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Primary lymphedema can be managed safely as one of the
chronic lymphedemas by a proper combination of DLT with
compression therapy. Treatment in the maintenance phase
should include compression garments, self management
including the compression therapy, self massage and metic-
ulous personal hygiene and skin care in addition to lymph-
transport promoting excercises. The management of pri-
mary lymphedema can be further improved with proper
addition of surgical therapy either reconstructive or abla-
tive. These two surgical therapies can be effective only when
fully integrated with MLD-based DLT postoperatively. Com-
pliance with a long-term commitment of DLT postopera-
tively is the most critical factor determining the success of
any new treatment strategy with either reconstructive or
palliative surgery. The future of management of primary
lymphedema caused by truncular lymphatic malformation
has never been brighter with the new prospect of gene-ori-
ented management.

[Int Angiol 2010;29:00-00]

Key words: Lymphedema - Lymphatic abnormalities -
Drainage - Reconstructive surgical procedures.

The management of chronic swelling of the
limbs due to primary lymphedema remains a chal-
lenge for patients and clinicians worldwide.
Progress over the past several decades has been
significant in both the diagnosis and therapy of
this disabling condition. The International Union

of Phlebology invited an expert multidisciplinary
panel to convene and arrive at a consensus on the
management of patients with primary lym-
phedema in 2009.

The goal of the document is not to overrule pre-
viously published expert guidelines from other spe-
cialty societies or boards. The charge of the panel
was to bring together and evaluate the very best
and most commonly used available diagnostic tests
and therapies for primary lymphedema, which can
ultimately be recommended to clinicians treating
patients with this condition worldwide.

Recommendations in the document are grad-
ed according to scientific evidence. The panel
adopted the system used by Guyatt et al.!-3 and
the document has two grades of recommenda-
tions: Grade 1 (strong) recommendation, which
is reserved for those tests or procedures for pri-
mary lymphedema, where the benefits clearly out-
weigh the associated risks and Grade 2 (weak) rec-
ommendation, which is reserved for those diag-
nostic tests or procedures, where the benefits do
not significantly outweigh the associated risks.
The quality of evidence can be high (A), medium
(B), low or very low (C) (Table I).

TABLE I.—Grading recommendations according to evidence.1 From Guyatt GH et al

Grade of
recommendation/description

Benefit vs. risk and
burdens

Methodological quality of
supporting evidence

Implications

1A/strong recommenda-
tion, high-quality eviden-
ce

1B/strong recommenda-
tion, moderate quality evi-
dence

1C/strong recommenda-
tion, low-quality or very
low-quality evidence

2A/weak recommenda-
tion, high-quality eviden-
ce

2B/weak recommenda-
tion, moderate-quality evi-
dence

2C/weak recommenda-
tion, low-quality or very
low-quality evidence

Benefits clearly outweigh risk
and burdens, or vice versa

Benefits clearly outweigh risk
and burdens, or vice versa

Benefits clearly outweigh risk
and burdens, or vice versa

Benefits closely balanced with
risks and burden

Benefits closely balanced with
risks and burden

Uncertainty in the estimates
of benefits, risks, and burden;
benefits, risk, and burden may
be closely balanced

RCTs without important limita-
tions or overwhelming evidence
from observational studies

RCTs with important limitations
(inconsistent results, methodolo-
gical flaws, indirect, or impreci-
se) or exceptionally strong evi-
dence from observational studies

Observational studies or case
series

RCTs without important limita-
tions or overwhelming evidence
from observational studies

RCTs with important limitations
(inconsistent results, methodolo-
gical flaws, indirect, or impreci-
se) or exceptionally strong evi-
dence from observational studies

Observational studies or case
series

Strong recommendation, can apply
to most patients in most circumstan-
ces without reservation

Strong recommendation, can apply
to most patients in most circumstan-
ces without reservation

Strong recommendation but may
change when higher quality evidence
becomes available

Weak recommendation, best action
may differ depending on circum-
stances or patients’ or societal values

Weak recommendation, best action
may differ depending on circum-
stances or patients’ or societal values

Very weak recommendations; other
alternatives may be equally reasona-

ble
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The document presents contemporary con-
cepts encompassing a broad range of new and
old diagnostic modalities and treatment options
that are currently available in the management
of primary lymphedema. We respect all of the
currently available consensus documents, pre-
viously prepared by the many national and inter-
national societies, addressing all issues related
to primary lymphedema. We strongly encourage
the review of these expert documents as addi-
tional references in addition to this consensus
document.4-8

This document is not meant to overburden the
individual, local or national medical communi-
ties with specific recommendations, as these may
be impractical to some where there is limited avail-
ability and access to the recommended technolo-
gy. On the other hand, we hope that those with
experience, knowledge and expertise beyond that
described in this document will continue to offer
their input to this consensus document.

The majority of the available data reviewed in
the consensus belong to 2B or 2C, and at best, a
small number belong to 1C or 2A. Only a few stud-
ies reviewed in this consensus have a strong rec-
ommendation based on low-quality or very low-
quality evidence where the benefits clearly out-
weigh the associated risks. Because of problems
associated with the methodology and quality of
supporting evidence obtained from observational
studies or case series, these data will be limited to
a strong recommendation but may change when
higher quality evidence becomes available.!-3

With these considerations in mind, we support
both manual lymphatic drainage (MLD) based
decongestive lymphatic therapy (DLT) %18 as the
mainstay of treatment and management of pri-
mary lymphedema, and the surgical aspect of pri-
mary lymphedema care.!9-28 This should improve
the brevity and precision of the document, while
balancing the need for in depth analysis which
should allow TUP members to exercise the best
judgment as to how to approach patients with pri-
mary lymphedema as of 2009.

Although lymphedema is currently defined to
be an external (or internal) manifestation of lym-
phatic system insufficiency and deranged lymph
transport,é the future of the diagnosis and classi-
fication of primary lymphedema is likely to be
determined by the pathophysiology or genetic
basis of the underlying condition 29-38 which would
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make the present classification 394! such as con-
genital /praecox /tarda, unnecessary.

It is our hope that this document will stimulate
further inquiry and discussion regarding all aspects
of primary lymphedema and that it will form a
starting point for future discussions and ultimately
become a “living document,” where periodic
updates and revisions are made incorporating new
ideas, technologies and directions.

Definition and general consideration

Chronic lymphedema is a progressive and usu-
ally painless swelling of the limbs or genitals that
is the result of decreased transport capacity of the
lymphatic system. Chronic lymphedema can be
primary or secondary. In patients with secondary
lymphedema a specific cause (filariasis, previous
surgery, radiation, malignancy, infection or inflam-
mation, trauma, etc.) is identified.42-46 In patients
with primary lymphedema the cause of decreased
lymphatic transport can be an intrinsic “defect”
4751 or a malfunction of the lymph conducting ele-
ments,32-56 which we believe is due to a genetically
determined abnormality of lymph drainage.

The majority of chronic lymphedema cases clas-
sified as primary lymphedema, are due to inborn
abnormalities of the lymphatic system, the most
common of which is a truncular lymphatic mal-
formation (LM) 47.49, 57 with an irregular or abnor-
mal structural development caused by abnormal
(mutant) genes.

LMs are a common type of congenital vascular
malformations (CVM).58-62 They occur as inde-
pendent (predominant) malformations or can be
combined with other CVMs such as venous mal-
formations (VM),63-67 arterio-venous malforma-
tions (AVM),68-72 and/or capillary malformations
(CM).73-75 Combined malformations are classified
as hemolymphatic malformations (HLM) 76-80
according to the Hamburg Classification.81-84

Primary lymphedema is believed to represent
only a clinical condition due to truncular mal-
formations of the lymphatic system with hypopla-
sia, aplasia, numerical hyperplasia, or dilation
(lymphangiectasia) with valvular incompetence.
There is some controversy where some experts
believe that all lymphedema and lymphatic mal-
formations are genetically derived and propose to
define lymphedema as an abnormality of lymph
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Guidelines 6.2.0 of the American Venous Forum on lymphoscintigraphy and lymphangiography

of lymphedema

No.  Guideline Grade of Grade of evidence
recommendation (A, high quality;
(1, we recommend; B, moderate quality;
2, we suggest) C, low or very low

quality)
6.2.1 We recommend lymphoscintigraphy for the initial evaluation of 1 B
patients with lymphedema
6.2.2 We suggest lymphoscintigraphy, using visual interpretation of the images 2 B

with a semiquantitative scoring index, to document response to treatment

Figure 1.—Guidelines of 62.0 of the American Venour Forum on lymphscintigraphy and lymphangiorgraphy.

drainage where the predominant effect is on the
tissue territory drained.

Milroy’s disease is a genetic condition where
patients present with congenital hereditary lym-
phedema or have a gene mutation at the locus
5q35.3: the gene mutated is FLT4, which codes
for VEGFR3.36,85-87 Milroy’s disease is an inherit-
ed germ line mutation, whereas most asymmet-
rical and regionally limited genetic disorders (e.g.
malformations) are due to a somatic mutation. In
this situation, some tissue (e.g. skin) may be unaf-
fected while the adjacent tissue (skin) may carry
the mutation, representing the “mosaicism.”

There are also different terminologies for this
group of lymphedema but we prefer the term “pri-
mary” in preference to “essential or idiopathic”
as recommended by the ISL document 2009.

The main concern here is “is it safe to say that
all lymphedemas currently coined as primary are
really primary?”, which is hardly true. Some of
them may be post-natal obliterations of lymph col-
lectors and lymph nodes mimicking the congeni-
tal and prenatal condition, and not actually mal-
formations, which, by definition, are found at birth.

Primary lymphedemas have been classified into
three groups depending on the age of onset: Con-
genital (before age 2), Praecox (between age 2 and
25) and Tarda (after age 35). There is much doubt
in classifying all lymphedema “tarda” as a prima-
ry disorder on the basis of conventional classifica-
tion based on the age of the onset: congenital, prae-
cox and tarda as one spectrum of the disease. The
arbitrary age of 35 used to separate “tarda” from
“precox” is not clinically useful. How could it be
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different if it starts at 34 or 36? How would we
explain that congenital type of primary lymphede-
ma is frequently associated with other edemas/mal-
formations (heart, mental, renal etc) while prae-
cox and tarda never show these features? Tarda is
bilateral in most patients while bilateral involve-
ment occurs in only 30% of patients with praecox,
even though 70% of praecox patients have bilater-
al anomalies. This is likely due to mozaicism where
a patient may clinically have only unilateral clini-
cal symptoms with underlying bilateral pathology.

Gender distribution is also variable, not to say
that scintigraphy shows wide variation. It is pos-
sible for tarda patients to have an idiopathic form
of pumping insufficiency in anatomically normal
lymphatic vessels and is therefore not a congeni-
tal lesion and should not be classified as a mal-
formation.

Therefore, terms like tarda and precox are out-
dated terms for the following reason. Lymphede-
ma Distichiasis syndrome 889 is caused by muta-
tions in the FOXC, gene; patients with known
mutations may develop lymphedema at puberty
or not until 40 years. Therefore classifying lym-
phedema into precox or tarda is potentially mis-
leading in helping to understand the etiology of
these forms of lymphedema.

Diagnosis

Clinical evaluation

Evaluation of patients with primary lymphede-
ma must include a detailed history and clinical
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evaluation along with a thorough physical exam-
ination.®1-93 History should include age at onset,
travel to tropical countries and history of all caus-
es that could result in secondary lymphedema. His-
tory of temporary edema of the affected limb or
other areas must be noted and a detailed family
history of limb swelling should also be recorded.
Signs and symptoms of primary lymphedema
should be documented. These include non-pitting
edema, skin changes such as “peau d’orange, pink-
ish-red skin discoloration, hyperkeratosis, der-
matitis, eczema, ulceration, varicosity, lymph vesi-
cles, drainage of fluid, clear or milky, or yellow dis-
coloration or other abnormalities of the nails. The
presence of Stemmer sign (squaring of the toes)
or puffiness of the forefoot (buffalo hump) should
be noted. The presence of venous, arteriovenous,
or capillary malformations, or any limb length dis-
crepancy.®# % should be recorded. Finally, any com-
plications, such as cellulitis, lymphangitis, mal-
nutrition, immunodeficiency or, rarely, suspicion
for malignancies (lymphangiosarcoma) must be
documented.

Nomn-invasive evaluations
PLAIN X-RAYS

X-rays of bones will identify limb length dicrep-
ancies, bone abnormalities or phleboliths in
patients with combined LMs and VMs.

DUPLEX SCANNING

Duplex scanning should include evaluation of
the deep and superficial and local vasculature and
the supra-facial structures. Venous duplex stud-
ies should confirm any associated venous anom-
alies (valvular incompetence, obstruction, ectasia
or aneurysms) and/or exclude venous obstruction
as etiology or contributing factor to lymphedema.

Minimally invasive evaluations
RADIONUCLIDE LYMPHOSCINTIGRAPHY

Scintigraphy is also a functional study in addi-
tion to an anatomical study such as phlebogra-
phy.

There are no standardizations nor is there a
gold standard.%-100

LSG, performed with injection of 99mTc-labeled
human serum albumin or 9%mTc-labeled Sulphur
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Colloid subcutaneously into the first and second
web-space of the toes or fingers, is the test of choice
in 2009 to confirm or exclude lymphedema as the
cause of chronic limb swelling.

Movement of the colloid from the injection site,
transition time to the knee, groins or axilla, absence
or presence of major lymphatic collectors, num-
ber and size of vessels and nodes, the presence of
collaterals and reflux, symmetric activity with the
opposite side are recorded and used for interpre-
tation. Semiquantitative assessment has been
reported, and most recently, the technique of quan-
titative assessment of transit time from the foot
to the knee was also validated (Figure 1).101-105

Basic initial diagnostic procedure of primary
lymphedema should incorporate with those for
secondary lymphedema in its early stage based
on routine programs (e.g. routine volumetry, symp-
toms of the patients ) to make early diagnosis in
patients at risk.

An appropriate combination of non to mini-
mally invasive tests normally should be able to
provide all the information necessary to insure an
adequate diagnosis and lead to the correct multi-
disciplinary, specifically targeted and sequenced
treatment strategy. The tests and the information
they provide are indicated below.

Basic/Essential tests:106-110

1) Radionuclide lymphoscintigraphy;

2) MRI with/without contrast for the differen-
tial diagnosis;

3) CT scan to exclude underlying pathology;

4) Duplex ultrasonography.

Optional tests:67, 111-113

1) whole body blood pool scintigraphy (WBBPS);

2) MR and/or Ultrasound lymphography;

3) volumetry;

4) bio-impedence Spectrometry;

5) air plethysmography;

6) ultrasonographic lymphangiography: inves-
tigational for the reconstructive surgery candi-
date patient;

7) MR lymphangiography: investigational for
the reconstructive surgery candidate patient;

8) microscopic fluorescent lymphangiography:
investigational for the phlebolymphedema.

Radionuclide lymphoscintigraphy (LSG) is the
most essential part of the diagnosis of primary
lymphedema in addition to clinical evaluation.
LSG is extremely useful for identifying the spe-
cific lymphatic abnormality and has largely
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Guidelines 6.3.0. of the American Venous Forum on lymphedema: medical and physical
therapy
No. Guideline Grade of Grade of evidence
recommendation (A, high quality;
(1, we recommend; B, moderate quality;
2, we suggest) C, low or very low
quality)
6.3.1 To reduce lymphedema we recommend multimodal complex decongestive 1 B
therapy that includes manual lymphatic drainage; multilayer short-stretch
bandaging; remedial exercise; skin care; and instruction in long-term
management
6.3.2 To reduce lymphedema, we recommend short-stretch bandages that remain 1 B
in place for longer than 22 hours per day
6.3.3 To reduce lymphedema we recommend treatment daily, a minimum of 5 days 1 B
per week, and continue until normal anatomy or a volumetric plateau is
established
6.3.4 To reduce lymphedema we suggest compression pumps in some patients 2 C
6.3.5 For maintenance of lymphedema we recommend an appropriately fitting 1
compression garment
6.3.6 For maintenance of lymphedema in patients with advanced (stages Il or Ill) 1 B
disease we recommend using short-stretch bandages during the night.
Alternatively, compression devices may substitute for short-stretch bandages
6.3.7 For remedial exercises we recommend wearing compression garments or 1 C
bandages
6.3.8 For cellulitis or lymphangitis we recommend antibiotics with superior coverage 1 A
of Gram-positive cocci, particularly streptococci. Examples include cephalexin,
penicillin, clindamycin, cefadroxil
6.3.9 For prophylaxis of cellulitis in patients with more than three episodes of 1 c
infection we recommend antibiotics with superior coverage of Gram-positive
cocci , particularly streptococci, at full strength for 1 week per month,
Examples include cephalexin, penicillin, clindamycin, cefadroxil

Figure 2.—Guidelines 6.3.0. of the American Venous Forum on lymphedema: medical and physical therapy.

replaced conventional oil contrast lymphography
for visualizing the lymphatic network. LSG can
easily be repeated with minimal risk. Data and
images obtained from the study identify lymphatic
(dys)function, based on visualization of lym-
phatics, lymph nodes, and dermal backflow as
well as semi-quantitative data on radiotracer
(Iymph) transport.

However, the LSG has not been standardized
with regard to the various radiotracers and
radioactivity doses, different injection volumes,
intracutaneous versus subcutaneous injection site,
epi-or sub-fascial injection, number of injections,

Vol. 29, No. 5

INTERNATIONAL ANGIOLOGY

different protocols of passive and active physical
activity, varying imaging times, static and/or
dynamic techniques.!14

The LSG remains the gold standard for lym-
phatic function evaluation since the LSG is the
only test which can clearly indicate lymphatic
function. Periodic radionuclide lymphoscintigra-
phy findings provide proper clinical and/or labo-
ratory staging, which is essential for proper clin-
ical management.

The suprafascial and the subfascial thickness
of the edematous tissue with the high resolution
echography (and/or computed tomography [CT]
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lymphedema

Guidelines 6.4.0 of the American Venous Forum on principles of surgical treatment of chronic

No. Guideline

Grade of
recommendation
(1, we recommend;
2, we suggest)

Grade of evidence
(A, high quality;

B, moderate quality;
C, low or very low

performed early in the course of the disease

quality)
6.4.1 All interventions for chronic lymphedema should be preceded by at least 1 €
6 months of non-operative compression treatment
6.4.2 We suggest excisional operations or liposuction only to patients with 2 &
late stage non-pitting lymphedema, who fail conservative measures
6.4.3 We suggest microsurgical lymphatic reconstructions in centers of 2 G

excellence for selected patients with secondary lymphedema, if

Figure 3.—Guidelines 6.4.0. of the American Venous Forum of principles of surgical treatment of chronic lymphedema.

scan) and tissue compressibility, are useful mea-
surements that allow periodic assessment of the
response to therapy and is useful in monitoring a
patient’s progress and determining prognosis.

On some occasions an invasive study is required
to provide more information for an accurate dif-
ferential diagnosis. These tests and the informa-
tion they provide are indicated below:

Direct puncture percutaneous lymphangiograpy:

Standard (ascending) lymphangiography, as an
optional to the reconstructive surgery candidate
patients, if indicated

Indirect lymphography using water soluble con-
trast media Fine needle aspiration biopsy of lymph
node

Skin biopsy in cases of suspected sarcoma, skin
cancer or differential diagnosis of warty lesions

“Invasive” tests are seldom needed for the actu-
al diagnosis but are occasionally needed for the
differential diagnosis; Further studies with inva-
sive tests such as direct puncture percutaneous
lymphangiography can be generally deferred to
later stages if there is need for refining the diag-
nosis or if surgical or other invasive therapeutic
measures are considered. Otherwise, these should
be reserved for road mapping for subsequent ther-
apy if needed.

Conventional oil contrast lymphangiography,
especially if coupled with CT scan, is still advan-
tageously employed in selected patients with chy-
lous dysplasia and gravitational reflux disorders
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in order to define more clearly the extension of
the pathologic alterations and sites of lymphatic
and chylous leakage. It is the only diagnostic inves-
tigations that can clearly demonstrate patholo-
gies of chylous vessels, chylous cyst and thoracic
duct in cases of chylothorax, chylous ascites, pro-
tein losing enteropathy, etc.!15 116

As a part of the diagnostic procedure, the sys-
temic causes of edema (e.g. heart failure, hypopro-
teinemia, pulmonary hypertension, hypothy-
roidism, cyclic edema) should be ruled out. In
addition to a complete history and physical exam-
ination, some tests should be ordered especially
for the “tarda”, lymphedema; for them it is an
exclusion diagnosis and scintigraphy alone is insuf-
ficient to make a full diagnosis. Duplex ultra-
sonography should be included as the first test to
be carried out, even before scintigraphy, in all
forms of primary lymphedema including the con-
genital for differentiation from venous cause.

Proper diagnosis should allow appropriate clin-
ical and laboratory staging 117 of the disease for
the assessment of progress of the condition and
its response to treatment. Diagnosis should include
a proper assessment of clinical and subclinical
infections in the early and latent stages; such eval-
uation should be repeated aggressively not only
for timely treatment but also for effective pre-
vention of various conditions such as tinea pedis.

Diagnostic evaluation should include appro-
priate assessment of patient compliance since the
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outcome of successful management is totally
dependent on this crucial factor.

The diagnosis of lymphedema among children
is mostly a primary origin in contrast to adults has
unique problem; the lymphedema in children can
be part of a syndrome if there are other concomi-
tant phenotypic abnormalities and if a genetic defect
is recognizable. However, it has to be made main-
ly on the basis of careful personal and family his-
tory and physical examination in initial phase.

Clinical evaluation will not be complete without
documetation for the staging of lymphedema 59 117,
118 Stage 0 through Stage 111, classification of sever-
ity of edema (volume): mild — moderate — severe,
proper description on the skin and subcutaneous
tissue changes, and functional assessment of limb
affected by lymphedema. WHO guidelines for Inter-
national classification of Functioning, Disability
and health and Quality of Life issues can be used
as a reference on this complex condition of social,
emotional, physical disabilities.119-121

Treatment

General consideration

There have been substantial efforts to provide
proper clinical staging of the lymphedema in con-
junction with proper classification through
decades. There are many different staging systems
and none is perfect. The International Society of
Lymphology (ISL) provides a three staging sys-
tem (Stage 1 through 3) as the guideline to the
lymphologists and recently reinforced with addi-
tional stage: Stage 0. But Italians use 6 stages,
Germans 4 or 5, and Argentinians 5. It is very con-
fusing to implement such different stagings; for
example, how can we propose surgical treatment
for initial stages for better outcome? Which are
the initial stages? 0 and 1 for ISL or 0, 1, 2 and 3
for Italians?8 9,118,122

Most of the currently available staging systems
reflect only tissue tenderness and limb shape, etc
and neglect other substantial discrepancies (e.g.,
upper limb with more fat than fibrosis). We would
need more clinical information (e.g. number of
major joints with tissue tenderness) as well as
socioeconomic status to be incorporated to reflect
the quality of life (QoL) properly.117. 118

Therefore, many new proposals were made to
compensate for such discrepancies, which includes
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the Lymph CEAP classification by Europeans and
US-based combined staging of two separate Clin-
ical and Laboratory staging based on the lym-
phoscintigraphic findings.!17

So we would need a new staging system which
is easy to apply and easy to figure out how we
could state that some forms of treatment are indi-
cated in a certain stage of lymphedema, because
we will never be sure what we do mean the “stage”
with current staging system.

Patient involvement in the management is essen-
tial, especially for home maintenance. Patients
should be encouraged to be aware of the disease
nature and guided properly on how to be involved
actively in the management of their own disease
(self-management).

The treatment of the children with lymphede-
ma has to be mostly conservative utilizing decon-
gestive lymphedema therapy including compres-
sion therapy, directed exercises, massage and skin
care. In the neonate, initial observation alone may
be sufficient, as delayed lymphatic development
and maturation can result in spontaneous improve-
ment. The role of parents is crucial in providing
the necessary input.

Proper management of various co-morbid con-
ditions such as congestive heart failure, hyper-
tension, and cerebrovascular disease including
stroke is essential for the safe management of lym-
phedema since these co-morbid conditions will
influence the therapeutic approach taken.

Physical & non-surgical/operative therapy

The ultimate goal of treatment is to improve the
physical characteristics of the affected limb or
area as well as the quality of life (QoL) 119 121 and
thus achieving,

— Better social adaptation and a socially use-
ful life,

— Better functional adaptation with physical-
ly normal activity, and

— Better psychological adaptation despite a
psychologically unacceptable physical deformity.

Contemporary management of chronic lym-
phedema is now based on manual lymphatic
drainage (MLD) and compression bandage-centered
decongestive lymphatic therapy (DLT).14-19, 123-126

DLT is now well established as the treatment of
choice for lymphedema regardless of the under-
lying etiology (primary or secondary) or its clin-
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ical stage. DLT consists of movement exercises,
MLD, and compression (bandaging, garments,
intermittent pneumatic compression) therapy in
addition to basic skin care, and education for risk
reduction. Appropriate pain management and psy-
chosocial management should also be included
in the treatment regimen.

Among the various components of DLT, exer-
cise under multilayer non-elastic bandaging is the
most important mode of therapy. Its efficacy has
been documented in contrast to MLD.

However, DLT is an empirical strategy to con-
trol the edema and does not result in a “cure”.
DLT is only effective within the treatment pro-
gram and to maintain control often means con-
tinuous commitment. Therefore, DLT requires a
lifelong commitment.

MLD and compression bandage-based DLT with
or without sequential intermittent pneumatic com-
pression (SIPC)-based mechanical compression
therapy,127-130 is still most effective treatment reg-
imen for primary lymphedema.

The specific mechanism and efficacy of MLD
however, has not been fully documented scientif-
ically and remains to be proven with objective
data. MLD has become an indispensable treat-
ment modality. The MLD component of DLT is
believed to reduce lymphatic congestion effec-
tively by physiologic stimulation of a poorly func-
tioning lymph-transporting system through the
opening of collateral lymph pathways. In addi-
tion to improving lymphodynamics during treat-
ment sessions and immediately after, it also moves
accumulated fluids and may also reduce the
fibrosclerosis of the involved soft tissues.

DLT is easy to apply with a minimum risk of
complication and morbidity and gives the best
outcome in the majority of patients regardless of
the underlying etiology. It is more effective when
started in the initial (fluid) stage of lymphedema,
and in the compliant, motivated patient who is
commitment to life-long therapy. In the later stages
of lymphedema, the efficacy of DLT is very much
limited to the maintenance of the current stage
of lymphedema at best and prevention of pro-
gression. DLT is therefore, not curative but effec-
tively prevents disease progression and produces
a satisfactory outcome in the majority of cases.
This is especially true when the patient is com-
pliant and maintains a self-motivated home treat-
ment schedule with a life-time commitment.
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The treatment of lymphedema therapy, in the ini-
tial stages, should include short stretch bandaging
between MLD sessions as well as meticulous skin
care and exercises which reduce lymph formation
and encourage uptake of accumulated fluids and
promote lymph transport. The type and level of the
bandaging and garments are still under evaluation.
The treatment of lymphedema in more advanced
stages should be based on a practical combination
of compression garments (e.g. tailored flat knitted
garments), self management (e.g. compression ban-
dage and/or self massage), skin care and exercises
to continue to reduce lymph formation, promote
uptake of fluid and their contents from the inter-
stitium and maintain lymph transport.

The efficacy of DLT in advanced stages of lym-
phedema is significantly reduced. In the recent
past, its role has been limited to maintenance of
the current stage of lymphedema at best and to
prevent progression.

SIPC using a mechanical pumping device, is
particularly useful in those cases where lym-
phedema is treated by physical passive therapy
(e.g. elderly, patients in bed, with serious disabil-
ities, etc.) in whom spontaneous/isotonic physi-
cal exercise is highly compromised or absent, and
to maintain results (home self therapy).

Proper occupational therapy could improve the
selected muscle exercises, often forgotten by the
patients in most important clinical stages.!20 Psy-
chological support is also extremely important in
the lymphedema patient and is helpful for main-
tenance of compliance, especially for children and
family members.

There are however a few contraindication to
each component of the DLT; MLD with the risk of
intravascular cancer metastases/thrombosis dur-
ing the manipulation, compression therapy to the
patient with cardiac failure, and pressure ban-
daging in advanced peripheral arterial disease of
the limb.

A combined approach 13! implementing con-
ventional physical therapy, medical treatment
using benzopyrones,132 and various physical 133
and surgical treatments remains the favored
approach.

Surgical/operative therapy
GENERAL CONSIDERATION: CLASSIFICATION

There are four different surgical approaches to
the treatment of primary lymphedema. Each sur-
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gical approach has distinctively different indica-
tions regarding the various stages of primary lym-
phedema.

Reconstructive surgery with various lympho-
venous anastomoses with microsurgical tech-
niques:21-26 it is best utilized in the early stages of
lymphedema prior to the development and pro-
gression to the fatty fibrous stages where lymph
vessels may show signs of fibrotic (functional)
changes - clinical stage I & II (early stage)

Reconstructive surgery with free lymph nodes
transplant surgery:27. 134 is best utilized in patients
with lymphadenodysplasia - clinical stage I & I11.
It remains a controversial procedure and has not
been fully accepted by lympedema experts.

Debulking/Ablative (excisional) surgery:20, 28, 135-
138 is best utilized when there are massive limb
changes and when there is significant fibrotic
induration. It is the least prefered approach of all
of the surgical strategies - clinical stage III & IV
(end stage)

Circumferential suction-assisted lipectomy:139-
141 is lipo-remediation techniques to remove adi-
pose tissue when the patient is in the adipo-fibrous
(mid) stage and DLT and MLD etc.,have failed -
clinical stage IT & III. This procedure has been
reported to be effective to the secondary lym-
phedema affecting upper limb following the mas-
tectomy. But it remains with much controversy
on the primary lymphedema regarding its timing
and potential risk as a truncular lymphatic mal-
formation (LM) 48.49Tts safety has not been proven
especially when extratruncular LM 61,82 should
coexist.

These surgical interventions require specialized
techniques and experience as well as specific fol-
lowup to achieve optimal outcomes. Those wish-
ing to utilise these techniques should receive spe-
cific training with the relevant expert groups.

Among these surgical approaches, the recon-
struction based on lymphatic-venous anastomo-
sis (lymphatic-venous, lymphatic-lymphatic, and
lymphatic-venous-lymphatic, etc) is the only pro-
cedure that has scientific merits while the other
two lack this critical support/evidence.142-145

Lymphatic-venous anastomosis for reconstruc-
tion involves various technical aspects including
the interposition of an autologous vein graft
between lymphatics above and below the lym-
phatic obstruction. This technique is used in those
cases involving the lower limbs, where surgically
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uncorrectable disease exists (interpositioned vein
grafted shunt or lymphatic-venous-lymphatic anas-
tomosis - LVLA).143

The first indication for additional surgical ther-
apy is a well documented steady progression of
the disease despite maximum of therapy over a
two year period. But, two years of maximum ther-
apy is generally considered to be too long and con-
servative before being declared a “treatment fail-
ure.” Due to medicolegal and medicoethical issues
involved in the treatment of primary lymphede-
ma, while DLT remains first line treatment, two
years is the generally accepted time period for the
confirmation of the failed treatment by the IRB.

There remains significant controversy regard-
ing this “waiting” period before considering recon-
structive surgery. A delay of surgery for more than
one year will increase the risk of surgical failure
due to chronic lymphatic damage. Therefore, this
waiting period should be shortened as much as
possible especially in good compliant patients who
stand to benefit the most from lymphatic recon-
struction.

Surgical therapy for primary lymphedema
should remain a treatment option as supplemen-
tal therapy in patients who have a non- to poor-
response to DLT and/or compression therapy. This
is especially true in the US where rigid criteria for
the indication is influenced by medical-legal-eth-
ical conflicts. In the good response group of
patients in whom lymphedema relapses after DLT,
notwithstanding the use of elastic garments, these
patients can be excellent surgical candidates with
outcomes similar to those in the early stage, treat-
ment failure/non-responding group.

Patient compliance with life-long DLT therapy
following surgical treatment is the single most
important factor in ensuring successful manage-
ment of lymphedema. In addition, the prevention
and treatment of systemic and local infection such
as cellulitis and erysipelas is equally important to
prevent further injury to already jeopardized lymph
vessels following successful reconstructive
surgery. 146, 147.

The role of reconstructive surgery in early stage
lymphedema and excisional surgery in late stage
lymphedema remains a decision for the multi-
disciplinary management team. Full integration
with DLT-based therapy can deliver effective con-
trol of the condition in both in early and late stage
lymphedema. Life-long compliance and follow up
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is neccessary for successfully treatment includ-
ing postoperative DLT and compression garments.

Reconstructive surgery

Reconstructive surgery to restore lymphatic
function with newly created lympho-venous or
lympho-lymphatic bypass, lympho-lymphatic
venous segmental reconstruction, or free lymph
node transplantation of a damaged lymph-trans-
port system to enhance lymph flow is more the-
oretically sound than DLT, with a definite chance
of “cure” in early stage lymphedema.

In contrast, the LM as the cause of primary
lymphedema accompanies an extremely variable
number of lymph vessels and lymph nodes by
the various forms of dysplasias such as lym-
phangiodysplasia, lymphadenodysplasia, and
lymphangioadenodysplasia (Papendieck’s clas-
sification).49, 148

The proper candidates for reconstruction are
therefore known to be much rarer among the pri-
mary lymphedemas due to such variation among
the lymph nodes and lymph-transporting system
(e.g. aplasia, hypoplasia and hyperplasia).47. 49, 57,
148 Reconstructive surgery outcomes are also
known to be much more variable and generally
not as effective as those seen when performed to
treat secondary lymphedema, where a surgically
correctable lesion is often found along the major
lymphatics and collectors. Excellent results have
been reported even among the primary lym-
phedema, claiming that there are many candi-
dates with suitable lymph vessels for the recon-
struction with the condition of lymphadenodys-
plasia than lymphangiodysplasia.4o. 146 However,
many others failed to confirm the same observa-
tion and this issue remains to be proved with fur-
ther evidence.

Lymphatic surgical reconstruction is known to
be technically demanding requiring microsurgi-
cal techniques and are often available only at spe-
cialized centers where lympho-venous procedures
are routinely performed. These demands have
hampered the widespread proliferation and accep-
tance of lymphatic reconstruction as a the first
line treatment of lymphedema. This is especially
true in the primary lymphedemas despite its one
and only potential for cure. Only a handful of insti-
tutions throughout the world continue to devote
the effort and resources required to maintain an
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active lymphatic surgical reconstruction center.
Access to these techniques is extremely limited.

Current DLT can provide satisfactory manage-
ment of lymphedema in its early stage in the major-
ity of cases. But, these cases of early stage lym-
phedema should be considered ideal candidates
for reconstructive surgery, since there is a signif-
icant risk of lymphatic damage from progression
of disease to fibrotic changes in the lymphedema
patient.

Patients, however, become candidates for lym-
phatic reconstruction only when DLT-based ther-
apy fails to prevent the progression of lymphede-
ma and only when there is clear evidence of fur-
ther damage to the lymphatic system. There is
controversy regarding the timing of lymphatic
reconstructive surgery where waiting until there
is clear evidence of further damage to the lym-
phatic system may result in a higher likelihood of
procedure failure.

In fact, the majority of candidates for lymphatic
reconstruction have already had significant dam-
age to lymph-transporting vessels caused by long
term lymphatic hypertension. Therefore, postop-
erative maintenance of DLT following successful
reconstructive surgery is essential for good long
term outcomes. Without appropriate DLT assis-
tance to partly damaged lymph vessels, even flaw-
less technical surgical successes become futile.!2

A majority of patients have very poor compli-
ance and do not maintain postoperative DLT that
is requisite to the long term success of belatedly
performed surgery. Postoperative DLT totally
depends upon patient compliance. Patient com-
pliance is absolutely necessary for successful lym-
phatic surgery.12

Due to such many barriers, the reconstructive
lymphatic surgery has remained an adjunctive
therapy. Yet in most cases, when optimally per-
formed, it can result in effective treatment of pri-
mary lymphedema.

Indications for lymphatic reconstructive surgery
include:

1) failure to respond to proper therapy at clin-
ical stage I or II;

2) progression of the disease to advanced stages
such as stage I to stage II or stage II to I1I, despite
proper treatment;

3) chylous-reflux combined with extremity lym-
phedema;

4) multiple recurrences of local or systemic
infection; and
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5) poor tolerance of CDP - based conservative
treatment.

In reality, candidates for lymphatic recon-
struction are generally selected only when DLT-
based therapy fails to prevent the progress of lym-
phedema and when there is evidence of damage
to the vessels of the lymphatic system. This sce-
nario can often mean a passing of the optimal
time for reconstruction.

In addition to the challenges of lymphatic recon-
structive surgery as the only option to provide a
therapeutic cure, there has been on the one hand
many doubts and lack of convincing clinical evi-
dence on the efficacy of this treatment.22) On the
other hand, there have been reports of long term
positive results over the past several decades.!44
145A randomized controlled clinical trial is need-
ed to determine the efficacy of lymphatic recon-
structive surgery.

Ablative/excisional surgery

Ablative (cytoreductive) surgery is based on exci-
sional techniques to reduce fibrosclerotic over-
growth, while liposuction can obliterate the epi-
fascial compartment by removal of overgrown
adipose tissue.

Several operations 135138 to treat lymphedema
have been introduced throughout the decades (e.g.
Charles procedure, Homan'’s procedure), but have
ultimately been abandoned by the majority of vas-
cular surgeons due to the associated morbidity
and poor long term results. More recently how-
ever, modifications of the original techniques have
resulted in significant improvements in morbid-
ity with improved outcomes (e.g. Modified Auch-
incloss/Homan procedure).28

Once the lymphedema advances to an irre-
versible stage, it has a tendency to progress steadi-
ly despite aggressive DLT with or without com-
plementary compression therapy.

When the lymphedema progresses to its late end
stages (stage III and IV of chronic lymphedema),
the majority of patients will have an increased risk
of recurrent local and systemic sepsis. In addition,
due to the progressive deformity of the affected
limbs, proper DLT becomes technically difficult.
Therefore, once the multidisciplinary team admits
its failure to arrest ymphedema progression toward
the end stages with DLT and with evidence of steady
deterioration despite maximum treatment, exci-
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sional surgery can be offered as a supplemental
measure of last resort to improve the efficacy of
available DLT.19, 20

Evaluation as candidates for palliative excisional
surgery should be done when the clinical stage of
chronic lymphedema reaches the end-stages of
lymphedema (stage IV or late stage IIT) and accom-
panied by:

— increased difficulty to provide effective DLT
due to a grotesquely disfigured limb and/or fail-
ure to be able to wrap adequately with a bandage
for exercise therapy.

— increased frequency and severity of local and
systemic sepsis.

Indications for ablative surgery include;

1) failure to implement proper care at clinical
stage III or IV (end stage);

2) progression of the disease to end stages in
spite of maximum available treatment; and

3) increased frequency and/or severity of local
and/or systemic sepsis.!9 20

However, compliance with maintenance DLT post-
operatively becomes a major critical issue for long
term success of excisional surgery. Without adequate
postoperative DLT, excisional surgery alone cannot
maintain the initial excellence of the surgical achieve-
ments and is doomed to fail in the long term.20

Liposuction: Circumferential suction-assisted lipec-
tony

The current role of liposuction is a selective
removal of excessive adipose tissue alone, which
developed by secondary lymphedema involved to
the upper limb following the mastectomy.139-141
Therefore, control the lymphedema is mandated
continuously with conventional bandage-based
compression therapy following the liposuction.
After all, the target for the suction ablation of
swollen arm is the adipose tissue and NOT the
lymphedematous tissue. And it has been report-
ed that there is no risk involved to cause addi-
tional damage by the liposuction to the remain-
ing lymphatic system.140

The patient most likely to benefit from this pro-
cedure is one who has a unique condition of an
excess fat accumulation to accelerate the progress
of the postmastectomy lymphedema. But its effi-
cacy has not been proven for the primary lym-
phedema which has entirely different background
as a truncular lymphatic malformation (LM).
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The clinical course of primary lymphedema,
mostly affecting the lower extremity as a truncu-
lar LM, is not same as the secondary lymphedma
affecting upper extremity; there is no clear evi-
dence of selective overgrowth of the adipose tis-
sue among this group. When the condition of “pit-
ting” edema progresses to ‘non-pitting’ one to
become feasible for the liposuction, whole tissue
becomes fibrosclerotic with very limited amount
of fat tissue available for the liposuction to improve
local swelling.

Therefore, liposuction cannot be utilized in end
stage of primary lymphedema as well, replacing
current role of the excisional surgery.

Furthermore, primary lymphedema as a clini-
cal manifestation of the truncular LM, accompa-
nies significant risk of the extratruncular LM com-
bined. When coexisting extratruncular LM is stim-
ulated by the liposuction, it would respond to grow
rapidly by its mesenchymal cell characteristics to
make the condition worse.149

Conclusions

Accurate diagnostic programs and tools and
enhanced awareness of the early signs of lym-
phedema are essential. Primary lymphedema can
be managed safely as one of the chronic lym-
phedemas by a proper combination of DLT with
compression therapy regardless of the clinical
stage of lymphedema. Treatment in the mainte-
nance phase should include compression gar-
ments, self management including the compres-
sion therapy, self massage and meticulous per-
sonal hygiene and skin care in addition to lymph-
transport promoting excercises. Prevention of
chronic lymphedema in patients at risk is criti-
cal. Early diagnostic programs and enhanced
awareness should be fully integrated.

The management of primary lymphedema can
be further improved with proper addition of sur-
gical therapy either reconstructive or ablative.
These two surgical therapies can be effective only
when fully integrated with MLD-based DLT post-
operatively. Excisional surgery is a very effective
method to control the progression of lymphede-
ma initially, but ultimately becomes unable to
maintain its initial success without additional DLT
postoperatively. Liposuction for decompression
will also have the same outcome; postoperative
maintenance compression is mandated.
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Compliance with a long-term commitment of
DLT postoperatively is the most critical factor
determining the success of any new treatment
strategy with either reconstructive or palliative
surgery. The future of management of primary
lymphedema caused by tuncular lymphatic mal-
formation has never been brighter with the new
prospect of gene-oriented management. .

“Molecular antidotes” to such pathological over-
growth of lymphangiomatosis such as the Klip-
pel Trenaunay Syndrome should become major
players with chance for cure in near future.

References

1. Guyatt GH, Gutterman D, Baumann MH, Addrizzo-Har-
ris D, Hylek EM, Phillips B et al. Grading Strength of
Recommendations and Quality of Evidence in Clinical
Guidelines. Chest 2006;129:174-81.

2. Guyatt GH, Meade MO, Jaeschke RZ, Cook DJ et al. Prac-
titioners of evidence based care. BMJ 2000;320:954-5.

3. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y
et al. GRADE: an emerging consensus on rating quality
of evidence and strength of recommendations BMJ
2008;336:924-926

4. The diagnosis and treatment of peripheral lymphede-
ma: Consensus document of the International Society
of Lymphology. Lymphology 36(2):84-91, 2003

5. 2009 Consensus Document of the International Society
of lymphology: The diagnosis and Treatment of Periph-
eral Lymphedema. Lymphology 2009;42:51-60.

6. Consensus view on diagnosis and treatment of lym-
phedema. Am J Cancer 1998;Suppl. 12.

7. Campisi C, Michelini S, Boccardo F. Guidelines of the
Societd Italiana di Linfangiologia. Lymphology
2004;37:182-4.

8. Michelini S, Campisi C, Gasbarro V, Allegra C, Conte M,
Cestari M et al. National Guidelines on Lymphedema.
Lymphology 2007;55(Suppl):238-42.

9. Szolnoky G, Lakatos B, Keskeny T, Dobozy A. Advan-
tage of combined decongestive lymphatic therapy over
manual lymph drainage: a pilot study. Lymphology
2002;35 (Suppl):277-82.

10. Mortimer PS. Therapy approaches for lymphedema.
Angiology 1997;48:87-91.

11. Foldi E. The treatment of lymphedema. Cancer
1998;83(12 Suppl American):2833-4.

12. Lee BB. Current issue in management of chronic lym-
phedema: Personal Reflection on an Experience with
1065 Patients. Commentary. Lymphology 2005;38:28-
31.

13. Leduc O, Bourgeois P, Leduc A. Manual of lymphatic
drainage: scintigraphic demonstration of its efficacy on
colloidal protein reabsorption. In: Partsch H, editor.
Progress in lymphology IX. Excerpta medica. Amster-
dam: Elsevier; 1988.

14. Morgan RG, Casley-Smith, Judith R, Mason MR, et al.
Complex physical therapy of the lymphoedematous arm.
J Hand Surg (Brit) 1992;17B:437-441.

15. Leduc O, Leduc A, Bourgeois P. Belgrado JP. The phys-
ical treatment of upper limb edema. American Cancer
Society Lymphedema Workshop; Supplement to Cancer
1998:2835-9.

16. Hwang JH, Kwon JY, Lee KW, Choi JY, Kim BT, Lee BB

October 2010



17.

18.
19.

20.

21.

22.

23.

24.
25.

et al. Changes in lymphatic function after complex phys-
ical therapy for lymphedema. Lymphology 1999;32:15-
21.

Hwang JH, Lee KW, Kwon JW, Kim BT, Choi JY, Lee BB
et al. Improvement of lymphatic function after complex
physical therapy: change of lymphoscintigraphy. J Kor
Acad Rehab Med 1998;22:698-704.

Foldi E, Foldi M, Weissletter H. Conservative treatment
of lymphedema of the limbs. Angiology 1985;36:171-80.
Lee BB. Lymphedema-diagnosis and treatment. In: Tred-
bar ML, Blondeau S, editors. Surgical management of
lymphedema. London: Springer-Verlag; 2008. pp. 55-63.
Lee BB, Kim YW, Kim DI, Hwang JH, Laredo J, Neville
R. Supplemental surgical treatment to end stage (stage
IV -V) of chronic lymphedema. Int Angiol 2008;27:389-
95.

Baumeister RGH, Siuda S. Treatment of lymphedemas
by microsurgical lymphatic grafting: what is proved?
Plastic and Reconstructive Surgery 1990;85:64-74.
Damstra RJ, Voesten HGJ, van Schelven D, van der Lei
B. Lymphatic venous anastomosis (LVA) for treatment
of secondary arm lymphedema. A Prospective study of
11 LVA procedures in 10 patients with breast cancer
related lymphedema and a critical review of the litera-
ture. Breast Cancer Res Treat 2009;113:199-206.
Campisi C, Boccardo F, Zilli A, Maccio A, Gariglio A,
Schenone F. Peripheral lymphedema:new advances in
microsurgical treatment and long-term outcome. Micro-
surgery 2003;23:522-5.

Gloviczki P. Review. Principles of surgical treatment of
chronic lymphoedema. Int Angiol 1999;18:42-6.
Krylov VS, Milanov NO, Abalmassov KG. [Efficacy of
lympho-venous anastomosis]

J Mal Vasc 1988;13:335-7.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Vol. 29, No. 5

Olszewski WL. The treatment of lymphedema of the
extremities with microsurgical lympho-venous anasto-
moses. Int Angiol 1988;7:312-21.

Becker C, Bourgeois P, Gilbert A. Free vascularized lym-
phatic node transplantation for lymphedema. Surgery
of the Skin and Skeleton of the Hand; 2001.

Kim DI, Huh S, Lee SJ, Hwang JH, Kim YT, Lee BB. Exci-
sion of subcutaneous tissue and deep muscle fascia for
advanced lymphedema. Lymphology 1998;31:190-4.
Witte MH, Erickson R, Reiser FA, Witte CL. Genetic
alterations in lymphedema. Phlebolymphology
1997;16:19-25.

Yoon Y, Murayama T, Gravereaux E, Tkebuchava T, Sil-
ver M, Curry C et al. Isnerl and Douglas W. Losordol
VEGF-C gene therapy augments postnatal lymphangio-
genesis and ameliorates secondary lymphedema J Clin
Invest 2003;111:717-25.

Burnand KG, Mortimer PS. Lymphangiogenesis and
genetics of lymphoedema. In: Browse N, Burnand KG,
Mortimer PS, editors. Diseases of the lymphatics. Lon-
don: Arnold; 2003. pp. 102-9.

Weeks DE, Ott J, Lathrop GM. SLINK: a general simu-
lation program for linkage analysis. Am J Hum Genet
1990;47:A204.

O'Connell JR, Weeks DE. Pedcheck: a program for iden-
tifying marker typing incompatibilities in linkage analy-
sis. Am J Hum Genet 1997;61:A288.

Evans AL, Bell R, Brice G, Comeglio P, Lipede C, Jeffery
Set al. Identification of eight novel VEGFR-3 mutations
in families with primary congenital lymphoedema. J
Med Genet 2003;40:697-703

Brice G, Mansour S, Bell R, Collin JRO, Child AH, Brady
AF et al. Analysis of the phenotypic abnormalities in lym-
phoedema-distichiasis syndrome in 74 patients with
FOXC2 mutations or linkage to 16q24. J Med Genet
2002;39:478-83.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

INTERNATIONAL ANGIOLOGY

Witte MH, Erickson R, Bernas M, Andrade M, Reiser F,
Conlon W et al. Phenotypic and genotypic heterogene-
ity in familial Milroy lymphedema. Lymphology.
1998;31:145-55.

Oh SJ, Jeltsch MM, Birkenhager R, McCarthy JEG, Weich
HA, Christ B et al. VEGF and VEGF-C: specific induc-
tion of angiogenesis and lymphangiogenesis in the dif-
ferentiated avian chorioallantoic membrane. Dev Biol
1997;188:96-109.

Yin L-Y, Wu Y, Ballinger CA, Patterson C. Genomic struc-
ture of the human KDR/flk-1 gene. Mamm. Genome
1998;9:408-10.

Bruna J, Miller AJ, Beninson J. The clinical grading and
simple classification of lymphedema. Lymphology
2002;35(Suppl):160-2.

Szuba A, Rockson SG. Lymphedema: classification, diag-
nosis and therapy. Vasc Med 1998;3:145-56.

Bernas MJ, Witte CL, Witte MH. The diagnosis and treat-
ment of peripheral lymphedema. Lymphology 2001;34:84-
91.

Hall JG. New possibilities in the pathogenesis of sec-
ondary lymphedema. Lymphology 2002;35:129.
Rockson SG. Lymphedema. Am J Med 2001;110:288-95.
Lammie PJ, Cuenco KT, Punkosdy GA. The pathogene-
sis of filarial lymphedema: is it the worm or is it the
host? Ann N Y Acad Sci 2002;979:131-42.

Lee BB. Lymphoedeme post-chirurgical: un terme
frappe d’interdiction pour les chirurgiens. Angeilogie
2004;56:7-8.

Bunce IH, Mirolo BR, Hennessy JM, Ward LC, Jones
LC. Post-mastectomy lymphoedema treatment and mea-
surement. Med J Aust 1994;161:125-8.

Lee BB, Seo JM, Hwang JH, Do YS, Kim DI, Byun HS
et al. Current concepts in lymphatic malformation (LM).
J Vasc Endovasc Surg 2005;39:67-81.

Lee BB. Lymphedema-angiodysplasia syndrome: a prodi-
gal form of lymphatic malformation (LM). Phlebolym-
phology 2005;47:324-32.

Papendieck CM. Lymphangiomatosis and dermoepi-
dermal disturbances of lymphangioadenodysplasias.
Lymphology 2002;35(Suppl):478.

Vercellio, Baraldini V, Coletti M, Santuari D. Strategies
in early management of pure lymphatic malformations.
Lymphology 2002;35:472-7.

Smeltzer DM, Stickler GB, Schirger A. Primary lym-
phedema in children and adolescents: a follow-up study
and review. Pediatrics 1985;76:206-18.

Northrup KA, Witte MH, Witte CL. Syndromic classifi-
cation of hereditary lymphedema. Lymphology
2003;36:162-89.

Aagenaes O, van der Hagen CB, Refsum S. Hereditary
recurrent intrahepatic cholestasis from birth. Arch Dis
Child 1968;43:646-57.

Irrthum A, Devriendt K, Chitayat D, Matthijs G, Glade
C, Steijlen PM et al. Mutations in the transcription fac-
tor gene SOX18 underlie recessive and dominant forms
of hypotrichosis-lymphedema-telangiectasia. Am J Hum
Genet 2003;72:1470-8.

Greenlee R, Hoyme H, Witte M, Crowe P, Witte C. Devel-
opmental disorders of the lymphatic system. Lymphol-
ogy 1993;26:156-68.

Rosbotham JL, Brice GW, Child AH, Nunan TO, Mor-
timer PS, Burnand KG. Distichiasis-lymphoedema: clin-
ical features, venous function and lymphoscintigraphy.
Br J Dermatol 2000;142:148-52.

Lee BB, Laredo J, Seo JM, Neville R. Treatment of lym-
phatic malformations. Pages 231-250. Hemangiomas
and Vascular Malformations. In: Mattassi R, Loose DA,
J. Leonel Loose JL., editors. Milan: Springer-Verlag Italia;
2009. pp. 231-50.

Lee BB. Advanced management of congenital vascular
malformation (CVM). Int Ang 2002;21:209-13.

467



59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.

468

Lee BB, Bergan JJ. Advanced management of congeni-
tal vascular malformations: a multidisciplinary approach.
Cardiovasc Surg 2002;10:523-33.

Lee BB. Critical issues on the management of congeni-
tal vascular malformation. Annals Vasc Surg 2004;18:380-
92.

Lee BB. Statues of new approaches to the treatment of
congenital vascular malformations (CVMs) - Single Cen-
ter Experiences — (Editorial Review). Eur J Vasc Endovasc
Surg 2005;30:184-97.

Lee BB, Laredo J, Lee SJ, Huh SH, Joe JH, Neville R.
Congenital vascular malformations: general diagnostic
principles. Phlebology 2007;22:253-7.

Lee BB. Current concept of venous malformation (VM).
Phlebolymphology 2003;43:197-203.

Lee BB, Do YS, Byun HS, Choo IW, Kim DI, Huh SH.
Advanced management of venous malformation with
ethanol sclerotherapy: mid-term results. J Vasc Surg
2003;37:533-8. Lee BB, Choe YH, Ahn JM, Do YS, Kim
DI, Huh SH et al. The new role of MRI (Magnetic Res-
onance Imaging) in the contemporary diagnosis of venous
malformation: can it replace angiography? J Am Coll
Surg 2004;198:549-58.

Lee BB, Mattassi R, Kim BT, Kim DI, Ahn JM, Choi JY.
Contemporary diagnosis and management of venous
and AV shunting malformation by whole body blood
pool scintigraphy (WBBPS). Int. Angiol 2004;23:355-67.
Lee BB, Mattassi R, Choe YH, Vaghi M, Ahn JM, Kim
DI et al. Critical role of Duplex ultrasonography for the
advanced management of a venous malformation (VM).
Phlebology 2005;20:28-37.

Lee BB, Do YS, Yakes W, Kim DI, Mattassi R, Hyun WS
et al. Management of arterial-venous shunting malfor-
mations (AVM) by surgery and embolosclerotherapy. A
multidisciplinary approach. J Vasc Surg 2004;39:590-
600.

Lee BB, Mattassi R, Kim BT, Park JM. Advanced man-
agement of arteriovenous shunting malformation with
Transarterial Lung Perfusion Scintigraphy (TLPS) for
follow up assessment. Int Angiol 2005;24:173-84.

Lee BB. Mastery of vascular and endovascular surgery.
In: Zelenock GB, Huber TS, Messina LM, Lumsden AB,
editors. Arteriovenous malformation. Philidelphia: Lip-
pincott, Williams and Wilkins publishers; 2006. pp. 597-
607.

Lee B B, Lardeo J, Neville R. Arterio-venous malforma-
tion: how much do we know? Phlebology 2009;24:193-
200.

Lee BB, Laredo J, Deaton DH, Neville RF. Arteriovenous
malformations: evaluation and treatment. In: Gloviczki
P, editor. Handbook of venous disorders: guidelines of
the American Venous Forum. 3rd Edition. London: A
Hodder Arnold Ltd; 2009.

Kono T, Groff WF, Sakurai H. Treatment of port wine
stains with the pulse dye laser. Ann Plast Surg
2006;56:460-3.

Berwald C, Salazard B, Bardot J, Casanova D, Magalon
G. Port wine stains or capillary malformations: surgical
treatment Ann Chir Plast Esthet 2006;51:369-72.
Goldman MP, Fitzpatrick RE, Ruiz-Esparza J. Treatment
of port-wine stains (capillary malformation) with the
flashlamp-pumped pulsed dye laser. J Pediatr
1993;122:71-7.

Klippel M, Trenaunay J. Du noevus variqueux et osteo-
hypertrophique. Arch Gén Méd. 1900;3:641-72.
Servelle M. Klippel and Trenaunay’s syndrome. Ann Surg
1985;201:365-73.

Gloviczki P, Driscoll DJ. Klippel-Trenaunay syndrome:
current management. Phlebology 2007;22:291-8.
Jacob AG, Driscoll DJ, Shaughnessy WJ, Stanson AW,
Clay RP, Gloviczki P. Klippel-Trenaunay syndrome:

INTERNATIONAL ANGIOLOGY

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.
92.

93.

94.

95.

96.

97.

98.

99.

spectrum and management. Mayo Clin Proc
1998;73:28-36.

Gloviczki P, Stanson AW, Stickler GB, Johnson CM,
Toomey BJ, Meland NB et al. Klippel-Trenaunay syn-
drome: the risks and benefits of vascular interventions.
Surgery 1991;110:469-79.

Lee BB, Laredo J, Lee TS, Huh S, Neville R. Terminol-
ogy and classification of congenital vascular malfor-
mations. Phlebology 2007;22:249-52.

Belov St. Classification of congenital vascular defects.
Int Angiol 1990;9:141-6.

Belov S. Classification, terminology, and nosology of
congenital vascular defects. In: Belov S, Loose DA, Weber
J, editors. Vascular malformations. Reinbek, Germany:
Einhorn-Presse; 1989. pp. 25-30.

Belov St. Anatomopathological classification of con-
genital vascular defects. Seminars in Vascular Surgery
1993;6:219-24.

Eliachar E, Servelle M, Tassy R, Gamerman H. [Hered-
itary lymphedema (Milroy's disease)] Ann Pediatr (Paris)
1970;17:750-3.

Evans AL, Bell R, Brice G, Comeglio P, Lipede C, Jeffery
Set al. Identification of eight novel VEGFR-3 mutations
in families with primary congenital lymphoedema. J
Med Genet 2003;40:697-703.

Ferrell RE, Levinson KL, Esman JH, Kimak MA,
Lawrence EC, Barmada MM et al. Hereditary lym-
phoedema: evidence for linkage and genetic hetero-
geneity. Hum Mol Genet. 1998;7:2073-8.

Erickson RP. Lymphedema-distichiasis and FOXC2 gene
mutations. Lymphology 2001;34:1.

Samlaska CP. Congenital lymphedema and distichiasis.
Pediatr Dermatol 2002;19:139-41.

Finegold DN, Kimak MA, Lawrence EC, Levinson KL,
Cherniske EM, Pober BR et al. Truncating mutations in
FOXC2 cause multiple lymphedema syndromes. Hum
Mol Genet 2001;10:1185-9.

Lee BB, Kim DI, Whang JH, Lee KW. Contemporary
management of chronic lymphedema - personal expe-
riences. Lymphology 2002;35(Suppl):450-5.

Lee BB. Chronic lymphedema, no more stepchild to
modern medicine! Eur J Lymphol 2004;14:6-12.

Lee BB. Lymphedema-diagnosis and treatment. Tred-
bar A, Morgan C, Lee S, Simonian E, Blondeau R, edi-
tors. Lymphatic malformation. London: Springer-Ver-
lag London Limited; 2008. pp. 31-42.

Kim YW, Do YS, Lee SH, Lee BB. Risk factors for leg
length discrepancy in patients with congenital vascular
malformation. J Vasc Surg 2006;44:545-53.

Mattassi R, Vaghi M. Vascular bone syndrome-angi-
osteodystrophy Current Concept Phlebology
2007;22:287-90.

Gloviczki P, Calcagno D, Schirger A, Pairolero PC, Cher-
ry KJ, Hallett JW et al. Noninvasive evaluation of the swollen
extremity: experiences with 190 lymphoscintigraphy exam-
inations. J Vasc Surg 1989;9:683-9.

Williams WH, Witte CL, Witte MH, Mcneill GC. Radionu-
clide lymphangioscintigraphy in the evaluation of periph-
eral lymphedema. Clin Nucl Med 2000;25:451-64.
Brautigam P, Foldi E. Schaiper I, Krause T, Vanscheidt
W, Moser E. Analysis of lymphatic drainage in various
forms of leg edema using two compartment lym-
phoscintigraphy. Lymphology 1998;31:43-55.
Olszewski WL. Lymphoscintigraphy helps to differenti-
ate edema of various etiologies (inflammatory, obstruc-
tive, posttraumatic, venous). Lymphology
2002;35(Suppl):233-35.

Szuba A, Shin WS, Strauss HW, Rockson S. The Third
Circulation: Radionuclide Lymphoscintigraphy in the
Evaluation of Lymphedema. J Nuclear Med 2003;44:43-

October 2010



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

57. Celebioglu F, Perbeck L, Frisell J, Grondal E, Svens-
son L, Danielsson R. Lymph drainage studied by lym-
phoscintigraphy in the arms after sentinel node biopsy
compared with axillary lymphnode dissection following
conservative breast cancer surgery. Acta Radiologica
2007;48:488-95.

Cambria RA, Gloviczki P, Naessens JM, Wahner HW.
Noninvasive evaluation of the lymphatic system with
lymphoscintigraphy: a prospective, semiquantitative
analysis in 386 extremities. J Vasc Surg 1993;18:773-82.
Choi JY, Hwang JH, Park JM, Kim DI, Lee BB, Kim BT.
Risk assessment of dermatolymphangioadenitis by lym-
phoscintigraphy in patients with lower extremity lym-
phedema. Korean J Nucl Med 1999;33:143-151.

Szuba A, Strauss W, Sirsikar SP, Rockson SG. Quanti-
tative radionuclide lymphoscintigraphy predicts out-
come of manual lymphatic therapy in breast cancer-
related lymphedema of the upper extremity. Nucl Med
Commun 2002;23:1171-5.

Solari N, Gipponi M, Stella M, Queirolo P, di Somma C,
Villa G et al. Predictive role of preoperative lym-
phoscintigraphy on the status of the sentinel lymph node
in clinically node-negative patients with cutaneous
melanoma. Melanoma Research 2009;19:243-51.

Case TC, Witte CL, Witte MH, Unger EC, Williams WH.
Magnetic resonance imaging in human lymphedema:
comparison with lymphangioscintigraphy. Magn Reson
Imaging 1992;10:549-58.

Ketterings C, Zeddeman S. use of the C-scan in evalua-
tion of peripheral lymphedema. Lymphology 1997;30:49-
62.

Thibaut G, Durand A, Schmidt Cl. The use of electron-
ic optovolumeter to measure lymphedema limb volume.
Lymphology 2002;35 (Suppl):261-4.

Yeo UC, Lee ES, Lee BB. Ultrasonographic evaluation
of the lymphedema. Annals of Dermatology 1997;9:126-
31.

Bellini C, Boccardo F, Campisi C, Villa G, Taddei G, Trag-
giai C et al. Lymphatic dysplasias in newborns and chil-
dren: the role of lymphoscintigraphy. J Pediatr
2008;152:587-9.

Lohrmann C, Felmerer G, Foeldi E, Bartholoma JP,
Langer M. MR lymphangiography for the assessment of
the lymphatic system in patients undergoing microsur-
gical reconstructions of lymphatic vessels. Microvasc
Res 2008;76:42-5.

Allegra C, Sarcinella R, Bartolo M Jr. Morphologic and
functional changes of the microlymphatic network in
patients with advancing stages of primary lymphedema.

Lymphology 2002;35:114-20.

111.

112.

113.

114.

115.

Vol. 29, No. 5

Sergi G, Bussolotto M, Perini P, Calliari I, Giantin V, Cec-
con A et al. Accuracy of bioelectrical bioimpedance analy-
sis for the assessment of extracellular space in healthy
subjects and in fluid retention states. Ann Nutr Metab
1994;38:158-65.

. Bellini C, Boccardo F, Campisi C, Villa G, Taddei G,
Traggiai C et al. Lymphatic dysplasias in newborns and
children: the role of lymphoscintigraphy. J Pediatr
2008;152:587-9.

Campisi C, Bellini C, Eretta C, Zilli A, da Rin E, Davini
D et al. Diagnosis and management of primary chylous
ascites. J Vasc Surg 2006;43:1244-8

Boccardo F, Bellini C, Eretta C, Pertile D, Da Rin E,
Benatti E, Campisi M, Talamo G, Maccio A, Campisi C,
Bonioli E, Campisi C. The lymphatics in the patho-
physiology of thoracic and abdominal surgical pathol-
ogy: immunological consequences and the unexpected
role of microsurgery. Microsurgery 2007;27:339-45.
Lee BB, Bergan JJ. New clinical and laboratory staging
systems to improve management of chronic lymphede-
ma. Lymphology 2005;38:122-9.

116.

117.

118.

119.

120.

121.

122.

123.

124.
125.

126.

127.

128.

129.

130.

131.

132.

133.
134.
135.
136.

137.

Michelini S, Failla A, Moneta G, Campisi C, Boccardo
F. Clinical staging of lymphedema and therapeutical
implications. Lymphology 2002;35(Suppl):168.

. Michelini S, Failla A, Moneta G. Lymphedema : epi-
demiology, disability and social costs. Lymphology
2002;35(Suppl):169-71.

Michelini S, Failla A, Moneta G, Zinicola V, Romaldini
F, Puglisi D. International classification of functioning
and lymphedema unability evaluation. Eur J Lymphol
2007;17:16.

Michelini S, Failla A, Moneta G, Rubeghi V, Zinicola V,
Cardone M et al. Lymphedema and occupational thera-
py. Lymphology 2007;55(Suppl):243-6.

Michelini S, Campisi C, Cavezzi A, Boccardo F, Failla A,
Moneta G. National epidemiologic study of lymphede-
ma. Minerva Cardioangiol 1998;46:393-4.
Casley-Smith, Judith R, Mason MR, Morgan RG, Casley-
Smith JR. Complex physical therapy of the lymphede-
matous leg. Int J Angio 1995;4:134-42.

Johansson K, Albertsson M, Ingvar C, Ekdahl C. Effects
of compression bandaging with or without manual lymph
drainage treatment in patients with postoperative arm
lymphedema. Lymphology 1999;32:103-10.

Szolnoky G, Mohos G, Dobozy A, Kemeny L. Manual
lymphdrainage reduces trapdoor effect in subcutaneous
pedicle flaps. Int J Dermatol 2006;45:1468-70.
Kasseroller RG. The Vodder School: the Vodder method.
Cancer 1998;83(12 Suppl American):2840-2.

Hwang JH, Kim TU, Lee KW, Kim DI, Lee BB. Sequen-
tial intermittent pneumatic compression therapy in lym-
phedema. J Korean Acad Rehab Med 1997;21:146-53.
Pflug JJ. Intermittent compression in the management of
swollen legs in general practice. Lancet 1975;215:69-76.
Theys S, Deltombe TH, Scavée V, Legrand C, Schoe-
vaerdts JC. Safety of long-term usage of retrograde-inter-
mittent pneumatic compression in lower limb lym-
phedema. Lymphology 2002;35(Suppl):293-7.

Wilburn O, Wilburn P, Rockson S. A pilot, prospective
evaluation of a novel alternative for maintenance ther-
apy of breast cancer-associated lymphedema. BMC Can-
cer 2006;6:84.

Michelini S, Campisi C, Failla A, Boccardo F, Moneta
G. Combination treatment of lymphedema; Our experi-
ences. Minerva Cardioangiol 1998;46:395-6.

Campisi C., Boccardo F., Maccio A., Zilli A., Michelini
S. Natural coumarins in lymphatic microsurgery. Lym-
phology 2002;35(Suppl):635-9.

Michelini S, Failla A, Moneta G, Cardone M, Fiorenti-
no A,Michelotti L et al. Shockwave therapy in lym-
phedema patients : preliminary study. Lymphology
2007;55(Suppl):235-7.

Becker C, Hidden G, Pecking A. Transplantation of lymph
nodes: an alternative method for treatment of lym-
phedema. Progr Lymphol 1990;6:487-93.

Auchincloss H. New operation for elephantiasis. Puer-
to Rico J Publ Health & Trop Med 1930;6:149.
Homans J. The treatment of elephantiasis of the legs. N
Engl J Med 1936;215:1099.

Dellon Al, Hoopes JE. The Charles procedure for pri-
mary lymphedema. Plas. & Reconstr. Surg 1977;60:589.
Sistrunk WE. Further experiences with the Kondoleon
operation for elephantiasis. JAMA 1918;71:800. Lipo-
suction combined with controlled compression therapy
reduces arm lymphedema more effectively than con-
trolled compression therapy alone. Plast Reconstr Surg
1998;102:1058-67.

Brorson H, Svensson H. Liposuction combined with con-
trolled compression therapy reduces arm lymphedema
rrllore effectively than controlled compression therapy
alone.

Plast Reconstr Surg 1998;102:1058-67.

INTERNATIONAL ANGIOLOGY

469



138.

139.

140.

141.

142.

143.

470

Brorson H, Svensson H, Norrgren K, Thorsson O. Lipo-
suction reduces arm lymphedema without significant-
ly altering the already impaired lymph transport. Lym-
phology 1998;31:156-72.

Brorson H, Svensson H. Liposuction combined with con-
trolled compression therapy reduces arm lymphedema
more effectively than controlled compression therapy
alone. Plast Reconstr Surg 1998;102:1058-67.

Campisi C, Da Rin E, Bellini C, Bonioli E, Boccardo F.
Pediatric lymphedema and correlated syndromes: role
of microsurgery. Microsurgery 2008;28:138-42.
Campisi C, Boccardo F. Vein graft interposition in treat-
ing peripheral lymphoedemas. Handchir Mikrochir Plast
Chir 2003;35:221-4.

Campisi C, Eretta C, Pertile D, Da Rin E, Campisi C,
Maccio A et al. Microsurgery for treatment of peripher-
al lymphedema: long-term outcome and future per-
spectives. Microsurgery 2007;27:333-8.

Campisi C, Boccardo F. Microsurgical techniques for
lymphedema treatment: derivative lymphatic-venous
microsurgery. World J Surg 2004;28:609-13.

INTERNATIONAL ANGIOLOGY

144.

145.

146.
147.

Babb RR, Spittell JA Jr, Martin WJ, Schirger A. Pro-
phylaxis of recurrent lymphangitis complicating lym-
phedema. JAMA 1966;195:871-3.

Pissas A, Rzal K, Math ML, el Nasser M, Dubois JB. Pre-
vention of secondary lymphedema. Ann Ital Chir
2002;73:489-92.

Papendieck CM. Lymphatic dysplasias in Pediatrics.
Inter Angiol 1999;18:6-9.

Lee BB, Laredo J, Kim YW, Neville R. Congenital vas-
cular malformations: general treatment principles. Phle-
bology 2007;22:258-63.

Acknowledgements.—Authors are deeply grateful to Profes-
sor Hugo Partsch of Vienna, Austria and Professor Eberhard
Rabe of Bonn, Germany, who volunteered to give their extra-
ordinary efforts to help the consensus committee to reach to
the proper conclusion on a few controversial issues.

Corresponding author: B. B. Lee, MD, PhD, FACS, Professor
of Surgery and Director, Center for Vein, Lymphatics and Vas-
cular Malformation, Georgetown University School of Med-
icine, Washington, DC, USA. E-mail: bblee38@comcast.net

October 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


