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It has been a tremendous challenge from the outset to organize a diagnosis guideline for chronic
lymphedema by IUA (International Union of Angiology) and ISVI (Italian Society of Vascular
Investigation) as a joint project. Despite such enthusiasm shared by a few leading members of two

different societies who initiated this task sharing same goal, they soon encountered many obstacles to
proceed with significant limitation (e.g. lack of sufficient data/evidence to draw the

conclusion/consensus). But they determined to provide a guideline for contemporary diagnosis of
chronic lymphedema, the most crucial part of its management; with relentless efforts they expanded
their boundary to reach out many outstanding world authorities in various issues of lymphology to
meet its mandate to fulfill its role.

They did spare no pain to collect all of the currently available consensus documents, many national
and international, to lay proper ground to review as references. Based on the principle of
evidence-based medicine, every inch of current knowledge in the diagnosis field of limb swelling was
reassessed to draw the consensus, from initial interview for history taking and physical examination
to newly introduced a variety of tests based on new technology to differentiate with other etiologies
of lower limb edema. Indeed, many world renowned physicians specialized in lymphology
collaborated decisively to organize this important document for proper orientation for the clinicians
when facing the cases of lymphedema in a remarkable way.

It has been a special privilege for me to participate to this unique IUA-ISVI consensus and assist
them to complete successfully under the auspices of UIP (International Union of Phlebology) to
maximize its role among not only the angiologists but also phlebologists throughout the world.

Finally, I want to congratulate Drs. BB Lee and PL Antignani leading this enormous task to
complete successfully with rest of authors/members, which will remain crucial contribution in this
unique field of lymphology.

Angelo Scuderi, MD
President of UIP

Abstract

The current document is intended to define a consensus on the diagnostic guidelines for patients with
lymphedema, based upon literature-based evidence, both clinical and investigative. General
diagnostic guidelines include systemic evaluation; assessment of venous function; duplex
ultrasonography; and lymphoscintigraphy.

Proper diagnosis should allow appropriate clinical and laboratory staging of the disease for the
assessment of progression of the condition and its response to treatment. Diagnosis should include
an assessment of the infections in the early and latent stages.

Lymphedema is assessed by the stage of disease (0-III) and WHO guidelines for International
Classification of Functioning, Disability and Health and Quality of Life issues can be used as a
reference for the impact of this complex condition on social, emotional, and physical function. It is
the authors’ intent that this document stimulate further inquiry and discussion regarding all aspects of
lymphedema diagnosis.

Key words: Chronic lymphedema, Clinical staging, Duplex ultrasonography, Volumetry, Tissue
Tonometry, Bio-impedance Spectroscopy, Radionuclide lymphoscintigraphy, CT, MRI/MR
lymphangiography, Indocyanine Green Lymphangiography, Direct/Indirect lymphography, Molecular
diagnosis
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Introduction

The management of chronic lymphedema remains a challenge for patients and clinicians worldwide
despite the progress over the past several decades which has been significant, both in the diagnosis
of, and therapy for, this disabling condition.'"

Therefore, as a joint project, the International Union of Angiology (IUA) and the Italian Society for

Vascular Investigation (ISVI) under the auspices of the International Union of Phlebology (IUP)

invited an expert multidisciplinary panel to convene and arrive at a consensus on the guidelines for
physicians on the diagnostic evaluation of chronic lymphedema.

This document presents contemporary concepts encompassing a broad range of new and old
diagnostic modalities. We respect all of the currently available consensus documents, previously
prepared by the many national and international societies. We also strongly encourage the review of
these expert documents as additional references in addition to this consensus document. '

This document is not meant to overburden the individual, local or national medical communities with
specific recommendations, as these may be impractical to some where there is limited availability and
access to the recommended technology. 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 living consensus document. -2

The aim of this Panel is therefore, to define a consensus on the diagnostic guidelines for patients with
lymphedema based on the evidence found through clinical and instrumental investigations in the
literature with appropriate comparison and experiences. But, the level of evidence of many of the
clinical studies on the results of the various lymphedema treatments today is still very low.
Appropriate 'multicenter’ studies will be mandatory to provide a common ground of precise, reliable
and reproducible/repeatable measurements for the appropriate comparison of the management
outcome among various lymphedema centers.

A precise and reproducible method for measurement of the dimensions of the limb affected by
lymphedema, for example, is mandated as the first step to define the degree/extent of the
lymphedema and monitor its natural progression and also the results of the various treatment
modalities (medical, physical, surgical).

Recommendations in the document are graded according to scientific evidence. The panel adopted
the system used by Guyatt et al ®8, and the document has two grades of recommendations: Grade 1
(strong) recommendation, which is reserved for those tests, where the benefits clearly outweigh the
associated risks and Grade 2 (weak) recommendation, which is reserved for those diagnostic tests,
where the benefits do not significantly outweigh the associated risks. The quality of evidence can be
high (A), moderate (B), low or very low (C) (Appendix- Table 1)

Diagnostic Evaluation

General Guidelines

As the first step of the diagnostic procedure, systemic causes of limb swelling/edema: e.g. heart and
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liver failure, kidney disease, hypoproteinemia, pulmonary hypertension, hypothyroidism, cyclic
edema, medication side effects (calcium channel blockers, steroids, NSAID, several
chemoteherapeutic drugs) should be ruled out properly. In addition to a complete history and
physical examination, some additional tests should be ordered when the lymphoscintigraphy alone is
insufficient to make a full diagnosis of lymphedema/lymphatic dysfunction. *'?

As the second step of diagnostic evaluation, the venous origin of limb edema should be ruled out
since the venous and lymphatic systems are closely interdependent and their dysfunction often
co-exists indicating the close relationship between venous and lymphatic development. ''""* Thus,
venous and lymphatic systems should always be evaluated together when investigating chronic
edema.

Duplex ultrasonography therefore should be included with lymphoscintigraphy in all forms of
lymphedema including congenital, for differentiation from edema of mixed etiology." > '* In some
genetic forms of primary lymphedema such as Milroy disease and lymphedema distichiasis
syndrome, venous valvular dysfunction (venous reflux) frequently co-exists 3

Proper diagnosis should allow appropriate clinical and laboratory staging'*!'7 of the disease for the
assessment of progression of the condition and its response to treatment. Diagnosis should include
an assessment of the infections in the early and latent stages; such evaluation should be repeated
aggressively not only for timely treatment but also for effective prevention of various conditions such
as tinea pedis. 2

Diagnostic evaluation should include appropriate assessment of patient compliance, as the outcome
of successful management is totally dependent on this crucial factor. 2

Lymphedema among children is chiefly of primary origin. Their lymphedema can be part of a
syndrome if there are other concomitant phenotypic abnormalities and if a genetic defect is
recognizable. However, recognition relies upon careful personal and family history and physical
examination in the initial phases. "2

Clinical evaluation will not be complete without documentation for lymphedema stage, > 518

including Stage 0 through Stage III, classification of severity of edema (volume): Mild — Moderate —
Severe, proper description of the skin and subcutaneous tissue changes, and functional assessment
of limb affected by lymphedema. WHO guidelines for International Classification of Functioning,
Disability and Health and Quality of Life issues can be used as a reference for the impact of this
complex condition on social, emotional, and physical function.'**!

Clinical Evaluation

Evaluation of patients must include a detailed history and clinical evaluation along with a thorough
physical examination."* History should include age at onset, travel to tropical countries and history
of all causes that could result in secondary lymphedema including the medications with
edema-causing potential (e.g. antipsychotics, anti-parkinsonian, cyto-toxics, bisphonates,
antihypertensive). History 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 should be recorded. These include non-pitting edema, skin changes such as
peau d’orange, pinkish-red skin discoloration, hyperkeratosis, dermatitis, eczema, ulceration,
varicosity, lymph vesicles, drainage of fluid, clear or milky, or yellow discoloration or other
abnormalities of the nails. The presence of Stemmer sign®? (skin fold of toes or fingers can barely be
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lifted), squaring of the toes, or puffiness of the forefoot (buffalo hump) should be noted. Such
conditions/findings should be documented with appropriate clinical photos taken. Severity of pain
(by using a visual analogue pain scale) and disability (by using a quality of life questionnaire)
documentation at baseline is important to classify disease burden for each patient and in order to
evaluate the effectiveness of any treatment.

When the lymphedema is primary, as a clinical manifestation of truncular lymphatic malformation®*
24 the presence of venous, arteriovenous, or capillary malformations *>*’, or any tissue overgrowth
(eg increased/decreased leg length®® ?%), or increase in fat or muscle bulk should be recorded.
Finally, any complications, such as cellulitis, lymphangitis, malnutrition, immunodeficiency or, rarely,
suspicion for malignancies (lymphangiosarcoma) must be documented. "2

Diagnostic Tests - General Principles

An appropriate combination of non- to minimally-invasive tests should typically be able to provide all
of the information necessary to insure an adequate diagnosis and lead to the correct multidisciplinary,
targeted, and sequenced treatment strategy. The tests and the information they can provide are
indicated below.

Non-invasive evaluations®*3*

e Basic/Essential Tests

e Volumetry®: Measuring the Dimension of the Limb
e Water measurement (plethysmography)
e Circumference measurements according to Kuhnke
e Optoelectronic volumetry
e Automatic digital measurement

e Radionuclide Lymphoscintigraphy??3* 3¢

e Duplex ultrasonography "% 1337
e Ultrasound of soft tissues
e Echo Color Doppler

e MRI with/without contrast %4

MR lymphangiography*!- 4*

CT scan **3!

Optional Tests ***¢

Tissue Tonometry

Bio-impedance Spectroscopy: Bioimpedence Analysis (BIA)*
Indocyanine Green (ICG) Lymphangiography*® 4/
Microscopic fluorescent lymphangiography  +

Whole body blood pool scintigraphy (WBBPS) *°

Air plethysmography®'

Plain X ray

DXA (Dual Emission X-ray absorptiometry
Ultrasonographic lymphangiography **
Moisturemeter (tissue dielectric constant, TDC) *®

) 52,53

Invasive evaluations
‘Invasive’ tests are seldom needed for the actual diagnosis but are occasionally needed for
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differential diagnosis.

Further studies with invasive tests such as direct puncture percutaneous lymphangiography can be
generally deferred to later stages if there is need for refining the diagnosis or if surgical or other
invasive therapeutic measures are considered. Otherwise, these should be reserved for
road-mapping in subsequent therapy if needed.

On some occasions an invasive study is required to provide more information for an accurate
differential diagnosis. These tests and the information they provide are indicated below;

Direct oil contrast (ascending) lymphangiography/lymphography>*-**

Indirect lymphography®” *° using water soluble contrast agents

Direct puncture percutaneous lymphangiography "% ¢!

Fine needle aspiration biopsy of lymph node

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

Volumetry: Measuring the Dimension of the Limb

A precise and repeatable measurement of the dimensions of the limb affected by lymphedema is
needed in order to define the degree of the lymphedema and monitor its development at the same
time, with regard to the natural progression of the pathology and the results of the various treatment
modalities (medical, physical, surgical). The distance from certain anatomical sites of the limb (ankle,
knee) should be recorded. %27

A review of the literature revealed that among 43 clinical trials for the evaluation of the effectiveness
of peripheral lymphedema treatment, 14 (42%) took only the circumference measurement in
centimeters to compare with those at pre-defined points or as a sum of circumferences, whereas
19 (58%) evaluated the change of volume of the limb utilizing a direct or indirect methodology).

In the case of unilateral lymphedema, after calculating the volume of the two limbs, the volume
regarding the suffering limb must be calculated with respect to the healthy limb and the volume of the
edema (excess volume). But for bilateral edema, it is necessary to compare each limb with itself
over time, as it is not possible to use the contralateral limb as a control.

In the case of surgical operations with lymphadenectomy, it is advisable to take pre-operative
measurements of the limbs as reference for calculating the volume of any secondary lymphedema.

Water measurement of limb volumes ™

A recent study showed a coefficient of variation (CV%) of 0.609% when using plethysmorgaphy.
The circumference measurement also correlates well with the outcome of water replacement and is
easier to use, as it does not need the plethysmography devices, which may not always be available.®

Water replacing plethysmography can be used for separate measuring the volume of the hand or foot
with fewer problems than that of the entire limb.”

However, the logistical difficulties associated with water displacement may make it difficult to use
routinely in clinical practice. Inverse water volumetry may be a good alternative because of its
greater amenability. However, this method is applicable only to the upper extremity. A drawback is
that it does not measure the upper half of the upper arm. However, it represents an improvement
upon the classic method of water displacement volumetry. This method is a new gold standard and
commercially available in Europe. Available for arm volume measurements, it has very high
precision.
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The Panel considers water volumetry is the gold standard but careful tape measurements are
a faster and less expensive alternative provided one acknowledges their limitations in
accuracy. However, the Panel recommends that volume measurement with water is
undertaken for measuring the volume of the hand or foot, or for scientific research purpose,
where it is necessary to measure the absolute volume of the limb for comparisons with other
measurement techniques.

[Strength of recommendation:1 (strong), Quality of evidence:C (low) *%]

Measurement with measuring tape

The volume of the limb can be indirectly calculated with a precise measurement of the
circumferences of the limb at various levels using a tape. Compared to direct measurements, this
measurement has the advantage of generating low cost, widespread availability and ease of
performance. However, the operator’s accuracy in reading the measurement is essential. In order to
guarantee reproducibility of the measurement, it is necessary to identify all the various measurement
points with certainty.

In addition, there is uncertainty about the optimal limb position for accurate garment fitting, in order
to provide the desired pressure gradient in a comfortable garment. Should limb measurement be
performed in the horizontal or vertical position? Because, circumferences are sensitive to position,
due to fluid movements and tissue flaccidity, this can perhaps produce a garment that is not totally
appropriate or comfortable to the patient. "

Nevertheless, typically circumferences are measured from the wrist/ankle every 4 cm the the most
proximal point, according to Kuhnke Each volume segment is measured according to the formula
of a truncated cone. The segments are then summed to get the arm/leg volume. It is important that
the normal contralateral arm/leg is used as the reference when calculating the excess volume. This
method does not include the hand volume because the hand is oval in shape, and the formula for the
truncated cone cannot be used.

The tape measure has to be flexible and not too long in order to stay in close contact with the skin.
Even the smallest amount of traction must be avoided so as not to compress the tissues and

underestimate the limb size. A standardized tape measure (with small weights attached to it) and
measurement technique have been developed to overcome these practical difficulties. ™

Measuring the volume with the tape technique has demonstrated an equally reliable outcome as
water replacing plethysmography.The coefficient of variation (CV) % obtained is on par with water
plethysmography, 0.628%.

The coefficient of correlation between (water replacing) plethysmography and volumes calculated
using a tape measure is high, 0.932, and the coefficient of regression between the two methods is
also high, 0.963 (CI-95: 0.657-1.269, p< 0.0001). "

The hand and foot can be measured with a tape measure using an elliptical algorithm but is time
consuming. It can be used when hand volumes are needed and the water displacement method is
contra-indicated, impractical to implement, too time consuming or not available.”

The Panel highly recommends limb circumference by a tape measure as a routine
assessment of the dimensions of the limb, with simple centimeter measurements at different
levels of the limb or for calculation of the volume by applying mathematical formulas
concerning geometric solids (cylinder or frustum).
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[Strength of recommendation:1 (strong), Quality of evidence:B (moderate) **]

Optoelectronic volumetry:
This methodology determines limb volume by scattering near-infrared rays that use a frame over the

subjected limb on a sliding rail. 7
This method is increasingly used to assess limb volume.

Errors in measuring volumes

The normal extremity volume needs to be measured together with the affected extremity volume
every time measurements are made, or else excess volume calculations will be inaccurate if the
normal limb decreases or increases in volume. ¢

As with other methods that determine overall limb volume over time, there is a danger in assuming
that a smaller limb is better and a larger one worse. But in reality, when the lymphedema does
improve, the mobility of the limb will also improve, resulting in an increase of the muscle mass as a
consequence of increased activity. Such muscle mass increase leads to a larger limb even though the
fluid component contributed by lymphoedema is lower. In contrast, when a heavy arm/leg already
has already produced muscle hypertrophy, successful lymphedema treatment (less weight) reduces
the load and, thus, the muscle volume decreases. These phenomena should be considered in the
assessment of changes in excess calculated limb volume.

There are some strategies that might help to overcome these issues. One example is exemplified by
Miller et al (2013), in which they use a weight adjusted volume change formula which is independent
of the contralateral limb and which accounts at least for weight changes when the surgical
intervention is bilateral.”’

This is the main reason why some of the techniques such as bioimpedance spectroscopy and tissue
di-electric constant measures are increasingly embraced as a more accurate measure of the failure
of lymphatic function, ie, the presence of excessive fluids in the tissues.

Comparison of the volume measurement techniques

Certainly, each measure we take adds valuable diagnostic information that can help in a more
accurate assessment and a better treatment outcome. There are increasing numbers of papers
comparing techniques (Jain et al, 20101, Ridner 2007). Results need not be competitive, but
should be thought of as complementary. %

Ultrasonographic Assessment

General Qverview

Duplex Ultrasonography (DUS) should include evaluation of the deep, superficial, and local
vasculature, and the supra-fascial structures. Venous duplex studies should confirm any associated
venous anomalies (valvular incompetence, obstruction, ectasia or aneurysms) and/or exclude venous
obstruction as etiology or contributing factor to lymphedema. '2

The ultrasound evaluation of subcutaneous tissue thickness is a useful parameter to evaluate
lymphedema and its response to treatment.
The suprafascial and the subfascial thickness of the edematous tissue are demonstrable through high
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resolution echography and tissue compressibility " %2, These are useful measurements that allow
periodic assessment of the response to therapy and in monitoring a patient’s progress and
determining prognosis. '

In patients with lymphedema, thickening of the cutaneous, epifascial, and subfascial compartments
has been ultrasonographically observed. This contrasts with MRI observations, where the subfascial
compartment was shown to be unaffected.® High frequency ultrasound (20 MHz) reveals
characteristic patterns of cutaneous fluid localization in various types of edema. '

In lymphedema, there is a distinctively uniform pattern of distribution. This imaging technique has
applications both in differential diagnosis and in therapeutic monitoring, although further refinement
may become necessary to better characterize the spectrum of subcutaneous fibrosis that can be
encountered in lymphedematous skin. ¥

Ultrasound of soft tissues

The ultrasound study of the patient with lymphedema provides information on the structural tissue
characteristics (supra- or sub-fascial distribution of the oedema, presence of ectasias of lymphatic
collectors, of lymphatic lakes, connective tissue conditions, thickness of the various skin layers. 8%

The normal appearance of the skin is well-defined on ultrasound, owing to the presence of layers
that have a different echo-structure. The demarcation between dermis and subcutis is distinct owing
to the different acoustic impedance of the two structurally heterogeneous tissues. The subcutaneous
tissue is hypoecogenic due to the presence of adipose lobules interposed in connective shoots and
vascular lacunae.

The thickness of the subcutis is quite variable, depending on the corporal seat and body of the
patient. The muscular fascia is a hyperecogenic structure separating the subcutis from the muscular
tissue running parallel to the skin layer. % %

With the current axial and lateral resolution capacity, contemporary ultrasound instruments even
allow the lymphatic vessels in healthy patients to be seen.

The morphological characteristics of the various skin layers change in lymphedema, in terms of both
echogenicity and thickness. There is possibility to use compression of the tissues to study tissue
composition !

Alterations of the echogenicity

In the dermal layer, the echogenicity is lower in lymphedema than in healthy controls. The reduction
of the echogenicity, expression of interstitial oedema, is widespread both in the superficial portion of
the dermis (papillary) and in the deep portion (reticular).

This homogeneous distribution differs from the findings of lipodermatosclerosis, in which the reduced
echogenicity is mostly located on the superficial dermis and also that of in heart failure, where the
edema is mostly in the deep dermal portion. ***'

Instead, the subcutaneous layer in lymphedema has an anechogenic network with polyhedral links
that compresses the surrounding hyperecogenic adipose tissue. This network is the expression of the
progressive ectasia of the various anatomic levels of the lymphatic system.

Changes in thickness

In lymphedema, all the layers (dermal, subcutaneous and muscular) appear increased in size.

The assessment of the thicknesses is regarded as an essential study procedure for monitoring the
development of the lymphoedema and for evaluating the effectiveness of the various treatments.
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