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Executive Summary
Introduction
The Coverage and Analysis Group at the Centers for Medicare and Medicaid Services (CMS)
requested this technology assessment from the Technology Assessment Program (TAP) at the
Agency for Healthcare Research and Quality (AHRQ). AHRQ assigned this report to the
McMaster University Evidence-based Practice Center (MU-EPC) (Contract Number: HHSA
290-2007-10060I). The primary goals of the assessment were to examine the performance of
diagnostic tests for preclinical or clinically significant secondary lymphedema, as well as to
assess conservative, nonpharmacological, and nonsurgical treatments for secondary
lymphedema.

Narrative Review
Lymphedema is a pathological condition of the lymphatic system that results from an
accumulation of protein rich fluid in the interstitial space because of congenital or acquired
damage to the lymphatic system. Clinically, it presents as edema.1
Primary lymphedema occurs in patients who have a congenital abnormality or dysfunction of
their lymphatic system.2,3 Secondary lymphedema is an acquired condition resulting from the
disruption or obstruction of the normal lymphatic system. Secondary lymphedema can be caused
by disease, trauma, or an iatrogenic process such as surgery or radiation.2
Lymphedema is usually staged by observing a patient‟s physical condition (Table 1).4
Historically there have been 3 stages of classification but recently Stage 0 (subclinical
lymphedema) is increasingly recognized as a stage of lymphedema.
Table 1. Stages of Lymphedema

Stage
Stage 0
Stage I
Stage II
Stage III

Description
A latent or subclinical condition where swelling is not evident despite impaired lymph
transport. Stage 0 may exist months or years before overt edema occurs (Stage I-III).
Early accumulation of fluid relatively high in protein content (e.g., in comparison with
‘venous’ edema) that subsides with limb elevation. Pitting may occur. An increase in
proliferating cells may be seen.
Limb elevation alone rarely reduces tissue swelling and pitting may or may not occur
as tissue fibrosis develops.
Lymphostatic elephantiasis. Pitting is absent and trophic skin changes such as
acanthosis, fat deposits, and warty overgrowths develop.

In the United States, the most common cause of secondary lymphedema is malignancies and
their related treatment (i.e., surgery, radiation).
A sentinel lymph node is any lymph node that receives direct drainage from a tumor site.
Sentinel lymph nodes can be biopsied and examined for the presence of micrometastases.5
Sentinel lymph node biopsy (SLNB) is now part of the standard of care for patients with breast
cancer and melanoma. SLNB has been shown to decrease the incidence of lymphedema,
although the amount of the reduction is still being studied. A 5 year, prospective trial followed
936 women with breast cancer who underwent SLNB alone or SLNB in combination with
axillary lymph node dissection (ALND). The incidence of lymphedema was 5 percent in the
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SLNB group and 16 percent in the SLNB/ALND group.6 The Royal Australian College of
Surgeons conducted an international, multicenter, randomized controlled trial (RCT) that
examined SLNB versus axillary dissection in women with breast cancer. The study found that
women receiving SLNB had less lymphedema, less pain, and less arm dysfunction.7
Lymphedema is typically diagnosed by clinical history and physical examination.2 When
imaging tests are required to assist in diagnosis, lymphoscintigraphy is often the test of first
choice.3 When lymphoscintigraphy is not available, magnetic resonance imaging (MRI) and
computed tomography (CT) can also be used.3
The U.S. Food and Drug Administration (FDA) regulates the marketing and use of medical
devices in the United States. The FDA does not specifically mention the use of
lymphoscintigraphy, MRI, ultrasound, or CT to diagnose lymphedema.
There are several nonpharmacological and nonsurgical treatments for lymphedema,
including: compression techniques (e.g., multilayer bandaging techniques, self adherent wraps,
compression garments at prescribed pressure gradients); intermittent pneumatic compression
(IPC); decongestive therapy (also known as complex or complete decongestive therapy or
complex decongestive therapy [CDT]); manual lymphatic drainage; exercise; laser treatment;
ultrasound, and aquatherapy. No single treatment is considered usual care for lymphedema.
Treatments are typically administered by physical or occupational therapists, though massage
therapists, nurses, and physicians may also perform certain kinds of lymphedema treatment.

Methods
Literature Review
The following electronic databases were searched by exploding the subject heading
„lymphedema‟ and searching it as a textword (lymphedema or lymphoedema). Terms for
complete decongestive therapy, manual lymphatic drainage, and intermittent pneumatic
compression were included in the search. There were no language limitations for this search.
1. MEDLINE® (1990 – January 19, 2010);
2. EMBASE® (1990 – January 19, 2010);
3. Cochrane Central Register of Controlled Trials® (1990 – January 19, 2010);
4. AMED (1990 – January 19, 2010); and
5. CINAHL (1990 – January 19, 2010).
Further searches were conducted of reference lists of recently published review articles2,8-11 and
bibliographies of extracted articles.
Inclusion/exclusion criteria. For the diagnostic section, we included articles published in
the English language that examined the sensitivity and specificity, or psychometric properties
(e.g., reliability, validity, responsiveness) of diagnostic tests for lymphedema. Included articles
had to contain an evaluation of the diagnostic test(s) on subjects with secondary lymphedema.
For the treatment section, we included articles published in the English language, provided they
were RCTs or observational studies with comparison groups (e.g., cohort, case control). We
included studies of pediatric and adult patients who received any treatment for secondary
lymphedema (except drug therapy or surgery) following any form of illness with the exception of
filariasis infection.
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Study Selection and Extraction
A team of trained raters independently applied the inclusion and exclusion criteria to three
levels of screening: I – title and abstract first review; II – title and abstract second review; III –
full text. Articles that passed full text screening proceeded to full data extraction.
Two raters independently assessed the quality of the extracted articles. The quality of
diagnostic studies was assessed using the Quality Assessment of Diagnostic Accuracy Studies
scale (QUADAS).12 The quality of treatment studies was assessed using two scales, the modified
Jadad scale13,14 for RCTs and the Newcastle-Ottawa Scale (NOS)15 for cohort and case control
studies. The overall quality of the extracted articles was rated „good‟, „fair‟, or „poor‟ in
accordance with the AHRQ‟s methods guide.16

Non-English Language Studies
In response to peer review of the draft report, we reran the literature search a second time to
identify non-English language articles, which were screened at three levels as described above.
The purpose was to examine whether the non-English language literature was substantively
different from the English language literature. We did not extract data from the non-English
language articles that survived the screening process. Rather, we provided a written summary of
the main contents of these articles and discussed whether (and how) they differed from the
English language literature.

Results
Diagnosis
Question 1. What is the performance of diagnostic tests for preclinical and/or clinically
significant lymphedema?
a) What inclusion criteria (including patient demographics, signs, and symptoms) were
used in studies evaluating the performance of diagnostic tests of lymphedema?
Most of the diagnosis studies involved persons with breast cancer. The generally middleaged nature of study subjects reflected the fact that most studies involved cancer patients, who
are typically diagnosed and treated in middle age or later. Other disease related inclusion criteria
were melanoma tumor removal, AIDS and Kaposi‟s Sarcoma, or lymphedema diagnosis. For
comparative purposes, many diagnostic studies also included nondiseased persons, such as clinic
staff, healthy patients, or medical students, and surgical residents.
b) Is there any “gold standard” method to formally grade or measure the severity of
lymphedema?
Based on the evidence in the extracted studies, there does not appear to be a gold standard to
formally grade or measure the severity of lymphedema.
c) What comparators were used in the studies of diagnostic tests? Was the test compared to
a “gold standard”, bedside exam, radiologic investigation, or other means?
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Although rarely identified as gold standards, the frequency of use of different measures of
limb volume or circumference would suggest that these measures are the de facto gold standards
for diagnosing secondary lymphedema.
d) What is the sensitivity and specificity of tests used to diagnose lymphedema?
In the eight studies that contained examinations of the sensitivity and specificity of
diagnostic tests for secondary lymphedema, sensitivities ranged from 5 to 100 percent (most
were at least 40 or 50 percent or above) and specificities ranged from 71 to 100 percent.
e) What are the psychometric properties (reliability, validity, responsiveness) of these
diagnostic methods?
Reliability. There is consistent evidence to indicate that lymphedema can be reliably
measured using circumferential measures or volume displacement (although volume
displacement calculated using Sitzia‟s method tended to produce the lowest intraclass correlation
coefficients, which are measures of reliability). There is too little evidence to draw conclusions
about the reliability of other tests such as tonometry, ultrasound, lymphoscintigraphy, or
bioimpedance.
Validity. Based on consistently high correlation coefficients, there is strong evidence that
limb volume and circumference are interchangeable among one another.
Responsiveness. Only two of the studies included in this report evaluated the responsiveness
to change of diagnostic tests for secondary lymphedema. The dearth of evidence on this topic
prohibits one from drawing firm conclusions about responsiveness.
f) How frequently and for how long should patients be measured for the development of
lymphedema or its subclinical precursor? Does this vary with the diagnostic test method?
There is no evidence to answer these key questions as none of the included diagnostic studies
were intended to address either question.
g) Does the diagnostic test method influence the choice of lymphedema treatment or
patient outcome? What outcomes were measured in studies of diagnostic tests of
lymphedema?
There is no evidence in the 41 diagnostic testing studies to answer either of these questions.

Treatment
Question 2. What were the patient selection criteria in the studies (inclusion and exclusion
criteria)? Did they differ by treatment modality?
The major selection criterion in most of the 36 treatment studies was that persons had to have
lymphedema secondary to breast cancer. Some studies contained specification that participants
had to be in remission, have no relapse, or have no metastases. Various studies defined
lymphedema as „mild‟, „chronic‟, or „moderate to severe‟; other definitions included
categorization of lymphedema by excess volume in the affected limb, degree of swelling and
excess volume, or degree of swelling alone. There was no evidence to suggest that patient
selection criteria differed by treatment modality.
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Question 3. What were the criteria used to initiate treatment for lymphedema? When was
treatment initiated compared to the time of onset of the lymphedema? What were the
criteria used to stop therapy? Did these criteria vary with treatment modality?
In all 36 treatment studies extracted for this report, diagnosis of lymphedema was the only
specific criteria used to initiate treatment. Therefore, no evidence exists to provide a clear answer
to this key question.
Only five studies reported specific criteria to stop treatment. This number is too small to
assess whether stopping criteria varied with treatment modality.
Question 4. Who provided the treatments in the studies? What information was provided
on their professional training or certification in lymphedema care?
The authors of 17 of the 36 treatment studies did not detail who provided the lymphedema
treatment. In the other 19 studies, the primary providers were physiotherapists.
Question 5a. Was one type of pneumatic compression device and sleeve (e.g., nonsegmented
compression device, sequential segmented compression, or segmented compression with
calibrated gradient pressure) more effective in reducing lymphedema than another for any
type of lymphedema along the continuum, or patient characteristic (e.g., demographics,
comorbidities)?
There was a lack of evidence from which to determine whether one type of intermittent
pneumatic compression (IPC) device and sleeve were more effective than others across the
continuum.
None of the extracted studies broke down treatment results by patient characteristics.
Therefore, no evidence exists to assess whether one type of IPC device and sleeve were more
effective in reducing lymphedema based on specific sets of patient characteristics.
Question 5b. Did the studies of an IPC for lymphedema in patients with comorbidities such
as wounds, arterial and/or venous insufficiency, diabetes, congestive heart failure,
infection, etc., report the need to modify their treatment protocols? Did it affect treatment
outcome?
There were no reports in the extracted studies of the need to modify treatment protocols on
account of comorbidity.
Question 5c. Did the timing of IPC application and/or the sequence of use of the various
IPC device types (either alone or in combination with other therapies) influence outcomes
either positively or negatively?
Evidence to address whether the timing of the IPC application might have influenced the
study outcomes was inconclusive. For sequence of use, the evidence was inconclusive as well.
Question 6. What protocols for single modality treatments resulted in the best outcomes of
lymphedema therapy? Consider parameters such as usage schedules and characteristics of
treatment such as intensity, duration, frequency and setting (self administered at home
versus professionally administered applied in a medical clinic), and, if applicable, pumping
times/cycles and pressures.
There were too few studies, and too much methodological heterogeneity, to allow for an
ascertainment of whether certain treatment protocols would lead to better outcomes.
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Question 7: Were there any treatments, combinations of treatment methods, or sequence of
treatments shown to be more effective or ineffective for any type of lymphedema along the
continuum, or patient characteristics (e.g., demographics or comorbidities)? Of particular
interest: Is there evidence that the use of compression sleeves or low stretch bandaging is
effective in maintaining reductions in lymphedema achieved through the use of other
modalities (e.g., IPC, manual lymphatic drainage, exercise)?
There is no evidence to answer either part of this question. In no group of studies were the
populations defined or the results reported in such a degree of detail that it was possible to
identify groups of patients for whom these treatments are more, or less, effective. No studies
were designed to examine the role of sleeve or bandaging in maintaining the benefits of initial
treatment.
Question 8: What comparators were used in the studies? Are these comparators consistent
with usual care for lymphedema?
Many treatments have been suggested to provide benefit for patients with lymphedema.
Despite this, no single treatment has emerged as a gold standard in clinical trials. Due to this,
there appears to be no agreement on a standard comparator for RCTs.
Question 9: What outcomes were measured in studies of lymphedema therapy? How
effective were these treatment methods in reducing lymphedema?
Multiple outcomes were used in these reports (e.g., changes in limb volume or
circumference, subjective symptoms [e.g., pain], range of joint motion, intra and extra cellular
fluid levels through bioimpedance). Objective measurements, usually relating to some sort of
assessment of limb volume, were the most frequently reported outcomes.
Question 10: Did any studies show that the time of treatment initiation (single modality or
combination therapy) relative to symptom onset, any other lymphedema characteristics, or
any patient characteristics influenced or predicted treatment outcome?
As few studies were sufficiently powered to detect a difference in the primary outcome (often
defined as a reduction in lymphedema swelling over time), most trials were limited in their
ability to detect differences in patient subgroups which were predictive for response. Few trials
randomized patients with a stratification scheme or performed adjusted analyses to allow for
detection of predictive factors.
Question 11: What was the length of followup in studies of lymphedema therapy? How
long were the benefits of treatment maintained?
Considering the chronicity of lymphedema, very few trials performed long term followup in
their study populations. Treatment benefits were shown to persist for up to 12 weeks in some
studies with short term followup periods. Only eight of 36 studies reported outcomes at 6 months
or more, with benefits shown to last for up to one year in some cases, provided there was use of
maintenance therapy (i.e., elastic sleeve).
Question 12: What harms have been reported associated with the various treatments for
lymphedema? Do any patient characteristics (e.g., demographics, comorbidities) or etiology
of lymphedema increase the risk of these harms?
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The majority of withdrawals and adverse events were related to treatment scheduling or
disease recurrence, neither of which would be the direct result of therapy. Adverse events likely
related to study therapy were all rare and were not shown to have a major clinical impact in any
of the reviewed studies. No studies reported on factors which may increase the risk of harms
associated with treatment.

Non English Language Studies
Five diagnosis and 8 treatment articles in languages other than English passed through the
screening process. These articles did not contain any substantive information that would alter our
responses to the key questions.

Discussion
Most of the diagnostic accuracy and treatment studies were conducted in persons with a
history of breast cancer. The heterogeneity of the evidence in these studies was too substantial to
enable one to draw conclusions about the type of diagnostic test that would be most appropriate
for diagnosing secondary lymphedema. The heterogeneity was also substantial enough to prevent
one from ascertaining the optimal therapy (or set of therapies) for treating secondary
lymphedema.
Based on the evidence, limb and volume circumference are the de facto „gold standard‟ tests
to diagnose secondary lymphedema. However, the evidence does not suggest a standard
threshold or cut off point to indicate the presence or absence of lymphedema. Similarly, there is
no consistent means of actually measuring volume or circumference. Although validity
assessment suggests good interchangeability between different measures of limb volume or
circumference, there was no evidence to suggest an adequate diagnostic testing protocol. The
evidence from the studies failed to provide an indication of the most suitable frequency of testing
or the time spans within which testing should be done. Additionally, there was no evidence to
suggest whether the type of diagnostic test would have an affect on the choice of treatment or on
patient outcomes.
Regarding treatment for secondary lymphedema, there was no evidence concerning the
optimal criteria to initiate or stop treatment. While the studies suggested that most treatments did
reduce the size of the lymphatic limb, there was too much heterogeneity in terms of treatments,
inclusion and exclusion criteria, and treatment protocols to suggest the optimality of one type of
treatment over another. Despite the multiplicity of inclusion and exclusion criteria, almost all of
the extracted studies did not contain reports of treatment benefits in any subgroup of patients.
The methodological quality of the extracted diagnosis and treatment studies was generally
„fair‟. The authors of some studies omitted the reporting of fundamental elements of their
research. There were reliability articles that did not contain mention of the intervals between
administrations of the tests of interest, the validity studies omitted an indication of whether index
test results were interpreted without knowledge of reference test results, and the majority of
RCTs did not include comments on whether outcome assessors were blinded. Quality did not
appear to play a major role in the interpretation of the answers to the key questions.
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Conclusion
Although a great deal of research into the diagnosis and treatment of secondary lymphedema
has already been undertaken, there is no evidence to suggest an optimal diagnostic testing
protocol, an optimal frequency or duration of treatment, the most efficacious treatment
combinations (including the use of maintenance therapy), the length of time for which persons
should be tested or treated for lymphedema, and whether certain tests or treatments may benefit
some types of patients more than others. The field of research into secondary lymphedema is ripe
for advancement and the contents of this report may serve as a springboard to guide future
scientific endeavors in this domain.
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Technology Assessment

Chapter 1. Introduction
Scope and Purposes of the Technology Assessment
The Centers for Medicare and Medicaid Services (CMS) requested a technology assessment
on the diagnosis and treatment (conservative, nonpharmacological) of secondary lymphedema.
The purpose of the technology assessment was to provide CMS with evidence-based data to use
in the consideration of coverage for these diagnostic and treatment approaches. CMS developed
the key research questions listed below.

Diagnosis
1. What is the performance of diagnostic tests for preclinical and/or clinically significant
lymphedema? Consider:
a. What inclusion criteria (including patient demographics, signs, and symptoms)
were used in studies evaluating the performance of diagnostic tests of
lymphedema?
b. Is there any “gold standard” method to formally grade or measure the severity of
lymphedema?
c. What comparators were used in the studies of diagnostic tests? Was the test
compared to a “gold standard”, bedside exam, radiologic investigation, or other
means?
d. What is the sensitivity and specificity of tests used to diagnose lymphedema?
e. What are the psychometric properties (reliability, validity, responsiveness) of
these diagnostic methods?
f. How frequently and for how long should patients be measured for the
development of lymphedema or its subclinical precursor? Does this vary with the
diagnostic test method?
g. Does the diagnostic test method influence the choice of lymphedema treatment or
patient outcome? What outcomes were measured in studies of diagnostic tests of
lymphedema?

Treatment
For the nonpharmacologic/nonsurgical methods of treatment of all stages of lymphedema:
2. What were the patient selection criteria in the studies (inclusion and exclusion criteria)?
Did they differ by treatment modality?
3. What were the criteria used to initiate treatment for lymphedema? When was treatment
initiated compared to the time of onset of the lymphedema? What were the criteria used
to stop therapy? Did these criteria vary with treatment modality?
4. Who provided the treatments in the studies? What information was provided on their
professional training or certification in lymphedema care?
5. For Intermittent Pneumatic Compression (IPC)
a. Was one type of pneumatic compression device and sleeve (e.g., nonsegmented
compression device, sequential segmented compression, or segmented
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compression with calibrated gradient pressure) more effective in reducing
lymphedema than another for any type of lymphedema along the continuum, or
patient characteristic (e.g., demographics, comorbidities)?
b. Did the studies of IPC for lymphedema in patients with comorbidities such as
wounds, arterial and/or venous insufficiency, diabetes, congestive heart failure,
infection, etc., report the need to modify their treatment protocols? Did it affect
treatment outcome?
c. Did the timing of an IPC application and/or the sequence of use of the various
IPC device types (either alone or in combination with other therapies) influence
outcomes either positively or negatively?
6. What protocols for single modality treatments resulted in the best outcomes of
lymphedema therapy? Consider parameters such as usage schedules and characteristics of
treatment such as intensity, duration, frequency and setting (self administered at home vs.
professionally applied in a medical clinic), and if applicable pumping times/cycles and
pressures.
7. Were there any treatments, combinations of treatment methods, or sequence of treatments
shown to be more effective or ineffective for any type of lymphedema along the
continuum, or patient characteristics (e.g., demographics, comorbidities)? Of particular
interest: Is there evidence that the use of compression sleeves or low stretch bandaging is
effective in maintaining reductions in lymphedema achieved through the use of other
modalities (e.g., IPC, manual lymphatic drainage, exercise)?
8. What comparators were used in the studies? Are these comparators consistent with usual
care for lymphedema?
9. What outcomes were measured in studies of lymphedema therapy? How effective were
these treatment methods in reducing lymphedema?
10. Did any studies show that the time of treatment initiation (single modality or combination
therapy) relative to symptom onset, any other lymphedema characteristics, or any patient
characteristics influenced or predicted treatment outcome?
11. What was the length of followup in studies of lymphedema therapy? How long were the
benefits of treatment maintained?
12. What harms have been reported associated with the various treatments for lymphedema?
Do any patient characteristics (e.g., demographics, comorbidities) or etiology of
lymphedema increase the risk of these harms?

Background
The human circulatory system is comprised of two interacting closed systems: the arterialvenous system and the lymphatic system. The lymphatic system is a network of vessels
(lymphatics) which transport lymph. Lymph is a clear fluid that contains cells and proteins and
originates as interstitial fluid (fluid that occupies space between cells). The lymphatic system
drains lymph into the venous blood.17
Lymphedema is a pathological condition of the lymphatic system. The normal lymphatic
system has three major functions, namely to transport lymph from the periphery of the body to
the large veins of the chest and neck, to maintain homeostasis, and to regulate immunity.18
Lymph flow occurs from peripheral lymphatics to the lymph nodes (distal to proximal).
Peripheral lymphatics are dead ended and they originate in the distal-most tissues of the skin,
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muscles, visceral organs, lung, and intestine. Major lymph node bearing areas include the neck,
chest, abdomen and, importantly for the following discussion, the axilla and groin.
Lymphedema is swelling (edema) that results from an accumulation of protein rich fluid in
the interstitial space because of congenital or acquired damage to the lymphatic system.1

Primary Versus Secondary Lymphedema
Primary lymphedema occurs in patients who have a congenital abnormality or dysfunction of
their lymphatic system. There are different types of primary lymphedema: congenital occurring
before 2 years of age; lymphedema praecox, which typically occurs at puberty; and lymphedema
tarda, which has an onset after 35 years of age.2,3
Secondary lymphedema is an acquired condition resulting from the disruption or obstruction
of the normal lymphatic system. Secondary lymphedema can be caused by disease, trauma, or an
iatrogenic process such as surgery or radiation.2

Staging of Lymphedema
In the United States and globally, lymphedema is currently staged by observing a patient‟s
physical condition (Table 1).4 Historically, there were three stages of lymphedema, although a
fourth stage, Stage 0 (subclinical lymphedema), has received increased recognition. The 2009
Consensus Document of the International Society of Lymphology (ISL) states that “…a more
detailed and inclusive classification system needs to be formulated in accordance with an
understanding of the pathogenic mechanisms of lymphedema..and underlying genetic
disturbances (p. 3)”.4 At present, such a classification system has not been developed and
lymphedema is often staged as shown in Table 1 below.4,19
Table 1. Stages of Lymphedema

Stage
Stage 0
Stage I
Stage II
Stage III

Description
A latent or subclinical condition where swelling is not evident despite impaired lymph
transport. Stage 0 may exist months or years before overt edema occurs (Stage I-III).
Early accumulation of fluid relatively high in protein content (e.g., in comparison with
‘venous’ edema) that subsides with limb elevation. Pitting may occur. An increase in
proliferating cells may be seen.
Limb elevation alone rarely reduces tissue swelling and pitting may or may not occur as
tissue fibrosis develops.
Lymphostatic elephantiasis. Pitting is absent and trophic skin changes such as
acanthosis, fat deposits, and warty overgrowths develop.

According to the ISL, within each stage “an inadequate but functional severity assessment
(p.3)”4 exists that assesses severity based on limb volume increases from baseline. Physicians
may also consider extent of lymphedema, inflammation, presence of erysipelas attacks and
complications in their assessment of severity.4

Pathophysiology of the Causes of Lymphedema
Primary lymphedema. Primary lymphedema results from improper lymphatic development
that is not attributed to injury, trauma, illness, or disease. The damaged lymphatics cannot propel
lymph in adequate quantities and fluid accumulates in the interstitial or lymphatic spaces.19
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Secondary lymphedema. The exact pathophysiology of secondary lymphedema depends on
its etiology. Globally, the most prevalent cause of secondary lymphedema is from infection with
the nematode Wusheria Bancrofti, which leads to lymphatic filariasis. The filarial larvae enter
the human host when a mosquito bites and then grow into adult worms that damage the
lymphatic system, leading to a disruption of lymphatic flow. It has been estimated that more than
14 million people worldwide suffer from lymphedema and elephantiasis of the leg caused by
lymphatic filariasis.20 Filariasis is not endemic to the United States (U.S.) and thus incident cases
of lymphatic filariasis are rare and occurrences can usually be traced back to a visit to an
endemic country.
In the U.S., the most common cause of secondary lymphedema is malignancies and their
related treatment (i.e., surgery, radiation). If a malignancy or tumor is present in the lymphatic
system, then it can act as a physical block to lymph flow, thereby leading to lymphedema. When
lymph nodes are removed during the treatment of cancer, scarring and adhesions may develop
that decrease or block lymph flow. Radiation therapy over the lymph nodes can cause further
damage and scarring, which may impair lymph flow and lead to lymphedema.
Less common causes of secondary lymphedema include trauma, chronic venous
insufficiency, nonfilariasis infection, and obesity. Trauma can destroy lymphatic structures
contained in the skin, resulting in impaired lymph flow (e.g., severe burns).3 In chronic venous
insufficiency, there is usually longstanding damage to the veins and their valves. Valve failure
results in a continual backflow of blood in the veins, which increases pressure on the veins and
damages the delicate surrounding lymphatic structures. When the lymphatic structures are
damaged, lymphedema ensues.3 Infection in the lymphatics from a variety of sources, including
possibly venipuncture, can cause lymphedema. For this reason, patients recovering from cancer
treatment must be vigilant about skin care and the prevention of infection.2
Obesity has also been shown to impede the flow of lymph, leading to the accumulation of
protein rich fluid in the subcutaneous tissue.1

The Incidence of Secondary Lymphedema in Both the Upper and
Lower Extremities in the United States
The incidence of secondary lymphedema for all diagnostic categories is generally poorly
documented. There is great variability in the incidence rates, which results from the variety of
measurement techniques and definitions used in studies that evaluate the rates of lymphedema, as
well as a general lack of literature on the incidence of secondary lymphedema.2
Filariasis. The incidence of filariasis in the U.S. is essentially zero percent as filariasis is not
endemic to the U.S. The rare cases that are recorded can be traced back to travel and exposure in
an endemic country.21
Upper extremity lymphedema. Breast cancer accounts for the majority of upper extremity
secondary lymphedema in the U.S.2 Rates of lymphedema after mastectomy have been reported
between 24 to 49 percent.2 A 5 year, population based, prospective study of female U.S citizens
with incident breast cancer documented a 42 percent cumulative incidence of lymphedema
following treatment for breast cancer.22 Axillary node clearance and radiation therapy to the
axilla have been shown to increase the incidence of lymphedema after breast cancer treatment,
especially when radiation therapy is used adjunctively.2,20 Conversely, sentinel node biopsies
have been shown to decrease the incidence of secondary lymphedema compared to axillary
dissection.2,6
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Lower extremity lymphedema. The incidence of lower extremity lymphedema is even less
well documented than upper extremity lymphedema. Lymph node dissection for malignant
melanoma has been shown to have an incidence risk of lymphedema as high as 80 percent,
though other studies suggest an incidence between 6 to 29 percent.20 Treatment for cervical,
endometrial, and vulvar malignancies has an incident rate of lymphedema between 5 and 49
percent, with a higher incidence when treatment involves radiation therapy.20 In prostate cancer,
the incidence of lymphedema has been observed at 3 to 8 percent, with the use of radiation
therapy augmenting the incidence by three to fourfold.20
Incident data are lacking for secondary lymphedema associated with trauma, chronic venous
insufficiency, nonfilarial infection, and obesity.

How Might the Adoption of Sentinel Lymph Node Biopsies Influence
the Incidence of Secondary Lymphedema?
A sentinel lymph node is any lymph node that receives direct drainage from a tumor site.
Sentinel nodes can be identified by lymphatic mapping, which is done through injection of
radiocolloid or blue dye. The sentinel lymph node can then be biopsied and examined for the
presence of micrometastases.5 In the event that the sentinel lymph node biopsy (SLNB) is
negative, complete lymph node dissection may be avoided in certain types of cancers. SLNB is
now part of the standard of care for patients with breast cancer and melanoma because it
provides accurate tumor staging, equivalent cancer related outcomes and less morbidity,
including a decreased incidence of lymphedema compared to full regional lymph node removal.
At present, SLNB is being studied for use in patients with gynecologic, genitourinary, and
gastrointestinal tumors. Cervical cancer is still very difficult to treat with SLNB alone as
multiple studies have recorded unacceptable levels of false negative results.5
Though SLNB has been shown to decrease the incidence of lymphedema, researchers
continue to study the amount of reduction. A 5 year, prospective trial followed 936 women with
breast cancer who underwent SLNB alone or SLNB in combination with axillary lymph node
dissection (ALND). The incidence of lymphedema was 5 percent in the SLNB group and 16
percent in the SLNB/ALND group.6 The Royal Australian College of Surgeons conducted an
international, multicentre, randomized controlled trial that examined SLNB versus axillary
dissection in women with breast cancer. The study found that women receiving SLNB had less
lymphedema, less pain, and less arm dysfunction.7

Available Methods to Diagnose Lymphedema
The diagnosis of lymphedema can usually be accomplished through clinical history and
physical examination.2 It is essential to rule out other causes of edema such as deep vein
thrombosis (DVT), heart failure, tumor, or infection. It is also important to determine if the
lymphedema is primary or secondary in nature. If there is doubt to the nature of the lymphedema
(primary versus secondary or recurrence of a tumor) or its existence (e.g. lymphedema versus
venous insufficiency), lymphoscintigraphy can be performed. This test images the lymphatic
system, is a form of isotope lymphography, also known as lymphangioscintigraphy. Isotope
lymphography is different from its predecessor, contrast lymphography (lymphangiography).
Contrast lymphography involves the injection of radio-opaque lipiodol directly into a peripheral
lymph vessel and an x-ray is used to monitor the movement of lipiodol in the lymph system.3
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Contrast lymphography is rarely used today as it requires surgery and has been associated with
complications such as wound infection and damage to the lymphatic vessels.23 On the other
hand, lymphoscintigraphy (isotope lymphography) involves the injection of a radioisotope
labeled colloid into the interdigital region of the affected limb. A gamma camera is then used to
track the flow of colloid as it moves towards the proximal lymph nodes. Lymphoscintigraphy is
superior to contrast lymphography as it allows the practitioner to measure lymph flow and carries
less risk of complications.23 Though lymphoscintigraphy is often recommended as the test of
first choice for the detection of lymph flow abnormalities,3 the test lacks universal standards of
application.24,25 Thus further research is warranted to refine the standards of application. When
lymphoscintigraphy is not available or desired, magnetic resonance imaging (MRI) and
computed tomography (CT) can be used. Both MRI and CT image lymphedema as a
subcutaneous honeycomb pattern, though MRI is seen as superior to CT because it also detects
excess fluid.3 Ultrasound can also be used for evaluation of lymphedema and has been used to
correlate subcutaneous tissue thickness with lymphedema and fibrosis progression.26
During physical examination for lymphedema of the extremities, various methods of limb
volume measurement may be employed to determine if a volume increase is present in the
affected limb. These methods include limb circumference measurement, water displacement
(volumetry), and perometry. Volume measurements are compared with the unaffected limb and
lymphedema is often defined as a 2 cm or greater difference in girth, a 200 ml or greater
difference in volume or a 10 percent or greater difference in limb volume.27 Tonometry and
tissue dielectric constant may also be used to assess whether lymphedema is present in the limb.
Limb circumference measurement is used to calculate limb volume. A flexible non elastic
measuring tape is employed to measure limb circumference at various anatomical landmarks or
at given distances from the fingertips or toes.27-29 Limb volume is then calculated using the
frustrum sign method (volume of a truncated cone) or the disk model method (summed truncated
cones).30 The volume of a truncated cone is calculated by taking the circumference of the limb at
two different points and using the distance between the two points to calculate volume. The disk
model method divides the arm into 10 disks, each with a height of 5 cm. The volume of each
disk is then calculated and all 10 volumes summed.30 On the upper limb, the typical points of
measurement are at the hand, wrist and above and below the lateral epicondyle. The advantages
to limb circumference measurement is that it is fairly easy to perform in a clinical setting, has a
low cost and has good reliability.30,31 A drawback to limb circumference is the inability to
accurately measure the volume of the hand due to its irregular shape.32
Volumetry is used to calculate limb volume by having subjects submerge their swollen limb
into a cylinder filled with a known amount of water. The amount of water that is displaced by the
limb is equal to its volume. To measure the amount of displaced water, one can weigh the water
or measure the volume. Water displacement is a reliable method of measuring limb volume30,31
though its use is not very practical in a clinical setting because of water spillage and space
considerations.
Perometry, also known as infrared optoelectric volumetry, uses infra red light to measure the
volume of a limb. The limb is placed in a solid frame and the perometer scans the limb taking
volume measurements at multiple segments. Limb volume is then calculated by summing the
volumes of elliptical segments using a special computer program.28,30 Perometry for the upper
limb using Volometer® (Bosl Medizintechnik, Aschen Germany) was shown to have excellent
intrarater and interrater reliability (ICC = 0.997).30 Though shown to be reliable, perometry is
expensive, which may limit its clinical application.
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Tonometry measures tissue resistance and attempts to determine the extent of tissue fibrosis.
Tonometry is unique in that it tracks tissue resistance instead of volume, offering a different
outcome for lymphedema measurement. The original tonometer was developed at Flinders
Biomedical Engineering in Australia. It consists of a 200g mass, plunger, reference plate and
measurement dials. When the tonometer is placed perpendicular to the skin, the 200g mass
gently pushes the plunger into the skin and the depth that the plunger descends is recorded.31,33
The disadvantage of tonometry is that it only has fair to good reliability.31
Tissue dielectric constant is an electrical parameter that can be used to measure the water
content in tissue. The constant is calculated by applying an ultra high frequency electromagnetic
(EM) wave to the skin through a probe and measuring levels of energy absorption and reflection.
When the EM wave penetrates tissues below the skin, the wave interacts with water molecules.
Water molecules absorb EM energy and if there is a greater quantity of water in a given tissue,
then there will be less reflection of the EM wave. The amount of EM energy reflected is used to
calculate the dielectric constant, which is directly proportional to tissue water content. The
measurement of tissue dielectric constant can be used to record increases in tissue water content
as seen in lymphedematous tissue.34 At present, the psychometric properties of tissue dielectric
constant has not been evaluated in detail.
It is very difficult to detect subclinical lymphedema (Stage 0) with current diagnostic
methods. Bioimpedance has been proposed as a method of diagnosing Stage 0 lymphedema.
Bioelectrical impedance analysis measures the body‟s response to an electrical current. A low
level current is applied through the body and the impedance (or resistance) to flow is measured.
Current flows along the path of least resistance through the body and thus follows tissues with
the highest water content, thereby allowing for edema to be measured.35
In addition to the above techniques for diagnosing and measuring lymphedema, a
questionnaire called the Lymphedema and Breast Cancer Questionnaire (LBCQ) has been
developed to screen for lymphedema. The LBCQ requires respondents to indicate whether each
of 19 symptoms (e.g., heaviness, swelling, numbness) has occurred currently (now or in the past
month) or in the past year. Respondents answer „yes‟ or „no‟ to the current and past year
questions for each symptom. Scores for total current symptoms and total symptoms in the past
year are calculated, with a resulting maximum score of 38 (1 point for each „yes‟ response).36
The authors of the LBCQ report that it has demonstrated face and content validity and that
internal consistency was r = .785 for all 19 items and test-retest reliability was r = .98 when
evaluated on 35 healthy women.36

What is the Food and Drug Administration Status of any Devices Used
to Diagnose Lymphedema?
The FDA regulates the marketing and use of medical devices in the U.S. The following is the
FDA status of certain devices used in lymphedema diagnosis.
Lymphoscintigraphy. The FDA does not appear to have reviewed lymphoscintigraphy for
the diagnosis for lymphedema.
MRI. MRI is 510k cleared by the FDA for medical imaging purposes. There are no specific
details about its use in lymphedema diagnosis.37
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CT. CT scan is 510k cleared for medical use, though highly regulated by the FDA due to
radiation risk. The FDA does not specifically mention the use of CT for the diagnosis of
lymphedema.
Ultrasound. Ultrasound, which is sometimes used to help with the diagnosis of
lymphedema, has been 510k cleared by the FDA for medical imaging. There is no specific
mention of the use of ultrasound in the diagnosis of lymphedema.38
Bioimpedance devices. Certain bioelectrical impedance devices have 510k clearance from
the FDA. Impedimed Imp SFB7 Body Composition Analyzer has been cleared by the FDA as
has the Impedimed L-Dex U400 BIS extracellular fluid analysis. The L-Dex U400 BIS has been
cleared specifically for lymphedema use.39,40
Perometer. No evidence has been found for whether perometry is considered a device or if it
has been cleared, either in general or specifically for lymphedema.
Tonometer. A search of the devices product classification database yielded no results for
whether tonometry is considered a device or if it has been cleared, either in general or
specifically for lymphedema.
Tissue dielectric constant. A search of the devices product classification database yielded
no results for whether tonometry is considered a device or if it has been cleared, either in general
or specifically for lymphedema.

Nonpharmacologic/Nonsurgical Methods of Treatment for
Lymphedema
Compression techniques (including multilayer bandaging techniques, self adherent
wraps, and compression garments at prescribed pressure gradients). Compression
techniques consist of bandaging and compression garments. Both act to restore hydrostatic
pressure in the limb and improve lymph flow.41 Bandaging is performed with low stretch
bandages designed to maintain a constant pressure at rest and an increased pressure with
exercise, thus assisting the muscle pump effect. High stretch bandages are not recommended
because their application pressure may be difficult to control at rest, thereby increasing the
potential for impaired circulation. During exercise, there may be decreases in the pressure
exerted by high stretch bandages, thus preventing an increase in lymph flow via the muscle pump
effect.41,42
Compression garments are fitted to the individual patient and constructed with the intent of
exerting a prescribed pressure on the limb. They can be of use to patients who are unable to self
wrap with bandages.
Intermittent pneumatic compression. Intermittent pneumatic compression (IPC) is used in
the treatment of lymphedema, as well as arterial disease, DVT, and chronic venous
insufficiency.43
IPC devices consist of pneumatic cuffs connected to a pump that, when applied to human
limbs, mimics the muscle pump effect that naturally occurs when muscles contract around the
peripheral lymphatics.43 It is thought that compression may empty terminal lymphatics, thereby
allowing drainage of fluid from the interstitium and possibly facilitate fluid flow from the
interstitium to the lymphatics. It is still not known if IPC assists protein clearance from tissue.43
With IPC, a pumping action on the limb is created by an air filled bladder that fills and exerts
pressure on the limb. Most pumps are electrically driven and the timing of the IPC application
varies significantly between devices. Cycle time can be as short as 2 seconds or as long as 2

18

minutes. Typically, devices made for lymphedema contract for a longer period of time because
lymph flow is slow and a longer compression time is required to move lymphedema out of the
limb.43
The pressure applied from an IPC device is usually between 35 and 180mmHg, though it can
be as high as 300mmHg. Compression can be applied in a uniform manner using a single
chamber cuff or in a sequential manner when a multicompartment cuff is used. IPC may be
combined with compression stockings between sessions to help prevent a gradual reoccurrence
of edema.43
Currently there is no noninvasive method for measuring sudden changes in lymph flow, thus
making it difficult to ascertain if a given cuff has actually improved lymph flow or reduced
edema. This limitation inhibits the study of the efficacy of IPC devices. The inability to measure
lymphatic flow and to objectively assess lymphedema reduction has also prevented the
establishment of standard or ideal compression sequences and pressures.43
Decongestive therapy. Decongestive therapy, more commonly known as Complex (or
Complete) Decongestive Therapy (CDT), is conducted with the intent of decreasing fluid in the
lymphedematous limb, preventing infection, and improving the integrity of tissues. CDT is
comprised of multiple therapies and is administered in two phases. The first phase is the
intensive phase and includes manual lymphatic drainage (MLD), compression of the limb with
low stretch bandages, skin care, and moderate exercise while wearing bandages. Ideally, phase
one is administered one or two times a day, every day for 4 to 6 weeks. Phase two is the
maintenance, self management phase. Given that lymphedema is a chronic condition, this latter
phase lasts indefinitely. Phase two is similar to Phase one, but there is less use of MLD and there
is an increased use of compression garments instead of bandaging, which allows patients to self
treat as bandages are hard if not impossible for patients to apply on their own. Exercise and skin
care continue from phase one.41,44 Some practitioners also incorporate IPC into their CDT
regime.
CDT has been observed to have a significant effect on edema reduction and is recognized
internationally as a successful treatment for lymphedema.41,44
Manual Lymphatic Drainage (MLD). Traditional deep tissue massage is not used for
lymphedema because it can damage the delicate lymphatic system.44-46 Instead, MLD is
administered using light strokes on the limb. The goal of MLD is to use these strokes to direct
lymph flow away from blocked lymphatics and toward open lymphatics. The light pressure
exerted on the tissues is thought to increase lymph flow without crushing the lymphatics.41,45,46
Exercise. Exercise is used regularly to treat lymphedema. Historically there was a concern
that exercise might exacerbate lymphedema. This concern has subsequently been shown to be
unfounded.47,48 Exercise helps increase lymph flow via the contraction of muscles around the
lymphatics, which helps propel lymph proximally.42 Exercise also burns calories, which helps in
the maintenance of a healthy body weight. Obesity has been shown to be a risk factor for
lymphedema and thus weight control is an important part of lymphedema treatment.1
Exercise is usually prescribed in conjunction with MLD and bandaging as a part of CDT.
Exercise is done at moderate intensity while wearing low stretch bandages or a compression
sleeve. Aerobic, resistance, and flexibility exercises are incorporated into the program. Deep
breathing exercises are often used as inspiration decreases intrathoracic pressure, thereby
promoting the return of lymph to the central veins.1
Low level laser. Low level laser therapy (LLLT) has been reported to have a beneficial
effect in the treatment of lymphedema.33 LLLT employs low intensity wave lengths between
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650-1000nm in a scanning or spot laser form.10 It has been suggested that the mechanism of
action of LLLT encourages formation of lymphatic vessels (lymphangiogenesis), promotes
lymph flow and stimulates the immune system.10,33 LLLT has also been shown to break down
scar tissue.49
Ultrasound (US). At present there is very little literature examining the use of US for
lymphedema management. It is thought that US promotes lymph flow by way of wave
propagation at the cellular level, which modifies cell metabolism and microcirculation.50 The
efficacy and safety of US remains to be established.
Aquatherapy. Aquatherapy, which consists of slow water based exercises, has been tried as
a therapy for lymphedema.51 The physiological rationale for the use of aquatherapy is based on
the concepts of hydrostatic pressure, water temperature, and water viscosity. Hydrostatic
pressure increases with the depth of water and lymphedematous limbs are thought to benefit
from this pressure gradient through the direction of interstitial fluid toward the trunk.51
Aquatherapy is performed in warm water to prevent capillary vasodilatation and decreased flow
that can occur at lower temperatures. Water viscosity provides resistance to movement, which is
believed to assist lymph flow via the muscle pump effect and promotes muscle strengthening. At
present there is very little literature examining the use or efficacy of aquatherapy for
lymphedema management.

What Method(s) of Treatment is Considered Usual Care for
Lymphedema Management?
No single treatment is considered usual care for lymphedema. At present CDT, which is a
combination of therapies, is suggested as the main method of conservative care for
lymphedema.2,41,44 CDT includes MLD, application of compression low stretch bandages,
exercise, and skin care. IPC devices are sometimes used to supplement CDT.41,44

Who are the Health Care Professionals That Administer These
Treatments? Are any Training or Certification Standards Required?
Typically, physical or occupational therapists administer lymphedema treatments, though
massage therapists, nurses and physicians may also perform certain kinds of lymphedema
treatment.52 Health care professionals do not require any specific training prior to administering
lymphedema treatment other than a valid license to practice their profession. This being said,
many practitioners seek out additional specialized training in lymphedema management. Several
schools exist to offer specialized training in lymphedema care. The Lymphology Association of
North America (LANA) is a non-profit corporation that offers certification exams for
practitioners of lymphedema care in an attempt to regulate and improve lymphedema
management.52
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Chapter 2. Methods
Literature Search Strategy
We conducted a comprehensive search of the literature to capture all relevant, published
studies on the topic of diagnosis and treatment of secondary lymphedema. The following
electronic databases were searched:
1. MEDLINE® (1990 – January 19, 2010);
2. EMBASE® (1990 – January 19, 2010);
3. Cochrane Central Register of Controlled Trials® (1990 – January 19, 2010);
4. AMED (1990 – January 19, 2010); and
5. CINAHL (1990 – January 19, 2010).
In all of the databases, both subject headings and text word terms for „lymphedema‟ were
included in the search. Terms for complete decongestive therapy, manual lymphatic drainage and
intermittent pneumatic compression were included in the search. There were no language
limitations for this search. Appendix A contains a detailed description of the database search
strategies.
To supplement the database search, we examined the reference lists of several recently
published review articles2,8-11 and searched the bibliographies of included articles.
Inclusion/exclusion criteria. There were different sets of inclusion and exclusion criteria for
the diagnostic and treatment sections of the report. For the diagnostic section, we included
studies published in the English language that examined the sensitivity and specificity, or
psychometric properties (e.g., reliability, validity, responsiveness), of diagnostic tests for
lymphedema. Included studies had to evaluate the diagnostic test(s) on subjects with secondary
lymphedema. Studies that were exploratory in nature or did not use secondary lymphedema
subjects were excluded. We also excluded case series, case reports, narrative and systematic
reviews, editorials, comments, letters, opinion pieces, abstracts, conference proceedings, and
animal experiments.
For the treatment section of the report, we included studies published in the English
language, provided they were randomized controlled trials (RCTs) or observational studies with
comparison groups (e.g., cohort, case control). We excluded case series, case reports, narrative
and systematic reviews, editorials, comments, letters, opinion pieces, abstracts, conference
proceedings, and animal experiments. We included studies of pediatric and adult patients who
received treatment for secondary lymphedema following any form of illness with the exception
of filariasis infection. We also included studies with all forms of treatment for secondary
lymphedema except surgery and drug therapy.

Study Selection and Reporting
A team of trained raters applied the inclusion and exclusion criteria to the citations that were
retrieved in the literature search. Guidelines and standardized forms were developed to govern
the screening process. The forms were created and stored online using Systematic Review
Software (SRS) v4.0 (Mobius Analytics Inc., Ottawa, Ontario, Canada). The screening process
was divided into three levels. For the first two levels, two independent raters evaluated the titles
and abstracts of citations that were obtained from the literature search. Citations that satisfied the
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inclusion criteria were advanced to the next level. Citations were also advanced if there was
insufficient information to determine whether the inclusion criteria were satisfied. The complete,
published manuscript was retrieved for all citations that passed through title and abstract
screening. Once retrieved, the complete manuscript was screened to determine if the inclusion
criteria were met (level three – full text – screening). At this stage, the raters assigned the studies
to the key question or questions to which they applied.
At every stage of screening, agreement was required from both raters for a study to be
promoted to the next level. Discrepancies were resolved by consensus. If consensus could not be
reached, then a neutral third party reviewed the study in question and made a final decision.
Studies that passed the full text screening phase proceeded to full data extraction. The
following information was extracted from each diagnosis article: type of diagnostic test, study
design, sample size, inclusion and exclusion criteria, sensitivity/specificity, psychometric
properties of test, and outcomes. The following information was extracted from each treatment
article: type of treatment, study design, sample size, inclusion and exclusion criteria, criteria used
to start and stop therapy, time of treatment initiation, time of lymphedema onset, provider of
treatment, comparators in study, parameters of treatment, outcomes, length of followup, and
reporting of harms.
The authors of this report reviewed the extracted data to confirm the accuracy of the work.

Non English Language Studies
In response to peer review of the draft report, we reran the literature search a second time to
identify non English language articles, which were screened at three levels as described above.
The purpose was to examine whether the non English language literature was substantively
different from the English language literature. We did not extract data from the non English
language articles that survived the screening process. Rather, we provided a written summary of
the main contents of these articles and discussed whether (and how) they differed from the
English language literature.

Quality Assessment of Included Studies
Following data extraction of English language studies, two raters independently assessed the
quality of these studies. Discrepancies were resolved by consensus or third party review. The
quality of diagnostic studies was assessed using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS) scale.12 The QUADAS scale contains 14 questions that examine potential
sources of bias in diagnostic studies. Response options are „yes‟, „no‟, or „unclear‟. The general
domains covered by the questions include representativeness of subjects, clear selection criteria,
and appropriateness of the reference standard test. Unlike many quality instruments, the
QUADAS does not award points for answers that signify „good quality‟, nor is there a summary
score.
The quality of treatment studies was assessed using two scales, the modified Jadad scale for
RCTs and the Newcastle-Ottawa Scale (NOS) for cohort and case control studies. The modified
Jadad scale13,14 contains six questions covering the following domains: randomization, double
blinding, tracking of withdrawals and adverse effects, use of statistics, and inclusion and
exclusion criteria. One point is awarded for each „yes‟ response; zero points for „no‟ responses.
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Additional points may be added or deducted if the randomization scheme and blinding are
appropriate or inappropriate. The maximum score is eight points.
The NOS consists of two subscales, one for cohort and the other for case control studies.15
Both subscales measure the same three broad domains: selection of study groups, comparability
of study groups, and means of ascertaining exposure or outcome. The NOS contains a 'star
system' to score studies (maximum score is nine stars). Studies are rated using a checklist and
stars are awarded for responses that signify the highest possible quality on each checklist item.
The QUADAS, Jadad, and NOS instruments are shown in Appendix B.
The overall quality of the extracted articles was rated „good‟, „fair‟, or „poor‟ in accordance
with the recommendations outlined in the Agency for Healthcare Research and Quality‟s
methods guide.16 Quality cut off scores were not used to exclude articles. Article quality was
discussed in the responses to the key questions when the authors judged that quality had an
impact on the evidence.

Answering the Key Questions
The research team used a qualitative, descriptive approach to answer the key questions. This
approach included summarizing the extracted data in tables and using these summaries to
address the key questions. The research team did not believe a meta analysis was feasible
because the included studies contained far too much clinical and methodological heterogeneity.

Peer Review
Prior to finalization of the report, the AHRQ submitted a draft to three peer reviewers and
their comments were implemented after consideration by the research team. The report was also
made available on the AHRQ website for public review; public reviewers' comments were also
implemented after consideration by the research team. In situations where the research team
decided not to revise the content of the report based on a reviewer's comments, a written
explanation of the reason(s) for choosing not to revise have been submitted to the AHRQ.
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Chapter 3. Results
Literature Review and Screening
The literature search yielded 6,814 unique citations. In total, 6111 citations (90 percent) were
excluded from further review following the initial level of title and abstract screening. Of the 703
citations promoted to the second level of title and abstract screening, 472 (67 percent) were
excluded and 231 proceeded to full text screening. Of the 231, 1353-65 (6 percent) could not be
retrieved despite extensive searches of library holdings from multiple universities, interlibrary
loan requests, and contacts with authors. This left 218 articles, of which 77 (35 percent) English
articles passed full text screening and proceeded to data extraction and quality assessment. Of the
77 English articles, 36 were related to the treatment of lymphedema and 41 were related to the
diagnosis of lymphedema. There were 13 non-English articles that passed full text screening
(five diagnosis and eight treatment). Figure 1 depicts the flow of studies through the screening
process. As well, the figure shows the reasons for study exclusion. The remainder of this chapter
contains sections describing the evidence for the key questions 1 to 12 and a quality assessment
of the studies.
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Figure 1. Flow diagram showing the numbers of articles processed at each level

Title and Abstract Screen #1
n=6,814
Excluded n=6,111

Title and Abstract Screen #2
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Diagnosis Articles
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Non-English
Diagnosis Articles
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Excluded n=141
Article not available ....................................... n=13
Narrative review, editorial,
primary lymphedema (LE), commentary ....... n=38
Prevention...................................................... n=3
Incidence/Prevalence LE ............................... n=1
Companion .................................................... n=1
Treatment Studies
No control group ............................................ n=19
Not effectiveness study ................................. n=4
Not stratified by primary/secondary LE ......... n=11
Diagnosis Studies
Not stratified by primary/secondary LE ......... n=33
No validity/reliability/accuracy (exploratory).. n=18

Quality Assessment
Diagnosis
The overall quality assessment for the diagnostic studies was „fair‟. Figure 2 shows the
distribution of quality rankings for the 41 diagnostic studies.27,28,30,31,36,66-101
Figure 2. Distribution of quality rankings for diagnostic studies
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The primary quality issue with the diagnostic studies was a lack of clarity in reporting the
details of patient withdrawals, intermediate results, and selection and training of raters. The
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possibility exists that patient withdrawals were minimal or nonexistent in most of these studies
due to the limited number of assessments (usually one or two conducted on the same day) and
purpose of the assessments (to examine the utility of diagnostic tests rather than to administer a
treatment). The reporting of intermediate results may in fact be irrelevant to most diagnostic
studies because the intent was to compare the results of different tests, rather than to follow a
cohort of persons over time. Given the intent of diagnostic accuracy studies, the authors may not
have thought it necessary to use limited journal space to describe the selection and training of
raters. Thus, many of the „fair‟ studies may have been rated as such due to reporting or relevancy
issues rather than due to fundamental flaws in the research. Certainly, one limitation of quality
assessment is that reviewers essentially examine the quality of what was reported in the
published article rather than what was actually done in the study.102
More problematic in terms of quality was the fact that four of nine reliability studies28,67,92,100
did not contain reports of whether appropriate intervals were used between administrations of the
tests of interest. While this may be a reporting rather than a quality issue, a fundamental aspect
of any reliability study is to ensure that repeated administrations of the test occur in a timeframe
where the underlying condition of interest has not changed, (e.g., the severity of a person‟s
lymphedema remains constant). It will not be possible to assess test-retest or interrater reliability
if the underlying condition changes between administrations of the diagnostic test. Authors of
reliability studies should comment on the timeframe of their test administrations. In addition,
none of the 30 validity studies reported whether the results of the index test were interpreted
without knowledge of the results of the reference standard. To prevent the results of the first test
from biasing the interpretation of results from the second test, different persons should assess the
test results in a blinded fashion. Authors of validity studies should report whether the test results
were interpreted in a blinded fashion.
Tables 2 to 4 contain a summary of the quality assessment of the diagnostic accuracy studies.

Treatment
Of the 36 studies that looked at treatments for secondary lymphedema, 30 were randomized
controlled trials (RCTs)33,47,48,103-129 and six were observational (cohort) studies.50,130-134 The
majority of the RCTs were of „fair‟ quality and there was an even split between „good‟ and „fair‟
quality observational studies (Figure 3).
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Figure 3. Distribution of quality rankings for treatment studies
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The major quality issues with the RCTs were an inadequate description of the randomization
process in about half of the studies, no report of double blinding in many of the studies, and no
reporting of methods to assess adverse effects in the studies that contained reports of harms.
Lack of reporting of the randomization process is common in many RCTs, although a simple
sentence (e.g., “Patients were randomized using a computer generated sequence of numbers”)
should suffice to inform readers of the likely integrity of the process. Less acceptable methods of
randomization, such as distribution of envelopes containing group assignments or coin tosses, are
more susceptible to manipulation or not always truly random. To adequately assess the
methodological quality of RCTs, authors should report the randomization process. Blinding may
have been impossible in many of the studies due to the nature of the treatments. For example, it
would be difficult to blind study participants or the persons administering treatment in an RCT
where manual lymphatic drainage (MLD) alone is being compared to MLD plus intermittent
pneumatic compression (IPC). However, other methods could be used to correct for the inability
to blind. For example, persons assessing outcomes in the study groups could be different from
the study investigators and persons who deliver treatment. These assessors could be blinded to
participants‟ treatment regimen. Most of the studies did not mention whether outcome assessors
were blinded, so there is no way to ascertain whether knowledge of treatment may have biased
any results. Regarding adverse effects, the few RCTs that included reports of harms generally did
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not specify how these conditions were defined or measured. Thus, there is no way to determine
whether the ascertainment of adverse effects may have been biased in the extracted clinical trials.
Turning to the observational studies, the major quality issue was a lack of addressing the
comparability of the exposed and unexposed groups in the design or analysis of the studies. In
the absence of randomization, control of confounding in observational studies requires
techniques such as matching, stratification, or use of multivariable regression analysis. Four of
the six studies130,131,133,134 did not contain reports of whether methods were used to control for
confounding. The authors of the other two studies50,132 indicated that the exposed and unexposed
groups were matched on severity of lymphedema.
Tables 5 and 6 contain a summary of the quality assessment of the treatment studies.

Diagnosis Studies
Question 1. What is the performance of diagnostic tests for preclinical and/or clinically
significant lymphedema?
a) What inclusion criteria (including patient demographics, signs, and symptoms) were
used in studies evaluating the performance of diagnostic tests of lymphedema?
Of the 41 diagnosis studies contained in the review, 35 included persons who had breast
cancer (Table 7).27,28,30,31,36,67,68,70,71,73-79,81-87,89-99,101 Other disease related inclusion criteria were
melanoma tumor removal,69 AIDS and Kaposi‟s Sarcoma,72 or lymphedema
diagnosis.66,73,77,79,80,88,90,99 Miscellaneous criteria included subjects who had a traumatic
accident79 or who lived within a certain radius of the study site.68,74,95 For comparative purposes,
many diagnostic studies also included nondiseased persons such as clinic staff,28,91 healthy
patients,71,90,97 or medical students and surgical residents.91,93 Most studies had liberal age
requirements (e.g., 18 years or more,27,71,77,78,97 less than 75 years68,74) and wide ranges of ages of
included persons (e.g., 35 to 67 years,82 40 to 83 years88). Mean and median ages of included
persons tended to lie above 50 years.30,67,73,80,83,85,89,92,93,98 Time since diagnosis or treatment of
the primary condition (e.g., cancer) was an inclusion criterion in three studies.67,69,74 Timeframes
in these studies were variable: six months or less,74 more than six months,69 and at least 12
months.67 Three studies excluded persons with concomitant skin disease;31,75,76 three studies
excluded pregnant women.97,98,100
b) Is there any “gold standard” method to formally grade or measure the severity of
lymphedema?
Only three articles pertaining to diagnostic testing for lymphedema included a measure of
severity (Table 7). In a study comparing self reported lymphedema (i.e., patient questionnaire
about whether limbs are a different size and whether the differences are noticeable) to physical
therapists‟ measures of arm circumference, the severity of lymphedema was assessed by
comparing the circumferential differences between the affected and unaffected arms.83
Differences of ≤2 cm signified mild lymphedema, >2 or <5 cm indicated moderate lymphedema,
and ≥5 cm or more suggested severe lymphedema. This severity scale was developed by the two
physical therapists who were involved in the study. The authors did not provide any details about
the validity of this classification. The authors also compared self-report on the questionnaire to a
„rule based‟ assessment of circumferential differences: ≤1 cm meant no lymphedema, >1 cm and
≤2 cm indicated mild lymphedema, >2 cm and <5 cm signified moderate lymphedema, and ≥5
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cm meant severe lymphedema. The authors do not cite the source of the rule based severity
classification, nor do they indicate whether the classification has been used elsewhere.
The authors of a study comparing the reliability of lymphoscintigraphy versus a vaguely
defined clinical assessment used a 5-point ordinal scale to grade the severity of lymphedema:
0=healthy; 1=latent; 2=reversible; 3=spontaneously irreversible; 4=elephantiasis.92
Lymphoscintigrapic and clinical assessors were supposed to use the data from their assessments
to classify patients on the scale, but the authors did not provide the scoring rules for making this
classification. The authors wrote that their scale was similar to existing recommendations,135 but
they did not explain these similarities nor did they explain points of departure from these
similarities.
In another study of lymphoscintigraphy, the authors developed an 8-point scoring system for
persons with postmastectomy lymphedema. The system was based on imaging results and ranged
from 0 (normal lymphatic drainage) to 8 (severe lymphatic impairment).81 The authors report
that the system was developed “empirically” (p. 1172), but they do not provide details on its
development, nor do they provide a precise set of scoring rules.
c) What comparators were used in the studies of diagnostic tests? Was the test compared to
a “gold standard”, bedside exam, radiologic investigation, or other means?
The vast majority of diagnostic testing studies in the report included changes in limb volume
or circumference as a comparator (Table 8). This included five studies of sensitivity and
specificity,68,69,74,78,95 seven reliability studies,28,30,31,77,82,83,100 20 validity
studies,27,28,36,66,71,73,76,77,79-81,83,85,87-91,98,100 and two responsiveness studies.28,31 Other types of test
were used sparingly; vaguely defined or undefined clinical examinations in two studies,72,92
99m
Tc-hexakis-2-methoxy isobutyl isonitrate scan (MIBI scan) in one study,72
lymphoscintigraphy in one study,92 and tissue dielectric constant in two studies.93,94 The
remaining tests (e.g., bioimpedance71,80,85) tended to be more narrow in scope, as opposed to
general tests such as magnetic resonance imaging (MRI) or computed tomography (CT) scans
that are used in many areas of medicine. MRI and CT scans were used in one study.96
The comparator in one study was an author developed, 4-item questionnaire about truncal
swelling.86 The degree of swelling was scored from 0 to 8, with higher scores indicating more
swelling. The authors do not report how they developed this questionnaire, or whether they
tested its psychometric properties prior to use in the study.
The thrust of most of the studies was to compare one or more tests to a measure of limb
volume or circumference, thereby suggesting that the gold standard would actually be limb
volume or circumference (although these measures were rarely identified as gold standards by
study authors). In some cases, volume or circumference measures were compared against one
another (e.g., Chen et al.,31 Karges et al.,79 Latchford et al.,84 Godoy et al.70) or in conjunction
with one another.70
d) What is the sensitivity and specificity of tests used to diagnose lymphedema?
The authors of eight studies68-70,72,74,78,83,95 examined the sensitivity and specificity of tests to
diagnose lymphedema (Table 9). Six studies included tests that involved changes in volume or
circumference.68-70,74,78,95 The authors of one study diagnosed lymphedema using a difference in
arm circumference of 5 cm between the treated and untreated arms.68 A second test in the same
study was self-report, which consisted of a „yes or no‟ question about whether subjects
experienced swelling since the diagnosis of breast cancer. The test of interest in this study was
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bioimpedance. Sensitivity and specificity were 42 percent and 88 percent for arm circumference
and 61 percent and 59 percent for self report, compared to bioimpedance.
Another study contained measures of whole limb volume perometry and arm circumference
on persons diagnosed with lymphedema following melanoma.69 Perometry changes of at least 15
percent and circumference changes of at least 7 percent signified lymphedema. The test of
interest was patient self assessment of whether lymphedema was moderate or severe. Sensitivity
and specificity were 56 percent and 95 percent for perometry and 50 percent and 100 percent for
arm circumference, compared to self assessment. The authors of another study, conducted with
persons suffering from lymphedema following breast cancer, compared an abbreviated number
of circumferential measurements to a more extensive number of measurements.78 For the
abbreviated regimen, two measurements were taken, one above and one below the elbow. The
comparator test involved measurements taken across the palm of the hand, at the wrist, at 10 cm
intervals proximal to the wrist, and at the elbow. Sensitivity and specificity were 37 percent and
92 percent for the abbreviated measurement regimen when a 10 percent change in circumference
versus the preoperative state was defined as lymphedema. When the threshold change was
lowered to 5 percent, sensitivity was 80 percent and specificity was 71 percent.78
Persons with breast cancer were included in a study where the tests of interest involved
differences in the sum of arm circumference between the treated and untreated arms.74
Circumferential differences to diagnose lymphedema were established at ≥5 cm and ≥10 cm. A
self report test was also evaluated in the study. Self report contained one question asking patients
if they experienced swelling after the diagnosis of lymphedema (response: yes or no). The test of
interest was multifrequency bioimpedance. For differences of ≥5 cm versus bioimpedance,
sensitivity was 35 percent and specificity was 89 percent; for differences of ≥10 cm versus
bioimpedance, sensitivity was 5 percent and specificity was 100 percent; for self report
compared to bioimpedance, sensitivity was 65 percent and specificity was 77 percent.
Bioimpedance was again used diagnostically in a study of 102 persons with breast cancer.95
Bioimpedeance measures were taken prior to surgery, one month postsurgery, and then at two
month intervals until 24 months following surgery. Clinical diagnosis of secondary lymphedema
was established through measures of limb volume. The sensitivity of bioimpedance compared to
limb volume was 100 percent and the specificity was 98 percent.
A self report served as the test of interest in a study involving persons with breast cancer.83
This self report contained two questions asking patients whether they noticed if and to what
extent their limbs were a different size. The comparator was assessment by a physiotherapist,
which was either rule based (i.e., measured changes in circumferential measurement) or clinical
observation. Sensitivity comparisons to the rule based and clinical assessments ranged from 93 to
96 percent; specificity comparisons ranged from 69 to 75 percent.
In a study composed of persons with AIDS-related Kaposi‟s Sarcoma, the tests of interest
were a 99mTc-hexakis-2-methoxy isobutyl isonitrate scan (scintigraphy) and an undefined clinical
examination.72 Forty persons were included in the study and 18 were diagnosed with
lymphedema using the scan and 12 were diagnosed using the clinical examination.
The final study assessed sensitivity and specificity for multiple cut off points using
volumetry and perometry taken together as a joined set of measurements.70 The comparator test
was unclear. Sensitivity ranged from 73 to 90 percent; specificity ranged from 69 to 78 percent.
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e) What is the performance of diagnostic tests for preclinical and/or clinically significant
lymphedema? Consider – what are the psychometric properties (reliability, validity,
responsiveness) of these diagnostic methods?
Reliability. Nine studies examined the reliability of different diagnostic tests for
lymphedema (Table 8).28,30,31,67,77,82,83,86,100 Seven of the nine studies involved diagnoses using
circumferential measurement or volume displacement.28,30,31,77,82,83,100 In general, both test-retest
and interrater reliability of circumferential measurement and volume displacement were
extremely high, with intraclass correlation coefficients (ICCs) ranging from 0.91 to 0.99.30,31,77,82
In one study, a single rater had an uncharacteristically low test-retest ICC of 0.62 for indirect
volume determination using Sitzia‟s method (a formulaic method of calculating volume
displacement using circumference, with circumference measures of the arm being taken at 8 cm
intervals).77 In fact, it was the use of Sitzia‟s method that produced the lowest ICCs in any of the
seven volume or circumference studies (i.e., all ICCs below 0.91 resulted from tests involving
Sitzia‟s method).
The authors of a study on circumferential measures and water displacement assessed
interrater reliability using the intrasubject correlation, which is based on analysis of variance and
multilevel modeling.28 Like the ICCs, the intrasubject correlations were quite high (i.e., 0.94 to
0.99).
In one study, two physiotherapists developed a scale to measure the severity of lymphedema
(see Question 1b).83 The physiotherapists had high interrater agreement with one another; they
agreed on ratings for 20 of 25 persons, with a weighted kappa of 0.80.
Tissue resistance measured with a tonometer was evaluated in two studies. ICCs for testretest and interrater reliability ranged from 0.69 to 0.8831 The between-subject reproducibility of
tonometry, measured by dividing the standard deviation of all patient values by the mean of all
patient values (to calculate the covariance), was good because the covariance was low (0.002 to
0.0086).67 Bioimpedance also had good reliability, which was indicated by a low covariance
(0.0129 to 0.0325).67
One study contained an assessment of truncal swelling due to secondary lymphedema.86 On
two consecutive days, the authors took truncal skinfold measurements using calipers from five
study participants. Test-retest reliability was excellent (correlation coefficient of 0.99).
The final reliability study examined intrarater and interrater reliability for four diagnostic
tests: visual analogue scale of self reported swelling, arm circumference assessed using a tape
measure, arm volume assessed using a perometry, and bioimpedance.100 ICCs for intrarater
reliability ranged from 0.95 to 1.00 for the three physical measures and 0.50 for the visual
analogue scale. Interrater reliability, calculated for the physical measures only, ranged from 0.98
to 1.00.
Validity. Thirty studies contained examinations of the validity of various tests to diagnose
secondary lymphedema (Table 9). Twenty-six studies involved lymphedema of the
arm,27,28,36,71,73,75-77,79,81,83-85,87-94,96-100 two of the legs,80,136 and one of the truncal area.86 One
study included persons with leg or arm lymphedema.66
All except six of the validity studies included a test of limb volume or circumference. Of the
six exceptions, three studies were undertaken to assess lymphedema using measurements of
tissue dielectric constant.93,94,136 The correlation between a single measure of tissue dielectric
constant and the mean of three measures was greater than or equal to 0.98 in two studies.93,94
There was no correlation between tissue dielectric constant and tissue indentation force (r = 0.07) in another study.136
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A study without limb volume or circumference was a comparison of lymphoscintigraphy and
clinical assessment (see Question 1b) to stage lymphedema on a five-point scale.92 The weighted
kappa of 0.77 indicated excellent agreement on staging between these methods. A 4-item
questionnaire on truncal swelling was compared to caliper-based skinfold measures of truncal
swelling in a study of 12 persons.86 The questionnaire was developed by the authors and there
was no report of whether it was validated prior to use in the study. The correlation between
caliper measures of „creep‟ (i.e., skin deformations over time) and the questionnaire score (score
range is 0 to 8, with higher scores indicating more swelling) was 0.75. The final validity study
without a measure of limb volume or circumference compared the torsional rigidity of normal
versus lymphedema-affected skin in a group of persons with secondary lymphedema.75 The
authors found that the power to rotate normal skin exceeded the power to rotate diseased skin by
46.3 percent, although the difference was not statistically significant at the 5 percent level (p =
0.13).
Two validity studies compared perometer to tape measure. Correlation coefficients between
measures were 0.98 for legs and 0.96 for arms in one study66 and 0.99 for arms in the other
study.91
Seven studies measured water displacement and made comparisons with limb circumference.
In one of these studies, limb circumference was measured using frustrum calculation and tape
measure.79 In frustrum calculation, the limb is viewed as a geometric shape (usually a cone) and
specialized formulae are used to measure circumference. In three other studies, limb
circumference was calculated using tape measure alone28,89 or an unexplained method.90
Correlation coefficients ranged from 0.88 to 0.99. In the fifth study, inverse water volumetry was
compared to limb circumference expressed as a ratio between the affected and unaffected limbs
and the ICCs ranged from 0.89 to 0.91.73 In the sixth study, water displacement was compared to
Sitzia‟s method (a specific formula for frustrum calculation137) of measuring arm circumference
(at 4 or 8 cm intervals) and ICCs ranged from 0.71 to 0.87.77 Comparison of arm circumference
measures at 4 cm with measures at 8 cm yielded ICCs of 0.80 for one rater and 0.92 for a second
rater. The seventh study compared interstitial fluid pressure with arm volume (r = 0.29 after
outlier removal).88
The focus of one study was entirely on different interval measures of arm circumference.84
Intervals of 10 cm were compared to intervals of 3.81 cm (1.5 inches) and the correlation
between measures was calculated to be 0.94 or greater.
One study was undertaken to compare two types of physiotherapists‟ assessments of arm
circumference (see Question 1b) to a self report questionnaire.83 The self report questionnaire
asked respondents to indicate whether their affected and unaffected limbs were a different size
and whether the differences were noticeable. Weighted kappa‟s ranged from 0.70 to 0.84,
primarily depending on the type of assessment. The lowest kappa‟s were estimated when the
rule-based assessment of arm circumference was compared to the questionnaire (kappa‟s of 0.70
and 0.76).
Five studies involved bioimpedance and a group of other tests: perometer alone,80,98 tape
measure alone,85,87 or the combination of perometer, tape measure, and the Lymphedema Breast
Cancer Questionnaire (LBCQ).71 In three of these five studies,71,80,87 correlation coefficients
between all tests ranged from 0.61 to 0.99, with lows of 0.61 between bioimpedance and
perometer80 and 0.70 between bioimpedance and arm circumference assessed with tape
measure.87 Statistically significant correlations between symptoms on the LBCQ and other tests
were limited to two domains, namely swelling and firmness/tightness (correlation coefficients
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between 0.61 and 0.76).71 The fifth study involving bioimpedance contained an undefined
measure of „bias‟, expressed as a percentage, to examine agreement with tape measure.85 The
authors stated that lower bias indicated better agreement. Bias scores decreased from 31 to 15
percent between days 1 to 26 of followup.
Three symptoms on the LBCQ were found to be predictive of a ≥2 cm difference in arm
circumference.36 Odds ratios (95 percent confidence intervals) for each domain were 8.0 (1.2 to
54.7) for heaviness, 96.9 (9.9 to 951.6) for swelling, and 9.9 (1.8 to 53.9) for numbness. The
large odds ratio for swelling reflects the fact that all except one subject with swelling also had a
≥2 cm difference in arm circumference.
Two studies involved bioimpedance alone. The first study found that mean and median
bioimpedance measures were greater in the arms of women with lymphedema who survived
breast cancer, compared to breast cancer survivors without lymphedema or healthy controls.97
Another study found single-frequency bioimpedance to be highly correlated (r = 0.99) with
bioimpedance spectroscopy.99
Ultrasound was used to measure skin thickness in one study with arm circumference as the
comparator test.76 Ultrasound measures of average skin thickness were strongly correlated with
arm circumference (r = 0.95) and duration of edema (r = 0.68). Average subcutis thickness was
also strongly correlated with arm circumference (r = 0.84) and duration of edema (r = 0.67).
In another imaging study, lymphoscintigraphy was compared to arm volume.81 The outcome
of therapy, which was a combination of MLD, compression bandages, and exercise, was
moderately correlated with pre-therapeutic axillary radioactivity level (r = 0.50). The authors
also reported that the lymphoscintigraphy score on the 8-point scoring system (see Question 1b)
was positively correlated with the magnitude of excess arm volume, duration of lymphedema
prior to receipt of therapy, and elapsed time since surgery for breast cancer. However, no
correlation coefficients were provided for these comparisons.
A final imaging study found correlations of 0.73 and 0.87 when cross-sectional CT scans of
the muscles and subcutaneous tissue were compared to water displacement.96 In the same study,
the authors compared MRI signal intensity to water displacement and calculated a kappa of 0.78.
One other study assessed validity without the benefit of using correlation coefficients or
ICCs.27 Four different diagnostic tests were used to estimate the incidence of lymphedema after 6
or 12 months of followup in persons diagnosed with breast cancer.27 The four tests were 200 mL
difference in limb volume, 10 percent change in limb volume, 2 cm change in limb volume, or
reports of limb swelling or heaviness (currently or in the past year) on the LBCQ. Incidence of
lymphedema estimated with the 200 mL test was 24 percent after 6 months and 42 percent after
12 months. Incidence estimated with the 10 percent change test was 8 percent after 6 months and
21 percent after 12 months. Incidence estimated with the 2 cm change test was 46 percent after 6
months and 70 percent after 12 months. Incidence estimated with reports of limb swelling or
heaviness was 19 percent after 6 months and 40 percent after 12 months.
A final validity study compared correlations across four different tests: a visual analogue
scale to capture self-reported degree of swelling, tape-measured arm circumference, arm volume
measured by perometry, and bioimpedance.100 Correlations ranged from 0.65 to 0.71 when the
scale was compared to each of the three physical measures. Among the physical measures alone,
correlations ranged from 0.89 to 0.99.
Responsiveness. Only two studies contained examinations of responsiveness to change
(Table 8).28,31 In the first study, responsiveness was defined as the smallest difference that could
be detectable by the use of water displacement, limb circumference measurement, or tissue

35

resistance.31 Differences were 75 mL for water displacement, 0.46 to 1.02 cm for limb
circumference measurement, and 0.32 to 1.01 mm for tissue resistance. In the second study, a
standard error of the mean of less than or equal to 150 mL was found to be measurement error in
an investigation of limb circumference measurement and water displacement.28 Both studies
recruited persons with breast cancer, although one study also included an undefined control
group.28
f) How frequently and for how long should patients be measured for the development of
lymphedema or its sub-clinical precursor? Does this vary with the diagnostic test method?
Fifteen of the 41 diagnostic studies included in this report involved a single assessment of
patients (Table 7).30,31,67,69,71,72,74,87-91,96,98,99 The authors of one of these studies reported that two
of 40 patients received a repeat 99mTc-hexakis-2-methoxy isobutyl isonitrate scan,72 but no
reason was given for performing the second test. None of the authors provided a rationale for
limiting their assessments to a single point in time.
The remaining 26 studies involved two or more assessments. In four studies, there were
repeat assessments without a clear rationale to explain why.66,68,78,136
Seven of the 26 studies contained multiple assessments to permit the study of test-retest or
interrater reliability.28,73,77,79,82,83,100 These repeat assessments were typically performed two or
three times, usually on the same day, 1 week apart, or 4 weeks apart.
In six studies, two assessments were conducted to assess the validity of various tests:
lymphoscintigraphy versus clinical examination,92 lymphoscintigraphy versus arm volume,81
torsional rigidity on swollen and non-swollen arms,75 ultrasound versus arm circumference,76
LBCQ versus arm circumference,36 and 10 cm versus 3.81 cm (1.5 inches) measures of arm
volume.84
One study, on truncal lymphedema, contained two sets of two assessments to examine the
test-retest reliability of skinfold caliper measurements and the validity of caliper measurements
versus a 4-item questionnaire about truncal swelling.86
More than two assessments were done in seven of the 26 studies: a mean of two assessments
to compare single frequency bioimpedance and bioimpedance spectroscopy;97 four assessments
to compare a single measure of tissue dielectric constant with the mean of three measures of
tissue dielectric constant;93,94 five quarterly assessments to examine the calculation of incidence
of lymphedema over time using each of four methods (i.e., 200 mL difference in limb volume,
10 percent change in limb volume, 2 cm change in limb volume, or self reported limb swelling or
heaviness);27 five assessments (baseline, once weekly for 3 weeks, and 1 month post-baseline) to
study the correlation of bioimpedance and perometry over time;80 seven assessments of
volumetry versus perometry at different cut off points;70 and a maximum of 14 assessments to
examine the diagnostic capability of bioimpedance.95
In the last of the 26 studies, measures of limb circumference and bioimpedance were taken
daily for 4 weeks as part of the treatment protocol for a larger study being done to investigate a
self-management program for lymphedema.85
In the 26 studies with multiple assessments, all except eight studies75,86,92-94,97,99,136 included
either limb volume or limb circumference as a diagnostic test. None of the 26 studies contained
recommendations for the length of time that patients should be measured for the development of
lymphedema, nor was there any evidence of variance based on type of test.
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g) Does the diagnostic test method influence the choice of lymphedema treatment or
patient outcome? What outcomes were measured in studies of diagnostic tests of
lymphedema?
None of the 41 diagnostic studies reported whether a specific test influenced the choice of
treatment or an outcome. In fact, the authors of only four studies mentioned the lymphedema
treatment that was being given to patients. Treatments included complex decongestive therapy
(CDT),66 a program to elevate and passively exercise the legs,80 self-management following an
intensive, 4 week phase of compression therapy, massage, and compression bandaging, and85 a
combination therapy of MLD, compression bandaging, and exercise.81 In three studies, the
ongoing evaluation of these three treatments provided an opportunity to investigate diagnostic
tests.66,80,85 The tests did not drive the choice of treatment nor outcome. In the fourth study,
patients diagnosed with lymphedema during followup received combination therapy, but the
published report did not contain information on the extent to which the therapy may have been
selected with the diagnostic test (lymphoscintigraphy) in mind.81 None of the 41 studies reported
on patient outcomes because they were concerned with the diagnosis of lymphedema, rather than
the resolution of the condition.

Treatment Studies
Question 2. What were the patient selection criteria in the studies (inclusion and exclusion
criteria)? Did they differ by treatment modality?
The primary inclusion criterion in 32 of 36 treatment studies extracted for the report was
lymphedema secondary to breast cancer (Table 10).33,47,48,50,103-105,107-125,127-130,133,134 Focusing
only on the 23 RCTs with a Jadad score between 4 and 8 (fair or good methodological quality),
most trials included women with secondary lymphedema due to breast cancer. Twelve of the 23
RCTs with a Jadad score between 4 - 8 contained specifications that participants must be in
remission, have no relapse, or have no metastases.48,108,110-112,115-117,124,127-129 Five of these 23
RCTs contained definitions of lymphedema as „mild‟,110,115 „moderate to severe‟, 124,128 or
„chronic‟.111 Other definitions included categorization of lymphedema by excess volume in the
affected limb,48,108,113,114,116,127 degree of swelling and excess volume,33,115 or degree of swelling
alone.118,121 Eight of the trials with a Jadad score above 3 excluded participants with
comorbidities that would affect swelling or the ability to receive
treatment,108,109,111,112,118,124,127,128 eight excluded persons who received treatment within the 6
month period prior to baseline (treatment for lymphedema,48,109,110,115,123,128,129 treatment for
something unspecified112), and five had a minimum elapsed time requirement between treatment
and study enrolment (time since radiation,108,120 time since surgery,115 time since
„treatment‟47,124). Six trials with Jadad scores between 4 and 8 had age requirements for
inclusion33,47,120,122,124,127 and five others had a minimum arm circumference or volume
requirement for inclusion.112,117,119,123,124 There were at least 21 other inclusion and exclusion
criteria in the 23 RCTs with Jadad scores between 4 and 8 (Table 10); however, none of these
criteria appeared in more than three trials and most did not appear in more than one RCT.
There were seven RCTs with Jaded scores between 1 and 3 (poor methodological quality).103107,125,126
The inclusion criteria in these trials did not differ substantially from the trials with
Jadad scores between 4 and 8. Five of the seven RCTs were conducted in breast cancer
survivors. The exceptions were trials conducted in persons who had „hindfoot‟106 or lower limb
lengthening surgery.126
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In the five observational studies included in the review, four were conducted in breast cancer
survivors,50,130,133,134 with the fifth in persons suffering from Kaposi‟s Sarcoma132 and the sixth in
persons with various cancers.131 The observational studies generally had fewer inclusion and
exclusion criteria than the RCTs (one observational study excepted133), but these criteria did not
appreciably differ from the criteria used in the RCTs.
The inclusion and exclusion criteria were spread across the 36 studies. There was no
grouping of similar criteria attached to any specific treatment modality.
Question 3. What were the criteria used to initiate treatment for lymphedema? When was
treatment initiated compared to the time of onset of the lymphedema? What were the
criteria used to stop therapy? Did these criteria vary with treatment modality?
In the 23 RCTs with Jadad scores between 4 and 8, the criterion used to initiate treatment
was a diagnosis of secondary lymphedema. Details are shown in Table 11. This basic condition
was specified as an inclusion criterion in all of the trials. In seven of these 23 RCTs, the authors
specified general timeframes for recruitment compared to the time of onset of lymphedema: at
least 3 months104,118 or greater than 3 months,114 a median of 9 to 10.5 months,109 less than 1
year,112 less than or equal to 2 years,119 or 0 to 5 years.113 Eleven studies contained reports of the
time of recruitment following surgical or chemotherapy treatment for cancer: 3 to 6 weeks,121 at
least 3 months,108 at least 4 months,115,129 at least 6 months,47,110 at least 12 months,116,117,124
between 1 month and 1 year,111 or at least 4 years.120 In five RCTs, there was no report of when
treatment was initiated compared to time of onset of lymphedema or treatment for
cancer.33,122,123,127,128 One study reported that subjects had a history of breast cancer 1 to 15 years
before study entry.48
A single study reported that treatment was initiated for hospitalized patients only because a
precondition of study entry was the failure of previous outpatient treatment for lymphedema.124
Only five studies contained criteria to stop therapy. Four of these studies were RCTs that
scored in the 4 to 8 range on the Jadad scale. Two RCTs specified stoppage in the event of
adverse effects.47,112 Other stopping rules included a change of 25 percent change or more in the
circumference of the lymphedema-affected arm versus the contralateral arm110 or completion of
the therapeutic regimen.116 A single observational study contained criteria to stop therapy.
Patients were not included in the second phase of treatment if there was less than a 10 percent
volume difference between their abnormal and normal arm.133
The RCTs with Jadad scores between 0 and 3, as well as the six observational studies, did not
exhibit characteristics that were vastly different from what was described above for the 18 RCTs
with Jadad scores greater than 3. The exceptions were two RCTs in the Jadad 0 to 3 range that
reported „extreme‟ recruitment times of 2 days after surgery106 or 5 years after surgery.105
Question 4. Who provided the treatments in the studies? What information was provided
on their professional training or certification in lymphedema care?
Fifteen out of the 23 RCTs with a Jadad score between 4 and 8 reported the profession of the
person who provided the lymphedema treatment. Some trials contained more than one type of
professional.47,48,113,116,117,123 The authors of nine trials reported that a physiotherapist provided
treatment.47,109,113-115,119,120,123,128 For four of these RCTs, the trial publication indicated that the
physiotherapists had been trained in the Vodder technique for the provision of MLD.109,114,115,123
In two other RCTs, the authors wrote that the person who delivered the treatment was trained in
the Vodder technique, but they did not mention whether the person was a physiotherapist.108,111
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Other professionals included dietitians,116,117 “lymphedema practitioner”,117 “trained staff”,124
physiotherapist‟s assistant,123 nurse,116,122 certified lymphedema therapists and exercise trainers
who took a 3 day course on lymphedema,48 researcher,129 and an exercise physiologist.47 Two
RCTs contained reports of patients self-administering treatment113,114 and nine RCTs did not
report the type of professional who administered lymphedema treatment.33,108,110-112,118,121,127,129
In the two trials involving nurses, one nurse was described as holding a 2 year diploma in the
management of chronic edema122 and the other nurse was described as being „trained in
lymphedema‟ management.116 The dietitian in one study was described as “certified”.116
Six of the RCTs with Jadad scores between 0 and 3 did not describe the professional
providing lymphedema treatment. The lone exception indicated that the professional was a
physiotherapist trained in MLD.106 Three of the six observational studies reported the type of
professional: „certified therapist',131 a physiotherapist trained in the Vodder technique,133 and a
physiotherapist with no mention of additional training.134 Details are described in Table 11.
Question 5a. Was one type of pneumatic compression device and sleeve (e.g., nonsegmented compression device, sequential segmented compression, or segmented
compression with calibrated gradient pressure) more effective in reducing lymphedema
than another for any type of lymphedema along the continuum, or patient characteristic
(e.g., demographics, comorbidities)?
There were 12 extracted studies that focused on treatment for lymphedema using an IPC
device (Table 12). Seven studies were RCTs with Jadad scores between 4 and 8,108-113,128 three
studies were trials with Jadad scores between 0 and 3,103,104,125 and two studies were
observational.50,130 There were nine different types of IPC devices used in these studies:
Sequential Circulator 2004, a four-chamber pneumatic sleeve and gradient sequential pneumatic
pump operated at 40 to 50 mmHg for 30 minutes per day over 10 days108 or 60 minutes per day
over 30 days;111 Flexitouch, a home use device consisting of a programmable, pneumatic
controller unit, garments capable of fitting an arm or leg, and 26 to 32 independent chambers that
inflate and deflate sequentially, used for 1 hour daily over 14 days;113 Lympha-Press, a pump
employing nine compression cells, was operated at 40 to 60 mmHG for 2 hours per day over 2
weeks109 or at 90 to 120 mmHg twice daily for 20 to 30 minutes over an unspecified followup
period;130 IPC devices described only as ICH8 electrodes and sleeve (eight electrodes with an
impulse frequency of 4.5 KHz), applied in two cycles of 2 weeks, divided by a five-week break
(each cycle consisted of 10, 30 minute sessions);110 a sequential external pneumatic compression
sleeve with twelve overlapping compression chambers (60 to 65 mbars) applied for 60 minutes
daily over 10 days;103 a Jobst Extremity Pump used for 6 hours daily for 5 days at 4 month
intervals over 1 year;50 Flowtron intermittent compression at 80mmHg applied for 20 minutes
daily for a minimum of 4 weeks;130 or Flowtron Plus (model AC 200/2) and Flowtron Flowpac
Plus (model FP 2000).125 The specific IPC device was not named in three trials,104,112 although
the authors of these RCTs described the degree of treatment (i.e., two cycles, with each cycle
being five 2 hour sessions at 60mmHg separated by 5 weeks;112 20 sessions over 4 weeks, with
each session consisting of 2 hours of intermittent pressure at 60mmHg;104 20 sessions over 4
weeks, with each session containing 1 hour of pressure at 40mmHg128). The authors of one104 of
these two studies named the device manufacturer, but not the device itself.
IPC was statistically significantly better than comparator treatments (usually MLD or
compression garments alone) in four studies,103,108,111,113 worse in one study (comparator was
laser treatment),104 and no different in five studies.50,109,110,112,130 In one study, subjects were
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randomized to one-to-one or three-to-one compression cycles, as well as to single-chamber or
three-chamber sleeves, with no statistically significant differences found between groups when
looking at the absolute extent of edema reduction.125 The typical measure of efficacy was a
change in arm volume or circumference.
None of the studies contained breakdowns of treatment efficacy by patient characteristics.
Question 5b. Did the studies of IPC for lymphedema in patients with comorbidities such as
wounds, arterial and/or venous insufficiency, diabetes, congestive heart failure, infection,
etc., report the need to modify their treatment protocols? Did it affect treatment outcome?
The need to modify protocols was not discussed by the authors of 10 of the 12 studies that
included IPC therapy50,103,104,108-113,128 (see Table 12). In one RCT, compression pressure was
established for each patient based on the consistency of the edema: lower compression pressures
for solid edema and higher pressures for soft edema. Pressures were always kept lower than
diastolic blood pressure and ranged from 30 to 50mmHg.125 The authors of one observational
study wrote that lower levels of pressure were permitted in some patients treated with
compression stockings, but they did not report the number of patients affected by the reductions,
the mean decrease in pressure, nor how the reductions may have affected the comparisons with
IPC.130 The authors of the observational study indicated that the potential for pressure decreases
was offered to participants as a means of increasing compliance, thereby suggesting a protocol
modification. However, there was no discussion in either the RCT or the observational study of
whether the compliance issue was related to comorbidity.
Question 5c. Did the timing of IPC application and/or the sequence of use of the various
IPC device types (either alone or in combination with other therapies) influence outcomes
either positively or negatively?
Six of the 12 studies involving IPC contained reports of the timing of the
treatment.104,108,109,111-113 IPC applied within 1 year of onset of lymphedema was not statistically
significantly different from skin care and prophylaxis (cleaning wounds, gloves during
gardening, avoidance of weight gain and venipuncture, prolonged sun exposure and carrying
heavy weights),112 but it was better as a supplement to MLD and compression garment when
applied an average of 60 mths (3-480 mths) after lymphedema onset111 (see Table 12). In two
studies, IPC was applied within 5 years following lymphedema onset, showing better results
versus massage as an adjunct to compression garment and showing no difference versus
MLD.109,113 One study had IPC applied at least 12 weeks following cancer treatment and results
were better when IPC was added to MLD and compression bandaging versus MLD and
bandaging alone.108When IPC was applied to patients who had arm lymphedema for at least 3
months, it performed statistically significantly worse than laser.104
Six studies did not report the precise timing of IPC application, with IPC performing
statistically significantly better than massage (followed by elastic bandage),103 no difference
versus ultrasound,50 no different when added to an elastic sleeve versus the sleeve alone,110 no
different when added to compression stockings versus the stockings alone,130 and no different
based on compression cycles or single versus triple sleeves, except for a relative edema reduction
in the comparison of three-to-one compression cycles using single versus three-chamber sleeves
(p = 0.04).125 In the sixth study, IPC was given to both treatment groups as part of a multimodal
therapy.128
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Two RCTs were crossover designs and in neither instance did the sequence of treatment
affect the results, whether for IPC versus massage as adjuncts for compression garment113 or IPC
added to MLD and compression garment versus MLD and compression garment alone.111 When
IPC was evaluated as part of combination therapy (MLD, massage, or compression garment
prior, concurrently, or afterward), it was better than the comparator in two instances103,108 and no
different in four instances.50,109,110,130 When IPC was not part of combination therapy, it was
worse than the comparator (laser) in one case104 and no different from skin care and prophylaxis
in another case.
In one study, IPC was part of a multimodal therapeutic regimen where the active treatment
involved different compression bandages.128 Since both groups received IPC, there was no means
to assess the independent impact of IPC in this study.
Question 6. What protocols for single modality treatments resulted in the best outcomes of
lymphedema therapy? Consider parameters such as usage schedules and characteristics of
treatment such as intensity, duration, frequency and setting (self-administered at home
versus professionally administered applied in a medical clinic), and if applicable pumping
times/cycles and pressures.
There were 12 studies that contained comparisons of single modality treatments: two
involved dietary interventions,116,117 three involved laser,33,118,127 three concerned IPC,104,112,124
(one of which was a comparison with laser104) two concerned exercise,47,48 another involved
custom-made elastic stockings,132 and the final study examined kinesiology taping.126 Nine were
RCTs with Jadad scores between 4 and 8, two were RCTs with a Jadad score between 0 and
3,104,126 and one was an observational study.132 See Table 1 for a summary of results.
The two dietary trials were conducted by the same group of researchers. In the first trial,
patients were randomized to receive individual dietary advice for weight reduction or a booklet
on healthy eating.116 This RCT consisted of 21 patients and followup was for 12 weeks. At week
12, excess arm volume was lower in the group receiving dietary advice (p = 0.003). In the second
diet trial (n = 51), three groups were followed for a period of 24 weeks.117 Interventions were
dietary advice on weight reduction, diet to reduce fat intake to 20 percent of total energy intake,
and a control group told to continue with their habitual diet. Percent excess arm volume
decreased in all three groups over the course of followup, but there were no statistically
significant differences between groups.
Two laser studies used identical protocols for delivery of laser treatment.33,118 Three
treatment sessions were scheduled per week for a period of 3 weeks. Afterward, there was an 8
week interval before the laser was re-administered using the same 3 week schedule. A total of
1.5 Joules/cm2 were delivered during each treatment session. Comparators were sham laser
treatment using the same schedule118 or sham treatment during the first 3 week period and actual
laser treatment during the second 3 week period.33 Followup periods (and sample size) were 22
weeks (n = 8)118 or 30 weeks (n = 53).33 In the study with an entirely sham group,118 decreases in
limb circumference were observed in both groups over the course of the trial, but the differences
between groups were not statistically significant. In the trial with a partial sham group, the
percentage of patients with statistically significant decreases in limb volume of at least 200 mL
was higher in the group that received laser therapy at both treatment sessions.
In the third laser study, the active treatment group received scanning laser 3 times weekly for
4 weeks using a dose of 2.0 Joules/cm2 over an area of 144 cm2.127 The control group did not
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receive any treatment. The difference in arm volume between groups, favoring the active
treatment group, was 12.6 mL (p = 0.04).
One RCT (n = 47) compared laser to IPC over 12 weeks of followup.104 Laser was delivered
in three sessions per week for 4 weeks with a total of 1.5 Joules/cm2 per session; IPC was given
in five sessions per week for 4 weeks at 60mmHg per session. The change in arm circumference
between affected and unaffected limbs was greater for laser than IPC over 12 weeks of followup
(p = 0.02), but there were no differences on pain or grip strength measures.
A single RCT compared IPC to providing patients with guidelines on skin care for the
affected limb.112 IPC was delivered in two cycles lasting 2 weeks each, with a 5-week separation
between the cycles. Each cycle consisted of five sessions per week at 60mmHg. Eighty patients
were followed over 9 weeks, and no differences were shown in arm circumference between the
groups.
The first exercise trial lasted 12 weeks and involved 32 persons.47 Randomization was to a
group that received 20 supervised, aerobic or resistance exercise sessions or to a group that was
instructed to continue with habitual activities. No differences in reduction of lymphedema were
found between the groups. The second exercise trial involved a semi-supervised weight-lifting
program versus a fitness center membership with partial supervision. After 1 year, there were no
statistically significant differences between groups in terms of the proportions of women with at
least a 5% change in limb swelling.48 The weight-lifting group reported reduced severity of
lymphedema symptoms, improved upper- and lower-body strength, and fewer incidences of
exacerbations of lymphedema.
An observational study examined the use of below-knee, custom-made stockings versus no
treatment for lymphedema in a study of 65 persons that lasted for a mean of 5 to 6 months.132
Differences in limb volume were highly significant between the groups and favored the
stockings.
An RCT examining high (44 to 50mmHg) versus low (20 to 30mmHg) pressure bandages
found statistically significant within group edema reductions after 24 hours, but no statistically
significant between group differences.124
A trial comparing kinesiology taping versus MLD in persons who received limb-lengthening
surgery reported that the taping was statistically significantly better than MLD.126 However, the
authors did not provide quantitative intergroup results (just intragroups results).
Question 7: Were there any treatments, combinations of treatment methods, or sequence
of treatments shown to be more effective or ineffective for any type of lymphedema along
the continuum, or patient characteristics (e.g., demographics, comorbidities)? Of particular
interest: Is there evidence that the use of compression sleeves or low stretch bandaging is
effective in maintaining reductions in lymphedema achieved through the use of other
modalities (e.g., IPC, manual lymphatic drainage, exercise)?
There were 27 articles that addressed this question. Pneumatic compression was used as a
study treatment in nine randomized trials. Six of those trials received a Jadad score of 4-8.108-113
Three trials received a lower score.103,104,125 Of the nine trials, IPC was shown superior to some
form of massage-based treatment in three,103,108,113 inferior to laser in one,104 and equivalent to
MLD with or without bandaging,109,111 elastic sleeve,110 and skin care.112
In one IPC study, a three-chamber sleeve was more efficacious than a single-chamber sleeve,
using a three-to-one compression cycle, in reducing the relative extent of edema in women who
had breast cancer.125
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The addition of massage to more conservative treatments such as bandaging,119,123 simpler
forms of massage,114,122 elastic sleeve,115 or physiotherapy alone,106 was tested in six trials. All
but one of these studies achieved a Jadad score of 4-8.106 These studies typically included skin
care and exercise as treatment in both groups. In all cases but one, study subjects had arm
lymphedema following treatment for breast cancer. In a single trial, massage was tested in
patients following hindfoot (ankle) surgery.106
In those studies of arm lymphedema in breast cancer patients, only one suggested that
massage provides improvements in arm volume reduction over more conservative therapy (56%
vs. 36%).119 In the single study examining patients following ankle surgery, a benefit of massage
was also reported.106
One study noted a significant improvement in volume loss when dietary changes occurred
with sleeve use versus sleeve alone,116 while another using dietary changes alone, with neither
group using sleeves, did not.117 Less commonly studied treatments including exercise did not
provide any additional benefit.47,107
Despite differences occasionally being reported in volume estimates, trials did not typically
find differences in outcomes that would more likely effect patient quality of life such as shoulder
range of motion,33,109,118 and quality of life scores.107,113
Regarding maintenance of volume reduction following initial treatment, only two studies
specifically addressed this issue.111,129 The authors of one study found that patients who
continued with IPC in addition to CDT after initial therapy for volume reduction had a
significant further reduction of 90 ml (p<0.05) by study end, whereas patients receiving CDT
alone did not. While the CDT group regained another 33 ml, it is not reported to what degree
those patients maintained their initial volume loss. Unfortunately, the authors did not report
between group statistical comparisons, leaving readers unsure of the value of additional
pneumatic compression for maintenance. In the second study, two groups of patients were
assigned to an exercise program, with one group asked to wear a bandage (40mmHg) at all times
except during sleep.129 After 6 months, there were no differences in arm circumference between
the two groups.
In one study, participants were randomized to a weight-lifting versus exercise program.48
Both groups were asked to wear a custom-fitted compression garment. The independent effect of
this garment could not be ascertained since both groups wore it.
In a study of kinesiology tape versus short-stretch bandage, all subjects received skin care,
MLD, IPC, and physical therapy.128 The impact of these additional treatments could not be
evaluated since they were given to both groups.
The authors of an observational study compared two groups at different hospitals. Both
groups received MLD 3 times weekly and a support stocking worn from morning to evening.
The group at one hospital also received 2 hours weekly of vaguely described information
sessions and therapeutic exercises. After 10 weeks of followup, the group receiving the
additional interventions showed better „psychic wellbeing‟ than the comparison group (p = 0.02).
However, there was no difference between groups regarding the number of physical complaints
related to impairment (p = 0.12). We could not assess the effect of MLD or stocking on
maintenance of treatment benefit since the study was not designed to investigate this question.
Indirect support for the value of continued therapy for the maintenance of lymphedema
volume reduction comes from the observation that four remaining studies, which reported longterm reductions in lymphedema volume of at least 24 weeks, were those, which reported the use
of maintenance therapy. In all four studies, therapy was elastic sleeve.50,105,110,115 No studies
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demonstrated long term volume reduction without the use of maintenance therapy. None of these
studies was designed to examine the role of sleeve or bandaging in maintaining benefits of the
initial treatment. No trials were identified which compared sleeve or bandage to no treatment in
the volume reduction phase of a study.
Question 8: What comparators were used in the studies? Are these comparators consistent
with usual care for lymphedema?
In five non-randomized studies, which included a comparator group, all five used different
treatments as their comparator. These comparator treatments were pneumatic compression,
bandaging, elastic compression garment, stocking and MLD, or no active treatment.50,130,132-134
Several RCTs did not clearly identify the treatments that were considered experimental or
control. For purposes of this report, it was assumed that the more conservative therapy was the
comparator.
There appeared to be little difference between the comparators chosen for higher or lower
quality RCTs. The most common comparator used in nine randomized trials was a group of
strategies loosely defined as either “usual care”, sham treatment or no treatment.33,47,107,112,116118,121,130
The most commonly reported active therapies used as a comparator were some form of
decongestive therapy,105,108,111 or elastic sleeve.110,115,130 Less commonly used study comparators
were self-massage,113 bandaging alone,123,124 therapies reported as “simple lymphatic
drainage”.114,122 Comparators used in some trials included IPC,104 manual lymphatic
drainage,120,126 and physiotherapy.106 In two randomized trials involving sequential pneumatic
compression vs. MLD103,109 it was difficult to interpret which of the two treatments was intended
as experimental and which was the control. In one RCT, the comparator was a 1-year fitness
membership with partially supervised instruction.48 See Table 11 for details.
Question 9: What outcomes were measured in studies of lymphedema therapy? How
effective were these treatment methods in reducing lymphedema?
A multiplicity of outcomes was used to detect benefit in the trials. The vast majority included
some form of measurement related to volume of the affected area, although a few simply
recorded changes in limb circumferences without reporting volumes.103,104,110,112,118,121 Other
outcomes included subjective symptoms such as pain, heaviness or tension,104,105,109,118,120,121,133
range of motion in joints (usually shoulder),33,108,109,115,118,120,129 grip strength,104,109
measurements of intra- and extra-cellular fluid levels through bioimpedance,33,47 skin-fold
thickness,116,117 and skin tonicity using tonometry.33,108,111 Finally, several studies attempted to
correlate results of lymphedema treatment with changes in quality of life.107,113
The six observational studies examined a mixed group of patients and treatments. One study
reported on the use of ultrasound and pneumatic pressure therapy in breast cancer patients. For
reasons that are not clear only 96 of 150 study patients contributed data to the final analysis. The
authors found that both groups experienced a reduction in arm circumference over baseline
values, but that there was no difference between the two treatment groups.50 Another study of
breast cancer patients included some patients with active disease. The reduction in lymphedema
volume was 22 percent regardless of disease status but p values were not reported.131 A study in
breast cancer patients looked at the value of adding group talks and exercise sessions to a
regimen including MLD and compression stocking. Outcomes in this study were measured using
„psychic well-being‟ and „physical complaints‟ scales, with better psychic well-being shown in
the talk/exercise group versus the comparator group (p<0.05). No between-group difference was

44

observed on the physical complaints scale.134 A study of patients with active malignancy
included patients with Kaposi‟s sarcoma. There was a significant improvement in patients
wearing a daily compression stocking versus those who did not (p<0.001) but the size of the
benefit was not reported.132 A study of compression bandaging with or without MLD reported a
significant percent reduction in lymphedema (p = 0.04) but this significance became borderline
when reported as absolute volume (p = 0.07). Both groups experienced a significant reduction in
heaviness and tension but only the group receiving MLD experienced less pain (p<0.03). No
comparisons were made between groups for these outcomes.133 A further observational study
compared sleeve to IPC. The authors found no significant differences in volume reduction
between groups and no point estimates were given.130
Of six higher quality trials involving pneumatic compression-based therapies, only two
showed benefit over the comparator group, in this case, some form of decongestive therapy. In
one, initial volume loss as measured by water displacement was greater in the group receiving
pneumatic compression (45%) than in controls (26%).108 In the same report, these authors also
tested the same treatments for maintenance of volume reduction. While their report suggested a
superiority for pneumatic compression, they did not perform a statistical comparison between
groups.111 Another report comparing pneumatic compression to self-massage in a randomized
crossover study showed that patients lost 208 ml of fluid in the involved arm after 2 weeks of
treatment with pneumatic compression, but gained 52 ml after self-massage (p = 0.003).113
Three additional studies failed to show superiority of pneumatic compression over more
conservative measures such as lymphatic massage,109 skin care,112 or elastic sleeve.110 One study
showed that a three chamber IPC sleeve was better able than a one chamber sleeve to reduce the
relative extent of edema, using a three to one compression cycle.125 However, all other
comparisons, including one to one compression cycles involving one or three chambers, did not
reach statistical significance at the 5% level.
In11 trials of non-pneumatic compression treatments, differences between groups by the end
of the study were reported in four.33,119,121,127 Six studies used some form of massage-based
therapy as the study treatment. Of these, only one suggested additional benefit in the massage
group.119 In this study, all patients received compression bandaging with the experimental group
randomized to receive lymphatic massage three times per week for 4 weeks. Following
treatment, there was a greater volume loss in the group receiving massage (56%) compared to
those who did not (36%, p<0.05). Both groups increased shoulder mobility, with no difference
between groups.
Other studies of arm massage generally found significant volume loss in both study groups
but no difference between groups, using bandaging alone,123 elastic sleeve,115 or a less intensive
version of massage as comparators.114,122 In these studies, the more intensive treatment trended
towards improved benefit with lacking statistical significance, in one case being very close with
an additional benefit of 39 ml (p = 0.0053).114
Four studies of laser-based treatment were extracted for this report. Authors showed
superiority of laser over exercise,121 sham laser,33 and no treatment.127 The fourth study used
sham laser as the control and found a difference favoring actual laser at some intermediate time
points, but the authors provided no quantitative statistical comparisons.118
Results on the use of diet were conflicting. One study showed no improvement with either a
low fat or low caloric diet,117 while another showed a dramatic improvement in volume loss (349
ml vs. 11 ml), when dietary advice was given in addition to elastic sleeve.117 Neither of these
studies reported a significant difference in skin fold thickness between groups.
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Therapy with a Deep Oscillation machine in addition to MLD was found to provide initial
benefit to women who experienced swelling of the breast following surgery but this was not
apparent at study end. Shoulder mobility was improved in the control group. This was the only
study of breast, as opposed to arm, lymphedema in women with breast cancer.120
Lower quality trials were more likely to suggest benefit in the study group. Two involving
pneumatic compression reported significantly more reduction in arm circumferences when
compared to MLD,103 but less than seen following laser.104 A study of bone marrow stromal cell
(BMSC) transplantation versus decongestive therapy reported greater reductions in excess arm
volumes with transplant (81% vs. 55%; p<0.001) by study end. Both groups experienced a
reduction in pain. The hypothesis for the transplant study was that BMSCs would promote the
regeneration and reconstitution of lymphatic vessels.105 A study of adding exercise as a method
of reducing arm volumes did not suggest any improvement.107 A further study examined the use
of manual drainage in addition to physiotherapy in patients who had recently undergone ankle
surgery.106 The authors reported improved lymphedema volume loss with the addition of MLD
(6.4%) over physiotherapy alone (0.1%; p = 0.01).
Question 10: Did any studies show that the time of treatment initiation (single modality or
combination therapy) relative to symptom onset, any other lymphedema characteristics, or
any patient characteristics influenced or predicted treatment outcome?
A minority of publications (8/36) commented on factors predictive for response to
therapy.48,112,113,115,119,123,131,132 With only two exceptions,131,132 studies reporting on predictive
factors were RCTs. No RCTs with a low quality score commented on predictive factors.
Pretreatment lymphedema volume was the most commonly reported factor, with
contradictory findings. One study of massage and bandaging suggested a greater percentage
response in those patients with mild, as opposed to moderate, cases.123 Another similar study,
however, suggested opposite results but did not provide any supporting statistics.119 A third study
suggested that pretreatment volumes were “predictive of treatment response” but did not report
the direction of this association.113 A fourth study examining pneumatic compression reported no
influence of lymphedema severity on response.112 One study also reported a non-significant trend
toward better responses in those patients who had been diagnosed with lymphedema for less than
1 year.123 Another reported no such difference with respect to duration.112
One study of MLD suggested that compliance with the use of elastic compression sleeves
predicts for a better treatment response.115
Two non-randomized studies reported predictive factors on very specific patient populations
in which active disease was allowed in the study groups. One report found no difference in the
response to decongestive therapy, regardless of the presence or absence of active disease.131 A
further study found that those patients with leg lymphedema from Kaposi‟s sarcoma had a
similar response to elastic stockings, regardless of chemotherapy use.132
Across all studies, several factors were not found to predict treatment response, including a
history of prior radiation, prior chemo therapy, type of previous surgery, a history of prior
infection, age, body mass index (BMI), and gender. The authors of an RCT where weight-lifting
was the active treatment adjusted their results for cancer stage, number of cancer nodes, race,
physical activity, diet, and BMI, and found no effects on the unadjusted results.48
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Question 11: What was the length of followup in studies of lymphedema therapy? How
long were the benefits of treatment maintained?
Followup periods varied considerably between studies, with little correlation between
followup length and study type, intervention or quality. Many studies ended immediately after
treatment, with five studies following patient response for up to 1 year.48,50,104,132,134 The shortest
of the studies measured patients immediately after 24 hours.124 One RCT suggested that the
authors would be reporting followup data in a further report; however, the initial study was
published 4 years ago and an update has not been published.119
Of those studies which suggested an initial benefit to therapy and reported followup beyond
treatment, some showed a loss of benefit by the end of the study period. One observational study
of elastic sleeve or IPC found that both groups had returned to baseline levels 4 to 12 weeks from
cessation of treatment. This occurred despite the use of either sleeve or IPC for maintenance.130
One report suggested a superior response to laser compared with sham treatment at 3 weeks
following the last laser treatment. This benefit was lost by 7 weeks. No therapy was used beyond
the initial study treatment.118
The majority of studies showing durable benefit also provided patients with some form of
maintenance therapy.50,104,105,108,110,111,115,120,132 The majority of those studies used elastic sleeves
as maintenance therapy with exceptions being a choice of either massage and sleeve or IPC,111
exercises,104 and MLD.120 Of those studies using elastic sleeves following initial therapy, one
was an observational study of ultrasound or mechanical pressure therapy in which both groups
showed prolonged benefit up to 52 weeks.50 Another followed patients with active Kaposi‟s
sarcoma for over 1 year, using an elastic stocking.132 Only two RCTs showed benefit for up to 1
year with the use of a sleeve. One study compared MLD to sleeve alone at the initiation of
treatment, with both groups showing prolonged benefit.115 The other compared bone marrow
stem cell transplant with CDT.105 In this study, both groups showed continuing benefit at 1 year
but more so in the group receiving transplant. One further trial with sleeve as maintenance
therapy showed benefit for up to 6 months following comparison with electronically-stimulated
lymphatic drainage.110 A further study of decongestive lymphatic therapy with or without IPC
showed continued benefit with maintenance sleeve in both groups at 40 days, with more benefit
in the group receiving IPC.108
Only two studies showed benefit beyond the initial treatment phase without the use of
maintenance treatment. In one study of IPC versus elastic sleeve, the last assessment was only 1
week following active treatment.113 In the other study, comparing laser versus sham laser, there
was lasting benefit in those patients who had received 2 cycles (each cycle being 9 sessions over
3 weeks) of laser, but not those who only underwent one cycle.33 This benefit was seen 12 weeks
following the last treatment.
Question 12: What harms have been reported associated with the various treatments for
lymphedema? Do any patient characteristics (e.g., demographics, comorbidities) or etiology
of lymphedema increase the risk of these harms?
The value of any intervention can only be determined when benefit is balanced against
potential harm. Overall, reporting of adverse events was rare. Only 17 of 30 trials reported on
harms. Fourteen of the 23 RCTs with a Jadad score of 4-8 reported on adverse events.33,47,108,111113,116-119,121-124
Three of seven lower scoring trials reported adverse events.104,106,126 In those trials
which commented on adverse events, the total number of patients was 616. The majority of
patient withdrawals in those studies were due to reasons such as scheduling, failing to show for
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visits, personal reasons, or refusal of therapy. Overall, 36 of 616 patients (6.0%) were reported as
not receiving therapy as intended.116,117 33,104,106,112,118,122,123 Unfortunately, it was not possible to
discern whether refusal of therapy was due to adverse events in these situations.
Other adverse events more specifically addressed were much rarer. Because the majority of
trials addressed lymphedema in patients with cancer, more specifically breast cancer, the most
common finding reported was recurrence of malignant disease. Overall, 11 patients (2%) were
found to have recurrent disease during or shortly after the study period.33,47,112,116,117,119 Adverse
events which may have been specific to therapy were less common, occurring in less than 1
percent of patients, such as infection, “skin reaction”/ dermatitis,33,123 arm thrombosis,33,117
headache with elevated blood pressure,108 and arm pain.123
In a trial evaluating bandages, subjects getting high pressure bandages reported more pain
and discomfort than subjects receiving low pressure bandages, although the assessment was done
using an author developed scale.124 A similar scale was used in an RCT comparing kinesiology
tape with short stretch bandaging: subjects reported greater wound development from usage of
the tape relative to the bandage (p = 0.013).128
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Table 2. Quality of sensitivity and specificity studies using QUADAS
68

49

1. Was the spectrum of patients
representative of the patients who will
receive the test in practice?
2. Were selection criteria clearly
described?
3. Is the reference standard likely to
correctly classify the target condition?
4. Is the time period between reference
standard and index test short enough
to be reasonably sure that the target
condition did not change between the
tests?
5. Did the whole sample or a random
selection of the sample, receive
verification using a reference standard
of diagnosis?
6. Did patients receive the same
reference standard independent of the
index test results?
7. Was the reference standard
independent of the index test (i.e., the
index test did not form part of the
reference standard)?
8. Was the execution of the index test
described in sufficient detail to permit
replication of the test?
9. Was the execution of the reference
standard described in sufficient detail
to permit its replication?
10. Were the index test results
interpreted without knowledge of the
results of the reference standard?

69

72

74

78

Norman
2001
U.S.

83

95

Cornish
2001
Australia

70

Hayes
2008
Australia

Spillane
2008
Australia

Peer
2007
Canada

Hayes
2005
Australia

Bland
2003
U.S.

Godoy
2007
Brazil

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Unclear

Unclear

Yes

Unclear

Yes

Unclear

Unclear

Unclear

Unclear

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Unclear

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Unclear

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Table 2. Quality of sensitivity and specificity studies using QUADAS (continued)
68

11. Were the reference standard
results interpreted without knowledge
of the results of the index test?
12. Were the same clinical data
available when test results were
interpreted as would be available when
the test is used in practice?
13. Were uninterruptable/ intermediate
test results reported?
14. Were withdrawals from the study
explained?
Quality Rating

69

72

74

78

Hayes
2008
Australia

Spillane
2008
Australia

Peer
2007
Canada

Hayes
2005
Australia

Bland
2003
U.S.

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Yes

Yes

Yes

No

No

Yes

No

No

Poor

Fair

Norman
2001
U.S.

83

95

70

Cornish
2001
Australia

Godoy
2007
Brazil

Unclear

Unclear

Unclear

Yes

Yes

Yes

Yes

Yes

Unclear

Unclear

No

Unclear

No

No

Yes

No

Yes

Yes

Fair

Good

Fair

Fair

Fair

Fair

50

31

51
Were correct statistical
measures used?
Was execution of test and
comparator described in
sufficient detail to permit
replication in another study?
Were withdrawals from the
study explained?
Were intermediate
results/incomplete data
reported?
Did assessors have adequate
professional training to
perform test/measurement?

How were raters selected?

Was interval between testretest appropriate?
Did independent ratings take
place within a time frame that
would ensure the condition did
not change?

Quality rating

Chen
2008
Taiwan
30
Deltombe
2007
Belgium
82
Megens
2001
Canada
77
Meijer
2004
Netherlands
67
Mosley
2008
Australia
83
Norman
2001
U.S.
86
Roberts
1995
U.K.
28
Taylor
2006
Australia
Were selection criteria for
patients clearly described?

Study
Were study patients
representative of the patients
who will receive the test(s) in
practice?

Table 3. Quality assessment of reliability studies with modified QUADAS

Yes
Yes
Yes
Yes
No
No
Yes
Unclear
Yes
Yes
Fair

Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Fair

Yes
Yes
Yes
Yes
No
No
Yes
Unclear
Yes
Yes
Fair

Yes
Yes
Yes
Yes
No
No
Unclear
Unclear
Yes
Yes
Fair

Yes
Yes
No
Yes
No
No
Yes
Unclear
Unclear
Unclear
Poor

Yes
Yes
Yes
Yes
No
Unclear
Yes
Yes
Unclear
Unclear
Fair

Yes
No
Yes
Yes
No
No
Unclear
Unclear
Yes
Yes
Fair

Yes
Yes
Yes
Yes
No
No
Yes
Yes
Unclear
Unclear
Fair

27

52
Were the index test and comparator
described in sufficient detail to
permit replication in another study?
Were withdrawals from the study
explained?
Were intermediate
results/incomplete data reported?
Did assessors have adequate
professional training to perform
test/measurement?
Is the comparator test likely to
correctly classify the condition?

Were the correct statistical tests
used to measure validity?
Was the time period between the
application of the index test and the
comparator test short enough to
ensure the condition did Not change
between tests?
Did all patients who received the
index test also receive the
comparator test?
Were the index and comparator tests
performed independently of one
another?
Were the results of the index test
interpreted without knowledge of the
comparator test?
Quality rating (Good/Fair/Poor)

Armer
2005
U.S.
36
Armer
2003
U.S.
88
Bates
1992
U.K
85
Cornish
1996
Australia
100
Czerniec
2010
Australia
73
Damstra
2006
Netherlands
92
Gebousky
2008
Czech
Republic
Were selection criteria for patients
clearly described?

Study
Were study patients representative
of the patients who will receive the
test(s) in practice?

Table 4. Quality assessment of validity studies using modified QUADAS

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Unclear
Yes
Yes
Yes
No
Fair

Yes
Yes
No
No
No
Yes
Yes
Yes
Unclear
Yes
Unclear
Unclear
Fair

Yes
Yes
Yes
Yes
Unclea
r
Unclear
Yes
Yes
Unclear
Yes
Yes
Unclear
Fair

Yes
Yes
Yes
No
No
Unclear
Yes
Unclear
Yes
Yes
Yes
No
Fair

Yes
Yes
Yes
Yes
Unclea
r
Unclear
Yes
Yes
Yes
Yes
Yes
Unclear
Good

Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Good

Yes
Yes
Yes
No
No
Yes
Unclear
Unclear
Unclear
Yes
Unclear
No
Fair

90

53
Mayrovitz
2009
U.S.
136
Mayrovitz
2009
U.S
Were withdrawals from the study
explained?
Were intermediate
results/incomplete data reported?
Did assessors have adequate
professional training to perform
test/measurement?
Is the comparator test likely to
correctly classify the condition?

Were the correct statistical tests
used to measure validity?
Was the time period between the
application of the index test and the
comparator test short enough to
ensure the condition did Not change
between tests?
Did all patients who received the
index test also receive the
comparator test?
Were the index and comparator tests
performed independently of one
another?
Were the results of the index test
interpreted without knowledge of the
comparator test?
Quality rating (Good/Fair/Poor)

94

Were the index test and comparator
described in sufficient detail to
permit replication in another study?

Halaska
2006
Czech
Republic
79
Karges
2003
U.S.
84
Latchford
1997
Australia
66
Mayrovitz
2000
U.S.
93
Mayrovitz
2008
U.S.
Were selection criteria for patients
clearly described?

Study
Were study patients representative
of the patients who will receive the
test(s) in practice?

Table 4. Quality assessment of validity studies using modified QUADAS (continued)

Yes
Yes
Unclear
No
Yes
Unclear
Yes
Yes
Yes
Yes
Yes
Unclear
Fair

Yes
Yes
Yes
Yes
Yes
Unclear
Yes
Unclear
Yes
Yes
Yes
No
Fair

Yes
No
Yes
No
No
Yes
Yes
Yes
Unclear
Yes
Yes
No
Fair

Yes
Yes
Yes
No
No
Yes
Yes
Yes
Unclear
Yes
Yes
No
Fair

Yes
Yes
Yes
No
No
Unclear
Yes
Unclear
Yes
Yes
No
No
Fair

Yes
Yes
Yes
No
No
Unclear
Yes
Yes
Yes
Yes
No
Unclear
Fair

Yes
No
Yes
Yes
Unclear
Unclear
Yes
Yes
Unclear
Yes
Yes
Unclear
Fair

77

54
Were the index test and comparator
described in sufficient detail to
permit replication in another study?
Were withdrawals from the study
explained?
Were intermediate
results/incomplete data reported?
Did assessors have adequate
professional training to perform
test/measurement?
Is the comparator test likely to
correctly classify the condition?

Were the correct statistical tests
used to measure validity?
Was the time period between the
application of the index test and the
comparator test short enough to
ensure the condition did Not change
between tests?
Did all patients who received the
index test also receive the
comparator test?
Were the index and comparator tests
performed independently of one
another?
Were the results of the index test
interpreted without knowledge of the
comparator test?
Quality rating (Good/Fair/Poor)

Meijer
2004
Netherlands
76
Mellor
2004
U.K.
75
Mirnajafi
2004
Australia
80
Moseley
2002
Australia
65
Norman
2001
U.S.
71
Ridner
2007
U.S.
97
Ridner
2009
U.S
Were selection criteria for patients
clearly described?

Study
Were study patients representative
of the patients who will receive the
test(s) in practice?

Table 4. Quality assessment of validity studies using modified QUADAS (continued)

Yes
Yes
Yes
No
No
Unclear
Yes
Yes
Yes
Yes
Yes
No
Fair

Yes
Yes
Yes
No
No
Unclear
Unclear
Yes
Unclear
Yes
Yes
Unclear
Fair

Yes
Yes
Yes
Yes
No
Unclear
Yes
Unclear
Unclear
Unclear
Unclear
Unclear
Fair

Yes
Yes
Yes
No
No
Unclear
Yes
Yes
Yes
Yes
Yes
No
Fair

Yes
Yes
Yes
No
No
Yes
Yes
Yes
Unclear
Yes
Yes
Unclear
Fair

Yes
Yes
Yes
No
No
Yes
Yes
Unclear
Yes
Yes
Yes
No
Fair

Yes
Yes
No
Yes
Unclea
r
Unclear
Unclear
Yes
Unclear
Yes
Yes
Unclear
Fair

86

55
Were the index test and comparator
described in sufficient detail to
permit replication in another study?
Were withdrawals from the study
explained?
Were intermediate
results/incomplete data reported?
Did assessors have adequate
professional training to perform
test/measurement?
Is the comparator test likely to
correctly classify the condition?

Were the correct statistical tests
used to measure validity?
Was the time period between the
application of the index test and the
comparator test short enough to
ensure the condition did Not change
between tests?
Did all patients who received the
index test also receive the
comparator test?
Were the index and comparator tests
performed independently of one
another?
Were the results of the index test
interpreted without knowledge of the
comparator test?
Quality rating (Good/Fair/Poor)

Roberts
1995
U.K.
96
Sagen
2009
Norway
91
Stanton
1997
U.K
81
Szuba
2002
U.S.
28
Taylor
2006
Australia
89
Tewari
2008
Australia
87
Ward
1992
Australia
Were selection criteria for patients
clearly described?

Study
Were study patients representative
of the patients who will receive the
test(s) in practice?

Table 4. Quality assessment of validity studies using modified QUADAS (continued)

Yes
No
Yes
No
No
Unclear
Yes
Yes
Yes
Yes
Yes
Unclear
Fair

Yes
Yes
Yes
Yes
Unclea
r
Unclear
Yes
Yes
Unclear
Yes
Yes
Yes
Good

Unclear
Yes
Yes
Unclear
Unclea
r
Unclear
Yes
Yes
Unclear
Yes
Yes
Yes
Fair

Yes
Yes
Yes
No
No
Unclear
Yes
Yes
Yes
Yes
Yes
Unclear
Fair

Yes
Yes
Yes
No
No
Yes
Yes
Yes
Unclear
Yes
Yes
No
Fair

Yes
Yes
Yes
Yes
No
Unclear
Yes
Yes
Unclear
Yes
Yes
No
Fair

Yes
Yes
Yes
Unclear
Unclear
Unclear
Yes
Yes
Unclear
Yes
Yes
Unclear
Fair

98

56
Were the index test and comparator
described in sufficient detail to
permit replication in another study?
Were withdrawals from the study
explained?
Were intermediate
results/incomplete data reported?
Did assessors have adequate
professional training to perform
test/measurement?
Is the comparator test likely to
correctly classify the condition?

Were the correct statistical tests
used to measure validity?
Was the time period between the
application of the index test and the
comparator test short enough to
ensure the condition did Not change
between tests?
Did all patients who received the
index test also receive the
comparator test?
Were the index and comparator tests
performed independently of one
another?
Were the results of the index test
interpreted without knowledge of the
comparator test?
Quality rating (Good/Fair/Poor)

Ward
2009
Australia
99
York
2009
Australia
Were selection criteria for patients
clearly described?

Study
Were study patients representative
of the patients who will receive the
test(s) in practice?

Table 4. Quality assessment of validity studies using modified QUADAS (continued)

Yes
Yes
Yes
No
Unclear
Unclear
Yes
Yes
Unclear
Yes
Yes
Unclear
Fair

Yes
Yes
Yes
No
Unclear
Unclear
Unclear
Yes
Unclear
Yes
Yes
Unclear
Fair

Table 5. Quality assessment of RCT’s with Jadad Scale

Study

Jadad Score

Quality Rating

1

Poor

3

Poor

3

Poor

3

Poor

3

Poor

3

Poor

3

Poor

4

Fair

4

Fair

4

Fair

4

Fair

4

Fair

103

57

Radakovk
1993
Yugoslavia
105
Hou
2008
China
106
Kessler
2003
Switzerland
107
McKenzie
2003
U.S.
104
Kozanoglu
2000
Turkey
125
Pilch
2009
Poland
126
Bialoszewski
2009
Poland
114
Williams
2002
U.K.
108
Szuba
2002
U.S.
115
Andersen
2009
U.K.
109
Johansson
1998
Sweden
110
Bertelli
1991
Italy

Table 5. Quality assessment of RCT’s with Jadad Scale (continued)

Study

Jadad Score

Quality Rating

4

Fair

5

Fair

5

Fair

5

Fair

5

Fair

5

Fair

5

Fair

5

Fair

5

Fair

5

Fair

6

Good

6

Good

111

58

Szuba
2002
U.K.
116
Shaw
2000
U.K.
117
Shaw
2007
U.K.
118
KavianI
2007
Iran
119
Didem
2005
Turkey
112
Dini
1998
Italy
120
Jahr
2008
Germany
121
Maiya
2008
Singapore
122
Sitzia
2002
U.K.
129
Irdesel
2007
Turkey
124
Damstra
2009
Netherlands
127
Lau
2009
China

Table 5. Quality assessment of RCT’s with Jadad Scale (continued)

Study

Jadad Score

Quality Rating

6

Good

6

Good

6

Good

7

Good

7

Good

8

Good

123

59

McNeely
2004
Canada
47
Hayes
2000
Australia
128
Tsai
2009
China
48
Schmitz
2009
U.S
113
Wilburn
2006
U.S.
33
Carati
2003
Australia

Table 6. Quality assessment of observational studies using Newcastle-Ottawa Scale (NOS)

60

Study
133
Johansson
1999
Sweden
130
Berlin
1999
Sweden
134
Frischenschlager
1991
Austria
131
Pinell
2007
U.S.
132
Brambilla
2006
Italy
50
Balzarini
1993
Italy

Type of Study

NOS Star Rating

Quality Assessment

Cohort

6

Fair

Cohort

6

Fair

Cohort

6

Fair

Cohort

7

Good

Cohort

8

Good

Cohort

8

Good

Table 7. Basic data diagnostic studies

Study Type
(Reliability,
Validity,
Sensitivity/
Specificity)

Sample Size

27

Validity

n=221

36

Validity

n=80

Validity

n=38

Sensitivity and
Specificity

n=32 with LE
n-58 without LE

Author

Armer
2005
U.S.

Armer
2003
U.S.
88
Bates
1992
U.K
78

61

Bland
2003
U.S.

Question #1a

Question #1b

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

Persons diagnosed with BCa,
scheduled for Rx, no prior
history of LE or BCa, >18 years
of age in the Midwest
40 women with LE, 40 healthy
control, no history of breast Ca
or LE
Patients with LE following
treatment for BCa, mean age
63 years, mean duration of LE
44 months
Newly diagnosed resectable
BCa.
Age: ≥18 years, male or female,
average age 53.7 years, all
female, half of patients had
radiation therapy
Eligible patients were
scheduled for mastectomy or
lumpectomy, with lymph node
sampling, dissection, or sentinel
node biopsy, or breast
conservation therapy followed
by radiation therapy

NR

NR

Question #1f
Frequency of
Assessment for
LE
5 quarterly
assessments to
track incidence of
LE
2 assessments to
measure validity

Question #1g
Outcomes
NR

NR

NR

Up to 3
measurements if
necessary

NR

NR

3 assessments per
year for up to three
years

NR

Previous axillary surgery or
radiation, planned mastectomy
without axillary surgery or
radiation therapy, inability to
provide consent, or no plans to
followup after surgery
Abbreviations: AIDS-KS=Acquired Immune Deficiency Syndrome-Karposi‟s Sarcoma, BCa=Breast Cancer, BIS=Bioimpedance Spectroscopy, Dx=diagnosis HV=healthy
volunteer, LE=Lymphedema, MFBIA=Multifrequency Bioelectrical Impedance, MO=months, NR=Not Reported, Pts=Patients, RT=Radiotherapy, Rx=Treatment, SD=Standard
Deviation

Table 7. Basic data diagnostic studies (continued)

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Author

31

Chen
2008
Taiwan

Reliability

Sample Size

Total n=31
Trial 1: Water
displacement and
circumference
n=14
Trial 2:
Tonometry n=17
n=102 LE patients
n=60 healthy
control

95

Sensitivity and
Specificity

85

Validity

LE patients n=20
Control n=20

100

Validity and
reliability

n=33 LE patients
n=18 controls

73

Validity

n=25

Cornish
2001
Australia

62

Cornish
1996
Australia

Czerniec
2010
Australia

Damstra
2006
Netherlands

Question #1a

Question #1b

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

Pts who developed LE after
breast carcinoma surgery

NR

Question #1f
Frequency of
Assessment for
LE
Single
assessment

Question #1g
Outcomes
NR

Those with skin problems or
wounds around measurement
areas
102 pts with BCa from 25 to
82 years old, living within 50
km of Brisbane
60 female volunteers
Pts with ≥Grade II unilateral
LE of upper limb after surgery
and/or radiotherapy for BCa.
Mean age 60 yrs (32-78)
Controls volunteers from clinic
and staff
Women with unilateral arm LE
following treatment for BCa
(mean age 58±10.0 years);
healthy controls (mean age 52
±7 years)
Females suffering from LE
age range 47-82 years
(mean ± SD: 61.7±9.5);
complete and partial
mastectomy following BCa
surgery axillary node
dissection
No signs of metastasis

NR

Maximum of 14
assessments to
examine Dx
capability of BIS
Daily
measurements
for four weeks as
part of treatment
protocol

NR

NR

Two
assessments
four weeks apart

NR

NR

Multiple
assessments to
permit study of
test-retest or
interrater
reliability

NR

NR

NR

Table 7. Basic data diagnostic studies (continued)

Author

Deltombe
2007
Belgium

30

92

63

Gebousky
2009
Czech
Republic
70
Godoy
2007
Brazil

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Sample Size

Reliability

Question #1a

Question #1b

Question #1f

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

n=30 LE patients

Women with chronic arm LE
secondary to unilateral BCa
Rx Dx was clinically evident
LE
All had axillary lymph node
dissection, 27 total
mastectomies, 3 partial
mastectomies, 8
chemotherapy, and 29
radiations. Age range 46 - 79
years (mean 63.9 ± 9 years)

NR

Validity

n=88 women

5-point ordinal
scale to grade
severity

2 assessments to
measure validity

NR

Sensitivity and
Specificity

n= 90

Women with suspicion of
unilateral secondary LE of
upper limbs due to BCa Rx,
aged 39-84 years (60.2±10.4)
Women with LE following
surgical Rx for BCa

NR

Single
assessment

NR

Frequency of
Assessment for
LE
Single
assessment

Question #1g
Outcomes
NR

Table 7. Basic data diagnostic studies (continued)

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Author

90

Halaska
2006
Czech
Republic

Validity

64
74

Sensitivity and
Specificity

68

Sensitivity and
Specificity

Hayes
2005
Australia

Hayes
2008
Australia

Sample Size

Total n=101
Group A n=60
(circumference &
MFBIA):
subgroups
A1 n=7
(circumference &
MFBIA 1-100kHz
& water
displacement),
A2 n=20 ( &
MFBIA 200kHZ)
Group B n=5
(circumference &
MFBIA);
Group C n=36
(circumference &
MFBIA)
Total n=294
clinical
component n=218
data complete
n=176
n=287

Question #1a

Question #1b

Question #1f

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

Group A: healthy women as
control, mean age 40.20 years
(22-75yrs)
Group B: pronounced LE,
mean age 63.3 years (55-78
yrs)
Group C: undergoing BCa
surgery, mean age 60.0 years
(37-76yrs)

NR

Women diagnosed unilateral
BCa ≤6 months
Age: ≤75 years, residing within
100 km of Brisbane

NR

Single
assessment

NR

Women with unilateral breast
cancer (BCa)
with or without LE after Rx
age: <75 years, (aged 54±10
years on average)
residing within 100 km of
Brisbane

NR

5 assessments at
3 mo intervals 6
to 18 mo post
surgery

NR

Frequency of
Assessment for
LE
Single
assessment

Question #1g
Outcomes
NR

Table 7. Basic data diagnostic studies (continued)

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Sample Size

Validity

n=14

84

Validity

n=15

Mayrovitz
2009
U.S

136

Validity

n=18 LE
n= 12 control

Mayrovitz
2008
U.S.

93

Validity

n=10

Mayrovitz
2009
U.S.

94

Validity

n=30

Mayrovitz
2000
U.S.

66

Validity

Total pts n=62
legs n=142
arms n=42

Author

Karges
2003
U.S.

79

Latchford
1997
Australia

65

Question #1a

Question #1b

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

Dx of upper-extremity LE and
receiving intervention, 12
postmastectomy LE and 1 LE
from traumatic accident
Selected in a consecutive
manner. Sample of
convenience
15 consecutive patients with
Grade 1, unilateral postmastectomy LE, with mean
age of 60 years
8 men and 10 women with
lower extremity secondary LE;
mean age 72± 18.6 years;
12 healthy controls
Ten women
(mean 71 +/- SD 14.1) with
unilateral LE subsequent to
BCa surgery or radiation Rx
10 women with unilateral arm
LE subsequent to BCa surgery
or RT
20 women with no history of
LE

NR

Patients referred to an
outpatient wound healing and
LE center

NR

Question #1f
Frequency of
Assessment for
LE
Multiple
assessments to
permit study of
test-retest or
interrater
reliability

Question #1g
Outcomes
NR

NR

2 assessments to
measure validity

NR

NR

Multiple
assessments to
measure validity

NR

4 assessments

Change in
TDC and
tonometry after
MLD Rx
NR

NR

4 assessments to
compare single
vs. 3 measures
of tissue
dielectric
constant
2 assessments
pre and post
treatment

NR

NR

Table 7. Basic data diagnostic studies (continued)

Author

Megens
2001
Canada

82

77

Meijer
2004
Netherlands

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Sample Size

Reliability

Reliability and
Validity

Question #1a

Question #1b

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

n=25

Women at risk for LE who had
undergone axillary lymph node
dissection surgery for BCa
age range 35-67 years

NR

n=18 right upper
extremity
n=12 left upper
extremity

BCa Rx-related LE of upper
extremity
Age: ≥18 years
(mean 56.4 ± 11.6 SD)

NR

66
Mellor
2004
U.K.

76

75

Mirnajafi
2004
Australia

Validity

n=10

Validity

n=17

Co-morbidity, recent
operations on the upper
extremity, inability to elevate
the upper extremity 90
degrees in the shoulder girdle,
inability to extend the elbow
Ten women
(mean 59 +/- SD 9) with LE
subsequent to unilateral BCa
surgery or radiation Rx
Skin disease or skin trauma
Seventeen women with
unilateral arm LE secondary to
axillary clearance and RT
Skin comorbidities

Question #1f
Frequency of
Assessment for
LE
Multiple
assessments to
permit study of
test-retest or
interrater
reliability
Multiple
assessments to
permit study of
test-retest or
interrater
reliability

Question #1g
Outcomes
NR

NR

NR

2 assessments to
measure validity

NR

NR

2 assessments to
measure validity

NR

Table 7. Basic data diagnostic studies (continued)

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Author

67

Moseley
2002
Australia

80

Mosely
2002
Australia

67
Norman
2001
U.S.

72

Peer
2007
Canada

83

Sample Size

Reliability

n=12 healthy
volunteers
n=12 LE patients

Validity

n=33
n=28 women
n=5 men

Sensitivity and
Specificity
and reliability

Total n=43
measured
independently by
2 physical
therapists for
interobserver
agreement n=25
n=40

Sensitivity and
Specificity

Question #1a

Question #1b

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

Women who had breast
conserving surgery for BCa (±
radiotherapy ± chemotherapy)
≥12 months ago and who were
in remission. Aged 48-82
years (mean 61.6 ± 9.7 years);
time since surgery range 2 20 years (mean 8.7 ± 4.7
years)
Secondary LE (28 women, 5
men) aged 39-88 years (mean
59 ± 13 years) with a Dx of LE
of lower extremities

NR

LE following Rx for BCa. 41
unilateral, 2 bilateral
mean age 54.1 years; all
female; all women had LE
diagnosed by their therapists

Comparing
circumferential
differences
between
affected and
unaffected
arms
NR

21 men and 19 women, mean
age 36.68 years, range 20 - 71
years) with AIDS-KS; Dx
confirmed by titer and biopsy
Children, pregnant/lactating
women, patients undergoing
Rx

NR

Question #1f
Frequency of
Assessment for
LE
Single
assessment

Question #1g
Outcomes
NR

5 assessments to
study correlation
of BIS and
perometry over
time
Multiple
assessments to
permit study of
test-retest or
interrater
reliability

NR

Single
assessment

NR

NR

Table 7. Basic data diagnostic studies (continued)

Author

Ridner
2007
U.S.

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Sample Size

68

71

Validity

Study completers
n=31
Data included
n=25
Healthy
volunteers (HV)
n=14
LE patients n=11

97

Validity

n=98 BCa LE
n=75 BCa no LE
n=60 controls
n=15

Ridner
2009
U.S
86
Roberts
1995
U.K.
96

Sagen
2009
Norway

Validity and
Reliability

Validity

n=23

Question #1a

Question #1b

Question #1f

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

HV group: ≥18 years with no
self reported LE or BCa
LE group: ≥18 years with BCa
Rx LE in one arm only
no swelling or primary LE
before BCa Rx, no medical
contraindications; no pregnant
women; no metal implants or
pacemakers that would
interfere with impedance
measurements
Women with arm LE after BCa

NR

NR

Single
assessment

NR

14 subjects with LE
1 healthy subject

NR

NR

Women with LE following
surgery for BCa
Mean age 64±11years

NR

Two sets of 2
assessments to
measure testretest reliability
and validity
Single
assessment

Frequency of
Assessment for
LE
Single
assessment

Question #1g
Outcomes
NR

NR

Table 7. Basic data diagnostic studies (continued)

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Author

69

Spillane
2008
Australia

Sensitivity and
Specificity

Sample Size

n=66

Question #1a

Question #1b

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

Inguinal or ilio-inguinal
dissection for melanoma >6
months previous

NR

Question #1f
Frequency of
Assessment for
LE
Single
assessment

Question #1g
Outcomes
NR

31 male, 35 female
Age: median 44.2 years
(range, 20 - 95 years)
91

69

Stanton
1997
U.K
81
Szuba
2002
U.S.

28

Taylor
2006
Australia

89

Tewari
2008
Australia

Validity

n=12

Validity

n=19

Reliability and
Validity

BCa and LE
n=22,
BCa no LE n=19,
control n=25

Validity

Total n=87
arms measured
n=174

9 received radiotherapy
Women with post mastectomy
lymphedema

NR

Multiple
assessments

NR

19 consecutive prospectively
identified patients with postmastectomy LE (average age
67+/- 10.1 years)
Exclusion: recurrent or active
malignancy
BCa patients and from healthy
controls. All women

8-point scoring
system

2 assessments to
measure validity

NR

NR

NR

Women from a breast clinic
with sentinel node biopsy with
axillary clearance for BCa,
mean age 58.6 years (range
17-81 years)

NR

Multiple
assessments to
permit study of
test-retest or
interrater
reliability
Single
assessment

NR

Table 7. Basic data diagnostic studies (continued)

Author

Study Type
(reliability,
validity,
Sensitivity/
Specificity)

Sample Size

87

Validity

LE n=15
Control n=15

98

Validity

LE n=45
Control n=21

Validity

Arm LE n=28
Leg LE n=16
Healthy controls
n=28

Ward
1992
Australia

Ward
2009
Australia
99

70

York
2009
Australia

Question #1a

Question #1b

Inclusion/
Exclusion Criteria

Measure of
Severity of LE

Women with LE following BCa
treatment; average age 53
years; duration of LE 1.5
months (average)
Female controls from clinical
staff/investigative team
Women clinically diagnosed
with unilateral arm LE after
BCa. Healthy control group, no
history LE or BCa
Women with arm LE post BCa
Women with leg LE secondary
to Ca
Controls, no history of LE or
surgery to axilla

Grade 2 LE (on
1-6 scale)

Question #1f
Frequency of
Assessment for
LE
Single
assessment

Question #1g
Outcomes
NR

NR

2 assessments
each device to
measure validity

NR

NR

Single
assessment

NR

Table 8. Psychometric properties of diagnostic studies

Author
27
Armer
2005
U.S.

Test(s)
Circumferential measurements,
infrared laser perometry LE
and Breast Cancer
Questionnaire (LBCQ)

Sample Size
n=221

Reliability
NR

Validity
Tests (Incidence of
lymphedema 6
months/12 months)

Responsiveness
NR

200 mL difference in
limb volume
(24%/42%)
10% change in limb
volume (8%/21%)
2 cm change in limb
volume (46%/70%)
36

71

Armer
2003
U.S.
88
Bates
1992
U.K

78

Bland
2003
U.S.

LBCQ vs. arm circumference
measurements

n=40 LE group
n=40 Control group

NR

Subcutaneous interstitial fluid
pressure vs. limb
circumference

n=38

NR

Index Test:
Circumferential measurements

n=90

NR

LBCQ (19%/40%)
LBCQ be predictive
of ≥2 cm difference in
arm circumference
Intervals of 10 cm
were compared to
intervals of 3.81 cm
(1.5 inches) and the
correlation between
measures was
calculated to be 0.94
or greater
NR

NR

NR

NR

Reference Test:
10% change or more in
volume. 1 cm change in
circumference at any site
Abbreviations: BCa=Breast Cancer, BIS=Bioimpedance Spectroscopy, BMI=Body Mass Index, ICC=intraclass correlation, IWV=Inverse water Volumetry, LE=Lymphedema;
MFBIA=Multiple Frequency Bioelectrical Impedance Analysis, NR=Not Reported (indicates that no information on this item was contained in the published study), SOAC=Sum
of Arm Circumference, TDC=Tissue Di-electric constant

Table 8. Psychometric properties of diagnostic studies (continued)

Author
31
Chen
2008
Taiwan

95

Cornish
2001
Australia

85

Cornish
1996
Australia

72

Test(s)
Water displacement
Circumference measurement
Tonometry

Sample Size
Total n=31
Trial 1:
Water displacement
and circumference
n=14
Trial 2:
Tonometry n=17

Reliability
ICCs for test-retest
and interrater
reliability ranged from
0.69 to 0.88

Index Test:
MFBIA

n=102 LE patients
n=60 healthy control

NR

NR

n=20 LE Patients

NR

Bias scores
decreased from 31%
to 15% between 1
and 26 days of
followup.
Lower bias scores
indicate better
agreement
High agreement
between limb
circumference,
perometry and BIS (r
= 0.89- 0.99)
Moderate agreement
between physical
measures and selfreport (r= 0.65-0.71)

NR

ICCs ranged from
0.89 to 0.91

NR

Reference Test:
Limb circumference
Bioimpedance daily
measurements vs.
circumferential measurements
taken daily throughout 4 weeks
of lymphedema treatment

n=20 Control

100

Limb circumference,
perometry, bioimpedance
spectroscopy (BIS) and self
report of LE

n=33 LE patients
n=18 control

ICCs for intrarater
reliability 0.95 to 1.00
for the three physical
measures and 0.50
for visual analogue
scale; interrater
reliability, calculated
for the physical
measures only,
ranged from 0.98 to
1.00

73

Inverse water volumetry vs.
circumferential measurements
(Herpertz method)

n=25

NR

Czerniec
2010
Australia

Damstra
2006
Netherlands

Validity
NR

Responsiveness
Defined as smallest
difference detectable
75 ml for water
displacement
0.46 to 1.02 cm for
limb circumference
measurement
0.32 to 1.01mm for
tissue resistance
NR

NR

Table 8. Psychometric properties of diagnostic studies (continued)

Author
30
Deltombe
2007
Belgium

Test(s)
Circumferential measurements
using frustum sign method and
the disk model method, water
displacement, and Optoelectronic volumetry

Sample Size
n=30 LE patients

73
92

Gebousky
2009
Czech
Republic
70

Godoy
2007
Brazil

Index Test:
Lymphoscintigraphy

Reference Test:
Clinical examinations
Perometry and volumetry

n=88
Number of limbs
n=176

n= 90

Reliability
ICC for interrater
reliability:
Frustrum sign
0.937
Disk method
0.990
Water
0.987
Opto-Electronic 0.997
ICC for intrarater
reliability:
Frustrum sign
0.958
Disk method
0.989
Water
0.991
Opto-Electronic
0.997
NR

NR

Validity
NR

Responsiveness
NR

Model predicts
expert’s conclusions
on lymphedema in
95% of the cases

NR

NR

NR

Table 8. Psychometric properties of diagnostic studies (continued)

Author
90
Halaska
2006
Prague

74

74

Hayes
2005
Australia

68

Hayes
2008
Australia

Karges
2003
U.S.

79

Test(s)
Multifrequency bioelectrical
impedance, circumferential
measurements, subgroup with
water displacement

Index Test:
Multifrequency bioelectrical
impedance
Reference Test:
Sum of arm circumference and
self report
Index Test:
Bioimpedance spectroscopy
(BIS)
Reference Test:
Comparator: Sum of arm
circumference and self report
Volumetric measurements
taken with a volumeter minus
fingers (UE-F) circumferential
measures taken with a tape
measure, calculated volume
formula using truncated cone
formula

Sample Size
Total n=101
Group A n=60
(circumference &
MFBIA):subgroups
A1 n=7
(circumference &
MFBIA 1-100kHz &
water
displacement), A2
n=20
(& MFBIA 200kHZ)
Group B n=5
(circumference &
MFBIA);
Group C n=36
(circumference &
MFBIA)
Total n=294
Clinical component
n=218
Data complete
n=176

Reliability

Validity
Correlation between
circumferential
measurements and
water displacement
was 0.94

Responsiveness
NR

NR

NR

NR

n=287

NR

NR

NR

n=14

NR

Correlation coefficient
for volumetric
measurements and
tape measure was
0.98

NR

NR

Table 8. Psychometric properties of diagnostic studies (continued)

Author
84
Latchford
1997
Australia

Test(s)
Arm circumference
measurements every 10 cm vs.
arm circumference
measurements every 4 cm
Tonometry tissue tester vs.
Tissue dielectric constant
(TDC)

Sample Size
n=15

n= 18 LE
n= 12 control

NR

93

Tissue Di-electric constant

n=10

NR

Mayrovitz
2009
U.S.

94

One Tissue Di-electric constant
measurement vs. average
Tissue Di-electric constant
measurements

n=10 LE group
n=20 Control group

NR

Mayrovitz
2000
U.S.

66

Circumference measurements:
Manual (Gulick tape measure)
vs. automated (optoelectric
system [Pero-System,
Perometer Model 350S})
Circumference and volume
measurements

Total pts n=62
legs n=142
arms n=42

NR

n=25

ICCs for interrater
and test-retest
reliability:

Mayrovitz
2009
U.S

136

Mayrovitz
2008
U.S.

75
Megens
2001
Canada

82

Reliability
NR

Circumferential data
0.99
Volumetric data 0.99

Validity
Correlations between
interval measures of
10 cm and 3.81 cm
was 0.94
No discernible
correlation between
tonometry and TDC
for either controls or
LE patients
Correlations were
0.99 for the
nonedematous arm,
and 0.98 for the
edematous arm
Correlation between
single TDC
measurement and
average TDC
measurements were:
Edematous arm: 0.98
Non-edematous arm:
0.99
Correlation
coefficients between
measures were 0.98
for legs and 0.96 for
arms
NR

Responsiveness
NR

NR

NR

NR

NR

NR

Table 8. Psychometric properties of diagnostic studies (continued)

Author
77
Meijer
2004
Netherlands

Test(s)
Indirect volume determination
(Sitzia's method) vs. water
displacement

Sample Size
n=30

Reliability
Intrarater reliability for
water displacement
ranged from 0.95 to
0.98
Intrarater reliability for
Sitzia’s method
ranged from .90 to
.99 with one low ICC
of .62

76

76

Mellor
2004
U.K.
75
Mirnajafi
2004
Australia

67

Moseley
2002
Australia

Dermascan ultrasound

n=10

NR

Torsional rigidity of skin

n=17

NR

Bioimpedance vs. Tonometry

n=12 healthy
volunteers
n=12 LE patients

Covariance for
bioimpedance ranged
from 0.002 to 0.0086
Covariance for
tonometry ranged
from 0.0129 to
0.0325

Validity
Comparing Sitzia’s
method to water
displacement:

Responsiveness
NR

ICCs ranged from
0.71 to 0.87
Comparison of arm
circumference
measures at 4 cm
with measures at 8
cm
ICCs of 0.80 for one
rater and 0.92 for a
second rater
Ultrasound strongly
correlated with arm
circumference, r=0.95
Power to rotate
normal skin
exceeded power to
rotate diseased skin
by 46.3%.
Not significant
(p=0.13)
NR

NR

NR

NR

Table 8. Psychometric properties of diagnostic studies (continued)

Author
80
Moseley
2002
Australia
Norman
2001
U.S.

83

Test(s)
Perometry and bioimpedance

Sample Size
n=33

Index Test:
Self report questionnaire

Total n=43
Measured
independently by 2
physical therapists
for interobserver
agreement n=25
n=40

Interobserver
agreement high,
weighted kappa of
0.80

Reference Test:
arm circumference
72

Peer
2007
Canada

77

Ridner
2007
U.S.

Ridner
2009
U.S

71

97

Index Test:
99m
Tc-MIBI Whole Body Scan
Reference Test:
Clinical assessment
Circumference measurements,
infrared laser perometry,
bioelectrical impedance (BIS)
and lymphedema and breast
cancer questionnaire (LBCQ)

Single frequency bioelectrical
impedance vs. limb index ratio

Reliability

Validity
Correlation coefficient
between perometry
and bioimpedance
was 0.61
Weighted kappa’s
ranged from 0.70 to
0.84

Responsiveness
NR

NR

NR

NR

Study completers
n=31
Data included n=25
Healthy volunteers
(HV) n=14
LE n=11

NR

Correlations among
instruments ranged
from 0.71 to 0.99

NR

n= 98 BCa survivors
with LE
n= 78 BCa survivors
with no LE
n=60 healthy
controls

NR

NR

Significant correlation
LBCQ and tests for
swelling (0.61-0.76)
and tightness (0.610.68)
Mean and median
bioimpedance
measures greater in
the arms of women
with lymphedema
who survived breast
cancer, compared to
breast cancer
survivors without
lymphedema or
healthy controls

NR

NR

Table 8. Psychometric properties of diagnostic studies (continued)

Author
86
Roberts
1995
U.K.
96

Sagen
2009
Norway

69

Spillane
2008
Australia

78
91

Stanton
1997
U.K

Szuba
2002
U.S.

81

Test(s)
Modified Harpenden Skinfold
Calipers
Arm volume measurements
Simplified water displacement
instrument (SWDI) vs. Cross
sectional area (CSA) by
computed tomography

Index Test:
Infrared Opto-electronic
perometer technique
Reference Test:
circumference measurements,
brief questionnaire
Opto-electronic limb volumeter
(Perometer) and limb
circumference

Quantitative radionuclide
lymphoscintigraphy

Sample Size
n=14 LE patients
n=1 Healthy subject

Reliability
Coefficient of
standard variation of
5%

n= 23

NR

n=66

NR

n=12

NR

n=19

NR

Validity
Correlation between
caliper measures and
questionnaire scores
was 0.75
Correlation of SWDI
and total CSA of
upper arm was
r=0.904; correlation
of SWDI and CSA of
subcutaneous tissue
r=0.867; correlation
of SWDI and CSA of
muscle tissue
r=0.725
NR

Responsiveness
NR

Correlation of 0.988
between Perometer
and limb
circumference in
patients with LE
Correlation of
outcome of therapy
with pre-therapeutic
axillary radioactivity
level r=0.5

NR

NR

NR

NR

Table 8. Psychometric properties of diagnostic studies (continued)

Author
28
Taylor
2006
Australia

89

Tewari
2008
Australia

87

79

Ward
1992
Australia
98
Ward
2009
Australia

99

York
2009
Australia

Test(s)
Circumferential measurements
vs. water displacement

Sample Size
Total n=66
n=22 BCa w/o
lymphedema
n=19 BCa with
lymphedema,
n=25 control
group

Reliability
Interrater reliability for
circumferential
measurements ranged
from 0.97 to 0.99
Interrater reliability for
water displacement
measurements ranged
from 0.94 to 0.99
NR

Circumferential measurements

n=87 total
n=174 arms
measured

Multifrequency bioelectrical
impedance vs. limb
circumference
Bioelectrical impedance vs.
Perometry

n=15 LE
n=15 controls

NR

n=66 total
n=45 with BCa LE
n=21 healthy
controls

NR

Bioimpedance spectroscopy
(BIS) vs. single frequency
bioimpedance analysis
(SFBIA)

n=28 Arm LE
n=16 Leg LE
n=28 Healthy
controls

NR

Validity
Correlations between
methods was 0.98

Responsiveness
Standard error of
mean ≤150 mL

Pearson’s correlation
between
circumferential and
volumetric
measurements was
0.92 for narrow tape
and 0.88 for wide
tape
Impedance inversely
correlated with limb
size (r=0.7)
Correlation between
bioimpedance and
perometry was
r=0.926 for total
subject cohort (LE +
controls) and r=0.919
for LE subjects alone
High concordance of
BIS ratios with SFBIA
for arms and legs
(r=0.99) as long as
SFBIA frequency
from low end of
spectrum.
Concordance
deteriorated as
frequency increased.

NR

NR

NR

NR

Table 9. Sensitivity and specificity studies

Author
78

Bland
2003
U.S.

Sensitivity/Specificity

95

80

Cornish
2001
Australia

70

Godoy
2007
Brazil

Study Design

Sample Size
n=90

Sensitivity/Specificity

n=102
n=60 control

Sensitivity/Specificity

n= 90

Inclusion/Exclusion
Criteria
≥18 years, male or
female eligible. New
diagnosed resectable
BCa. Scheduled for
mastectomy or
lumpectomy, with lymph
node sampling,
dissection, or sentinel
node biopsy, or breast
conservation therapy
followed by radiation
therapy. Participants
average age was 53.7
years, all female, half of
patients had RT
Dx BCa, living within 50
km of Brisbane
pathological
confirmation of tumor
malignancy
Axillary dissection
Women with LE
following surgery for
BCa
Mean age 54.8 ± 11.7
yrs

Index Test
Percent change
in
circumferential
measurements
above and
below the elbow

Reference
Test
10% change or
more in
volume.
1 cm change in
circumference
at any site

Sensitivity/Specificity
Sensitivity 37% and
Specificity 92% for a
10% change in
circumference above
and below elbow
Sensitivity 80% and
Specificity 71% for a
5% change in
circumference above
and below elbow

Bioimpedance
(BI)

Limb volume

Sensitivity BI vs. limb
Volume=100%
Specificity BI=98%

Perometry

Volumetry

Comparator test was
unclear; Sensitivity
ranged from 73 to
90%; specificity ranged
from 69 to 78 percent

Abbreviations: AIDS-KS=Acquired Immune Deficiency Syndrome-Karposi‟s Sarcoma, BCa=Breast Cancer, BI=Bioimpedance, BIS=Bioimpedance Spectroscopy, Dx=Diagnosis
LE=Lymphedema, MFBIA=Multifrequency Bioelectrical Impedance, Rx=treatment, SOAC=Sum of Arm Circumference

Table 9. Sensitivity and specificity studies (continued)

Author
74

Hayes
2005
Australia

68

Hayes
2008
Australia

81

Norman
2001
U.S.

72

Peer
2007
Canada

83

Study Design
Sensitivity/Specificity

Sensitivity/Specificity

Sensitivity/Specificity,
reliability and validity

Sensitivity/Specificity

Sample Size
Total n=294
Clinical
component
n=218
Data
complete
n=176

n=287

Total n=43
measured
independentl
y by 2
physical
therapists for
interobserver
agreement
n=25
n=40

Inclusion/Exclusion
Criteria
Dx with unilateral BCa
≤6 months, aged ≤75
years, residing within
100 km of Brisbane

Index Test
MFBIA

Reference Test

Sensitivity/Specificity

SOAC

Difference in SOAC >5
cm:
Sensitivity 35%,
Specificity 89%.
Difference in SOAC
>10 cm:
Sensitivity 5%,
Specificity 100%;
Self report
Sensitivity 65%,
Sensitivity 77%
Sensitivity 42% SOAC
vs. BIS,
Specificity 88%
Sensitivity 61%
Self report vs. BIS,
Specificity 59%
Questionnaire
sensitivity 93 to 96%
and
Specificity 69 to 75%
for the Dx of LE

Self report

Women with unilateral
BCa <75 years, (avg.
54±10 years) residing
within 100 km of
Brisbane; with or without
LE after Rx
LE following Rx for BCa;
41 unilateral, 2 bilateral;
mean age 54.1 years;
all female;
all women had LE
diagnosed by their
therapists

BIS

SOAC

Self report
questionnaire

Clinical
assessment
(limb
circumference
measurement)

21 men and 19 women,
mean age 36.68 (20-71)
years with AIDS-KS;
Dx confirmed by titer
and biopsy

99m

Clinical
assessment

Self report

Tc-MIBI
Whole Body
Scan

18/40 subjects
diagnosed with LE
99m
using
Tc-MIBI
12/40 subjects
diagnosed with LE
using clinical
examination

Table 9. Sensitivity and specificity studies (continued)

Author
69

Spillane
2008
Australia

Study Design
Sensitivity/Specificity

Sample Size
n=66

Inclusion/Exclusion
Criteria
Patients who had
previously undergone
an inguinal or ilioinguinal dissection for
melanoma >6 months
previous,
31 male,
35 female,
median age 44.2 (2095) years range (20-95
years),
9 received RT

Index Test
Infrared Optoelectronic
perometer
technique

Reference Test

Sensitivity/Specificity

Arm
circumference

Sensitivity 56% and
Specificity 95% for
perometry vs. self
assessment

Self
assessment
questionnaire

Sensitivity 50% and
Specificity 100% for
perometry vs. arm
circumference

82

Table 10. Treatment basic study data

Study
Design

Study
RCT
115
Andersen
2000
Denmark

Prospective
Randomized
Study

Type of
Treatment
MLD as
adjunct
therapy

Sample Size

Intervention:
n=20
Control:
n=22

110

Bertelli
1991
Italy

1

Definition of
Lymphedema

Comorbidities

≥4 months post
surgery LE
secondary to
BCa treatment

1+ LE symptoms
volume ≥200 ml
between arms
and/or ≥2 cm
circumference
difference

NR

RCT

Electronically
stimulated
lymphatic
drainage
(ESLD)

n=37
ESLD
n=37
Control

LE secondary to
unilateral
radical, modified
mastectomy or
quadrantectomy
with axillary
node dissection

Mild LE
(delta value >10
cm and <20 cm)

NR

RCT

Kinesiotape
vs. lymphatic
drainage

n=12
n=12

Lower extremity
LE after leg
lengthening
operation

Physical
examination and
radiographic
images to Dx LE

NR

83
Bialoszewski
26
2009
Poland

Cause of
Lymphedema

Other
Inclusion/Exclusion
Criteria
Exclusion:
- bilateral BCa
- treatment for
LE during previous
3 mths
- BCa recurrence
- severe LE arm
volume
difference >30%
Inclusion:
- no evidence of
distant
metastases or local
relapse
- no Rx in last 6 mths
- no signs of
lymphangitis
Exclusion:
- wearing a cardiac
stimulator
- currently receiving
CT or RT
Inclusion:
-age 15-40 years

Abbreviations: BCa=Breast Cancer, BMI=Body Mass Index, BMSC=Bone Marrow Stromal Cell Transplantation, Ca=Cancer, CB=Low stretch compression bandaging,
CDP=Complex Decongestive Physiotherapy, CDT=Complex Decongestive Physiotherapy, CT=chemotherapy, DLT=Decongestive Lymphatic Therapy, ESLD=Electronically
Stimulated Lymphatic Drainage, IPC=intermittent pneumatic compression, ISL=International Society of Lymphology, LE=Lymphedema, LLLT=Low-level Laser Treatment,
MLD=Manual Lymph Drainage, mo=Month, NR=Not Reported, PC=Pneumatic Compression, pts=patients, RT=Radiation Therapy, RCT=Randomized Control Trial,
ROM=Range of Motion, RT=radiotherapy, Rx=Treatment, SEPC=Sequential External Pneumatic Compression, SLD=Simple Lymphatic Drainage, SP=Standard Physiotherapy,
SPC=Sequential Pneumatic Compression, UE=Upper extremity, UST=Ultrasound therapy

Table 10. Treatment basic study data (continued)

Study
RCT
33
Carati
2003
Australia

84

124

Damstra
2009
Netherlands

Study
Design

Type of
Treatment

RCT
crossover
plus within
group
comparison
of one cycle
vs. two cycle

LLLT one
cycle vs. LLLT
two cycles

RCT

Compression
therapy: low
vs. high
pressure
bandaging

Cause of
Lymphedema

Definition of
Lymphedema

n=37
n=27

LE secondary to
BCa treatment

>200 ml
difference
between arms or
≥2 cm difference
in arm
circumference

NR

n=18 low
pressure
n=18 high
pressure

LE following
BCa

Patients with
moderate to
severe LE as
defined by ISL

NR

Sample Size

Comorbidities

Other
Inclusion/Exclusion
Criteria
Inclusion:
- female
Exclusion:
- presence of comorbidities
- significant change
to the
arm in past 3
months
- inability to abduct
arm for
measurement
- presence of primary
LE
of lower limbs
Inclusion:
-female
->18 years of age
-12 months post BCa
Rx without signs of
reoccurrence
Exclusion:
-allergy to materials
-systemic diseases
-arterial or venous
disease

Table 10. Treatment basic study data (continued)

Study
RCT
119
Didem
2005
Turkey

112

85

Dini
1998
Italy

Study
Design

Type of
Treatment

Sample Size

Cause of
Lymphedema

Definition of
Lymphedema

Comorbidities

RCT

Complex
Decongestive
Physiotherapy
vs. Standard
Physiotherapy

n=27 CDP
n=26 SP

LE following
BCa surgery
and/or RT/CT

Arm
circumference
difference of
2-5 cm

NR

RCT

IPC

n=40 IPC
n=40 Control

LE following
BCa surgery
and/or RT/CT

Arm
circumference
difference of
2-5 cm from
unaffected arm

NR

Other
Inclusion/Exclusion
Criteria
Inclusion:
- LE ≥1 year
Exclusion:
- obvious psychiatric
Illness
- severe pain in
axillary region
- severe cardiac
disease
- uncontrolled
hypertension
- malignancy
Inclusion:
- LE ≥1 year
- no lymphangitis
- no evidence of local
or distant relapse
- no other serious or
psychiatric illness
that would preclude
treatment or followup
Exclusion:
- prior specific
therapy for LE
- bilateral breast
surgery
- bilateral axillary
node dissection

Table 10. Treatment basic study data (continued)

Study
RCT
47
Hayes
2009
Australia

105

Hou
2008
China

86

129

Irdesel
2007
Turkey

Study
Design

Type of
Treatment

Sample Size

Cause of
Lymphedema

Definition of
Lymphedema

Comorbidities

RCT

Mixed exercise
program
(aerobic and
resistance)

n=16 Exercise
n=16 Control

LE secondary to
BCa treatment

Upper limb LE
diagnosed by a
health
professional

NR

RCT

Bone Marrow
Stromal Cell
Transplantatio
n or Complex
Decongestive
Therapy
Compression
garment and
exercise

n=15 BMSC
n=35 CDT

Lymphedema
secondary to
BCa

NR

NR

n=10 exercise
n=11 exercise
+ compression

LE secondary
BCa

NR

NR

RCT

Other
Inclusion/Exclusion
Criteria
Inclusion:
- women <76 years
with completed
Rx for
unilateral BCa ≥6
months prior
- able to travel to
clinic for exercise
for 12 weeks
Exclusion:
- radiotherapy

Exclusion:
-BCa operation <4
months ago
-recurrence or
bilateral BCa
-elephantiasis
-congestive heart
failure
-deep vein
thrombosis
-acute infection
-stage 4 BCa

Table 10. Treatment basic study data (continued)

Study
RCT
120
Jahr
2008
Germany

Study
Design
RCT

Type of
Treatment
Deep
Oscillation®
(DO) plus MLD

Sample Size

n=11
DO + MLD
n=10
MLD

Cause of
Lymphedema
LE secondary to
BCa treatment

Definition of
Lymphedema
NR

Comorbidities
NR

Other
Inclusion/Exclusion
Criteria

87

Inclusion:
- age 18-80 years,
updated
documentation of
aftercare
- pt living near
study center
- ≥6 weeks since RT
Exclusion:
- Deep Oscillation®
Rx in 3
months preceding
study
- acute inflammation
- acute thrombosis
- heart disease
- electronic implant
- pregnancy subject
- sensitivity to electric
fields

Table 10. Treatment basic study data (continued)

Study
RCT
109
Johansson
1998
Sweden

Study
Design

Type of
Treatment

Sample Size

Cause of
Lymphedema

Definition of
Lymphedema

Comorbidities

MLD vs.
sequential
pneumatic
compression

n=14
MLD
n=14
SPC

Unilateral LE
after BCa
surgery with
axillary nodal
dissection

>10% difference
in LE affected
arm vs.
unaffected arm

NR

RCT

LLLT

n=4
LLLT
n=4
Control

LE secondary to
BCa treatment

≥2 cm swelling in
affected arm

NR

RCT

Standard
physiotherapy
plus manual
lymphatic
drainage

n=11
SP and MLD
n=12
SP

LE following
hindfoot surgery

Clinically
diagnosed postoperative
swelling

NR

88

RCT

Kaviani
2006
Iran

118

106

Kessler
2003
Switzerland

Other
Inclusion/Exclusion
Criteria
Exclusion:
- previous
contralateral breast
disease
- intercurrent disease
affecting the swollen
arm
- difficulty
participating for
reasons such as
dementia
- treatment within the
last 6 mths (except
for wearing
compression
sleeve)
- resolution of LE
during initial use
compression sleeve
by all participants
Inclusion:
- no contraindications
to laser therapy
Exclusion:
- metastatic disease
- Age: 18-75 yrs
- good physical
condition
- no contraindications
for lymph drainage

Table 10. Treatment basic study data (continued)

Study
RCT
104
Kozanoglu
2009
Turkey

Study
Design
RCT

Type of
Treatment
Pneumatic
compression
vs. low level
laser therapy

Sample Size

n=25 PC
n=25 LLLT

Cause of
Lymphedema

Definition of
Lymphedema

Modified radical
mastectomy
with complete
axillary
dissection and
radiotherapy

LE defined as
difference of
more than 2 cm
at 3/7 points

Comorbidities

Other
Inclusion/Exclusion
Criteria

89

Inclusion:
- history of arm LE for
at
least 3 months
Exclusion:
- metastases
- ongoing
RT
- cellulitis
- venous thrombosis
- inflammatory
disease
- history of severe
trauma
- photosensitivity
- medications that
affect electrolyte
balance
- limitation in UE
joints
- physical therapy
other than skin care
- home exercises for
LE in
past 6 months

Table 10. Treatment basic study data (continued)

Study
RCT
127
Lau
2009
China

Study
Design

Type of
Treatment

Sample Size

Cause of
Lymphedema

Definition of
Lymphedema

Comorbidities

LLLT vs. no
Rx

n=11 LLLT
n=10 control

LE secondary to
BCa treatment

Arm volume
difference of
more 200 ml

NR

RCT

LLLT and
exercise

n=10 LLLT +
exercise
n=10 control
(compression
+ exercise)

LE secondary to
BCa treatment

circumference of
UE 2 cm at any 2
points compared
to normal limb

NR

RCT

Exercise
(resistance
training plus
arm
ergometer)

n=7 Exercise
n=7 Control

LE secondary to
BCa

LE >2 cm and <8
cm at 1
measurement
point

NR

90

RCT

Maiya
2008
India

121

McKenzie
2003
Canada

107

Other
Inclusion/Exclusion
Criteria
Inclusion:
-18+ years
-unilateral
mastectomy + chemo
and/or radiation
Exclusion:
-metastases
-Hx of severe trauma
to arm
-kidney, heart or lung
disorder
-medications that
alter body fluids
-primary LE of lower
limb
-decrease shoulder
ROM
-cellulitis past 3
months
Inclusion:
- mastectomy for BCa
- completion of RT
Exclusion:
- primary LE
- infection of the limb
Exclusion:
- stage III LE
- bilateral disease
- medication that
effects swelling

Table 10. Treatment basic study data (continued)

Study
Design

Study
RCT
123
McNeely
2004
Canada

Type of
Treatment

Sample Size

Cause of
Lymphedema

Definition of
Lymphedema

Comorbidities

MLD with CB
vs. CB alone

n=22
intervention
n=20
control

LE secondary to
BCa

≥150 ml
difference
between arms

NR

RCT

IPC with
varied
compression
and sleeve
type
Manual
drainage vs.
sequential
external
pneumatic
compression

n=57

LE secondary
BCa

NR

NR

n=18
manual
drainage
n=18
SEPC

Women with
amputated
breast and
axillary gland

NR

NR

91

RCT

125

Pilch
2009
Poland

103

Radakovic
1998
Yugoslavia

RCT

Other
Inclusion/Exclusion
Criteria
Inclusion:
- ≥4 months since
wearing
compression
sleeve
- ≥6 months since
active
Rx for LE
Exclusion:
- local Ca recurrence
- distant metastases
- undergoing RT or
CT
- infection in LE limb
- evidence of
contraindications to
Rx
- uncontrolled
hypertension
- heart disease
- renal insufficiency
- venous thrombosis
Inclusion:
-age 39-80 years

Inclusion:
- women with no sign
of metastatic
changes
- patients referred
after RT

Table 10. Treatment basic study data (continued)

Study
RCT
48
Schmitz
2009
U.S

Study
Design

Type of
Treatment

Sample Size

Cause of
Lymphedema

Definition of
Lymphedema

Comorbidities

RCT

Weight lifting
vs. no weight
lifting

n= 141
intervention
n=71
control n=70

LE secondary to
BCa

Difference in
volume or
circumference of
10% or more
affected vs.
unaffected arm

NR

Weight
reduction
program along
with
conventional
treatment with
compression
hosiery
Diet
intervention
plus multilayer
bandaging
then
compression
hosiery or
hosiery alone

n=21
intervention
n=11
control n=10

Arm LE
following
surgery for BCa

Affected arm
volume ≥15%
larger than
unaffected

May or may
not have
been
receiving
hormone
treatment

n=19
weight
reduction
n=17
low fat diet
n=15
control

Arm LE
secondary to
BCa treatment

≥20% greater
volume than
unaffected arm

NR

*companion
138
Schmitz

92
Shaw
2007
U.K.

116

RCT

Shaw
2007
U.K.

117

RCT

Other
Inclusion/Exclusion
Criteria
Inclusion:
-1-15 years since
BCa Dx
-unilateral LE
-BMI less 50
-not actively trying to
lose weight
-no evidence of
cancer
-no medical
conditions that would
limit exercise
-no history of weight
lifting in past year
-at least one lymph
node removed
Inclusion:
- remission from Ca
- BMI ≥25 kg/m²

Inclusion:
- Ca remission

Table 10. Treatment basic study data (continued)

Study
RCT
122
Sitzia
2002
U.K.

Szuba
2002
U.S

Study
Design

Type of
Treatment

Sample Size

Cause of
Lymphedema

Definition of
Lymphedema

Comorbidities

93

RCT

MLD vs. SLD

n=15
MLD
n=13
SLD

LE secondary to
BCa

Moderate or
severe edema
(≥20%)

NR

108

Study 1
Randomized
prospective
study

IPC as adjunct
therapy to
decongestive
lymphatic
therapy

Study 1
n=12
IPC and DLT
n=11
DLT

Study 1
unilateral BCa
related LE

≥20% increase in
volume
compared to
unaffected arm

NR

111

Study 2:
Randomized
controlled
crossover
study

IPC as adjunct
therapy to
daily
maintenance
(compression
garment, self
administered
manual
lymphatic
massage)

Study 2:
n=13
maintenance
n=12
maintenance +
IPC

Study 2
unilateral BCa
related chronic
LE

NR

NR

Szuba
2002
U.S.

Other
Inclusion/Exclusion
Criteria
Inclusion:
- 18+ yrs
- no active disease
- no previous Rx
except
support hosiery
Inclusion:
- ≥12 wks post Rx
Exclusion:
- active infection
- Ca recurrence
- concomitant venous
occlusion
Inclusion
- completed intensive
DLT ≥1 mo and <1
yr previously
Exclusion:
- active infection
- Ca recurrence
- concomitant venous
occlusion
- bilateral LE of upper
extremity

Table 10. Treatment basic study data (continued)

Study
RCT
128
Tsai
2009
China

94

Wilburn
2006
U.S.

113

Study
Design

Type of
Treatment

Sample Size

Cause of
Lymphedema

Definition of
Lymphedema

Comorbidities

RCT

DLT + IPC
with short
stretch
bandages vs.
DLT + IPC
with
kinesiotape

n=21 DLT
n=20 DLT with
kinesiotape

LE secondary
BCa

Moderate or
severe LE (2 cm
+ difference
between arms)

NR

RCT
crossover
trial with 30
day washout
period

IPC
Maintenance
Therapy
Flexitouch™
vs. standard
care (selfadministered
message plus
elastic
compression
garment

n=5
Flexitouch
n=5
control

Unilateral, BCa
associated LE

≥10% volume
increase over
normal arm

NR

Other
Inclusion/Exclusion
Criteria
Inclusion:
-unilateral LE 3+
months
Exclusion:
-active Ca
-diuretics or other
lymphedema
influencing drugs
-port catheter
-skin disease
-irremovable
bracelet/ring
-decrease ROM UE
Exclusion:
- bilateral LE of upper
extremity
- active Ca
- active infection
- clinical evidence of
venous obstruction
or active
thrombophlebitis
- pulmonary edema
- congestive heart
failure
- history of pulmonary
embolism
- contraindications to
the Rx used in study

Table 10. Treatment basic study data (continued)

Study
RCT
114
Williams
2002
U.K.

Study
Design
Randomized
Controlled
Crossover

Type of
Treatment
MLD and SLD

Sample Size

Group A:
n=15

Cause of
Lymphedema

95

130

Berlin
1999
Sweden

Brambilla
2006
Italy

Cohort

132

Cohort

Ultrasound
Therapy

Compression
with sleeves
vs. intermittent
compression
with Flowtron
vs. intermittent
compression
Lympha-Press
+ compression
sleeves
Elastic
compression
stockings

Comorbidities

Other
Inclusion/Exclusion
Criteria

LE secondary to
BCa

>10% excess
volume
measured two
times

NR

Inclusion:
- >3 months, >1 yr
post Ca Rx
Exclusion:
- active Ca
- odema-influencing
drugs

n=50
treatment
n=100
control

LE Secondary
to BCa

% difference
between arms

NR

Inclusion:
- chronic arm LE
Exclusion:
- patients who
underwent regional
RT

Total: n=46
Group 1: n=28
Group 2: n=8
Group 3: n=19
*actual total is
55

LE secondary to
BCa surgery

NR

NR

n=50
Elastic
stockings
n=15
Control

Classic Kaposi's
sarcomaassociated LE

NR

Inclusion:
- LE limited to below
the knee

Group B:
n=16

Observational Studies
50
Balzarini
Cohort
1993
Italy

Definition of
Lymphedema

Mild ≤6.5%
Moderate 6.5 to
13%
Severe ≥13%
≥100 ml
difference
between arms

Grade II LE
according to ISL

Table 10. Treatment basic study data (continued)

Study
Design

Study

Observational Studies
Frischenschl
Cohort
134
ager
Austria

Johansson
1999
Sweden

133

Cohort

Definition of
Lymphedema

Other
Inclusion/Exclusion
Criteria

96

Type of
Treatment

Sample
Size

Cause of
Lymphedema

MLD +
compression
stockings +
exercise +
psychosocial
support vs.
above
treatment
without
psychosocial
CB vs. CB +
MLD

Total n=30
Psychosoci
al n=15
Control
n=15

LE secondary to
BCa surgery

NR

NR

Inclusion:
-female

n=18
CB group
n=20
CB + MLD

Unilateral arm
LE after BCa
surgery with
axillary nodal
dissection

≥10% difference
in volume
between
abnormal and
normal arm

NR

Exclusion:
- contralateral breast
disease
- intercurrent
disease affecting
the swollen arm
- difficulty
participating for
reasons such as
dementia
- Rx within
the last 6 mths
(except for wearing
compression
sleeve)

Co-morbidities

Table 10. Treatment basic study data (continued)

Study

Study
Design

Observational Studies
131
Pinell
Cohort
2007
U.S.

Type of
Treatment

Sample
Size

Manipulative
therapy plus
bandaging

n=16
LE patients
with
associated
chest
wall/axillary
or pelvic/
inguinal
tumors
n=56
LE patients
without
mass

Cause of
Lymphedema
Cancer
survivors with
LE previously
treated with
surgery, RT or
both

Definition of
Lymphedema
≥2 cm difference
in girth between
patient’s limbs

Co-morbidities

NR

Other
Inclusion/Exclusion
Criteria
Inclusion:
- referred to 2
Atlanta area
clinics

97

Table 11. Key questions treatment

Study

RCT’s
115
Andersen
2000
Denmark

Question
#3
Time of LE
Onset
Time of Rx
initiation
Criteria to
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: After
surgery

"an experienced
and certified
lymphotherapist according to
the Vodder
school of
practice"

Time Rx start:
≥4 months from
BCa Rx

98

Criteria to start
Rx: Unilateral
LE of arm after
early treatment
of breast cancer

Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Intervention Group:
standard care + MLD and
training in self-massage.
Standard care=custommade sleeve and glove
garment providing 32-40
mmHg compression;
educational information
and recommendations;
instruction in physical
exercises; education in
skin care.
MLD=8 1hr session over
2 wk period

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Comparator
was standard
care

Change in
volume of
affected arm
patient-reported
symptoms
related to LE

Length of
study:
2 weeks

Usual care

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Length of
followup:
12 months

No significant
difference in
arm volume or
patient-reported
symptoms
between the 2
groups

Control Group:
Standard care as
described above (control
group was allowed to
crossover to treatment
group after 3 mths)

Abbreviations: AROM=Active Range of Motion; BCa=Breast Cancer; BMI=Body Mass Index; BMSC=Bone Marrow Stomal Cell Transplantation; CB=Low stretch compression
bandaging; CDP=Complex Decongestive Physiotherapy; CDT=Complex Decongestive Therapy; DASH=Disability of Arm Shoulder and Hand; DLT=Decongestive Lymphatic
Therapy DO®=Deep Oscillation; ESLD=Electronically Stimulated Lymphatic Drainage; HRQOL=health related quality of life; KS=Karposi‟s Sarcoma; LC=Limb
Circumference; LE=Lymphedema; LLLT=Low-level Laser Therapy; LS=Lymphedema Specialist Nurse; MLD=Manual Lymph Drainage; MPT=mechanical pressure therapy;
NR=Not Reported; NS=No Significance; PC=Pneumatic Compression; PCEV=Percentage Change in Excess limb Volume; PML=Post Mastectomy Lymphedema; PT=physical
therapist; pts=patients; RT=Radiation Therapy; QoL=Quality of Life; RCT=Randomized Control Trial; ROM=Range of Motion; Rx=Treatment; SEPC=Sequential External
Pneumatic Compression; SF-36=short form 36; SLD=Simple Lymphatic Drainage; SP=Standard Physiotherapy; SPC=Sequential Pneumatic Compression; UST=Ultrasound
therapy; VAS=visual analogue scale; wk=week; wks=weeks

Table 11. Key questions treatment (continued)

Study

RCT’s
110
Bertelli
1991
Italy

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

NR

Time Rx start:
≥6 months after
BCa Rx
Criteria to start
Rx: diagnosis of
secondary LE

99
Criteria to stop
Rx: change of
≥25% in
circumference
of LE affected
arm vs.
contralateral
arm

Question
#6
Treatment Parameters

Intervention group:
wearing standard elastic
sleeve 6 hrs/day for 6
mths + ESD applied in 2
cycles of 2 wks each
divided by 5 wk interval
Each cycle=10 x 30 min
sessions
Control group:
wearing standard elastic
sleeve for 6 hrs/day for 6
mths

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Wearing
standard (not
customized)
elastic sleeve

Mean variation
in limb
measurements
in 2 groups

Length of
study:
6 months

Consistent
with usual care

Clinically
significant
reduction of LE
(≥25%
compared to the
initial values)
No significant
difference
between the 2
groups
<50% achieved
a clinically
significant
reduction
(48.4% controls
and 41.4%
intervention)

Length of
followup:
NR

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
1
Bialoszewski
26
2009
Poland

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: post
leg lengthening
surgery

NR

Time Rx start:
post surgery

100
33

Carati
2003
Australia

Time Rx start:
NR
Criteria to start
Rx: Diagnosis of
postmastectomy
LE
Criteria to stop
Rx: NR

Intervention group:
Kinesiotaping for 10 days
(tape remained on skin
10 days)
Control group: lymphatic
drainage 1x/day x 10days

Criteria to start
Rx: LE lower
extremity
Criteria to stop
Rx:NR
LE onset: NR

Question
#6
Treatment Parameters

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Kinesiotape
vs. lymphatic
drainage

Limb
circumference

Length of
study: 10
days

Consistent
with usual care

Kinesiotape
resulted in a
significant
reduction in limb
circumference

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Length of
followup:
NR

Both groups had standard
physiotherapy (not
described)

NR

Intervention Group:
LLLT 1 Block
(9 sessions, 17 minutes
each, 3x/ week x 3
weeks),
8 weeks rest followed by
a repeat block of laser
Control Group:
Sham First Block
(9 sessions, 3x week x 3
weeks),
8 weeks rest followed by
a block of LLLT

LLLT vs. sham
laser treatment
Not consistent
with usual care

Groups
matched at
baseline 2 LLLT
sessions:
31% of pts had
reduction in 2-3
mths time (>200
mls);
1 LLLT session
and sham
session showed
NS Measured
by perometry,
bioimpedance,
tonometry and
goniometer

Length of
study:
24 months
Length of
followup:
3 months

NR

Table 11. Key questions treatment (continued)

Study

RCT’s
124
Damstra
2009
Netherlands

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

3-50 months
post surgery

specially trained
staff

Time Rx start:
≥12 months
post surgery
Criteria to start:
Dx of LE

101

Criteria to stop:
NR

Question
#6
Treatment Parameters

Bandages applied for two
hours then removed and
applied for 24 hours

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Low stretch
bandages vs.
High stretch
bandages

Reduction of
edema volume
in arm; subbandage
pressure,
patient comfort,
side effects and
safety

24 hours

Consistent
with usual care

No significant
difference in
volume change
between low
and high stretch
bandages

Length of
follow up:
none

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
Patients
with high
pressure
bandages
reported
more pain
and
discomfort

Table 11. Key questions treatment (continued)

Study

RCT’s
119
Didem
2005
Turkey

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: LE
onset >1 year
after surgery

Physiotherapist

Time Rx start:
Rx started
average of 3
years after
surgery

102

Criteria to start
Rx: Diagnosis of
LE (mild to
moderate)
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Therapy sessions: 3x/wk
x 4 wks
Intervention group:
CDP (MLD, compression,
exercise & skin care)
Control group:
PT (bandage, elevation,
exercises)
Both groups:
trained for home program
of compression bandage,
exercise, self message,
skin care, and walking

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Complex
decongestive
therapy vs.
physiotherapy

Circumference
volume
Range of
motion
(goniometry)
and shoulder
function

Length of
study:
4 weeks

Consistent
with usual care

CDP decrease
>PT (p<0.05).
No significant
difference
between groups
ROM

Length of
followup
3,6,12,&24
months to
be
reported
later

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
112
Dini
1998
Italy

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: Onset
of LE less than
one year before
start of study

NR

Time Rx start:
1>yr after LE

103

Criteria to start
Rx: LE defined
as >10 cm
difference
between upper
extremities
Circumference
recorded at 7
points
LE was mild to
moderate
Criteria to stop
Rx: occurrence
of adverse
event

Question
#6
Treatment Parameters

IPC:
2 cycles of 2 weeks,
separated by a five week
interval.
Each cycle consisted of
five x 2 hour sessions /
week at a constant
pressure.
No other concomitant
physical treatment

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Guidelines
about skin
care and
prophylaxis for
edematous
limb

Limb
circumference
at 7 points

Length of
study:
9 weeks

Within group
significant
difference

Length of
followup:
none

Not consistent
with usual care

Between group
not significantly
different

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
Withdrawa
ls but no
adverse
events/
harms

Table 11. Key questions treatment (continued)

Study

RCT’s
47
Hayes
2009
Australia

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

Exercise
physiologist
Physiotherapist

Time Rx
start:≥6 months
after BCa Rx

104

Criteria to start
Rx: Finished
BCa treatment 6
months prior
and have LE

105

Hou
2008
China

Criteria to stop
Rx: Occurrence
of adverse
event
LE onset: NR
Time Rx start: 5
years after
surgery
Criteria to start
Rx: Diagnosis of
secondary LE
Criteria to stop
Rx: NR

No details
provided about
qualifications

Provider
qualifications
not stated

Question
#6
Treatment Parameters

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

12 weeks of
moderate intensity,
aerobic and resistance
exercise (supervised)
20-45 min per session
(progressed)
3-4x/week (progressed)

NR

Bioimpedance
Perometry

Length of
study:
12 weeks

Intervention group:
BMSC one time operation
followed by custom
garment

Stromal cell
transplant vs.
decongestive
therapy

Volume (disk
model), pain
(self report
scale)

Control group:
CDT
(MLD, compression
therapy, remedial
exercises and deep
breathing) details not
reported

BMSC not
usual care

Both groups
reduction in
volume and
pain; BMSC
group had
better longterm
results

No significant
change
between groups

Length of
followup:
3 months

Length of
study: NR
Length of
followup:
52 weeks

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
One
person
had
significant
increase in
swelling
throughout
study.
Diagnosed
with
recurrent
cancer 6
months
after end
of study
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
129
Irdesel
2007
Turkey

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset:3-60
months

Researcher

Time Rx start:
>4 months post
BCa surgery

Question
#6
Treatment Parameters

Intervention group:
Exercise 3x/day for six
months + compression
garment all day except
when sleeping

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Exercise and
compression
garments

Shoulder ROM
and tenderness;
VAS; limb
circumference

Length of
study: 6
months

Consistent
with usual care

Control group:
Exercise 3x/day for six
months

105

Criteria used to
start: LE post
BCa

No significant
difference
between groups

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Length of
followup:
NR

Criteria used to
stop: NR
120

Jahr
2008
Germany

LE onset: NR
Time Rx start:
Rx started ~4
years and 1
month after
surgery
Criteria to start
Rx: Diagnosis of
secondary LE
Criteria to stop
Rx: NR

Physiotherapist

Intervention group:
2-3 x/ wk x 4 wks
combined therapy + 8
weeks of MLD

Deep
Oscillation ®
+ MLD vs.
MLD

Control group:
1-2 sessions of 30-45
min/ week of MLD

Consistent
with usual care

Pain (VAS)
Swelling
Pain:
DO + MLD
decrease of 4.0
to 2.0 VAS
MLD no change
Swelling: DO +
MLD >decrease
MLD. No
significant
difference
between groups

Length of
study:
4 weeks
Length of
followup:
8 weeks

NR

Table 11. Key questions treatment (continued)

Study

RCT’s
109
Johansson
1998
Sweden

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset:
Median of 910.5 months

MLD provided
by
physiotherapist
trained in
Vodder
technique

Time Rx start:
Median of 910.5 months

106

Criteria to start
Rx: Unilateral
arm
lymphedema
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Both groups wore a
compression sleeve for 2
wks then the MLD group
had MLD treatments
(Vodder technique)
lasting 45 min/day 5
day/wk for 2 wks
SPC group were treated
with Lympha-Press pump
for 2 hrs/day, 5 days/wk
for 2 wks

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

MLD vs. SPC

Arm volume
body weight
passive mobility
isometric
muscle strength
subjective
assessment

Length of
study:
2.5 years

Consistent
with usual care

MLD or SPC
when applied in
conjunction with
a compression
sleeve resulted
in a notable
reduction of
lymphedema
but no
significant
difference
between the two
treatment
regimes

Length of
followup:
NR

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
118
Kaviani
2006
Iran

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: 3
mths

NR

Time Rx start:
Lymphedema
≥3 mths

107
106

Kessler
2003
Switzerland

Time Rx start:
2nd post
surgery day
Criteria to start
Rx: Clinically
diagnosed postoperative
swelling
Criteria to stop
Rx: NR

Intervention group:
LLLT: 5 points 3x/ wk x 3
wks; 8 wk interval, then
repeat same protocol x 3
weeks

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

LLLT vs.
Sham therapy

Reduction in
limb
circumference:
Laser >control
except for week
22

Length of
study:
22 weeks

Control group:
Sham irradiation
Assessments at weeks 3,
9, 12, 18, and 22

Criteria to start
Rx: Diagnosis of
unilateral arm
lymphedema
Criteria to stop
Rx: NR
LE onset: NR

Question
#6
Treatment Parameters

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Length of
followup:
None

Pain reduction:
laser >control
ROM and
heaviness: NS

Physical
therapist with
specific training
provided
physiotherapy
(PT) and MLD

Intervention group:
Daily PT exercises (50
without resistance and 25
with slight resistance)
along with 30 minute
MLD while in hospital

Nurse applied
new bandage
after each
measurement
session

Control group:
Daily PT exercises same
as intervention group

PT exercises
alone or with
manual
lymphatic
drainage
Consistent
with usual care

Change in leg,
foot volume
(water
displacement)
Significant
volume
reduction
intervention vs.
control (6.4%
vs. 0.1%,
p=0.011)

Length of
study:
NR
Length of
followup:
NR

NR

Table 11. Key questions treatment (continued)

Study

RCT’s
104
Kozanoglu
2009
Turkey

108

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset:
History of arm
LE >3 mo

Physician
performed
assessments

IPC:
2 hrs at 60 mmHg x
20 sessions over 4 wks

Time Rx start:
LE >3 mo

No details of
who performed
treatment

Laser:
20 min/3x wk x 4 wks
(2800Hz, 1.5J/cm2) with
a Ga-As 904nm laser
device (Electronica
Pagani IR27/4)
12 sessions total

Criteria to start
Rx: LE defined
as difference of
≥2 cm at least
3/7 points
Criteria to stop
Rx: NR

No other details
provided

Question
#6
Treatment Parameters

Both groups daily limb
exercises, hygiene and
skin care

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Pneumatic
compression
and laser
therapy

Limb
circumference
Visual Analogue
Scale
Grip strength

Length of
study:
4 weeks

Could be seen
as usual care

Significant
difference LC
and VAS from
pretreatment to
12 month
followup

Length of
followup:
12 months

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
Withdrawa
ls but not
mention of
adverse
events

Table 11. Key questions treatment (continued)

Study

RCT’s
127
Lau
2009
China

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: 22-60
months post
BCa

NR

Time Rx start:
Post Rx BCa
Criteria to start:
LE post BCa

109

Criteria to
stop:NR

Question
#6
Treatment Parameters

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Intervention group: LLLT
3x/week for 4 weeks

LLLT vs. no
Rx

Length of
study: 4
weeks

Control group: no LLLT or
other Rx

Consistent
with usual care

Arm volume
(volumetry);
tonometry
tissue
resistance;
DASH score

Both groups received
education about LE

LLLT significant:
decrease arm
volume (28%);
increase
tonometry
(33.2%);
decrease DASH
score

Length of
followup: 4
weeks (8
weeks
after start
study)

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
121
Maiya
2008
India

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

NR

Time Rx start:
3-6 weeks
following
mastectomy

110

Criteria to start
Rx:
Lymphedema
defined by 2 cm
difference at 2
or more points
on upper
extremity
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

LLLT:
(He-Ne Laser-632.8nm
and Diode Laser 850nm)
at different points in
axillary region. 2.4J/cm2
of laser energy per point
was given for total of 34
min/day for 10 days
After laser, patients
performed exercise
program for upper
extremity (no details
given)
Control Group:
Upper extremity
exercises and
compression garments
for 10 days (no other
details provided)
Both groups advised to
continue their regular
daily activity

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Upper
extremity
exercise +
compression
garments

Pain
Limb
Circumference
at 4 points

Length of
study:
10 days

Consistent
with usual care

Significant
difference mean
pain score
between groups
Significant
difference mean
circumference
at 10 cm and 15
cm LE between
groups

Length of
followup:
NR

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
“All
patients
completed
the 10
days of
treatment
without
any
adverse
reactions"

Table 11. Key questions treatment (continued)

Study

RCT’s
107
McKenzie
2003
Canada

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

NR

Time Rx start:
>6 months post
treatment for
cancer

111

Criteria to start
Rx: Diagnosis of
LE
(arm difference
between 2 cm
and 8 cm)
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

8 week progressive
exercise program of
stretching and resistance
training 3x weekly; after 2
weeks, upper body
aerobic exercise was
added to the program

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

No specific
exercise
instruction

Arm
circumference
arm volume and
QoL

Length of
study:
8 weeks

Consistent
with usual care

No change in
circumference
or volume,
change in
quality of life not
statistically
significant

Length of
followup:
none

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
123
McNeely
2004
Canada

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

MLD provided
by Physical
Therapist
trained in the
Vodder method
Bandaging by
physical
therapist
assistant

Time Rx start:
NR

112

Criteria to start
Rx: Diagnosis
unilateral LE,
mild, moderate
or severe, both
early and
chronic

Question
#6
Treatment Parameters

Intervention Group:
45 minutes of daily MLD
5 days/week x 4 weeks +
bandaging each day
Control Group:
short stretch bandaging 5
days/week x 4 weeks

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Vodder MLD +
short stretch
bandaging vs.
short stretch
bandaging
alone

Volume
(volumetry)
circumference

Length of
study:
4 weeks

significant
reduction in
both groups; but
between
groups: NS
largest
reduction in
MLD/CB group
with early, mild
LE

Length of
followup:
None

Change in arm
volume
(volumetry)

Length of
study: 5
weeks

All four groups
had significant
decrease in LE
volume

Length of
followup:
none

Consistent
with usual care

Both groups educated on
proper arm and skin care

Criteria to stop
Rx: NR
125

Pilch
2009
Poland

LE onset: NR
Time Rx start:
NR
Criteria to start
Rx: LE following
BCa
Criteria to stop
Rx: NR

NR

All groups had 1 hour Rx,
5x/week for 5 weeks
Group 1: single chamber,
90sec on: 90 sec off
compression
Group 2: 3 chamber,
90sec on: 90 sec off
Group 3: single chamber,
45 sec on: 15 sec off
Group 4: 3 chamber, 45
sec on: 15 sec off

Single
chamber vs.
multichamber
IPC and timing
of pressure
application
Consistent
with usual care

No significant
difference
between groups

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
1 pt
withdrew
due to skin
reaction,
1pt due to
discomfort
of
bandages

NR

Table 11. Key questions treatment (continued)

Study

RCT’s
103
Radakovic
1998
Yugoslavia

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

NR

Time Rx start:
after
radiotherapy
(RT)

113

Criteria to start
Rx: BCa
mastectomy
patients
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Intervention group:
SEPC 60 min x 10
consecutive days,
followed by elastic
bandages
Control group:
30 min of MLD x 10 days
+ elastic bandages

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

MLD vs.
pneumatic
compression

Change in arm
volume (limb
circumference)

Length of
study:
10 days

Consistent
with usual care

SEPC 2.24 cm
(range 0.6 - 8.4
cm)
MLD 0.95 cm
(range 0.1 - 3.9
cm).
SEPC 2.3X
greater than
MLD

Length of
followup:
none

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
48
Schmitz
2009
U.S
*companion
138
Schmitz

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

Certified
lymphedema
therapists

Time Rx start: 115 years after
BCa

114

Criteria to start
Rx: unilateral
BCa with nodes
removed and LE

Shaw
2007
U.K.

116

Criteria to stop
Rx: LE
exacerbation or
Ca recurrence
LE onset: NR
Time Rx start:
Rx onset ≥12
months after CT
or RT
Criteria to start
Rx: Diagnosis of
arm LE
Criteria to stop
Rx: Completion
of regimen

Fitness trainers
with knowledge
of lymphedema

Question
#6
Treatment Parameters

Intervention group:
13 weeks supervised
weight lifting, 90 min x
2/week; then 39 weeks
unsupervised weight
lifting; patients wore
compression garment
during exercise

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Weight lifting
vs. no weight
lifting

Change in arm
and hand
volume at one
year;
LE exacerbation;
muscle strength

Length of
study: 12
months

Consistent
with usual care
1 yr fitness
membership

Control group:
No prescribed exercise

Dietary
intervention
provided by
registered
dietitian
conventional
therapy
provided by
trained LE
nurses

Intervention Group:
Individualized dietary
advice given on weight
reduction diet; dietary
compliance assessed at
week 4 and week 8 visits
Control Group:
Healthy eating booklet
with no specific dietary
intervention

Dietary
intervention
consistent with
usual care

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
No serious
adverse
events

Length of
followup: 1
year

No difference
between groups
limb swelling
Exercise group
had increased
strength, less LE
exacerbations
Changes in arm
volume
(measured
manually)
Significant
change in
lymphedema
arm (7% ± 6%)
vs. normal arm
(3% ± 6%) in
dietary group

Length of
study:
12 weeks
Length of
followup:
NR

NR

Table 11. Key questions treatment (continued)

Study

RCT’s
117
Shaw
2007
U.K.

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

Registered
dietitian
arm
measurements
taken by LE
practitioners

Time Rx start:
≥12 months
after Rx for
cancer

115

Criteria to start
Rx: Diagnosis of
secondary LE
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Intervention group:
Group 1:
Weight reduction
(reduced energy intake)
Group 2:
Low fat diet
(no reduction in energy
intake)
Control group:
No dietary change

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

2 dietary
interventions
vs. no diet
intervention

Change in arm
volume
(Perometer)
circumference
(measured
manually)

Length of
study:
24 weeks

Significant
reduction body
weight, BMI and
skinfold
thickness. NS
change arm
volume.
Significant
correlation
weight loss and
decreased arm
volume

Length of
followup:
none

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
122
Sitzia
2002
U.K.

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: NR

Lymphedema
specialist Nurse
(LS)
MLD training (2
year diploma) in
specialist
management of
chronic edema

Intervention Group:
MLD: 40 - 80 minutes 5 x
week x 2 weeks

MLD performed
according to
Vodder School
technique (no
details on Rx
providers)

Study 2
(2 month-groups switched
treatment after 1 month):
Group 1:
daily
self-administered MLD
and use of Class II
compression garment
Group 2:
same + 1 hr daily IPC
(40-50 mm Hg)

Time Rx start:
NR
Criteria to start
Rx: Secondary
arm LE after
BCa surgery

116
Szuba
2002
U.S.

111

Criteria to stop
Rx: NR
Study 2:
LE onset: NR
Time Rx start:
between 1
month and 1 yr
post intensive
decongestive
lymphatic
therapy (DLT)
Criteria to start
Rx: diagnosis of
secondary LE
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

MLD vs. SLD

Change in
excess limb
volume (PCEV)

Length of
study:
2 weeks

MLD: 33.8%,
SLD: 22.0%
(mean
difference
11.8%)

Length of
followup:
NR

Study 2:
arm volume,
skin elasticity
(tissue
tonometry)
joint range of
motion
(goniometry)

Length of
study:
2 months

Consistent
with usual care

Control Group:
SLD: 20 minutes 5x week
x2 weeks

Study 2:
DLT alone
(regular care)

IPC was
effective as
adjunct therapy;
there was no
impact on skin
elasticity or joint
ROM

Length of
followup:
6 months

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Study 2:
No
adverse
responses

Table 11. Key questions treatment (continued)

Study

RCT’s
108
Szuba
2002
U.S.

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

Study 1:
LE onset: NR

MLD performed
according to
Vodder School
technique
(no details on
Rx providers)

Time Rx start:
≥3 months from
BCa Rx

117

Criteria to start
Rx:
Diagnosis of
secondary LE
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Study 1 (10 days):
Intervention group-daily
MLD followed by IPC (30
min at 40-50 mm Hg)
then compression
bandaging
Control group-daily MLD
followed by compression
bandaging
After completion of
intervention both groups
were fitted with Class II
compression garment
and instructed in selfapplied MLD to be done
daily at home

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Study 1:
DLT alone

Study 1:
arm volume,
skin elasticity
(tissue
tonometry)
joint range of
motion
(using
goniometry)

Length of
study:
10 days

Consistent
with usual care

IPC was
effective as
adjunct therapy;
there was no
impact on skin
elasticity or joint
ROM

Length of
followup:
30 days

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
Study 1:
one
participant
reported
repetitive
headache
and
modest
increase in
blood
pressure
during IPC
therapy

Table 11. Key questions treatment (continued)

Study

RCT’s
128
Tsai
2009
China

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset: 3+
months post
BCa treatment

Physical
therapists

Question
#6
Treatment Parameters

118

Time Rx start:
after 4 weeks
control period

Both groups received
treatment 2h/day,
5x/week for 4 weeks:
education on skin care;
30 min MLD, IPC x 1hour
at 40mmHg, 20 min
exercise and bandaging

Criteria to start:
LE moderatesevere

Intervention group:
bandaging was done with
kinesiotape

Criteria to stop:
NR

Control group:
bandaging with short
stretch bandages

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Kinesiotape
and short
stretch
bandages

Limb volume
(volumetry) and
arm
circumference;
water content of
limb; EORTC
questionnaire;
time bandages
worn daily

Length of
study: 8
weeks

Consistent
with usual care

No significant
difference in
arm volume or
circumference
between two
groups;
kinesiotape
better accepted
and longer wear
time

Length of
followup: 3
months

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
113
Wilburn
2006
U.S.

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset:
34 ± 34 months

Physiotherapist
self-massage or
patient selfadministered

Time Rx start:
0-5 months after
LE onset
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Criteria to start
Rx:
Lymphedema of
the upper
extremity after
surgical and/or
radiotherapy
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Intervention group:
Use of Flexitouch
machine for 1 hour daily
Control group:
Self-message for 1 hr
daily, then compression
garment
Each treatment phase
lasted 14 days at home
with one week washout
period between
treatments

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Self-message
and
compression
garment

Limb volume
measurements

Length of
study:
42 days

Consistent
with usual care

Flexitouch™
mean -208 ±
157 ml;
Control:
+ 52 ± 106 ml
p=0.007
HRQOL with
SF-36: NS

Length of
followup:
NR

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Study

RCT’s
114
Williams
2002
U.K.

Question
#3
Time of LE
Onset
Time of Rx
Initiation
Criteria To
Start/stop Rx

Question
#4
Provider of
Treatment and
Qualifications

LE onset:
LE >3 mths

Therapists
qualified in
Vodder method
of MLD

Time Rx start:
LE >3 mths
Criteria to start
Rx: Diagnosis of
secondary LE
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Criteria to stop
Rx: NR

SLD performed
by participants
(self) after
training

Question
#6
Treatment Parameters

Group A:
3 wks (5x wk) daily 45
min MLD treatment
followed by 6 wks no
treatment followed by 3
wks daily 20 min SLD
treatment
Group B:
3 wks daily 20 min SLD
treatment followed by 6
wks no treatment
followed by 3 wks (5x wk)
daily 45 min MLD
treatment

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Both groups
same
treatment but
in reverse
order; SLD
was
comparator
treatment

Limb volume,
caliper creep,
dermal
thickness, QoL,
altered
symptoms/
sensations

Length of
study:
12 weeks

Usual Care

MLD reduced
volume, dermal
thickness,
improved some
QoL measures
and some
symptoms/
sensations

Length of
followup:
NR

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Question
#3
Time of LE
Onset
Study
Time of Rx
Initiation
Criteria To
Start/stop Rx
Observational Studies
50
Balzarini
LE onset:
1993
Intervention
Italy
group- 3-52
months
Control group5-57 months
Time Rx start:
NR
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Criteria to start
Rx: Diagnosis of
secondary LE
Criteria to stop
Rx: NR

Question
#4
Provider of
Treatment and
Qualifications

NR

Question
#6
Treatment Parameters

Intervention:
2 UST cycles at 4 month
intervals--one cycle=1030 min sessions
Control:
MPT, 1 cycle
(6 hrs/day for 5
consecutive days) at 4
mo intervals for 1 year
*subsets of each group
were also given an elastic
sleeve to wear

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

Pneumatic
compression

Arm volume
Skin firmness

Length of
study:
12 months

Usual care

The UST group
had greater
softening of the
arm, better relief
of pain, greater
scapulohumeral motion

Length of
followup:
up to one
year

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Question
#3
Time of LE
Onset
Study
Time of Rx
Initiation
Criteria To
Start/stop Rx
Observational Studies
130
Berlin
LE onset: NR
1999
Sweden
Time Rx start:
NR
Criteria to start
Rx: Diagnosis of
secondary LE
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Criteria to stop
Rx: NR

Question
#4
Provider of
Treatment and
Qualifications

NR

Question
#6
Treatment Parameters

Group 1:
Arm compression
stockings only for
minimum of 4 wks
compression used varied
between 25 and 50
mmHg
Group 2:
Intermittent compression
with Flowtron used at
least 20 min/day
minimum 4 wks
Group 3:
Pneumatic compression
with Lympha Press-pressure 90-120 mmHg
for 20-30 min 2x/day 5
day/wk Patients also
received compression
stockings

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

1)compression
with sleeves
2) intermittent
compression
with Flowtron
3) intermittent
compression
Lympha-Press
+ compression
sleeves

Group 1:
Arm
compression
stockings only
for minimum of
4 wks.
Compression
used varied
between 25 and
50 mmHg
Group 2:
Intermittent
compression
with Flowtron
used at least 20
min/day
minimum 4wk
Group 3:
Pneumatic
compression
with Lympha
Press-pressure
90-120 mmHg
for 20-30 min
2x/day
5 day/wk
Patients also
received
compression
stockings

Length of
study:
5 years

Not consistent
with usual care

Length of
followup:
NR

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Table 11. Key questions treatment (continued)

Question
#3
Time of LE
Onset
Study
Time of Rx
Initiation
Criteria To
Start/stop Rx
Observational Studies
132
Brambilla
LE onset: NR
2006
Italy
Time Rx start:
NR

Question
#4
Provider of
Treatment and
Qualifications

NR

Criteria to start
Rx: Grade II
lymphedema

Question
#6
Treatment Parameters

Intervention Group:
Compression stocking
from morning until
bedtime, stockings were
replaced every 6 months

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

No treatment

Change in limb
volume

Length of
study:

Intervention
Group:
30/50 reduction
6.9% ± 5.1
20/50 increase:
6.7% ± 6.2

Interventio
n group:
Mean 66
weeks
Control
group:
Mean 64
weeks

Not consistent
with usual care

Control Group:
No treatment
physical exams
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Criteria to stop
Rx: NR

Frischenschl
134
ager
1991
Austria

LE onset:
~5years post
BCa Rx
Time Rx start:
NR
Criteria to start
Rx: Diagnosis of
LE
Criteria to stop
Rx: NR

Control group:
15/15 increase
5.82% ± 2.16

Physiotherapist

Psychosocial group:
MLD 3x/day for 10 weeks
+ compression stockings
during day, psychosocial
and exercise 2 hr/week
for 10 weeks
Control group: MLD
3x/day for 10 weeks +
compression stockings
during day and exercise

No active
treatment

Score on ‘scale
of well being’
and ‘list of
complaints’
Significant
improvement of
well being in
psychosocial
group from
baseline and
compared to
control group

Length of
followup:
Mean 5-6
months
Length of
study: 10
weeks
Length of
followup:
10 weeks

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

NR

Table 11. Key questions treatment (continued)

Question
#3
Time of LE
Onset
Study
Time of Rx
Initiation
Criteria To
Start/stop Rx
Observational Studies
133
Johansson
LE onset: NR
1999
Sweden
Time Rx start:
NR

Question
#4
Provider of
Treatment and
Qualifications

Physiotherapist
trained in
bandaging and
in the Vodder
MLD technique

Criteria to start
Rx: Diagnosis of
secondary
unilateral LE

124
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Pinell
2007
U.S.

Criteria to stop
Rx: Therapy
stopped with
resolution of
arm swelling
LE onset: NR
Time Rx start:
NR
Criteria to start
Rx: Secondary
LE with or
without axillary
or inguinal
disease
Criteria to stop
Rx: NR

Question
#6
Treatment Parameters

Part 1: Both groups
received 2 weeks of CB
(bandage changed every
2nd day)

Question
#8
Comparators
in Study

Question
#9
Patient
Outcomes

Question
#11
Length of
Study

Consistent
With Usual
Care

Results

Length of
Followup

CB alone vs.
CB + MLD

Arm volume
body weight
subjective
assessment

Length of
study:
19 days

Consistent
with usual care

Part 2: During the 3rd
week both groups
continued CB but one
group also received MLD
45 min/day x 5 days

Certified
therapist

Intervention group: Skin
and nail care, multilayer
compression bandages
worn at all times and
decongestive exercise,
MLD 60 - 90 minute/day.
Modified MLD technique
for patients with axillary
or inguinal disease at
time of therapy
Control group:
Same as intervention
group without
modification

CB + MLD
group had
significant
difference %
volume
reduction

Manipulative
therapy (MLD)
plus
compression
bandages
Consistent
with usual care

Interval
measurements
of girth along
affected limb
and
computation of
volume

Question
#12
Did any
Harms
(adverse
events)
Occur
From Rx?
NR

Length of
followup:
NR

Length of
study:
39 months
Length of
followup:
NR

NR

Table 12. IPC treatment

Question #5a
Study

Type of IPC Device

RCT’s
110
Bertelli
1991
Italy

Electronically
Stimulated
Lymphatic Drainage
(ICH8 Linfomed
Fisioline)

112

Dini
1998
Italy

NR

Pump Time: 10x 30 min sessions

Question #5c
Timing of IPC
Application

125

NR

NR

NR

NR

NR

1 year of LE onset

NR

NR

LE duration 6.5
months
(2.3-68.3)

NR

NR

Arm LE at least 3
months

Cycle: 2 cycles of 2 weeks separated
by 5 weeks
Pressure: 4.5khz frequency
sequential stimulation of 8 electrodes
Pump Time: 2 hrs x 5 days/week
Cycle: 2 cycles of 2 weeks separated
by 5 weeks

Johansson
1998
Sweden

Kozanoglu
2009
Turkey

Pumping Time/Cycles and
Pressures

Question #5b
Modification of
Co-morbidities
Protocol for Coof Patients
morbidities

109

104

Lympha-Press
Type: 9
Compression Cells
IPC device
(MJS Healthcare
Ltd. U.K.)

Pressure: 60 mmHg (constant
pressure)
Pump Time: 2 hrs/day
Cycle: 5 day/week x 2 weeks
Pressure: 40-60 mmHg
Pump Time: 2 hours IPC
Cycle: 20 sessions x 4 weeks
Pressure: 60 mmHg (intermittent
pressure)

Abbreviations: BMI=Body Mass Index, Ca=Cancer ESD=Electronically Stimulated Lymphatic Drainage, Hrs=Hours, IPC=Intermittent Pneumatic Compression,
LE=Lymphedema, min=minutes, NR=Not Reported, RCT=Randomized Control Trials, yrs=years

Table 12. IPC treatment (continued)

Question #5a
Study

Type of IPC Device

RCT’s
125
Pilch
2009
Poland

Flowtron Plus
Flowtron Flowpac
Plus

103

Radakovic
1998
Yugoslavia

126
Szuba
2002
U.S.

Szuba
2002
U.S.

111

108

Wilburn
2006
U.S.
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Sleeve with 12
overlapping
compression
chambers

Sequential
Circulator 2004:
(BioCompression
Systems Inc)

Sequential
Circulator 2004:
(BioCompression
Systems Inc)
Flexitouch™
Type: Lightweight
portable device for
home use consisting
of up to 32 separate
chambers

Pumping Time/Cycles and
Pressures
Flowtron Plus/Flowtron Flowpac Plus
Pump Time: 1 hour x 5 days week for
5 weeks
Cycle: 1 cycle over 5 weeks
Pressure: 30-50 mmHg (single
chamber or multi chamber)
Flowtron Plus 90sec on, 90 sec off
Flowtron Flowpac Plus 45 sec: 15 sec
Pump Time: 60 min/day

Question #5b
Modification of
Co-morbidities
Protocol for Coof Patients
morbidities

Question #5c
Timing of IPC
Application

NR

NR

NR

NR

NR

NR

NR

NR

Average duration
LE 5 yrs

NR

NR

12 weeks following
cancer treatment

NR

NR

5 years of LE onset

Cycle: 1/day x 10 days
Pressure: 60 - 65 mbar (gradually
activated over 7 min)
Pump Time: 60 min/day
Cycle: 1 month
Pressure: 40-50 mmHg (4 chamber,
sequential)
Pump Time: 30 min/day
Cycle: Daily: 10 days
Pressure: 40-50 mmHg (4 chamber,
sequential)
Pump Time: 1 hour/day
Cycle: 1/day x 14 days
Pressure:1-3 seconds of mild
pressure

Table 12. IPC treatment (continued)

Question #5a
Study

Type of IPC Device

Observational Studies
50
Balzarini
Jobst Extremity
1993
Pump
Italy

Pumping Time/Cycles and
Pressures
Pump Time: 6 hrs/day for 5
consecutive days

Question #5b
Modification of
Co-morbidities
Protocol for Coof Patients
morbidities

Question #5c
Timing of IPC
Application

NR

NR

NR

NR

Lower levels of
pressure were
permitted in some
patients treated
with compression
stockings

NR

Cycle: 1 cycle every 4 months over 1
yr
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Berlin
1999
Sweden

1) Flowtron
2) Lympha Press

Pressure: 30-40 mmHg (uniform
pneumatic sleeve)
Pump Time:
Flowtron: 20 min/day
Lympha Press: 20-30 min/day
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Cycle:
Flowtron: 1x/day x4 weeks
Lympha Press: 2x/day x unspecified
weeks
Pressure:
Flowtron: 80 mmHg, inflate/deflate x 2
min
Lympha Press: 90-120 mmHg, build
20 sec, hold 6 sec, release 4 sec

Chapter 4. Discussion
Diagnosis
Question 1. What is the performance of diagnostic tests for preclinical and/or clinically
significant lymphedema?
a) What inclusion criteria (including patient demographics, signs, and symptoms) were
used in studies evaluating the performance of diagnostic tests of lymphedema?
Most of the diagnosis studies involved persons with breast cancer. Caution must be used
when applying the results of diagnosis studies done in one patient population to another
population as the specific characteristics of a test might not be easily transferrable. For example,
a test developed for assessing lymphedema in persons with breast cancer may contain built-in
nuances from this disease population, thereby rendering it non-transferrable to other populations.
All diagnostic tests should be validated in the population of interest before widespread use in that
population.
The age range of persons in the 41 studies was wide enough to encompass younger, nondiseased persons who were used as comparators in some of the diagnostic testing publications.
The generally middle-aged nature of study subjects reflected the fact that most studies involved
cancer patients, who are typically diagnosed and treated in middle age or later.
b) Is there any “gold standard” method to formally grade or measure the severity of
lymphedema?
Only three of the studies in the diagnostic testing portion of this report contained methods to
grade the severity of lymphedema.81,83,92 The methods were either non-validated,83 vaguely
defined,92 or both.81 None of the methods was described as a gold standard.
The remaining diagnostic studies were conducted with the intent of evaluating tests that
would differentiate persons with and without lymphedema. There was no attempt to stage the
severity of lymphedema in any of these studies.
Based on the evidence from the extracted studies, there does not appear to be a gold standard
for grading the severity of lymphedema.
c) What comparators were used in the studies of diagnostic tests? Was the test compared
to a “gold standard”, bedside exam, radiologic investigation, or other means?
Although rarely identified as gold standards, the frequency of use of different measures of
limb volume or circumference would suggest that these measures are the de facto gold standards
for diagnosing secondary lymphedema. Furthermore, the consistent reliability and validity of
these measures (see Question 1e) indicates that they are well suited for use as gold standards. It
should be recognized that among lymphedema researchers, some will accept a gold standard
such as limb volume assessed through water displacement, but there is no evidence to suggest a
definitive gold standard.77 However, based on the extent of use, as well as the consistent
evidence for reliability and validity, it is recommended that limb volume or circumference be
considered the gold standard for diagnosing secondary lymphedema.
Interestingly, in the narrative review (see Chapter 1), the medical textbook literature suggests
that imaging tests such as ultrasound and lymphoscintigraphy should be used as gold standards to
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diagnose lymphedema. However, few of the extracted studies included ultrasound or
lymphoscintigraphy; studies that included these imaging tests did not consider them to be gold
standards. Rather, these tests were evaluated as index tests (the tests under investigation).
d) What is the sensitivity and specificity of tests used to diagnose lymphedema?
In the eight studies that contained examinations of the sensitivity and specificity of
diagnostic tests for secondary lymphedema, sensitivities ranged from 5 to 100 percent and
specificities ranged from 71 to 100 percent. However, it was not possible to rank order the tests
in terms of performance because there were too few studies from which to permit generalization,
persons with three different underlying conditions were the subject of the studies (breast cancer,
melanoma, Kaposi‟s Sarcoma), a mix of different tests were used (changes in circumference with
different cut points, self reports, imaging), and several different reference standards were also
used. Researchers must use a common reference standard as a first step to providing a clearer
picture of the sensitivity and specificity of tests in persons with secondary lymphedema.
e) What are the psychometric properties (reliability, validity, responsiveness) of these
diagnostic methods?
Reliability. There is consistent evidence to indicate that lymphedema can be reliably
measured using circumferential measures or volume displacement. It should be noted that these
studies were conducted in breast cancer patients with secondary lymphedema primarily in the
upper extremities. One study pertained to the trunk of the body.86 The excellent reliability of
these measures might not be transferable to situations where lymphedema occurs in other parts of
the body, or to cases where lymphedema occurs secondarily to other diseases besides breast
cancer.
There is too little evidence to draw conclusions about the reliability of other tests such as
tonometry, ultrasound, lymphoscintigraphy, or bioimpedance.
Validity. Twenty-three of the 30 validity studies involved some use of volume displacement
or limb circumference as a diagnostic test for secondary lymphedema. Based on consistently
high correlation coefficients, there is strong evidence that displacement and circumference are
interchangeable amongst one another in terms of results. This interchangeability applies despite
the various means of measuring displacement or circumference.
Tests involving bioimpedance show good validity when compared to tape measured
circumference or perometry, although the correlation coefficients were not as high as the
coefficients in the displacement-circumference comparisons. Self reported symptoms on the
Lymphedema and Breast Cancer Questionnaire (LBCQ) also show good validity in comparison
to bioimpedance, perometer, and tape measure, although the evidence is limited to a single study
and correlation coefficients were also lower than the ones calculated for the displacementcircumference comparisons.71
The validity of ultrasound, lymphoscinitgraphy, CT scan, or MRI was evaluated in four
studies. There is little evidence for the validity of these tests owing to the limited number of
studies, small sample sizes, a questionable reference standard in one study,92 and questionable
means of scoring lymphoscinitgraphy in two studies.81,92
Given the limited extent to which the LBCQ has been examined as a diagnostic tool for
secondary lymphedema, and the lower correlation coefficients found in the bioimpedance
studies, the evidence suggests that volume displacement or limb circumference are the most valid
means of diagnosing secondary lymphedema. Most of the validity studies included breast cancer
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patients, so the conclusions about validity may not be wholly transferrable to other disease
groups. Further work must be done to establish the diagnostic validity of these tests in
populations other than persons with breast cancer.
Responsiveness. There is a dearth of evidence on the responsiveness to change of diagnostic
tests for secondary lymphedema. Only two of the studies included in this report28,31 evaluated
responsiveness to change; both were conducted in the breast cancer population. Researchers in
the field should certainly be cognizant of the results of these studies if they choose water
displacement, limb circumference, or tissue resistance as a means of testing for lymphedema in
their own research projects. However, more work needs to be done to establish the property of
responsiveness in common diagnostic tests for lymphedema. Until such work is completed, one
cannot draw any conclusions about responsiveness to change in this area.
f) How frequently and for how long should patients be measured for the development of
lymphedema or its sub-clinical precursor? Does this vary with the diagnostic test method?
There is no evidence to answer either key question as none of the included diagnostic studies
addressed either question. These studies were undertaken to examine the sensitivity, specificity,
or psychometric properties of various tests in comparison to one another, so persons who were
included in these studies typically had a diagnosis of lymphedema. Non-lymphedema control
groups were included in some instances to provide comparisons, but not to ascertain
measurement times for development of lymphedema. One study did specifically compare the
incidence of lymphedema over time using four tests and five assessments,27 but the sole rationale
for conducting five assessments at quarterly intervals was that the assessments could be
performed at the same time as regularly scheduled followup appointments with oncologists. The
suitability of five quarterly assessments was not under study. Another study conducted followup
a maximum of 14 times per participant, but the rationale for this number was not provided by the
authors.95
The studies that did provide a rationale for multiple assessments were designed to examine
test-retest and interrater reliability, or validity, so multiple assessments were necessary. None of
these studies was designed to investigate the frequency or length of time necessary for persons to
be measured for the development of lymphedema. Consequently, there was no pattern of
frequency or length associated with any specific test.
For question 1f to be answered, a group of persons without lymphedema at baseline would
have to be followed up for a set amount of time. During this time, different tests at regular
intervals could be employed to assess whether lymphedema develops. The testing intervals could
be varied (within or between tests) on different subgroups of patients to get a clearer picture of
the issues at hand.
g) Does the diagnostic test method influence the choice of lymphedema treatment or
patient outcome? What outcomes were measured in studies of diagnostic tests of
lymphedema?
There is no evidence in the 41 diagnostic testing studies to answer either of these questions.
Only four studies contained mention of the type of treatment offered to patients, and the point of
these studies was not to examine treatment itself, but to study diagnostic test properties.
Outcomes of treatment were not reported in three of the studies.66,80,85 In the fourth study,
outcomes were reported, but the authors made no attempt to link outcomes to the choice of
diagnostic test.81
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Treatment
Question 2. What were the patient selection criteria in the studies (inclusion and exclusion
criteria)? Did they differ by treatment modality?
There were multiple inclusion and exclusion criteria spread across the 36 studies. There was
no grouping of criteria attached to any specific treatment modality. Consequently, there is no
evidence to suggest that patient selection criteria differed by treatment modality.
Question 3. What were the criteria used to initiate treatment for lymphedema? When was
treatment initiated compared to the time of onset of the lymphedema? What were the
criteria used to stop therapy? Did these criteria vary with treatment modality?
In all 36 treatment studies extracted for this report, a diagnosis of lymphedema was the only
specific criteria used to initiate treatment. Only seven studies reported the approximate time of
recruitment following onset of lymphedema. All except one of these studies began recruitment
within 1 year of onset, but there was a wide range of recruiting times within this 1 year period. It
should be noted that these are recruitment times following onset of lymphedema, not the times to
initiation of treatment. Although it is likely that lymphedema treatment was initiated soon after
recruitment, the time frame between recruitment and initiation was not reported in any article.
Therefore, no evidence exists to provide a clear answer to the question about time of treatment
initiation.
Only five studies reported specific criteria to stop treatment.47,110,112,116,133 This number is too
small to assess whether stopping criteria varied with treatment modality in the 36 studies that
were extracted for this report.
Question 4. Who provided the treatments in the studies? What information was provided
on their professional training or certification in lymphedema care?
The authors of 17 of the 36 treatment studies did not detail who provided the lymphedema
treatment. Except in the case of patient self-massage, the provision of lymphedema treatment
requires a trained professional such as a physiotherapist or a technician familiar with the
operation of an IPC device. To enhance reporting, as well as to facilitate judgments about the
generalizability of published studies, authors of future studies in the domain of lymphedema
treatment should report on the professional status and qualifications of the persons delivering
lymphedema therapy.
Question 5a. Was one type of pneumatic compression device and sleeve (e.g., nonsegmented compression device, sequential segmented compression, or segmented
compression with calibrated gradient pressure) more effective in reducing lymphedema
than another for any type of lymphedema along the continuum, or patient characteristic
(e.g., demographics, comorbidities)?
Twelve studies included IPC treatment.50,103,104,108-113,130 There was no evidence from which
to determine whether one type of IPC device and sleeve were more effective than others were
across the continuum. The lack of evidence was partly a result of the fact that there were simply
too few studies from which to conduct meaningful comparisons. Comparison was mainly
inhibited by the degree of heterogeneity between articles: nine different types of IPC were
investigated against multiple comparators. Comparators included MLD,108,109,111 compression
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bandage or sleeve,108-111,113 massage,103,113 skin care and prophylaxis,112 laser,104 or ultrasound.50
In two studies, the authors did not clearly describe the IPC device.104,112
The lack of evidence was further driven by the fact that IPC was delivered in conjunction
with other treatments in six studies. IPC was given at the same time as study participants
received MLD and compression bandages108 or compression garments or stockings.113,130 IPC
was given after 2 weeks of treatment with a compression sleeve109 or it was followed by the
application of elastic bandages.103 Additionally, IPC was part of a multimodal treatment in a
study where the subject groups differed on receipt of tape or bandage (both groups got IPC).128
These differing regimens made it difficult to tease out the effects of IPC alone when conducting
indirect comparisons across studies.
The same IPC devices were used in two sets of studies. The Sequential Circulator 2004
demonstrated statistically significant reductions versus MLD and compression garments in two
studies,108,111 but the treatment regimens involving IPC differed across the studies in terms of
length of daily IPC application and number of applications. Also, one study used IPC to treat
persons with an initial diagnosis of lymphedema108 and the other used IPC as maintenance
treatment.111 These characteristics worked against the extent to which the performance of the
Sequential Circulator IPC could be indirectly compared across these two studies.
Lympha-Press was another IPC system used in two studies.109,130 Indirect cross comparisons
between these two studies were also difficult because of differences in treatment regimen
(Lympha-Press following 2 weeks with a compression sleeve109 or Lympha-Press concomitantly
with compression stockings130). There were also differences in comparators (MLD,109
compression stockings or Flowtron IPC130).
Two types of Flowtron device were used in a study comparing different therapeutic regimens
for compression cycles and chamber sleeves.125 Only one comparison was statistically significant
at the 5% level, perhaps due to low power as none of the four treatment groups contained more
than 20 subjects.
None of the extracted studies broke down treatment results by patients characteristics.
Therefore, no evidence was found to assess whether one type of IPC device and sleeve were
more effective in reducing lymphedema based on specific sets of patient characteristics.
Question 5b. Did the studies of IPC for lymphedema in patients with comorbidities such as
wounds, arterial and/or venous insufficiency, diabetes, congestive heart failure, infection,
etc., report the need to modify their treatment protocols? Did it affect treatment outcome?
There were no reports in the extracted studies of the need to modify treatment protocols on
account of comorbidity. It would appear that most comorbidities with a potential effect on
treatment outcome were addressed at the design stage of the studies, through the specification of
exclusion criteria (e.g., exclude persons with congestive heart failure or any other
contraindication to treatment113). In some cases, participants were removed from a study during
followup due to the development of an adverse effect such as lymphangitis.110 Neither the use of
exclusion criteria nor removal because of adverse effects suggests a protocol modification. There
was no evidence in the extracted studies to address whether protocol modifications would affect
treatment outcome.
Question 5c. Did the timing of IPC application and/or the sequence of use of the various
IPC device types (either alone or in combination with other therapies) influence outcomes
either positively or negatively?
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There is no evidence to address whether the timing of the IPC application might have
influenced the study outcomes. Six of the studies did not contain reports on
timing.50,103,104,110,125,128,130 In the other six studies, the treatment regimens were too
heterogeneous to allow for the isolation of any potential effect of timing. For sequence of use,
the conclusion is the same: the mix of different treatments does not permit the isolation of the
effect of sequence. Hence, there is no evidence for sequence as well. Additionally, there are
simply too few studies from which to establish definitive patterns about timing or sequence.
Question 6. What protocols for single modality treatments resulted in the best outcomes of
lymphedema therapy? Consider parameters such as usage schedules and characteristics of
treatment such as intensity, duration, frequency and setting (self-administered at home
versus professionally administered applied in a medical clinic), and if applicable pumping
times/cycles and pressures.
There were 12 studies that examined single modality treatments for lymphedema. This
reflects the fact that most lymphedema treatment is delivered as some form of combination
therapy. Most of the studies adopted unrealistic comparators to maintain the „single modality‟
distinction. For example, it is unlikely that persons with secondary lymphedema would be treated
in standard clinical practice with only a booklet on healthy eating116 or instructions to continue
with usual activities,47,117 or no treatment whatsoever.127,132 By the same token, the use of sham
laser33,118 is questionable because there is no actual treatment given to patients. Ideally, the
comparator should be the standard, medically-accepted treatment for lymphedema in the locality
where researchers are conducting the study.
Notwithstanding the above, there was no evidence from which to ascertain whether certain
treatment protocols would lead to better outcomes. Certainly this was the case for exercise47,48,129
and elastic stockings,132 where too few studies of each treatment negated any ability to compare
protocols. For the other treatments (diet, laser, IPC, bandage, tape), the number of studies of each
treatment was also not sufficient to investigate the effect of protocol differences on outcomes.
To address the effect of protocol on outcome, a series of studies with nearly identical
samples, lengths of followup, comparator therapies, and outcomes would need to be constructed,
with the only difference being the protocol used to deliver the treatment of interest. In the diet,
laser, and IPC studies, there was little standardization in most of these areas (with the exception
of the definition of outcome). Additionally, epidemiologic and statistical issues such as bias and
power would have to be addressed in the design and analysis of the studies to increase the
confidence in results. In one RCT, placebo patients were allowed to cross over to the active
treatment group and analyses were conducted with these „crossovers‟ included in both groups.
Also, all of the studies except one48 had fewer than 100 participants. From a methodological
perspective, there is simply too much noise from which to tease out the signal of a protocol effect
on outcome.
Question 7: Were there any treatments, combinations of treatment methods, or sequence of
treatments shown to be more effective or ineffective for any type of lymphedema along the
continuum, or patient characteristics (e.g., demographics, comorbidities)? Of particular
interest: Is there evidence that the use of compression sleeves or low stretch bandaging is
effective in maintaining reductions in lymphedema achieved through the use of other
modalities (e.g., IPC, manual lymphatic drainage, exercise)?
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As studies used multiple outcomes in a variety of patient types, comparisons of treatments to
identify those which are more or less effective are problematic. In no group of studies were the
populations defined or the results reported to such a degree of detail that it is possible to identify
groups of patients for whom these treatments are more, or less, effective.
A further potential reason for the lack of benefit seen in many studies is the issue of sample
size. While some authors reported attempts at sample size calculations,48,112,113,115,117,123,124,128
very few provided any indication of estimates of benefit or variance in the study groups or study
power and as a whole, did not report on sample size calculations. One group of authors did report
on sample size calculations and reported less eligible patients than initially anticipated.116 The
majority of studies enrolled 50 patients or less, suggesting that authors were expecting a large
difference in benefit between study groups. As there was little detail in the majority of studies, it
is unclear if statistical significance was not achieved due to overestimation of benefit or
underestimation of variance within the groups.
Studies were even less likely to show a treatment benefit to patients regarding arm function
and quality of life. Several potential reasons may explain this. Firstly, variance of these measures
within studied populations may be such that statistical detection of change may be unlikely with
limited study numbers. Additionally, in those studies which did result in reduced lymphedema
volume, these reductions may not have been sufficient to result in a quality of life change.
Finally, patient satisfaction outcomes may not be well correlated to arm volume. Perhaps other
non-measured items are at play such as stiffness or pain.
Bandaging and elastic sleeves are commonly prescribed treatments, likely because of their
low cost and relative availability. Two studies compared these treatments to more conservative
measures (i.e., high versus low pressure bandaging,124 compression garments and exercise to
exercise alone129), but the small number of studies made it difficult to comment on treatment
benefit. Low quality evidence of modest benefit is provided from pre-post measurements of
some studies,115,119,123,133 but should be interpreted with caution as there is no evidence to suggest
that such reductions would not have happened in the absence of any care. Further low quality
evidence for a benefit from elastic sleeves comes from the observation that patients using sleeves
in studies with long term followup were more likely to retain initial benefit compared to patients
from studies that did not. This issue was further addressed in Chapter 3. Again, this should be
interpreted with caution, as no included studies were intended to specifically address this
observation.
Question 8: What comparators were used in the studies? Are these comparators consistent
with usual care for lymphedema?
Many treatments have been suggested to provide benefit for patients with lymphedema.
Despite this, no single treatment has emerged as a gold standard in clinical trials thus there
appears to be no standard comparator for RCTs. Elastic sleeve was used in 4 of 36 studies and
was most common comparator against the study treatment.110,115,116,130 Compression bandaging
or stocking was used in 5 studies.119,123,124,133,134 Sleeve and bandaging were likely chosen as the
most common comparators because of their low cost and relative availability, not because of
evidence of benefit.
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Question 9: What outcomes were measured in studies of lymphedema therapy? How
effective were these treatment methods in reducing lymphedema?
Multiple outcomes were used in these reports. Objective measurements, usually relating to
volume were most reported.
Many studies reported that treatment brought about a reduction in lymphedema volume.
However, relative benefit is difficult to appreciate in that despite studies including comparator
groups, some provided pre- and post-treatment assessments of each group but did not provide
between group comparisons.111,131 Other studies provided p values for comparisons but did not
report point estimates in differences of benefit110,112,130,132 leaving clinicians to question the
clinical benefit of treatment. Even in those studies that did, report point estimates of benefit, the
specific outcomes reported varied such that cross comparisons were difficult to make. For
instance, arm measurements may have resulted in reporting of circumference differences,103
percent volume loss,122 absolute volume loss,109 or proportion of patients achieving a prespecified degree of benefit.48,110
Question 10: Did any studies show that the time of treatment initiation (single modality or
combination therapy) relative to symptom onset, any other lymphedema characteristics, or
any patient characteristics influenced or predicted treatment outcome?
Since few studies were sufficiently powered to detect a difference in the primary outcome,
most trials were did not have power to detect differences in patient subgroups which were
predictive for response. Few trials randomized patients with a stratification scheme or performed
adjusted analyses to allow for detection of predictive factors. One RCT with 141 subjects
specifically looked at differences according to cancer severity, race, physical activity, diet, and
BMI and found no effect.48
Question 11: What was the length of followup in studies of lymphedema therapy? How
long were the benefits of treatment maintained?
Considering the chronicity of lymphedema, very few trials performed long term followup in
their study population. Only eight trials reported outcomes at 6 months or
beyond.48,50,104,105,110,111,115,132 One study reported outcomes at week 30 of the study, but this was
only 12 weeks from the last treatment.33 There was no consistent evidence regarding the length
to which treatment benefits could be maintained.
Question 12: What harms have been reported associated with the various treatments for
lymphedema? Do any patient characteristics (e.g., demographics, comorbidities) or etiology
of lymphedema increase the risk of these harms?
Due to the nature of these studies, it was not always possible to delineate which patients were
in which treatment group, preventing readers from drawing conclusions about the relative harms
of various treatments. The majority of withdrawals and adverse events were related to treatment
scheduling or disease recurrence, neither of which would be the direct result of therapy. Adverse
events likely related to study therapy were all rare.
Even if all adverse events were in the treatment groups, their infrequency would be unlikely
to result in statistical significance if formally tested. No studies reported on factors which may
increase the risk of harms associated with treatment. There was no evidence in the extracted
studies to answer this question.
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Non English Language Studies
Non English language studies were excluded from the original scope of the TA. In
conjunction with AHRQ and CMS, we revisited this decision after peer review of the draft report
and decided to examine whether the non English literature contained results that differed from
studies published in the English language. We reran the search and screening strategies outlined
in Chapter 2 above and found 5 non English diagnosis studies and 8 non English treatment
studies that met the other report inclusion criteria. These studies passed all levels of screening
and would have been included in the TA had they been published in English. We summarize
these studies below.

Diagnosis
All 5 diagnosis studies investigated upper limb lymphedema secondary to breast cancer.139-143
The size of the study populations with lymphedema ranged from 16143 to 74.139 Four publications
were validity studies with the following index tests and comparators: bioimpedance versus arm
volume,139 perometer versus water volume displacement,140 ultrasound versus arm
circumference,142 and arm circumference versus water volume displacement.143
Results were reported descriptively without quantitative statistics in two studies. In the first
study, the authors reported detection of lymphedema in 8 persons using bioimpedance and in the
same 8 persons using arm volume, but the condition was detected on average 9 months earlier
using bioimpedance.139 In the second study, the authors reported that changes in limb volume
measures were similar between perometry and water displacement, but they did not provide
correlation coefficients, Kappa‟s, etc.140
Authors provided quantitative results in two other studies. Ultrasound was moderately
correlated with arm circumference (r = 0.48 to 0.55) in a study where the researchers found
measures of arm circumference to be unreliable.142 Another group of authors found strong
correlations between measures of arm circumference and water volume displacement (r = 0.90 to
0.98).
The fifth study compared lymphoscintigraphy and clinical symptoms (including arm volume)
in the diagnosis of secondary lymphedema.141 Twenty-five persons were allocated nonrandomly
to each of the lymphoscintigraphy and clinical groups. Twenty persons in the
lymphoscintigraphy group were identified on testing as showing symptoms of lymphatic
impairment. Testing in this group was conducted prior to breast cancer surgery, 1-3-6 months
postoperatively, and 1 year and 3 years postoperatively. Nine persons in the clinical group were
found to have lymphedema during the course of normal postoperative followup.
Since the testing protocols in the fifth study were conducted on separate groups, we could not
calculate sensitivity or specificity, nor assess the validity of lymphoscintigraphy versus clinical
diagnosis. However, in this study, the authors propose a testing and treatment protocol using
lymphoscintigraphy, which addresses key questions 1f and 1g. In the study, persons who showed
signs of lymphatic impairment on lymphoscintigraphy were given a combination therapy
involving MLD, bandage, mechanical lymphatic drainage, and elastic garments. Persons who
were unresponsive to combination therapy received microsurgery. Only two persons with
lymphatic impairment failed to improve after receipt of combination therapy. These persons
received microsurgery and subsequently exhibited a complete regression of edema and improved
lymphatic drainage.141
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Overall, the 5 non English diagnosis studies did not contribute substantive new information
to the TA. The studies were conducted in the familiar population of breast cancer patients and
the tests had all been evaluated in English language publications. The correlation between
ultrasound and arm circumference in one non English study142 was lower than many of the
reported correlations in the English literature, but this could be a function of the specifics of one
study rather than an indication of a new and important finding. Another non English study141
addressed two key questions that were not covered in the English literature; however no general
conclusions can be drawn from a single observational study of only two diagnostic tests.

Treatment
The 8 treatment studies were observational, with sample sizes ranging from 30144,145 to
440.146 Lengths of followup, in the studies where authors reported such information, ranged from
28 days144 to 10 years.146 All 8 studies involved breast cancer survivors with upper limb
lymphedema. The authors of only one report specified the type of individual who provided
therapy, i.e., a „kinesiology therapist‟.147
Three studies examined single modality treatments. The first study compared an education
program for self administered MLD against an unspecified control treatment over 6 weeks of
followup. Arm function, measured using a vaguely described questionnaire, was better in the
treated group over the entire followup period (p<0.05).148 In the second study, three groups were
compared over 28 days: MLD via the „Asdonk standard‟ for 1 hour/day; non Asdonk standard
MLD for 1.5 hours/day; non Asdonk standard MLD for 1 hour/day. Although the author
describes the Asdonk standard method, there are no references to this method given in the
published manuscript.144 The author reports a greater reduction in arm volume in the Asdonk
group versus the other groups over the course of followup, but does not provide p-values or other
quantitative statistics. The third study of single modality treatments compared single chamber
IPC using a Jobst machine with multi chamber IPC using a Lymph-a-mat machine. Lymphedema
severity decreased within each group over an unspecified followup time (described as
„beginning‟ and „end‟ in the published figures); however, there was no statistically significant
difference between groups at the 5% level.149
Three studies investigated multi modal treatments. The first study compared multi layer
bandaging and MLD to simplified bandaging and MLD. Simplified bandaging, which was
considered the active treatment, was 2 bandages juxtaposed one over the other rather than a more
complex method of wrapping multiple bandages. After 12 to 16 sessions over 4 weeks, the group
treated with simplified bandaging in addition to MLD showed larger decreases in edema relative
to the comparison group (p = 0.04).147 The second study involved a combination treatment of
MLD, IPC, and exercise in two groups, with one of the groups given additional treatment in the
form of bandage. The authors provide intragroup comparisons over time, but do not provide
intergroup comparisons.145 The third study involved a 10 year followup of 440 persons assigned
nonrandomly to one of four groups. Each group received IPC at 40 to 110mmHg for 15 sessions
lasting 1 hour each. Treatment was limited to IPC in one group, but treatment was IPC plus
electrostimulation of muscles in a second group, IPC plus magnetic therapy in a third group, and
IPC plus both electrostimulation and magnetic therapy in a fourth group. Percent changes in limb
volume were highest in the fourth group, with all results statistically significantly different at the
5% level.146
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Two studies examined whether the time of initiation of lymphedema treatment would affect
treatment results. The first study saw treatment initiated less than 1 year after breast cancer
surgery versus 1 to 2 years post surgery. Treatment in both groups was a combination of MLD,
IPC, bandage, and exercise. Faster reduction of arm swelling was observed in the group with
earlier treatment initiation.150 Conversely, the second study found no differences between groups
when treatment was initiated 3 months after lymphedema diagnosis versus 12 months post
diagnosis. The treatment regimen in this study was physical therapy, electrostimulation,
massage, and IPC.151
The non English treatment studies mirrored the high degree of heterogeneity observed in the
English language treatment studies. The non English studies were characterized by different
treatment combinations and varying lengths of followup, which inhibit one from drawing clear
conclusions to answer the key questions. Two studies did consider an issue that was unaddressed
in the English language literature, namely whether treatment effect was related to timing of
treatment initiation (key question 11).150,151 However, the studies‟ authors reported contrary
results using different treatment protocols and initiation times. Again, too much heterogeneity
prevented us from answering a key question.
The non English language treatment studies do not add any substantive information to the
results obtained from the English language literature.

Conclusions
Most of the diagnostic accuracy and treatment studies were conducted in persons with a
history of breast cancer. This is important to note because the sensitivity and specificity, and
psychometric properties, of the diagnostic tests for secondary lymphedema could differ in nonbreast cancer patient populations. This suggests that the diagnostic tests should be evaluated in
non-breast cancer populations prior to the tests‟ use in these populations. The need for evaluation
in these populations certainly applies to diagnostic tests involving limb volume or circumference,
despite the fact that these tests were shown to have very good properties in the breast cancer
population. The same caution regarding evaluation in different populations must also be applied
to studies of treatments for secondary lymphedema. Most treatments were evaluated in the breast
cancer population, so there is no automatic assurance that their efficacy is transferable to other
populations. Evaluation of treatment efficacy in non breast cancer populations is an important
step for future research.
Based on the evidence, limb and volume circumference are the de facto „gold standard‟ tests
from which to assess the presence of secondary lymphedema. However, these tests do not have a
standard threshold or cut off point to indicate the presence or absence of lymphedema. Similarly,
there is no consistent means of actually measuring volume or circumference. Although validity
assessment suggests good interchangeability between different measures of limb volume or
circumference, the heterogeneity of the evidence was too substantial to enable the drawing of
conclusions about the type of measure that would be the most appropriate for diagnosing
secondary lymphedema.
The different methods of measuring limb volume or circumference detract from comparisons
of sensitivity and specificity. These comparisons are best done by selecting a set measurement
method and then varying the cut off points to estimate the optimal cut off point using a receiver
operating characteristic (ROC) curve.152 None of the diagnostic testing studies employed an
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ROC curve, perhaps due to the lack of agreement on a gold standard means of diagnosing
lymphedema.
There was no evidence to suggest an adequate diagnostic testing protocol. The extracted
studies failed to provide an indication of suitable frequencies of testing or time spans within
which testing should be done. Additionally, there was no information to suggest whether the type
of diagnostic test would have an effect on the choice of treatment or on patient outcomes.
Regarding treatment for secondary lymphedema, there was no evidence concerning the
optimal criteria to initiate or stop treatment. While the studies suggested that most treatments did
reduce the size of the lymphatic limb, there was too much heterogeneity in terms of therapy,
inclusion, and exclusion criteria, and treatment protocols to suggest the optimality of one type of
treatment over another. Despite the multiplicity of inclusion and exclusion criteria, almost no
studies contained reports of treatment benefits in any subgroup of patients. In fact, most studies
were not designed to look for treatment benefits in subgroups.
Adverse effects were only reported in a small number of studies. The adverse effects that
were reported were generally rare and mild, and unlikely to be a major clinical issue.
The methodological quality of the extracted diagnosis and treatment studies was generally
„fair‟. Many quality issues may have been related to a lack of adequate reporting rather than to
methodological shortcomings in the conduct of the research. However, the authors of some
studies omitted the reporting of fundamental aspects of their research. For example, there were
reliability articles that did not contain mention of the intervals between administrations of the
tests of interest, none of the validity studies indicated whether index test results were interpreted
without knowledge of reference test results, and the majority of RCTs did not include comment
on whether outcome assessors were blinded. While reporting oversight may be one reason for
these omissions, the fundamental nature of the omitted elements suggests a certain degree of
caution should be exercised when interpreting study results. This suggestion reflects a degree of
healthy skepticism in the assessment of scientific research, i.e., to assume inadequate quality
unless the study authors present evidence to the contrary.102
Although the quality of the extracted articles suggests the need for a guarded approach to
interpreting results, quality did not appear to play a major role the answers to the key questions.
The articles were far too heterogeneous in terms of test, treatment, and outcome to ascertain
whether studies of a certain quality tended to group around any particular test, treatment, or
outcome. Indeed, most of the studies were of „fair‟ quality anyway, which suggests that quality
was not a major factor in the response or interpretation of the key questions.
In looking at the extracted articles as a whole, it can be concluded that there is no evidence in
the literature to suggest an optimal diagnostic testing protocol, an optimal frequency or duration
of treatment, the most efficacious treatment combinations (including the use of maintenance
therapy), and the length of time for which persons should be tested or treated for lymphedema.

Recommendations for Future Research
Diagnostic Testing. Prior to the initiation of further research into diagnostic testing,
clinicians and researchers in the field of secondary lymphedema need to agree on a uniform, gold
standard, diagnostic test. Existing work suggests that limb volume or circumference has already
emerged as the de facto gold standard, but a set means of measuring volume or circumference
should be adopted by the clinical and research communities. Ideally, this set means should be
accessible by clinical and research centers globally to promote uniformity. If the strong validity
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of different measures of volume or circumference in persons with breast cancer is emblematic of
the situation in other patient populations, then simple, basic, readily usable, and currently
existing methods should be preferred to expensive devices that might not provide an
improvement in diagnostic accuracy (or that might not be available or practical in all clinical
settings). In other words, a simple tape measure need not be replaced by an expensive machine if
the concurrent validity between methods is good and the machine does not improve upon the
number of patients who can be assessed within a clinically relevant timeframe.
Once the gold standard test has been adopted, work must proceed to establish a meaningful
cut off point that will be uniformly regarded as the threshold to distinguish a person with
secondary lymphedema from a person without secondary lymphedema. Comparison of different
cut off points using ROC curves is recommended to achieve this objective.
Over time, new and better tests may be developed and this will necessitate a comparison
against the gold standard. A comparative study should recruit patients immediately after a
medical event (e.g., tumor resection) that is known to cause secondary lymphedema. Patients
would then be assessed at regular intervals using the gold standard test and the new test. It may
not be possible to blind patients to the type of test they receive, but different assessors should be
employed to independently assess each patient on the different tests within a time frame that is
short enough to control for changes in patients‟ lymphedema status over time. The tests results
could be used to calculate test-retest and interrater reliability, as well as validity and sensitivity
and specificity. The cut off points for the new test could also be varied to create ROC curves.
Treatment. Different treatment regimens should be compared between groups in RCTs.
Treatment protocols should be clearly described and randomization should be conducted via
computer-generated algorithms. RCTs must be adequately powered to detect a clearly defined
primary outcome. The ethics of conducting an RCT and subjecting participants to an
experimental treatment when there is little hope of detecting a true effect (should one exist) due
to low power needs to be considered carefully by researchers in the field.
As a multiplicity of outcomes has been reported, making cross study comparisons and any
future meta analyses difficult, commonly agreed upon outcomes should be encouraged. If the
authors believe a priori that important subgroup effects are possible, then the study should be
powered to detect effects in these subgroups as well. Experimental and comparator treatments
must be clearly labeled and the comparator should be a standard treatment regimen for secondary
lymphedema. Although sham treatments (e.g., laser) may satisfy the minimum regulatory
requirements for showing efficacy, the real world clinical utility of a novel treatment would best
be demonstrated against an existing, standard treatment. Sham treatment may be an option if the
experimental treatment is intended to be an adjunct to standard therapy (e.g., laser given in
addition to MLD and compression bandaging, with one group getting real laser treatment, the
other getting sham laser, and both receiving MLD and compression bandaging). Maintenance
therapies, where used, should be clearly described by study authors. Blinding of study
participants, clinicians, and healthcare professionals who administer treatment may not be
possible due to the nature of the therapies, but at a minimum, the outcome assessors should be
blinded to treatment.
To avoid the publication of ambiguous reports, study authors should use existing quality
scales12-15 and the 2010 CONSORT statement for RCTs153 as templates for producing scholarly
manuscripts. One of the extracted studies provides a good example of reporting the results of an
RCT.48
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Most of the studies extracted for this report involved lymphedema to the upper extremities.
Lower limb lymphedema was not well represented in the studies, despite its high incidence from
cancer treatment.20 More RCTs should be conducted in patients with secondary lymphedema in
the lower limbs.
Although a great deal of research into the diagnosis and treatment of secondary lymphedema
has already been undertaken, there is no evidence to suggest the optimal diagnostic test or
treatment. Similarly, there is no evidence to suggest whether certain tests or treatments may
benefit some types of patients more than others may. The field of research into secondary
lymphedema is ripe for advancement and the contents of this report may serve as a springboard
to guide future scientific endeavors in this domain.
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Appendix A
Detailed Lymphedema Search Strategies
Ovid MEDLINE(R)
Search Strategy:
-------------------------------------------------------------------------------1 lymphedema/ or elephantiasis/
2 lymph?edema.tw.
3 elephantiasis.tw. not (elephantiasis, filarial/ or filarial.tw.)
4 (comple* adj (lymph?edema or lymphatic or decongestive) adj (therapy or physiotherapy or
physical therapy)).tw.
5 manual lymphatic drainage.tw.
6 foldi.tw.
7 vodder.tw.
8 casley-smith.tw.
9 Intermittent Pneumatic Compression Devices/ not exp *thrombosis/
10 intermittent pneumatic compression.tw. not exp *thrombosis/
11 or/1-10
12 limit 11 to humans
13 limit 12 to yr="1990 -Current"
14 (comment or editorial or letter).pt.
15 13 not 14
Ovid EMBASE
Search Strategy:
-------------------------------------------------------------------------------1 lymphedema/ or elephantiasis/
2 lymph?edema.tw.
3 lymph?edema.tw.
4 elephantiasis.tw. not (elephantiasis, filarial/ or filarial.tw.)
5 (comple* adj (lymph?edema or lymphatic or decongestive) adj (therapy or physiotherapy or
physical therapy)).tw.
6 manual lymphatic drainage.tw.
7 foldi.tw.
8 vodder.tw.
9 casley-smith.tw.
10 Intermittent Pneumatic Compression Devices/ not exp *thrombosis/
11 intermittent pneumatic compression.tw. not exp *thrombosis/
12 or/1-11
13 limit 12 to human
14 limit 13 to yr="1990 -Current"
15 (editorial or letter or note).pt.
16 14 not 15
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Ovid AMED (Allied and Complementary Medicine)
Search Strategy:
-------------------------------------------------------------------------------1 lymphedema/
2 lymph?edema.tw.
3 elephantiasis.tw.
4 (comple* adj (lymph?edema or lymphatic or decongestive) adj (therapy or physiotherapy or
physical therapy)).tw.
5 manual lymphatic drainage.tw.
6 foldi.tw.
7 vodder.tw.
8 casley-smith.tw.
9 pneumatic compression/
10 intermittent pneumatic compression.tw.
11 or/1-10
12 limit 11 to yr="1990 -Current"
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations
Search Strategy:
-------------------------------------------------------------------------------1 lymphedema/ or elephantiasis/
2 lymph?edema.tw.
3 elephantiasis.tw. not (elephantiasis, filarial/ or filarial.tw.)
4 (comple* adj (lymph?edema or lymphatic or decongestive) adj (therapy or physiotherapy or
physical therapy)).tw.
5 manual lymphatic drainage.tw.
6 foldi.tw.
7 vodder.tw
8 casley-smith.tw.
9 Intermittent Pneumatic Compression Devices/ not exp *thrombosis/
10 intermittent pneumatic compression.tw. not exp *thrombosis/
11 or/1-10
EBM Reviews: Cochrane Central Register of Controlled Trials
Search Strategy
1. lymphedema/ or elephantiasis/
2. lymph?edema.tw.
3. elephantiasis.tw. not (elephantiasis, filarial/ or filarial.tw.)
4. (comple* adj (lymph?edema or lymphatic or decongestive) adj (therapy or physiotherapy or
physical therapy)).tw.
5. manual lymphatic drainage.tw.
6. foldi.tw.
7. vodder.tw.
8. casley-smith.tw.
9. Intermittent Pneumatic Compression Devices/ not exp *thrombosis/
10. intermittent pneumatic compression.tw. not exp *thrombosis/
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11. or/1-10
12. limit 11 to yr="1990 -Current"

EBSCO CINAHL
Search Strategy
-------------------------------------------------------------------------------S1 ( ("lymphedema") or (MH "Lymphedema") or (MH "Elephantiasis") ) or TX manual
lymphatic drainage or TX foldi or TX vodder or TX casley-smith
S2 TX intermittent pneumatic compression not TI thrombo*
S3 TX complex lymphedema therapy or TX complex lymphatic therapy or TX complex
decongestive therapy
S4 TX complete lymphedema therapy or TX complete lymphatic therapy or TX complete
decongestive therapy
S5 TX complete lymphoedema therapy or TX complex lymphoedema therapy
S6 TX complete lymphoedema physiotherapy or TX complex lymphoedema physiotherapy
S7 TX complete lymphoedema physical therapy or TX complex lymphoedema physical
therapy
S8 TX complex decongestive physiotherapy
S9 TX complex decongestive physical therapy
S10 TX complete decongestive physical therapy
S11 TX complete decongestive physiotherapy
S12 TX complete lymphatic physiotherapy or TX complex lymphatic physiotherapy
S13 TX complete lymphatic physical therapy or TX complex lymphatic physical therapy
S14 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13
S15 (MH "Compression Therapy")
S16 S14 or S15 limit Publication Year 1990-2010
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Appendix B – Forms
Full Text Screening Questions
Ref ID:____________
Name of Screener:_________________
1. Is this study a narrative review, a case study (n=1), a commentary, an editorial, a study
of primary lymphedema/filariasis/drug treatments for lymphedema/surgical treatments
ALONE for lymphedema?
○ Yes (STOP)
2. Is this study: (Check all that apply)
□ A qualitative study (STOP)
□ A Quality of Life (QOL) assessment of subjects with lymphedema (that does not examine
efficacy of a Rx intervention) (STOP)
□ An incidence/prevalence study of lymphedema following surgery for cancer (STOP)
□A study of prevention for lymphedema (ie all subjects do not have lymphedema) (STOP)
□ An investigation study of lymph flow/lymphatic system with no treatment of diagnosis of
lymphedema included (STOP)
□ None of the above (continue)
3. All or some of the patients have secondary LE or suspected secondary LE and if primary
and secondary patients used, results are stratified by primary and secondary LE?
○ Yes (continue)
○ No (exclude)
4. Is this study:
○ Primarily an investigative/exploratory study of a diagnostic method(s) for lymphedema?
(STOP)
○ Article evaluates the Sensitivity/Specificity, Reliability, Validity or Responsiveness of a
diagnostic test for LE OR gives data to calculate 2x2 table for test (STOP) (Include)
○ Not a diagnosis study (continue)
5. Is this a study focusing on the efficacy of a non-surgical/non pharmacological treatment
for secondary lymphedema?
○ Yes (continue)
○ No (STOP)
6. Is this study a:
○ RCT (include)
○ A non-RCT WITH a Control group (include)
○ No control group/subjects act as their own controls (exclude)
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DATA ABSTRACTION FORM FOR DIAGNOSTIC STUDIES
Author: _______________ RefID: _______________ Data Abstractor: _______________
Article Type:

Reliability

Validity

Accuracy

Common
Measurement/Test Type
Sample Size
Study Type and Design
Blinding

Inclusion Criteria

Patient Outcomes measured in study (other than reliability/validity)

Validity/ Reliability
Validity and/or Reliability of Test(s) in current study (e.g interrater reliability/convergent validity along with
type of statistical tests used)

Measurement Variation- if applicable (e.g Standard error of measurement (SEM) and smallest real
difference (SRD))

Accuracy
Index Test

Reference Standard Used (Comparator)

Was index test compared to a Gold Standard?

Sensitivity/Specificity of Index Test (or information to create a 2x2 table)

Psychometric Properties of Index Test mentioned in current study

Time post injury/surgery when patients developed lymphedema

Lymphedema treatment used after specific diagnostic test
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DATA ABSTRACTION FORM FOR TREATMENT STUDIES
Author: _______________ RefID: _______________ Data Abstractor: _______________
Type of Treatment

Study Design

Sample Size
Intervention:
Control:
Inclusion/Exclusion criteria

Criteria used to start treatment

Time of treatment initiation

Time of lymphedema onset

Criteria used to stop therapy

Provider of treatment
Details of qualifications/professional training

Comparators in study
Are they consistent with usual care?
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Parameters of treatment (i.e intensity, duration, frequency and setting-home vs. clinic)
Intervention Group:
Control Group:
Patient outcomes

Was the treatment shown to be effective?

Length of follow-up in study

How long were benefits of the treatment maintained?

Did any harms from the treatment occur?
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REFID __________

1st AUTHOR ___________________ EXTRACTOR ___________

QUALITY SCORE FOR JADAD SCALE AND FOR MODIFIED JADAD
SCALE
CRITERIA

RESULT

SCORING

Reported as randomized

 YES  NO

1 point for YES

Randomization is
appropriate

 YES  NO  NOT
DESCRIBED

1 point for YES
-1 point for NO

Double blinding is reported  YES  NO
Double blinding is
appropriate
Withdrawals are reported
by number and reason per
arm

SCORE

1 point for YES

 YES  NO  NOT
DESCRIBED

1 point for YES
-1 point for NO

 YES  NO

1 point for YES
_____
/5

JADAD SCORE
Method used to assess
adverse events is described

 YES  NO

1 point for YES

Methods of statistical
analysis are described

 YES  NO

1 point for YES

Inclusion criteria reported

 YES  NO

Exclusion criteria reported

 YES  NO

MODIFIED JADAD
SCORE

1 point for YES
in at least one
of two criteria
_____
/8
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Newcastle-Ottawa Scale (NOS)
1. STUDY TYPE:
□ Case control
□ Cohort
CASE CONTROL
Selection
2. Is the case definition adequate?
□ Yes, with independent validation (e.g. lymphedema determined by lymphscintigraphy)
□ Yes, e.g. record linkage or based on self reports
□ No description
3. Representatives of the cases (how were cases selected)
□ Consecutive or obviously representative series of cases
□ Potential for selection biases or not stated
4. Selection of Controls
□ Community controls
□ Hospital controls
□ No description
5. Definition of Controls
□ No history of disease (endpoint)
□ No description of source
Comparability
6. Comparability of cases and controls on the basis of the design or analysis
□ Study controls for stage of lymphedema
□ Study controls time of onset of lymphedema
Exposure
7. Ascertainment of exposure
□ Secure record (e.g. surgical record/research records)
□ Structured interview where interviewer blind to case/control status
□ Interviewer not blinded to case/control status
□ Written self report of medical record only
□ No description
8. Same method of ascertainment for cases and controls
□ Yes
□ No
9. Non-Response rate (drop outs)
□ Same rate for both groups
□ Non respondents described
□ Rate different and no designation (description)
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COHORT STUDIES
Selection
10. Representativeness of the exposed cohort
□ Truly representative of the average secondary lymphedema patient in the community
□ Somewhat representative of the average secondary lymphedema patient in the community
□ Selected group of users e.g. nurses, volunteers
□ No description of the derivation of the cohort
11. Selection of the non exposed cohort
□ Drawn from the same community as the exposed cohort
□ Drawn from a different source
□ No description of the derivation of the non exposed cohort
12. Ascertainment of exposure
□ Secure record (e.g. surgical records/clinical records)
□ Structured interview
□ Written self report
□ No description
13. Demonstration that outcome of interest was not present at start of study
□ Yes
□ No
Comparability
14. Comparability of cohorts on the basis of the design or analysis
□ Study controls for stage of lymphedema
□ Study controls for time of onset of lymphedema
Outcome
15. Assessment of outcome
□ Independent blind assessment
□ Record linkage (some other objective measure not encompassed by “independent blind
assignment” see above)
□ Self report
□ No description
16. Was follow-up long enough for outcomes to occur
□ Yes (6 weeks +)
□ No (less than 6 weeks)
17. Adequacy of follow up of cohorts
□ Complete follow up – all subjects accounted for
□ Subjects lost to follow up unlikely to introduce bias – small number lost (> 80%follow up),
or description provided of those lost
□ Follow up rate < 80% and no description of those lost
□ No statement
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QUADAS – Quality Assessment Tool for Diagnosis papers
Yes
1. Was the spectrum of patients representative of the patients who
will receive the test in practice?
2. Were selection criteria clearly described?
3. Is the reference standard likely to correctly classify the target
condition?
4. Is the time period between reference standard and index test short
enough to be reasonably sure that the target condition did not change
between the tests?
5. Did the whole sample or a random selection of the sample, receive
verification using a reference standard of diagnosis?
6. Did patients receive the same reference standard independent of
the index test results?
7. Was the reference standard independent of the index test (i.e. the
index test did not form part of the reference standard)?
8. Was the execution of the index test described in sufficient detail to
permit replication of the test?
9. Was the execution of the reference standard described in sufficient
detail to permit its replication?
10. Were the index test results interpreted without knowledge of the
results of the reference standard?
11. Were the reference standard results interpreted without
knowledge of the results of the index test?
12. Were the same clinical data available when test results were
interpreted as would be available when the test is used in practice?
13. Were uninterpretable/ intermediate test results reported?
14. Were withdrawals from the study explained?
Comments:
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No

Unclear

QUADAS – Quality Assessment Tool for Reliability Diagnosis papers
Yes
1. Were study patients representative of the patients who will receive
the test(s) in practice?
2. Were selection criteria for patients clearly described?
3. Were correct statistical measures used?
4. Was execution of test and comparator described in sufficient detail
to permit replication in another study?
5. Were withdrawals from the study explained?
6. Were intermediate results/incomplete data reported?
7. Did assessors have adequate professional training to perform
test/measurement?
8. How were raters selected?
9. Was interval between test-retest appropriate?
10. Did independent ratings take place within a time frame that would
ensure the condition did not change?
Comments:
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No

Unclear

QUADAS – Quality Assessment Tool for Validity Diagnosis papers
Yes
1. Were study patients representative of the patients who will receive
the test(s) in practice?
2. Were selection criteria for patients clearly described?
3. Were the index test and comparator described in sufficient detail to
permit replication in another study?
4. Were withdrawals from the study explained?
5. Were intermediate results/incomplete data reported?
6. Did assessors have adequate professional training to perform
test/measurement?
7. Is the comparator test likely to correctly classify the condition?
8. Were the correct statistical tests used to measure validity?
9. Was the time period between the application of the index test and
the comparator test short enough to ensure the condition did not
change between tests?
10. Did all patients who received the index test also receive the
comparator test?
11. Were the index and comparator tests performed independently of
one another?
12. Were the results of the index test interpreted without knowledge
of the comparator test?
Comments:
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No

Unclear

1
1

Appendix C – Excluded Studies

Includes studies excluded at full text level of screening only
Bak M. Analysis of changes in perimeters of upper limb
among women after mastectomy participating in motor
rehabilitation. Postepy Rehabilitacji 2008;22(2):15-21.
(Pol). OVID-Embase.
Exclude: no control

Adam DJ, Naik J, Hartshorne T, et al. The diagnosis and
management of 689 chronic leg ulcers in a single-visit
assessment clinic. Eur J Vasc Endovasc Surg
2003;25(5):462-8. OVID-Embase.
Exclude: Not a study of efficacy of secondary LE treatment

Balzarini A, Milella M, Civelli E, et al. Ultrasonography of
arm edema after axillary dissection for breast cancer: a
preliminary study. Lymphology 2001;34:152-5.
PMID:11783592
Exclude: Diagnostic Exploratory Study

Adamian AA, Gordeev VF, Zolatarevskii VI, et al.
[Radionuclide diagnosis of lymphodynamic disorders in the
upper limb after radical mastectomy]. Sov Med
1990;(5):108-10. (Rus). PMID:2389191 OVID-Medline.
Exclude: exploratory study

Barclay J, Vestey J, Lambert A, et al. Reducing the
symptoms of lymphoedema: is there a role for
aromatherapy? Eur J Oncol Nurs 2006;10(2):140-9.
PMID:16563861 OVID-Medline.
Exclude: Primary/Secondary not stratified or patients did
not have LE (treatment)

Albert U-S, Seifart U, Hoffmann M, et al. Feasibility test:
Recommendations for the diagnosis of lymphedema after
breast cancer in long-term follow-up and rehabilitation.
Geburtshilfe Frauenheilkd 2007;67(5):468-74. (Ger).
OVID-Embase.
Exclude: no control

Berard A, Zuccarelli F. Test-retest reliability study of a
new improved Leg-O-meter, the Leg-O-meter II, in patients
suffering from venous insufficiency of the lower limbs.
Angiology 2000;51(9):711-7. PMID:10999611 OVIDMedline.
Exclude: not stratified by primary/secondary LE or no LE
(diagnosis)

American Cancer Society. Lymphedema patient page. CA
Cancer Journal for Clinicians 2009;59(1):25-6. OVIDEmbase.
Exclude: narrative, primary LE, editorial, conference etc.
Andersen JS. Lymfodem - nye behandlingsprincipper.
Danske Fysioter 2000;17:6-11. OVID-AMED.
Exclude: not able to retrieve

Bergan JJ, Sparks S, Angle N. A comparison of
compression pumps in the treatment of lymphedema. Vasc
Surg 1998;32(5):455-62. OVID-Embase.
Exclude: Primary/Secondary not stratified or patients did
not have LE (treatment)

Anderson L, Hojris I, Anderson J. Treatment of breast
ancer related lymphedema with or without manual
lymphatic drainage: A randomized study. Eur J Cancer
1993;35(Suppl 4):S30-S31 OVID-CCTR.
Exclude: Narrative, primary LE, editorial, conference etc.

Bertelli G, Venturini M, Forno G, et al. Pneumatic
compression in postmastectomy lymphedema: a phase II
study. Ann-Oncol 1990;1(Suppl):30 OVID-CCTR.
Exclude: Narrative, primary LE, editorial, conference etc

Armer JM, Henggeler MH, Brooks CW, et al. The health
deviation of post-breast cancer lymphedema: symptom
assessment and impact on self-care agency. Self-Care,
Dependent-Care & Nursing 2008;16(1):14-21. Publisher
URL: www.cinahl.com/cgibin/refsvc?jid=2476&accno=2009798231;
http://search.ebscohost.com/login.aspx?direct=true&db=cin
20&AN=2009798231&site=ehost-live EBSCO-CINAHL.
Exclude: narrative, primary LE, editorial, conference etc.

Boccardo FM, Ansaldi F, Bellini C, et al. Prospective
evaluation of a prevention protocol for lymphedema
following surgery for breast cancer. Lymphology
2009;42(1):1-9. OVID-Embase.
Exclude: prevention
Bolcal C, Iyem H, Sargin M, et al. Primary and secondary
lymphoedema in male patients with oedema in lower limbs.
Phlebology 2006;21(3):127-31. OVID-Embase.
Exclude: Diagnostic exploratory study

Badger CM, Peacock JL, Mortimer PS. A randomized,
controlled, parallel-group clinical trial comparing
multilayer bandaging followed by hosiery versus hosiery
alone in the treatment of patients with lymphedema of the
limb. Cancer 2000;88(12):2832-7. PMID:10870068
OVID-Medline.
Exclude: Primary/Secondary not stratified or patients did
not have LE (treatment)

Boris M, Weindorf S, Lasinski BB. The risk of genital
edema after external pump compression for lower limb
lymphedema. Lymphology 1998;31(1):15-20.
PMID:9561507 OVID-Medline.
Exclude: No Control Group-Treatment
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Box RC, Reul-Hirche HM, Bullock-Saxton JE, et al.
Physiotherapy after breast cancer surgery: results of a
randomised controlled study to minimise lymphoedema.
Breast Cancer Research & Treatment 2002;75(1):51-64.
PMID:12500934 OVID-Medline.
Exclude: Prevention LE

Cao W, Chang T, Gan J. Effects of microwave heating on
systemic and local infiltrating lymphocytes in patients with
chronic limb lymphedema. Chin Med J (Engl)
1999;112(9):822-7. PMID:11717954 OVID-Medline.
Exclude: Primary/Secondary not stratified or patients did
not have LE (treatment)

Brauer VS, Brauer WJ. Simplified method of attenuation
correction of lymphoscintigraphic function test of the leg.
Lymphologie in Forschung und Praxis 2004;8(2):66-73.
(Ger). OVID-Embase.
Exclude: not stratified by primary/secondary LE or no LE
(diagnosis)

Cao W, Zhang D, Gan J. [Microwave effect on
immunological response of chronic limb lymphedema].
Zhongguo xiu fu chong jian wai ke za zhi/Chinese journal
of reparative and reconstructive surgery 2000;14(2):105-9.
OVID-CCTR.
Exclude: not stratified by primary/secondary LE or no LE

Brauer WJ, Weissleder H. Methods and results of
lymphoscintigraphic function tests: Experience in 924
lymphedema patients. Phlebologie 2002;31(5):118-25.
(Ger). OVID-Embase.
Exclude: not stratified by primary/secondary LE or no LE

Carroll D, Rose K. Treatment leads to significant
improvement. Effect of conservative treatment on pain in
lymphoedema. Prof Nurse 1992;8(1):32-3.
PMID:1480641 OVID-Medline.
Exclude: Not able to retrieve

Brauer WJ, Brauer VS. Comparison of standardised
lymphoscintigraphy function test and high resolution
sonography of the lymphoedema of legs. Phlebologie
2008;37(5):247-52. OVID-Embase.
Exclude: Narrative, primary LE, editorial, conference etc.

Casley-Smith JR. Measuring and representing peripheral
oedema and its alterations. Lymphology 1994;27(2):56-70.
PMID:8078362 OVID-Medline.
Exclude: not stratified by primary/secondary LE or no LE
Cesarone MR, Laurora G, De Sanctis MT, et al. [Edema
tester. Assessment of edema of the legs]. Minerva Med
1998;89(9):309-13. (Ital). PMID:9856119 OVID-Medline.
Exclude: not stratified by primary/secondary lymphedema
or no LE

Brautigam P, Hogerle S, Reinhardt M, et al. The
quantitative two-compartment lymphoscintigraphy for
evaluation of the lower limb edema. European Journal of
Lymphology and Related Problems 1997;6(21):47-51.
(Ger). OVID-Embase.
Exclude: not stratified by primary/secondary LE or no LE

Cesarone MR, Belcaro G, Nicolaides AN, et al. The edema
tester in the evaluation of swollen limbs in venous and
lymphatic disease. Panminerva Med 1999;41(1):10-4.
PMID:10230249 OVID-Medline.
Exclude: not stratified by primary/secondary LE or no LE

Brorson H, Svensson H, Norrgren K, et al. Liposuction
reduces arm lymphedema without significantly altering the
already impaired lymph transport. Lymphology
1998;31(4):156-72. PMID:9949387 OVID-Medline.
Exclude: Narrative, primary LE, editorial, conference etc.

Cestari SC, Petri V, Castiglioni ML, et al. [Lymphedemas
of the lower limbs: a lymphoscintigraphic study]. Rev
Assoc Med Bras 1994;40(2):93-100. (Port).
PMID:7820157 OVID-Medline.
Exclude: not stratified by primary/secondary LE or no LE

Brorson H, Svensson H. Liposuction combined with
controlled compression therapy reduces arm lymphedema
more effectively than controlled compression therapy
alone. Plastic & Reconstructive Surgery
1998;102(4):1058-67. PMID:9734424 OVID-Medline.
Exclude: Narrative, primary LE, editorial, conference etc.

Chang TS, Gan JL, Fu KD, et al. The use of 5,6 benzo[alpha]-pyrone (coumarin) and heating by microwaves in
the treatment of chronic lymphedema of the legs.
Lymphology 1996;29(3):106-11. PMID:8897354 OVIDMedline.
Exclude: No Control Group-Treatment

Burnand KG, McGuinness CL, Lagattolla NR, et al. Value
of isotope lymphography in the diagnosis of lymphoedema
of the leg. Br J Surg 2002;89(1):74-8. PMID:11851667
OVID-Medline.
Exclude: not stratified by primary/secondary LE or no LE

Ciocon JO, Galindo-Ciocon D, Galindo DJ. Raised leg
exercises for leg edema in the elderly. Angiology
1995;46(1):19-25. PMID:7818153 OVID-Medline.
Exclude: No Control Group-Treatment

Cambria RA, Gloviczki P, Naessens JM, et al.
Noninvasive evaluation of the lymphatic system with
lymphoscintigraphy: a prospective, semiquantitative
analysis in 386 extremities. J Vasc Surg 1993;18(5):77382. PMID:8230563 OVID-Medline.
Exclude: Primary/Secondary not stratified or patients did
not have LE (diagnosis)

Cornish BH, LC Ward, BJ Thomas. Alteration to the extrato intracellular fluid balance measured by multiple
frequency bioelectric impedence analysis for the diagnosis
of lymphoedema. Nutr Res 1194;14:717-27.
Exclude: exploratory study
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Cornish BH, Chapman M, Thomas BJ, et al. Early
diagnosis of lymphedema in postsurgery breast cancer
patients. Ann N Y Acad Sci 2000;904:571-5.
PMID:10865807 OVID-Medline.
Exclude: Diagnostic Exploratory Study

Exclude: Primary/Secondary not stratified or patients did
not have LE (diagnosis)
Ferrandez J-C, Bourassin A, Debeauquesne A, et al.
Prospective study on an out-patient basis of the arm after
breast cancer (with reference to 76 cases). Oncologie
2005;7(4):316-22. (Fre). OVID-Embase.
Exclude: no control

Cornish BH, Thomas BJ, Ward LC, et al. A new technique
for the quantification of peripheral edema with application
in both unilateral and bilateral cases. Angiology
2002;53(1):41-7. PMID:11863308 OVID-Medline.
Exclude: Diagnostic Exploratory Study

Fiaschi E, Francesconi G, Fiumicelli S, et al. Manual
lymphatic drainage for chronic post-mastectomy
lymphoedema treatment. Panminerva Med 1998;40(1):4850. PMID:9573754 OVID-Medline.
Exclude: No Control Group-Treatment

Cuello V, Guerola S, Lopez R. Clinical and therapeutic
profile of post-mastectomy lymphedema. Rehabilitacion
2003;37(1):22-32. OVID-AMED.
Exclude: no control

Florez-Garcia MT, Valverde-Carrillo MD. Effectiveness of
nonpharmacological interventions in the management of
lymphedema postmastectomy. Rehabilitacion
2007;41(3):126-34. (Span). EBSCO-CINAHL.
Exclude: narrative, primary LE, editorial, conference etc

Damstra RJ, Brouwer ER, Partsch H. Controlled,
comparative study of relation between volume changes and
interface pressure under short-stretch bandages in leg
lymphedema patients. Dermatologic Surgery
2008;34(6):773-8. PMID:18336577 OVID-Medline.
Exclude: Primary/Secondary not stratified or patients did
not have LE (treatment)

Froldi M, Piana M, De Luca S, et al. Combined saltybromoiodic hydromassage and intermittent pneumatic
compression in the treatment of lower limbs lymphedema.
Medicina Clinica e Termale 2002;14(50-51):365-73. (Ital).
OVID-Embase.
Exclude: no control

Dimakakos E, Koureas A, Koutoulidis V, et al. Interstitial
magnetic resonance lymphography: is it a new method for
the diagnosis of lymphedema? Int Angiol 2007;26(4):36771. PMID:18091705 OVID-Medline.
Exclude: Diagnostic Exploratory Study

Garfein ES, Borud LJ, Warren AG, et al. Learning from a
lymphedema clinic: an algorithm for the management of
localized swelling. Plastic & Reconstructive Surgery
2008;121(2):521-8. PMID:18300971 OVID-Medline.
Exclude: Primary/Secondary not stratified or patients did
not have LE (diagnosis)
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