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Questions: When added to decongestive lymphatic therapy (DLT), what is the effect of ﬂuoroscopy-guided
manual lymphatic drainage (MLD) versus traditional MLD or placebo MLD for the treatment of breast
cancer-related lymphoedema (BCRL)? Design: Multicentre, three-arm, randomised controlled trial with
concealed allocation, intention-to-treat analysis and blinding of assessors and participants. Participants:
At ﬁve hospitals in Belgium, 194 participants with unilateral chronic BCRL were recruited. Intervention:
All participants received standard DLT (education, skin care, compression therapy and exercises). Participants were randomised to also receive ﬂuoroscopy-guided MLD (n = 65), traditional MLD (n = 64) or placebo
MLD (n = 65). Participants received 14 sessions of physiotherapy during the 3-week intensive phase and 17
sessions during the 6-month maintenance phase. Participants performed self-management on the other
days. Outcome measures: All outcomes were measured: at baseline; after the intensive phase; after 1, 3 and
6 months of maintenance phase; and after 6 months of follow-up. The primary outcomes were reduction in
excess volume of the arm/hand and accumulation of excess volume at the shoulder/trunk, with the end of the
intensive phase as the primary endpoint. Secondary outcomes included daily functioning, quality of life,
erysipelas and satisfaction. Results: Excess lymphoedema volume decreased after 3 weeks of intensive
treatment in each group: 5.3 percentage points of percent excessive volume (representing a relative
reduction of 23.3%) in the ﬂuoroscopy-guided MLD group, 5.2% (relative reduction 20.9%) in the traditional
MLD group and 5.4% (relative reduction 24.8%) in the placebo MLD group. The effect of ﬂuoroscopy-guided
MLD was very similar to traditional MLD (between-group difference 0.0 percentage points, 95% CI –2.0 to 2.1)
and placebo MLD (–0.2 percentage points, 95% CI –2.1 to 1.8). Fluid accumulated at the shoulder/trunk in all
groups. The average accumulation with ﬂuoroscopy-guided MLD was negligibly less than with traditional
MLD (–3.6 percentage points, 95% CI –6.4 to –0.8) and placebo MLD (–2.4 percentage points, 95% CI –5.2 to
0.4). The secondary outcomes also showed no clinically important between-group differences. Conclusion:
In patients with chronic BCRL, MLD did not provide clinically important additional beneﬁt when added to
other components of DLT. Registration: NCT02609724. [De Vrieze T, Gebruers N, Nevelsteen I, Fieuws S,
Thomis S, De Groef A, Tjalma WAA, Belgrado J-P, Vandermeeren L, Monten C, Hanssens M, Devoogdt N
(2022) Manual lymphatic drainage with or without ﬂuoroscopy guidance did not substantially improve
the effect of decongestive lymphatic therapy in people with breast cancer-related lymphoedema
(EFforT-BCRL trial): a multicentre randomised trial. Journal of Physiotherapy 68:110–122]
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Introduction
Worldwide, 2.3 million women are diagnosed with breast cancer
every year.1 Improved treatment strategies have resulted in

increased survival rates.2 Consequently, more and more survivors
are confronted with the impact of treatment-related problems, with
. 16% of them developing breast cancer-related lymphoedema
(BCRL).3

https://doi.org/10.1016/j.jphys.2022.03.010
1836-9553/© 2022 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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According to the recommendations of the International Society of
Lymphology, lymphoedema needs to be treated with decongestive
lymphatic therapy (DLT) consisting of two-stage treatment.4 During
the intensive phase, lymphoedema is maximally reduced. This phase
consists of skin care, manual lymph drainage (MLD), multi-layer
bandaging and exercise therapy (under compression). The second
or maintenance phase aims to conserve and optimise the results
obtained in the ﬁrst phase. It consists of skin care, education
regarding self-management, a compression sleeve, exercises and
MLD. Although it has been applied in many countries for decades,
recent systematic reviews, including a Cochrane systematic review
with six randomised trials, have not been able to demonstrate any
added value of this method of MLD (subsequently called ‘traditional
MLD’ throughout this paper).5,6 Four more-recent randomised trials
were also unable to demonstrate any substantial effect of adding
traditional MLD to DLT in reducing lymphoedema volume.7–10
One reason that traditional MLD did not show any added value in
previous trials may be the ‘blind’ application without mapping of the
lymphatic anatomy. After dissection of the axillary lymph nodes with
or without irradiation, the lymphatic system of the upper limb is
damaged. Lymph nodes are removed and often ﬁbrosis of superﬁcial
lymphatics ensues.11,12 As a result, reverse ﬂow of lymph ﬂuid can
occur (dermal backﬂow), arising from collecting vessels and moving
through precollecting vessels in the direction of the initial dermal
lymphatic vessels;13 importantly, this rerouting is patient-speciﬁc.14
Therefore, the effect of MLD might be improved by tailoring it to
each individual patient.15 To tailor MLD, near-infrared ﬂuorescence
imaging or lymphoﬂuoroscopy can be used to map the regions with
dermal rerouting and the remaining superﬁcial collecting vessels.
Another reason that traditional MLD did not improve BRCL in previous trials may be the technique of MLD. The resorption of lymph by
the initial lymphatics is better stimulated when the therapist performs a resorption technique with the thumb instead of the whole
hand, and the transport of lymph through the lymph collectors and
dermal rerouting is better stimulated when the therapist glides with
the hand over the skin at a relatively higher pressure than when a
pumping technique at relatively lower pressure is performed.15 These
adapted manual manoeuvres applied to each patient’s speciﬁc
lymphatic system will subsequently be referred to as ‘ﬂuoroscopyguided MLD’ throughout this paper.
The lymphatic transport-stimulating effect of one session of
ﬂuoroscopy-guided MLD has been demonstrated in healthy volunteers and in patients with BCRL;15,16 however, no evidence exists on
its long-term and clinical effects. In addition, patients report a positive subjective feeling after MLD,17 which may just be due to a placebo effect. Whether this is a real or placebo effect needs further
investigation. The present study aimed to investigate the effect of
ﬂuoroscopy-guided MLD (versus traditional MLD or placebo MLD)
added to DLT for the treatment of BCRL.
Therefore, the research question for this multi-centre randomised
trial was:
When added to decongestive lymphatic therapy, what are the
relative effects of ﬂuoroscopy-guided manual lymphatic drainage
versus traditional manual lymphatic drainage or placebo manual
lymphatic drainage for the treatment of breast cancer-related
lymphoedema?

Method
Study design
The EFforT-BCRL trial is a multicentre, three-arm, randomised
controlled trial with concealed allocation, intention-to-treat analysis
and blinding of assessors and patients. The trial’s design has been
described in detail elsewhere.18 Brieﬂy, participants were recruited at
ﬁve hospitals in Belgium: University Hospitals of Leuven (UH Leuven),
Antwerp University Hospital (UH Antwerp), Saint-Pierre University
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Hospital in Brussels (UH Saint-Pierre), Ghent University Hospital
(GUH) and General Hospital Groeninge (GH Groeninge) in Kortrijk. All
participants received 3 weeks of intensive treatment followed by
maintenance treatment for 6 months. Participants were followed up
for 6 months beyond the end of the maintenance treatment. All
participants received standardised DLT treatment consisting of education, skin care, compression therapy and exercises. Only MLD
differed among the three randomly allocated groups: ﬂuoroscopyguided MLD, traditional MLD or placebo MLD. The random allocation sequence was computer-generated with permuted blocks of six.
Allocation to the groups was performed by an independent person
and concealed from participants and the researchers who performed
the measurements. Participants were assessed: at the start of the
trial; after 3 weeks of intensive treatment; after 1, 3 and 6 months of
maintenance treatment; and after 6 months of follow-up. The study is
reported according to the CONSORT statement.19
Participants
Inclusion criteria for the EFforT-BCRL trial were: patients with
unilateral lymphoedema of the arm and/or hand that developed after
treatment for breast cancer; chronic lymphoedema stage I to IIb for .
3 months; excessive volume unilaterally, deﬁned as  5% difference
between both arms adjusted for limb dominance and/or between
both hands; and no active metastases at the moment of inclusion.
Patients were excluded when one of the following criteria were
present: aged , 18 years; oedema of the upper limb from another
cause other than breast cancer treatment; inability to participate
during the entire study period; mental or physical inability to
participate in the study; allergy for indocyanine green, iodine or sodium iodide; increased activity of the thyroid gland; benign tumours
of the thyroid gland; previous lymph node transplantation or lymphovenous shunt; and bilateral axillary lymph node dissection.
Intervention
For all details regarding the treatment and different treatment
modalities, refer to the trial’s published protocol;18 a brief summary is
provided here. All participants received standard DLT consisting of
skin care, compression therapy (multilayer bandaging followed by a
compression sleeve and hand glove), exercises under compression
and education regarding self-management.4 The only treatment
modality that differed among the three groups was the application of
MLD. All participants received 14 treatment sessions during the 3week intensive treatment period. Each intensive treatment session
lasted for 60 minutes: 30 minutes of standard treatment (skin care,
bandaging, exercises) and 30 minutes of MLD. Treatment started with
drainage of the shoulder and trunk, followed by removal of the
bandage and circumference measurements of the arm using a
perimeter. Afterwards, drainage of the arm (and hand), shoulder and
trunk was continued. After MLD, skin care and bandaging were
applied and the session ended with exercises.
During the subsequent 6-month maintenance period, participants
received 18 sessions in decreasing frequency from two sessions per
week initially down to one session per month during months 5 and 6.
In the maintenance phase, therapeutic sessions lasted for 30 minutes
because they only consisted of skin care and manual lymph drainage.
Additionally, participants performed exercises at home and wore the
compression sleeve and glove during the day.
The treatments were provided by ﬁve physiotherapists: RVH, LB,
LV and AKH (at UH Leuven); LV and TDV (at UH Saint-Pierre, GH
Groeninge and GUH); and TDV (at UH Antwerp); all were experts in
oedema therapy. The same therapist provided DLT and MLD for any
given participant. To limit any subjective inﬂuences of the therapist, a
standardised treatment protocol was developed after consensus with
the expert panel. To make the therapists familiar with this protocol
and to ensure that the treatments given by each therapist were
identical, multiple training sessions were given prior to the start and
during the course of the trial.
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Randomised MLD techniques
In the traditional MLD group, the therapist applied hand movements18 based on the normal anatomy of the lymphatic system (ie,
without knowledge of the participant-speciﬁc lymphatic architecture) with pressure up to 40 mmHg. In the ﬂuoroscopy-guided MLD

group, a similar regimen was used, except that baseline lymphoﬂuoroscopy was used to determine which hand movements would be
applied at which location,15 some manual techniques differed18 and
higher pressures (up to 80 mmHg) were applied in the regions with
evidence of dermal backﬂow and/or rerouting. In the placebo MLD

Table 1
Overview of the measurement methods and procedures of the primary outcomes.
Outcome
Excess volume of the arm/
hand: measurement at the
level of the hand (this was
the only outcome measure
for participants with hand
lymphoedema only)

Measurement method
Water displacement method (ICC 0.99; SEM%
0.7%)38
Material
Cylinder ﬁlled with 20 to 30  C water, on a
software-connected balance with 0.1 g accuracya
on a 25-cm platform (Figure 1a)
Reference point
Lower ventral fold at level of wrist
Method
 Remove jewellery from arm/hand
 Participant stands beside cylinder
 Participant advised not to touch cylinder
 Hand enters the cylinder with axis perpendicular to water surface, until reference point
reaches water
 Participant holds the hand stable and assessor
activates software
 Software performs 10 volume measurements
and calculates mean volume (volume of upward displaced water = mass of water/density
of waterb)
 Software signals if mean volume or its SD is
outside a pre-set range

Excess volume of the arm/
hand: measurement at the
level of the arm (hand
volume was added to arm
volume for participants
with arm lymphoedema)

Circumference measurements (ICC 0.99; SEM%
1.2%)38,41
Material
Perimeter, which is a ﬂexible stainless-steel bar
with a tape measure ﬁxed every 4 cm and a
weight of 20 g at the end (Figure 1b)
Reference point
Upper border of olecranon
Method
 Remove jewellery from arm/hand
 Participant sits with 90 shoulder ﬂexion,
straight elbow and hand supported on table
 Arm circumferences measured at olecranon
and at 4, 8, 12, 16 and 20 cm proximal and
distal to the olecranon

Calculation procedure
Volume of hand = volume up to reference point at wrist.
The volume of the non-dominant hand is on average 3.3% smaller than the dominant
hand/arm;39,40 therefore, the volume of the hand/arm on the healthy side is corrected for
hand dominance (multiply by 0.967 if the affected side is the dominant side; divide by
0.967 if the affected side is the non-dominant side).
Relative excess lymphoedema volume of hand (ratio) = (volume affected side)/(corrected
volume healthy side).
Results are presented as % excess volume between oedematous and non-oedematous
limb: [(oedematous/non-oedematous)*100] – 100.
Change of relative excess lymphoedema volume of hand = comparison between ratio
time 1 and ratio time 2 in analysis.
To facilitate interpretation of the results, the relative percentage of volume reduction (ie,
the change in excess arm volume before and after treatment relative to the baseline
excess arm volume) is also reported in each group.

Volume of whole arm = sum of volumes of all segments of arm.
Volume of arm segment = 4 3 (C12 1 C1C2 1 C22)/12p, where C1 is the upper
circumference and C2 is the lower circumference of each segment of 4 cm measured by a
perimeter.
The volume of the non-dominant hand/arm is on average 3.3% smaller than the
dominant hand/arm;39,40 therefore, the volume of the arm at the healthy side is
corrected for hand dominance (multiply by 0.967 if the affected side is the dominant
side; divide by 0.967 if the affected side is the non-dominant side).
Relative excessive lymphoedema volume of arm (ratio) = (volume arm 1 volume hand
(compare above) affected side)/(corrected volume arm 1 corrected volume hand
(compare above) healthy side).
Results are presented as % excess volume between oedematous and non-oedematous
limb: [(oedematous/non-oedematous)*100] – 100.
Change of relative excess lymphoedema volume of arm = comparison between ratio time
1 and ratio time 2 in analysis.
To facilitate interpretation of the results, the relative percentage of volume reduction (ie,
the change in excess arm volume before and after treatment relative to the baseline
excess arm volume) is also reported in each group.

Excess ﬂuid accumulation
at the shoulder/trunk level

Measurement of % water content (PWC%) (ICC
0.92)38
Material
Skin hydration meterc (Figure 1c)42–44
Reference points
Deltoid, 5 cm below lateral border of acromion
Side of trunk, 5 cm below axillary crease
Method
 If skin is recently hydrated, dehydrate skin
 Sensor is placed perpendicular to the skin at
the reference points with the pressure
required by the device
 As the high electromagnetic wave is only
absorbed by water, the device calculates water’s relative presence, displayed as a
percentage

PWC% = percentage of water content.
a
KERN 572, Kern & Sohn GmbH, Balingen, Germany.
b
Density of water with temperature between 20 to 30  C is 1.
c
MoistureMeter D Compact, Delﬁn Technologies, Kuopio, Finland.

Relative excessive ﬂuid accumulation (ratio PWC%) = PWC% affected side/PWC% healthy
side.

Measured at the level of shoulder and trunk, after which a mean ratio PWC% is
calculated.

Results are presented as % excessive ﬂuid accumulation between oedematous and nonoedematous side: [(PWC oedematous/PWC non-oedematous)*100] – 100.

Change of excessive ﬂuid accumulation at level of shoulder and trunk = comparison
between mean ratio PWC% time 1 and mean ratio PWC% time 2 in analysis.
To facilitate interpretation of the results, the relative percentage of ﬂuid accumulation (ie,
the change in excess ﬂuid accumulation before and after treatment relative to the
baseline excess ﬂuid accumulation) is also reported in each group.
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group, deep massage was used, involving relaxing transverse movements on the muscles of the ipsilateral neck, back, shoulder, arm and
hand. Each group received a plausible explanation for the type of MLD
they received.
Outcome measures
Lymphoﬂuoroscopic and clinical assessments
All participants received a standardised lymphoﬂuoroscopic
assessment at baseline, the end of the intensive treatment phase and
the end of the maintenance phase. Baseline lymphoﬂuoroscopy
was used to determine the tailored procedure of MLD15 in the
ﬂuoroscopy-guided MLD group. Clinical assessments were performed
at: baseline; after intensive treatment; after 1, 3 and 6 months of
maintenance treatment; and after 6 months of follow-up. During the
intensive and maintenance treatment phases, adherence to the selfmanagement protocol was recorded. For a detailed description
regarding the ﬂuoroscopic and different clinical assessments, see
the protocol of the EFforT-BCRL trial.18 All lymphoﬂuoroscopic assessments were performed by three doctors (ST, LV, CM) assisted by
physiotherapists (ND, NG, KD). Clinical assessments were performed
by four assessors (TDV, LV, KD, SVDB); all were experienced in performing these assessments. Participants were evaluated by the same
assessor per centre.
To describe the characteristics of the sample, body height and
weight (to calculate BMI), pitting at the level of hand and arm (to
calculate the pitting score) and lymphoedema stage were obtained
through evaluation. Duration of lymphoedema was collected though
interview. Each participant’s age, breast cancer characteristics and
breast cancer treatment details were extracted from the medical ﬁles.
Primary outcomes
One primary outcome measure was the change in excess lymphoedema volume. The other primary outcome measure was the
change in excess ﬂuid accumulation at the level of the shoulder and
trunk.20 Further details are presented in Table 1 and Figure 1.
Secondary outcomes
Secondary outcome measures covered the clinical impact of
lymphoedema: changes in extent of problems in functioning related
to lymphoedema21 and change in overall quality of life.22 The
numbers of participants reporting at least one episode of erysipelas
and adverse effects related to the treatment or ﬂuoroscopic examinations were also recorded during the entire study period and
compared between the groups. Finally, at the last clinical evaluation
after 6 months of follow-up, the overall treatment satisfaction and
MLD-speciﬁc treatment satisfaction were assessed using a selfdeveloped questionnaire and compared between the groups.
Further details are presented in Table 2.
Adherence
Participants’ adherence to the self-management protocol (eg, selfMLD, wearing of compression materials, performance of exercises)
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was recorded in a diary that participants were asked to complete
(Appendix 1 on the eAddenda).
Blinding
All participants were blinded to their allocation to one of the three
MLD groups. To assess the blinding, participants’ perceived treatment
allocation was recorded on a self-developed questionnaire at the end
of the follow-up period. All clinical and ﬂuoroscopic assessments
were performed by individuals who were blinded to the allocation of
the different treatment groups, whereas the therapists were obviously informed on the treatment group allocation but blinded to the
participant’s outcome measurements.
Data analysis
Based on an alpha of 0.0125 (two primary outcomes and two pairwise primary comparisons) and power of 80%, the planned sample size
for the study was 201 subjects or 67 subjects per group (taking into
account potential loss to follow-up) to detect a difference of 15% in the
reduction of lymphoedema volume at the level of the arm or hand, or at
the level of the shoulder or trunk (primary outcomes), between
ﬂuoroscopy-guided MLD on the one hand and traditional/placebo MLD
on the other hand.18 The sought effect was determined from clinical
results of the Leuven Lymphovenous Centre and by consulting experts
in the ﬁeld of lymphology, with an estimated reduction of 35% (SD 25)
for the traditional MLD group, 50% (SD 25) for the ﬂuoroscopy-guided
MLD group and 20% (SD 25) for the placebo MLD group. Based on a
previous longitudinal study with breast cancer patients,23 a drop-out
rate of 5% (or nine patients) was estimated.
Baseline participant characteristics were reported descriptively.
Analyses for the primary outcomes were performed on logtransformed ratios because, for percentage change, the intervals
between units are not equidistant. For example, the correct mean of
an increase of 100% (ratio = 2) and a decrease of –50% (ratio = 0.5)
should not be 25% but 0%. The latter is accomplished when taking
the log of the ratios before calculating the mean and transforming
the log-ratios back to the original scale. Evolution of the log-ratios
between the three groups was calculated by a multivariate linear
model for longitudinal measures. An unstructured covariance matrix was used for the 636 covariance matrix of the repeated measures over time (baseline; end of intensive treatment; after 1, 3 and
6 months of maintenance treatment; and after the 6-month followup). Given that a direct likelihood procedure was used, participants
with incomplete outcome information were also included in the
analysis. Results for the oedema/normal log-ratios were transformed back to the original scale (ratio) with a 95% CI. Note that
these ratios have a direct interpretation of percent excess volume;
for example, a ratio of 1.25 refers to 25% excess volume. From the
model, changes in these log-ratios versus baseline were obtained at
each time point and compared between the three groups. These
differences versus baseline were reported as percentage point
changes in excess volume. The time point for the assessment of the
primary outcomes was at the end of the intensive treatment phase.

Figure 1. Equipment used in the measurement of (a) hand volume via the water displacement method, (b) volume of the arm via circumferential measurements (perimetry) and
(c) percentage of water content at the shoulder and trunk. For further explanation, see Table 1.
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Table 2
Overview of the measurement methods and procedures of the secondary outcomes.
Outcome
Problems in functioning

Measurement method
Investigation of problems in functioning related to lymphoedema (ICC total score 0.93; SEM total score: 4.8)45
Material
Lymph-ICF-UL Questionnaire (Dutch21,46 and French27 versions)
Method
 At the end of each assessment, participants completed the questionnaire individually
 The Lymph-ICF-UL has 29 questions in ﬁve domains: physical function, mental function, household activities, mobility activities, and life and
social activities
 Every question is scored between 0 and 10
 The overall score (sum of the scores on 29 questions divided by 29, multiplied by 10) and ﬁve different domain scores are calculated, each of
them representing a score between 0 and 100
 A lower score indicates fewer problems in functioning

Quality of life

Investigation of quality of life for patients with a chronic disease (ICC total score: 0.93, SEM total score: 0.44)22
Material
McGill-QoL Questionnaire (Dutch and French versions)
Method
 At the end of each assessment, participants ﬁlled in the questionnaire individually
 The McGill-QoL Questionnaire consists of 16 questions using a Likert scale and one open question in ﬁve domains: physical symptoms,
physical well-being, psychological symptoms, existential well-being and support
 Each question corresponds to a score between 0 (very bad) and 10 (excellent); a total score and ﬁve different domain scores are calculated
and represent a score between 0 to 10
 A lower score indicates a lower quality of life

Difference in number of
participants reporting at
least one episode of
erysipelas

Investigation of the number of participants reporting at least one episode of erysipelas during the 12-month study period (between baseline
and the end of follow-up)

Difference in overall
treatment satisfaction and
MLD-speciﬁc treatment
satisfaction

Investigation of the overall treatment satisfaction and MLD-speciﬁc treatment satisfaction at the end of the trial

Method
 At the start of each assessment, participants were asked whether they had had an infection (erysipelas) during the past clinical assessment
and the present date. If yes, participants had to specify how many times and when
 Participants with no episodes of erysipelas during the 12 months scored 0; those with one or more episodes scored 1

Material
Self-developed questionnaire
Method
 At the end of the last clinical assessment (ie, end of the follow-up phase), participants were asked to complete a survey, consisting of two
elements
 First, participants evaluated overall treatment satisfaction on a Likert scale (1 = very much better, 2 = much better, 3 = a little better, 4 =
unchanged, 5 = a little worse, 6 = much worse and 7 = very much worse), based on change in complaints from before the study
 Second, participants rated the perceived effect of MLD (MLD-speciﬁc treatment satisfaction) from 0 (no effect at all) to 10 (a lot of effect)

Lymph-ICF-UL = Lymphoedema Functioning, Disability and Health Questionnaire for Upper Limb Lymphoedema; McGill-QoL = McGill-Quality of life.

Analyses were performed by original assigned groups (intent-totreat).
As with the primary outcomes, a multivariate linear model for
longitudinal measures was used to compare the evolution of the scores
of the ﬁrst two secondary outcome parameters (problems in functioning and overall quality of life) between the three groups. Mean
values with 95% CI were reported at each time point. Changes from
baseline were calculated and compared between the three groups.
Difference in the number of participants reporting at least one
episode of erysipelas was analysed with the c2 test and overall
treatment and MLD-speciﬁc treatment satisfaction with the KruskalWallis test. Commercial statistical softwarea,b was used for all
analyses.
Results
Compliance with the trial protocol
Inclusion of participants was ended before the project’s predeﬁned sample size (n = 201) was reached because there were fewer
drop-outs than anticipated. This did not jeopardise the power of the
performed primary analysis because the analysis was still based on
information from 194 subjects at baseline and 190 subjects at the
primary endpoint. Two secondary outcome measures were registered
post hoc: overall treatment satisfaction and MLD-speciﬁc treatment
satisfaction.

Flow of participants through the study
Between February 2016 and September 2019, 391 patients were
screened and 194 participants were recruited. The ﬂow of participants through the trial is presented in Figure 2. The baseline characteristics of the participants are presented in Table 3.

Adherence to the prescribed treatment sessions
During the intensive treatment phase, participants received a
mean of 13 (SD 1) of the 14 treatment sessions that were initially
planned. During the maintenance treatment phase, participants
received on average 17 (SD 1) treatment sessions of the 18 that were
initially planned. For details regarding the participants’ adherence to
the self-management protocol during the maintenance treatment
phase, see Appendix 1 on the eAddenda.

Blinding
At the end of the 6-month follow-up period, 76 participants reported that they had no idea to which group they had been allocated
and 63 guessed their allocated group incorrectly. Therefore, 139 of
180 participants (77%) could not identify their allocated group
correctly, indicating successful blinding of participants.
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Patients screened (n = 391)
Patients excluded (n = 197)
• ineligible (n = 115)
• declined (n = 82)

Baseline

Randomised (n = 194)
Measured excess arm/hand and shoulder/trunk fluid, function, quality of life and erysipelas
(n = 65)
(n = 64)
(n = 65)
• DLT
• Fluoroscopy-guided MLD
• 14 sessions in 3 weeks

• DLT
• Traditional MLD
• 14 sessions in 3 weeks

Missing data (n = 3)
• erysipelas (n = 1)
• medical advice (n = 1)
• declined (n = 1)
Intensive
Week 3

• 8 sessions in 1 month

• 6 sessions in 2 months

Missing data (n = 2)
• illness (n = 2)

Missing data (n = 1)
• declined (n = 1)

• 4 sessions in 3 months

Missing data (n = 1)
• declined (n = 1)

Missing data (n = 1)
• illness (n = 1)

• 4 sessions in 3 months
Missing data (n = 1)
• death (n = 1)

Measured excess arm/hand and shoulder/trunk fluid, function, quality of life and erysipelas
(n = 62)
(n = 62)
(n = 63)
Missing data (n = 3)
• death (n = 2)
• declined (n = 1)

Follow-up
Month 6

• 6 sessions in 2 months

Measured excess arm/hand and shoulder/trunk fluid, function, quality of life and erysipelas
(n = 61)
(n = 63)
(n = 63)
• 4 sessions in 3 months

Maintenance
Month 6

• 8 sessions in 1 month

Measured excess arm/hand and shoulder/trunk fluid, function, quality of life and erysipelas
(n = 63)
(n = 63)
(n = 64)
• 6 sessions in 2 months

Maintenance
Month 3

Missing data (n = 1)
• declined (n = 1)

Measured excess arm/hand and shoulder/trunk fluid, function, quality of life and erysipelas
(n = 63)
(n = 63)
(n = 64)
• 8 sessions in 1 month

Maintenance
Month 1

Missing data (n = 1)
• declined (n = 1)

• DLT
• Placebo MLD
• 14 sessions in 3 weeks

Missing data (n = 2)
• illness (n = 1)
• declined (n = 1)

Missing data (n = 3)
• declined (n = 2)
• death (n = 1)

Measured excess arm/hand and shoulder/trunk fluid, function, quality of life, erysipelas,
overall treatment satisfaction, MLD-specific treatment satisfaction, adherence and blinding
(n = 60)
(n = 61)
(n = 61)
Figure 2. Flow of participants through the trial, according to CONSORT Statement.47

Primary outcome
Excess lymphoedema volume at the arm/hand
After the intensive treatment phase, the excessive lymphoedema
volume decreased in all three groups: ﬂuoroscopy-guided MLD group
(5.3% absolute excessive volume reduction (percentage points) or a
relative reduction of 23.3%) and traditional MLD group (5.2% absolute
reduction or 20.9% relative reduction), or between the ﬂuoroscopyguided MLD group and placebo MLD group (5.4% absolute reduction
or 24.8% relative reduction). However, no clinically important differences in volume reduction were found between the groups, with all
between-group differences and their CIs having a magnitude less
than about 2 percentage points (Table 4 and Figure 3). Additional data
are presented in Appendix 2 on the eAddenda.
Excess ﬂuid accumulation at the shoulder/trunk
An increase in ﬂuid accumulation at the level of the shoulder/trunk
was present in all three treatment groups after the intensive treatment
phase, with the change being most marked in the ﬂuoroscopy-guided

MLD group at 4.4 percentage points (95% CI 2.4 to 6.4), which is a
relative increase of 95.6%. In the traditional MLD group the change was
an 0.8% absolute increase or a 15.7% relative increase, and in the placebo
MLD group the change was a 2.0% absolute increase or a 35.1% relative
increase. Although these differences in relative increases seem large, no
clinically important differences in excess ﬂuid accumulation were found
between the groups, with all between-group differences and their CIs
having a magnitude less than about 6 percentage points (Table 5 and
Figure 3). Additional data are presented in Appendix 3 on the
eAddenda.

Secondary outcomes
Problems in functioning related to lymphoedema
Changes in problems in functioning related to lymphoedema in
each group and the corresponding between-group comparisons are
presented in Table 6. The between-group differences were small (, 5
points on the Lymph-ICF-UL total score) with narrow CIs (w10 points
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Oedematous:non-oedematous ratio of the
volume of the arm/hand

a

1.3

1.2

1.1
Fluoroscopy-guided MLD
Trasitional MLD
Placebo MLD
1
Baseline

Oedematous:non-oedematous ratio of the
percent water content of the shoulder/trunk

b

1.15

Intensive
Week 3

Maintenance
Month 1

Maintenance
Month 3

Maintenance
Month 6

Maintenance
Month 3

Maintenance
Month 6

Follow-up
Month 6

Fluoroscopy-guided MLD
Trasitional MLD
Placebo MLD

1.1

1.05

1
Baseline

Intensive
Week 3

Maintenance
Month 1

Follow-up
Month 6

Figure 3. (a) Change in excessive lymphoedema volumes at the level of the arm/hand by means of the inter-limb ratio of volume (oedematous:non-oedematous) at different time
points. (b) Change in excess ﬂuid accumulation at the level of the shoulder/trunk by means of the mean inter-side ratio of percent water content (oedematous:non-oedematous) at
different time points. In both graphs: the timepoint for analysis of the primary outcome is at week 3 of the intensive treatment period; all estimates are obtained from the
multivariate linear model; and error bars depict the 95% CI.

or less), indicating negligible differences in effect between the three
allocated interventions.
Quality of life
Changes quality of life in each group and the corresponding
between-group comparisons are presented in Table 7. The
between-group differences were small (, 0.5 points on the McGillQoL total score) with narrow CIs (w1 point or less), indicating
negligible differences in effect between the three allocated
interventions.
Adverse events
Twenty participants had at least one case of erysipelas, with all
episodes occurring after bacterial infection due to wounds, insect
bites or scratches. The rates were similarly low in each group, leading
to estimates of no important differences in risk of erysipelas among
the three randomised interventions (Table 8). The participants

reported no adverse effects caused by the DLT or by the ﬂuoroscopic
examinations (intradermal injections of a solution of indocyanine
green tracerc diluted by saline water and pure water, reaching a ﬁnal
concentration of 0.016 mg indocyanine green per two injections of 0.2
ml indocyanine green-aqua-NaCl).
Overall treatment satisfaction
A total of 143 of 180 participants (79%) indicated that their complaints were slightly improved (n = 50), much improved (n = 64) or
very much improved (n = 29) at the end of the follow-up phase, in
comparison with the period prior to the start of the study. The
number of participants indicating that their complaints were slightly
improved, much improved or very much improved did not differ to a
clinically important extent between the ﬂuoroscopy-guided MLD
group (80%), traditional MLD group (78%) and placebo MLD group
(80%).
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Table 3
Baseline characteristics of the study participants.
Characteristic
Age (yr), mean (SD)
Gender, n (%)
female
male
Body mass index (kg/m2), mean (SD)
Lymphoedema duration (mth), median (IQR)
Excess lymphoedema arm volume
absolute (ml), median (IQR)
relative (%), median (IQR)
Total pitting score (0 to 18)a, median (IQR)
Recruitment site, n (%)
UH Leuven
UH Antwerp
UH Saint Pierre Brussels
GH Groeninge Kortrijk
UH Ghent
Lymphoedema on dominant side, n (%)
Lymphoedema location, n (%)
arm
hand
Lymphoedema stage, n (%)
I
IIa
IIb
Type of surgery, n (%)
mastectomy
breast-conserving surgery
Positive lymph nodes (n), n (%)
0
1 to 3
4 o 10
. 10
Pathological tumour stage, n (%)
1
2
3
4
Missing data (n = 3)
Pathological nodal stage, n (%)
0
1
2
3
Clinical metastases, n (%)
0
1
Radiotherapy, n (%)
Chemotherapy, n (%)
Hormonal therapy, n (%)
Targeted therapy, n (%)
a

Fluoroscopy-guided MLD (n = 65)

Traditional MLD (n = 64)

Placebo MLD (n = 65)

All participants (n = 194)

60 (11)

62 (10)

61 (9)

61 (10)

65 (100)
0 (0)
27.6 (5.3)
29 (5 to 54)

63 (98)
1 (2)
28.8 (5.6)
28 (6 to 78)

65 (100)
0 (0)
27.8 (6.1)
16 (5 to 54)

193 (99)
1 (1)
28.1 (5.7)
25 (5 to 62)

457 (484 to 747)
22.8 (12.3 to 34.9)
5 (3 to 7)

442 (284 to 738)
21.9 (12.3 to 31.3)
5 (3 to 7)

430 (275 to 796)
21.3 (12.4 to 30.2)
4 (3 to 8)

441 (276 to 754)
21.7 (16.0 to 44.5)
5 (3 to 8)

39 (60)
9 (14)
6 (9)
7 (11)
4 (6)
31 (48)

36 (56)
10 (16)
2 (3)
9 (11)
7 (14)
21 (33)

37 (57)
16 (25)
2 (3)
7 (11)
3 (5)
33 (51)

112 (58)
35 (18)
10 (5)
23 (12)
14 (7)
85 (44)

61 (94)
4 (6)

62 (97)
2 (3)

61 (94)
4 (6)

184 (95)
10 (5)

10 (15)
34 (52)
21 (32)

10 (16)
40 (63)
14 (22)

12 (19)
35 (54)
18 (28)

32 (17)
109 (56)
53 (27)

36 (55)
29 (45)

40 (63)
24 (38)

39 (60)
26 (40)

115 (59)
79 (41)

12 (19)
35 (54)
13 (20)
5 (8)

19 (30)
24 (38)
11 (17)
9 (14)

17 (26)
28 (43)
14 (22)
6 (9)

48
87
38
20

19 (31)
32 (49)
6 (9)
7 (11)

19 (31)
29 (45)
9 (14)
5 (9)

17 (26)
43 (66)
3 (5)
2 (3)

55 (30)
104 (54)
18 (9)
14 (7)

12
36
11
6

16 (2)
32 (5)
8 (13)
8 (13)

15 (23)
34 (52)
7 (11)
9 (14)

45
99
26
23

64 (100)
0 (0)
63 (98)
52 (81)
53 (83)
12 (19)

63 (97)
2 (3)
63 (97)
61 (94)
48 (74)
14 (22)

191 (98)
3 (2)
189 (97)
167 (86)
152 (78)
39 (20)

(18)
(55)
(17)
(9)

64 (98)
1 (12)
63 (97)
54 (83)
51 (79)
13 (20)

(25)
(45)
(20)
(10)

(23)
(52)
(13)
(12)

The total score is calculated as the sum of nine individual pitting test scores (0 = no, 1 = uncertain, 2 = obvious) on the oedematous limb and trunk.

MLD-speciﬁc treatment satisfaction
The median rating of the perceived effect of the MLD that participants received during the study was 7 (IQR 6 to 9) out of 10 (n =
181). The median score in the ﬂuoroscopy-guided MLD group was 8
out of 10, the median score in the two other groups was 7 out of 10
(Table 9).

Discussion
It is believed that this is the ﬁrst trial to investigate the merit of a
patient-tailored method of MLD (ie, ﬂuoroscopy-guided MLD)
compared with traditional MLD or placebo MLD, additional to the
other components of DLT, for the treatment of BCRL. It was necessary
to try to develop a more effective method of MLD because several
randomised trials could not demonstrate any added value of traditional MLD7–10 and MLD is applied worldwide, implying a large cost
for healthcare systems.24,25 Unfortunately, a larger reduction in the
excessive arm volume or less accumulation of lymph at the level of
the shoulder/trunk was not identiﬁed in the group receiving
ﬂuoroscopy-guided MLD compared with the other two methods.
Based on the width of the CIs for the between-group comparisons, it

can also be concluded that the mean between-group differences were
not clinically relevant for the different investigated outcomes. The
maximum difference in the excessive volume at the level of the arm
and hand between the groups ranged between –3.5% and 14.7% at
secondary endpoints. If this is transformed into an absolute excess
volume difference, these numbers represent a range between –70
and 90 ml, which are not clinically relevant changes in the volume
difference (ie, this is a small glass of water spread over the entire arm
and hand). Moreover, a previous trial by this research group on the
reproducibility of excess arm volume26 found an SEM for the excess
arm volume (based on the calculated volume from circumference
measurements with the perimeter) of 45.3 ml. When calculating the
smallest real difference (SRD) with the formula ‘SRD = O 2 x 1.96 x
SEM’, an SRD for the excessive volume of 125.6 ml or of 4.96% was
found (related to the volume of the non-oedematous limb with a
volume of 2,532.0 ml). The CIs of the changes in excess volume between the groups were situated within the limits of the SRD (–4.96 to
4.96%).
Another trial by this research group on the reproducibility of tissue dielectric constant measures (in percent water content as well as
in terms of inter-limb ratios)20 found an SEM for the mean of the
inter-limb ratios at the level of the shoulder and trunk (based on
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Table 4
Percentage excess lymphoedema volume at the level of the arm/hand with 95% CIs in each group at each time point, within-group changes in percentage excess volume and between-group comparisons of these changes.
Excess volume (%) mean (95% CI)

Time point

Within-group change from baseline (percentage point), mean
(95% CI)

Fluoroscopyguided MLD

Traditional MLD

Placebo MLD

Baseline
Intensive week 3

22.8 (19.0 to 26.6)
17.5 (14.4 to 20.7)

24.9 (21.1 to 28.8)
19.7 (16.5 to 22.9)

Maintenance month 1
Maintenance month 3
Maintenance month 6
Follow–up month 6

16.1 (12.9 to 19.4)
15.2 (12.0 to 18.5)
16.3 (12.8 to 19.8)
16.3 (12.7 to 20.0)

17.2
17.5
18.3
20.0

(14.0
(14.2
(14.8
(16.2

to
to
to
to

20.5)
20.9)
22.0)
23.8)

Fluoroscopyguided MLD

Traditional MLD

Placebo MLD

21.8 (18.1 to 25.6)
16.4 (13.3 to 19.5)

–5.3 (–6.7 to –3.9)

–5.2 (–6.6 to –3.8)

15.3
14.1
14.8
16.5

–6.6
–7.5
–6.5
–6.4

–7.7
–7.3
–6.6
–4.9

(12.2 to 18.5)
(10.9 to 17.3)
(11.3 to 18.3)
(12.9 to 20.2)

(–8.2
(–9.4
(–8.5
(–8.6

to
to
to
to

–5.1)
–5.7)
–4.4)
–4.2)

(–9.2 to –6.1)
(–9.2 to –5.4)
(–8.7 to –4.5)
(–7.2 to –2.6)

Between-group difference mean (95% CI)
Fluoroscopy-guided MLD
versus Traditional MLD

Fluoroscopy-guided MLD
versus Placebo MLD

Traditional MLD
versus Placebo MLD

–5.4 (–6.8 to –4.0)

0.0 (–2.0 to 2.1)

–0.2 (–2.1 to 1.8)

–0.2 (–2.2 to 1.8)

–6.5
–7.7
–7.0
–5.3

–1.0 (–3.2 to 1.1)
0.2 (–2.4 to 2.8)
–0.1 (–3.0 to 2.9)
1.5 (–1.7 to 4.7)

0.2 (–2.0 to 2.3)
–0.2 (–2.8 to 2.4)
–0.5 (–3.4 to 2.3)
1.2 (–2.0 to 4.3)

1.2 (–1.0 to 3.3)
–0.4 (–3.0 to 2.2)
–0.5 (–3.4 to 2.5)
–0.4 (–3.5 to 2.8)

(–8.0 to –5.0)
(–9.5 to –5.9)
(–9.1 to –5.0)
(–7.5 to –3.1)

De Vrieze et al: Manual lymph drainage for lymphoedema

Shaded cells indicate primary outcomes.
MLD = manual lymph drainage.

Table 5
Percentage excess ﬂuid accumulation at level of the shoulder/trunk with 95% CIs in each group at each time point, within-group changes in percentage excess volume and between-group comparisons of these changes.
Time point

Excess ﬂuid accumulation (%) mean (95% CI)

Within-group change from baseline (percentage points), mean (95% CI)

Between-group difference mean (95% CI)

Fluoroscopyguided MLD

Traditional MLD

Placebo MLD

Fluoroscopy-guided MLD

Traditional MLD

Placebo MLD

Fluoroscopy-guided MLD
versus Traditional MLD

Fluoroscopy-guided
MLD versus Placebo MLD

Baseline
Intensive week 3

4.5 (2.4 to 6.5)
8.8 (6.9 to 10.8)

5.1 (3.0 to 7.2)
5.9 (4.0 to 7.7)

5.7 (3.6 to 7.8)
7.7 (5.8 to 9.6)

4.4 (2.4 to 6.4)

0.8 (–1.2 to 2.7)

2.0 (0.0 to 4.0)

–3.6 (–6.4 to –0.8)a

–2.4 (–5.2 to 0.4)

Maintenance month 1
Maintenance month 3
Maintenance month 6
Follow-up month 6

7.5 (5.4 to 9.6)
5.3 (3.3 to 7.3)
4.4 (2.5 to 6.3)
5.3 (3.3 to 7.4)

6.0
4.1
4.0
4.2

6.5
5.3
4.6
4.5

3.1 (1.0 to 5.1)
0.8 (–1.2 to 2.9)
–0.1 (–1.9 to 1.8)
0.9 (–1.2 to 3.0)

0.9 (–1.1 to 3.0)
–1.0 (–3.0 to 1.0)
–1.1 (–2.9 to 0.8)
–0.9 (–3.0 to 1.2)

0.8 (–1.2 to 2.8)
–0.4 (–2.4 to 1.7)
–1.1 (–2.9 to 0.8)
–1.2 (–3.3 to 0.9)

(4.0
(2.2
(2.2
(2.2

to
to
to
to

8.1)
6.0)
5.9)
6.2)

(4.4
(3.4
(2.8
(2.5

to
to
to
to

8.5)
7.2)
6.5)
6.5)

Shaded cells indicate primary outcomes.
MLD = manual lymph drainage
a
Note that when taking into account the multiplicity issue for the primary analysis, the CI (with alpha = 0.0125) would include the zero value.

–2.1
–1.8
–1.0
–1.8

(–5.0
(–4.7
(–3.6
(–4.7

to
to
to
to

0.8)
1.0)
1.7)
1.2)

–2.3
–1.2
–1.0
–2.1

(–5.2 to 0.6)
(–4.1 to 1.7)
(–3.6 to 1.7)
(–5.0 to 0.9)

Traditional MLD
versus Placebo MLD
1.2 (–1.5 to 4.0)
–0.1 (–3.0 to 2.7)
0.6 (–2.2 to 3.5)
–0.0 (–2.6 to 2.6)
–0.3 (–3.2 to 2.6)

Table 6
Mean Lymph-ICF-UL total score in each group at each time point, within-group change and between-group comparisons of these changes with 95% CIs.
Total Lymph-ICF-UL score mean (95% CI)

Time point

Fluoroscopyguided MLD
Baseline
Intensive week 3
Maintenance month 1
Maintenance month 3
Maintenance month 6
Follow-up month 6

38.0
29.0
27.8
23.3
25.3
23.2

(32.9 to 43.1)
(24.3 to 33.6)
(23.3 to 32.3)
(18.8 to 27.8)
(20.5 to 30.0)
(18.5 to 27.9)

Traditional MLD

35.7
27.7
24.6
25.4
24.5
24.2

(30.6 to 40.8)
(23.0 to 32.4)
(20.0 to 29.1)
(20.8 to 29.9)
(19.7 to 29.3)
(19.5 to 28.9)

Within-group change from baseline mean (95% CI)

Placebo MLD

38.1
32.1
28.8
25.2
27.5
26.0

(33.0 to 43.1)
(27.5 to 36.7)
(24.3 to 33.3)
(20.7 to 29.8)
(22.8 to 32.3)
(21.3 to 30.7)

Between-group difference mean (95% CI)

Fluoroscopy-guided MLD

Traditional MLD

Placebo MLD

Fluoroscopy-guided
MLD versus
Traditional MLD

Fluoroscopyguided MLD
versus Placebo MLD

Traditional MLD
versus Placebo MLD

–9.0 (–12.8 to –5.3)
–10.2 (–14.2 to –6.1)
–14.7 (–18.8 to –10.5)
–12.7 (–16.8 to –8.6)
–14.8 (–18.9 to –10.7)

–8.0 (–11.7 to –4.2)
–11.1 (–15.2 to –7.0)
–10.3 (–14.5 to –6.1)
–11.1 (–15.3 to –7.0)
–11.5 (–15.6 to –7.3)

–6.0 (–9.7 to –2.2)
–9.3 (–13.3 to –5.2)
–12.8 (–17.0 to –8.7)
–10.5 (–14.6 to –6.4)
–12.1 (–16.2 to –8.0)

–1.1 (–6.3 to 4.2)
0.9 (–4.8 to 6.6)
–4.4 (–10.2 to 1.5)
–1.6 (–7.4 to 4.3)
–3.4 (–9.2 to 2.4)

–3.1 (–8.3 to 2.2)
–0.9 (–6.6 to 4.8)
–1.9 (–7.7 to 4.0)
–2.2 (–8.0 to 3.6)
–2.7 (–8.5 to 3.1)

–2.0 (–7.3 to 3.3)
–1.8 (–7.5 to 3.9)
0.6 (–5.2 to 6.5)
–0.6 (–6.5 to 5.2)
0.6 (–5.2 to 6.5)

Lymph-ICF-UL = Lymphoedema Functioning, Disability and Health Questionnaire for Upper Limb Lymphoedema, MLD = manual lymph drainage.
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Table 7
Mean McGill-QoL total score in each group at each time point, within-group change and between-group comparisons of these changes with 95% CIs.
Time point

Baseline
Intensive week 3
Maintenance month 1
Maintenance month 3
Maintenance month 6
Follow-up month 6

Total McGill-QoL score mean (95% CI)
Fluoroscopy-guided
MLD

Traditional MLD

5.96 (5.58 to 6.35)
6.06 (5.65 to 6.46)
6.14 (5.71 to 6.58)
5.85 (5.38 to 6.33)
5.92 (5.43 to 6.41)
5.96 (5.45 to 6.47)

6.15 (5.75 to 6.54)
6.18 (5.77 to 6.59)
6.21 (5.77 to 6.65)
6.10 (5.62 to 6.58)
6.02 (5.53 to 6.52)
5.69 (5.18 to 6.20)

Within-group change from baseline mean (95% CI)

Placebo MLD

5.87
5.82
5.98
5.82
6.09
5.81

(5.48
(5.41
(5.54
(5.35
(5.60
(5.30

to
to
to
to
to
to

6.26)
6.22)
6.42)
6.30)
6.58)
6.32)

Between-group difference mean (95% CI)

Fluoroscopy-guided MLD

Traditional MLD

Placebo MLD

Fluoroscopy-guided
MLD versus
Traditional MLD

Fluoroscopy-guided
MLD versus
Placebo MLD

Traditional MLD
versus Placebo MLD

0.09 (–0.35 to 0.54)
0.18 (–0.23 to 0.59)
–0.11 (–0.61 to 0.39)
–0.05 (–0.56 to 0.46)
–0.00 (–0.53 to 0.52)

0.04 (–0.41 to 0.48)
0.07 (–0.35 to 0.48)
–0.04 (–0.55 to 0.46)
–0.12 (–0.64 to 0.39)
–0.45 (–0.98 to 0.07)

–0.05 (–0.50 to 0.39)
0.11 (–0.30 to 0.53)
–0.04 (–0.54 to 0.45)
0.22 (–0.29 to 0.73)
–0.06 (–0.58 to 0.47)

0.06 (–0.57 to 0.69)
0.11 (–0.47 to 0.70)
–0.07 (–0.77 to 0.64)
0.07 (–0.65 to 0.80)
0.45 (–0.29 to 1.19)

0.15 (–0.48 to 0.77)
0.07 (–0.52 to 0.65)
–0.07 (–0.77 to 0.64)
–0.27 (–0.99 to 0.45)
0.05 (–0.69 to 0.80)

0.09 (–0.54 to 0.72)
–0.05 (–0.64 to 0.54)
–0.40 (–1.14 to 0.35)
–0.34 (–1.07 to 0.38)
–0.40 (–1.14 to 0.35)

McGill-QoL = McGill-Quality of life questionnaire, MLD = manual lymph drainage.
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Table 8
Number (%) of participants with at least one episode of erysipelas and pairwise absolute risk differences with 95% CIs.
Groups

Outcome

 1 episode of erysipelas a, n (%)
Reported complaints are improved b, n (%)

Absolute risk difference (%) (95% CI)

Fluoroscopy-guided MLD

Traditional MLD

Placebo MLD

Fluoroscopy-guided
MLD versus
Traditional MLD

Fluoroscopy-guided
MLD versus
Placebo MLD

Traditional MLD
versus Placebo MLD

5/63 (8%)
48/60 (80%)

8/63 (13%)
46/59 (78%)

7/64 (11%)
49/61 (80%)

–5 (–16 to 6)
2 (–13 to 16)

–3 (–14 to 8)
0 (–14 to 14)

2 (–10 to 14)
–2 (–16 to 12)

MLD = manual lymph drainage.
a
Apparent discrepancies in subtraction are due to rounding of decimal places.
b
The categories of ‘slightly improved’, ‘much improved’ or ‘very much improved’ were combined to dichotomise this outcome into ‘improved’ or ‘not improved’.

measures with the skin moisture meterc at the same measurement
points) of 0.06. When calculating an SEM for the mean of the percentage excess ﬂuid accumulation at the level of the shoulder and
trunk, this resulted in an SEM of 5.55% (results not included in the
original paper). This entailed an SRD for excess ﬂuid accumulation of
15.38%. The CIs of the changes in excess ﬂuid accumulation between
the groups were situated within the limits of the SRD (–15.40% to
15.40%).
For the degree of problems in functioning, the 95% CIs were also
situated within the limits of the SRD (–15% to 15%).21,27 The same
applied for quality of life, with limits of SRD of (–1.22 to 1.22).22
Treatment compliance was high and comparable between the
groups. This means that the patient-tailored method of MLD based on
ﬂuoroscopic ﬁndings is not more effective than the (traditional)
‘blind’ method that has been performed for almost 100 years. In
addition, ﬂuoroscopy-guided MLD was not more effective than the
(placebo) method, which was a simple and pleasant massage without
a lymphatic transport-stimulating effect.
None of the previous randomised trials investigated the added
value of ﬂuoroscopy-guided MLD (to traditional MLD or placebo MLD)
so the results were not directly comparable. However, during the last
few decades, several systematic reviews of the literature investigated
the effect of traditional MLD on volume reduction in patients with
BCRL.5,6,28–31 They found a 75 ml or 7.11% (‘non-signiﬁcant’) larger
reduction in percentage points of excessive arm volume in the traditional MLD group (compared to no MLD), whereas the current study’s
estimate was an even smaller magnitude effect in the opposite direction (ie, 4% less reduction compared with placebo MLD), expressed in
percentage points between the two relative arm volume reductions.
The Cochrane systematic review of Ezzo recommended further additional high-quality research investigating the effect of MLD. As recommended, a clinically relevant volumetric outcome26 was used and
volumetric outcomes beyond arm volume were included by evaluating
the volume at the level of the shoulder/trunk. A lymphoedema-speciﬁc
QoL outcome (ie, Lymph-ICF-UL questionnaire)21 was included as a
secondary outcome. Also, the participants were followed for a longer
period (6 months of maintenance treatments after the intensive
treatment phase, followed by a 6-month follow-up); this was also to
investigate the long-term effect of MLD on skin thickness and ﬁbrosis
and impact on the lymphatic transport and superﬁcial lymphatic
anatomy (secondary outcomes, not reported in this paper).
There are several possible reasons why ﬂuoroscopy-guided MLD
and MLD in general applied to patients with chronic BCRL did not
have added value to DLT, even though the lymphatic transportstimulating effect has been demonstrated previously.15,16 First, MLD

was added to effective oedema-reducing modalities such as multilayer bandaging and exercise therapy and was executed by experienced therapists. Also, lymphoedema progresses over time from
pitting oedema, with accumulation of water in the skin/subcutaneous
tissue, to form adipose tissue and ﬁbrosis. The amount of adipose and
ﬁbrotic tissue cannot be reduced by lymphatic transport-stimulating
treatment modalities such as MLD. Because ﬂuoroscopy-guided MLD
was applied speciﬁcally on the draining pathways (visualised by
indocyanine green lymphoﬂuoroscopy) at the level of the arm,
shoulder and trunk by using ﬂuoroscopy-guided hand manoeuvres, it
was expected that it would result in less accumulation of lymph at
the shoulder/trunk than the other two methods. However, there was
a signiﬁcant increase in the water content in this region in this MLD
group (although this increase was very similar between the three
groups); no explanation could be found for this phenomenon.
A limitation was that this study investigated (based on ethical
considerations) the value of adding MLD to DLT and not the simple
effect of MLD. Furthermore, the additional effect of MLD was investigated in participants with BCRL and not in those with other types of
lymphoedema. Therefore, the study results imply that there is no
indication for including (time-consuming) MLD in the limited treatment time per session in patients with chronic BCRL. Alternatively,
more time could be spent on other evidence-based treatment options
such as compression therapy32–34 and exercise therapy,34,35 together
with great emphasis on education and self-management.36
Nevertheless, ﬂuoroscopic investigation can still be useful in patients with a damaged superﬁcial lymphatic network (as in case of
BCRL) to optimise BCRL treatment (eg, optimisation of compression
hosiery, a guide for lymphatic surgery or to inform the patient about
the seriousness of her reduced lymphatic transport).37 In order to
elucidate whether MLD might have an added effect on the other secondary outcome measures incorporated in the present trial,
future studies investigating the short-term and long-term effects of
(ﬂuoroscopy-guided) MLD on lymphatic transport, hardness and
ﬁbrosis of the skin, water content and skin thickness should and will be
conducted. In addition, sub-group analyses should be performed to
investigate whether or not sub-groups of patients with speciﬁc characteristics may show different outcomes regarding the clinical effect of
MLD in addition to DLT. Lastly, future randomised trials should be
performed to investigate the added value of (ﬂuoroscopy-guided) MLD
in other types/areas of oedema (eg, in patients with midline oedema or
lower limb lymphoedema). Taking into account the present ﬁndings, it
is hypothesised that if ﬂuoroscopy-guided MLD does have any (shortterm) added value, this would probably mainly be in cases of nonﬁbrotic, watery oedema and in combination with an intact lymphatic

Table 9
Mean (SD) rating of MLD-speciﬁc treatment satisfaction in each group and pairwise between-group differences with 95% CIs.
Groups

Outcome

MLD-speciﬁc treatment
satisfaction (0 to 10),
median (IQR)

Between-group difference (95% CI)

a

Fluoroscopyguided MLD

Traditional MLD

Placebo MLD

Fluoroscopy-guided
MLD versus
Traditional MLD

Fluoroscopy-guided
MLD versus
Placebo MLD

Traditional MLD
versus Placebo MLD

8 (7 to 9)

7 (5 to 8)

7 (5 to 9)

1 (0 to 1)

1 (0 to 1)

0 (–1 to 1)

MLD = manual lymph drainage.
a
Median differences (95% CI) for between-group comparisons were calculated using the Hodges-Lehman estimator.

Research

system that still has the ability to resorb and transport ﬂuid (eg, in
patients with oedema due to chronic venous insufﬁciency); however
the long-term clinical effect should also be investigated.
In conclusion, this trial supports previous ﬁndings that intensive
decongestive physiotherapy signiﬁcantly reduces lymphoedema volume and improves daily functioning in patients with BCRL. Additionally, the ﬁndings support the conclusions of systematic reviews
and meta-analyses that the added value of MLD (compared with
placebo/no MLD) to the other modalities of DLT for the treatment of
BCRL is rather limited. Moreover, traditional MLD and ﬂuoroscopyguided MLD as adjuncts to DLT were not superior to placebo MLD
in reducing arm/hand volume or ﬂuid accumulation at the level of the
shoulder/trunk in patients with chronic BCRL.
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3.

4.
5.

6.

7.

8.

What was already known on this topic: For decades,
manual lymph drainage has been widely used to treat breast
cancer-related lymphoedema but its effectiveness remains unclear. Recently, manual lymph drainage has been optimised by
making it patient-tailored using fluoroscopy.
What this study adds: In patients with chronic breast cancerrelated lymphoedema, manual lymph drainage did not provide
any clinically important additional benefits when added to other
components of decongestive lymphatic therapy.

9.

10.

11.

12.
a

Footnotes: SAS software V.9.4 for Windows, SAS Institute Inc,
Cary, USA.
b
SPSS Statistics V.26.0 for Windows, IBM Corp., Armonk, USA.
c
ICG-PULSION® tracer, Pulsion Medical Systems, Munich,
Germany.
eAddenda: Appendices 1 to 3 can be found online at https://doi.
org/10.1016/j.jphys.2022.03.010.
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