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L
ymphedema is a localized swelling re-

lated to the collection of interstitial 

fluid resulting from improper lymphat-

ic system drainage (Rockson, 2001). 

In addition to swelling, lymphedema 

is associated with a range of physical symptoms, in-

cluding pain, heaviness, and tightness, as well as 

psychological symptoms, including distress, anxiety, 

and decreased quality of life (Fu et al., 2013). Primary 

lymphedema is attributable to an intrinsic fault in the 

lymphatic vessels, whereas secondary lymphedema is 

attributable to damaged lymphatic vessels or nodes, 

such as from surgery, radiation therapy, trauma, or 

infection (Shaitelman et al., 2015). Secondary lymph-

edema can be caused by lymphatic filariasis and can-

cer. Cancer-related lymphedema can be from breast, 

genitourinary, gynecologic, or head and neck cancers, 

as well as melanoma (Paskett et al., 2012). 

Cancer-related lymphedema is a progressive 

chronic condition, with considerable burden on 

physical and psychosocial health, and it is associated 

with significant health system and out-of-pocket 

costs (Fu et al., 2013; Paskett et al., 2012; Shaitelman 

et al., 2015; Shih et al., 2009). It affects an estimated 

5%–30% of cancer survivors, varying depending 

on the type of cancer, as well as other risk factors 

associated with cancer treatment (e.g., number of 

lymph nodes removed, number of sessions of radi-

ation therapy), post-treatment care (e.g., infection 

prevention, surveillance), and patient characteris-

tics (e.g., body mass index [BMI]) (Cormier et al., 

2010; Jammallo et al., 2013; Shaitelman et al., 2015). 

The diagnosis of extremity lymphedema is related 

to the difference in the volume of the affected limb 

compared to the unaffected limb, or to the baseline 
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limb volume prior to surgery. Lymphedema diagno-

sis is commonly based on the International Society 

of Lymphology criteria (Executive Committee, 

2016). Stage 0 is considered latent or subclinical and 

is without obvious symptoms, stage I is a 6%–19% 

increase in volume (minimal lymphedema), stage 

II is a 20%–40% increase (moderate lymphedema), 

and stage III is a greater than 40% increase (severe 

lymphedema). 

The current gold standard for lymphedema 

treatment is complex physical therapy, or complete 

decongestive therapy (CDT), which has two phases. 

The first is the treatment phase, which includes 

therapist-administered massage (manual lym-

phatic drainage [MLD]), compression (bandages, 

garments, and/or pumps), skin and nail care, and 

remedial exercise (specific exercises for the affected 

limb). The treatment typically lasts several weeks, 

with multiple sessions per week (Armer et al., 2013; 

Damstra & Halk, 2017). The second is the mainte-

nance phase, which includes lifelong self-care to 

prevent recurrence and minimize the risk of com-

plications, and usually consists of self-administered 

massage (simple lymphatic drainage), compression 

(bandages, garments, and/or pumps), skin and nail 

care, and remedial exercise. The complexity of self-

care for lymphedema causes considerable patient 

and/or caregiver burden and cost, which may lead 

to low adherence and progression of lymphedema 

(Brown et al., 2014, 2015; Ridner et al., 2016; Shih 

et al., 2009). In addition, the treatment phase may 

need to be repeated if lymphedema symptoms are 

exacerbated (Damstra & Halk, 2017).

Several systematic reviews have been conducted 

on extremity lymphedema treatment strategies; how-

ever, these studies were overviews of reviews, were 

narrow in scope, or did not conduct a quantitative 

synthesis of findings (Douglass et al., 2016; Jeffs et al., 

2018; Oremus et al., 2012; Singh et al., 2016; Stuiver et 

al., 2015). The current authors conducted a system-

atic review and meta-analysis of the most common 

conservative lymphedema treatment strategies to 

inform the Oncology Nursing Society clinical prac-

tice guideline on conservative intervention strategies 

for treating cancer-related extremity lymphedema 

among adult patients. 

Methods

The current authors followed the PRISMA (Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses) statement (see Appendix 1) and registered 

the protocol in PROSPERO (CRD42019119819). 

Search Strategy

CINAHL®, Embase®, and MEDLINE® were searched 

from database inception to October 31, 2019, using 

a combination of controlled terms (Medical Subject 

Heading, Emtree) and keywords related to the con-

cepts of lymphedema, the interventions considered 

(e.g., CDT, MLD, exercise, compression garments), 

and a randomized controlled trial (RCT) filter 

(McMaster HIRU). The authors searched for grey lit-

erature from two clinical trial registries: the National 

Institutes of Health (www.clinicaltrials.gov) and the 

World Health Organization International Clinical 

Trials Registry Platform Search Portal (http://apps 

.who.int/trialsearch). Studies included in relevant 

systematic reviews were reviewed for any potentially 

eligible studies, as were reference lists of included 

articles. A health research librarian was consulted in 

developing the search strategy. Appendix 2 provides 

the full search strategy.

Study Selection

Reviewers (A.B.A., D.Z., K.N., L.L., M.S., P.K.G., 

R.L.M.) screened the titles and abstracts of identified 

citations and full texts of potentially eligible studies, 

independently and in duplicate. Disagreements were 

resolved by discussion or third-party adjudication, 

when necessary. An online systematic review software 

(Covidence) was used to facilitate literature screen-

ing. Two reviewers (K.N., L.L.) screened registered 

trials using an electronic spreadsheet.

Randomized trials concerning treatment of adult 

(aged 18 years or older) participants with cancer- 

related secondary lymphedema in the extremities 

published in English were included. Trials examin-

ing truncal, breast, and head and neck lymphedema 

were excluded because their diagnoses and treatment 

pathways are different from extremity lymphedema 

(Shaitelman et al., 2015; Smith & Lewin, 2010). 

Lymphedema was defined as volume change within 

three or more months after cancer treatment to 

exclude patients with temporary postoperative swell-

ing (DiSipio et al., 2013). All author-reported volume 

thresholds for diagnosis were accepted. Studies with 

mixed populations—such as patients with primary 

and secondary lymphedema, patients at risk for 

and with diagnosed lymphedema, and patients with 

cancer- and noncancer-related lymphedema—that did 

not report the study population of interest separately 

were excluded. The secondary outcomes considered 

were lymphedema swelling and symptoms, return to 

work and activities of daily living, fatigue, function, 

quality of life, and pain (see Appendix, Table 3).
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The authors included all conservative treatment 

strategies of at least two weeks in duration, including 

CDT, MLD, compression pumps, exercise (aerobic, 

resistance, weight training, yoga, water based), and 

standard care. Surgical treatments, pharmacologic 

treatments, laser therapy, kinesio tape, shock-wave 

therapy, electrical stimulation therapy, and aroma-

therapy were excluded, as were trials that compared 

different brands of the same medical device (e.g., 

compression bandages, garments, or pumps). 

Standard care was defined as self-management or the 

second stage of CDT (i.e., maintenance) and includes 

any combination of self-massage, compression ban-

dages and/or garments, remedial exercises, and skin 

and nail care. Appendix, Table 4 presents details of 

intervention classifications.

Data Extraction

Reviewers (A.B.A., D.Z., K.N., L.L., M.J.Z., P.K.G., 

R.L.M.) independently extracted study data, including 

trial characteristics, intervention strategies, partici-

pant characteristics, and outcomes (e.g., measurement 

methods, effect estimates). Lymphedema volume was 

measured as volume calculated from circumference, 

water displacement, and bioimpedance spectroscopy. 

Single circumference measurements, or multiple cir-

cumference measures that were individually reported, 

were excluded, given the considerable measurement 

error associated with this method (Deltombe et al., 

2007). Several studies reported multiple instruments 

measuring the same secondary outcome. To facilitate 

data extraction, for each secondary outcome (e.g., 

quality of life), the authors developed and systemat-

ically applied a hierarchy of the best instruments for 

each outcome and only extracted the outcome highest 

in the hierarchy. For studies that reported multiple 

time points, the longest follow-up time available was 

used. For crossover randomized trials, to exclude 

potential carryover effects, the authors included only 

the first phase of the trial. DigitizeIt, version 2.4.0, 

was used to extract data reported in graphs. 

Mean and standard deviations (SDs) were 

extracted for all study outcomes. Methods described 

in the Cochrane Handbook for Systematic Reviews of 

Interventions were used to estimate the mean and SD 

when median, range, and sample size were reported 

and to impute SD if standard error was reported 

(Higgins et al., 2019). Change scores were preferen-

tially analyzed from baseline to the end of follow-up 

to account for interpatient variability. For lymph-

edema volume, if studies reported baseline and end 

scores separately, the mean difference and associated 

SD were calculated using the mean correlation coef-

ficient from studies that reported baseline, end, and 

change scores, as described in the Cochrane Handbook 

(Higgins et al., 2019). For secondary outcomes, only 

end scores were used because of insufficient data to 

calculate correlation coefficients. 

Classification of Interventions

Reporting of interventions and cointerventions was 

inconsistent across studies. Consequently, in consul-

tation with lymphedema experts (academicians and 

health professionals), the authors developed a system 

to classify the interventions reported in included 

studies. The authors considered the treatment 

phase of CDT to be comprised of four components:  

therapist-administered MLD, compression bandages 

and/or garments, skin and nail care, and remedial 

exercise. Remedial exercise was considered to be any 

variation of active, repetitive, nonresistive motion, as 

well as hand pumping and stretching of the affected 

limb, and breathing exercises. When authors classi-

fied interventions as CDT but did not report MLD or 

compression bandages and/or garments, the current 

authors classified only the reported intervention(s); 

however, if they did not report remedial exercise or 

skin and nail care, the current authors assumed there 

was a high likelihood that this was done and classified 

this as CDT. Compression pumps were classified as a 

separate intervention, even if study authors reported 

this as standard CDT. The maintenance phase of 

CDT was classified as standard care, including any 

combination of self-massage, compression garments, 

remedial exercise, and skin and nail care. Yoga exer-

cise, tai chi–like exercise, and water-based (aqua 

lymphatic) exercise were combined as one interven-

tion because they were deemed sufficiently similar by 

the lymphedema experts. 

Risk-of-Bias Assessment

The Cochrane Collaboration risk-of-bias tool was used 

to evaluate individual RCTs, and the following domains 

were assessed: random sequence generation, allocation 

concealment, blinding of participants and personnel, 

blinding of outcome assessors, incomplete outcome 

data, selective reporting, and other potential sources of 

bias (e.g., study funding, author conflicts of interest) 

(Higgins et al., 2011). The domains were rated as low 

risk of bias, unclear risk of bias, and high risk of bias.

The current authors considered that blinding of 

patients and personnel would not affect objective out-

comes and so rated trials as having a low risk of bias 

for these outcomes, despite inadequate blinding. For 
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subjective outcomes (e.g., quality of life, lymphedema 

swelling and symptoms), trials were rated as having a 

high risk of bias because of lack of blinding. A threshold 

of greater than 20% loss to follow-up was deemed to 

have a high risk of bias for incomplete outcome data. 

When authors did not report on loss to follow-up but 

all randomized participants were included in the anal-

ysis, trials were rated as having an unclear risk of bias 

for incomplete outcome data. Studies with prospec-

tively registered or published protocols, where planned 

analyses matched reported analyses, were considered 

as having a low risk of bias for selective outcome 

reporting. Studies without registered or published pro-

tocols, or studies that were retrospectively registered, 

were considered as having an unclear risk of bias if all 

outcomes were reported in the methods and results 

sections and as having a high risk of bias when they 

were not. For other potential sources of bias, if studies 

reported industry funding and did not report the role 

of the funding source or had authors with industry affil-

iations, this was considered as having an unclear risk of 

bias. Studies with nonindustry funding, with or without 

industry in-kind donations of materials, were consid-

ered as having a low risk of bias. Studies where funding 

was not reported or where authors did not declare 

interests were also considered as having a low risk of 

bias for other biases.

Pairwise and Network Meta-Analyses

Because of variability in methods by which continuous 

outcomes were measured, the standardized mean dif-

ference (SMD) and the associated confidence intervals 

(CIs) were calculated. For interpreting effect size, an 

SMD of 0.2 was considered to be a small effect, an SMD 

of 0.5 a medium effect, and an SMD of 0.8 a large effect 

(Cohen, 2013). For pairwise meta-analyses (i.e., direct 

estimates) with at least two RCTs, the DerSimonian–

Laird random-effects model was used. Heterogeneity 

between RCTs was assessed with the I2 statistic. For 

the network meta-analyses (NMAs), a frequentist 

random-effects under consistency model NMA was 

performed to calculate the direct and indirect treat-

ment effects, assessing the comparative effectiveness 

of interventions (White, 2015; White et al., 2012). 

Incoherence (i.e., inconsistency in the model) was 

assessed by comparing direct estimates with indirect 

estimates using the node-splitting method, where 

incoherence is assessed locally by evaluating the coher-

ence assumption in each closed loop of the network 

separately, as the difference between direct and indi-

rect estimates for a specific comparison in the loop 

(Lu & Ades, 2006). Incoherence in the entire network 

was assessed using a design-by-treatment model 

(Higgins et al., 2012). No analyses were conducted to 

rank treatments because of limitations in using the 

approaches for low to very low quality estimates of 

effect (Mbuagbaw et al., 2017). Stata, version 15.1, was 

used for all statistical analyses. All comparisons were 

two tailed using a threshold of p ≤ 0.05. 

Assessment of the Certainty in Evidence

For assessment of the certainty in evidence for 

the pairwise comparisons and NMAs, the GRADE 

(Grading of Recommendations, Assessment, 

Development, and Evaluation) approach was used 

(Brignardello-Petersen et al., 2018, 2019; Guyatt et al., 

2008; Puhan et al., 2014). For direct estimates from 

RCTs, certainty in the effect estimates starts high and 

can be rated down because of risk of bias, inconsis-

tency, indirectness, imprecision, or publication bias. 

The current authors could not test for publication 

bias because there were fewer than 10 studies for 

all comparisons. For indirect estimates, the current 

authors assessed first-order loops and used the lowest 

certainty rating from comparisons that informed the 

indirect estimate, and rated down further if evidence 

of intransitivity in the studies informing the direct 

comparisons was present (Chaimani et al., 2019). 

When determining the certainty of network esti-

mates, the current authors used the highest of the 

direct or indirect estimate, and rated down for inco-

herence (statistically significant difference between 

direct and indirect effect estimates) and imprecision 

(wide CIs and/or sample size fewer than the opti-

mal information size threshold of 400 observations) 

(Guyatt et al., 2011). 

Results

A total of 3,186 unique titles and abstracts were identi-

fied for screening (see Figure 1). The current authors 

reviewed the full text of 152 articles, ultimately includ-

ing 36 studies with 1,651 participants. Appendix, Table 

5 provides the list of excluded articles, with reasons.

Study Characteristics

Study locations include Australia, Brazil, Canada, 

Denmark, Hungary, India, Iran, Italy, Poland, South 

Korea, Sweden, Turkey, the United Kingdom, and the 

United States (see Table 1). Interventions included 

CDT, MLD, resistance exercise, aerobic and resistance 

exercise, compression pumps, water-based and yoga- 

or tai chi–like exercise, and standard care. The length 

of treatment ranged from 2 to 52 weeks. The median 

follow-up time was eight weeks. Study sample sizes 
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ranged from 11 participants (Wigg, 2009) to 139 par-

ticipants (Schmitz et al., 2009, 2019). Most trials were 

small, with the majority having fewer than 50 partici-

pants (25 of 36, 69%). 

A total of 12 studies (33%) did not report a source of 

study funding; 18 (50%) reported funding from a uni-

versity, hospital, and/or government; 4 (11%) reported 

no funding; and 2 (6%) reported university, hospital, 

and/or government funding and in-kind industry dona-

tion (see Appendix, Table 6). Among eligible trials, 19 

(53%) had authors that reported no conflicts of inter-

est, 16 (44%) did not report on author conflicts of 

interest, and 1 (3%) reported the lead author as holding 

a patent for a lymphedema treatment course.

Patient Characteristics

All trials included patients diagnosed with unilateral 

lymphedema, and diagnosis was based on volume 

difference between affected and unaffected limbs. 

Almost all trials (34 of 36, 94%) included partici-

pants with breast cancer–related lymphedema, with 

the exception of one trial that included participants 

who had gynecologic cancers (Do et al., 2017) and 

one trial that did not specify the patient population 

but reported that they had upper limb lymphedema 

(Wigg, 2009). All participants across trials were 

female. The mean age of participants ranged from 45.4 

years (SD = 8.8) to 75 years (SD = 10.2). Among the 24 

studies (67%) that reported BMI, mean BMI ranged 

from 22.6 (SD = 2.99) to 34 (SD = 6.2). Among the 28 

studies (78%) that reported duration of lymphedema, 

mean duration ranged from 4.9 months (SD = 1.6) to 

97.2 months (SD = 61.2). 

Risk of Bias

All trials were at risk of bias for at least one domain (see 

Appendix, Table 7). Of the 36 trials, 18 (50%) were at 

low risk of bias for random sequence generation, and 

17 (47%) were at low risk of bias for allocation conceal-

ment. Two studies were at high risk of bias for random 

sequence generation and allocation concealment (Luz 

et al., 2018; Uzkeser et al., 2011). Three studies (8%) 

were at high risk of bias because they had more than 

a 20% loss to follow-up. Three studies (8%) did not 

report whether any participants were lost to follow-up; 

as a result, they were considered to have an unclear risk 

of bias. Only seven studies (19%) had prospectively 

registered protocols. One study (3%) was at high risk 

of bias because the registered protocol methods did 

not match what was done in the final study, including 

changes in the secondary outcomes and a shorter time 

frame for analysis (Luz et al., 2018). One study was at 

an unclear risk of bias for other biases because it did 

not describe whether postrandomization exclusions 

because of ineligibility were made blinded to the treat-

ment assignment (Luz et al., 2018).

FIGURE 1. PRISMA Flow Diagram

NIH—National Institutes of Health; PRISMA—Preferred  

Reporting Items for Systematic Reviews and Meta- 

Analyses; RCT—randomized controlled trial; WHO—World 

Health Organization

Articles identified 

through database 

searching (N = 3,341)

 ɐ CINAHL® (n = 787)

 ɐ Embase® (n = 1,664)

 ɐ MEDLINE® (n = 890)

Studies included  

(N = 36, reported in 47 

articles and abstracts)

Articles excluded  

(n = 3,034)

Articles screened, after 

duplicates removed  

(n = 3,186)

Additional articles 

identified through other 

sources (N = 789)

 ɐ NIH registry (n = 310)

 ɐ WHO registry (n = 479)

Full-text articles 

assessed (n = 152)

Articles excluded  

(N = 105)

 ɐ Not RCT (n = 28)

 ɐ No lymphedema at 

baseline (n = 22)

 ɐ Treatment less than 2 

weeks (n = 16)

 ɐ Duplicate publica-

tions (n = 13)

 ɐ Non-English (n = 9)

 ɐ Abstract only (n = 8)

 ɐ Not cancer-related 

extremity lymphede-

ma (n = 4)

 ɐ No data for control 

arm (n = 2)

 ɐ No results before 

crossover (n = 2)

 ɐ Ongoing cancer 

treatment (n = 1)
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TABLE 1. Characteristics of Included Studies (N = 36)

Study  

and Location Study Design Sample and Lymphedema Characteristics

Andersen 

et al., 2000 

(Denmark)

 ɐ A1: CDT (n = 20)

 ɐ A2: standard care (n = 21)

 ɐ Follow-up at 48 weeks

 ɐ Median age of 53 years

 ɐ 2 cm, or 200 ml, for diagnosis

 ɐ Median duration of 12 months (IQR = 4–126) in A1 and 15 months (IQR = 5–183) 

in A2

Bergmann 

et al., 2014 

(Brazil)

 ɐ A1: CDT (n = 28)

 ɐ A2: standard care (n = 29)

 ɐ Follow-up at 3–4 weeks

 ɐ Mean age of 62.16 years (SD = 9.06) and mean BMI of 30.44 (SD = 5.14) in A1; 

mean age of 63.55 years (SD = 10.98) and mean BMI of 29.08 (SD = 5.97) in A2

 ɐ 3 cm for diagnosis

 ɐ Mean duration of 38.53 months (SD = 48.61) in A1 and 36.45 months (SD = 

62.47) in A2

Bok et al., 

2016  

(South Korea)

 ɐ A1: CDT plus resistance exercise  

(n = 16) 

 ɐ A2: CDT (n = 16)

 ɐ Follow-up at 8 weeks

 ɐ Mean age of 45.4 years (SD = 8.8) and mean BMI of 22.6 (SD = 2.99) in A1; 

mean age of 53.3 years (SD = 9.54) and mean BMI of 17 (SD = 8.2) in A2

 ɐ 2 cm plus lymphoscintigraphy for diagnosis

 ɐ Mean duration of 17 months (SD = 8.2) in A1 and 18 months (SD = 12.99) in A2

Buchan et al., 

2016 

(Australia)

 ɐ A1: aerobic exercise (n = 20)

 ɐ A2: resistance exercise (n = 20)

 ɐ Follow-up at 36 weeks

 ɐ Mean age of 58.5 years (95% CI [54.2, 62.8]) and mean BMI of 30 (95% CI [26, 

33]) in A1; mean age of 53.7 years (95% CI [48.9, 58.5]) and mean BMI of 29 

(95% CI [26, 32]) in A2

 ɐ Mean duration of 41 months (95% CI [25, 58]) in A1 and 38 months (95% CI [20, 

55]) in A2

 ɐ In A1, n = 11 for ISL I, n = 9 for ISL II; in A2, n = 11 for ISL I, n = 10 for ISL II

Buragadda 

et al., 2015 

(India)

 ɐ A1 and A2: CDT (n = 30 in each arm)

 ɐ Follow-up at 24 weeks

 ɐ Mean age of 56.3 years (SD = 3.3) in A1; mean age of 56 years (SD = 3.5) in A2

 ɐ 3 cm for diagnosis

Chmielewska 

et al., 2016 

(Poland)

 ɐ A1: CPs (n = 11)

 ɐ A2: CPs plus resistance exercise  

(n = 10)

 ɐ Follow-up at 4 weeks

 ɐ Mean age of 60.45 years (SD = 7.34) in A1; mean age of 61.4 years (SD = 5.44) 

in A2

 ɐ 3 cm or less for diagnosis

 ɐ Mean duration of 8.91 months (SD = 2.91) in A1 and 8.1 months (SD = 2.42) in A2

 ɐ ISL II severity

Cormie et al., 

2013  

(Australia)

 ɐ A1: resistance exercise (n = 43)

 ɐ A2: standard care (n = 19)

 ɐ Follow-up at 12 weeks

 ɐ Mean age of 56.5 years (SD = 8.98) and mean BMI of 30.6 (SD = 6.05) in A1; 

mean age of 58.6 years (SD = 6.7) and mean BMI of 28.2 (SD = 6) in A2

 ɐ 5% EV for diagnosis

 ɐ Mean duration of 52.5 months (SD = 56.34) for A1 and 86.4 months (SD = 114) 

for A2

 ɐ L-Dex in A1 = 16.35; L-Dex in A2 = 17.2 

Dayes et al., 

2013  

(Canada)

 ɐ A1: CDT (n = 56)

 ɐ A2: standard care (n = 39)

 ɐ Follow-up at 6 weeks

 ɐ Median age of 61 years (range  = 36–86 years) and median BMI of 32 (range = 

22–51) in A1; median age of 59 years (range = 41–76 years) and median BMI of 

30 (range = 20–55) in A2

 ɐ 10% EV for diagnosis

 ɐ In A1, 32 experienced lymphedema for less than 1 year and 25 for more than 1 

year; in A2, 26 experienced lymphedema for less than 1 year and 19 for more 

than 1 year

 ɐ In A1, n = 20 for 10%–20% EV, n = 20 for 20%–30% EV, and n = 17 for greater 

than 30% EV; in A2, n = 23 for 10%–20% EV, n = 11 for 20%–30% EV, and n = 11 

for greater than 30% EV
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TABLE 1. Characteristics of Included Studies (N = 36) (Continued)

Study  

and Location Study Design Sample and Lymphedema Characteristics

Didem et al., 

2005  

(Turkey)

 ɐ A1: CDT (n = 27)

 ɐ A2: standard care (n = 26)

 ɐ Follow-up at 4 weeks

 ɐ Mean age of 57.7 years (SD = 7.01) and mean BMI of 26.4 (SD = 7.17) in A1; mean 

age of 60.5 years (SD = 8.11) and mean BMI of 26.1 (SD = 6.7) in A2

 ɐ 2–5 cm for diagnosis

 ɐ Mean duration of 31.6 months (SD = 54) in A1 and 42.1 months (SD = 74.83) in A2

 ɐ In A1, n = 12 for less than 2 cm, n = 15 for greater than 2 cm; in A2, n = 9 for less 

than 2 cm, n = 17 for greater than 2 cm

Do et al., 2015 

(South Korea)

 ɐ A1: CDT plus resistance exercise  

(n = 22)

 ɐ A2: CDT ( n = 22)

 ɐ Follow-up at 8 weeks

 ɐ Mean age of 49.7 years (SD = 7.05) in A1 and 49.6 years (SD = 10.35 in A2)

 ɐ In A1, n = 20 for BMI of less than 25, n = 2 for BMI of greater than 25; in A2, n = 

22 for BMI of less than 25, n = 4 for BMI of greater than 25

Do et al., 2017 

(South Korea)

 ɐ A1: CDT plus CPs plus resistance 

exercise (n = 20)

 ɐ A2: CDT plus CPs (n = 20)

 ɐ Follow-up at 4 weeks

 ɐ Mean age of 57.5 years (SD = 7.7) and mean BMI of 23.7 (SD = 2.9) in A1; mean 

age of 55.9 years (SD = 12.7) and mean BMI of 23.9 (SD = 3.2) in A2

 ɐ In A1, n = 6 for duration of 0–1 months, n = 5 for 1–3 months, n = 9 for 4–6 months; 

in A2, n = 9 for duration of 0–1 months, n = 4 for 1–3 months, n = 7 for 4–6 months

 ɐ In A1, n = 10 for stage I, n = 3 for stage II, n = 7 for stage III; in A2, n = 11 for stage 

I, n = 1 for stage II, n = 8 for stage III; staging criteria not reported

Gradalski 

et al., 2015 

(Poland)

 ɐ A1: CDT (n = 25)

 ɐ A2: standard care (n = 26)

 ɐ Follow-up at 24 weeks

 ɐ Mean age of 62 years (SD = 12.2) and mean BMI of 30.1 (SD = 5) in A1; mean 

age of 61.2 years (SD = 9.2) and mean BMI of 30 (SD = 6.3) in A2

 ɐ 20% EV for diagnosis

 ɐ Mean duration of 9.4 months (SD = 10.2) in A1 and 8.3 months (SD = 7.2) in A2

Gurdal et al., 

2012  

(Turkey)

 ɐ A1: CDT (n = 15)

 ɐ A2: CPs (n = 15)

 ɐ Follow-up at 6 weeks

 ɐ Mean age of 61.2 years (SD = 9.2) and mean BMI of 30.71 (SD = 5.63) in A1; 

mean age of 58.13 years (SD = 10.83) and mean BMI of 31.39 (SD = 4.91) in A2

 ɐ 2 cm for diagnosis

Haghighat  

et al., 2010  

(Iran)

 ɐ A1: CDT plus CPs (n = 56) 

 ɐ A2: CDT (n = 56)

 ɐ Follow-up at 15 weeks

 ɐ Mean age of 53.4 years (SD = 11.4) and mean BMI of 29.9 (SD = 4.1) in A1; 

mean age of 52.7 years (SD = 10.8) and mean BMI of 30.9 (SD = 4.3) in A2

 ɐ 10% EV for diagnosis

 ɐ Mean duration of 34.4 months (SD = 36.9) in A1 and 35 months (SD = 41.6) in A2

Hayes et al., 

2009  

(Australia)

 ɐ A1: aerobic and resistance exercise 

(n = 15)

 ɐ A2: standard care (n = 16)

 ɐ Follow-up at 12 weeks

 ɐ Mean age of 59 years (SD = 7) in A1; mean age of 60 years (SD = 1) in A2

 ɐ 200 ml EV or bioimpedance spectroscopy of greater than 3 SD for diagosis

 ɐ In A1, n = 1 for duration of less than 1 month, n = 9 for 1–5 months, n = 4 for 

more than 5 months; in A2, n = 2 for duration of less than 1 month, n = 6 for 1–5 

months, n = 8 for more than 5 months

Jeffs &  

Wiseman, 

2013  

(United  

Kingdom)

 ɐ A1: resistance exercise (n = 11)

 ɐ A2: standard care (n = 12)

 ɐ Follow-up at 26 weeks

 ɐ Median age of 66 years (IQR = 51–68) and median BMI of 30.95  

(IQR = 27.22–32.55) in A1; median age of 64.5 years (IQR = 56–73.5) and 

median BMI of 27.43 (IQR = 24.97–29.79) in A2

 ɐ 10% EV for diagnosis

 ɐ Median duration of 58 months (IQR = 32–96) in A1 and 67.5 months (IQR = 

55.5–146) in A2

Johansson 

et al., 1998 

(Sweden)

 ɐ A1: CPs (n = 12)

 ɐ A2: MLD (n = 12)

 ɐ Follow-up at 4 weeks

 ɐ Median age of 64 years (IQR = 52.5–69.5) in A1; median age of 57.5 years (IQR = 

47.5–69.5) in A2

 ɐ 10% EV for diagnosis

 ɐ Median duration of 14 months (IQR = 3–76.5) in A1 and 6.5 months (IQR = 

2.3–68.3) in A2
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TABLE 1. Characteristics of Included Studies (N = 36) (Continued)

Study  

and Location Study Design Sample and Lymphedema Characteristics

Johansson 

et al., 2013 

(Sweden)

 ɐ A1: water-based and yoga exercise 

(n = 14)

 ɐ A2: standard care (n = 11)

 ɐ Follow-up at 8 weeks

 ɐ Mean age of 64 years (range = 56–74 years) and mean BMI of 30 (range = 

21–41.4) in A1; mean age of 65 years (range = 58–71 years) and mean BMI of 

30.1 (range = 26.9–35.8)

 ɐ 5% EV for diagnosis

 ɐ Mean duration of 52.5 months (range = 32.8–90.5 months) in A1 and 58 months 

(range = 26–101.7 months) in A2

 ɐ In A1, n = 3 for 5%–10% EV, n = 7 for 10%–30% EV, n = 5 for greater than 30% 

EV; in A2, n = 3 for 5%–10% EV, n = 8 for 10%–30% EV, n = 3 for greater than 

30% EV

Letellier  

et al., 2014 

(Canada)

 ɐ A1: water-based and yoga exercise 

(n = 10)

 ɐ A2: standard care (n = 8)

 ɐ Follow-up at 4 weeks

 ɐ Mean age of 53.4 years (SD = 9.35) and mean BMI of 26 (SD = 4.3) in A1; mean 

age of 56.4 years (SD = 9.79) and mean BMI of 25.7 (SD = 3.2) in A2

 ɐ 200 ml EV, 2 cm, or 10% EV for diagnosis

 ɐ Mean duration of 38.28 months (SD = 46.8) in A1 and 46.08 months (SD = 20.4) 

in A2

Ligabue et al., 

2019  

(Italy)

 ɐ A1: CDT (n = 18)

 ɐ A2: CDT (n = 16)

 ɐ Follow-up at 24 weeks

 ɐ Mean age of 57.1 years (SD = 9.8) in A1; mean age of 56.8 years (SD = 8.8) in A2

 ɐ 4 cm for diagnosis

 ɐ Mean duration of 33.6 months (SD = 34.8) in A1 and 32.4 months (SD = 34.8) in 

A2

Loudon et al., 

2014, 2016 

(Australia)

 ɐ A1: water-based and yoga exercise 

(n = 12)

 ɐ A2: standard care (n = 11)

 ɐ Follow-up at 12 weeks

 ɐ Mean age of 55.1 years (SD = 2.5) and mean BMI of 29.1 years (SD = 4.6) in A1; 

mean age of 60.5 years (SD = 3.6) and mean BMI of 25.1 years (SD = 4.5) in A2

 ɐ ISL I for diagnosis

 ɐ Mean duration of 4.9 months (SD = 1.6) in A1 and 5.1 months (SD = 1.9) in A2

Luz et al., 2018 

(Brazil)

 ɐ A1: CDT plus resistance exercise  

(n = 20)

 ɐ A2: CDT (n = 22)

 ɐ Follow-up at 8 weeks

 ɐ In A1, n = 6 for BMI of 25.5–29.9, n = 14 for BMI of greater than 29.9; in A2, n = 

13 for BMI of 25.5–29.9, n = 9 for BMI of greater than 29.9

 ɐ 2 cm for diagnosis

 ɐ In A1, n = 4 for ISL I, n = 16 for ISL II; in A2, n = 16 for ISL I, n = 6 for ISL II

McClure et al., 

2010 

(United States)

 ɐ A1: water-based and yoga exercise 

(n = 10)

 ɐ A2: standard care (n = 11)

 ɐ Follow-up at 17 weeks

 ɐ Mean age of 56.5 years (SE = 3.9) and mean BMI of 30.9 (SE = 2.3) in A1; mean 

age of 62.2 years (SE = 2.3) and mean BMI of 30.8 (SE = 1.6) in A2

 ɐ 2 cm for diagnosis

 ɐ Mean duration of 50.7 months (SE = 20.3) for A1 and 52.8 months (SE = 20.6) 

for A2

 ɐ In A1, n = 3 for stage I, n = 13 for stage II; in A2, n = 5 for stage I, n = 11 for stage 

II; staging criteria not reported

McKenzie & 

Kalda, 2003 

(Canada)

 ɐ A1: aerobic and resistance exercise 

(n = 7)

 ɐ  A2: standard care (n = 7)

 ɐ Follow-up at 8 weeks

 ɐ Mean age of 56.4 years (SD = 10.4) and mean BMI of 29.1 (SD = 6.6) in A1; 

mean age of 56.9 years (SD = 8.2) and mean BMI of 25.6 (SD = 3.3) in A2

 ɐ 2 cm for diagnosis

McNeely et al., 

2004  

(Canada)

 ɐ A1: MLD (n = 23)

 ɐ A2: standard care (n = 21)

 ɐ Follow-up at 4 weeks

 ɐ Mean age of 58 years (SD = 13) in A1; mean age of 63 years (SD = 13) in A2

 ɐ 150 ml EV for diagnosis

 ɐ Median duration of 39 months (IQR = 6–34) in A1 and 19 months (IQR = 4–103) 

in A2 

 ɐ In A1, n = 7 for less than 15% EV, n = 12 for 16%–37% EV, n = 4 for greater than 

37% EV; in A2, n = 5 for less than 15% EV, n = 11 for 16%–37% EV, n = 5 for 

greater than 37% EV
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TABLE 1. Characteristics of Included Studies (N = 36) (Continued)

Study  

and Location Study Design Sample and Lymphedema Characteristics

Park, 2017 

(South Korea)

 ɐ A1: aerobic and resistance exercise 

(n = 32)

 ɐ A2: CDT (n = 31)

 ɐ Follow-up at 4 weeks

 ɐ Mean age of 54.78 years (SD = 3.42) and mean BMI of 24.75 (SD = 1.97) in 

A1; mean age of 52.48 years (SD = 5.57) and mean BMI of 25.61 (SD = 1.56) 

in A2

 ɐ ISL I–III for diagnosis

 ɐ Mean duration of 20.69 months (SD = 8.61) for A1 and 19.58 months (SD = 7.6) 

for A2

 ɐ In A1, n = 14 for ISL I, n = 18 for ISL II; in A1, n = 19 for ISL I, n = 11 for ISL II, n = 

1 for ISL III

Paysar et al., 

2019  

(Iran)

 ɐ A1: water-based and yoga exercise 

(n = 15)

 ɐ A2: standard care (n = 12)

 ɐ Follow-up at 8 weeks

 ɐ Mean age of 51.8 years (SD = 11.4) in A1; mean age of 51.6 years (SD =  

10.46) in A2

 ɐ Stage 0–III; staging criteria not reported

Sanal-Toprak 

et al., 2019 

(Turkey)

 ɐ A1: CPs (n = 22)

 ɐ A2: CDT (n = 24)

 ɐ Follow-up at 36 weeks

 ɐ Mean age of 55.36 years (SD = 10.3) and mean BMI of 30.23 (SD = 6.21) in A1; 

mean age of 59.04 years (SD = 2.83) and mean BMI of 30.9 (SD = 4.96) in A2

 ɐ Stage II–III for diagnosis

 ɐ Mean duration of 32.55 months (SD = 37.05) for A1 and 49.38 months (SD = 

47.45) for A2

 ɐ In A1, n = 19 for stage II, n = 3 for stage III; in A2, n = 15 for stage II, n = 9 for 

stage III; staging criteria not reported

Schmitz et al., 

2009  

(United States)

 ɐ A1: resistance exercise (n = 70)

 ɐ A2: standard care (n = 69)

 ɐ Follow-up at 52 weeks

 ɐ Mean age of 58 years (SD = 9) and mean BMI of 31 (SD = 6.2) in A1; mean age of 

58 years (SD = 10) and mean BMI of 29.9 (SD = 6.6) in A2

 ɐ 10% EV or previous diagnosis for diagnosis

 ɐ In A1, n = 5 for less than 5% EV, n = 18 for 5%–10% EV, n = 32 for 10%–30% 

EV, n = 16 for greater than 30% EV; in A2, n = 7 for less than 5% EV, n = 12 for 

5%–10% EV, n = 26 for 10%–30% EV, n = 25 for greater than 30% EV

Schmitz et al., 

2019  

(United States)

 ɐ A1: aerobic and resistance exercise, 

(n = 68)

 ɐ A2: standard care (n = 71)

 ɐ Follow-up at 52 weeks

 ɐ Mean age of 59 years (SD = 8.5) and mean BMI of 34 (SD = 5.7) for A1; mean age of 

59.1 years (SD = 8.1) and mean BMI of 34 (SD = 6.2) for A2

 ɐ 10% EV or previous diagnosis for diagnosis

 ɐ Mean duration of 97.2 months (SD = 61.2) for A1 and 92.4 months (SD = 64.8) for A2

 ɐ In A1, n = 44 for less than 5% EV, n = 13 for 5%–9.99% EV, n = 18 for 10%–19.99% 

EV, n = 15 for 20% or greater EV; in A1, n = 51 for less than 5% EV, n = 14 for 

5%–9.99% EV, n = 7 for 10%–19.99% EV, n = 15 for 20% or greater EV

Sitzia et al., 

2002  

(United  

Kingdom)

 ɐ A1: CDT (n = 15)

 ɐ A2: CDT (n = 12) 

 ɐ Follow-up at 2 weeks

 ɐ Mean age of 68 years (SD = 10.8) in A1; mean age of 75 years (SD = 10.2) in A2

 ɐ 20% or greater EV for diagnosis

Szolnoky  

et al., 2009 

(Hungary)

 ɐ A1: CDT plus CPs (n = 13)

 ɐ A2: CDT (n = 14)

 ɐ Follow-up at 8 weeks

 ɐ Mean age of 56.6 in A1; mean age of 54.83 in A2

 ɐ Mean duration of 11.8 months in A1 and 16.3 months in A2

Szuba et al., 

2002  

(United States)

 ɐ A1: CDT plus CPs (n = 12)

 ɐ A2: CDT (n = 11)

 ɐ Follow-up at 4 weeks

 ɐ Mean age of 68.8 years (SD = 9.11) in A1; mean age of 65 years (SD = 10.8)  

in A2

 ɐ 20% or greater EV for diagnosis

 ɐ Mean duration of 41.1 months (SD = 62.3) in A1 and 35.6 months (SD = 21.6) 

for A2

Continued on the next page
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Treatment Effect on Lymphedema Volume

Of 36 included studies, 27 studies involving 1,304 

participants contributed to the network, with 10 

nodes (see Figure 2). Reporting of lymphedema 

volume varied across studies, including mean differ-

ence of change from baseline, mean percent change 

from baseline, and baseline and end (i.e., follow-up) 

values. Studies not included in the network and 

reported narratively are presented in Appendix, 

Table 8. 

There was low to very low certainty evidence of 

meaningful change in lymphedema volume when 

comparing conservative lymphedema treatments 

(see Table 2; Appendix, Table 9; and Appendix, 

Figure 1). The evidence suggests that, compared 

to standard care, there is little to no difference in 

lymphedema volume changes from CDT (SMD = 

0.07; 95% CI [–0.29, 0.43]), MLD (SMD = –0.33; 95% 

CI [–1.07, 0.41]), compression pumps (SMD = –0.08; 

95% CI [–0.82, 0.66]), resistance exercise (SMD = 

0.01; 95% CI [–0.48, 0.5]), and aerobic plus resis-

tance exercise (SMD = 0.19; 95% CI [–0.34, 0.72]). 

In addition, there is little to no effect on lymph-

edema volume from water-based or yoga exercise 

(SMD = –0.29; 95% CI [–0.77, 0.19]), CDT plus 

resistance exercise (SMD = –0.26; 95% CI [–0.99, 

0.47]), CDT plus compression pumps (SMD =  

–0.24; 95% CI [–0.84, 0.36]), and CDT plus com-

pression pumps plus aerobic and resistance exercise 

(SMD = –0.13; 95% CI [–1.21, 0.96]), but the evidence 

is uncertain.

All comparisons were rated down for very seri-

ous imprecision. One direct comparison was rated 

down for inconsistency, and three were rated down 

for risk of bias. None of the comparisons were rated 

down for intransitivity. There was no incoherence 

identified for any of the individual comparisons in the 

network, and there was no statistical significance for 

local inconsistency (see Appendix, Table 10) or global 

inconsistency (p = 0.29). 

TABLE 1. Characteristics of Included Studies (N = 36) (Continued)

Study  

and Location Study Design Sample and Lymphedema Characteristics

Tambour et 

al., 2018 

(Denmark)

 ɐ A1: CDT (n = 38)

 ɐ A2: standard care (n = 35)

 ɐ Follow-up at 28 weeks

 ɐ Mean age of 62 years (SD = 11.5) and mean BMI of 29.6 (SD = 5.5) in A1; mean age 

of 60.9 years (SD = 10.8) and mean BMI of 29.4 (SD = 5.3) in A2

 ɐ 2 cm and ISL II–III for diagnosis

 ɐ Median duration of 12 months (IQR = 5–33) in A1 and 11 months (IQR = 4–24) in A2

 ɐ ISL II–III severity

Uzkeser et al., 

2011  

(Turkey)

 ɐ A1: CDT plus CPs (n = 15)

 ɐ A2: CDT (n = 15)

 ɐ Follow-up at 7 weeks

 ɐ Median age of 56 years (range = 37–75 years) and median BMI of 32.79 (range = 

26.62–41.07) in A1; median age of 55 years (range = 42–75 years) and median 

BMI of 32.44 (range = 23.8–43.01) in A2

 ɐ 2 cm, or 10% EV, for diagnosis

 ɐ Median duration of 8 months (range = 2–108 months) in A1 and 14 months 

(range = 1–72 months) in A2

 ɐ Stage I and II

Wigg, 2009 

(United  

Kingdom)

 ɐ A1: CDT (n = 6) 

 ɐ A2: CPs (n = 5)

 ɐ Follow-up at 4 weeks

 ɐ Mean age of 54.4 years (range = 36–71 years) in A1; mean age of 62.8 years 

(range = 38–79 years) in A2

 ɐ n = 3 for duration of 1 year, n = 2 for 2 years, n = 6 for 4 years or greater

 ɐ In A1, n = 3 for moderate, n = 2 for severe; in A2, n = 1 for mild, n = 4 for moder-

ate; n = 1 for severe

A1—arm 1; A2—arm 2; BMI—body mass index; CDT—complete decongestive therapy; CI—confidence interval; CP—compression pump; EV—excess/
edema volume; IQR—interquartile range; ISL—International Society of Lymphology; L-Dex—Lymphedema Index; MLD—manual lymphatic drainage
Note. Diagnosis and duration refer to lymphedema diagnosis and duration.
Note. For BMI, less than 18.5 is underweight, 18.5–24.9 is normal weight, 25–29.9 is overweight, and greater than 30 is obese.
Note. ISL stages are as follows: Stage 0 is latent or subclinical and is without obvious symptoms; stage I is minimal lymphedema; stage II is moder-
ate lymphedema; and stage III is severe lymphedema.
Note. EV refers to the difference of volume in the affected limb compared to the unaffected limb.
Note. L-Dex refers to the difference in extracellular fluid in the affected limb compared to the unaffected limb, measured by bioimpedence  
spectrometry.
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Outcomes Informed by Pairwise Intervention  

Comparisons

There was very low certainty evidence of a medium 

benefit for the aerobic and resistance exercise group 

compared to CDT for lymphedema swelling and 

symptoms (SMD = –0.38; 95% CI [–0.72, –0.05]) and 

a large benefit for function (SMD = 1.87; 95% CI [1.27, 

2.46]) and for pain (SMD –2.02; 95% CI [–2.63, –1.41]), 

based on one study (N = 63 participants) (Park, 2017) 

(see Table 3). There was very low certainty evidence 

of a medium benefit for lymphedema swelling and 

symptoms for the CDT group compared to the CDT 

and compression pumps group (SMD = –0.4; 95% CI 

[–0.73, –0.06]), based on two studies (N = 139 partici-

pants) (Haghighat et al., 2010; Szolnoky et al., 2009). 

There was very low certainty evidence that resistance 

exercise compared to standard care has a large bene-

fit for pain (SMD = –1; 95% CI [–1.57, –0.43]) and for 

function measures (SMD = 2.49; 95% CI [1.79, 3.19]), 

based on one trial (N = 62 participants) (Cormie et 

al., 2013), and also results in a medium benefit in 

lymphedema swelling and symptoms (SMD = –0.38; 

95% CI [–0.72, –0.05]), based on one trial (N =  

139) (Schmitz et al., 2019). Lastly, there was very low 

certainty evidence that water-based or yoga exercise 

has a medium benefit for pain compared to standard 

of care (SMD = –0.58; 95% CI [–1.07, –0.09]), based 

on three studies (N = 68 participants) (Letellier et 

al., 2014; Loudon et al., 2014; Pasyar et al., 2019). For 

several studies, it was not possible to include them in 

the meta-analysis, and their results are reported nar-

ratively (see Appendix, Table 11). 

Adverse Events 

Among the included studies, only nine studies reported 

about adverse events (see Appendix, Table 12). Of 

these, four studies stated that there were no adverse 

events, and three studies reported withdrawals from 

participants that included reasons potentially related to 

adverse events (e.g., cellulitis, reaction to compression 

bandage), although this was not explicitly stated by the 

study authors. The common adverse events reported 

included temporary rash, pain in the affected arm, skin 

reaction to bandaging, discomfort because of bandag-

ing, lymphedema exacerbations, and infection/cellulitis. 

Discussion

Statement of Findings

Lymphedema is a chronic and progressive condition 

that requires treatment and lifelong self-care. Among 

randomized trials on the different conservative strat-

egies to treat cancer-related extremity lymphedema, 

there was no meaningful benefit of any of the inter-

ventions compared to standard care, based on low 

to very low certainty evidence. Several interventions 

had statistically significant, but small, effects on sec-

ondary outcomes; however, this was based on very 

low certainty evidence. There was limited evidence 

of adverse effects related to the treatments; however, 

this outcome was rarely reported among trials. 

Importantly, there was variability across inter-

ventions and cointerventions, follow-up times, and 

outcome measures across trials. In addition, there is 

limited standardization of the available interventions, 

and authors may not adequately report this in trials. 

Both issues present challenges in generalizing the 

applicability of the findings. Also, there are no pub-

lished trials on the minimally important difference in 

lymphedema volume reduction or on the additional 

outcomes for patients with lymphedema. Establishing 

minimally important differences would aid the inter-

pretation of results (Sierla et al., 2018). 

Context of This Review in Relation to Other Studies

A review by Sierla et al. (2018) examined measure-

ment issues in lymphedema across 55 randomized 

trials and cohort studies, reporting four different 

instruments and 17 ways to present the outcomes. 

Several other reviews of primary and second-

ary lymphedema have discussed the challenges of 

FIGURE 2. Network Meta-Analysis Plot

AE—aerobic exercise; CDT—complete decongestive ther-
apy; CP—compression pump; RE—resistance exercise
Note. Treatment nodes are sized to reflect the proportion-
ate numbers of patients studied in total for each inter-
vention in the network, and the thickness of lines joining 
each pair of treatments reflects the available numbers of 
studies informing the treatment comparison.
Note. Standard care is defined as self-management or 
the second stage of CDT (i.e., maintenance) and includes 
any combination of self-massage, compression bandages 
and/or garments, remedial exercises, and skin and nail 
care.

CDT

CPs

Manual lymphatic drainage

CDT + CPs + RE

Water-based/  

yoga exercise

Standard care

RE

AE/RE
CDT + RE

CDT + CPs
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drawing conclusions from the available data (Armer 

et al., 2013; Damstra et al., 2017; Finnane et al., 2015; 

Oremus et al., 2012; Sierla et al., 2018). Although 

the majority of previous reviews on lymphedema- 

related topics report data narratively, some authors 

have conducted pairwise meta-analyses. A review by 

Ezzo et al. (2015) conducted a meta-analysis of two 

studies that looked at the effect of MLD in addition 

to compression bandages (McNeely et al., 2004) and 

in addition to compression pumps (Johansson et 

al., 1998), finding a statistically significant effect of 

lymphatic drainage in addition to compression com-

pared to compression alone. Three reviews pooled 

together trials of patients with or at risk of lymph-

edema and exercise interventions, with two finding 

that there was no statistically significant difference 

between exercise and nonexercise groups (Cheema 

et al., 2014; Paramanandam & Roberts, 2014) and one 

reporting decreased lymphedema volume (Rogan et 

al., 2016).

Strengths and Weaknesses of the Review

This review has several strengths. First, it is the largest 

conducted to date and features a search of multi-

ple data sources, including grey literature. Second, it 

used well-defined criteria for study selection, as well 

as valid and comprehensive criteria to assess risk of 

bias. Third, it described the different interventions 

and cointerventions across studies, and the current 

authors consulted with clinical experts when making 

TABLE 2. Network Meta-Analysis of Conservative Interventions Compared to Standard Care  

on Lymphedema Volume Change

Effect

Intervention Studya SMD vs. SOC 95% CI

Low certainty of evidence (may result in little to no difference in outcome)

Manual lymphatic drainage McNeely et al., 2004 –0.33 [–1.07, 0.41]

Compression pumpsb – –0.08 [–0.82, 0.66]

Resistance exercise Cormie et al., 2013; Jeffs & Wiseman, 

2013; Schmitz et al., 2009

0.01 [–0.48, 0.5]

CDT Andersen et al., 2000; Bergmann et 

al., 2014; Dayes et al., 2013; Gradal-

ski et al., 2015; Tambour et al., 2018

0.07 [–0.29, 0.43]

Aerobic and resistance exercise Hayes et al., 2009; McKenzie & 

Kalda, 2003; Schmitz et al., 2019

0.19 [–0.34, 0.72]

Very low certainty of evidence (very uncertain about the effect)

Water-based and yoga exercise Johansson et al., 2013; Letellier et al., 

2014; Loudon et al., 2014; McClure et 

al., 2010; Pasyar et al., 2019

–0.29 [–0.77, 0.19]

CDT plus resistance exerciseb – –0.26 [–0.99, 0.47]

CDT plus compression pumpsb – –0.24 [–0.84, 0.36]

CDT plus compression pumps plus 

aerobic and resistance exerciseb

– –0.13 [–1.21, 0.96]

CDT—complete decongestive therapy; CI—confidence interval; SMD—standardized mean difference; SOC—standard of 
care
a Reference to studies that report direct estimate for comparison that informs the network estimate
b No direct estimate studies
Note. Standard care is defined as self-management or the second stage of CDT (i.e., maintenance) and includes any 
combination of self-massage, compression bandages and garments, remedial exercises, and skin and nail care.
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TABLE 3. Pairwise Meta-Analysis of Interventions on Outcomes

Effect

Comparison N Study Measure SMD 95% CI

Fatigue

CDT versus CPsa,b 51 Gradalski et al., 2015 EORTC QLQ-C30–Fatigue –0.56 [–1.29, 0.17]

CDT versus CDT + REa,b 44 Do et al., 2015 EORTC QLQ-C30–Fatigue 0.13 [–0.46, 0.72]

CDT plus CPs versus CDT 

plus CPs plus REa,b

40 Do et al., 2017 EORTC QLQ-C30–Fatigue –0.53 [–1.17, 0.1]

Water-based and yoga 

exercise versus SCa,b,c

50 Loudon et al., 2014; Paysar 

et al., 2019

EORTC QLQ-C30–Fatigue, visual 

analog scale–fatigue

–0.39 [–0.099, 0.2]

Function measures

CDT versus CPsa,b 46 Sanal-Toprak et al., 2019 Shoulder abduction –0.19 [–0.77, 0.39]

CDT versus SCa,b 136 Dayes et al., 2013; Didem 

et al., 2005

DASH, shoulder abduction –0.08 [–0.26, 0.43]

CDT versus CDT plus REa,b 86 Do et al., 2015; Luz et al., 

2018

DASH, shoulder abduction –0.33 [–0.75, 0.1]

AE and RE versus CDTa 63 Park, 2017 Shoulder abduction 1.87 [1.27, 2.46]

Water-based and yoga 

exercise versus SCa,b,c

87 Johansson et al., 2013; 

Letellier et al., 2014; 

Loudon et al., 2014; 

McClure et al., 2010

DASH, grip strength, shoulder 

abduction

0.18 [–0.39, 0.74]

RE versus SCa,b,c 62 Cormie et al., 2013 DASH 2.49 [1.79, 3.19]

Lymphedema swelling and symptoms

CDT versus SCa,b 124 Gradalski et al., 2015; 

Tambour et al., 2018

Quality-of-Life Lymphedema 

Questionnaire–heaviness, visual 

analog scale–heaviness

0.02 [–0.33, 0.38]

CDT versus CDT plus CPsa 139 Haghighat et al., 2010; 

Szolnoky et al., 2009

Subjective symptom  

questionnaire–function, heaviness, 

tension, and pain; Symptom 

Scale–heaviness

–0.4 [–0.73, –0.06]

AE and RE versus CDTa 177d Schmitz et al., 2019 Self-report score (overall extremity 

symptom severity)

–0.38 [–0.72, –0.05]

Water-based and yoga 

excercise versus SCa,b,c

23 Loudon et al., 2014 Visual analog scale–sensations –0.07 [–0.88, 0.75]

RE versus SCa,b,c 139 Schmitz et al., 2009 Symptom Severity Scale –0.38 [–0.72, –0.05]

Pain

CDT versus SCa,b 181 Bergmann et al., 2014; 

Gradalski et al., 2015; 

Tambour et al., 2018

EQ-5D-5L–pain, Quality-of-Life 

Lymphedema Questionnaire–pain 

associated with edema, visual 

analog scale–pain

–0.26 [–0.56, 0.03]

Continued on the next page
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TABLE 3. Pairwise Meta-Analysis of Interventions on Outcomes (Continued)

Effect

Comparison N Study Measure SMD 95% CI

Pain (continued)

CDT versus CPsa,b 51 Gradalski et al., 2015 EORTC QLQ-C30–Pain –0.72 [–1.46, 0.02]

CDT versus CDT plus CPsa,b 112 Haghighat et al., 2010 Symptom scale–pain –0.27 [–0.64, 0.11]

CDT versus CDT plus REa,b 44 Do et al., 2015 EORTC QLQ-C30–Pain 0.05 [–0.54, 0.65]

CDT plus CPs versus CDT 

plus CPs plus REa,b

40 Do et al., 2017 EORTC QLQ-C30–Pain –0.21 [–0.83, 0.41]

AE and RE versus CDTa 63 Park, 2017 Visual analog scale–pain –2.02 [–2.63, –1.41]

Water-based and yoga 

exercise versus SCa,b,c

68 Letellier et al., 2014; 

Loudon et al., 2014; Pasyar 

et al., 2019

EORTC QLQ-C30–Pain, MPQ, 

visual analog scale–pain

–0.58 [–1.07, –0.09]

RE versus SCa,b,c 62 Cormie et al., 2013 BDI –1 [–1.57, –0.43]

Quality of life

CDT versus CPsa,b 30 Gurdal et al., 2012 EORTC QLQ-C30–Global Health 0.05 [–0.66, 0.77]

CDT versus SCa,b 129 Dayes et al., 2013; Gradal-

ski et al., 2015

Quality-of-Life Lymphedema 

Questionnaire; SF-36

0.08 [–0.38, 0.53]

CDT versus CDT plus REa,b 44 Do et al., 2015 EORTC QLQ-C30–Global Health 0.03 [–0.56, 0.62]

CDT plus CPs versus CDT 

plus CPs plus REa,b

40 Do et al., 2017 EORTC QLQ-C30–Global Health 0.27 [–0.35, 0.89]

Water-based and yoga 

exercise versus SCa,b,c

89 Letellier et al., 2014; 

Loudon et al., 2014; 

McClure et al., 2010; 

Pasyar et al., 2019

BDI, EORTC QLQ-C30–Global 

Health, FACT-B+4, LYMQOL

0.21 [–0.42, 0.84]

RE versus SCa,b,c 62 Cormie et al., 2013 FACT-B+4 0.31 [–0.23, 0.86]

Return to work and usual activities of daily living

CDT versus SCa,b 73 Tambour et al., 2018 EQ-5D-5L–difficulty with usual 

activities

–0.16 [–0.62, 0.3]

AE—aerobic exercise; BDI—Beck Depression Inventory; CDT—complete decongestive therapy; CI—confidence interval; CP—compression pump; 
DASH—Disabilities of the Arm, Shoulder, and Hand questionnaire; EORTC QLQ-C30—European Organisation for Research and Treatment of 
Cancer Quality-of-Life Questionnaire–Core 30; EQ-5D-5L—EuroQol 5-dimension 5-level; FACT-B+4—Functional Assessment of Cancer Therapy–
Breast Cancer + Arm subscale; GRADE—Grading of Recommendations, Assessment, Development, and Evaluation; LYMQOL—Lymphoedema 
Quality of LIfe Questionnaire; MPQ—McGill Pain Questionnaire; RE—resistance exercise; SMD—standardized mean difference; SC—standard 
care
a Few events reported do not meet the optimal information size and suggest fragility in the estimate, per the GRADE approach.
b The 95% CI includes the potential for both benefit and harm, per the GRADE approach.
c There are concerns with blinding of participants and outcome assessors, as well as incomplete outcome reporting, per the GRADE approach.
d Multiple imputation analysis was conducted for missing participant data.
Note. For quality-of-life and function measures, higher scores indicated improvement. Positive SMD indicates that the first listed intervention 
is superior to the second listed intervention. For lymphedema swelling and symptoms, pain, fatigue, and return to work and usual activities of 
daily living, lower scores indicated improvement. Negative SMD indicates that that the second listed intervention is superior to the first listed 
intervention.
Note. All studies were found to have very low certainty of evidence, per the GRADE approach.D
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decisions about classifying and pooling interventions. 

Fourth, a random-effects model was used to account 

for heterogeneity between studies. Fifth, the GRADE 

approach was used to evaluate certainty in the esti-

mates of effect. 

This review also has a number of limitations. 

First, although it is a prevalent lifelong condition, 

lymphedema may be a secondary or tertiary descrip-

tion given to the study population and may be 

underreported in trials. As a result, the current 

authors’ search for and screening of the titles and 

abstracts may have failed to identify evidence that 

did not explicitly mention lymphedema as a health 

condition; however, the sensitivity of the search 

and screening in duplicate would have identified 

whether the treatment or management of lymph-

edema was the focus of the intervention or if any 

lymphedema-related outcomes were reported. 

Second, the authors did not look at component vari-

ations across studies (e.g., differences in types of 

massage techniques, pneumatic pumps, or compres-

sion garment types and wearing time), nor did they 

explore baseline adherence to self-care and how this 

could influence the effectiveness of the treatments. 

These questions were out of the scope of this review; 

however, they may provide meaningful context when 

choosing intervention modalities. Third, the authors 

made assumptions that all the data in the trials were 

normally distributed, but some trials reported that 

they had non-normally distributed data, and others 

provided ranges of outcome values that, combined 

with small sample sizes, suggested a non-normal dis-

tribution. This assumption influenced the inferences 

that could be made from the data, which may have 

resulted in the under- or overestimation of treat-

ment effects. Fourth, SMD was used to calculate the 

estimates of effect, which can underestimate the 

incoherence in the network.

Unanswered Questions and Future Research

Patients, clinicians, researchers, and all relevant 

stakeholders should develop priority outcome sets to 

improve study design and reporting, which will facil-

itate between study comparisons and make future 

meta-analyses more feasible. In addition, such a 

core outcome set will give rise to the opportunity to 

include outcomes that matter to patients, other than 

volume of lymphedema. In addition, it would also be 

useful to develop a minimally important difference 

threshold. 

Another potential approach to analyze the data, 

given the small sample sizes and variability across 

trials, as well as potential patient factors that influence 

relative effect of the treatments (e.g., lymphedema 

severity and duration), would be to conduct an indi-

vidual participant data meta-analysis. Overall, further 

large randomized trials are needed to address the 

best strategies for treating cancer-related extremity 

lymphedema. 

Implications for Nursing

CDT and continued self-care have been the gold 

standard for treating lymphedema for more than 20 

years, but they are associated with considerable indi-

vidual and health system burden and cost, in addition 

to issues of access to timely care (Daane et al., 1998; 

Kasseroller, 1998). Despite CDT being a component 

of the gold standard, the evidence for it is still limited. 

In addition, given the number of different devices 

available for lymphedema treatment (e.g., garments, 

compression pumps), it is important to critically eval-

uate therapies to identify ways to reduce burden and 

cost for patients, caregivers, and health systems. Of 

note, current lymphedema treatment guidelines are 

consensus based and/or outdated (Damstra et al., 

2017; Harris et al., 2001), and it is imperative that 

high-quality guidelines supported by a systematic 

review of the evidence are developed. 

Conclusion

There is low to very low certainty evidence that 

conservative treatment interventions may not mean-

ingfully improve lymphedema volume compared to 

standard of care, and very low certainty evidence 

that some interventions may improve secondary 

outcomes associated with lymphedema. Generally 

conservative interventions are well tolerated; how-

ever, there was limited to no evidence on adverse 

effects. In addition, high-quality research is required 

to determine the efficacy and acceptability of con-

servative treatment strategies for treating extremity 

lymphedema. 
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