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The findings support the use of compression garments and compression bandaging for reducing lymphedema volume

in upper and lower extremity cancer-related lymphedema. Specific to breast cancer, a statistically significant, clini-

cally small beneficial effect was found from the addition of manual lymph drainage massage to compression therapy

for upper extremity lymphedema volume. Cancer 2010;000:000–000. VC 2010 American Cancer Society.
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Lymphedema remains a prevalent and potentially debilitating side effect of cancer treatment. Although data on
the prevalence of lymphedema are limited, it is estimated that over 3 million people in the United States suffer from lym-
phedema, with a significant proportion developing the disease secondary to cancer and/or cancer treatment.1 When
treated conservatively in the earliest stages, complications of lymphedema may be diminished or reversed.2 Unfortunately,
lymphedema may progress to irreversible swelling and fibrosis requiring lifelong attention and management.1,3,4 Thus,
the impact of chronic lymphedema for the cancer survivor is often profound, resulting in significant psychosocial morbid-
ity and poorer quality of life.5,6

The effectiveness of conservative interventions for lymphedema has been assessed in several systematic reviews;
however, these reviews have been limited in scope.7,8 Kligman et al performed a systematic review of randomized con-
trolled trials (RCTs) examining conservative and medical therapies for breast cancer related lymphedema.7 This review
included 10 studies examining both conservative (6 studies) and medical therapies (4 studies) for lymphedema. The
authors reported positive findings from use of a compression garment, early evidence in support of pneumatic compres-
sion pumps, and conflicting/no evidence for medical therapies. Moseley et al performed a systematic review examining
the effect of conservative therapies for breast cancer related lymphedema.8 The review included 43 trials examining con-
servative and pharmacological interventions that included randomized and controlled clinical trials, as well as case con-
trol and cohort studies. In contrast to the Kligman review, the authors concluded that all conservative therapies
produced improvements in upper extremity lymphedema volume, with more intensive therapies resulting in greater vol-
ume reductions.8 It is known, however, that the inclusion of nonrandomized and uncontrolled trials may result in an
overestimate of treatment effect9; therefore, it is recommended that systematic reviews be limited to RCTs whenever
possible. The aim of this systematic review was to update the evidence from RCTs concerning the benefits of conserva-
tive and dietary interventions for all cancer-related lymphedema.
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MATERIALS AND METHODS
We searched the following electronic databases from
January 1980 to August 2009: MEDLINE, PubMed,
EMBASE, CINAHL, Dissertation Abstracts, PEDro,
and EBM Reviews (Cochrane Central Register of Con-
trolled Trials, Cochrane Database of Systematic
Reviews). We used search terms related to cancer (eg,
neoplasms, axillary dissection, lymph node excision),
lymphedema (lymphedema, lymphoedema, edema),
conservative treatments (stockings, compression, manual
lymph drainage), and publication type ( random alloca-
tion, clinical trial). Published and unpublished studies
were considered with no language restrictions. To locate
unpublished research, we reviewed proceedings from
lymphedema conferences and clinical practice guidelines
for cancer. We also searched websites housing clinical
trial details, theses, or dissertations. In addition, we
hand-searched the reference lists of all potentially rele-
vant studies and contacted experts to identify relevant
articles.

Criteria for Considering Studies
for This Review

Studies were considered eligible for inclusion if they
were RCTs examining the effectiveness of a conservative
or dietary intervention to a placebo, control, or compari-
son intervention (Table 1). Trials were included if they
involved adult participants with secondary lymphedema
from cancer. Studies including noncancer-related partic-
ipants were considered for inclusion, providing >80%
of the sample was composed of secondary lymphedema
from cancer. The primary outcome of interest was
change in lymphedema volume (eg, percent reduction,
absolute volume reduction in milliliters). Secondary out-
comes of interest included quality of life, function, and
lymphedema symptoms (pain, tension, heaviness, dis-
comfort). Information was sought on adverse events of
interventions.

One reviewer (MLM) performed the initial search
of all the databases to identify potential trials and screened
the results to exclude articles that were clearly irrelevant.
Two independent reviewers (MLM and CJP), using the
defined eligibility criteria, screened for trial inclusion. A
priori, reviewers made the decision to exclude any data
that were available only in abstract form. Results at each
stage were compared and disagreements resolved by con-
sensus. Where necessary, a third reviewer (JLY) was used
to resolve any disagreements.

Methodological Quality Assessment

Assessments of quality were completed independently by
2 reviewers (MLM and CJP). Each study was evaluated
using a modified version of the previously validated
Jadad 5-point scale to assess randomization, blinding,
and withdrawals/dropouts.10 In these studies, however,
double blinding is not always possible (ie, participants
may know the treatment they are receiving). Therefore,
quality was summarized using a modification of the
Jadad scoring system as follows: 1) Was the study
described as randomized?; 2) Was the method of ran-
domization adequate?; 3) Was there adequate conceal-
ment of allocation?; 4) Was the outcome assessment
described as blinded?; 5) Was there a description of with-
drawals and dropouts? Studies were defined as ‘‘high’’
quality if they fulfilled 3 or more quality criteria.

Data Analysis

Study results were pooled, if appropriate, using random
effects models after heterogeneity among the trials was
considered. Trials were combined using Comprehensive
Meta-Analysis by Biostat. Continuous data that were the
products of several different scales or methods were sum-
marized as the standardized mean difference (SMD). All
similar studies were pooled and point estimates reported
with their associated 95% confidence intervals (CI). Het-
erogeneity was assessed using a chi-square test that consid-
ered a P-value of less than .10 to indicate significant
heterogeneity. I-squared values were also calculated to
quantify variability in study effect. Recommended cut-
points for i-squared values of 25%, 50%, and 75% were
used to describe low, moderate, and high heterogeneity,
respectively.11

Table 1. Interventions Considered for Inclusion

Compression garment (CG)

Compression bandaging (CB)

Compression systems: specialized garments

Electrophysical modalities (eg, low level laser therapy,

electrical stimulation)

Elevation

Exercise

Intermittent pneumatic compression (IPC) pumps

Manual lymph drainage (MLD) massage

Self-massage (SM) techniques

Decongestive lymphatic therapy (DLT)

Dietary/weight loss intervention
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Where pooling was not possible or appropriate, a
qualitative analysis was conducted based on the following
rating system12:

Level 1, strong evidence: generally consistent findings
in multiple high-quality trials.
Level 2, moderate evidence: generally consistent find-
ings in multiple low-quality trials and/or 1 high-quality
trial.
Level 3, limited evidence: only 1 low-quality trial.
Level 3b, conflicting evidence: inconsistent findings in
multiple trials.
Level 4, no evidence: no RCTs.

RESULTS
We identified 157 papers, of which 48 were considered
potentially relevant. Independent review of these 48
papers led to the inclusion of 25 studies involving 1018
participants.13-37 Studies were carried out in 14 different
countries/regions worldwide. Study methodology varied
significantly, particularly in regard to the chosen interven-
tion and comparison treatment (Table 2). Of the included
studies, 2 authors provided additional information on
study methods16,18 and 1 author provided additional data
for use in the meta-analysis.18 Kappa statistics for agree-
ment between the reviewers on inclusion of trials and
quality score was 0.7 and 0.9, respectively.

Only 8 of 25 studies met the criteria for high quality
(Table 3). The most common methodological short-
comings in the included studies were method of random-
ization not described/appropriate (19 studies scored
‘‘negative’’ or ‘‘unclear’’), inadequate concealment of allo-
cation (22 studies scored ‘‘negative’’ or ‘‘unclear’’), and
failure to blind the outcome assessment (20 studies scored
‘‘negative’’ or ‘‘unclear’’).

Meta-analysis was only possible for studies examin-
ing the additional effect of manual lymph drainage
(MLD) for the outcome of upper extremity lymphedema
volume in breast cancer survivors. Heterogeneity pre-
cluded pooling of studies for other interventions and out-
comes. Therefore, qualitative analyses were performed for
the remaining interventions (Table 4) and endpoints
(Table 5).

Quantitative Analysis

Five studies13,18,28,33,37 involving 198 patients examined
the benefit of the addition of MLD to compression ther-
apy (þ/� other treatments) compared with compression

therapy (þ/� other treatments) alone. The pooled results
demonstrated a statistically significant benefit from the
addition of manual lymph drainage (SMD: 0.37; 95%
CI, 0.07 to 0.67; P¼ .02) for reducing upper extremity
lymphedema volume (Fig. 1). In the analysis, no signifi-
cant statistical heterogeneity was identified (P¼ .36), and
the i-squared value of 14% indicated low variability
among studies. No evidence of benefit from MLD was
found for lymphedema symptoms of pain, tension, heavi-
ness, or QoL.

Level 1 Evidence (Strong Evidence)

The strongest qualitative evidence came from 3 stud-
ies,27,31,35 totaling 203 participants, that examined the
effect of exercise on upper extremity lymphedema volume
in breast cancer. Whereas exercise was not found to
improve or exacerbate existing upper extremity lymphe-
dema volume, significant benefit was found for lymphe-
dema symptoms of pain/tenderness31 and quality of
life.27,35

Level 2 Evidence (Moderate Evidence)

Three studies16,20,21 with 109 participants showed
improvement in lymphedema volume with use of a CG.
All 3 studies reported benefit from CG, with 2 studies
reaching statistical significance.16,20 In 1 study16 with
Kaposi sarcoma survivors, daytime use of a CG was found
to be significantly better than no-treatment. In the second
study20 with breast cancer survivors, daily CG, prescribed
in conjunction with exercise and self-massage, was signifi-
cantly better than exercise and self-massage alone. These 3
studies provide evidence of benefit from a CG for both
upper and lower extremity lymphedema and for survivors
of breast cancer and Kaposi’s sarcoma, respectively.

Evidence for CB was demonstrated in a single high-
quality trial14 including 90 participants. In the study, ben-
efit was found after 18 days of CB (followed by mainte-
nance with a CG) when compared with use of CG alone.
Benefit from CB was seen for both upper and lower ex-
tremity lymphedema immediately after the intervention
and at 24-week follow-up.

In another single high quality study32 with 24 breast
cancer survivors, a 12-week dietary intervention focusing
on weight loss resulted in a significant reduction in upper
extremity lymphedema volume. In the study, women in
the intervention group were advised to reduce their caloric
intake to between 1000 and 1200 kilocalories per day.
The women lost on average 3.3 kg (� 2.6) of body weight
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over the 12-week period, and a significant reduction in
upper extremity lymphedema volume was observed.

Evidence was found in a single high-quality study22

supporting the application of a mechanical device called a
HIVAMAT that applies deep oscillations (tissue vibra-
tion) to the breast to stimulate the flow of lymph in the
region. Twenty-two breast cancer/ melanoma participants
were randomized to deep oscillations plus MLD or to
MLD alone. The treatment consisted of 12 treatments
over a 4-week time period. The deep oscillation treatment
was found to be effective for reducing breast lymphedema
volume and for improving symptoms of pain and swelling
after 4 weeks of treatment. No statistically significant
differences were found, however, between the groups for
outcomes at 12-week follow-up.

Evidence was found in a single high-quality study36

with 10 participants that examined treatment of upper ex-
tremity lymphedema using the Flexitouch device. The
Flexitouch is a mechanical device designed to apply a
form of mild rhythmic pressure to simulate manual lymph
drainage. No statistically significant differences were
found for upper extremity lymphedema volume or quality
of life between the group receiving treatment with the
Flexitouch when compared with the control group per-
forming daily self-massage.

Level 3 Evidence (Limited Evidence)

One study29 with 10 participants provided evidence of
benefit from a combined treatment of DLT and dietary
intervention with medium chain triglycerides,38 com-
pared with DLT alone. In the study, the intervention
group received DLT and dietary fats in the form of
MCTs, whereas the comparison group received DLT plus
a placebo intervention (long chain triglycerides). A signifi-

cant benefit was found in favor of the combined DLT and
MCT intervention for upper extremity lymphedema vol-
ume. There was no evidence of benefit, however, for lym-
phedema symptoms of pain, discomfort, or heaviness.

Four studies17,24-26 with 128 participants examined
the effect of low level laser (LLL) therapy on upper ex-
tremity lymphedema volume in breast cancer survivors.
Significant benefit was found in favor of LLL treatment in
only 1 of the 4 studies.25 In the study, significant benefit
was found for upper extremity lymphedema volume and
symptoms of pain for the group receiving LLL treatment
combined with daily exercise, compared with the compar-
ison group receiving intermittent pneumatic compression
treatment combined with daily exercise. In contrast, in
the 1 high-quality study,17 no significant differences were
found between groups receiving LLL treatment and sham
LLL treatment. In the remaining 2 LLL studies,24,26 inad-
equate data were provided to allow for interpretation of
treatment effect.

One study15 with 74 participants examined the
effect of electrically stimulated lymphatic drainage com-
bined with CG versus CG alone. No significant difference
was found between the groups for upper extremity lym-
phedema volume.

Four studies19,23,30,34 with 170 participants exam-
ined the effect of intermittent pneumatic compression
treatment on upper extremity lymphedema volume.
None of the studies that examined IPC treatments was
considered strong. The first study34 showed benefit from
the addition of IPC to DLT treatment in the short term;
however, no statistically significant benefit was seen at 40-
day follow-up. The second study30 compared the effect of
IPC and CB with a comparison intervention of MLD and
CB, finding a statistically significant benefit in favor of

Figure 1. Relative benefit from the addition of MLD in reducing upper extremity lymphedema volume in breast cancer
postintervention.
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the combined IPC and CB group. In contrast, the third
study23 compared IPC and CG to MLD and CG and
found a statistically significant benefit in favor of the
group receiving MLD and CG. The fourth study19 found
no significant difference in upper extremity lymphedema
volume reduction from treatment with IPC when com-
pared with a no-treatment control.

Level 4 Evidence (No Evidence)

No RCTs were found examining elevation or compres-
sion systems; thus, no RCT evidence exists supporting or
refuting the benefit of these interventions. Self-massage
techniques were a component of treatment for many stud-
ies. However, no RCTs have been performed to elucidate
the benefit of self-massage treatment alone or as an addi-
tion to other treatments. Also, although several studies
have examined DLT we were unable to determine its
effectiveness, as no studies have compared DLT to stand-
ard care (eg, CG) or to a no-intervention control.

Adverse Events

Information on adverse events was provided in 8 stud-
ies.14,17,22,24,28,31,35,36 In 617,22,24,31,35,36 of the 8 studies
no adverse events occurred. Minor adverse events were
reported in 1 study28 as a result of compression bandaging
and included skin reaction (n¼ 1) and elbow discomfort
(n¼ 1). In another study,14 8 participants developed cel-
lulitis during the study period, 1 developed a deep vein
thrombosis, and 3 were found to have recurrent cancer.

DISCUSSION
This review summarizes the best available evidence in
support of conservative and dietary interventions for
lymphedema.

Mixed Cancer Groups

Compression bandaging and compression garments were
found to be effective in both short and longterm, and for
upper and lower extremity lymphedema secondary to
cancer. Studies included patients with breast cancer and
Kaposi sarcoma. One study,14 however, did not report the
types of cancer associated with the participants’ lymphe-
dema. The findings of our review suggest that the benefits
from compression therapy appear to be greater than the
estimate of 11% cited in a previous review.8 Reported per-
centage reductions achieved through treatment with com-
pression garments or compression bandaging ranged from
17% to 60%. As lymphedema tends to be chronic and
lifelong, compression therapies represent simple and

relatively low cost options for self-management of the
condition.39

Breast Cancer

Findings of our meta-analysis demonstrated a statistically
significant benefit from the addition of MLD for breast-
cancer related lymphedema. In the individual studies,
however, only 1 study18 reported a statistically significant
benefit from MLD. The evidence suggests that the effect
of MLD in reducing upper extremity lymphedema vol-
ume is, on average, potentially smaller than estimated in
early, uncontrolled trials. Whereas the analysis shows an
additional small benefit from MLD over compression
therapy alone, the cost in terms of time and finances to
the patient may make provision of this therapy prohibi-
tive. Clinically, it may be reasonable to prescribe compres-
sion therapy as a first-line treatment and consider adding
MLD if the response to treatment is less than optimal.

The findings of this review support the growing
body of evidence from the literature purporting that par-
ticipation in an exercise program does not exacerbate
existing lymphedema in breast cancer survivors. More-
over, exercise was found to reduce the severity of symp-
toms associated with lymphedema. This is an important
finding, as lymphedema and its symptoms may serve as
deterrents to participation in regular physical activity and
exercise.31 Research evidence has demonstrated benefit
from exercise in improving physical fitness, functioning,
and quality of life in breast cancer survivors.40 Moreover,
observational data have shown a protective association
between increased physical activity after breast cancer
diagnosis and recurrence, cancer-related mortality, and
overall mortality.41 Therefore, the evidence suggests that
breast cancer survivors can safely follow a graduated exer-
cise program to achieve health and fitness without fear of
worsening existing lymphedema.

Although only 2 studies were found examining
nutrition and dietary interventions for lymphedema, posi-
tive effects were found in both studies for lymphedema
volume reduction. Of note, 1 study32 demonstrated that
caloric reduction for weight loss resulted in a 44% reduc-
tion in upper extremity lymphedema volume. Obesity
and weight gain are known risk factors for the develop-
ment of lymphedema, and may be linked to breast cancer
recurrence and survival.42,43 Thus, strategies to promote
weight loss/maintenance, such as physical activity and
healthy eating, may have additional health benefits
beyond lymphedema volume reduction.38,42
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Strengths and Limitations

The strengths of our review include the use of a meta-ana-
lytic approach for examining the effects of MLD on upper
extremity lymphedema volume. This approach allowed us
to improve power for the primary outcome of upper ex-
tremity lymphedema volume, resolve uncertainty for con-
flicting study findings for MLD, and improve estimates of
treatment effectiveness. Although there were some clinical
and methodological differences among the included stud-
ies, when data were pooled no significant statistical heter-
ogeneity was found. Moreover, the low I-squared value
suggests consistency in the evidence among trials despite
these differences.

Although the results of our review provide impor-
tant findings, they must be considered in light of the fol-
lowing potential limitations. Our conclusions regarding
the relative effectiveness of conservative interventions are
constrained by the wide variability in chosen interventions
and comparison treatments, as well as measurement meth-
ods. For many interventions, heterogeneity precluded
pooling of studies.

Breast cancer continues to be the most extensively
studied cancer group for examining conservative inter-
ventions for lymphedema. Further research is necessary
regarding conservative interventions for lymphedema
resulting from other cancers, such as prostate and gyneco-
logical cancers. Until the number of studies performed
with other cancer populations grows, it is not possible to
summarize findings by cancer diagnosis.

The 25 studies included in this review were of vari-
able quality, and only 8 were considered of high quality.
Quality criteria designed to assess study bias, such as
adequate randomization, concealment of allocation, and
blinding of outcome assessors, were commonly not met.
Of note, only 1 of the 5 studies examining the addition of
MLD was considered of high methodological quality.
Our conclusions are tempered by this fact, and further
research is needed to confirm our findings.

Conclusions

The evidence suggests that compression garments and
compression bandaging are effective in reducing limb
lymphedema volume for various types of cancer-related
lymphedema. Specific to breast cancer, a statistically sig-
nificant beneficial effect was found from the addition of
manual lymph drainage massage to compression therapy
for reducing upper extremity lymphedema volume.
Moreover, there is evidence to support exercise and weight
loss as strategies to improve lymphedema symptoms

and reduce upper extremity lymphedema volume,
respectively.
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