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ORIGINAL ARTICLE

Early intervention with compression garments prevents progression in mild
breast cancer-related arm lymphedema: a randomized controlled trial

Katarina Y. Bloma,b , Karin I. Johanssona , Lena B. Nilsson-Wikmarc and Christina B. Brogårdha,d

aDepartment of Health Sciences, Faculty of Medicine, Lund University, Lund, Sweden; bPhysiotherapy Cancer, Karolinska University Hospital,
Stockholm, Sweden; cDepartment of Neurobiology, Care Sciences and Society, Division of Physiotherapy, Karolinska Institutet, Huddinge,
Sweden; dDepartment of Neurology, Rehabilitation Medicine, Memory Disorders and Geriatrics, Skåne University Hospital, Lund, Sweden

ABSTRACT
Background: Early diagnosis and compression treatment are important to prevent progression in breast
cancer-related arm lymphedema (BCRAL). However, some mild BCRAL can be reversible, and therefore,
compression treatment may not be needed. The aim of this study was to investigate the proportion of
women with mild BCRAL showing progression/no progression of lymphedema after treatment with or
without compression garments, differences in changes of lymphedema relative volume (LRV), local tissue
water and subjective symptoms during 6months. Also, adherence to self-care was examined.
Material and methods: Seventy-five women diagnosed with mild BCRAL were randomized to a com-
pression group (CG) or noncompression group (NCG). Both groups received self-care instructions, and
the CG were treated with a standard compression garment (ccl 1). Women in the NCG who progressed
in LRV �2%, or exceeded 10% dropped out, and received appropriate treatment. The proportion
showing progression/no progression of LRV, and changes in LRV was measured by Water
Displacement Method. Changes in local tissue water were measured by Tissue Dielectric Constant
(TDC), subjective symptoms by Visual Analogue Scale, and self-care by a questionnaire.
Results: A smaller proportion of LRV progression was found in the CG compared to the NCG at 1, 2
and 6months follow-up (p� 0.013). At 6months, 16% had progression of LRV in the CG, compared to
57% in the NCG, (p¼ 0.001). Thus, 43% in the NCG showed no progression and could manage without
compression. Also, CG had a larger reduction in LRV, at all time-points (p� 0.005), and in the highest
TDC ratio, when same site followed, at 6months (p¼ 0.025). Subjective symptoms did not differ
between the groups, except at 1month, where the CG experienced more reduced tension (p¼ 0.008).
There were no differences in adherence to self-care.
Conclusion: Early treatment with compression garment can prevent progression in mild BCRAL.

Trial registration: ISRCT nr ISRCTN51918431
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Background

Breast cancer-related arm lymphedema (BCRAL) is primarily
caused by axillary surgery and radiotherapy [1]. The inci-
dence of BCRAL varies depending on the diagnostic method
and thresholds used. In a Swedish cohort of 292 women
treated with axillary lymph node dissection (ALND) and
radiotherapy, the incidence of BCRAL was 38.7%, when a
threshold value of lymphedema relative volume (LRV) �5%
was used [2]. However, in a systematic review with higher
thresholds used, the estimated incidence was calculated to
be 21.4% [1]. BCRAL is considered a chronic condition and
without treatment, progression can be expected [3]. The
standard treatment of BCRAL includes using a compression
garment and recommended self-care [4].

Some studies of patients with BCRAL treated with ALND
have shown that early diagnosis and intervention, including

compression treatment is important to prevent progression
[5–8] and some studies indicate that it is the edema volume
at the start of treatment that is the most important predict-
ive factor [2,9,10]. Although early diagnosis and treatment of
BCRAL are recommended [11], there is a lack of knowledge
about the proportion of women who do not progress in lym-
phedema. Also, very few studies have assessed the effect of
compression garments in women with BCRAL [12]. In a study
on early diagnosis (LRV �5%) and treatment, it was shown
that 27% had a LRV �5%, on average 5 years after diagnosis
[2]. However, it was unclear if the maintenance of the low
level of arm volume, was due to the treatment with com-
pression garment or if the edema had otherwise stabilized at
a low level. An edema of LRV �5–10% are associated with
progression [13–15] and therefore recommended as a thresh-
old for intervention [11]. However, in mild BCRAL, the lym-
phedema can be local [16,17] and thus, new methods to
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detect mild BCRAL are needed. Currently, there is no consen-
sus about the best method to diagnose mild BCRAL. The
Bioimpedance Spectroscopy (BIS) method can identify early
BCRAL [18]. However, the Tissue Dielectric Constant (TDC) is
an easy new method to measure local tissue water and has
been used together with palpation and the Water
Displacement Method (WDM) for diagnosis of mild BCRAL
[19,20]. TDC has shown a higher sensitivity than the BIS
method and may therefore be better in assessing early
BCRAL [20].

Subjective symptoms of tension and heaviness have been
used as diagnostic criteria for lymphedema [10,20,21], espe-
cially in women with moderate/severe lymphedema and
decreased symptoms is an important treatment goal.
Therefore, it is important to examine subjective symptoms
during treatment with and without a compression garment,
in mild BCRAL.

As lymphedema often could become a chronic condition,
lifelong compression treatment may be needed, which
entails a cost for the patient and the health care system.
Even more important is that wearing a compression arm
sleeve has been described as a major problem by the
patients [22]. Therefore, it is important to examine the pro-
portion of patients that can manage without compression
and the efficacy of early compression treatment. The aim of
this study was to investigate (i) the proportion of women
with mild BCRAL showing progression/no progression of lym-
phedema after treatment with or without a compression gar-
ment, and (ii) differences in changes of LRV, local tissue
water and subjective symptoms during six months.
Adherence to the self-care regime was also examined for all
participants.

Material and methods

Study design

This is a prospective randomized controlled trial (RCT), where
women with BCRAL were randomized to use of a compres-
sion garment or not and were followed for six months. The
CONSORT checklist for RCTs was followed and the study was
registered in ISRCTN51918431.

Participants

Women treated for unilateral breast cancer, with ALND and
diagnosed with mild BCRAL at the Lymphedema Unit, Skåne
University Hospital and at the Physiotherapy Cancer Unit,
Karolinska University Hospital, were potential participants in
the study. Inclusion criteria were: mild BCRAL defined as
increased skin and subcutis thickness [23] compared to the
non-affected arm [2,19,20], in addition to either a threshold
TDC ratio (�1.45 in the upper arm, and/or �1.3 in the fore-
arm) [24], and/or LRV �5–�8% [13,14]. Exclusion criteria
were: recurrent cancer, concurrent diseases, cognitive disabil-
ity or unable to understand or speak Swedish.

Procedures

The women were called for routine clinical follow-ups 4 to
6 weeks after surgery and 3 to 4months after completed
radiotherapy [25]. They were also informed to return if lym-
phedema was noticed at any time. When mild BCRAL was
diagnosed, those who agreed to participate were included in
the study and were called for visits after 1, 2, 3 and
6months, corresponding to (T1, T2, T3, T6) from baseline.
The participants were consequently randomized to a com-
pression group (CG) or noncompression group (NCG), by
picking a sealed envelope, in which the group allocation was
stated. The randomization was done in blocks of 10 (alloca-
tion ratio of 1:1). The randomization, examinations, and treat-
ment were carried out by two of the authors (KJ, KB) and by
two other experienced lymphedema therapists (CS, PN),
unblinded to the group allocation and to measurements at
previous time-points. Measurements of arm volume, local tis-
sue water, subjective symptoms, weight (kg), and garment
pressure were performed at all time-points. At baseline,
height (in meters), was measured, data about surgical meth-
ods and adjuvant treatments were retrieved from medical
records and the participants responded to a study-specific
questionnaire regarding age, education, and marital status.
At T6, the participants rated their physical activity/exercise/
housework and adherence to recommended self-care.

Ethical approval

The Regional Ethical Board, Lund University approved the
study, D nr:2014/399. All participants provided informed con-
sent to participate in the RCT. Data were collected from
September 2014 to April 2019.

Outcomes

Primary outcome was the proportion of participants, showing
progression/no progression of LRV at T1, T2, T3, T6.
Secondary outcomes were differences in changes of LRV,
local tissue water, subjective symptoms at T1, T2, T3, T6, and
adherence to recommended self-care at T6.

Clinical measurements

Arm volume
Arm volume of both arms was measured by WDM. The
straight arm was lowered into a container filled with water
and the closed fist placed on the container floor. LRV values
were obtained by calculating the edema volume divided by
the total arm volume of the nonaffected arm and were
adjusted for hand dominance by ±1.5% [26]. WDM has
shown good reliability with an intraclass coefficient (ICC) of
0.99, measured in the same way as in our study, in patients
with lymphedema in the upper extremity [27]. Progression
was defined as an increase of LRV �2% compared to base-
line or if exceeded LRV >10%, based on calculated standard
error of measurement (SEM) of 0.1 and minimal detectable
change (MDC) of 1.0% [28].
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Local tissue water
Local tissue water was measured by the MoistureMeterD or
MoistureMeterD compact, (Delfin Technologies Ltd, Finland).
A low intensity 300MHz signal is transmitted from the probe
in contact with the skin, and TDC value is calculated. The
probe has a penetration depth of 2.5mm and corresponds
to maximum 78.5% of pure water content. Six points were
measured once [29], 5 cm proximal and 5 cm distal to the
antecubital fossa (medial, frontal, and lateral). If lymphedema
was palpated more proximally or distally in the arm, comple-
mentary measurements were taken 15 cm proximal or distal
to the antecubital fossa. Mayrovitz et al. have reported the
TDC method to be reliable with an ICC value of 0.77, a SEM
of 0.03 and a MDC of 0.08 in healthy persons [30].

Subjective symptoms
The participants self-rated experiences of heaviness, tension
and pain in the affected arm were rated on a horizontal
100mm visual analogue scale (VAS) [31].

Self-care
Self-care data were collected using a questionnaire concern-
ing physical activity level/exercise and housework during the
last four weeks on a six-point scale (from sedentary to high
physical activity) [32]. Frequency of self-massage was rated
on a four-point scale (no massage, seldom, two–three times
a week, every day), and use of compression garment on a
three-point scale (not at all, half the day or the whole day).

Garment pressure
The garment pressure in the upper arm was measured using
an air-filled pressure transducer (Kikuhine, TT Meditade,
S€or€o, Denmark).

Interventions

The CG received circular knitted compression sleeves (ccl 1)
or if needed, individually adjusted compression sleeves (ccl
2) for daily wearing during six months, and counseling in
self-care about exercise, weight control, skin care and
instructions in self-massage. The self-massage comprised
instructions on light strokes over the shoulder and arm in a
proximal direction for about 10–15min a day. If the self-mas-
sage was perceived as effective, participants were encour-
aged to continue, otherwise to stop. The NCG received
instructions in self-care only. Due to ethical reasons, the par-
ticipants in the NCG who increased in LRV �2% from base-
line dropped out from their group allocation and started to
wear compression garments. If LRV exceeded �10% the par-
ticipants from both groups dropped out and received
extended treatment.

Statistical power and analysis

A power calculation with a power of 0.85 at p� 0.05 level of
significance showed that 80 participants should be included

to be able to detect an arm volume difference of 20%
between the groups. However, we ceased recruitment when
75 participants had been included due to an unreasonably
time-consuming recruitment and inclusion process.
Descriptive statistics were presented as mean± SD for con-
tinuous data and as number and proportion (in %) for cat-
egorical data. Differences between groups were calculated
with Pearson Chi square test for nominal data,
Mann–Whitney test for ordinal data and t-test for continuous
data. The TDC data were not normally distributed and there-
fore presented as both median (min-max) and mean± SD, to
be able to compare results with other studies. The partici-
pants in the NCG who progressed in LRV �2%, and those in
both groups that exceeded 10% were defined as having pro-
gression and the remaining as having no progression. They
were not included in the LRV analysis, local tissue water, sub-
jective symptoms, and self-care after the time-point when
they progressed. However, post hoc analyses of LRV and
local tissue water of the participants who progressed in LRV
�2%, were performed and presented. The analyses were car-
ried out in IBM SPSS Statistics 26 and a significance level of
p< 0.05 (two tailed) was chosen.

Results

A total of 447 women following surgery to the breast and
axilla, were called for follow up visits, and 96 women were
diagnosed with mild BCRAL. Of these, 21 declined to par-
ticipate. The 75 women who agreed to participate, were
randomized to a CG or a NCG. During the trial, five partici-
pants were excluded, mainly due to recurrence in the can-
cer disease. The remaining 70 were eligible for data
analysis, 33 in the CG and 37 in the NCG (Figure 1). The
participants in the CG and the NCG were comparable in
baseline data, except for surgery. In the CG, 61% had
underwent surgery with mastectomy, compared to 35% in
the NCG (p¼ 0.033), (Table 1). Of the 33 participants in the
CG, 29 were treated with compression sleeves (ccl 1) and
four with individual adjusted sleeves (ccl 2). In nine, the
hand was also affected, and compression gloves were
therefore prescribed. Pressure under the garment at T6 was
on average 11.2 ± 2.8mmHg.

Outcomes

Proportions of participants who progressed/did not pro-
gress in LRV
A significantly smaller proportion in the CG exceeded LRV
�2% from baseline or exceeded 10%, compared to the NCG.
The difference at T1 was 3% vs 26%, (p¼ 0.005), at T2, 6% vs
32%, (p¼ 0.013) and at T6, 16% vs 57%, (p¼ 0.001). At T6,
84% in the CG, showed no progression in LRV compared to
43% in the NCG (Table 2).

Lymphedema relative volume (LRV)
The CG had lower LRV, compared to the NCG at T2
(p< 0.001), T3 (p¼ 0.001) and T6 (p< 0.001), (Table 3).
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The CG also had a larger decrease in LRV at all time points.
The mean difference between the CG and the NCG in
changes at T1 was �1.9% vs þ0.3%, (p¼ 0.005), at T2,
�2.6% vs þ0.1%, (p¼ 0.001), at T3, �2.6% vs �0.1%,
(p¼ 0.001), and at T6, �3.8% vs þ0.1, (p< 0.001), (Table 3).

Local tissue water
When the same site was followed, the CG had a larger
decrease in the highest TDC ratio at T6, compared to the
NCG, with a median change of �0.28 vs �0.10 (p¼ 0.025),
(Table 4). The CG also had a larger decrease, close to

Figure 1. Flowchart of recruitment of the participants and treatment allocation.
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significant, compared to the NCG, at T2, (p¼ 0.059), and at
T3, (p¼ 0.053). Also, when the highest TDC ratio, by any site
was followed, the CG had a larger decrease than the NCG,
and close to significance at T6 (p¼ 0.052), (Table 4).

Subjective symptoms
Self-rated feeling of tension, heaviness and pain, were low at
all time points (median 0) in both groups, with no significant
differences between the CG and NCG at any time-point (data

not presented). However, there was a significant difference
in change of tension, at T1, where the CG decreased more
than the NCG, median difference (min-max): 0 (�56 to 29) vs
0 (�45 to 39), (p¼ 0.008).

Adherence to recommended self-care
At T6, all 33 women in the CG rated that they wore the com-
pression garment; 93% the whole day, and 7% half the day.

Table 1. Participant characteristics of women with mild breast cancer related arm lymphedema, in the compression group (CG) and
noncompression group (NCG), (n¼ 70).

CG N¼ 33 NCG N¼ 37 p-Value�
Age in years at diagnosis, mean (SD) 57.9 (13.8) 57.0 (12.5) 0.795
Educationa 0.067c

Elementary school, n 2 5
Upper secondary school, n 10 18
University/college, n 21 13

Marital status, single/partner, n 9/24 12/25 0.638
BMI kg/m2, mean (SD) 26.1 (4.8) 27.2 (5.4) 0.390
Surgery 0.033
Mastectomy and ALND, n (%) 20 (61) 13 (35)
Lumpectomy and ALND, n (%) 13 (39) 24 (65)

Reconstruction, n (%) 3 (9) 2 (5) 0.661c

Lymph nodes
Removed at surgery, mean (SD) 14.9 (5.8) 16.0 (5.5) 0.397
With metastasis, mean (SD) 2.3 (3.0) 2.6 (2.4) 0.655

Affected side, right/left, n 18/15 19/18 0.789
Surgery dominant sidea, n (%) 19 (58) 17 (47) 0.390
Oncological treatment
Radiotherapy, n (%) 32 (97) 37 (100) 0.471c

Chemotherapy, n (%) 27 (82) 33 (89) 0.499c

Hormone therapy, n (%) 25 (76) 28 (76) 0.994
Lymphedema
Time from surgery to onset, months, mean (SD) 6.1 (5.5) 6.6 (5.2) 0.721
Duration, months, mean (SD) 1.0 (1.3) 1.0 (1.5) 0.834
Total arm volume, affected side, ml 2530 (447) 2498 (470) 0.771
Total arm volume, nonaffected side, ml 2421 (439) 2412 (477) 0.937
Absolute arm volume, ml 109 (88) 85 (100) 0.309
Relative volume, % adjustedb, mean (SD) 4.4 (3.1) 3.8 (3.5) 0.456
TDC ratio highest value, mean (SD) 1.53 (0.21) 1.51 (0.30) 0.782

ALND: axillary lymph node dissection. �Significance level 0.05, bold values are significant, Pearson Chi-square test for nominal data,
Mann–Whitney U-test for ordinal data, T-test for continuous data, amissing value:1, bAdjusted with þ1.5%, if surgery in non-dominant
side, and �1.5% if surgery in dominant side. cFisher’s exact test.

Table 2. Proportion of participants with no progression/ progression of lym-
phedema relative volume (LRV) over 6months in the compression group (CG)
and noncompression group (NCG), n¼ 70.

Start CG N¼ 33 NCG N¼ 37 p-Value�
1month:T1 0.005
Lost to follow up N¼ 1 N¼ 2
No progression, n (%) 31 (97) 26 (74)
Progression LRV� 2%, n (%) 0 8 (23)
Exceeding LRV 10%, n (%) 1 (3) 1 (3)

2month:T2 0.013
Lost to follow up N¼ 2 N¼ 0
No progression, n (%) 29 (94) 25 (68)
Progression LRV� 2%, n (%) 1 (3) 10 (27)
Exceeding LRV 10%, n (%) 1 (3) 2 (5)

3month:T3 0.057
Lost to follow up N¼ 1 N¼ 0
No progression, n (%) 27 (84) 22 (60)
Progression LRV� 2%, n (%) 4 (13) 12 (32)
Exceeding LRV 10%, n (%) 1 (3) 3 (8)

6month:T6 0.001
Lost to follow up N¼ 1 N¼ 0
No progression, n (%) 27 (84) 16 (43)
Progression LRV� 2%, n (%) 4 (13) 17 (46)
Exceeding LRV 10%, n (%) 1 (3) 4 (11)

�Significance level 0.05, bold values are significant, Fisher’s exact test

Table 3. Lymphedema relative volume (LRV) measured with water displace-
ment method over six months in the compression group (CG), and noncom-
pression group (NCG), (n¼ 70).

LRV %a CGb NCGc p-Value�
Diagnosis/start N¼ 33 N¼ 37
Mean ± SD 4.4 ± 3.1 3.8 ± 3.5 0.456
1month N¼ 32 N¼ 35
Mean ± SD 2.4 ± 4.4 4.1 ± 3.1 0.080
Change from start
Mean diff (CI) �1.9 (�3.1, �0.7) 0.3 (�0.7,1.3) 0.005
2months N¼ 31 N¼ 28
Mean ± SD 1.6 ± 3.5 4.7 ± 3.0 <0.001
Change from start
Mean diff (CI) �2.6 (�3.9, �1.4) �0.1 (�1.0,1.1) 0.001
3months N¼ 31 N¼ 25
Mean ± SD 1.8 ± 2.8 4.6 ± 3.3 0.001
Change from start
Mean diff (CI) �2.6 (�3.7,�1.6) �0.1 (�1.1,1.0) 0.001
6months N¼ 30 N¼ 22
Mean ± SD 0.7 ± 3.0 4.8 ± 4.2 <0.001
Change from start
Mean diff (CI) �3.8 (�5.0,�2.5) 0.1 (�1.2,1.3) <0.001
�Significance level 0.05, bold values are significant, T-test a Adjusted with
þ1.5%, if surgery in non-dominant side, and �1.5% if surgery in dominant
side. bParticipants not included in analyses after the time when exceeded
10%. cParticipants not included in analyses after the time when progressed in
LRV �2% from baseline or exceeded 10%.
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There were no significant differences between CG and NCG
in self-rated frequency of physical activity/exercise and
housework, or frequency of performed self-massage at T6
(data not presented).

Participants with progression in LRV �2% from baseline
In the CG, 4(13%) had progressed, both at T3 and T6 (Table
2). At baseline, LRV was mean (SD) �1.3(2.7)% and at the
time of progression, 2.0(2.7)%. At baseline, the highest TDC
ratio, was mean (SD) 1.66(0.10). At the time of progression,
the highest TDC ratio followed by any site, was mean (SD)
1.44(0.28). In the NCG, 12(32%) had progressed at T3 and
17(46%) at T6 (Table 2). At baseline, LRV was mean (SD)
2.9(3.7)%. At the time of progression, LRV was mean(SD)
6.5(3.4)% and after 6months with compression, 4.0(6.4)%. At

baseline, the highest TDC ratio was mean (SD) 1.53(0.24). At
the time of progression, the highest TDC ratio followed by
any site was 1.40(0.29) and after 6months with compres-
sion, 1.43(0.32).

One participant (3%) in the CG exceeded LRV 10% at
1month and 3(8%) in the NCG exceeded LRV 10% at T3 and
4(11%) at T6 (Table 2).

Discussion

In the present study, we evaluated the effect of compression
garment versus no compression following mild BCRAL for six
months. We found that a smaller proportion in the CG
showed progression of LRV, than in the NCG. Also, the CG
had a larger decrease in LRV at all time points and in the
highest TDC ratio, at T6. However, 43% in the NCG did not

Table 4. Local tissue water measured with Tissue Dielectric Constant (TDC) over 6 months in the compression group (CG), and
noncompression group (NCG), (n¼ 70).

TDC ratio highest value, Same site followed CGa NCGb p-Value*

Start N¼ 33 N¼ 37
Median (min–max) 1.50 (1.09–1.96) 1.55 (1.05–2.15) 0.805
Mean ± SD 1.53 (0.21) 1.51 (0.30)
1month N¼ 30 N¼ 34
Median (min–max) 1.21 (0.86–1.98) 1.27 (0.91–1.89) 0.736
Mean ± SD 1.30 (0.28) 1.33 (0.28)
Change from start
Median diff (min–max) �0.23 (�0.84–0.29) �0.20 (�0.94–0.43) 0.609
2months N¼ 28 N¼ 27
Median (min–max) 1.13 (0.91–1.84) 1.25 (0.95–2.10) 0.074
Mean ± SD 1.23 (0.27) 1.35 (0.31)
Change from start
Median diff (min–max) �0.29 (�0.81–0.28) �0.16 (�0.94–0.94) 0.059
3months N¼ 30 N¼ 25
Median (min–max) 1.21 (0.90–1.77) 1.26 (1.00–1.91) 0.314
Mean ± SD 1.24 (0.22) 1.33 (0.29)
Change from start
Median diff (min–max) �0.30 (�0.94–0.28) �0.07 (�0.99–0.64) 0.053
6months N¼ 29 N¼ 20
Median (min–max) 1.12 (0.77–1.84) 1.25 (0.93–1.90) 0.211
Mean ± SD 1.23 (0.24) 1.34 (0.31)
Change from start
Median diff (min–max) �0.28 (�1.04–0.30) �0.10 (�1.00–0.40) 0.025

TDC ratio highest value, By any site followed CG NCGa p-Value�
Start N¼ 33 N¼ 37
Median (min–max) 1.50 (1.09–1.96) 1.55 (1.05–2.15) 0.805
Mean ± SD 1.53 (0.21) 1.51 (0.30)
1month N¼ 32 N¼ 36
Median (min–max) 1.29 (1.00–1.98) 1.35 (1.04–1.89) 0.442
Mean ± SD 1.38 (0.26) 1.41 (0.24)
Change from start
Median diff (min–max) �0.06 (�0.84–0.29) �0.07 (�0.85–0.43) 0.685
2months N¼ 31 N¼ 28
Median (min–max) 1.29 (0.99–1.84) 1.37 (1.04–2.10) 0.595
Mean ± SD 1.35 (0.24) 1.40 (0.29)
Change from start
Median diff (min–max) �0.16 (�0.56–0.28) �0.09 (�0.94–0.94) 0.298
3months N¼ 31 N¼ 25
Median (min–max) 1.29 (1.05–1.77) 1.32 (1.01–2.01) 0.792
Mean ± SD 1.34 (0.19) 1.40 (0.31)
Change from start
Median diff (min–max) �0.22 (�0.71–0.28) �0.05 (�0.92–0.84) 0.149
6months N¼ 30 N¼ 21
Median (min–max) 1.26 (1.02–1.84) 1.25 (1.05–1.90) 0.781
Mean ± SD 1.34 (0.23) 1.37 (0.27)
Change from start
Median diff(min–max) �0.20 (�0.62–0.30) �0.02 (�1.00–0.40) 0.052
�Significance level 0.05, bold values are significant, Mann–Whitney U-test.
aParticipants not included in analyses after the time when LRV exceeded 10%.
bParticipants not included in analyses after the time when progressed in LRV �2% from baseline or exceeded 10%.
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have progression of LRV and could manage without com-
pression. Subjective symptoms in the arm were generally low
and did not differ between the groups, except at T1, where
the CG had more decrease in tension. Adherence to self-care
was similar in both groups. These findings show that early
treatment with a compression garment can prevent progres-
sion in mild BCRAL.

There were significantly fewer participants who showed
progression of LRV in the CG at T1, T2, and T6, compared to
the NCG. In the CG, 16% progressed in LRV �2% from base-
line or exceeded 10%, compared to 57% in the NCG. These
results show that wearing compression garment is important
and effective to prevent progression in mild BCRAL. Among
all the participants who had progression of LRV, 77% had
progression already within three months from baseline/diag-
nosis. This emphasizes the importance of follow-up visits
close to lymphedema diagnosis, which have also been
reported by others [13,14]. Furthermore, we found that 43%
of the participants in the NCG had no progression of LRV,
and these women could manage without a compression gar-
ment. This is an important result that should be considered
in all research of early mild BCRAL, as well as in clinical set-
tings. A previous study has found that preventive use of a
compression garment after ALND can decrease the incidence
of arm lymphedema with 10% [33]. The result in our study
indicates that preventive use of compression garment for all
patients treated with ALND can be questioned and will put
an unnecessary burden on the patient and a higher cost for
both the patient and the health care system. Regression of
BCRAL has been noted earlier. Kilgore et al diagnosed BCRAL
with BIS and treated women with compression arm sleeves
in 4weeks (follow-up time, mean 21months), and found that
82% of these returned to baseline measurements [7].
However, randomized studies reporting the effect of com-
pression treatment in mild BCRAL are lacking. Thus, the
results in our study contribute to increased knowledge about
progression/no progression, but do not identify which
patients who can manage without compression.

There were significant differences in decrease of LRV in
favor of the CG, although more participants in the CG had
undergone a mastectomy, which is a known risk factor for
lymphedema, and participants who progressed in NCG were
excluded from the analysis. The CG decreased, on average
�1.9%, already at T1, indicating that the use of compression
garment had a fast impact on LRV. Furthermore, the partici-
pants in the CG continued to decrease in LRV until T6 (mean
difference �3.8%). Our findings are larger than the SEM of
0.1% and MDC of 1.0% [28], and therefore, we consider the
decrease of LRV in our study as clinically relevant. Our results
are in line with the study by Stout-Gergich et al. who eval-
uated treatment with a compression arm sleeve, ccl 2, for
4weeks and found a mean arm volume decrease of �2.4%,
on average 4.6months from start of intervention [34]. The
results in our study showed that it is beneficial to use a com-
pression garment during 6months. However, future studies
are needed to examine the long-term results and whether
early treatment can decrease the development of persistent
irreversible lymphedema.

We also found a significant difference in change of the
highest TDC ratio between the groups at T6 when the same
site was followed. The CG decreased median �0.28, com-
pared to �0.10 in the NCG, which we consider as a clinically
relevant decrease as the MDC is 0.08 [30]. Also, at T2 and T3
the differences in change were close to significant between
the groups. This indicates that the compression garment has
an impact on local tissue water. However, we may have
missed significant results at the other time-points, due to
exclusion of those with lymphedema progression. Larger pro-
spective studies are needed to examine the relationship
between local tissue water and progression of arm volume.

The present study showed that self-rated subjective symp-
toms in the arm were generally low at all time-points and
did not differ between the groups. Our results are consistent
with previous research showing a correlation between per-
ceived symptoms and the degree of lymphedema volume
[10]. Regular examinations of women at risk are therefore
even more important, because women with mild BCRAL do
not necessarily have subjective symptoms in the arm and
may not be attentive to onset of lymphedema. However, a
significantly larger reduction of tension was found in the CG
compared to the NCG at T1. This indicates that use of com-
pression garment may have a positive effect on perceived
tension in the arm.

Strengths and limitations

Strengths with the present study were the design with sev-
eral follow-up visits during six months, and access to data of
rated self-care. There are also some limitations. The study
was registered in ISRCTN retrospectively and the assessors
were not blinded to group allocation which may have
affected the results. There is no consensus on how to diag-
nose mild BCRAL and our results depend on our definition of
mild BCRAL and the thresholds used for WDM and TDC.
However, the inclusion criteria of LRV �5% is recommended
for early diagnosis and the TDC thresholds þ3 SD of mean
have probably reduced the risk of false-positive lymphe-
dema. We had no possibility to measure the arm volume
preoperatively, and therefore, some participants may have
been misclassified due to arm asymmetry. However, palpa-
tion of increased skin and subcutis thickness was an inclu-
sion criterion and performed before the WDM and TDC
measurements. Furthermore, a lymphedema is expected to
progress without treatment. Thus, we had to, on ethical
grounds, give treatment to participants in the NCG who pro-
gressed in LRV and therefore they could not be included in
analyzes of LRV, TDC and subjective symptoms after the
time-point of progression.

Conclusion

We found that early treatment with a compression garment
can prevent progression in mild BCRAL, showing smaller pro-
portions of progression, larger reduction in LRV and local tis-
sue water, and reduced experience of tension, compared to
no compression garment. However, 43% in the NCG did not
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show progression and could manage without compression.
Future studies are needed to examine the long-term effects,
and factors influencing progression of mild BCRAL.
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