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Background: Although fat deposition is a defining clinical characteristic of
lymphedema, the cellular mechanisms that regulate this response remain un-
known. The goals of this two-part study were to determine the effect of lymphatic
fluid stasis on adipogenesis and inflammation (part I) and how these changes
regulate the temporal and spatial expression of fat differentiation genes
(part II).
Methods: Adult female mice underwent tail lymphatic ablation and were
euthanized 6 weeks after surgery (n ! 20). Fat deposition, fibrosis, and
inflammation were then analyzed in the regions of the tail exposed to
lymphatic fluid stasis as compared with normal lymphatic flow.
Results: Lymphatic fluid stasis in the tail resulted in significant subcutane-
ous fat deposition, with a 2-fold increase in fat thickness (p " 0.01). In
addition, lymphatic stasis was associated with subcutaneous fat fibrosis and
collagen deposition. Adipogenesis in response to lymphatic fluid stasis was
associated with a marked mononuclear cell inflammatory response (5-fold
increase in CD45# cells; p " 0.001). In addition, the authors noted a sig-
nificant increase in the number of monocytes/macrophages as identified by
F4/80 immunohistochemistry (p " 0.001).
Conclusions: The mouse-tail model has pathologic findings that are similar
to clinical lymphedema, including fat deposition, fibrosis, and inflammation.
Adipogenesis in response to lymphatic fluid stasis closely resembles this
process in obesity. This model therefore provides an excellent means with
which to study the molecular mechanisms that regulate the pathophysiology
of lymphedema. (Plast. Reconstr. Surg. 129: 825, 2012.)

Lymphedema is a chronic disorder that, in
Western countries, develops most commonly
after injury to the lymphatic system during

the course of cancer treatment.1,2 Remarkably, it is
estimated that as many as 50 percent of patients
who undergo lymph node dissection will go on to
develop lymphedema.3 However, despite the fact
that lymphedema is common, treatment remains
palliative in nature and is designed primarily to
prevent disease progression rather than to achieve
a cure. As a result, lymphedema serves not only as
a source of physical deformity and morbidity but

also as a persistent reminder of cancer diagnosis
with associated psychological morbidity.4,5

Development of targeted treatments that may
prevent or treat lymphedema has been hampered by
the lack of animal models. This deficiency has
served as a significant barrier for elucidation of the
molecular mechanisms that regulate the cause of
lymphedema. As a result, it remains unknown how
lymphatic injury results in the clinical findings of
fat deposition, chronic inflammation, and fibrosis.
Similarly, although obesity and postoperative
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weight gain are known significant risk factors for
lymphedema, it remains unknown how adipogenesis
plays a role in the development of lymphedema.

Therefore, the goals of this two-part study were
to use a mouse-tail model of lymphatic fluid stasis to
study adipogenesis and inflammation (part I) and
determine how these changes regulate the temporal
and spatial expression of fat differentiation genes
(part II). In this study, we show in the mouse-tail
model that sustained lymphatic fluid stasis markedly
increases fat deposition as a result of adipocyte hy-
pertrophy and an increased number of adipocytes,
a pathologic finding evident in clinical lymphedema.
In addition, similar to clinical lymphedema, we
found that lymphatic fluid stasis in the mouse-tail
model results in fat fibrosis and inflammation con-
sisting of mononuclear cells and macrophages.
Considered together, our results suggest that lym-
phatic fluid stasis in the mouse tail, similar to
clinical lymphedema, results in adipogenesis, fi-
brosis, and inflammation. The use of the tail
model therefore enables detailed molecular anal-
ysis of the events that regulate the pathologic na-
ture of lymphedema, providing insights into po-
tential treatment or preventative options.

MATERIALS AND METHODS
Mouse-Tail Model

We used our previously described mouse- tail
model to examine the effects of lymphatic fluid stasis
on adipogenesis, fibrosis, and inflammation.6–9

Briefly, to disrupt superficial lymphatic vessels, we
excised a 2-mm, full-thickness, circumferential
segment of skin from the midportion (20 mm
from the base of the tail) of 8- to 10-week-old
female C57BL/6 mice (n ! 20; Jackson Labora-
tory, Bar Harbor, Me.). Using a dissecting micro-
scope (StereoZoom SZ-4; Leica, Wetzlar, Ger-
many), we identified and ligated deep collecting
lymphatics adjacent to the lateral tail veins (Fig.

1). Wounds were then covered with a Tegaderm
dressing (3M, St. Paul, Minn.) for 5 days, after
which they were left open. Based on our previous
studies demonstrating progressive inflammation
and fibrosis 6 weeks postoperatively, animals were
euthanized for analysis at this time point.6–9

Histology and Morphometric Analysis
Histology
To evaluate tissues exposed to normal lymphatic

flow or lymphatic fluid stasis, we harvested cross-
sectional segments of the tail 20 mm proximal to or
20 and 30 mm distal to the zone of lymphatic ob-
struction (Fig. 1). We have shown that this proce-
dure results in lymphatic fluid stasis in the distal tail
and that harvesting tissues located well away from the
wound (20 to 30 mm) minimizes the effects
of inflammatory reactions secondary to wound
healing.7–9 This approach enables us to directly
analyze the effects of lymphatic fluid stasis be-
cause the proximal portion of the tail has un-
interrupted interstitial fluid flow, whereas the
distal region is exposed to lymphatic fluid stasis.

Sections were fixed in 4% paraformaldehyde,
decalcified in Immunocal (Decal Chemical Corp.,
Tallman, N.Y.), embedded in paraffin, and sec-
tioned at 5-!m thickness. Additional tail sections
were similarly fixed and decalcified but were em-
bedded in Optimum Cutting Temperature media
(Tissue-Tek, Hatfield, Pa.) and sectioned at 8 to 10
!m for fresh frozen analysis.

Hematoxylin and eosin staining and trichrome
staining were performed using standard techniques.
Oil red O staining was performed on frozen sections
to visualize lipid droplets. Briefly, frozen sectioned
slides were air dried and submerged in a 0.5%
solution of oil red O in propylene glycol fol-
lowed by washes in graded propylene glycol so-
lutions, and counterstained with Harris hema-
toxylin (Dako, Carpinteria, Calif.). Analysis was

Fig. 1. Mouse-tail model of lymphatic fluid stasis. Representative photomicrograph of a mouse tail
6 weeks after lymphatic ligation. The wound is marked by the blue arrow. Tissues are harvested
proximal or distal to the zone of lymphatic obstruction 6 weeks after surgery. P"20, 20 mm proximal
to the zone of lymphatic obstruction; D#20, 20 mm distal to the zone of lymphatic obstruction;
D#30, 30 mm distal to the zone of lymphatic obstruction.
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fiber deposition within the subcutaneous fat
compartment (Fig. 4). In contrast, proximal
portions of the tail had structural collagen fibers
but were markedly less prominent than within
distal regions.

To confirm our findings with trichrome stain-
ing, we performed collagen I immunohistochemis-
try. This analysis also demonstrated a marked in-
crease in collagen deposition in the subcutaneous fat
of the distal regions of the tail as compared with the

Fig. 2. Lymph stasis increases subcutaneous fat deposition. (Above) Representative low-power
mouse-tail cross-sections obtained 20 mm proximal (P!20) or 20 (D"20) or 30 mm distal (D"30) to
the wound (hematoxylin and eosin; original magnification, #2.5). Note the marked deposition of
subcutaneous fat in the distal sections (brackets). (Below) Quantification of fat thickness in the prox-
imal and distal regions of the mouse tail 6 weeks after surgery. Note significant increases in fat
thickness in the distal regions as designated by brackets (***p $ 0.001).

Fig. 3. Lymph stasis results in increased number and size of lipid droplets. Representative photomicrographs (original
magnification, # 10) of the proximal and distal portions of the tail stained with oil red O. Arrows show adipocytes filled
with oil red O stain. Note both increased number and hypertrophy of adipocytes in the distal sections. P!20, 20 mm
proximal to the zone of lymphatic obstruction; D"20, 20 mm distal to the zone of lymphatic obstruction.
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Lymphœdème MS après cancer du sein
• 59000 nx cas de cancer en 2018
• Curage axillaire

– fréquence lymphœdème :19% 
– ganglion sentinelle : 5,6% 

• Radiothérapie même si ne 
comprenant pas le creux axillaire
• Obésité lors du cancer du sein 
(IMC > 30 kg/m2), risque ! 4
• Survenue post-chirurgie voire des 
années après… (médiane : 2 ans)
DiSipio T et al. Lancet 2013;14:500 



Lymphœdème après cancer du sein
• 58500 nx cas de cancer en 2018

• Fréquence du LO après traitement
– 13-28% après curage axillaire 
– définitions différentes

! 2 cm
! +10%

Armer J et al. Lymph Res Biol 2005;3:208

DiSipio T et al. Lancet 2013;14:500

https://www.e-cancer.fr/Expertises-et-publications/Catalogue-des-publications/Rapport-Volume-1-Tumeurs-solides-Estimations-
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 � Tendances de lí incidence et de la mortalitÈ  en France mÈ tropolitaine entre 1990 et 2018

Tendances tous ‚ ges

TABLEAU 4 | Nombre de cas et dÈ cË s en France selon lí annÈ e   Sein
AnnÈ e

1990 1995 2000 2005 2010 2015 2018

INCIDENCE
Femme 29 970 34 835 41 882 48 468 50 755 55 698 58 459

MORTALIT…
Femme 10 172 10 774 10 999 11 290 11 637 12 025 12 146

MORTALIT…  OBSERV… E
Femme 10 141 10 753 10 950 11 308 11 750 12 229 

TABLEAU 5 | Taux dí incidence et de mortalitÈ  en France selon lí annÈ e (taux standardisÈ s monde)    
Sein

AnnÈ e Variation Annuelle Moyenne (%)

1990 1995 2000 2005 2010 2015 2018
De 1990
‡ 2018

De 2010
‡ 20 18

INCIDENCE
Femme 72,8 79,8 90,7 97,0 95,2 98,0 99,9 1,1 [1,0 ; 1,2] 0,6 [0,3 ; 0,9]

MORTALIT…
Femme 20,2 20,0 18,8 17,4 16,0 14,7 14,0  1,3 [ 1,4 ;  1,2]  1,6 [ 1,8 ;  1,4]

MORTALIT…  OBSERV… E
Femme 20,1 19,9 18,7 17,4 16,1 14,8   

FIGURE 2 | Taux dí incidence et de mortalitÈ  en France selon lí annÈ e (taux standardisÈ s monde TSM)   
… chelle logarithmique   Sein
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• LO MS : 15-20%
• Stase lymphatique → modifications 

tissulaires, fibrose collagène, 
accumulation de tissu adipeux 
Lymphœdème : 3 composantes, 
liquidienne (la lymphe), collagène, 
adipeuse

Magnetic Resonance Imaging–Based Assessment of Breast
Cancer–Related Lymphoedema Tissue Composition

Marco Borri, MPhys,* Kristiana D. Gordon, MD,†‡ Julie C. Hughes, BSc,* Erica D. Scurr, BSc,*
Dow-Mu Koh, MD, MRCP, FRCR,* Martin O. Leach, PhD, FMedSci, FInstP, FIPEM, FRSB,*

Peter S. Mortimer, MD, FRCP,†‡ and Maria A. Schmidt, PhD*

Objectives: The aim of this study was to propose a magnetic resonance imaging
acquisition and analysis protocol that uses image segmentation to measure and
depict fluid, fat, and muscle volumes in breast cancer–related lymphoedema
(BCRL). This study also aims to compare affected and control (unaffected) arms
of patients with diagnosed BCRL, providing an analysis of both the volume and
the distribution of the different tissue components.
Materials andMethods: The entire arm was imaged with a fluid-sensitive STIR
and a 2-point 3-dimensional T1W gradient-echo–based Dixon sequences, acquired
in sagittal orientation and covering the same imaging volume. An automated image
postprocessing procedure was developed to simultaneously (1) contour the external
volume of the arm and the muscle fascia, allowing separation of the epifacial and
subfascial volumes; and to (2) separate the voxels belonging to the muscle, fat,
and fluid components. The total, subfascial, epifascial, muscle (subfascial), fluid
(epifascial), and fat (epifascial) volumes were measured in 13 patients with uni-
lateral BCRL. Affected versus unaffected volumes were compared using a
2-tailed paired t test; a value of P < 0.05 was considered to be significant. Pearson
correlation was used to investigate the linear relationship between fat and fluid
excess volumes. The distribution of fluid, fat, and epifascial excess volumes
(affected minus unaffected) along the arm was also evaluated using dedicated
tissue composition maps.
Results: Total arm, epifascial, epifascial fluid, and epifascial fat volumes were
significantly different (P < 0.0005), with greater volume in the affected arms.
The increase in epifascial volume (globally, 94% of the excess volume) consti-
tuted the bulk of the lymphoedematous swelling, with fat comprising the main
component. The total fat excess volume summed over all patients was 2.1 times
that of fluid. Furthermore, fat and fluid excess volumes were linearly correlated
(Pearson r = 0.75), with the fat excess volume being greater than the fluid in
11 subjects. Differences in muscle compartment volume between affected and
unaffected arms were not statistically significant, and contributed only 6% to
the total excess volume. Considering the distribution of the different tissue excess

volumes, fluid accumulated prevalently around the elbow, with substantial involve-
ment of the upper arm in only 3 cases. Fat excess volume was generally greater in
the upper arm; however, the relative increase in epifascial volume, which considers
the total swelling relative to the original size of the arm, was in 9 cases maximal
within the forearm.
Conclusions: Our measurements indicate that excess of fat within the epifascial
layer was the main contributor to the swelling, even when a substantial accumu-
lation of fluid was present. The proposed approach could be used to monitor how
the internal components of BCRL evolve after presentation, to stratify patients for
treatment, and to objectively assess treatment response. This methodology pro-
vides quantitative metrics not currently available during the standard clinical as-
sessment of BCRL and shows potential for implementation in clinical practice.

Key Words: breast cancer–related lymphoedema, tissue composition analysis,
image segmentation, magnetic resonance imaging

(Invest Radiol 2017;00: 00–00)

B reast cancer–related lymphoedema (BCRL) is a chronic swelling of
the arm, which develops in approximately 20% of women after

breast cancer treatment.1 A defining characteristic of BCRL is the accu-
mulation of both interstitial fluid and fat within the arm, which causes
both physical and psychological morbidity.2 The buildup of protein-
rich fluid in the interstitium (edema) is caused by impaired lymphatic
transport. However, the mechanisms leading to the abnormal deposition
of fat are not fully understood and the links between the lymphatic
system and adiposity are still under investigation.3 Adipose tissue hy-
pertrophy is likely to be promoted by the inflammatory response trig-
gered by the chronic lymph stasis.4 Furthermore, it has been
hypothesized that the lymph itself might contain factors that stimulate
fat cell differentiation and growth.5 The ratio of fat and fluid varies
greatly between lymphoedematous arms, yet first-line treatment for
BCRL addresses only the fluid, not the fat. Compression and drainage
massage attempt to reduce the excess volume by enhancing fluid
clearance.6 For chronic lymphoedema, liposuction is proposed as a
possible intervention.7

Quantification of the volume, spatial distribution, and preva-
lence of the different lymphoedematous tissue components could
greatly improve patient selection for optimal treatment. However, stan-
dard assessment of lymphoedema is currently limited to a measurement
of the size of the affected arm relative to the unaffected arm performed
with different methods (circumferential tape measurements along the
length of the arm, water displacement, and optical methods [Perometer]).8

Because these do not characterize the internal composition of the swell-
ing, prevalence of fluid or fat is typically inferred bymanual assessment
of pitting. Standard ultrasound imaging can be used to differentiate fat
and fluid within the subcutis, but quantitative assessments performed
with this technique are limited to a measurement of the thickness of
the dermal and subcutaneous layers.9 Measurements of percentage
tissue composition can be obtained with dual-energy x-ray absorpti-
ometry (DXA) or bioelectric impedance analysis.10 However, these
techniques do not directly provide the anatomical distribution of the
different tissues, and the measurements of composition require as-
sumptions about x-ray attenuation and impedance properties and

Received for publication January 26, 2017; and accepted for publication, after revision,
April 4, 2017.

From the *Cancer Research UK Cancer Imaging Centre, The Royal Marsden NHS
Foundation Trust and The Institute of Cancer Research; †Cardiac and Vascular
Sciences, St George's University of London; and ‡Skin Unit, The Royal Marsden
NHS Foundation Trust, London, United Kingdom.

Conflicts of interest and sources of funding: The authors acknowledge the support of
the Cancer Research UK and the Engineering and Physical Sciences Research
Council Cancer Imaging Centre in association with the Medical Research Council
and Department ofHealth (England) (grants C1060/A10334, C1090/A16464); the
National Institute for Health Research (NIHR) funding to the Clinical Research
Facility in Imaging and to the Biomedical Research Centre at the Royal Marsden
NHS Foundation Trust and Institute of Cancer Research. M.B. is funded by a
Healthcare Science Doctoral Research Fellowship (HCS-D13-04-002) from the
NIHR and Health Education England. M.O.L. is an Emeritus NIHR Senior Inves-
tigator. The views expressed are those of the author(s) and not necessarily those of
the NHS, the NIHR, or the Department of Health. None declared to all other authors.

Correspondence to:MartinO. Leach, PhD, FMedSci, FInstP, FIPEM, FRSB, Cancer Re-
search UK Cancer Imaging Centre, The Royal Marsden NHS Foundation Trust,
Downs Rd, Sutton SM2 5PT, United Kingdom. E-mail: martin.leach@icr.ac.uk.

Copyright © 2017 The Author(s). Published byWolters Kluwer Health, Inc. This is an
open access article distributed under the Creative Commons Attribution License
4.0 (CCBY), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

ISSN: 0020-9996/17/0000–0000
DOI: 10.1097/RLI.0000000000000386

ORIGINAL ARTICLE

Investigative Radiology • Volume 00, Number 00, Month 2017 www.investigativeradiology.com 1

Magnetic Resonance Imaging–Based Assessment of Breast
Cancer–Related Lymphoedema Tissue Composition

Marco Borri, MPhys,* Kristiana D. Gordon, MD,†‡ Julie C. Hughes, BSc,* Erica D. Scurr, BSc,*
Dow-Mu Koh, MD, MRCP, FRCR,* Martin O. Leach, PhD, FMedSci, FInstP, FIPEM, FRSB,*

Peter S. Mortimer, MD, FRCP,†‡ and Maria A. Schmidt, PhD*

Objectives: The aim of this study was to propose a magnetic resonance imaging
acquisition and analysis protocol that uses image segmentation to measure and
depict fluid, fat, and muscle volumes in breast cancer–related lymphoedema
(BCRL). This study also aims to compare affected and control (unaffected) arms
of patients with diagnosed BCRL, providing an analysis of both the volume and
the distribution of the different tissue components.
Materials andMethods: The entire arm was imaged with a fluid-sensitive STIR
and a 2-point 3-dimensional T1W gradient-echo–based Dixon sequences, acquired
in sagittal orientation and covering the same imaging volume. An automated image
postprocessing procedure was developed to simultaneously (1) contour the external
volume of the arm and the muscle fascia, allowing separation of the epifacial and
subfascial volumes; and to (2) separate the voxels belonging to the muscle, fat,
and fluid components. The total, subfascial, epifascial, muscle (subfascial), fluid
(epifascial), and fat (epifascial) volumes were measured in 13 patients with uni-
lateral BCRL. Affected versus unaffected volumes were compared using a
2-tailed paired t test; a value of P < 0.05 was considered to be significant. Pearson
correlation was used to investigate the linear relationship between fat and fluid
excess volumes. The distribution of fluid, fat, and epifascial excess volumes
(affected minus unaffected) along the arm was also evaluated using dedicated
tissue composition maps.
Results: Total arm, epifascial, epifascial fluid, and epifascial fat volumes were
significantly different (P < 0.0005), with greater volume in the affected arms.
The increase in epifascial volume (globally, 94% of the excess volume) consti-
tuted the bulk of the lymphoedematous swelling, with fat comprising the main
component. The total fat excess volume summed over all patients was 2.1 times
that of fluid. Furthermore, fat and fluid excess volumes were linearly correlated
(Pearson r = 0.75), with the fat excess volume being greater than the fluid in
11 subjects. Differences in muscle compartment volume between affected and
unaffected arms were not statistically significant, and contributed only 6% to
the total excess volume. Considering the distribution of the different tissue excess

volumes, fluid accumulated prevalently around the elbow, with substantial involve-
ment of the upper arm in only 3 cases. Fat excess volume was generally greater in
the upper arm; however, the relative increase in epifascial volume, which considers
the total swelling relative to the original size of the arm, was in 9 cases maximal
within the forearm.
Conclusions: Our measurements indicate that excess of fat within the epifascial
layer was the main contributor to the swelling, even when a substantial accumu-
lation of fluid was present. The proposed approach could be used to monitor how
the internal components of BCRL evolve after presentation, to stratify patients for
treatment, and to objectively assess treatment response. This methodology pro-
vides quantitative metrics not currently available during the standard clinical as-
sessment of BCRL and shows potential for implementation in clinical practice.

Key Words: breast cancer–related lymphoedema, tissue composition analysis,
image segmentation, magnetic resonance imaging

(Invest Radiol 2017;52: 554–561)

B reast cancer–related lymphoedema (BCRL) is a chronic swelling of
the arm, which develops in approximately 20% of women after

breast cancer treatment.1 A defining characteristic of BCRL is the accu-
mulation of both interstitial fluid and fat within the arm, which causes
both physical and psychological morbidity.2 The buildup of protein-
rich fluid in the interstitium (edema) is caused by impaired lymphatic
transport. However, the mechanisms leading to the abnormal deposition
of fat are not fully understood and the links between the lymphatic
system and adiposity are still under investigation.3 Adipose tissue hy-
pertrophy is likely to be promoted by the inflammatory response trig-
gered by the chronic lymph stasis.4 Furthermore, it has been
hypothesized that the lymph itself might contain factors that stimulate
fat cell differentiation and growth.5 The ratio of fat and fluid varies
greatly between lymphoedematous arms, yet first-line treatment for
BCRL addresses only the fluid, not the fat. Compression and drainage
massage attempt to reduce the excess volume by enhancing fluid
clearance.6 For chronic lymphoedema, liposuction is proposed as a
possible intervention.7

Quantification of the volume, spatial distribution, and preva-
lence of the different lymphoedematous tissue components could
greatly improve patient selection for optimal treatment. However, stan-
dard assessment of lymphoedema is currently limited to a measurement
of the size of the affected arm relative to the unaffected arm performed
with different methods (circumferential tape measurements along the
length of the arm, water displacement, and optical methods [Perometer]).8

Because these do not characterize the internal composition of the swell-
ing, prevalence of fluid or fat is typically inferred bymanual assessment
of pitting. Standard ultrasound imaging can be used to differentiate fat
and fluid within the subcutis, but quantitative assessments performed
with this technique are limited to a measurement of the thickness of
the dermal and subcutaneous layers.9 Measurements of percentage
tissue composition can be obtained with dual-energy x-ray absorpti-
ometry (DXA) or bioelectric impedance analysis.10 However, these
techniques do not directly provide the anatomical distribution of the
different tissues, and the measurements of composition require as-
sumptions about x-ray attenuation and impedance properties and
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isolates the fat component, the Dixon water image contains the muscle
and the other tissues, and the STIR image selectively depicts the fluid
(step 2, Fig. 1). The segmentation process is applied to the combined
images, and as a result, muscle, fat, and fluid voxels belong to 3 distinct
clusters (red, yellow, and blue clusters in Fig. 1). The k-mean algorithm
is initialized with k = 5 and assigns to the 2 additional clusters:
(1) voxels contributing no signal (image noise, gray cluster) and
(2) voxels with mixed composition at the tissue interfaces, including
connective or fibrotic tissue (white cluster).

3. Volume Extraction
The program scrolls through each slice and creates 2 separate masks,
containing the entire cross-section of the arm (noise excluded) and
the muscle, respectively. Erosion/dilation and triangulation algo-
rithms from the IDL library are then used to automatically extract
the external and fascial contours from the masks.17 The muscle and
the other subfascial tissue components are contained within the fas-
cial contour. Subfacial and total arm volumes are encompassed by
the fascial and external contours, respectively, whereas the volume
between the 2 contours represents the epifascial volume.

Clinical Measurements
Subjects

Both the affected and the unaffected arms of 13 patients with di-
agnosed unilateral arm lymphoedema after breast cancer treatment were
measured with this technique. All patients were adult women who gave
written informed consent as part of a prospective study approved by the
National Research Ethics Service. Patient demographics and relevant
clinical data are reported in Table 1, specifying the arm affected by
lymphoedema and the arm predominantly used (dominant).

Volume Measurement
Muscle, fat, and fluid subvolumes can be computed by counting

the respective number of voxels (1 voxel = 1 mm3 = 0.001 mL) within
the volumes segmented with the image postprocessing procedure. The
following volumes were extracted: total arm, subfascial, epifascial,
muscle (subfascial), fluid (epifascial), and fat (epifascial).

Volume Visualization
Three different graphical representations (Figs. 2, 3) are used to

visualize the distribution of the tissue components within the arm:

Longitudinal Volume Plot
Cumulative tissue volumes are plotted along the length of the

arm (Fig. 2). Different colors are assigned to different tissue components:

TABLE 1. Patient Demographics and Relevant Clinical Data

Patient Treatment Age BMI Years from Surgery Years of BCRL Affected Dominant

1 WLE + AC + RT 49 26.4 9 8 R R
2 MX + AC + CT + RT 46 21.5 2 2 R R
3 WLE + AC + CT + RT 47 32.0 2 2 R R
4 MX + AC + CT + RT 36 25.7 7 6 R R
5 MX + AC + CT + RT 50 24.2 2 1 R R
6 MX + AC + CT + RT 34 22.7 6 2 L L
7 MX + AC + CT + RT 40 21.3 8 5 L R
8 WLE + AC + CT + RT 56 24.2 18 17 R R
9 WLE + AC + CT + RT 77 27.7 16 2 L L
10 WLE + AC + RT 77 23.7 36 20 R R
11 MX + AC + CT + RT 67 32.5 8 7 R R
12 MX + AC + CT + RT 62 21.1 23 22 L R
13 MX + AC + CT 56 28.9 3 3 L R

Time is expressed in years and is relative to the time of measurement.
BMI, body mass index; Years from surgery, time from initial breast cancer surgical intervention; Years of BCRL, time from the onset of breast cancer–related

lymphoedema; Affected, arm affected by lymphoedema; Dominant, dominant arm;WLE, wide local excision; MX, mastectomy; AC, axillary clearance; CT, chemother-
apy; R, right; L, left.

FIGURE 2. Longitudinal plots of the different tissue volumes within the
affected and unaffected arms of an example patient (patient 10):
muscle (red), epifascial fat (yellow), epifascial fluid (blue), and total
(external, green line).
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muscle (red), fat (yellow), and fluid (blue). The total volume is repre-
sented by the green line. The affected and unaffected arm plots can be
directly compared, as both contain the same number of slices and the
superior/inferior position is matched at the elbow (indicated by the ver-
tical black line).

Longitudinal Intensity Map
These graphical representations (Fig. 3A) are used to describe

the distribution of tissue excess (affected minus unaffected volume)
along the arm. The forearm and the upper arm are arbitrarily divided
into 6 and 4 segments, respectively, and for each segment the excess
volume of fluid and fat (affected minus unaffected) and the epifascial
increase (difference in volume as a percentage of the unaffected
volume) are computed and displayed as intensity maps (Fig. 3A).
Darker color (blue for fluid, orange for fat, and green for epifascial)
indicates greater volume. The color scale is normalized to the peak
value within each patient's arm and is therefore not consistent
across patients.

Radial Intensity Map
Similarly to the previous graphical representations, these inten-

sity maps visualize where the fluid accumulates segmentally around
the arm (Fig. 3B). The epifascial volume is divided into 2 layers
(external and internal) by computing the midcontour equidistant from
the external and fascial arm contours. Each arm cross-section is also
divided radially into 8 portions by tracing the horizontal, vertical, and
45-degree-angled lines through the center of mass of the subfascial
volume (Fig. 3B). This allows the epifascial volume to be partitioned
into 16 segments (8 external and 8 internal). An intensity map is used
to visualize the radial distribution of the fluid excess volume, summed
over the longitudinal extent of the arm. The external segments
represent the layer below the skin; the internal ones represent the
layer above the muscle. This graphical representation offers a
transversal view of the arm, as indicated by the rendered arm model
in Figure 3B. To allow comparison between patients, the side of the

arm facing the torso is always represented on the right side of the
map, independently of which arm is imaged.

Statistical Analysis
Statistical descriptions, tests, correlations, and linear regressions

were performed with R (version 3.3.1; The R Foundation for Statistical
Computing, Vienna, Austria).

Affected Versus Unaffected
All the sets of volumes were tested for normality using the

Shapiro-Wilk test. Affected versus unaffected volumes were compared
using a 2-tailed paired t test; a value of P < 0.05 was considered to
be significant.

Fat Versus Fluid
Pearson correlation was used to investigate the linear relation-

ship between different sets of volumes.

Correlation With Clinical Data
Correlation between relative excess tissue volumes (affected

minus unaffected) and clinical parameters was also investigated.
The following excess volumes were included in this analysis:
epifascial, fat, and fluid. These were divided by the epifascial volume
of the unaffected arm to produce a set of relative excess volume mea-
surements, where differences in arm size across patients are normal-
ized. The relative excess volumes were correlated with age, body
mass index, time from breast cancer treatment, and time from BCRL
development. Because the clinical parameters might not be normally
distributed, the nonparametric Spearman rank correlation test was
adopted (2-tailed, P < 0.05).

RESULTS

Volume Measurement
Considering the whole cohort, the increase in epifascial volume

(globally, 94% of the excess volume) constituted the bulk swelling.

FIGURE 3. Intensity maps of normalized tissue excess volumes in an example patient (patient 10). A, Image shows longitudinal intensity maps of the
distribution of tissue excess along the arm for the 3 tissue components. For fluid and fat, the excess volume is measured as the difference between
affected and unaffected volumes, whereas the epifascial increase ismeasured as the difference in volume as a percentage of the unaffected volume. Darker
colors indicate greater values and are normalized to the peak values of eachmeasure—for this patient, the peak values are 60mL (fluid), 90mL (fat), and
130% (epifascial increase). B, Image shows the radial intensity map, which gives the distribution of fluid excess in different segments within the epifascial
volume, summed over the longitudinal extent of the arm. The external segments represent the layer below the skin, the internal segments the layer
above the muscle.

Investigative Radiology • Volume 52, Number 9, September 2017 MRI for Lymphoedema Tissue Composition

© 2017 Wolters Kluwer Health, Inc. All rights reserved. www.investigativeradiology.com 557

pathways. Currently, there are no means of simultaneously visualizing
and quantifying lymphoedema tissue composition used routinely.

Magnetic resonance imaging (MRI) can produce 3-dimensional
(3D) high-resolution images of the internal anatomy of the arm and can
be optimized to differentiate various tissue components. Dixon tech-
niques11 use images acquired with different echo times to separate fat
from the other tissues and are now available in commercial MRI scan-
ners. Heavily T2-weighted sequences are sensitive to fluids12 and are
commonly used for the visualization of edema. Within the clinical as-
sessment of lymphoedema, these techniques have been used to evaluate
single tissue components (edema13 or fat14) separately.

This article describes an MRI acquisition and analysis protocol
that combines fluid- and fat-sensitive sequences to provide maps of
lymphoedema tissue composition together with quantitative metrics. This
methodology uses fully automated image segmentation to both visualize
the distribution of different tissue component within the arm andmeasure
their volume. The proposed technique was used to compare affected and
unaffected arms in a cohort of 13 patients with unilateral BCRL.

MATERIALS AND METHODS

MRI Protocol
Images of both the affected and the unaffected armswere acquired

at 1.5 T (MAGNETOMAera; Siemens AG, Erlangen, Germany) in sep-
arate sessions. The compression garment, if worn, was removed. The pa-
tient was positioned supine, with the examined arm extended along the
body. The patient's torso was then rotated by 45 degrees, bringing the
arm toward the center of the magnet. The patient's back leaned against
the side of the magnet's bore, and additional cushions helped to main-
tain a comfortable and still position. The arm lay palm down on the sur-
face of the bed and was imaged in 3 stations, covering the anatomy from
the hand to the axilla with 3 partially overlapping volumes (each with a
field of view [FOV] = 300 mm in the superior/inferior direction). The
following sequences were acquired in sagittal orientation:

S1, a fluid-sensitive 2-dimensional short-inversion-time inversion-
recovery (STIR, TR = 5544 milliseconds, TE = 121 milliseconds,
TI = 160 milliseconds, voxel size = 1.2 ! 1.2 ! 4 mm3, acquisition
time per volume = 68 seconds).

S2, a 2-point 3D T1W gradient-echo–based Dixon sequence
(TR=12.50milliseconds, TE=2.34, 4.77milliseconds, FA=12degrees,
voxel size = 1! 1! 4mm3, acquisition time per volume = 47 seconds).

The above sequences covered the same total imaging volume
(224 ! 786 ! 160 mm3); the scanner software composed the 3 single
volumes to form a combined volume. Dixon water and fat images were
reconstructed from sequence S2 directly by the scanner. During the recon-
struction process, a volumetric inhomogeneity correction was applied.

Image Processing
An automated segmentation workflow was developed in IDL

(version 8.2; Exelis Visual Information Solutions, Boulder, CO). This
image postprocessing procedure was designed to simultaneously per-
form 2 operations: (1) contour the external volume of the arm and the
muscle fascia, allowing separation of the epifacial (above the fascia)
and subfascial (below the fascia) volumes; and (2), within the previ-
ously obtained arm volumes, separate the voxels belonging to the mus-
cle, fat, and fluid components.

The workflow is composed of 3 main steps (Fig. 1):

1. Volume Selection
The 3 matched volumes are displayed with 1! 1! 1 mm3 voxel size
and reformatted in transaxial orientation to obtain a series of cross-
sectional slices of the arm. A standardized portion of each arm is

selected for the analysis. This includes all slices between 2 anatomical
landmarks, the wrist (distal radioulnar joint) and the 65% upper arm
mark (65% of the distance between the elbow and the shoulder tip).15

2. Volume Segmentation
The 3D feature space formed by the voxel intensities of the Dixon
water, Dixon fat, and STIR volumes is partitioned into 5 clusters
using a k-means algorithm (the code incorporated the implementation
from the software package CCHIPS16). While the Dixon fat image

FIGURE 1. Step 1: Color representation of the overlapped Dixon water
(red), Dixon fat (green), and STIR (blue) images. The sagittal
(longitudinal) view displays the portion of the arm included in the
analysis—between the wrist and the 65% mark (65% of the distance
between the elbow and the shoulder tip). The transversal (cross-sectional)
view shows how different tissue components (muscle, fat, and fluid) are
separated into different images (red, green, and blue images, respectively)
on a representative slice. Step 2: Separated Dixon fat, Dixon water, and
STIR transversal images, and segmentation map of a representative slice.
The k-means algorithm (k = 5) is used to segment the arm volume. Step 3:
Fascial and external contours on a representative slice. These encompass,
respectively, the subfacial and total arm volumes. The epifascial volume
is the volume between the 2 contours.
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Lymphœdème après cancer du sein

• Délai d�apparition variable 
– post-chirurgie
– quelques semaines après voire 
plusieurs années après…
– médiane survenue : 2 ans

• Topographie
– atteinte proximale initiale puis phase 
descendante 
– mais l’inverse est possible



Autres FDR lymphœdème MS

• Mastectomie / tumorectomie
• Envahissement ganglionnaire (N+)
• Infections post-opératoires
• Taxanes en adjuvant
• Absence de reconstruction 

mammaire…
• Cordes axillaires :
pas FDR +++
Cariati M et al. Br J Surg 2015;102:1071
Siotos C et al. J Plast Reconstr Aesthet Surg 2018;71:807
Wariss BR et al. Costa RM, Pereira AC, Koifman RJ, Bergmann A. 
Support Care Cancer 2017;25:465
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incidence is higher in surgery with ALND (36%–72%)1,2,4,7,9,10 
compared with surgery with sentinel lymph node biopsy 
(SNB) (11%–58%).1,4,7,10 For reasons that are not clear, the 
incidence of AWS is highest in patients who have a prior or 
contemporaneous contralateral prophylactic mastectomy 
(86%).2 The incidence is also higher in patients who have 
a lower body mass index,1,10,12 who are younger age,1,8,10,11 
who have more education,11 who exercise more frequently,11 
who have a greater number of lymph nodes removed,1,7 who 
receive more extensive surgery,1,7,11 or who receive adjunctive 
chemotherapy7 or radiation therapy.7

In our local experience, AWS is currently getting diag-
nosed in the Breast Cancer Center by dedicated physical 
therapists doing research on AWS. AWS had previously been 
diagnosed less frequently than currently because providers 
and patients were unfamiliar with the signs and symptoms. 
In addition, some providers who were knowledgeable about 
AWS did not refer their patients for evaluation because they 
were unaware of the treatment options available from physi-
cal therapy. The primary focus of care following surgery is 
on cancer treatment planning, not on the less threatening 
physical impairments of conditions like AWS. Patients see 
multiple providers after surgery including surgeons, radiation 
oncologists, medical oncologists, and primary care provid-
ers making it difficult for the patient to know to whom they 
should report their symptoms and to whom they should turn 
for advice on how to manage their symptoms. Providers are 
each addressing symptoms with which they are familiar and 
may assume others are assessing and addressing less press-
ing physical symptoms such as AWS. The purpose of this 
article is to describe the signs and symptoms, diagnosis and 
management, and potential complications of AWS.

?@-)%'$).'%1<0&:<%
AWS presents as a tight, ∼1 mm wide, linear singular cord 
or multiple cords of tissue in the subcutaneous tissue of the 
axilla (Figure 1). The cords may extend “down” the medial 
or medial-volar ipsilateral upper arm (Figure 2) or “down” 
along the lateral edge of the ipsilateral chest wall. The 
cords become visible and/or palpable when the arm is fully 
extended (straight) and then abducted. One study suggested 
that in >50% of patients the cords will not be visible requiring 
careful palpation to detect it.1 Another study indicated that 
>70% of cords are palpable, with the implication being that 
the remainder were only visible.13 If the arm is straightened at 
the elbow and then abducted adequately essentially all cords 
are palpable and many are visible as a linear “tenting” or “fur-
rowing” of the skin. When the arm is not in the “straightened” 

(elbow extended) and abducted position, tension is taken off 
the cord, and the cord may not be evident.

AWS is usually diagnosed 2–8 weeks following breast 
cancer surgery.2,3,6,7 A recent prospective study11 suggested 
that 94% of patients who developed AWS diagnosed it within 
the first 4 weeks using a self-assessment tool. Another pro-
spective study13 found that careful practitioner evaluation was 
able to detect 66% of AWS cases within 7 days of surgery. In 
addition, AWS can present months to years later2,7,8,14,15 and 
may also reoccur after resolution.2 Therefore, assessment 
for AWS should be performed on a frequent basis in the first 
3–6 months after surgery, and then less frequently but still 
regularly for up to 3 years.

At the onset of AWS, patients experience restricted upper 
extremity movement, primarily during shoulder abduction, 
and pain or discomfort whenever arm movement increases 
the tension on the cord. Patients who have not been educated 
about AWS may be unaware that they have developed a cord. 
In our experience, patients in whom the diagnosis was delayed 
often believed that their symptoms were a “normal” part of 
the postoperative recovery. The full gamut of patient symp-
toms is dependent on the cord location. Some patients may be 
unable to extend their elbow because the cord extends across 
the antecubital fossa. In these cases, the patients may come 
to the clinic with their arm adducted across their trunk in a 
sling-like position. Cord extension below the elbow occurs 
more commonly in patients who have had ALND compared 
with those who have had SNB.4

Patients with less rigid or shorter cords may have minimal 
cord tension and minimal symptoms until they approach full 
extension and abduction. In our experience, they frequently 
describe arm movement as feeling “different” or “not nor-
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a b s t r a c t

A prospective study was conducted to identify women at increased risk for lymphoedema (LE) based on
axillary surgery. Assessment occurred prior to surgery, within 4 weeks, and at 6, 12 and 18 months
following surgery. Following post-surgery assessment, women were asked to complete weekly diaries
regarding events that occurred in the previous week. Risk factors were grouped into demographic,
lifestyle, breast cancer treatment-related, arm swelling-related, and post-surgical activities. Bio-
impedance spectroscopy thresholds were used to determine presence of LE. At 18-months, 241 women
with <5 nodes removed and 209 women with !5 nodes removed were assessed. For those with <5
nodes removed, LE was present in 3.3% compared with 18.2% for those with !5 nodes removed. There
were insufficient events to identify risk factors for those with <5 nodes removed; for those with >5
nodes removed, independent risk factors included presence of arm swelling at 12-months (Odds Ratio
(OR): 13.5, 95% CI 4.8, 38.1; P < 0.01), at 6-months (5.6 (2.0, 16.9); P < 0.01), and radiotherapy to the axilla
(2.6 (0.7, 8.9); P ¼ 0.14). Arm swelling at 6 and 12 months was associated with taxane-based chemo-
therapy, high body weight at diagnosis and arm swelling within 4 weeks post-surgery. Of the post-
surgical events assessed in a sub-group of women with >5 nodes removed and who maintained
weekly diaries, only blood drawn from the ‘at-risk’ armwas identified as a potential risk (OR 2.0; 0.8, 5.2).
For womenwith !5 nodes removed, arm swelling in the first year poses a very strong risk for presence of
LE at 18-months.

© 2016 Elsevier Ltd. All rights reserved.

Introduction

Lymphoedema (LE) is common following treatment for breast
cancer [1,2]; however, its risk factors for development are still not
clearly understood due to methodological confounders within the
reported literature. One confounder is related to the inclusion
criteria for analysis. Despite axillary lymph node dissection (ALND)

being a significant factor for LE [1,2], some studies analyse those
who have undergone a sentinel lymph node biopsy (SLNB) together
with those who have undergone an ALND [3e7]. This is further
confounded by what constitutes a SLNB and ALND. For some, SNLB
may include removal of more than a few lymph nodes [e.g. 8,9]. If
the premise is that risk of LE is dependent on removal of lymph
nodes, dichotomising on the label rather than the number of nodes
removed may mask risk factors.

A second confounder has been the timing of LE diagnosis.
Particularly in the first year, many women experience transient
swelling in the arm on the side of surgery [10e14]. Arm swelling
may be related to surgery or to factors such as taxane-based
chemotherapy, known to give rise to swelling [15]. Classification
of all swelling that appears within the first year as LE, even though
it may subsequently resolve, may mask risk factors.
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procedures occur. The most reasonable strategy for women at
high risk of LE is to be attentive to any changes noticed within
their at-risk limb.

The current study was designed to address the methodological
confounders, of which one has been the non-homogeneity of the
study group. There has been a recent shift to tighten up criteria for

inclusion into studies of risk for LE such as recruiting women on the
basis of axillary surgery [8,23,40,47]. However, the number of
nodes removed within a classification, such as SNB, can still vary
widely [7,8]. For example, McLaughlin et al. [22] reported that the
number of nodes removed in SNB ranged from 1 to 17. A strength of
our study is that we analysed women at increased risk for LE

Fig. 2. Independent risk factors for lymphoedema at 18, 12 and 6-months following surgery, and within four weeks of surgery.

Table 3
Unadjusted risk factors related to post-surgical events recorded in weekly diary for LE at 18-months following surgery in women with !5 nodes removed. Cut-point for
numbers of times events were recorded in diaries was determined using a receiver operating curve. The bolded factor is the only one that met the criteria as a risk factor for LE
at 18 months following surgery.

Frequency of events No. of patients Percent with LE (%) Odds ratio (95% CI) Chi square P value

Blood drawna ≥1 54 24.1 2.0 (0.8, 5.2) 1.95 0.17
0 58 13.8

Aerobic exercise using your arms,
e.g., boxing, swimming

!3 56 23.2 1.8 (0.7, 4.8) 1.48 0.23
<3 56 14.3

International flights !1 30 23.3 1.5 (0.5, 4.1) 0.55 0.45
0 82 17.1

Repetitive arm movements > 20 min,
e.g. painting, scrubbing

!14 44 22.7 1.5 (0.6, 4.0) 0.74 0.39
<14 68 16.2

Static workload, e.g. computer work,
driving long distances

!13 49 22.4 1.5 (0.6, 4.0) 0.78 0.38
<13 63 15.9

Resistance or weight training,
e.g. free weights, machine weights

!3 36 22.2 1.4 (0.5, 3.7) 0.41 0.52
<3 76 17.1

Blood pressure measureda !1 55 20.3 1.3 (0.5, 3.6) 0.28 0.6
0 36 16.3

Heavy lifting !2 48 20.0 1.2 (0.5, 3.1) 0.13 0.72
"1 43 17.3

Domestic flights !6 51 17.6 0.9 (0.4, 3.0) 0.08 0.79
<6 61 19.7

Injectiona Yes 33 18.2 1.0 (0.3, 2.7) 0.1 0.92
No 79 19.0

Extreme heat !3 47 14.9 0.6 (0.2, 1.7) 0.81 0.37
<3 65 21.5

Arm traumaa,b >5 84 16.7 0.6 (0.2, 1.7) 0.91 0.33
"4 28 25.0

General aerobic exercise, e.g. walking, cycling !29 63 17.5 0.8 (0.3, 2.1) 0.16 0.69
<29 49 20.4

a Specific to the arm on the side of surgery.
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Background: Despite affecting approximately one-quarter of all patients undergoing axillary lymph
node dissection, the pathophysiology of breast cancer-related lymphoedema (BCRL) remains poorly
understood. More extensive locoregional treatment and higher body mass index have long been identified
as major risk factors. This study aimed to identify risk factors for BCRL with a specific focus on the
potential impact of chemotherapy on the risk of BCRL.
Methods: This was a retrospective analysis of a cohort of consecutive patients with breast cancer treated
at a major London regional teaching hospital between 1 January 2010 and 31 December 2012. All patients
had node-positive disease and underwent axillary lymph node dissection. Data regarding tumour-,
patient- and treatment-related characteristics were collected prospectively. The diagnosis of BCRL was
based on both subjective and objective criteria. Multivariable Cox proportional hazards regression was
used to assess the association between treatment and risk of BCRL.
Results: Some 27⋅1 per cent of all patients (74 of 273) developed BCRL over the study period.
Administration of taxanes showed a strong association with the development of BCRL, as 52 (33⋅5
per cent) of 155 patients who received taxanes developed BCRL. Multivariable Cox regression analysis
demonstrated that patients who received taxanes were nearly three times more likely to develop BCRL
than patients who had no chemotherapy (hazard ratio 2⋅82, 95 per cent c.i. 1⋅31 to 6⋅06). No such increase
was observed when taxanes were administered in the neoadjuvant setting.
Conclusion: The present findings suggest that adjuvant taxanes play a key role in the development of
BCRL after surgery. This may support the use of taxanes in a neoadjuvant rather than adjuvant setting.
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Introduction

Lymphoedema is defined as the progressive accumula-
tion of protein-rich fluid in interstitial spaces1. Breast
cancer-related lymphoedema (BCRL) is a common com-
plication of breast cancer treatment and is characterized by
swelling in one or both arms, breast or trunk2.

As surgical intervention has become more conservative,
rates of BCRL have been decreasing. Patients undergoing
sentinel lymph node biopsy (SLNB) have significantly
lower rates of BCRL than those undergoing axillary lymph
node dissection (ALND). The rate of BCRL in patients
undergoing SLNB has been quoted as being as low as 4–6
per cent3–5. However, ALND is the surgical procedure of
choice for patients with metastasis to axillary lymph nodes.

In this group, the incidence of BCRL remains exceedingly
high. Over a median follow-up of 9⋅5 years, Mortimer and
colleagues6 showed that 28 per cent of patients who had
undergone ALND developed BCRL. A similar proportion
(24 per cent) was reported by Schünemann and Willich7,
who followed 5657 patients over a median of 11 years.
A meta-analysis8 of 72 studies including 29 612 women
estimated that 19⋅9 (range 8⋅4–21⋅4) per cent of patients
undergoing ALND develop BCRL. Furthermore, it has
been suggested that 75 per cent of BCRL cases occur
within the first year after surgery, and 90 per cent within
3 years9.

The great variability in rates of BCRL is due to the lack
of an agreed definition in the literature, and a standard-
ized and reliable method of quantifying BCRL8,10. Among
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a b s t r a c t

A prospective study was conducted to identify women at increased risk for lymphoedema (LE) based on
axillary surgery. Assessment occurred prior to surgery, within 4 weeks, and at 6, 12 and 18 months
following surgery. Following post-surgery assessment, women were asked to complete weekly diaries
regarding events that occurred in the previous week. Risk factors were grouped into demographic,
lifestyle, breast cancer treatment-related, arm swelling-related, and post-surgical activities. Bio-
impedance spectroscopy thresholds were used to determine presence of LE. At 18-months, 241 women
with <5 nodes removed and 209 women with !5 nodes removed were assessed. For those with <5
nodes removed, LE was present in 3.3% compared with 18.2% for those with !5 nodes removed. There
were insufficient events to identify risk factors for those with <5 nodes removed; for those with >5
nodes removed, independent risk factors included presence of arm swelling at 12-months (Odds Ratio
(OR): 13.5, 95% CI 4.8, 38.1; P < 0.01), at 6-months (5.6 (2.0, 16.9); P < 0.01), and radiotherapy to the axilla
(2.6 (0.7, 8.9); P ¼ 0.14). Arm swelling at 6 and 12 months was associated with taxane-based chemo-
therapy, high body weight at diagnosis and arm swelling within 4 weeks post-surgery. Of the post-
surgical events assessed in a sub-group of women with >5 nodes removed and who maintained
weekly diaries, only blood drawn from the ‘at-risk’ armwas identified as a potential risk (OR 2.0; 0.8, 5.2).
For womenwith !5 nodes removed, arm swelling in the first year poses a very strong risk for presence of
LE at 18-months.

© 2016 Elsevier Ltd. All rights reserved.

Introduction

Lymphoedema (LE) is common following treatment for breast
cancer [1,2]; however, its risk factors for development are still not
clearly understood due to methodological confounders within the
reported literature. One confounder is related to the inclusion
criteria for analysis. Despite axillary lymph node dissection (ALND)

being a significant factor for LE [1,2], some studies analyse those
who have undergone a sentinel lymph node biopsy (SLNB) together
with those who have undergone an ALND [3e7]. This is further
confounded by what constitutes a SLNB and ALND. For some, SNLB
may include removal of more than a few lymph nodes [e.g. 8,9]. If
the premise is that risk of LE is dependent on removal of lymph
nodes, dichotomising on the label rather than the number of nodes
removed may mask risk factors.

A second confounder has been the timing of LE diagnosis.
Particularly in the first year, many women experience transient
swelling in the arm on the side of surgery [10e14]. Arm swelling
may be related to surgery or to factors such as taxane-based
chemotherapy, known to give rise to swelling [15]. Classification
of all swelling that appears within the first year as LE, even though
it may subsequently resolve, may mask risk factors.
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Table 3 Multivariable Cox proportional hazards age-adjusted
analysis of risk of breast cancer-related lymphoedema by
chemotherapy status among women who underwent axillary
lymph node dissection

Hazard ratio

Model 1 Model 2 Model 3

Chemotherapy

No 1⋅00 (reference) 1⋅00 (reference) 1⋅00 (reference)

Yes, with taxanes 2⋅90 (1⋅35, 6⋅22) 2⋅82 (1⋅31, 6⋅06) 2⋅89 (1⋅32, 6⋅33)

Yes, without taxanes 1⋅93 (0⋅77, 4⋅89) 1⋅64 (0⋅62, 4⋅32) 1⋅67 (0⋅63, 4⋅40)

No. of positive lymph
nodes

1⋅03 (0⋅99, 1⋅08) 1⋅04 (0⋅99, 1⋅09)

SCF radiotherapy

No 1⋅00 (reference)

Yes 0⋅92 (0⋅55, 1⋅57)

Unknown 1⋅49 (0⋅53, 4⋅21)

Values in parentheses are 95 per cent c.i. Model 1, chemotherapy alone;
model 2, chemotherapy plus number of involved lymph nodes; model 3,
chemotherapy status plus number of involved nodes and supraclavicular
fossa (SCF) radiotherapy status.

(AI) or AI switch). Of these, 59 (28⋅0 per cent) developed
BCRL. Of the 59 patients who did not receive adjuvant
endocrine treatment, 14 (24 per cent) developed BCRL
(Table 1).

In all, 113 patients (41⋅4 per cent) received radiotherapy
to the SCF. Of these, 34 (30⋅1 per cent) developed BCRL,
compared with 36 (24⋅3 per cent) of those who did not
receive SCF treatment (Table 1). SCF radiotherapy had a
relative risk of BCRL of 1⋅23 (95 per cent c.i. 0⋅81 to
1⋅89) compared with no SCF irradiation, but this was not
significant.

A total of 186 patients (68⋅1 per cent) were treated
with chemotherapy in either the neoadjuvant (69, 37⋅1 per
cent) or adjuvant (115, 61⋅8 per cent) setting; two patients
had chemotherapy in both settings (Table 2). In all, 14
(16 per cent) of those who did not receive chemotherapy
developed BCRL, compared with 60 (32⋅3 per cent) of
the patients who received chemotherapy. A more detailed
breakdown of this group shed further light on the effect
of chemotherapy. Of the 60 patients who developed BCRL
following chemotherapy, 52 received taxanes and eight did
not. Fifty-two (33⋅5 per cent) of 155 patients who received
taxanes developed BCRL, compared with eight (26 per
cent) of 31 patients who received a regimen that did not
include taxanes (Table 2).

Further analysis of the taxane group showed that 64
women were treated in the neoadjuvant setting, whereas
90 received adjuvant taxanes. One patient underwent both
neoadjuvant and adjuvant taxane chemotherapy. In all, 13
(20 per cent) of 64 patients who received neoadjuvant
taxanes went on to develop BCRL, compared with 39 (43
per cent) of 90 treated in the adjuvant setting.

Table 4 Multivariable Cox proportional hazards age-adjusted
analysis of risk of breast cancer-related lymphoedema by
chemotherapy status and by timing of chemotherapy among
women who underwent axillary lymph node dissection

Hazard ratio

Model 1 Model 2 Model 3

Neoadjuvant
chemotherapy

Taxanes

No 1⋅00 (reference) 1⋅00 (reference) 1⋅00 (reference)

Yes 1⋅18 (0⋅15, 8⋅95) 0⋅85 (0⋅11, 6⋅70) 0⋅81 (0⋅09, 7⋅34)

No. of positive lymph
nodes

0⋅91 (0⋅80, 1⋅05) 0⋅91 (0⋅80, 1⋅05)

SCF radiotherapy

No 1⋅00 (reference)

Yes 1⋅12 (0⋅33, 3⋅83)

Adjuvant chemotherapy

Taxanes

No 1⋅00 (reference) 1⋅00 (reference) 1⋅00 (reference)

Yes 1⋅90 (0⋅81, 4⋅48) 1⋅94 (0⋅77, 4⋅88) 1⋅90 (0⋅76, 4⋅78)

No. of positive lymph
nodes

1⋅10 (1⋅04, 1⋅16) 1⋅13 (1⋅06, 1⋅20)

SCF radiotherapy

No 1⋅00 (reference)

Yes 0⋅63 (0⋅29, 1⋅35)

Unknown 0⋅79 (0⋅19, 3⋅37)

Values in parentheses are 95 per cent c.i. Model 1, chemotherapy alone;
model 2, chemotherapy plus number of involved lymph nodes; model 3,
chemotherapy status plus number of involved nodes and supraclavicular
fossa (SCF) radiotherapy status.

Analysis of the risk of BCRL by chemotherapy status
showed that women receiving taxanes were nearly three
times more likely to develop BCRL than those who had
no chemotherapy (hazard ratio (HR) 2⋅82, 95 per cent
c.i. 1⋅31 to 6⋅06) (Table 3). No such increase was observed
for taxanes given in the neoadjuvant setting; a comparison
of neoadjuvant taxanes versus no chemotherapy did not
show a significantly increased risk for BCRL (HR 1⋅26,
0⋅59 to 2⋅67). On stratification by timing of chemotherapy
(adjuvant versus neoadjuvant), women receiving taxanes in
the adjuvant setting were nearly twice as likely to develop
BCRL than patients receiving non-taxane-based adjuvant
chemotherapy (HR 1⋅94, 0⋅77 to 4⋅88), although this did
not reach statistical significance (Table 4).

Discussion

ALND has been identified as the most significant risk
factor for developing BCRL, with an incidence greater
than 20 per cent, compared with less than 10 per cent in
patients undergoing SLNB8,23–27. Adjuvant radiotherapy
and systemic therapy have also shown a correlation with the
development of BCRL. A few studies13–16,28 have reported
an association between BCRL and adjuvant chemotherapy.

© 2015 BJS Society Ltd www.bjs.co.uk BJS
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Abstract Taxane-based chemotherapy for the treatment
of breast cancer is associated with fluid retention in the

extremities; however, its association with development of

breast cancer-related lymphedema is unclear. We sought to
determine if adjuvant taxane-based chemotherapy in-

creased risk of lymphedema or mild swelling of the upper

extremity. 1121 patients with unilateral breast cancer were
prospectively screened for lymphedema with perometer

measurements. Lymphedema was defined as a relative

volume change (RVC) of C10 % from preoperative base-
line. Mild swelling was defined as RVC 5-\10 %.

Clinicopathologic characteristics were obtained via medi-

cal record review. Kaplan–Meier and Cox proportional
hazard analyses were performed to determine lymphedema

rates and risk factors. 29 % (324/1121) of patients were

treated with adjuvant taxane-based chemotherapy. The
2-year cumulative incidence of lymphedema in the overall

cohort was 5.27 %. By multivariate analysis, axillary

lymph node dissection (ALND) (p\ 0.0001), higher body
mass index (p = 0.0007), and older age at surgery

(p = 0.04) were significantly associated with increased

risk of lymphedema; however, taxane chemotherapy was
not significant when compared to no chemotherapy and

non-taxane chemotherapy (HR 1.14, p = 0.62; HR 1.56,

p = 0.40, respectively). Chemotherapy with docetaxel was
significantly associated with mild swelling on multivariate

analysis in comparison to both no chemotherapy and non-

taxane chemotherapy groups (HR 1.63, p = 0.0098; HR
2.15, p = 0.02, respectively). Patients who receive taxane-

based chemotherapy are not at an increased risk of lym-

phedema compared to patients receiving no chemotherapy
or non-taxane adjuvant chemotherapy. Those treated with

docetaxel may experience mild swelling, but this does not

translate into subsequent lymphedema.

Keywords Lymphedema ! Breast cancer ! Taxane
chemotherapy ! Arm swelling ! Quality of life

Introduction

As the survival from early breast cancer continues to im-

prove, the effects of post-treatment-related complications
on long-term quality of life (QOL) have become increas-

ingly important. Women treated for breast cancer face a
lifetime risk of developing lymphedema, which is a chronic

swelling of the arms, breast, or trunk due to an accumulation

of lymphatic fluid in the interstitial tissues along with tissue
remodeling and increased fibrosis. This condition is one of

the most feared side effects of breast cancer treatment and is

known to have a profoundly negative impact on QOL [1–6].
According to a recent meta-analysis, approximately one in

five survivors will develop lymphedema [7].

Axillary lymph node dissection (ALND), regional
lymph node radiation (RLNR), and higher body mass index
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analysis of paclitaxel and docetaxel as individual agents

showed that both were significantly associated with lym-

phedma risk compared to those who did not receive

chemotherapy (HR 2.00, p= 0.0053; HR 2.54, p= 0.0004,

respectively). However, when compared to the non-taxane

chemotherapy group, only docetaxel was significant for

Table 1 Clinicopathologic characteristics of study population (n= 1121), adjuvant taxane patients (n= 324) compared with patients who
received either adjuvant chemotherapy without taxane or no chemotherapy (n= 797)

Entire cohort
n= 1121

Adjuvant taxane
n= 324

No adjuvant taxane
n= 797

p valuea

Patient characteristics

Median age at surgery (months) 57 53 (24–78) 59 (30–89) \0.0001

Median pre-operative body mass index (BMI)b (kg/m2) 26.3 26.6 (16.8–50.4) 26.2 (16.5–55.7) 0.75

Median post-operative follow up (months) 39.7 42.0 (18–100.4) 38.5 (7.7–103.3) 0.05

Breast surgery \0.0001

Lumpectomy 854 (76 %) 207 (64 %) 647 (81 %)

Mastectomy 267 (24 %) 117 (36 %) 150 (19 %)

Axillary surgery \0.0001

None 164 (14 %) 0 (0 %) 164 (21 %)

Sentinel lymph node biopsy (SLNB) 738 (66 %) 165 (51 %) 573 (72 %)

Axillary lymph node dissection (ALND) 219 (20 %) 159 (49 %) 60 (8 %)

Tumor type \0.0001

Invasive Carcinoma 925 (83 %) 320 (99 %) 605 (76 %)

Ductal Carcinoma in Situ (DCIS) 196 (17 %) 4 (1 %) 192 (24 %)

Pathologic characteristics

Median invasive tumor size, cm! 1.4 (0.05–12.5) 1.9 (0.2–12.5) 1.1 (0.05–10.5) \0.0001

Median number lymph nodes dissected 2 (0–43) 6 (1–43) 1 (0–26) \0.0001

Median number positive lymph nodes 0 (0–39) 1 (0–39) 0 (0–26) \0.0001

Radiation therapy \0.0001

None 216 (19 %) 40 (12 %) 176 (22 %)

Partial Breast Irradiation (PBI) 96 (9 %) 1 (0.3 %) 95 (12 %)

Breast ? Chest Wall only 640 (57 %) 148 (46 %) 492 (62 %)

Breast ? Chest Wall ? Nodal Radiation (RLNR) 167 (15 %) 133 (41 %) 34 (4 %)

Adjuvant chemotherapy \0.0001

Yes 386 (34 %) 324 (100 %) 62 (8 %)

No 735 (66 %) 0 (0 %) 735 (92 %)

Adjuvant hormonal therapy 0.20

Yes 874 (78 %) 79 (24 %) 167 (21 %)

No 246 (22 %) 244 (76 %) 630 (79 %)

Herceptin-based chemotherapy \0.0001

Yes 87 (8 %) 75 (23 %) 12 (2 %)

No 1031 (92 %) 248 (77 %) 783 (98 %)

a P value for test of association between characteristic and receipt of taxane
b 17 values missing for BMI

Table 2 Two-year cumulative
incidence of lymphedema
(RVC C 10 %) overall and by
chemotherapy group

N 2-Year cumulative incidence (%) 95 % Confidence interval

Entire cohort 1121 5.27 4.10–6.76

No chemotherapy 735 3.07 2.03–4.63

Non-taxane chemotherapy 62 4.87 1.60–14.33

Taxane-based chemotherapy 324 10.29 7.43–14.18
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Summary Background: Lymphedema remains a significant complication following breast
cancer surgery when there is axillary lymph node intervention. Previous systematic reviews have
identified risk factors for breast cancer-related lymphedema, including increased BMI, number
of lymph nodes dissected and radiotherapy. However, they have not examined the effect of
breast reconstruction on lymphedema occurrence. In this systematic review and meta-analysis,
we sought to evaluate the association between breast reconstruction (BR) and lymphedema.
Methods: We searched PubMed (1966–2016), Embase (1966–2016), Scopus (2004–2016) and
Google Scholar (2004–2016) for studies involving breast reconstruction and upper-extremity
lymphedema or breast cancer-related lymphedema. Our primary outcome was lymphedema
occurrence. We performed a meta-analysis using random effects due to heterogeneity of the
studies.
Results: Our search strategy identified 934 articles. After screening, 19 studies were included
in our meta-analysis evaluating outcomes based on number of patients (7501) or number of
breasts surgically treated (2063). Breast reconstruction was significantly associated with lower
odds of lymphedema (p < 0.001) compared to mastectomy only or breast-conserving surgery.
Lymphedema rates were not statistically significantly different between patients undergoing
implant-based or autologous BR.
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Discussion

Summary of evidence

Various factors that affect the risk of developing lymph-
edema have been recognized in previous studies. Specifi-
cally, it is well supported in the current literature that axillary
lymph node dissection (ALND) predisposes to lymphedema,
even more so than SLNB.48 Furthermore, increased lymph-
edema incidence is associated with mastectomy (compared
to breast conserving therapy),25 radiotherapy,49 higher BMI
and sedentary lifestyles.3 Although the effect of confound-
ers and selection bias is possible, the value of the present
meta-analysis is that it provides evidence that BR after mas-
tectomy does not increase the risk of lymphedema, on the
contrary it may have a protective effect on the development
of postoperative upper extremity lymphedema. This associ-

ation appears to be independent of the type of BR (TE/
implant, autologous alone) and is statistically robust.
Specifically, although publication bias was not formally
assessed, it was evidently minimal, as it is apparent from the
funnel plot (Figure 7) that extreme outliers (studies report-
ing very high/low OR for the association of BR and lymph-
edema incidence) are lacking. Furthermore, the small degree
of heterogeneity among study outcomes (assessed by I2), the
use of Random Effects Analysis and the strength of the dem-
onstrated association serve as further evidence in favor of a
possible impact of BR status on lymphedema incidence, pos-
sibly in synergy with other risk factors.

Nonetheless, it should be noted that the variability of
patient baseline characteristics and the different treatment
regimens they received for breast cancer introduce multiple
confounders that may serve to undermine the validity of our
analysis. For example, the extent of resection (mastectomy

Figure 4 Forest plot analysis of patients receiving total mastectomy and breast reconstruction versus total mastectomy only and
lymphedema incidence (exclusion of breast conserving cases).

Figure 5 Forest plot analysis of patients receiving tissue expander/implant based breast reconstruction versus autologous based
breast reconstruction and lymphedema incidence.

Figure 6 Forest plot of number of breasts receiving tissue expander/implant based breast reconstruction versus autologous based
breast reconstruction and lymphedema incidence.
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A B S T R A C T

Purpose
The goal of this study was to investigate the association between blood draws, injections, blood
pressure readings, trauma, cellulitis in the at-risk arm, and air travel and increases in arm volume in a
cohort of patients treated for breast cancer and screened for lymphedema.

Patients and Methods
Between 2005 and 2014, patients undergoing treatment of breast cancer at our institution were
screened prospectively for lymphedema. Bilateral arm volume measurements were performed
preoperatively and postoperatively using a Perometer. At each measurement, patients reported the
number of blood draws, injections, blood pressure measurements, trauma to the at-risk arm(s),
and number of flights taken since their last measurement. Arm volume was quantified using the
relative volume change and weight-adjusted change formulas. Linear random effects models were
used to assess the association between relative arm volume (as a continuous variable) and non-
treatment risk factors, as well as clinical characteristics.

Results
In 3,041 measurements, there was no significant association between relative volume change
or weight-adjusted change increase and undergoing one or more blood draws (P = .62), injections
(P = .77), number of flights (one or two [P = .77] and three or more [P = .91] v none), or duration of
flights (1 to 12 hours [P = .43] and 12 hours ormore [P = .54] v none). Bymultivariate analysis, factors
significantly associated with increases in arm volume included body mass index $ 25 (P = .0236),
axillary lymph node dissection (P , .001), regional lymph node irradiation (P = .0364), and cellulitis
(P , .001).

Conclusion
This study suggests that although cellulitis increases risk of lymphedema, ipsilateral blood draws,
injections, blood pressure readings, and air travel may not be associated with arm volume increases.
The results may help to educate clinicians and patients on posttreatment risk, prevention, and
management of lymphedema.
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INTRODUCTION

Clinicians and national guidelines strongly advise
patients with breast cancer to avoid blood draws,
injections, blood pressure readings, and trauma to
the at-risk arm during and after treatment to
reduce the risk of developing cellulitis and breast
cancer–related lymphedema (BCRL).1-6 Patients
are also advised to exercise caution when flying by
wearing prophylactic compression sleeves.1,3,5

These guidelines are based on anecdotal infor-
mation, and comprehensive data demonstrating

the efficacy of such precautionary behaviors do
not exist, highlighted in a recent statement by the
National Lymphedema Network.5 The guidelines
place a large amount of burden on patients and
clinicians, who go to great lengths to exercise
precautionary behaviors and face high levels of
anxiety when they accidentally do not abide by the
guidelines. Therefore, we sought to investigate the
association between blood draws, injections,
blood pressure readings, trauma, and cellulitis in
the at-risk arm and flying on increases in arm
volume in a large prospective cohort of patients
undergoing treatment of breast cancer.
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 http://jco.ascopubs.org/cgi/doi/10.1200/JCO.2015.61.5948The latest version is at 
Published Ahead of Print on December 7, 2015 as 10.1200/JCO.2015.61.5948

 Copyright 2015 by American Society of Clinical Oncology
Information downloaded from jco.ascopubs.org and provided by at INSERM on December 11, 2015 from 193.54.110.33

Copyright © 2015 American Society of Clinical Oncology. All rights reserved.

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

All authors: Massachusetts General
Hospital, HarvardMedical School, Boston,
MA.

Published online ahead of print at
www.jco.org on December 7, 2015.

Supported by Award No. R01CA139118
(A.G.T.) and Award No. P50CA089393
(A.G.T.) from the National Cancer Institute,
and the Adele McKinnon Research Fund
for Breast Cancer-Related Lymphedema.

Terms in blue are defined in the glossary,
found at the end of this article and online
at www.jco.org

Presented at the San Antonio Breast
Cancer Symposium, San Antonio, TX,
December 9-12, 2014.

The content is solely the responsibility of
the authors and does not necessarily
represent the official views of the National
Cancer Institute or the National Institutes
of Health.

Authors’ disclosures of potential conflicts
of interest are found in the article online at
www.jco.org. Author contributions are
found at the end of this article.

Corresponding author: Alphonse G.
Taghian, MD, PhD, Department of
Radiation Oncology, Massachusetts
General Hospital, 100 Blossom St,
Boston, MA 02114; e-mail: ataghian@
partners.org.

© 2015 by American Society of Clinical
Oncology

0732-183X/15/3399-1/$20.00

DOI: 10.1200/JCO.2015.61.5948

Impact of Ipsilateral Blood Draws, Injections, Blood Pressure
Measurements, and Air Travel on the Risk of Lymphedema for
Patients Treated for Breast Cancer
Chantal M. Ferguson, Meyha N. Swaroop, Nora Horick, Melissa N. Skolny, Cynthia L. Miller, Lauren S. Jammallo,
Cheryl Brunelle, Jean A. O’Toole, Laura Salama, Michelle C. Specht, and Alphonse G. Taghian

A B S T R A C T

Purpose
The goal of this study was to investigate the association between blood draws, injections, blood
pressure readings, trauma, cellulitis in the at-risk arm, and air travel and increases in arm volume in a
cohort of patients treated for breast cancer and screened for lymphedema.

Patients and Methods
Between 2005 and 2014, patients undergoing treatment of breast cancer at our institution were
screened prospectively for lymphedema. Bilateral arm volume measurements were performed
preoperatively and postoperatively using a Perometer. At each measurement, patients reported the
number of blood draws, injections, blood pressure measurements, trauma to the at-risk arm(s),
and number of flights taken since their last measurement. Arm volume was quantified using the
relative volume change and weight-adjusted change formulas. Linear random effects models were
used to assess the association between relative arm volume (as a continuous variable) and non-
treatment risk factors, as well as clinical characteristics.

Results
In 3,041 measurements, there was no significant association between relative volume change
or weight-adjusted change increase and undergoing one or more blood draws (P = .62), injections
(P = .77), number of flights (one or two [P = .77] and three or more [P = .91] v none), or duration of
flights (1 to 12 hours [P = .43] and 12 hours ormore [P = .54] v none). Bymultivariate analysis, factors
significantly associated with increases in arm volume included body mass index $ 25 (P = .0236),
axillary lymph node dissection (P , .001), regional lymph node irradiation (P = .0364), and cellulitis
(P , .001).

Conclusion
This study suggests that although cellulitis increases risk of lymphedema, ipsilateral blood draws,
injections, blood pressure readings, and air travel may not be associated with arm volume increases.
The results may help to educate clinicians and patients on posttreatment risk, prevention, and
management of lymphedema.

J Clin Oncol 33. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Clinicians and national guidelines strongly advise
patients with breast cancer to avoid blood draws,
injections, blood pressure readings, and trauma to
the at-risk arm during and after treatment to
reduce the risk of developing cellulitis and breast
cancer–related lymphedema (BCRL).1-6 Patients
are also advised to exercise caution when flying by
wearing prophylactic compression sleeves.1,3,5

These guidelines are based on anecdotal infor-
mation, and comprehensive data demonstrating

the efficacy of such precautionary behaviors do
not exist, highlighted in a recent statement by the
National Lymphedema Network.5 The guidelines
place a large amount of burden on patients and
clinicians, who go to great lengths to exercise
precautionary behaviors and face high levels of
anxiety when they accidentally do not abide by the
guidelines. Therefore, we sought to investigate the
association between blood draws, injections,
blood pressure readings, trauma, and cellulitis in
the at-risk arm and flying on increases in arm
volume in a large prospective cohort of patients
undergoing treatment of breast cancer.

© 2015 by American Society of Clinical Oncology 1

 http://jco.ascopubs.org/cgi/doi/10.1200/JCO.2015.61.5948The latest version is at 
Published Ahead of Print on December 7, 2015 as 10.1200/JCO.2015.61.5948

 Copyright 2015 by American Society of Clinical Oncology
Information downloaded from jco.ascopubs.org and provided by at INSERM on December 11, 2015 from 193.54.110.33

Copyright © 2015 American Society of Clinical Oncology. All rights reserved.



JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

Association Between Precautionary Behaviors and Breast
Cancer–Related Lymphedema in Patients Undergoing
Bilateral Surgery
Maria S. Asdourian, Meyha N. Swaroop, Hoda E. Sayegh, Cheryl L. Brunelle, Amir I. Mina, Hui Zheng, Melissa N.
Skolny, and Alphonse G. Taghian

A B S T R A C T

Purpose
This study examined the lifestyle and clinical risk factors for lymphedema in a cohort of patients who
underwent bilateral breast cancer surgery.

Patients and Methods
Between 2013 and 2016, 327 patients who underwent bilateral breast cancer surgery were pro-
spectively screened for arm lymphedema as quantified by the weight-adjusted volume change
(WAC) formula. Arm perometry and subjective data were collected preoperatively and at regular
intervals postoperatively. At the time of each measurement, patients completed a risk assessment
survey that reported the number of blood draws, injections, blood pressure readings, trauma to the
at-risk arm, and number of flights since the previous measurement. Generalized estimating
equationswere applied to ascertain the association among arm volume changes, clinical factors, and
risk exposures.

Results
The cohort comprised 327 patients and 654 at-risk arms, with a median postoperative follow-up
that ranged from 6.1 to 68.2 months. Of the 654 arms, 83 developed lymphedema, defined as
a WAC $ 10% relative to baseline. On multivariable analysis, none of the lifestyle risk factors
examined through the risk assessment survey were significantly associated with increased WAC.
Multivariable analysis demonstrated that having a body mass index$ 25 kg/m2 at the time of breast
cancer diagnosis (P = .0404), having undergone axillary lymph node dissection (P = .0464), and receipt
of adjuvant chemotherapy (P = .0161) were significantly associated with increased arm volume.

Conclusion
Blood pressure readings, blood draws, injections, and number or duration of flights were not
significantly associated with increases in arm volume in this cohort. These findings may help to
guide patient education about lymphedema risk reduction strategies for those who undergo bilateral
breast cancer surgery.

J Clin Oncol 35. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Although surgical and targeted treatments for breast
cancer have improved survival, treatment com-
plications remain a significant concern for patients.
Breast cancer–related lymphedema (BCRL) is one
complication caused by damage to lymph nodes
through surgical intervention and/or radiation,
which may interrupt the circulation of lymph fluid
and precipitate edema of the arm, breast, or
trunk.1 -3 Associated symptoms, such as decreased
arm functionality, pain, heaviness, changes in skin
quality, and high rates of infection (eg, cellulitis),

may compromise overall quality of life (QOL) and
are significant sources of distress in at-risk patients.4 ,5

Survivors of breast cancer have a lifelong risk of
developing lymphedema.6 -8

The etiologic factors that contribute to the
development of BCRL and potential lifestyle
strategies aimed at minimizing lymphedema risk
after breast cancer surgery are frequent points of
discussion and controversy in the literature.9 Well-
defined risk factors include axillary lymph node
dissection (ALND), regional lymph node radi-
ation (RLNR), and high body mass index (BMI),
with mastectomy, chemotherapy, and older age
at diagnosis demonstrating an association on
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but one14 of the studies in our comprehensive review had cohorts
that underwent predominantly ALND, which made them higher-
risk populations because ALND contributes to an approximately

fourfold increased incidence of lymphedema compared with
SLNB.8 Of note, other studies have demonstrated that ipsilateral
skin puncture does not represent a risk factor for lymphedema;

Table 3. Univariable Analysis of Categorical Treatment Factors

Patient or Treatment-Related Risk Factor
Mean WAC in
Subgroup (%) 95% CI P

Surgical characteristics
Lumpectomy 22.03 24.89 to 0.82 *
Mastectomy v lumpectomy 0.14 20.40 to 0.67 .1418
No nodal surgery 20.32 21.19 to 0.55 *
SLNB v none 20.65 21.19 to 20.11 .4803
ALND v SLNB 2.45 1.13 to 3.78 , .0010

Radiation therapy
None 20.55 21.01 to 20.08 *
Breast/chest wall irradiation v none 1.11 21.90 to 4.11 .2806
Breast/chest wall + RLNR v none 1.82 0.54 to 3.10 , .0010

BMI, kg/m2

BMI , 25 20.65 21.19 to 20.12 *
BMI $ 25 v , 25 0.66 20.22 to 1.53 .0121
BMI , 30 20.17 20.71 to 0.38 *
BMI $ 30 v , 30 0.84 20.73 to 2.42 .2354

Systemic therapy
Neoadjuvant chemotherapy

No 20.26 20.86 to 0.34 *
Yes v no 0.93 20.22 to 2.07 .0718

Adjuvant chemotherapy
No 20.61 21.38 to 0.15 *
Yes v no 0.68 20.06 to l.43 .0168

Peripheral intravenous infusions
No 20.35 21.05 to 0.36 *
Yes v no 0.52 20.29 to 1.34 .1126

Hormone therapy
No 0.66 20.32 to 1.65 *
Yes v no 20.14 20.77 to 0.49 .1781

Reconstruction
No 0.35 21.59 to 2.28 *
Yes v no 0.13 20.43 to 0.69 .8324

Cellulitis
No 20.09 20.63 to 0.46 *
Yes v no 1.78 20.51 to 4.07 .1179

Abbreviations: ALND, axillary lymph node dissection; BMI, body mass index; RLNR, regional lymph node radiation; SLNB, sentinel lymph node biopsy; WAC, weight-
adjusted volume change.
*Specified variable or comparison was not analyzed.

RLNR

Breast/chest wall radiation

Adjuvant chemotherapy

Neoadjuvant chemotherapy

ALND

SLNB

BMI ≥ 25

Risk Factor
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Fig 2. Multivariable analysis. ALND, axil-
lary lymph node dissection; BMI, body
mass index; RLNR, regional lymph node
radiation; SLNB, sentinel lymph node biopsy;
WAC, weight-adjusted volume change.
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but one14 of the studies in our comprehensive review had cohorts
that underwent predominantly ALND, which made them higher-
risk populations because ALND contributes to an approximately

fourfold increased incidence of lymphedema compared with
SLNB.8 Of note, other studies have demonstrated that ipsilateral
skin puncture does not represent a risk factor for lymphedema;

Table 3. Univariable Analysis of Categorical Treatment Factors

Patient or Treatment-Related Risk Factor
Mean WAC in
Subgroup (%) 95% CI P

Surgical characteristics
Lumpectomy 22.03 24.89 to 0.82 *
Mastectomy v lumpectomy 0.14 20.40 to 0.67 .1418
No nodal surgery 20.32 21.19 to 0.55 *
SLNB v none 20.65 21.19 to 20.11 .4803
ALND v SLNB 2.45 1.13 to 3.78 , .0010

Radiation therapy
None 20.55 21.01 to 20.08 *
Breast/chest wall irradiation v none 1.11 21.90 to 4.11 .2806
Breast/chest wall + RLNR v none 1.82 0.54 to 3.10 , .0010

BMI, kg/m2

BMI , 25 20.65 21.19 to 20.12 *
BMI $ 25 v , 25 0.66 20.22 to 1.53 .0121
BMI , 30 20.17 20.71 to 0.38 *
BMI $ 30 v , 30 0.84 20.73 to 2.42 .2354

Systemic therapy
Neoadjuvant chemotherapy

No 20.26 20.86 to 0.34 *
Yes v no 0.93 20.22 to 2.07 .0718

Adjuvant chemotherapy
No 20.61 21.38 to 0.15 *
Yes v no 0.68 20.06 to l.43 .0168

Peripheral intravenous infusions
No 20.35 21.05 to 0.36 *
Yes v no 0.52 20.29 to 1.34 .1126

Hormone therapy
No 0.66 20.32 to 1.65 *
Yes v no 20.14 20.77 to 0.49 .1781

Reconstruction
No 0.35 21.59 to 2.28 *
Yes v no 0.13 20.43 to 0.69 .8324

Cellulitis
No 20.09 20.63 to 0.46 *
Yes v no 1.78 20.51 to 4.07 .1179

Abbreviations: ALND, axillary lymph node dissection; BMI, body mass index; RLNR, regional lymph node radiation; SLNB, sentinel lymph node biopsy; WAC, weight-
adjusted volume change.
*Specified variable or comparison was not analyzed.
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breast/chest wall radiation and RLNR compared with no radiation
(P, .001), BMI$ 25 kg/m2 compared with, 25 kg/m2 (P= .0121),
and adjuvant chemotherapy versus no adjuvant chemotherapy
(P = .0168; Table 3). Univariable analysis showed that having one
or more blood pressure measurements versus none was signifi-
cantly associated with decreased WAC (P = .0109; 95% CI,21.26
to 0.03; Fig 1); this was no longer significant upon multivariable
analysis.

The only variables that retained significance uponmultivariable
analysis were BMI$ 25 kg/m2 (P = .0404), ALND (P = .0464), and
adjuvant chemotherapy (P = .0161). None of the risk exposures

analyzed were significantly associated withWAC in themultivariable
analysis (Fig 2; Table 4).

DISCUSSION

This study examined the association between the risk of lym-
phedema in patients who underwent bilateral breast cancer surgery
and lifestyle/clinical risk exposures for lymphedema. Precautionary
strategies aimed at minimizing BCRL risk after breast cancer
surgery are frequent discussion points in the literature. Although
risk reduction guidelines as described in the National Lymphedema
Network position statement15 are based on clinical reasoning,
limited high-level research supports or refutes their effectiveness.
Studies that sought answers about risk reduction guideline utility
are restricted in scope and are predominantly small, retrospective,
and single-site reports with cohorts that underwent mostly
ALND.9,30-32 Historically, studies demonstrated that women who
undergo bilateral ALND do not have an increased risk of BCRL
compared with those with unilateral lymph node dissection.33,34

To examine the current evidence, our team carried out
a comprehensive review of 31 studies that examined the association
between these exposures and BCRL. Only eight were prospective
cohort studies,10,14,35-40 among which four demonstrated a statis-
tically significant correlation between BCRL and commonly re-
ported lifestyle-based risk factors, namely infections,10,14 sauna
use,39 and skin puncture.40 In a small number of patients who
developed lymphedema after skin puncture, Clark et al40 found
a correlation between skin puncture and lymphedema in patients
who underwent ALND (n = 188). The authors did not look into the
temporal relationship between skin puncture and lymphedema
development, so the association could not be used to identify
whether the punctures themselves were a risk factor for swelling.
Clark et al noted in their discussion that replication of their work
with a larger sample that includes patients with SLNB is needed. All

Table 2. Summary of Reported Risk Events

Risk Event Lymphedema, No. (%)

No. of events 3,900 (No) 204 (No) 4,104 (Overall)
Blood pressure

None 1,052 (27.0) 88 (43.1) 1,140 (27.8)
One or more 621 (15.9) 19 (9.3) 640 (15.6)

Blood draws
None 1,469 (37.7) 102 (50.0) 1,571 (38.3)
One or more 204 (5.2) 5 (2.5) 209 (5.1)

Injections
None 1,556 (39.9) 104 (51.0) 1,660 (40.4)
One or more 117 (3.0) 3 (1.5) 120 (2.9)

Trauma
None 1,623 (41.6) 105 (51.5) 1,728 (42.1)
One or more 50 (1.3) 2 (1.0) 52 (1.3)

No. of flights
None 938 (24.1) 68 (33.3) 1,006 (24.5)
One or more 735 (18.8) 39 (19.1) 774 (18.9)

Hours of flights
None 934 (23.9) 68 (33.3) 1,006 (24.5)
1-12 389 (8.5) 23 (10.3) 412 (8.6)
. 12 406 (10.4) 18 (8.8) 424 (10.3)

NOTE. Values represent risk events reported by patients in the risk assessment
survey.
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Fig 1. Univariable analysis. WAC, weight-adjusted volume change.
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Repères

 En pratique  Ne pas compliquer inutilement 
la vie quotidienne. Il est utile d’informer les 
femmes qui ont eu un cancer du sein sur le risque 
de lymphœdème et de se limiter aux seuls conseils 
étayés pour les aider à vivre le plus normalement 
possible. Proposer une kinésithéra pie précoce 
adaptée après un curage axillaire, faciliter une reprise 
progressive d’activités physiques, donner des 
conseils pour éviter autant que possible un sur poids, 
limiter le risque de blessure du membre supéri eur 
du côté du cancer, notamment lors d’activités à 
risque telles que le jardinage, semblent être des 
mesures suffisantes. 

En l’absence de lymphœdème, il ne semble pas 
préjudiciable d’effectuer des ponctions, injections 
ou prises de tension sur le membre supéri eur à 
risque. Un antécédent de chirurgie pour cancer du 
sein sans apparition d’un lymphœdème ne justifie 
pas de restreindre les voyages en avion, les expo-
sitions au soleil, les expositions au froid ou au chaud, 
le port de vêtements compressifs. 

© Prescrire
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a- Dans un essai randomisé qui a évalué la technique du 
ganglion sentinelle versus curage ganglionnaire axillaire 
d’emblée chez 829  femmes atteintes de cancer du sein, 
18 mois après l’intervention, 14 % des patientes du groupe 
curage ganglionnaire d’emblée ont eu un lymphœdème du 
bras. Dans le groupe ganglion sentinelle, parmi les femmes 
qui n’ont pas subi de curage ganglionnaire en raison d’une 
absence d’envahissement du ganglion sentinelle, 3,5 % ont 
eu un lymphœdème (réf. 16).

Prévention du lymphœdème 
après cancer du sein
S’en tenir aux conseils argumentés 

 ● Les femmes qui ont eu une chirurgie ou une 
radiothéra pie pour un cancer du sein reçoivent 
parfois des conseils contraignants au quotidien 
afin de prévenir la survenue d’un lymphœdème du 
membre supéri eur du côté du cancer. Des suivis 
de centaines de femmes remettent en question le 
bien-fondé de certains de ces conseils.

Les femmes qui ont eu un cancer du sein traité 
par chirurgie sont exposées à la survenue d’un 

lymphœdème du membre supéri eur du côté du 
cancer, surtout après un curage ganglionnaire ou 
une radiothéra pie. Le lymphœdème est une aug-
mentation de volume du membre liée à l’altération 
de la circulation lymphatique, qui provoque une 
accumulation de lymphe puis une prolifération de 
tissus adipeux et fibreux  sous-cutanés (1,2). Le 
risque de lymphœdème est maximal dans les trois 
premières années suivant l’intervention chirurgicale 
en traitement du cancer du sein. Un risque de 
lymph œdème persiste toute la vie. La technique 
du ganglion sentinelle, en limitant le curage 
ganglionnaire, et une kinésithéra pie précoce après 
l’opération diminuent la fréquence des lymphœ-
dèmes après cancer du sein (a)(1,3à6). 

Depuis les années 1950, diverses recommanda-
tions ont mis en garde les patientes et les profes-
sionnels contre des habitudes de vie et de soins, 
supposées accroître le risque de lymphœdème du 

membre supéri eur (1,3,4,7). Quelle est 
la solidité des données qui 

 sous-tendent ces recommanda-
tions ? Quels conseils sont suf-
fisamment éprouvés pour jus-
tifier des contraintes 

particulières pour ces pa-
tientes ?

Repères
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En l’absence de lymphœdème, il ne semble pas 
préjudiciable d’effectuer des ponctions, injections 
ou prises de tension sur le membre supérieur à 
risque. Un antécédent de chirurgie pour cancer du 
sein sans apparition d’un lymphœdème ne justifie 
pas de restreindre les voyages en avion, les expo-
sitions au soleil, les expositions au froid ou au chaud, 
le port de vêtements compressifs. 
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Mesures "préventives"

• â poids (Shaw C et al. Cancer 2007;110:1868)
• Rééducation épaule, massage 

cicatrice (Torres Lacomba M et al. BMJ 2010)
• Activités physiques : ↓ femmes avec 

LO, ↑ QOL (Johansson K et al. Lymphology 
2002;35:59), intense : haltérophilie
(Schmitz K et al. JAMA 2010;304:2699)

• Pas de DLM post-opératoire (Devoogdt
N et al. BMJ 2011;343:d5326)



Seule restriction : délai d'intervention de 5 
semaines après la chirurgie…30-40 

séances sur 
12 semaines
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Abstract
Objective To determine the preventive effect of manual lymph drainage
on the development of lymphoedema related to breast cancer.

Design Randomised single blinded controlled trial.

Setting University Hospitals Leuven, Leuven, Belgium.

Participants 160 consecutive patients with breast cancer and unilateral
axillary lymph node dissection. The randomisation was stratified for body
mass index (BMI) and axillary irradiation and treatment allocation was
concealed. Randomisation was done independently from recruitment
and treatment. Baseline characteristics were comparable between the
groups.

Intervention For six months the intervention group (n=79) performed a
treatment programme consisting of guidelines about the prevention of
lymphoedema, exercise therapy, andmanual lymph drainage. The control
group (n=81) performed the same programme without manual lymph
drainage.

Main outcome measures Cumulative incidence of arm lymphoedema
and time to develop arm lymphoedema, defined as an increase in arm
volume of 200 mL or more in the value before surgery.

Results Four patients in the intervention group and two in the control
group were lost to follow-up. At 12 months after surgery, the cumulative
incidence rate for arm lymphoedema was comparable between the
intervention group (24%) and control group (19%) (odds ratio 1.3, 95%
confidence interval 0.6 to 2.9; P=0.45). The time to develop arm
lymphoedema was comparable between the two group during the first
year after surgery (hazard ratio 1.3, 0.6 to 2.5; P=0.49). The sample size
calculation was based on a presumed odds ratio of 0.3, which is not
included in the 95% confidence interval. This odds ratio was calculated
as (presumed cumulative incidence of lymphoedema in intervention

group/presumed cumulative incidence of no lymphoedema in intervention
group)×(presumed cumulative incidence of no lymphoedema in control
group/presumed cumulative incidence of lymphoedema in control group)
or (10/90)×(70/30).

Conclusion Manual lymph drainage in addition to guidelines and
exercise therapy after axillary lymph node dissection for breast cancer
is unlikely to have a medium to large effect in reducing the incidence of
arm lymphoedema in the short term.

Trial registration Netherlands Trial Register No NTR 1055.

Introduction
Worldwide, breast cancer is themost common cancer in women.
Detection and treatment of breast cancer have significantly
improved over past decades, which results in higher survival
rates.1 More attention is now therefore paid to complications
related to treatment, such as arm lymphoedema.
For a woman with breast cancer, lymphoedema is a debilitating
and incurable problem that is caused by reduced transport
capacity of the lymph system (related to the surgery or
radiotherapy, or both), sometimes combined with an increase
in lymph load (related to hypertension, for example).2 3 Twelve
months after axillary lymph node dissection, the point
prevalence of arm lymphoedema ranges from 12%4 to 26%,5
though some have reported point prevalence rates up to 70%.6
This wide variety is related to differences in treatment of breast
cancer, methods of measurement, delay in measuring, and
definition of lymphoedema.7 Use of the most accurate and
reliable method for assessment is crucial to advance our
understanding of preventive strategies.8 To register the natural
difference between the dominant and non-dominant arm, volume
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Table 4| Comparison of cumulative incidence and point prevalence of arm lymphoedema after surgery for breast cancer at 3, 6, and 12
months for different definitions according to treatments to prevent lymphoedema

P value*Odds ratio (95% CI)Control (guidelines, exercise; n=81)
Intervention (guidelines, exercise, manual drainage;

n=77)Definition of lymphoedema

Primary outcome parameter

Cumulative incidence, ≥200 mL increase:

0.511.4 (0.5 to 4.4)6 (7%)8 (10%)At 3 months

0.930.9 (0.4 to 2.3)12 (15%)11 (14%)At 6 months

0.451.3 (0.6 to 2.9)15 (19%)18 (24%)At 12 months†

Secondary outcome parameters

Cumulative incidence, ≥2 cm increase:

0.511.4 (0.5 to 4.4)6 (7%)8 (10%)At 3 months

0.721.2 (0.5 to 2.8)11 (14%)12 (16%)At 6 months

0.351.4 (0.7 to 3.0)16 (20%)20 (27%)At 12 months†

Point prevalence, ≥200 mL increase:

0.431.8 (0.4 to 7.8)3 (4%)5 (7%)At 3 months

0.280.5 (0.1 to 1.7)8 (10%)4 (5%)At 6 months

0.711.2 (0.4 to 3.3)8 (10%)9 (12%)At 12 months†

Point prevalence, ≥2 cm increase:

0.671.3 (0.3 to 5.2)4 (5%)5 (7%)At 3 months

0.650.8 (0.3 to 2.3)8 (10%)6 (8%)At 6 months

0.271.8 (0.6 to 4.8)7 (9%)11 (15%)At 12 months†

Point prevalence, subjective:

0.211.8 (0.7 to 4.4)9 (11%)14 (18%)At 3 months

0.281.7 (0.6 to 4.4)8 (10%)12 (16%)At 6 months

0.341.5 (0.7 to 3.2)14 (18%)18 (24%)At 12 months†

*For logistic regression analysis.
†75 in intervention group, 79 in control group.
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Table 3

Preventive measure and evidence to support either fact or fiction.

Preventive measure Best scientific evidence for Best scientific evidence against Fact/Fiction/To be determined

Avoid needle sticks of any
type

Clark [10] – level 2 prospective
observational study (188 patients),
findings that 44% patients with
needle stick developed lymphedema
as compared with 18% of those
without needle sticks

Winge 18—Level 3 questionnaire
study (311 patients of which 88 had
intravenous procedures in affected
limb). Only 4 patients developed
lymphedema in relation to
venipuncture

To be determined

Avoid Pressure Louden & Petrek [15, 16] – level 5,
expert opinion hypothesising that
blood pressure monitoring, tight
clothing increases blood pressure in
at risk limb resulting in increased
lymph production.

Dawson [22] – level 3,
retrospective cohort (317 patients),
no new cases or exacerbations of
lymphedema in 15 patients with a
history of lymph node dissection
who subsequently had elective
hand surgery with tourniquet

Probably fiction

Leg/Limb precautions Ryan [24] – level 5, expert opinion,
crossing legs hinders venous return,
prolonged standing/sitting results in
pooling of blood in legs and hence
increased interstitial fluid leakage.

None found To be determined

Avoid Air travel/wear
compressive garments for
air travel

Casley-Smith [28] – level 4,
questionnaire based retrospective
study (531 patients), 27 patients
reported lymphedema symptoms
started after aircraft flight & 67
patients reported worsening
lymphedema symptoms after flying.

Graham [29] – level 2, Cohort
study (293 patients), no cases of
permanent or new onset
lymphedema found after aircraft
flight taken.

Probably fiction

Maintain a normal body
weight

Shaw [41] – level 1, randomised
clinical trial (21 patients),
interventions designed to promote
weight loss after surgery
significantly reduced excess arm
volume and lymphedema.

Villasor [6] – level 3 non-
consecutive cohort (51 patients),
47% patients with lymphedema had
normal weight, no correlation
between lymphedema formation
and obesity or weight found.

Fact

Avoid extremes of
temperature/apply
sunscreen/avoid burns

Hettrick [48] – level 4 prospective
analysis, 1% of burn population
found to have lymphedema.

Chang [45] – level 1 double blind
randomized study (60 patients),
heat added to placebo, or
benzopyrone therapy significantly
improved symptoms of
lymphedema compared to placebo
or benzopyrone alone.

Fiction

Avoid vigorous exercise Petrek/Foldi [1] level 5 Expert
opinion rationalising that vigorous
exercise increases blood flow and
consequently lymphatic fluid
production.

Schmitz [52] – level 1 randomized
trial (141 patients), no increased
incidence of lymphedema in
exercise group compared to non-
exercise control group.

Fiction

J Am Coll Surg. Author manuscript; available in PMC 2013 May 13.
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Background
Weight lifting has generally been proscribed for women with breast-cancerñ related 
lymphedema, preventing them from obtaining the well-established health benefits 
of weight lifting, including increases in bone density.

Methods
We performed a randomized, controlled trial of twice-weekly progressive weight 
lifting involving 141 breast-cancer survivors with stable lymphedema of the arm. The 
primary outcome was the change in arm and hand swelling at 1 year, as measured 
through displaced water volume of the affected and unaffected limbs. Secondary 
outcomes included the incidence of exacerbations of lymphedema, number and 
severity of lymphedema symptoms, and muscle strength. Participants were required 
to wear a well-fitted compression garment while weight lifting.

Results
The proportion of women who had an increase of 5% or more in limb swelling was 
similar in the weight-lifting group (11%) and the control group (12%) (cumulative 
incidence ratio, 1.00; 95% confidence interval, 0.88 to 1.13). As compared with the 
control group, the weight-lifting group had greater improvements in self-reported 
severity of lymphedema symptoms (P = 0.03) and upper- and lower-body strength 
(P<0.001 for both comparisons) and a lower incidence of lymphedema exacerbations 
as assessed by a certified lymphedema specialist (14% vs. 29%, P = 0.04). There were 
no serious adverse events related to the intervention.

Conclusions
In breast-cancer survivors with lymphedema, slowly progressive weight lifting 
had no significant effect on limb swelling and resulted in a decreased incidence 
of exacerbations of lymphedema, reduced symptoms, and increased strength. 
(ClinicalTrials.gov number, NCT00194363.)
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current trial was larger and of longer duration 
than those previously reported and also differed 
by testing a weight-lifting protocol with no upper 
limit on the resistance level to which participants 
could progress. A strength of this trial is its 
delivery in community fitness centers, primarily 
YMCAs, by trainers employed by these fitness 
centers. We adopted this approach with the goal 
of dissemination of the weight-lifting program if 
it proved effective. The ongoing LIVESTRONG at 
the YMCA program (a collaboration of the YMCA 
and the Lance Armstrong Foundation) includes 
the protocol described here as an intervention that 
can be offered to cancer survivors in YMCAs 
across the United States. Additional strengths 
of the present trial are the inclusion of a racially 
diverse population with a wide range of time 
since diagnosis (1 to 15 years) and the high rate 
of follow-up.

There are also potential limitations of the 
study. Evaluations for exacerbations were not 
completed by a single therapist, although the six 
lymphedema therapists assessing exacerbations 
followed a standardized algorithm for evaluation 
and had completed the 135-hour course recom-
mended by the National Lymphedema Network.18 

Therapists were unaware of which patients had 
been assigned to the weight-lifting group, as 
specified in the study design, but some partici-
pants in this group may have disclosed their 
recent weight lifting during evaluations for per-
ceived exacerbations. Though the number of 
women evaluated for exacerbation was approxi-
mately equal in the two groups (23 in the control 
group and 20 in the weight-lifting group), the 
proportion of evaluated women who were found 
to have had an exacerbation was higher in the 
control group. One possible explanation for this 
observation is that some assessors may have be-
come aware of the study-group assignments, re-
sulting in biased assessments. However, the find-
ing that symptom severity improved more in the 
weight-lifting group than in the control group 
supports a benefit of the intervention. An alterna-
tive explanation is that participants in the weight-
lifting group, concerned about the potential for 
worsening of lymphedema with weight lifting, 
were more likely to seek care in the absence of 
objective evidence of exacerbation.

Although reporting bias cannot be ruled out 
as a possible explanation for the decrease in con-
firmed lymphedema exacerbations, several phys-

Table 3. Lymphedema Outcomes at 12  Months, According to Study Group.*

Variable Weight Lifting Control

Cumulative Incidence Ratio 
or Mean Difference  

(95% CI)Ü P Valueá

no. of patients 
with data value

no. of patients 
with data value

Change in interlimb volume difference

≥5% increase ó  no. (%) 70 8 (11) 69 8 (12) 1.00 (0.88 to 1.13) 1.00

≥5% decrease ó  no. (%) 70 13 (19) 69 15 (22) 0.96 (0.81 to 1.14) 0.68

Mean interlimb volume discrepancy between 
baseline and 12 mo (percentage points)

70 −0.69±5.87 69 −0.98±7.31 −0.29 (−1.94 to 2.51) 0.80

Exacerbation ó  no. (%) 65 9 (14) 65 19 (29) 0.47 (0.23 to 0.97) 0.04

Change in no. of symptoms reported between 
baseline and 12 moß

70 −1.81±2.16 69 −1.17±1.94 −0.63 (−1.32 to 0.06) 0.07

Change in severity of symptoms between base-
line and 12 moß

70 −0.51±0.80 69 −0.22±0.71 −0.29 (−0.54 to −0.03) 0.03

* Plusñ minus values are means ±SD.
Ü  The mean difference is given for the weight-lifting group as compared with the control group for the difference in interlimb volume discrep-

ancies (the interarm difference over time) and changes in number and severity of symptoms. The cumulative incidence ratio is given for the 
weight-lifting group as compared with the control group for differences in percentages.

á  P values were calculated with the use of Fisherí s exact test for between-group comparisons of percentages and the Wilcoxon rank-sum test 
for between-group comparisons of the difference in interlimb volume discrepancies and changes in number and severity of symptoms.

ß  Data were reported by patients regarding 14 symptoms: rings too tight, watch too tight, bracelets too tight, clothing too tight, puffiness, 
knuckles not visible, veins not visible, skin feels leathery, arm feels tired, pain, pitting, swelling after exercise, difficulty writing, or other. The 
change in severity of symptoms is the mean of the changes in severity for all 14 symptoms, with the possible severity score for each ranging 
from 0 (no symptom) to 4 (very severe).
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Subjective assessments

Before pole walking 17 patients (65%)
experienced heaviness and 15 patients (58%)
experienced tightness in the affected arm com-
pared to the healthy arm. There were no signi-
ficant differences in rating of heaviness and
tightness on the VAS immediately after pole
walking or after 24 hours compared to rating
before pole walking (Table 2).

Perceived exertion

Eighteen patients (69%) expressed exertion as
‘‘fairly light’’ to ‘‘somewhat strenuous’’ (rating
11–13) on the Borg RPE-scale before the cool-
down period. The median for the expressions on
the Borg RPE-scale was 11 with the range 8–13.

Exercise questionnaire

Regular exercise during the last year for more
than 30 minutes each period was performed for
a median of five times per week with a range of
0–14 times.

Discussion

The results in this study show that pole
walking performed on one occasion does not
increase arm volume in patients with breast
cancer-related arm lymphedema. These results
are consistent with prior studies also showing
that upper-body exercise does not worsen arm

lymphedema (Johansson and Piller, 2007;
McKenzie and Kalda, 2003).

We found a significant increase in arm
volume of the healthy arm and a reduction of
LAV and LRV immediately after pole walking.
These changes did not remain 24 hours later.
Because the changes in LAV and LRV were due
to increase in the volume of the healthy arm and
not a reduction of the edema in the lymphedema
arm, it was not a ‘‘true’’ change of lymphedema.
The increase of the healthy arm volume is
probably due to natural physiological changes
during exercise. Exercise causes an increase in
arterial blood pressure and cardiac output,
resulting in increased capillary filtration causing
a rise in interstitial pressure, which facilitates the
entry of fluid into lymphatic capillaries (Lane,
Worsley, and McKenzie, 2005a). The fact that
the lymphedema arm volume remained stable
during exercise was probably due to the use of
the compression sleeve. A compression garment
limits blood capillary filtration by raising inter-
stitial pressure, opposing tissue expansions and
improving striated muscle pump efficiency
(Mortimer, 1990). The results of the present
study support the advice that compression
garments should be worn during exercise to
maximize the effect of muscle contraction (Pain
and Purushotham, 2000).

The inclusion criterion of an age younger
than 70 years was based on our estimate that
higher age would not be proper for participating
in this study, because the walking intensity was
set at a rather strenuous level (approximately
6 km/hr) for quite a long period (40min), still
without control for heart rate. The heart rate

Table 2. Arm volume measurements and subjective assessments of heaviness and tightness in the lymphedema arm in
mean (SD) in breast cancer patients (n¼ 26) before, immediately after, and 24 hours after pole walking.

Before Directly after 24 hours later

TAV (mL) Edema 2585 (436) 2589 (445) 2575 (449)
Healthy 2259 (371) 2273 (379)* 2249 (380)

LAV (mL) 326 (126) 317 (153)* 327 (157)
LRV (%) 14.5 (6.7) 14 (6.5)** 14.6 (6.7)
VAS (mm) Heaviness 12.9 (15.7) 11.1 (12.1) 10.1 (12.2)

Tightness 10.1 (11.5) 10.5 (11.6) 8.2 (10.7)

*P¼ 0.04; **P¼ 0.02; P-values compared to before pole walking.
TAV: total arm volume; LAV: lymphedema absolute volume; LRV: lymphedema relative volume; VAS: Visual Analogue Scale.
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Pole walking for patients with breast cancer-related

arm lymphedema

Charlotta Jönsson, RPT, MSc1,2 and
Karin Johansson, RPT, DrMedSci1,2

1Lymphedema Unit, Lund University Hospital, Sweden
2Department of Health Science, Division of Physiotherapy, Lund University Hospital, Lund, Sweden

Arm lymphedema is a well-known side effect of breast cancer treatment. Studies of the effect of
physical exercise on arm lymphedema are very rare. The purpose of this study was to investigate the
influence of pole walking on breast cancer-related arm lymphedema when using a compression sleeve.
Twenty-six women with unilateral arm lymphedema took part in a clinical study of pole walking on one
occasion, 4 kilometers for 1 hour. Measurements were made before, immediately after, and 24 hours
later. Results revealed no changes in total arm volume of the swollen arm, measured with water
displacement method, or in subjective assessments of heaviness and tightness in the affected arm using
visual analogue scale. Immediately after pole walking, a temporary increase in total arm volume of the
healthy arm (P¼ 0.037) was found. Twenty-four hours later, no differences were found compared to
the measurements before walking. The median for perceived exertion immediately after pole walking,
measured with Borg scale, was 11 (‘‘fairly light’’). The results suggest that a controlled, short-duration
pole-walking program can be performed by patients with arm lymphedema, using a compression sleeve,
without deterioration of the arm lymphedema.

Introduction

Breast cancer is one of the most common
malignant diseases in women in Sweden. Early
detection and improved treatment have increased
the 5-year survival rate from 65% in the mid-1960s
to 84% 30 years later, and the 10-year survival rate
is expected to increase from 75% in the period
1990–1992 to 79% in the period 2000–2002
(Swedish Cancer Registry, 2006). The most com-
mon treatment for breast cancer is surgery, and if
metastases are indicated by sentinel node biopsy,
axillary lymph node dissection is performed. If
necessary, adjuvant radiotherapy, chemotherapy,
and hormonal treatments are given (Swedish
National Board of Health and Welfare, 2007).

Physical impairments, such as loss of shoulder
range of motion and arm strength, have been
found in breast cancer-treated women, as well
as increased incidence of arm lymphedema
(Blomqvist, Stark, Engler, and Malm, 2004;
Johansson et al, 2001; Nagel et al, 2003). These
side effects can remain several years after treat-
ment and even become chronic, with an impact
on daily life (Blomqvist, Stark, Engler, and
Malm, 2004; Höjris, Andersen, Overgaard, and
Overgaard, 2000).

The onset of arm lymphedema is more com-
mon during the first 3 years after cancer treatment
but may develop up to 20 years later (Petrek,
Senie, Peters, and Rosen, 2001). The incidence of
arm lymphedema increases in particular among

Accepted for publication 17 June 2008.
Address correspondence to Charlotta Jönsson, RPT, MSc, Lymphedema Unit, Lund University Hospital, S-22185 Lund,

Sweden. E-mail: charlotta.jonsson@skane.se
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Activités physiques

Aucun interdit
Encadrées (professionnels formés)

Progressive en fréquence et 
intensité

Guidée par les patientes
Avec une compression si possible



Clinique
• Peu douloureux, plutôt pesant, lourd 
(LO sein, omoplate, paroi thoracique)
• Si douleurs : plexopathie

– post-radique
– par envahissement (douleurs, 

déficit sensitif, moteur, d'évolution 
rapide)

– TDM, IRM creux axillaire
• Pathologies épaule associées +++
• Syndrome du canal carpien
• Toxicité chimioT (neuropathies)



Erysipèle
Lymphœdème : risque érysipèle ´ 70
Clinique « systémique »
1.Fièvre élevée > 40�C, début brutal
2.Frissons, tremblements
3.� vomissements, céphalées
Clinique locale
1. Puis MI, MS rouge, chaud, 
douloureux,
2. é volume
Touche la zone atteinte par le LO (parfois 
infraclinique)



Erysipèle
• Erysipèles MS, MI

– parfois récidivants
– porte d'entrée non toujours 

retrouvée
• Traitement : 7 jours

– amoxicilline, 3 g/j ou
– pristinamycine (Pyostacine®), 3 g/j

• ! fièvre : 48 h, rougeur : 7 j, volume 
en quelques semaines

• Si récidives fréquentes (ABprophylaxie
: Benzathine-benzylpénicilline®, 2,4 
MUI/2S, durée ?)
Becq-Giraudon B. Ann Dermatol Venereol 2001;128:368
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Prise en charge des lymphœdèmes

• Education thérapeutique
• Bandages peu élastiques
• Auto-apprentissage des bandages
• Drainages lymphatiques manuels
• Compression élastique
• Soins cutanés locaux
• Autres : chirurgie ?



Traitement des lymphœdèmes

1. Réduction de volume : phase 
"intensive"
– hospitalière ou ambulatoire
– bandages peu élastiques quotidiens

2. Maintien du volume réduit : phase 
"d'entretien" en ambulatoire
– compression élastique et
– bandages (fréquence plus faible)



Schéma thérapeutique
Phase I : réduction Phase II : maintien
Bandages monotypes 
(multicouches) peu 
élastiques 24h/24h

Compression élastique 
la journée

DLM Bandages monotypes 
(multicouches) peu 
élastiques la nuit

Exercices sous bandages Exercices sous bandages

Soins de peau Soins de peau
DLM si nécessaire

Cheville AL et al. Semin Radiat Oncol 2003;13:290



http://www.has-sante.fr/portail/jcms



Bandes sèches à allongement long 

Prise en charge du lymphœdème et des ulcères veineux actifs  
 

 
 

 

► Lymphoedème 

 

Lee et al. 2013 (6) 

Un document de consensus publié par l’International Union of Phebology, concernant le diagnostic 
et le traitement du lymphœdème primaire, a été retenu (Lee 2013). Le consensus a été réalisé par 
un panel multidisciplinaire d’experts ; la méthode d’élaboration n’est cependant pas détaillée. Ce 
document de consensus s’est fondé également sur les positions de l’American Venous Forum on 
lymphedema (guideline 6.3.0) pour recommander spécifiquement les bandes à allongement court : 

- 6.3.1  Réduction du lymphœdème par thérapie décongestive complexe multimodale in-
cluant notamment le drainage manuel, des bandage multitype avec des bandes à allonge-
ment court, des exercices et des soins cutanés  
(recommandation de grade 1 / niveau de preuve B) 

- 6.3.6  Traitement d’entretien pour les patients avec un lymphœdème de stade II ou III : 
bandage multitype avec des bandes à allongement court la nuit ; des dispositifs compres-
sifs étant possibles en alternative aux bandages  
(recommandation de grade 1 / niveau de preuve B) 

Ce consensus d’expert est de faible qualité méthodologique (méthode d’élaboration non décrite), 
limitant l’interprétation qui peut en être faite. 

 

PNDS 2019 (7) 

Un protocole national de diagnostic et de soins (PNDS) a été publié au sujet de la prise en charge 
du lymphœdème primaire en 2019. Ce document issu d’une équipe multidisciplinaire a fait une ana-
lyse critique de la littérature afin d’élaborer des recommandations qui ont été soumis à un groupe 
de relecture. Les seuls bandages recommandés sont des bandes à allongement court ou peu élas-
tiques. Les bandes à allongement long ne sont pas citées. 

 

Au total, les deux publications analysées sur la prise en charge du lymphœdème ne placent 
pas les bandes à allongement long dans la prise en charge du lymphœdème.  

 

 

Au total, dans le cadre précis de cette réévaluation (intérêt des bandes sèches à allongement 
long, hors utilisation de kits préassemblés, dans le traitement de l’ulcère veineux actif et le 
lymphœdème), aucune étude clinique nouvelle pertinente depuis l’évaluation réalisée par la 
HAS en 2010 n’a été identifiée.  

Ainsi, les données de la littérature ne permettent pas de formuler des recommandations nou-
velles en faveur des bandes sèches à allongement long dans le traitement de l’ulcère veineux 
actif et du lymphœdème, utilisées seules ou dans des bandages multi-type.  

  

Bandes sèches à allongement long 

Prise en charge du lymphœdème et des ulcères veineux actifs  
 

 
 

Contexte  

L’évaluation a concerné : 

• les bandes sèches à allongement long dans la prise en charge de l’ulcère veineux actif et du lymphœdème ; 
• les bandages multi-type5 comprenant des bandes sèches à allongement long dans la prise en charge de 

l’ulcère veineux actif. 

L’utilisation de bandes sèches à allongement long faisant partie de kits préassemblés (prêts à l’em-
ploi) était en dehors du champ d’évaluation6.  

 
Méthodologie 

La méthode retenue comportait les étapes suivantes : 

• Actualisation de l’analyse de la littérature réalisée en 2010 dans le cadre de l’évaluation des dispositifs de 
compression/contention (études comparatives, rapports d’évaluation technologiques, revues systéma-
tiques de la littérature, méta-analyses, recommandations), relatives aux bandes sèches à allongement 
long : 

• utilisées seules, dans les indications de l’ulcère veineux actif et du lymphœdème ; 
• ou associées en cas de bandage multi-type (hors kit), dans les indications de l’ulcère veineux 

actif. 

• Recueil de la position écrite des parties prenantes concernées. 

• Réunion de présentation des résultats de l’analyse de la littérature avec les fabricants et leurs représen-
tants. 

Cette évaluation est décrite dans le rapport « Bandes sèches à allongement long - Prise en charge 
du lymphœdème et des ulcères veineux actifs », adopté par la CNEDiMTS le 14 janvier 2020. 
 
Conclusions  

Compte tenu du périmètre du sujet (utilisation des bandes sèches à allongement long hors kits 
préassemblés, dans des indications limitées), la recherche documentaire ciblée et les données 
fournies par les fabricants concernant leurs dispositifs n’ont pas permis d’identifier d’études cliniques 
nouvelles et pertinentes, publiées depuis l’évaluation des dispositifs de compression médicale 
réalisée par la CNEDiMTS en 2010. Les revues de la littérature, méta-analyses et recommandations 
publiées depuis 2010 et retenues ne montrent pas d’évolution significative des connaissances 
scientifiques dans le domaine, susceptibles de justifier une révision des conclusions adoptées par 
la Commission en 2010. 
 
La CNEDiMTS se prononce, dans le cadre de la saisine DGS / DSS du 1er août 2019, pour : 

• un service rendu insuffisant des bandes sèches à allongement long utilisées seules (non 
associées à une ou des bandes de compression médicale d’un autre type) dans les indica-
tions relatives à l’ulcère veineux actif et au lymphœdème ; 

• un service rendu insuffisant des bandes sèches allongement long, utilisées en association 
avec au moins une autre bande de compression pour la réalisation d’un bandage multitype 
tel que décrit dans l’avis du 23 novembre 2010, dans les indications relatives à l’ulcère vei-
neux actif. 

 
5 Définis comme associant au moins deux types différents de bandes de compression (chacune correspondant à une 
description générique) 
6 Les kits préassemblés sont évalués dans le cadre de demandes d’inscription sur la LPPR par nom de marque  ; seule 
l’utilisation, par un professionnel, de bandes sèches à allongement long associées à un ou plusieurs autres types de 
bandes choisis par celui-ci, dans l’indication de l’ulcère veineux actif, a été prise en considération. 

Bandes sèches à allongement long 
Prise en charge du lymphœdème et des ulcères veineux actifs 

Date de validation par la CNEDIMTS : janvier 2020 

RÉVISION DE CATÉGORIES HOMOGÈNES DE PRODUIT 

Date de validation par la CNEDIMTS : janvier 2020 

RÉVISION DE CATÉGORIES HOMOGÈNES DE PRODUIT 



Réduction de volume :
bandages monotypes peu élastiques
• Bandes à allongement court < 100% 
(Partsch H, et al. Dermatol Surg 2006;32:224)
• Bandages multicouches (2-4) MAIS 
monotypes (¹ pathologies vasculaires)
• Intérêt : pression de repos faible mais 
forte en mvt (gymnastique, marche, vélo)
• Effet contensif >>> compressif
•Pas d'évaluation des autres types de 
bandages : élastiques, cohésifs,…
Harris SR et al. Lymphology 2001;34:84
Lymphoedema Framework. Best practice for the management of 
lymphoedema. International consensus. London: MEP Ltd, 2006 



Traitement intensif hospitalier (ou ambulatoire)

• Durée de 1 à 4 semaines
• Bandages peu élastiques

– quotidiens 
– renouvelés 5j/7
– gardés 24 h/24 h

• Diminution volumétrique de 30 à 
40%
Foldi E et al. Ann Plast Surg 1989;22:505 
Ko DS et al. Arch Surg 1998;133:452
Szuba A et al. Am J Med 2000;109:296
McNeely ML et al. Breast Cancer Res Treat 
2004;86:95
Vignes S et al. Breast Cancer Res Treat 2006;98:1



Apprentissage des auto-techniques
• Auto-bandages (� auto-DLM) 

– avec un kinésithérapeute
– technique simplifiée +++
– seules � entourage

• Traitement d'entretien : fréquence 
(min: 3/semaine la nuit)
• Intégration dans un programme 
d’Education Thérapeutique du 
Patient (ETP) (ateliers collectifs, 
individuels)



Drainages lymphatiques manuels

• Nombreuses techniques : Vodder, 
Foldi, Leduc, Ferrandez, Schiltz†, de 
Micas
• Qu’en attendre ?

– court terme : 
ü sensation d�allègement,
ü ↓ tension cutanée
ü effet relaxant

– long terme : effet » 0 sur volume 
si utilisés seuls

Badger C et al. Cochrane Database Syst Rev 2004
MacNeely M et al. Breast Cancer Res Treat 2004
Vignes S et al. Breast Cancer Breast Treat 2007



Drainages lymphatiques manuels
• Drainages lymphatiques manuels

–petite synergie avec les 
bandages peu élastiques

–utiles dans les LO proximaux 
(sein, thorax)

–utile phase intensive, facultatif 
phase d'entretien

Badger C et al. Cochrane Database Syst Rev 2004;3:CD003141
Harris SR et al. Lymphology 2001;34:84
Lymphoedema Framework. Best practice for the management of 
lymphoedema. International consensus. London: MEP Ltd, 2006



Main results

Ten trials involving 1205 participants were included. The duration of patient follow-up ranged from 2 days to 2 years after the
intervention. Overall, the quality of the evidence generated by these trials was low, due to risk of bias in the included trials and
inconsistency in the results.

Manual lymph drainage

In total, four studies used manual lymph drainage (MLD) in combination with usual care or other interventions. In one study,
lymphoedema incidence was lower in patients receiving MLD and usual care (consisting of standard education or exercise, or both)
compared to usual care alone. A second study reported no difference in lymphoedema incidence when MLD was combined with
physiotherapy and education compared to physiotherapy alone. Two other studies combining MLD with compression and scar massage
or exercise observed a reduction in lymphoedema incidence compared to education only, although this was not signi� cant in one of the
studies. Two out of the four studies reported on shoulder mobility where MLD combined with exercise gave better shoulder mobility
for lateral arm movement (shoulder abduction) and forward  exion in the � rst weeks after breast cancer surgery, compared to education
only (mean difference for abduction 22í ; 95% con� dence interval (CI) 14 to 30; mean difference for forward  exion 14í ; 95% CI 7
to 22). Two of the studies on MLD reported on pain, with inconsistent results. Results on HRQoL in two studies on MLD were also
contradictory.

Exercise: early versus delayed start of shoulder mobilising exercises

Three studies examined early versus late start of postoperative shoulder exercises. The pooled relative risk of lymphoedema after an early
start of exercises was 1.69 (95% CI 0.94 to 3.01, 3 studies, 378 participants). Shoulder forward  exion was better at one and six months
follow-up for participants who started early with mobilisation exercises compared to a delayed start (two studies), but no meta-analysis
could be performed due to statistical heterogeneity. There was no difference in shoulder mobility or self-reported shoulder disability
at 12 months follow-up (one study). One study evaluated HRQoL and reported difference at one year follow-up (mean difference 1.6
points, 95% CI -2.14 to 5.34, on the Trial Outcome Index of the FACT-B). Two studies collected data on wound drainage volumes
and only one study reported higher wound drainage volumes in the early exercise group.

Exercise: resistance training

Two studies compared progressive resistance training to restricted activity. Resistance training after breast cancer treatment did not
increase the risk of developing lymphoedema (RR 0.58; 95% CI 0.30 to 1.13, two studies, 358 participants) provided that symptoms
are monitored and treated immediately if they occur. One out of the two studies measured pain where participants in the resistance
training group reported pain more often at three months and six months compared to the control group. One study reported HRQoL
and found no signi� cant difference between the groups.

Patient education, monitoring and early intervention

One study investigated the effects of a comprehensive outpatient follow-up programme, consisting of patient education, exercise,
monitoring of lymphoedema symptoms and early intervention for lymphoedema, compared to education alone. Lymphoedema inci-
dence was lower in the comprehensive outpatient follow-up programme (at any time point) compared to education alone (65 people).
Participants in the outpatient follow-up programme had a signi� cantly faster recovery of shoulder abduction compared to the education
alone group.

Authors' conclusions

Based on the current available evidence, we cannot draw � rm conclusions about the effectiveness of interventions containing MLD.
The evidence does not indicate a higher risk of lymphoedema when starting shoulder-mobilising exercises early after surgery compared
to a delayed start (i.e. seven days after surgery). Shoulder mobility (that is, lateral arm movements and forward  exion) is better in the
short term when starting shoulder exercises earlier compared to later. The evidence suggests that progressive resistance exercise therapy
does not increase the risk of developing lymphoedema, provided that symptoms are closely monitored and adequately treated if they
occur.

Given the degree of heterogeneity encountered, limited precision, and the risk of bias across the included studies, the results of this
review should be interpreted with caution.

P L A I N L A N G U A G E S U M M A R Y
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A B S T R A C T

Background

Breast cancer-related lymphoedema can be a debilitating long-term sequela of breast cancer treatment. Several studies have investigated
the effectiveness of different treatment strategies to reduce the risk of breast cancer-related lymphoedema.

Objectives

To assess the effects of conservative (non-surgical and non-pharmacological) interventions for preventing clinically-detectable upper-
limb lymphoedema after breast cancer treatment.

Search methods

We searched the Cochrane Breast Cancer Group' s (CBCG) Specialised Register, CENTRAL, MEDLINE, EMBASE, CINAHL, PEDro,
PsycINFO, and the World Health Organization (WHO) International Clinical Trials Registry Platform in May 2013. Reference lists
of included trials and other systematic reviews were searched.

Selection criteria

Randomised controlled trials that reported lymphoedema as the primary outcome and compared any conservative intervention to either
no intervention or to another conservative intervention.

Data collection and analysis

Three authors independently assessed the risk of bias and extracted data. Outcome measures included lymphoedema, infection, range
of motion of the shoulder, pain, psychosocial morbidity, level of functioning in activities of daily life (ADL), and health-related quality
of life (HRQoL). Where possible, meta-analyses were performed. Risk ratio (RRs) or hazard ratio (HRs) were reported for dichotomous
outcomes or lymphoedema incidence, and mean differences (MDs) for range of motion and patient-reported outcomes.
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compared to the control group (Castro-Sanchez 2011; Cinar 2008;
Sagen 2009; Zimmermann 2012).
One study had statistically-signi� cant differences in HRQoL at
baseline that were not controlled for in the analysis (Castro-
Sanchez 2011), and one study had differences in number of par-
ticipants with pre-existing shoulder problems between groups at
baseline, as well as differences in the number of people receiving
radiotherapy (Cinar 2008).
One study used a cluster randomised design, which was not ac-
counted for explicitly in the analysis (Bendz 2002).

Effects of interventions

See: Summary of � ndings for the main comparison Early
physiotherapy including MLD for patients at risk for secondary
upper limb lymphoedema after breast cancer treatment; Summary
of � ndings 2 Early shoulder mobilising exercises compared to
delayed shoulder mobilising exercises for patient surgically treated
for breast cancer; Summary of � ndings 3 Progressive resistance
exercise for patients at risk for secondary upper limb lymphoedema
after breast cancer treatment

Manual lymph drainage (MLD)

Incidence of treatment failure (occurrence of lymphoedema)

Four trials, involving 395 participants, tested MLD alone or in
combination with other interventions. In two of these studies,
manual lymph drainage as an added intervention to usual care was
investigated, allowing for the evaluation of the unique effect of
MLD (Devoogdt 2011; Zimmermann 2012). Two other studies
investigated the effect of MLD in combination with another in-
tervention compared to education alone (Castro-Sanchez 2011;
Torres 2010).
In Devoogdt 2011, both cumulative incidence up to each follow-
up point and point prevalence at each follow-up point were re-
ported. In Castro-Sanchez 2011, Torres 2010 and Zimmermann
2012 no explicit distinction was made and reported numbers were
treated as cumulative incidence.
Due to substantial clinical and statistical heterogeneity both for
short-term (less than 6 months) and medium-term (more than 6
months, less than 24 months) follow-up, (I² = 86%, P = 0.008;
and I² = 84%, P ò 0.001 respectively for RR; and I² = 84%,
P = 0.01 for the HR), no meta-analyses were performed. The
results of all studies comparing physiotherapy with MLD to any
other intervention are summarized in a single forest plot without
totals (see: Figure 3 (Analysis 1.1); Analysis 1.2; Figure 4 (Analysis
1.3)), and a narrative summary of the results is provided below. A
summary of the main outcomes of these studies is also provided
in ' Summary of � ndings' table 1.

Figure 3. Forest plot of comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or
physiotherapy without MLD, outcome: 1.1 Time to event for lymphoedema.

17Conservative interventions for preventing clinically detectable upper-limb lymphoedema in patients who are at risk of developing

lymphoedema after breast cancer therapy (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Figure 4. Forest plot of comparison: 1 Early physiotherapy including MLD vs no early physiotherapy or
physiotherapy without MLD, outcome: 1.3 Lymphoedema - medium term follow up.

Physiotherapy including MLD versus physiotherapy without
MLD

One study (Zimmermann 2012) that investigated MLD in addi-
tion to routine physiotherapy consisting of exercises of the upper
limb and chest, compared to a control group that had routine
physiotherapy only, found a large lymphoedema risk-reducing ef-
fect of MLD (RR 0.14, 95% CI 0.04 to 0.58, P ò 0.003 at 3
month follow-up; RR 0.02, 95% CI 0.00 to 0.33, P ò 0.001 at 6
months follow-up). Risk of bias in this study was high.
Another study (Devoogdt 2011), with moderate risk of bias, found
no added value of MLD in combination with routine physiother-
apy consisting of exercises and education in comparison to routine
physiotherapy only (RR 1.40, 95% CI 0.51 to 3.86, P = 0.51 at
3 month follow-up; RR 0.96, 95% CI 0.45 to 2.05, P = 0.92 at 6
month follow-up; RR 1.26, 95% CI 0.69 to 2.32, P = 0.45 at 12
month follow-up). In this study, comparisons were also made for
time-to-event for the occurrence of lymphoedema. There was no
statistically-signi� cant difference between the groups (HR 1.30,
95% CI 0.67 to 2.53, P = 0.44). Results on lymphoedema risk as
de� ned by a different criterion (an increase of 2 cm or more in the
difference in arm circumference between the affected and healthy
side at two or more adjacent measurement points compared with
the difference before surgery), which was included as a secondary
outcome measure, were qualitatively similar.

MLD in combination with other interventions versus
education only

Castro-Sanchez 2011 reported a statistically-signi� cant reduction
in lymphoedema risk for people receiving a combined intervention
of MLD, compression, scar massage and education, compared to
those receiving education alone, although the 95% con� dence
interval as calculated from the available data included the null
value of the RR (RR 0.17, 95% CI 0.02 to 1.28, calculated P =

0.097; reported P = 0.042 at 8-month follow-up). Risk of bias in
this study was moderate.
A second study compared MLD combined with exercise therapy
and education to education only (Torres 2010). In this study, there
was a statistically-signi� cant reduction in lymphoedema risk at
the 12-month follow-up in favour of the intervention group (RR
0.28, 95% CI 0.10 to 0.79, P = 0.01 ). Time-to-event analysis in
this study suggested a statistically-signi� cant difference in favour
of the intervention group (HR 0.26, 95% CI 0.09 to 0.79, P =
0.01). Risk of bias in this study was high.

Infection

No data on this outcome.

Active range of motion (AROM) of the upper limb

Two studies, examined the effect of early physiotherapy consisting
of MLD plus exercise on shoulder range of motion (Torres 2010;
Zimmermann 2012). Both studies had high risk of bias. P-values
were not available from Torres 2010 and these values were calcu-
lated from the reported mean changes and standard deviations.
Pooling the results of the early postoperative phase (equal to or
less than three weeks) resulted in a mean difference for abduction
of 22í (95% CI 14 to 30, P ò 0.00001, Analysis 1.4) and a mean
difference for forward  exion of 14í (95% CI 7 to 22, P = 0.0001,
Analysis 1.5) in favour of the intervention group.
At medium term follow-up (equal to or greater than six months),
Torres 2010 reported a small and statistically non-signi� cant dif-
ference in favour of the control group, in improvement of shoulder
range of motion from � rst postoperative day to 12 month follow-
up: intervention group -3í (95% CI -11 to 4, P = 0.42) for ab-
duction, and of -0.4í (95% CI -9 to 8, P = 0.93) for forward  ex-
ion. Zimmermann 2012 reported a statistically-signi� cant mean
difference of 17í (95% CI 10 to 24, P ò 0.001) for abduction and
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Data collection and analysis

We collected data on three volumetric outcomes. (1) LE (lymphedema) volume was de� ned as the amount of excess  uid left in the
arm after treatment, calculated as volume in mL of affected arm post-treatment minus unaffected arm post-treatment. (2) Volume
reduction was de� ned as the amount of  uid reduction in mL from before to after treatment calculated as the pretreatment LE volume
of the affected arm minus the post-treatment LE volume of the affected arm. (3) Per cent reduction was de� ned as the proportion of
 uid reduced relative to the baseline excess volume, calculated as volume reduction divided by baseline LE volume multiplied by 100.
We entered trial data into Review Manger 5.2 (RevMan), pooled data using a � xed-effect model, and analyzed continuous data as mean
differences (MDs) with 95% con� dence intervals (CIs). We also explored subgroups to determine whether mild BCRL compared to
moderate or severe BCRL, and BCRL less than a year compared to more than a year was associated with a better response to MLD.

Main results

Six trials were included. Based on similar designs, trials clustered in three categories.

(1) MLD + standard physiotherapy versus standard physiotherapy (one trial) showed signi� cant improvements in both groups from
baseline but no signi� cant between-groups differences for per cent reduction.

(2) MLD + compression bandaging versus compression bandaging (two trials) showed signi� cant per cent reductions of 30% to 38.6%
for compression bandaging alone, and an additional 7.11% reduction for MLD (MD 7.11%, 95% CI 1.75% to 12.47%; two RCTs; 83
participants). Volume reduction was borderline signi� cant (P = 0.06). LE volume was not signi� cant. Subgroup analyses was signi� cant
showing that participants with mild-to-moderate BCRL were better responders to MLD than were moderate-to-severe participants.

(3) MLD + compression therapy versus nonMLD treatment + compression therapy (three trials) were too varied to pool. One of the trials
compared compression sleeve plus MLD to compression sleeve plus pneumatic pump. Volume reduction was statistically signi� cant
favoring MLD (MD 47.00 mL, 95% CI 15.25 mL to 78.75 mL; 1 RCT; 24 participants), per cent reduction was borderline signi� cant
(P=0.07), and LE volume was not signi� cant. A second trial compared compression sleeve plus MLD to compression sleeve plus self-
administered simple lymphatic drainage (SLD), and was signi� cant for MLD for LE volume (MD -230.00 mL, 95% CI -450.84 mL to
-9.16 mL; 1 RCT; 31 participants) but not for volume reduction or per cent reduction. A third trial of MLD + compression bandaging
versus SLD + compression bandaging was not signi� cant (P = 0.10) for per cent reduction, the only outcome measured (MD 11.80%,
95% CI -2.47% to 26.07%, 28 participants).

MLD was well tolerated and safe in all trials.

Two trials measured function as range of motion with con icting results. One trial reported signi� cant within-groups gains for both
groups, but no between-groups differences. The other trial reported there were no signi� cant within-groups gains and did not report
between-groups results. One trial measured strength and reported no signi� cant changes in either group.

Two trials measured QoL, but results were not usable because one trial did not report any results, and the other trial did not report
between-groups results.

Four trials measured sensations such as pain and heaviness. Overall, the sensations were signi� cantly reduced in both groups over
baseline, but with no between-groups differences. No trials reported cost of care.

Trials were small ranging from 24 to 45 participants. Most trials appeared to randomize participants adequately. However, in four trials
the person measuring the swelling knew what treatment the participants were receiving, and this could have biased results.

Authors' conclusions

MLD is safe and may offer additional bene� t to compression bandaging for swelling reduction. Compared to individuals with moderate-
to-severe BCRL, those with mild-to-moderate BCRL may be the ones who bene� t from adding MLD to an intensive course of treatment
with compression bandaging. This � nding, however, needs to be con� rmed by randomized data.

In trials where MLD and sleeve were compared with a nonMLD treatment and sleeve, volumetric outcomes were inconsistent within
the same trial. Research is needed to identify the most clinically meaningful volumetric measurement, to incorporate newer technologies
in LE assessment, and to assess other clinically relevant outcomes such as � brotic tissue formation.

Findings were contradictory for function (range of motion), and inconclusive for quality of life.

For symptoms such as pain and heaviness, 60% to 80% of participants reported feeling better regardless of which treatment they
received.
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Figure 3. Forest plot of comparison: 1 MLD + Compression bandaging VS Compression bandaging alone for
Immediate Follow Up, outcome: 1.1 Lymphedema Volume (Excess volume remaining in limb after treatment).

(b) volume reduction

At immediate post-treatment follow-up, two pooled trials showed
borderline signi� cance favoring MLD (MD 26.21 mL, 95% CI
-1.04 mL to 53.45 mL; P = 0.06; 2 trials; 83 participants). See
Figure 4 (Analysis 1.2).

Figure 4. Forest plot of comparison: 1 MLD + Compression bandaging VS Compression bandaging alone for

Immediate Follow Up, outcome: 1.2 Volume reduction in mL.

(c) per cent reduction

At immediate post-treatment follow-up, two pooled trials showed
a 7.11% additional per cent reduction for the MLD group than
the compression bandaging group (MD 7.11%, 95% CI 1.75% to
12.47%; P = 0.009; 2 trials; 83 participants). See Figure 5 (Analysis
1.3).

Figure 5. Forest plot of comparison: 1 MLD + Compression bandaging VS Compression bandaging alone for
Immediate Follow Up, outcome: 1.3 Per cent change.
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Compression élastique

• Complément indispensable pour 
maintenir le bénéfice des bandages 
peu élastiques
• Nécessité de motivation +++
• Adaptation de la compression : 

– taille, intérêt du sur-mesure
– force de pression importante : 

classe 3 (20-36 mmHg) ou 4 (> 36 mmHg)
– rôle des orthésistes +++

• Changements réguliers : 3-4 mois



�� ��



Pressothérapie pneumatique
• Pressothérapie pneumatique 
multichambre: gonflement séquentiel, 
extrémité Þ racine
• Pas de consensus dans les 
recommandations
• Une seule étude bien faite :
pressothérapie (P) + bandages/bandages (B)

– à court terme P + B > B, ¯ 45% vs 26%
– à J40 : deux groupes identiques, ¯ 27-

30%
• Risque d�extension du LO au sein
• En + bandages et compression élastique

Boris M et al. Lymphology 1998;31:15
Szuba et al. Cancer 2002;95:2260
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Intermittent Pneumatic Compression Dosage
for Adults and Children with Lymphedema:

A Systematic Review
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Abstract

Background: Pneumatic compression has been used for more than 40 years in the management of lymphedema
(LE). Modes of application have evolved with little consensus regarding optimal treatment parameters or
dosage. The aim of this systematic review was to report the evidence for dosage of intermittent pneumatic
compression (IPC) for people with LE and, particularly, that for upper versus lower limbs or child versus adult
dosage.
Methods: Medline, Embase, CINAHL, PubMed, and Scopus were searched with terms, including LE and IPC
devices, with no restriction on time. Other materials searched included reference lists of included articles.
Study Selections: Systematic review registration: PROSPERO ID: CRD42017054338. Studies were assessed
according to PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines and were
excluded if they were not in English, not human, had physiological outcomes, or studied IPC in combination
with other therapies. Quality appraisal, using the McMaster University Critical Review Tool, was undertaken by
two researchers with differences resolved by a third. One hundred twenty-two full-text studies were screened
for eligibility.
Results: Sixteen met inclusion criteria for final analysis. Of these, four were reported separately due to
concurrent use of compression garments during the study period. One randomized controlled trial met the
requirements for a level II (National Health and Medical Research Council) rating; the remainder were level III-
2 and below. Devices applying compression via multichamber sleeves were more commonly used in the past 20
years, with a trend toward lower pressures and shorter treatment times compared with earlier studies. Little
evidence exists for application of specific dosage of IPC for children or a particular limb. New devices utilizing
lower pressures support home use and self-management of LE.
Conclusion: Low-level evidence of moderate quality shows significant outcomes achieved with dosage times of
45–60 minutes, applying pressures between 30 and 60 mmHg in sequential IPC programs. Methodological
limitations in most studies suggest caution in drawing conclusions.

Keywords: lymphedema, intermittent pneumatic compression, application, pressure

Introduction

Compression is the mainstay of lymphedema (LE) man-
agement. Intermittent pneumatic compression (IPC) is

used as an adjunct treatment to compression garments (CG),
bandages, and wraps; however, there is ongoing debate about
optimal IPC dosage for the management of acute LE1 and

chronic LE.2 Clinically, when CG are being prescribed, the level
of compression is varied according to individual tolerance of
pressure, upper limb (UL) or lower limb (LL), children or adult,
and for early- or late-stage LE (according to the condition of
skin and subcutaneous tissues). There are currently no guide-
lines to indicate how pneumatic compression dosage should be
varied to optimize outcomes according to these factors.3–5

1Plastic Surgery Research, Flinders University, Adelaide, Australia.
2Plastic Surgery Research, Murdoch Children’s Research Institute, Melbourne, Australia.
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Conclusions
• Maladie chronique : Tt au long cours
• Motivation importante +++
• Deux piliers du traitement

–bandages peu élastiques
–compressions élastiques

• Autres mesures : stabilisation/â

poids, activités physiques, soins cutanés

• Suivi régulier nécessaire
• Education thérapeutique du 
patient +++



Types de chirurgie (1)
1.Résection

– ablation de tissus lymphœdémateux
(Kim DI, Lymphology 1998;31:190)

– liposuction (Brorson et al. Acta Oncol
2000;39:407)

2. Reconstruction
– anastomoses lymphoveineuses

(Campisi et al. Microsurgery 2010) 
– greffe de canaux lymphatiques 

(Weiss & Baumeister, Clin Nucl Med 
2002;27:788)



Types de chirurgie (2)
3.  Transferts tissulaires

–greffe ganglionnaire autologue 
(transfert ganglionnaire) (Becker 
et al. Ann Surg 2006)

– transfert pédiculé de l'épiploon 
(Benoit L, Ann Surg Oncol 2005;12:793)

–autogreffe de cellules souches 
hématopoïétiques (Hou C, Jpn J 
Clin 2008;38:670)



Chirurgie de résection cutanée

• Exérèse plastie des excédents de 
peau
• Face externe ou interne du 
mollet, de la cuisse
• Sens longitudinal
• Cicatrisation normale : ni retard, 
ni lymphorrhée
• Plusieurs interventions possibles 
et nécessaires



Chirurgie de résection cutanée

• Traitement symptomatique
• Poursuite contention/compression 
(plus facile : ↓ plis cutanés)
• Pas de complications particulières
• Pas de retard de cicatrisation

OUTIL SUPPLEMENTAIRE dans la 
stratégie thérapeutique



Schéma de prise en charge

Chirurgien 
plasticien

Association 
de patients

Oncologue

Médecins
Nutritionniste
Diététicienne

Psy.

Infirmière

Pédicure

Orthésiste
Kinés

Patient


