lymphedematous defects can be secondary to
traumatic events during pregnancy.

To further confound the issue, not all congenital
lymphedemas are clinically detectable at birth but

A

FIGURE 3-1. (A) This represents a secondary stage | lymphedema.
The edema recedes with elevation and there are no other physical
problems. Bilateral stripping of the saphenous veins for varicosities
in this 36-year-old woman caused enough lymphatic damage to
the stripping sites that lymphedema developed. Note the loss of
the Achilles space and the hyperemia of the legs. Four weeks of
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may manifest later. These variations in presenta-
tion make it difficult, if not sometimes impossible,
to classify the involvement of the affected body
part (6,8,9).

Secondary Lymphedema

Secondary (acquired) lymphedema can result
from many external factors that alter, both ana-
tomically and functionally, an otherwise normal
lymph-conducting system (6,10). Identifying the
exact cause of the swelling is the most important
part of the diagnostic investigation. Eight caus-
ative factors are usually considered (11-15):
trauma, malignancy, venous disease, infection,
inflammation, immobility, parasites, and facti-
tious conditions.

Because several causes of secondary lymph-
edema can be treated, with a reasonable chance of
recovery, no effort should be spared in this criti-
cally important part of chronic lymphedema
management. Proper etiologic identification and
treatment may also halt the progression of the

complete decongestive therapy reduced the distal symptoms, and
the patient continued home self-care. (B) A case of primary lymph-
edema, stage 1. [Both images (A and B), are photographs taken at
initial evaluation.] Primary lymphedema is present in the right leg
of this 15-year-old girl, whose symptoms appeared at age 12 with
the onset of menses. (Photographs courtesy of CL Morgan.)
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disease; there is no cure for an already damaged
lymphatic system. All lymphedemas should be
considered secondary until proven otherwise
(13,14).

Obviously, significant ambiguities exist in the
diagnosis of primary and secondary lymphede-
mas. Unfortunately, the present classification and
staging systems fail to clarify them. Therefore,
an advanced staging system can assist in proper
diagnosis.

Staging

Once an etiologic diagnosis of lymphedema is
established, staging based on clinical manifesta-
tions is mandated. Staging provides a reasonably
objective system recording abnormalities and
plays an essential role in the planning of appropri-
ate medical intervention and in determining the
effectiveness of the intervention. New staging
strategies should provide more definitive catego-
rization of the disease, based on the degree and
severity of anatomic and physiologic changes
(Figures 3-1 to 3-3) (15,16).

Staging of any disease process should accom-
plish at least 5 primary goals:

1. Evaluate and identify the distinctive character-
istics of the condition, e.g. possible etiology
and symptoms.

2. Determine the duration, extent, and severity of
the disease.

3. Outline appropriate medical intervention and
expected outcomes.

4. Help patients understand their disease, possi-
ble management options, and anticipated
results, and promote adherence to recom-
mended treatment.

5. Help insurance companies ascertain the possi-
ble expenses necessary to obtain the anti-
cipated outcome.

Current Staging Methods

The Consensus Document on the Diagnosis and
Treatment of Peripheral Lymphedema was first
published in 1995 by the International Society of
Lymphology (ISL) and updated in 1998 following
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the ISL Congress held in Madrid the prior year
(17). However, neither document mentioned
staging. The first description of staging was in the
revised ISL Consensus Document of 2001, pub-
lished in Lymphology that same year (17). The
staging was enumerated as follows:

Stage I represents an early accumulation of fluid
relatively high in protein content (when com-
pared with venous edema), and which subsides
with limb elevation.

Stage IT occurs when limb elevation rarely reduces
tissue swelling and pitting is manifest. As tissue
fibrosis supervenes late in stage II, the limb may
or may not pit.

Stage III encompasses lymphostatic elephantiasis,
in which the skin does not pit, and trophic skin
changes such as acanthosis, fat deposits, and
warty overgrowths develop.

The severity of each stage is based on volume
differences: minimal, <20% increase in limb
volume; moderate, 20% to 40% increase in limb
volume; severe, >40% increase in limb volume.

The most recent revision of the ISL Consensus
Document (2003) describes 4 stages of lymph-
edema, based on risk, local skin changes, and
the severity and degree of edema (17). This revi-
sion includes stage 0, described as a latent or sub-
clinical condition where swelling is not evident
despite impaired lymph transport. It may exist
months or years before overt edema occurs. Many
lymphologists contend that stage 0 represents
only the risk of developing lymphedema and may
create difficulty with insurance coverage and inap-
propriate expectations for future treatment plan-
ning (18).

The 2003 Consensus Document is the docu-
ment most referred to in publications. It is incor-
rect to identify it as the staging system endorsed
by the ISL; the document itself states, “. .. a more
detailed and inclusive classification needs to be
formulated in accordance with understanding of
the pathogenic mechanism of lymphedema” (17).

A few examples of staging systems used across
the globe are presented here to illustrate the com-
plexities involved and the need for standardiza-
tion to adequately address various issues, from
diagnosis to intervention.
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FIGURE 3-2. (A) This 52-year-old woman presented with a history
of swelling of approximately 7 years, 9 pregnancies, and diabetes.
Venous studies reveal moderate reflux in both saphenous veins.
Edema is not reduced with elevation, significant fibrosis is evident,
and 3 to 4 episodes of cellulitis per year have been reported for the
past 3 years. This lymphedema is considered stage |l and secondary
to venous insufficiency under the current ISL system. (B) Complica-

tions of diabetes and obesity experienced by this 61-year-old
woman have led to 8 hospitalizations for cellulitis in the past 22
months. She has reported symptoms since she was 9 years old that
suggest primary lymphedema, and that her mother and sister have
“heavy legs.” Extensive fibrosclerosis is present, and distally the
skin will no longer pit with pressure. (Photographs courtesy of
CL Morgan.)

FIGURe 3-3. (A) This is an example of stage Ill lymphedema sec-
ondary to surgery and radiation for melanoma. This 38-year-old
male presents with significant volume increase of the left leg, mul-
tiple hospitalizations for cellulitis, and recent disability from the
size and weight of the limb. Symptoms presented immediately
after groin dissection. Postradiation, the swelling involved the
genitalia, and 6 months later the right leg began to swell. (B) This

67-year-old woman presented with massive lymphedema of both
lower extremities, which she reports she has had since childhood.
Unable to ambulate, dress, bathe, or transfer without assistance,
she has recently experienced 3 episodes of cellulitis and recurrent
skin breakdown. Distally, the edematous tissues are nonpitting,
with significant trophic changes, including acanthosis and multiple
skin folds. (Photos courtesy of CL Morgan.)
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Foldi Method of Staging

For years the Foldi staging system has been the
predominant method of classification among
European and American clinicians. In recent
publications, it too has included a stage 0 (14). The
stages are detailed as follows:

Stage 0, latency: asymptomatic, focal fibro-
sclerotic tissue changes, diagnosis by
lymphangioscintigraphy.

Stage I, spontaneously reversible: high-protein
edema; focal fibrosclerotic tissue alterations;
pitting edema reduced by elevation; possible
“pain of congestion”; diagnosis by basic
procedures.

Stage II, spontaneously irreversible: extensive
fibrosclerosis; proliferation of adipose tissue;
brawny hard swelling not reduced with eleva-
tion; diagnosis by basic procedures.

Stage III, elephantiasis: extensive fibrosclerosis (as
with stage II); proliferation of adipose tissue,
invalidism; diagnosis by basic procedures.

Pitting Edema Scale

Pitting edema refers to an indentation of the skin
that occurs when simple finger pressure is applied.
If the skin can pit, the inference is that the onset
of swelling is recent and therefore less serious.
Edema is not detectable clinically until the inter-
stitial fluid volume reaches 30% above normal
(19). The pitting edema scale is detailed as
follows:

1+ edema is barely detectable

2+ a slight indentation occurs with pressure and
remains momentarily

3+ a deeper impression occurs, but skin returns to
normal within 5 to 30 seconds

4+ the impression remains more than 30 seconds

Nonpitting edema is present when pressure is
applied but no indentation occurs. This suggests
that more advanced subcutaneous tissue changes
have developed and fluid cannot be displaced with
mere pressure. Although this manual measuring
technique has been replaced by more objective
andreliable measuring devices, like the tonometer,
it is still widely used by physicians and health care
professionals.
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Staging by Limb Size

As simple as it is to measure the diameter of
the limbs, there is significant concern by health
professionals that this system does not adequately
represent the patient’s true condition. It does
not, for example, provide for the evaluation of
lymphedema of the trunk or other parts of the
body, nor does it indicate the duration of the
disease process, the development of skin changes,
or other important considerations required for
planning management and determining outcome
results (20). Staging by limb size is determined as
follows:

Mild: less than 3 cm differential between affected
and unaffected limbs

Moderate: 3 to 5cm differential between affected
and unaffected limbs

Severe: more than 5 cm differential between limbs

All of these examples of staging are internation-
ally adapted, as indicated in the chapter’s intro-
duction. Theseattemptsbyhealth careprofessionals
to modify the current methods described above
are indicative of a need for change. This further
complicates communications with patients or
insurance companies in describing the severity,
treatment options, outcomes, and length of treat-
ment usually required to achieve the goals.

In many of the staging models, the values
assigned to each stage primarily describe compli-
cations of changes in tissues of affected limbs
(20,21). These changes range from lymphoceles,
fistulas, vesicles, chylous reflux, skin folds, and
eczemas, to sepsis, infections, and chronic wounds.
Described as knobs, bumps, protuberances, blis-
ters, sclerosing panniculitis, lipodermatosclerosis,
or mossy foot, all are manifestations of impaired
lymphatics that present differently but are not
well described in literature or medical reference
materials (21).

Staging by Clinical Symptoms

Clinical evaluation is the most common method
used to diagnose and stage lymphedema, since
laboratory tests are too expensive or simply not
available. This particular staging system addresses
specific changes in the lower extremities of
patients with lymphedema secondary to parasitic
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infections. It was developed by physicians and the
research team for the Lymphatic Filariasis Preven-
tion and Treatment Program in Recife, Brazil (12).
(Another, completely different scale identifying
only 4 stages was devised by the Brazilian Society
of Lymphology [22]).

Staging by clinical symptoms is detailed as
follows:

Stage I: swelling increases during the day, and dis-
appears overnight

Stage II: swelling does not go away overnight;
occasional infections; may have entry lesions

Stage III: persistent edema; beginning of shallow
skin folds; occasional infections

Stage IV: persistent edema; presence of skin
knobs, protrusions, and bumps; occasional
infections

Stage V: persistent edema; the presence of 1 or
more deep skin folds; occasional infections

Stage VI: mossy lesions develop on the skin
surface; numerous deep skin folds; frequent
infections

Stage VII: unable to perform daily activities;
numerous deep skin folds and skin lesions
present; frequent infections

The method developed by the Italian Society of
Lymphangiology (Campisi-Michelini) provides
further example of the diverse clinical symptom
staging systems (22). The stages are detailed as
follows:

Stage I: no edema in an at-risk patient
(preclinical)

Stage II: edema that reduces spontaneously with
elevation and during the night

Stage III: edema that does not reduce spontane-
ously and only partially with treatment; recur-
rent episodes of lymphangitis

Stage IV: fibrotic edema; disappearance of tendon
and bone shapes

Stage V: elephantiasis complicated with relapsing
skin infections, with involvement of deep layers
(muscles, joints)

Location, Volume, Fibrosis Scale

To clarify the degree to which lymphedema
is manifested beyond standard volumetric mea-
surements, Austrian physicians Kasseroller and
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Brenner developed the location, volume, fibrosis
(LVF) scale (23). This approach can help to identify
and collect data that can be numerically repre-
sented and allows progress to be tracked more
effectively. This tool is not a method of staging
lymphedema, but is one that quantifies 3 elements
of the condition most often focused on in
treatment plans. This scale could be used in con-
junction with staging lymphedema to provide
clear data that can be followed to measure improve-
ment (Table 3-1).

Similar to the Clinical Etiologic Anatomic
Pathologic (CEAP) classification for the sympto-
mology of chronic venous disease, it is not as
complex to employ, and its objectives are clear
(24). The objectives are to more easily identify the
method of treatment most effective, present
patients with expected outcomes, and provide
insurance carriers with measurable data and cri-
teria to determine reasonable reimbursements for
each case.

Proposed Staging of Lymphedema

To compensate for deficits of the numerous staging
methods, the authors propose modifying the
ISL stages into a more specific 4-stage system.
Acknowledging that lymphangioscintigraphy is
not consistently available or used for diagnosis,
the 4-stage system would permit both clinical
assessment and laboratory data to define the stage
(2). However, establishing a fourth stage with
quantification of symptoms and correlated treat-
ment options necessitates an aggressive educa-
tional program for physicians, to help them
prescribe and monitor the patients’ treatments
and outcomes. This expanded staging method can
be helpful in selecting treatment options, deter-
mining clinical results, evaluating the progress of
the disease for the patient and health professional,
and predicting risk, especially as insurance com-
panies determine policy coverage. The proposed
stages are defined as stages I to IV.

Clinical Staging

Clinical factors are based primarily on the condi-
tion of the skin and subcutaneous soft tissues
found with subjective and objective evaluation;
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TABLE 3-1. Location, volume, fibrosis scale (LVF).
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Location: Volumetric
Axilla Inguinal Increase Fibrosis
S Left S Left Vo 1.00-1.05 FO <1.25

Right Right Vi 1.05-1.10 F1 1.25-2.00
L1 Trunk L1 Trunk V2 1.10-1.25 F2 2.00-3.50
L2 Lower arm L2 Calf V3 1.25-1.50 F3 >3.50
L3 Lower arm & hand L3 Calf & foot V4 >1.50 F4 + color changes
L4 Upper & Lower arm L4 Calf & thigh = = F5 + secondary complications
L5 Entire arm L5 Entire leg — — — —
L6 Hand L6 Foot VX Not defined more precisely

LX + Genitals

From Kasseroller RG, reference 23.

the severity of skin changes and the degree of
dermatofibrosclerosis are especially important
(14,16).

Other conditions are scored independently:
local, and/or systemic infection, limitation of daily
activities (ADL) by subjective symptoms that
include pain, sensory complaints (heaviness, tight-
ness, numbness), and difficulties in sleeping, per-
formance of work, domestic duties, or recreational
activities (Table 3-2).

Functional limitations comprising measurable
physical factors such as the strength of an affected
limb, the volume of edema, limitation of range of
motion (e.g. brachioplexus), and restricted mobil-
ity (e.g. wheelchair bound) are objective reports
considered in this method (14,21).

A separate laboratory staging, based on lym-
phangioscintigraphy findings, complements the
clinical findings. The lymphoscintigraphic find-
ings are also divided into 4 stages, I to IV.

Laboratory Staging:
Lymphangioscintigraphy

Laboratory staging is based on the lymphan-
gioscintigraphy findings observed initially and
throughout the course of treatment. These repeat-
able tests help determine the effectiveness of
treatment or possible progression of the disease
(25) (Table 3-2).

Combining careful clinical staging with labora-
tory evaluation has greatly improved the diagnos-
tic capabilities, especially in difficult situations.
These 2 systems appear to provide better predict-
ability of treatment outcomes and support more

rational decision making for potential surgical
intervention (2,5,11).

When lymphangioscintigraphy is not available,
values can be established for other available tests,
such as magnetic resonance imaging (MRI) or
computed tomography (CT) scanning (26-28).
The results do not necessarily alter the treatment
approach. The 4 stages are based on the number
of findings in each of the clinical and laboratory
factors. This system can meet many requirements
of health professionals and significantly aid in the
amalgamation of research.

A fourth stage helps identify cases that may
prove unresponsive to therapies, e.g. patients with
multiple comorbidities, limited functional capac-
ity, frequent infections, and could indicate when
surgical intervention might provide better results
for the patient’s quality of life (14,22).

Quality of Life

Quality of life measurements are a vital inclusion
in the diagnosis and treatment of lymphedema
(29). They are equally useful during the course of
treatment, but because they are too subjective to
standardize, a simplified scale can be used. An
example is provided below (see Table 3-3). As an
adjunct measurement, it helps determine the
impact of the disease on the patient, family
members, work or social settings, and ultimately
the patient’s ability to cope with the condition
(29,30). A quality of life assessment can also help
determine the effectiveness of contemporary
management methods (31). Itis the authors’ expe-
rience that utilizing a quality of life tool assists in
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TasLE 3-2. Clinical staging and laboratory staging (lymphoscintigraphic staging).

Clinical

Laboratory

Stage |

Edema (swelling): mild and/or easily reversible (+)

Skin changes: none without dermatofibrosclerosis (DFS) (—)
Sepsis (systemic and/or local): none (-)

Function limitations (FL): none (—)

Daily activity limitation (ADL): no limitation (—)

Stage Il

Edema: moderate and/or reversible with effort (+)
Skin changes: none to minimal without DFS (+)
Sepsis: none to occasional (&)

Function limitations (FL): mild to moderate (+)
ADL: occasional and/or moderate limitations (+)

Stage 1l

Edema: moderate to severe and/or minimally reversible to irreversible (£) to (—)

Skin changes: moderate with significant DFS (+)
Sepsis: common (+) less than 4 times a year
Function limitations (FL): moderate to significant (+)
ADL: frequent and significant limitations (+)

Stage IV

Edema: severe and/or irreversible (—)

Skin changes: severe with advanced DFS (+)
Sepsis: very frequent (+) more than 4 times a year
Function limitations (FL): moderate to severe (+)
ADL: constant and severe limitations (+)

Clinical stage is established with a composite of 3 or more findings.

Stage |

Lymph node uptake (LN): decreased (1)

Dermal backflow (DBF): none ()

Collateral lymphatics (CL): good visualization (+)

Main lymphatics (ML): decreased visualization (£)

Clearance of radioisotope from injection site (CR): decreased
lymphatic transport (£)

Stage Il

Lymph node uptake (LN): decreased to none ()
Dermal backflow (DBF): visualization (+)

I1A: extent of DBF does not exceed 1/2 of each limb
1IB: exceeds 1/2 of each limb

CL: decreased visualization (+)

ML: poor to no visualization ()

CR: greater decrease (+)

Stage llI

Lymph node uptake (LN): decreased to none ()
Dermal backflow (DBF): visualization (+)

CL: poor visualization (=)

ML: no visualization (-)

CR: no clearance (-)

Stage IV

Lymph node uptake (LN): none ()

Dermal backflow (DBF): poor to no visualization (—)
CL: no visualization (—)

ML: no visualization (-)

CR: no clearance (-)

Laboratory stage is established with a minimum of 2 or more
lymphoscintigraphic findings.

BB Lee, CL Morgan, J Bergan. Findings: (+) present, (=) Absent, (1) Either:both

TasLE 3-3. Quality of life scale.

Excellent
5 points

No limitation of daily activity or difficulty on extra
activity (e.g. hobbies) physically, psychologically,
and/or socioeconomically

Good Some limitation on extra activity occasionally

3 points physically, psychologically, and/or socioeconomically,

but with no limitation to daily activity

Fair Significant limitation on extra activity but no limitation

1 point on daily activity physically, psychologically, and/or

socioeconomically, or occasionally some limitation
on both daily and extra activity.

Poor Significant limitation on both daily activity and extra

—1 point activity, frequently physically, psychologically,

and/or socioeconomically

Bad Profound limitation on daily activity as well as extra

—3 points activity or no feasible daily activity without

assistance physically, psychologically, and/or

socioeconomically

BB Lee, J Bergan. Lymphology 2005:38(2).

promoting adherence with the treatment plan,
thus improving the outcome of treatment.

Outcome Measurements

The patient’s response to treatment must be
monitored both during and after the treatment
program. Outcome measurements are based on
the improvement of clinical and laboratory evalu-
ation (31-33).

Assessment of the clinical response to treat-
ment relies on subjective improvement of symp-
toms, e.g. pain, discomfort, and fatigue, and on
evidence of objective improvement, e.g. reduction
of swelling, improved range of motion of joints,
and elimination of sepsis. These combined find-
ings are used to assign the appropriate stage and
thereby determine the effectiveness of treatment
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(32). Improvement of the quality of life can be
added separately to the final evaluation.

When progression of the disease is arrested by
the treatment program, as determined by the new
clinical and laboratory staging, the result is cate-
gorized as “excellent.” If there is no progression of
the disease, but moderate clinical improvement, a
“good” result is recorded. When there is minimal
progression of the disease, with or without clinical
improvement and an unchanged clinical staging,
the result is “fair.” If there is steady progression of
the disease and simultaneous clinical deteriora-
tion, the response is “poor.”

When more conservative methods fail to
provide desired results, the new staging criteria
should identify this situation and provide the
opportunity to evaluate the possible use of surgi-
cal therapies. This new clinical staging, based on
new clinical criteria, appears to be more precise
than the current ISL staging or its modifications.
It can be used by physicians for laboratory diag-
nosis, or by therapists who can use clinical find-
ings to establish a tentative diagnosis (33). Either
assessment can determine the proper stage for
documentation and insurance purposes.

Summary

Although fully functional, the proposed staging
system can be improved. As it attempts to include
the entire spectrum of related medical and non-
medical factors in the staging process, it itself
requires continuous evaluation. For example,
establishing other criteria for testing methods,
e.g. MRI, CT, or bioimpedence, would make it
more universal and more compatible with other
staging methods. A prospective and periodic
review of the testing techniques and the informa-
tion obtained by them is essential for long-term
improvement (34).

The goal is to improve patient care by improv-
ing the evaluation of the patient and his or her
disease. These collective data can help establish
more accurate staging that in turn will allow more
accurate intervention at the appropriate time.

This is only possible when the medical com-
munity is willing to form a consensus on:

+ defining a common diagnostic and treatment
language
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+ creating a more universal vocabulary of terms

+ improving the investigation, collection, and
reporting of patient information

+ maintaining consistency in research, documen-
tation, and publication

+ developing new educational opportunities for
the health professional

With all concerned health providers working
together to achieve these, this goal is not only pos-
sible, but also obtainable.
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Lymphatic Malformation

B.B. Lee

Lymphatic malformation is the most common
form of congenital vascular malformation and
may exist alone or with other vascular malforma-
tions, e.g. lymphovenous malformations (1-4).

To clarify these differences, at the Hamburg
consensus meeting of 1988 the International
Society for the Study of Vascular Anomaly divided
lymphatic malformations into 2 groups: the trun-
cular form, and the extratruncular form (5,6).

Although both forms are the consequence of
genetic arrest, the arrest occurs at different stages
of lymphangiogenesis. This difference is impor-
tant when planning appropriate interventions.

When developmental arrest occurs at an early
stage of embryogenesis, it remains in the extra-
truncular form; when arrest occurs at a later stage
of angiogenesis, it becomes the truncular form
(7,8).

Because the lymphatic arrest of the extratrun-
cular form occurs at an earlier stage of embryo-
genesis than the truncular form, it retains many
unique characteristics of its evolutionary poten-
tial. Accordingly, given theappropriate stimuli, e.g.
trauma, surgery, hormones, or pregnancy, its
lesions can continue to grow (9).

The primitive evolutionary potential of the
extratruncular form may cause difficulty in man-
agement—for example, an ill-planned treatment
strategy for lesions like cystic or cavernous lymph-
angioma may provoke recurrences (2).

Truncular Forms

Primary Lymphedema

Primary lymphedema represents the truncular
form of lymphatic malformation and is frequently

considered a separate disease, although its close
relationship with the extratruncular form is not
always appreciated. Nor is its close tie to other
forms of congenital vascular malformations fully
recognized. Because of its clinical presentation, it
is often grouped with secondary lymphedema as
chronic lymphedema (10,11).

In contrast, the truncular form does not possess
an evolutionary potential, because its defect
occurs at a later, more mature stage of deve-
lopment. Other alterations in structure and func-
tion develop: ectasia, aplasia, hypoplasia, and
hyperplasia of lymph nodes and the lymph-col-
lecting system. Depending on their severity, the
defects create lymphodynamic changes that are
manifested clinically as chronic lymphedema,
(2,12-14) (Figure 4-1).

Diagnosis

Diagnostic investigation of the swollen limb is ini-
tiated with a carefully taken history and complete
physical examination. These clinical examinations
may be adequate to make an appropriate diagno-
sis. If not, they should be followed by noninvasive
diagnostic tests designed specifically to assess the
truncular form, from a simple tape measurement
of the limb to infrared optometric determination
of limb volume.

When available, lymphoscintigraphy (see
chapter 2) should be used to assess lymphatic
function within the extremities (15-17). It also
evaluates the degree and extent of anatomic
truncular form involvement throughout the col-
lecting and conducting systems and the lymph
nodes (18).
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FiGure 4-1. This image coveys the essence of advanced primary
lymphedema. The swelling developed during this woman’s ado-
lescent years and continued until it was treated in her early 20s.
The calves are enormous and show cutaneous changes of hyper-
pigmentation and hyperkeratosis. The feet show the typical signs
of lymphedema, with swollen toes with deepening flexion creases.
(DT-based treatment was successful, and the patient was able to
live a relatively normal life. (Photo courtesy LL Tretbar.)

Magnetic resonance imaging (MRI) and
computed tomography (CT) scanning are occa-
sionally added, e.g. for quantitative assessment of
lymphedema volume. Newly developed ultrasono-
graphic and MR lymphangiography may be
considered before treatment plans are fully devel-
oped (1,2).

An investigation of the extratruncular form
may be warranted during clinical evaluation of the
truncular form, to rule out simultaneous involve-
ment. The remainder of the differential diagnosis
is outlined in chapter 2. In addition to evaluation
of the lymphatic system, the superficial and deep
venous systems must be assessed for patency and
function with duplex ultrasonography.

B.B. Lee

Management

When developing management strategies, a mul-
tidisciplinary team is essential; this can minimize
morbidity and prevent an improper approach to
this lifelong medical challenge (19).

A program of complete decongestive therapy
(CDT) that includes manual lymphatic drainage,
wrapping, exercise, and skin care should initiate
the clinical management of truncular-form
lymphatic malformations (20,21). Sequential,
intermittent, pneumatic compression may be
added in selected cases.

Surgical intervention should be considered only
if medical treatments have failed during the earli-
est possible stages of lymphedema (4). Fortunately,
a number of reconstructive surgical procedures
are available (4,10,22-25). Multiple lympho-
venous microsurgical anastomoses (24,25) can be
performed if the primary lymphedema is caused
by lymph node dysplasia alone. Free lymph
node transplant (4,26) can also be performed for
lymph node dysplasia, especially when dysplasia
is combined with inadequate lymph-collector
development.

The free-graft technic transplants the harvested
lymph node groups to the recipient site; it requires
an end-to-end anastomosis of donor artery and
vein to recipient vessel. It is therefore unavailable
to those patients receiving lympho-venous anas-
tomotic reconstruction.

Outcome Assessment

Follow-up assessment by the multidisciplinary
management team is reccommended on an average
of every 6 months (4,10). This includes a clinical
and basic laboratory evaluation that looks for
subjective improvement of symptoms, as well as
objective evidence of physical improvement
(see chapter 5). Where available, lymphoscinti-
graphic evaluation should be included on an
annual basis for patients with truncular forms of
lymphatic malformations, regardless of treatment
type (18).

The author included MR and/or ultrasono-
graphic lymphangiography in the postoperative
evaluation. Both tests are still in the investigative
stage for assessing the clinical results of recon-
structive, venolymphatic anastomotic, or free
lymph node transplantation.



4. Lymphatic Malformation

Candidates for ablative (excisional) surgery are
those who, in the later stages of lymphedema,
develop grossly disfigured limbs that cannot be
effectively treated by conventional conservative
methods (27-29) (see chapter 6). The addition of
surgical therapy might improve the response of
conservative management for the truncular form;
however, experience thus far has been too limited
to draw any reliable conclusions for long-term
synergistic effects.

Extratruncular Forms

Depending on the severity of the clinical presenta-
tion, the extratruncular forms of lymphatic mal-
formations are grouped as lymphangioma, and
lymphangiomatosis. They are different from
lymphangiosarcoma (30-33).

Lymphangiomas (34-36) are hamartomatous
and neoplastic tumors of different sizes. They are
embryonic tissue remnants that usually behave
independently from other malformations. They
may occasionally communicate with a normally
developed lymph-conducting system but seldom
interfere with normal functions.

Depending upon the size and the ability of the
embryonic tissue remnant to hold lymph fluid,
lymphangiomas are further divided into 3 groups:
lymphangioma simplex, lymphangioma caver-
nosa, and cystic lymphangioma (hygroma). Here
the term “hygroma” is identified more specifically
as cystic hygroma, which has become synonymous
with lymphangioma (37).

These forms are entirely different from lym-
phangiectasia of the lymph-conducting system,
which is a simple ectatic change within the lymph-
collecting vessels; it usually belongs to the trun-
cular form, which includes aplasia, hypoplasia,
and hyperplasia.

Diagnosis

The diagnosis of this extratruncular form of lym-
phatic malformations is made with noninvasive
and invasive tests (1,2). The diagnostic testing is
used to differentiate it from other extratruncular
forms, especially from combined vascular defects
and hemolymphatic malformations.

Usually the diagnosis can be made without
invasive tests. Ultrasonography (38), lymphoscin-
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tigraphy, MRI, and CT are the basics for the initial
di